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 Chapter 1  Perceptions

Science is the great antidote to the poison of enthusiasm 

and superstition.

Adam Smith, economist (1723–1790)

A mistake

Radiation is seen as a cause for exceptional concern and alarm,

though few people have any personal experience of its dangers.

Is this view justified, and how did it come to be held?

Prior to the Second World War there was a degree of relaxed

public  acceptance  of  radiation,  principally  because  few  knew

anything to suggest otherwise. That changed with the arrival of

the Nuclear Age. 

The destruction of the Japanese cities of Hiroshima and Nagasaki

by nuclear bombs in 1945 was a military and political success

that avoided a land invasion of Japan, which would have been

immensely costly in lives for both sides. As a technical scientific

enterprise,  it  was  a  triumph  –  no  project  depending  on

fundamentally new physical developments on such a scale had

ever been attempted before.

As an exercise in the public understanding of science, it was a

disaster whose consequences still persist. The message that came

through was very clear – what happened was both extraordinarily

dangerous, and incomprehensible to all but a few. The extreme

apprehension  generated  in  the  population  was  self-sustaining.

Sources of fear inhibit free enquiry,  and few in the population

ever questioned the extent of the danger. In the decades of the

Cold  War  that  followed,  this  fear  was  a  useful  weapon  in

international  politics,  and  its  basis  was  not  doubted,  even  by

those in a position to do so. And then there was Chernobyl – a

further failure of public understanding. In the public mind the

fear of nuclear war had infected views on civil nuclear power.
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Most  people  simply  wanted  to  distance  themselves  from

anything nuclear. 

More questions should have been asked, although some of the

answers could not have been given in earlier decades. There are

three concentric concerns, related like the layers of an onion, as

it  were.  The first  and innermost  is  to understand the effect of

radiation  on  human  life.  This  is  a  scientific  question,  not

dependent on the other two. The second task is to educate public

opinion and formulate safety regimes in the light of the solution

to  the  scientific  question.  The  final  problem is  to  discourage

nation states and terrorists from exploiting radiation as a source

of fear by threatening and posturing. This depends critically on

the  second  task,  establishing  robust  public  opinion  and  a

regulation regime that can face up to international arm twisting.

In the last 50 years these problems have been confused. During

the Cold War era, international politics exploited public fear and

ignorance  of  radiation,  while  only  recently  has  the  scientific

evidence  and understanding become established to  answer the

prior scientific question. In the absence of a clear picture of the

biology and of adequate human-based evidence, radiation safety

guidelines and legislation became established on a reactive basis.

Public concerns were handled by imposing draconian regulation

on radiation and nuclear technology, in the expectation that this

would provide the necessary reassurance.  But the very severity

of the restraints only increased public alarm and people were not

reassured. 

But now in the new century there have been two changes. Firstly,

the  scientific  answers  that  were  lacking  previously  are  now

largely  available.  Secondly,  new  nuclear  power  plants  are

urgently needed so that the use of fossil fuel can be reduced  –

this does not change the safety of radiation but it does affect the

importance of setting matters right as soon as possible. So the

purpose of this book is to explain the science in fairly accessible

terms, together with some of the evidence, and to offer a rough

but  justified  estimate  of  the  level  of  new  safety  regulation.
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Consequences for public policy and international diplomacy may

then follow.

Personal risk and knowledge

Making  decisions  to  reduce  the  risk  of  accidents  involves

everybody in society, what they believe to be the level of risk, as

well as what is actually the level of risk. People may be alarmed,

when they do not need to be – they may be fearless, when they

should be more cautious.

What level of risk is tolerable in exceptional circumstances? We

should  not  say  zero  –  a  risk-free  society  is  utopian  and

unachievable.  Although  personal  fear  may  feel  absolute  and

unquantifiable,  it  should  be  controlled  –  any  risks  involved

should be compared with those of alternative courses of action.

Even the duration of life on Earth will have its term, hopefully

not  caused  by  early  escalating  climate  change.  But  for  us  as

individuals, the end is closer and more certain, for finally we all

die  –  life  expectancy  may  be  70  to  80  years,  depending  on

standard of living, health and diet. So what is the average effect

on a life of an accident that carries a 1% risk of death? For an

average age of 40, that means a life expectancy reduced by an

average of 0.4 years, or 5 months. If the lifelong risk is 0.1%, the

reduction in life expectancy is just 2 weeks. This is at the same

level  as  many risks  and choices  that  people  incur  as  they go

about their daily lives. Many people would, willingly, give up 2

weeks of life for the benefit of their children or grandchildren if

that would really benefit the large-scale prospect for the planet.

Well,  wouldn't  they?  So,  thinking  straight,  a  lifetime  risk  of

death at the level of one in a thousand is sensible – if undertaken

for good reason, of course. As we shall see, the evidence shows

that only under quite exceptional conditions is any nuclear risk at

such a high level. 

In general, those who make decisions need to be sure that they

themselves understand the relevant situation. If their information

is picked up from others on the basis of a collective idea that

everybody knows, there is a chance that wrong decisions will be
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made. The greater the number of people relying on the opinion of

others,  the  longer  it  takes  for  them to  realise  if  something  is

wrong. So, the bigger a blind spot in understanding, the greater

the chance that basic questions go unasked and unanswered. At a

practical  level,  a  hard question may be beyond the immediate

field  of  an  individual  –  and  so  be  passed  to  an  expert  for  a

specialised opinion, perhaps without reference to other problems.

In this way the true picture may become distorted in the form of

a collection of separate narrowly defined opinions. 

An example was the flow of intelligence and decision-making in

the  conduct  of  the  First  World  War.  A consequence  was  the

extreme loss of life, for example, on the Somme in July 1916.

Decisions on the course of action were taken by commanders,

who did not know or appreciate the actual situation in the field.

And those on the battlefield were not permitted to use their own

intelligence to modify the plan. It was assumed that the heaviest

possible artillery bombardment  would destroy the barbed wire

and  overcome  the  machine-gun  posts  –  but  it  did  not.  The

commanders did not find out, and the men on the ground were

required  to  obey  instructions.  The  result  was  an  avoidable

massacre.

A more  recent  example  was the  effect  on  the  stability  of  the

world financial system of various trading and insurance practices

employed  in the first  few years  of the 21st century.  Financial

regulators and senior managers of corporations, who, in the years

leading up to  2008,  encouraged their  dealers  to  negotiate  and

exchange contracts of risk for money, were not able to grasp the

instability of the structures that they were building. These were

described  as  complex and  sophisticated –  words  that  should

themselves be a warning. Used to impress, they invite acceptance

without  question.  When  the  financial  structures  collapsed,

nobody was able to determine the ownership and the worth of

their holdings. The absence of anyone with the ability to see the

consequences of what was happening was as serious as on the

Somme  in  1916.  The  financial  dislocation,  which  played  a

dramatic part in the collapse of 2008, was foreseen eight years

earlier by Wilmott [1], who wrote as follows.
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The once 'gentlemanly' business of finance has become a

game  for  'players'.  These  players  are  increasingly

technically  sophisticated,  typically  having  PhDs  in  a

numerate  discipline.  ...  Unfortunately,  as  the

mathematics of finance reaches higher levels so the level

of  common sense  seems  to  drop.  ...  It  is  clear  that  a

major rethink is desperately required if the world is to

avoid a mathematician-led market meltdown.

When decisions are scientific, the availability of adequate first-

hand  understanding  can  be  a  major  hurdle,  because  such

understanding is sparse in the population. This is especially true

for  decisions  involving  nuclear  radiation.  To  the  general

population and those who make decisions for society, the words

and  ideas  that  describe  the  science  do  not  have  familiar

meanings. Apprehension of anything nuclear, or concerned with

radiation,  is  deeply  engrained  in  popular  culture,  and  few

scientists have pursued the broader inter-disciplinary field. 

For  reasonable  decision-making,  it  is  essential  that  the  truth

underlying  the  fears  of  nuclear  material  and  radiation  are

properly exposed and that the science is more widely understood.

This is more urgent now because new dangers affect the survival

of the environment as a whole, not just the lives of individuals.

Individual and collective opinions

Should  decisions  on  major  dangers  be  made  individually  or

collectively?  Many creatures concentrate on collective survival

at the expense of the individual – the herd or the swarm comes

first.  But  man  is  different  –  he  places  special  value  on  the

importance  of  individual  rights,  as  well  as  the  collective

agreements  that  are  essential  to  society  and its  survival.  This

dynamic  relationship  between  individuals  and  society  is  what

being  human  is  about.  But  what  happens  if  a  collective

understanding takes a wrong turn,  leading to a consensus that

threatens survival? Then the problem needs to be re-examined,

which is most difficult if it is largely scientific. 
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What people understand of the world depends on their previous

experience, including education and upbringing. Even what they

think that they see is shaped and filtered by their background.

Through the character  of  the Professor  in  his  children's  book,

The Lion, the Witch and the Wardrobe, C S Lewis advises that

we should listen to evidence from others, assess their reliability

and  sanity,  and  then  await  further  developments.  Recent

scientific reports [2] relate how, even today,  the experience of

our own bodies can be distorted alarmingly by suggestion and

supposition,  in  a  way  dating  back  to  ancient  witchcraft.  In

modern  physics,  too,  there  are  serious  questions  concerning

reality in its different manifestations [3].

So  reality  is  tricky.  It  is  not  just  an  academic  matter  for

philosophers, but a practical matter that is the source of everyday

disagreements. If differing views are reconciled, plans of action

can then be agreed and decisions taken that lead to success and

increased confidence. So, decisions need an acceptable collective

picture  of  reality,  and  this  only  becomes  established  through

repeated observations at different times and by different people,

and is confirmed when expectations based on it turn out to be

correct.  This  is  most  credible when scientific  observations  are

found to confirm precise mathematical predictions – although we

cannot  account  for  the  unreasonable  relevance  of  such

mathematics in the world. There is no logic that requires that,

when I wake tomorrow morning, the world as I know it will still

be there. A chicken, accustomed to being fed by the farmer each

morning,  is  unprepared for his day of slaughter,  although that

was the ultimate purpose of each morning feed.2 So we become

accustomed  to  the  continuity  and  predictability  of  our

experience.  But  could it  be otherwise? We need always  to be

alert to the possibility that our collective understanding is quite

wrong. It is the task of the following chapters to try to unpick the

dangers of radiation and nuclear technology and to explain how

we were previously mistaken. 

2 Remarked by Bertrand Russell.
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Philosophers  and  physicists  may  mull  over  evidence  for  the

existence  of  parallel  streams  of  reality.  Some may follow the

ideas of Descartes by looking at which properties of the Universe

are  necessary,  simply  to  allow  us  to  be  here  now  asking

questions. This is called the Anthropic Principle and it turns out

to have significant consequences, if you accept its premise. But

our task is different, though related in a practical and local sense.

We  are  re-opening  our  attitude  to  radiation  and  nuclear

technology in order to help answer the larger question: what kind

of world and choice of life style will permit the possibility that

mankind will be here in the future to ask questions? This local

anthropic prospective is also restrictive. If no solution is found,

human life on Earth as we know it will die out. 

Confidence and decisions

Consider  an  example.  In  earlier  centuries  exploration  and  the

transport of people and goods depended on  the confidence and

safety  of  navigation.  Observations  and  sightings  had  to  be

agreed, a ship's course calculated and steered – the arrival of the

ship at its destination was the demonstration that these decisions

were not just matters of opinion. The calculation of the position

of  the  ship  relied  on  measurements  and  the  known  apparent

orbits  of  the  Sun,  Moon  and  stars,  the  magnetic  field  of  the

Earth, the tides and other quantities. With every improvement in

navigation  came  an  uplift  in  world  communication;  better

accuracy gave  improved  confidence,  leading  to  more  ambitious

voyages and better trading. Conversely, whenever confidence in

the  natural  world  fails,  human  activity  gets  choked  off and

prosperity declines. 

If  there  is  disagreement,  the  observations  and  preconceptions

have  to  be  talked  through  to  reach  a  consensus.  But  it  is  an

important  concession  to  the  variety  of  human  experience  that

individuals  have  the  right  of  choice.  Except  when  it  is

unavoidable, we do not exercise choice on behalf of others – and

then only with a degree of caution that we would not exercise for

ourselves.  And so  it  is  in  matters  of  safety,  especially  where

apprehension is high. 
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The dangers  of  radiation  and nuclear  technology have been a

matter of vocal public concern for half a century, mainly among

the currently middle-aged and elderly who remain confused and

apprehensive.  The  younger  generation  never  experienced  the

Cold War and are more relaxed. In the past many scientists kept

away  from  the  long-running  debate  of  nuclear  politics.

Meanwhile,  radiation  safety  remains  subject  to  exceptionally

stringent conditions, although few people appreciate the related

expense and no one seems to feel safer as a result. In the 21st

century the agenda has changed and decisions are needed for the

future of the environment where the choice of primary energy

source is between nuclear power with the dangers of its waste

and the combustion of fossil fuel with its waste. 

Science and safety

The astronomer who first  predicted an eclipse and announced it

to  the  political  masters  of  his  day  discovered  the influence  that

scientific knowledge can bring. His ability was held in awe by all

around him. Today physics and astronomy have given the human

race control over much of the natural world. In earlier times and

in the absence of scientific interpretation, darkness, fog, thunder,

lightning  and  other variations  in  nature  tended  to  generate

superstition  and  thoughts  of  divine  intervention,  even

punishment. Such feelings suppress confidence and discourage

initiative and enterprise. 

The scientific enlightenment from the 17th to mid 20th centuries

showed man how to overcome fear of the unknown by empirical

study. Through universal education, training and communication

this  encouraged  prosperity  and  better  standards  of  living  and

health. However, misapprehension of the natural world is still the

background of life for many. 

Scientists, too, suffer misapprehensions, but these are overcome

by continual re-measurement, re-thinking and re-calculation, like

the helmsman steering the wrong course who, by making further

observations, discovers and corrects his error. If this is not done,

confidence may fail and unguided imagination and panic fill its
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place. Then careful observation and calm thought are at risk, and

the opportunity to correct errors is reduced. 

This is particularly true for those dangers that cannot be sensed.

The prospect of a threat, unseen but lethal, makes people worry,

even panic. Trivially, in the dark, when sources of danger cannot

be seen, people can be frightened until the light is turned on. This

case is  instructive – to  give  people  confidence they need to  see

for themselves using a basic instrument, like a flashlight or torch.

Just  telling  them  that  they  should  not  be  frightened  is  not

effective.  Equally,  consulting  people  for  their  opinion  about

safety,  when  they  do  not  know  or  understand,  may  simply

accelerate  an  implosion  of  confidence  –  decisions  taken  in

everybody's best  interest cannot emerge in this way. Regulation

and legal  restraint do  not  give  people  confidence  either.  Only

real  education  of  a  sizeable  fraction  of  the  community  can

reassure, and this should be based on an objective understanding

of the issues.

For the confidence of those on board, the ship should be on the

right course, and be known to be on the right course. The two

aspects of safety – actual and apparent – are different,  though

equally  important.  Once  actual  safety  has  been  established,

apparent safety becomes a matter for education, communication

and information. If an appearance of safety is given priority over

actual safety, real danger can follow, as reassured passengers on

board the Titanic learned to their cost. 




