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 Chapter 9  Radiation and Society

History is a race between education and 

catastrophe. 

H G Wells, writer (1866–1946)

Perceiving radiation

Why do people react as they do to questions of radiation? Many
are ill at ease, not just because they do not know anything about
it, but because they get no sensation when they are exposed to it.
Many other hazards to life can be seen or felt in some way. A
sensation  of  pain makes one alert to a danger, so that  it is then
easier to react and avoid it. Any agent that can harm, unseen and
possibly  without  warning,  encourages  alarm  and  unrestrained
flights of imagination. 

A  solution  is  to  provide  the  missing  personal  verification  –
ensuring that individuals, alone or in groups, can see the danger
or check its absence. In fact, at two separate levels we are able to
sense  radiation.  Subconsciously,  the  cells  in  the body sense
damage caused by radiation and initiate its repair. In addition, at
a conscious level we can detect radiation with instruments. Such
instruments may be seen as extensions of  our  senses.  They  are
not different in principle from the biologically based lenses and
light detectors that form our eyes, or pressure sensors that give us
information  through  touch  and  feel.  Much  of  the  recent
spectacular  progress  in  medical  physics  can  be  understood  as
extending our ability to see using such instruments [4]. 

Provision of an ability for scientists and other authorities to see
radiation  is  not  a  solution  to  the  problem  –  in  principle,
everybody needs  to  be  able  to  see.  Confidence with  radiation
would  be  developed  by  making simple instruments  cheaply
available, just as torches or candles are easily obtained so that
people  are  not  frightened  in  the  dark.  This  could  start  with
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education  in  school.  Then,  just  as  children  play  with  a
magnifying  glass, and then progress to  binoculars,  microscopes
and  telescopes,  they  would  become  familiar  with  radiation
detectors. With modern electronics such  detectors  can be made
the size of a credit card, and it would be straightforward to add a
basic detector as an option in a GPS device or digital camera. If
industry were shown a market,  this would happen quickly and
cheaply.  Admittedly children would quickly find that radiation
levels are extraordinarily low, even rather uninteresting. But they
would  at  least  actually  see  that,  and  then  go  home  with  a
reassuring message for their parents and friends – and there is no
more  effective  way into  the home than through the beliefs  of
children.  Additionally  they  could  be  told  what  to  do  if  their
counter gave a high reading, instead of remaining quite ignorant
as  was  the  case  for  several  days  for  those  who  lived  near
Chernobyl. Such civil defence procedures would be a small price
to pay for a vigilant control of the environment.

Although modern miniaturised versions are fine, the least helpful
kind of instrument is the classic geiger counter that emits a loud
click  for  each  quantum of radiation  detected.  The  apprehension
that  can  be  created in an audience  by  an  ever  increasing rate –
click,  click-click,  click-click-click – from  such  a  counter  is
worthy of the soundtrack of the film JAWS! It is difficult to think
of a less appropriate way in which to reassure people. In reality a
single click is  far too small  to matter.  The need is  for simple
digital measurements showing total accumulated radiation dose,
and also dose rate – but no more  clicks! These measurements
would show gamma radiation and have some sensitivity to beta,
and would usually be quite sufficient to indicate whether there
was radiation in the environment.

Radiation  is  generally  easy  to  measure,  and  it  is  not  hard  to
record  every  atom  as  its  nucleus  decays  by  counting  each
quantum of ionising radiation as it reaches a detector. This is in
spite of the fact that the corresponding risk of damage may be
quite insignificant unless millions of counts are detected in this
way. For example, one count might represent 1 MeV of energy.
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Although this is a lot of energy to a single biological molecule,
the threshold of risk, a dose of 100 millisievert, corresponds to
about  a  million  such counts,  depending  on the  efficiency and

sensitive  mass  of  the  counter.57 It  is  therefore  rather  easy  to

measure radiation clicks at levels where the danger is completely
insignificant. In other words, the radiation level indicated by one
click – or even many thousands of clicks – given by a radiation
counter may be unimportant. This has confused public discussion
of safe radiation levels.  If  the detection  of radiation had been
more  difficult,  the  public  perception  might  have  been  better
matched to the true scale of the danger.

Public concern

The first time that the world at large learnt of radiation and the
power  of  the  nucleus  was  in  August  1945. Since  1940  the
physics  and  technology  of  nuclear  weapons  had  been  being
developed  by  the  USA  in  total  secrecy.  The  work,  in
collaboration  with  British  and  Canadian  scientists,  was  code-
named the  Manhattan Project. Few people knew about it until
they  read  in  the  newspaper  or  heard  on  the  radio about  the
dropping of the two bombs.  The  first  reports  in  the  press were
brief. 

Japan  has  been  hit  with  an  atomic  bomb 2,000 times

more  powerful  than  the  ten-tonners  dropped  by  the

R.A.F. on Germany. President Truman, disclosing its use

today,  said  that  even  more  powerful  bombs  are  in

development. British and American scientists have been

working on it  for  years out  of  reach of  German long-

range weapons.

The Manchester Guardian, 7 Aug 1945.

57 If  the sensitive mass of the counter is 1 milligram, then 100 millisievert
represents 10-7 joules of energy in the counter mass. The number of clicks
corresponding to 100 millisievert is therefore 10-7 joules divided by the energy

per click, 1.6×10-13 joules – that is about a million. 
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By 1945  the  general  population  of  the  allied  countries  had
become  accustomed  to  the  secrecy  and  propaganda  that  are
necessary in times of war – trusting the state was the only option.

The atomic bomb58 was welcome news, a  wonderful weapon to

end  the  war  with  Japan  quickly.  With  this  sentiment  came  a
vacuum in understanding that manifested itself  as a  sense  that
nuclear  physics  was  not a  subject  that  normal  people  could,  or
should, attempt to understand. Its comprehension was not for the

likes of me. Unfortunately for many this perception still persists.
The  feeling  of  awe  that  is  inspired  by  powerful  physical
processes  affects  everybody  in  society,  scientists  included.
Indeed, often scientists are the most affected, as they appreciate
the scales involved. So in 1945 they too were overcome by the
size, the enormity even, of what had been achieved, and reacted
in different ways when they came to reflect as human beings.
Many were men of conscience who worried about the effect of
nuclear weapons in a politically unstable world. They were not
politicians or in the military, and felt responsible that they had
delivered this power into hands that they did not altogether trust,
and certainly could not control. 

With  the  coming  of  peace people  asked  many  technical
questions.  Few  had  the  scientific  background  to  follow  the
answers  far,  and  certain  sketchy  ideas,  some  irrelevant,  some
true only in part, became current on the street and in the press –
Einstein and his  strange hairstyle,  the  meaning of  E =  mc2,  and
the idea of a runaway nuclear chain reaction. These snippets may
have  impressed  but  did  little  to  bring  understanding  and
reassurance. 

Testing and fallout

The  decades  of  the  Cold  War  brought  no  enlightenment.  To
worries  about  the  explosive  power  of  nuclear  weapons  were
added separate  concerns  about  radiation  and its  effects  in  the

58  It is not clear how it collected the description atomic – it should be nuclear.
This unfortunate error seems to have occurred, and been tolerated, from an
early stage in the non-scientific description of the Manhattan Project.
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event of nuclear war – that is nuclear contamination, radiation-
induced  cancer  and  genetic  change.  It  was  understood  that
nuclear fallout and its consequences would affect global regions,
persist for a long time because of the half-lives concerned, and
genetically  influence  future  generations.  For  a  long  time  the
scientific data and understanding needed to give firm answers to
these concerns were not available. In any case, the circulation of
such concerns added to the fear that was essential  to the Cold
War  strategy  abroad.  In  the  meantime,  highly  conservative
regulations  and  radiation  safety  regimes  were  set  up  in  an
unsuccessful attempt to stem public fear at home. 

The explosion of a nuclear weapon generates a blast that causes
physical destruction by force, a direct flux of heat, neutrons and
X-rays,  and  a consequential  fire. The blast  and firestorm have
their  counterpart  in  the  impact  of  a  conventional  chemical
explosive.  The direct  radiation  flux of a  nuclear  detonation  is
intense but localised.  The nuclear fallout comes  from both  the
material  of  the  bomb  itself  and  the  irradiated  matter  close  by.
The  latter  is  increased  if  the  detonation  takes  place  at  ground
level rather than high in the atmosphere. As a result  of the heat
released, much material is sucked upwards as a column into the
upper  atmosphere.  This material  is particularly radioactive and
returns to Earth slowly in hours, days or longer, according to its
density, volatility and  the pattern of  wind  and  rain. This is the
radioactive fallout.

Atmospheric testing of nuclear weapons started with the Trinity
bomb  of  1945  and  ended  essentially  in  1963.  The  nuclear
powers, primarily the USA and USSR, and later the UK, France
and China, engaged in this testing, first fission weapons but then
mainly  thermonuclear  devices.  Atmospheric  testing  was
discontinued  by  treaty,  and  later  tests  were  carried  out
underground  without  contributing  any  fallout.  The  extent  of
these tests is summarised in Table 13. 

During this period the fallout from atmospheric tests, equivalent
to 20,000 times the energy of the Hiroshima bomb, contributed a
worldwide radiation exposure   that persisted for some years,   as 
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Table  13  The  total  number  of  nuclear  weapon  tests  was

about  2,080.  The  total  power  was  about  500  megaton  (a

megaton is equivalent to a million tons of TNT).

Atmospheric tests Underground tests

number megaton number megaton

USA 216 141 838 38

USSR 217 247 498 38

UK 21 8 28 1

France 136 10 68 4

China 23 22 21 1

Figure  23  The  contribution  of  radioactive  fallout  to  the

average annual radiation dose of the population of the UK

during  the  years  of  nuclear  testing  and  the  Chernobyl

accident [5].
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shown  in  Figure  23.  This shows  the  long  term  contribution
diminishing  steadily after  1963.  The  small  blip  in  1986  is  the
modest effect of Chernobyl, as detected in the UK 

The  most  significant radioactive components of nuclear fallout
(with their half-lives) are iodine-131 (8 days), zirconium-95 (64
days), strontium-90 (29 years) and caesium-137 (30 years). The
total release of strontium-90 in all these atmospheric tests was 75
times the release from Chernobyl – for caesium-137  the factor
was 30 times. 

The  radiation  dose  from  this fallout gave a  global  exposure  of
0.15 millisievert per year at its peak in 1963. This was less than
4% of natural background – about  equal to the  extra  radiation
dose received  from an annual  holiday lasting a single week  in
Cornwall, UK. Figure 23 shows that the average UK dose due to
Chernobyl  was  almost  10  times smaller  again  –  at  0.002
millisievert per month, it would be at the bottom of Figure 17. 

During the Cold War, the fear of nuclear weapons was driven by
the thought of the fallout that would result from the detonation of
thousands of nuclear weapons. The likelihood of such irrational
behaviour  by  political  and  military  leaders  may  seem  rather
small, but, given the number of warheads ready stockpiled at the
time, it did not seem to be so then. A famous post-apocalyptic
novel  of  the  period,  On the  Beach (1957)  by  Neville  Shute,
described life on Earth after such an all-out nuclear exchange. Its
popularity reinforced the standard stereotype view of radiation.

Nuclear tests in the atmosphere were carried out in very isolated
places – the Nevada Desert, isolated Pacific islands or deserted
regions in Kazakhstan. However, occasionally groups of people
were caught  within  close  range by mistake  and suffered high
radiation exposures from the fallout. For instance, in 1954 a low
level  thermonuclear  test  of  15  megatons  exposed  23  Japanese
fishermen in their boat, the  Fukuru Maru, at a distance of  130
km  to  large  doses  in  the  range  2,000–6,000 millisievert.  They
became  nauseous  and  suffered beta-decay-induced  skin  burns.
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One died within 6 months but most were reported to be still alive
30 years later.

Deterrence and reassurance
The  deterrent  effect  of  large  stocks  of  nuclear  weapons,
deliverable at short notice, was essential to the Cold War. In part,
the threat was the major destruction of cities and infrastructure at
all  levels,  but  also  it  was  the  more  illusive  prospect  of
widespread and lingering death by radiation – to be followed by
genetic  damage  to  later  generations.  Warfare  has  always
involved such an unresolved mix of real and apparent threats.
The pageantry of a mediaeval army, the splendour of a fleet of
men-of-war with guns, sails and flags – these were all a mix of
bark and bite. The separation of the two tested the confidence,
sophistication and nerve of opposing forces. 

An undesirable consequence of striking fear into the heart of the
enemy is that those on the allied side become frightened also.
And  so  it  was  in  the  Cold  War.  The  whole  population  felt
involved and shared in the fear of imminent destruction – and
with it the threat of fallout and irradiation. 

Sections of the population reacted by forming anti-war groups,
such as the UK Campaign for Nuclear Disarmament (CND). In
their advocacy, they aimed to win others to their cause by talking
up  the  possible  consequences  of  nuclear  war,  with  special
emphasis on radiation. In so doing they amplified the fear and
alarm yet further. 

Governments  for  their  part  sought  to  restrain  and  contain  the
level  of  domestic  concern.  In  their  attempts  to  reassure,  they
empowered committees to advise on radiation safety and propose
limits which then became the basis for legislation. Foremost is
the  International  Commission  for  Radiological  Protection
(ICRP). Its remit is to provide

recommendations and guidance on protection against the

risks  associated  with  ionising  radiation,  from artificial

sources  widely  used in  medicine,  general  industry and
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nuclear  enterprises,  and  from  naturally  occurring

sources.

Other international committees were set up with remits that often
overlapped: the Nuclear Energy Agency of the Organisation for
Economic  Co-operation  and  Development  (OECD/NEA);  the
United Nations Scientific Committee on the Effects of Atomic
Radiation  (UNSCEAR).  In  addition  there  are  national  bodies,
such  as  the  Biological  Effects  of  Ionizing  Radiation  (BEIR)
committee of the US National Academy of Sciences, and the UK
National Radiological Protection Board (NRPB), now subsumed
into  the  Health  Protection  Agency  (HPA).  Then  there  is  the
International Commission on Radiation Units and Measurements
(ICRU) with responsibility for questions of measurement.  The
World  Health  Organization  (WHO)  with  its  wider
responsibilities also plays a central role. 

These committees between them constitute a formidable safety
group, largely beyond the control of any state or states. Half a
century later their work continues, and, although the problem has
changed, their remit has not.

One  such  body  is  rather  different.  The  International  Atomic
Energy Agency (IAEA) has a distinct role as the world arbiter of
the  separation  of  the  civil  and  military  uses  of  nuclear
technology. Its objective is to

seek to accelerate and enlarge the contribution of atomic

energy to  peace,  health  and prosperity  throughout  the

world. It shall ensure, so far as it is able, that assistance

provided by it or at its request or under its supervision or

control  is  not  used  in  such  a  way  as  to  further  any

military purpose.

This task has not changed and this UN agency has a role in the
modern world, at least as important as it ever was [47].

Generally, these committees between them have collated the best
available  data  and  many  of  the  documents  referenced  in  this
book  were  published  by  them.  Health  and  safety
recommendations based on this evidence are drawn up by ICRP,
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most  recently  in  2007.  However,  their  summaries  and
conclusions address the remit of an earlier age, namely to advise
on the reduction of radiation risks to a minimum, regardless of
other non-nuclear consequences. ICRP was established to do that
and so it could hardly be otherwise. The Commission is not in a
position to consider broader matters,  such as the impact of its
recommendations on the environment. In the meantime, within
the narrow field and with the benefit of half a century of effort, it
has worked to make radiation regulation very safe indeed. It has
done well – it has successfully carried out what it was asked to
do, and its recommendations have become entrenched in national
regulations,  working  practices  and  laws.  Implementing  these
involves high costs that may be seen now to be more than the
modern world can afford, either financially or in terms of other
balancing dangers. 

At  the  very  least,  this  exceptional  safety  regime  should  have
produced the benefit of public confidence in the use of radiation
and civil nuclear power, but unfortunately it has failed to do even
that.  The mistake  has  been to  try  to  achieve  safety,  primarily
through  blind  obedience  to  restrictive  instruction,  rather  than
through  cooperation  and  understanding  based  on  enlightened
education.

Judging radiation safety

So looking forward, as teachers, what should we tell our students
about  the  dangers  of  radiation  and radioactive  contamination?
And as parents, what should we say to our children? Generally,
what should we tell the wider public?

A  recent  joint  report  of  the  French  National  Academies  of
Science and Medicine  reviewed the whole field of the effect of
low-dose radiation. This was published in 2006 [22]. An earlier
edition was published in 2004/5  [21]. The abstract sets out the
position on LNT and the basis of the Report's disagreement with
ICRP.
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... This conclusion against the validity of LNT is based on

several types of data: 

1.  Epidemiology  has  not  evidenced  cancer  excess  in

humans for doses below 100 millisievert. 

2.  Experimental  animal  data  have  not  evidenced  a

carcinogenic  effect  for  doses  below  100  millisievert.

Moreover,  dose-effect  relationships  are  very  seldom

linear; most of them are linear-quadratic or quadratic. A

practical  threshold  or  hormetic  effects  have  been

observed in a large number of experimental studies. 

3.  Radiobiology:  LNT assumes  that  the  genotoxic  risk

(per unit dose) is constant irrespective of dose and dose

rate and thus that the efficacy of the two guardians of the

genome, DNA repair and elimination by death of cells

with DNA damage do not vary with dose and dose rate.

This assumption is not consistent with a large number of

recent  radiobiological  data,  for  example  mutational

effect and lethal effect vary (per unit dose). 

The second assumption is that a given DNA damage has

the same probability of initiating a cancer irrespective of

the number of other DNA damage in the same cell and in

the  neighbouring  cells.  This  assumption  is  also  non

consistent  with  recent  data  and  modern  concepts  of

carcinogenesis in which the microenvironment and tissue

disorganisation play an important role. The existence of

a threshold dose in individuals or animals contaminated

by radium or thorium shows that the irradiation of a cell

surrounded  by  non-irradiated  cells  does  not  initiate

carcinogenesis. It is the responsibility of the proponents

of  LNT  to  demonstrate  the  validity  of  these  two

assumptions in order to justify the use of LNT. The recent

reports do not provide such demonstrations.

In essence this is the same message as that expressed in these
chapters, but written in more academic language.

The concluding words of the 2004/5 edition of the Report are
addressed to a wider audience [21],
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Decision makers confronted with problems of radioactive

waste  or  risk  of  contamination,  should  re-examine the

methodology used for the evaluation of risks associated

with very low doses and with doses delivered at a very

low dose rate. This report confirms the inappropriateness

of  the  collective  dose  concept  to  evaluate  population

irradiation risks.

Other radiobiologists have been more forthright. For example, in
a  recent  article Pollycove  and Feinendegen [41] point  out  the
incompatibility of current  knowledge and the whole edifice of
the world radiation safety organisation,

Acceptance  of  current  radiobiology  would  invalidate

long  established  recommendations  and  regulations  of

worldwide radiation safety organizations and so destroy

the  basis  of  the  very  expensive  existing  system  of

regulation and remediation.

Progress towards an internationally endorsed change of view has
been  slow,  perhaps  because  ICRP,  amongst  others,  seeks  a
different level of safety.  The point is not a scientific one. It is
this: is it right to pursue radiation safety to a level that is so low
that, as a result, much larger risks are incurred elsewhere? In a
widely accepted view, in the case of climate change, this larger
risk is one with a chance of major global disaster approaching
100%. 

The latest recommendations of the International Commission for
Radiological  Protection,  ICRP103  [27],  offer  some  major
relaxations in estimated radiation risk, relative to the view taken
in  its 1990 Report. But  this  2007  Report  still  clings  to  the
language  of  LNT,  although when  pressed  it  concedes  that  this
does  not  represent a  belief  in a  linear  mechanism so  much as a
way in which  to parametrise  the  data. An example of its half-
hearted adherence to LNT was referred to earlier on page  103.
The Report is equally ambivalent when summarising its position
on the existence of a damage threshold [27, p.210],
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Although the available data do not exclude the existence

of  a  universal  low-dose  threshold,  the  evidence  as  a

whole ... does not favour this proposition. 

It goes on to comment on the contrary view,
(A) recent low-dose report from the French Academies ...

emphasises evidence on the potential dose-dependence of

post-irradiation  cellular  signalling,  DNA  repair,

apoptosis and other adaptive anti-tumorigenic processes

in order to argue for the existence of a practical  low-

dose  threshold  for  radiation  cancer  risk.  Overall,  the

long standing question on the true validity  of the LNT

model may well prove to be beyond definitive scientific

resolution and that 'weight of evidence'  arguments and

practical  judgements are likely  to continue to apply in

the foreseeable future.

Such disdain  by ICRP for  meaningful  scientific  discussion  of
radiation safety suggests that they have now exhausted their lines
of argument. 

Elsewhere  the  ICRP  Report  acknowledges  the  existence  of  a
threshold for high doses,  and also for some conditions  at  low
dose [27, p.143–144],

The dose responses for in utero radiation-induced tissue

reactions,  malformations  and  neurological  effects  are

judged  to  show  dose  thresholds  above  a  few  tens  of

millisievert. 

But  generally  the  Report  continues  to  express  risk  in  linear
terms, for example by stating sensitivity as a coefficient of risk
per unit dose. Expressed in this way, an assumption of linearity
is  implicit  in  all  its  recommendations.  These ICRP linear  risk
coefficients  for  cancer  and  genetic  effects  have  been  used  in
Table  14  to  show  absolute risk,  as  chance  per  1,000  at  100
millisievert.  The cancer figure may be compared with the data
shown in Table 5 (page 91). Note that the estimated heritable or
genetic risks are eight times smaller than the value recommended
in 1990 and 30–40 times smaller than the cancer risks. This is a
major change for ICRP to make, and it indicates that even the
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most cautious views are changing, if slowly. It is reassuring that
it is universally accepted on the basis of evidence that dangers
due  to  radiation-induced  mutations  are  small,  and  that  this
concern can be played down. 

Table  14  ICRP  risk  coefficients  for  cancer  and  genetic

effects, re-expressed as chance per 1,000 for 100 millisievert

[27, Table 1, p.53].

Cancer Heritable effects

2007
values

1990
values

2007
values

1990
values

Whole population 5.5 6.0 0.2 1.3

Adults only 4.1 4.8 0.1 0.8

The cancer risk given by ICRP, as expressed in Table 14, has not
been changed significantly since 1990. At 100 millisievert  the
numbers are consistent with the data shown in Table 5. However,
there are differing views about risks at low acute doses, which
may be summarised as follows [50].

 The optimists (the French National Academies [21, 22],
Pollycove  and  Feinendegen  [41],  among  many
radiobiologists)  say that the data are consistent with no
risk below 100 millisievert. 

 The pessimists (ICRP, BEIR and others) say that the risks
are consistent with LNT.

 Both views are compatible with the data for a single acute
dose, for instance the health records of the Hiroshima and
Nagasaki survivors. 

 The optimists explain the mechanism involved while the
pessimists adhere to their unexplained linear faith.

The conclusion might be drawn that it does not matter whether
you follow the optimists or the pessimists, and, to an extent, that
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is correct for a single acute dose. The risk below 100 millisievert
is so small that it cannot be measured, even on the basis of a 50-
year  international  study of  the  consequences  of  dropping  two
nuclear  bombs  on  the  inhabitants  of  two  large  cities.  So  the
conclusion of the optimists is not really an issue, and an acute
exposure of 100 millisievert is safe. 

The difference between the position taken by the optimists and
the  pessimists  comes  in  the  effect  of  repeated  doses,  real  or
hypothetical. The pessimists, because of their adherence to LNT,
consider that each dose, even below 100 millisievert, adds to the
lifetime dose of the individual as an invisible creeping inventory
of  accumulated  radiation  exposure  –  and  that  dose  leaves  an
indelible mark on health. The optimists point out that this is quite
incompatible, both with data on multiple and chronic doses, and
with a basic picture of modern radiobiology.

It is a separate but no less important concern that the pessimists'
view makes the use of nuclear technology very expensive and
deters its use in the reaction to escalating climate change. These
views are not just a matter for academic debate. Society at large
has  a  serious  interest,  but,  although  the  publications  are  not
secret, few outsiders are sufficiently aware of the issues.




