
An invited lecture given in Tokyo at the 
SAMRAI Conference March 2015

Radiation and Society: Overreaction to Low-Dose-Rate Radiation

Wade Allison, MA DPhil
Professor Emeritus, Department of Physics and Keble College, University of Oxford, UK OX1 3PG

The accident at Fukushima confirmed the natural safety of ionising radiation that is evident from

previous data and is a predictable consequence of evolutionary biology. Few members of society have

appreciated  the  connection  with  the  familiar  personal  benefits  of  radiation  for  medical  care  and

leisure.  Irrational  fear  of  radiation  dating  from  the  Cold  War  period  has  been  exacerbated  by

unscientific  international  guidance.  This  should  be  changed,  and  trust  in  science  should  be  re-

established using public explanation for the benefit of the environment and the world economy.

Policy failures exposed by Fukushima

A stable society needs understanding and shared values to make trusted decisions on a democratic basis, in

particular to source the energy it needs to drive its economy and maintain employment. The accident at

Fukushima exposed failures in both understanding and trust, while also confirming that nuclear radiation at

low and moderate dose rates is generally harmless. These failures are not unique to Japan but are common

to most societies, largely because all share a rigid historical perception of the effect of radiation on life that

is still promulgated by world authorities. This perception is at odds with modern biology and with nuclear

science as widely used for the health of members of the public. The real environmental effect of carbon

fuels and the benefit of replacing them wherever possible with nuclear or nuclear+electric energy mean that

the public should be better informed, and so be more confident, than is currently the case.

Safety and panic

In Japan in March 2011 there were three related events: first, an earthquake and tsunami that killed nearly

20,000 people – this was an exceptional natural disaster; second, the failure of three nuclear reactors at the

Fukushima Daiichi plant with the release of significant radioactivity, but with no resulting death or major

casualty – this was not a disaster; third, there was a panic by the authorities and the public that lasted for

several years and spread around the world – this was a serious social and  economic disaster caused by

misunderstanding, not radiation. In Japan, safety in the event of an earthquake and tsunami is “bottom-up”

and devolved to the people for rapid response; they have learnt what to do from a young age. But in the

event of a radiological accident the people have no knowledge, and rumour and fear ensue. The basis of the

existing  radiation  safety regime is  “top-down”,  based  on  guidance  from the  UN that  provides  glacial

response times and no on-the-spot authority. The public would have been reassured if more members of the

community had understood that nuclear energy does not threaten life in the way that so many fear.[1 ,2 ]

1 Radiation and Reason Wade Allison (2009) DOI: 10.13140/2.1.1834.5925 www.radiationandreason.com 
2 We  should  stop  running  away  from  radiation BBC  26  March  2011

http://www.bbc.co.uk/news/world-12860842 

http://www.bbc.co.uk/news/world-12860842
http://www.radiationandreason.com/


Natural safety

Actual protection against harm from nuclear energy comes in two parts: control of the physical reactor and

its contents, and the effect that radiation has on human life. Following the accident at Fukushima physical

scientists and engineers concerned themselves exclusively with improving the former in an attempt to

satisfy regulators, at great expense but without any actual benefit. History shows that human life is much

safer in major radiation accidents than in major chemical or carbon fuel accidents. This observation, and the

science that underlies it, is ignored in the drawing up of radiation regulations; these are designed to appease

historically based fears of radiation rather than to explain and educate the public view on a scientific basis.

The radiophobic panic that has persisted since March 2011 indicates that this policy of appeasement does

not succeed in providing the reassurance intended, either in Japan or worldwide.

Stabilisation

Nuclear radiation differs significantly from other physical effects only because its quantum energy is high

(on the scale of MeV), a million times the typical energy that can damage a biological molecule (less than 1

eV). Nevertheless life is protected because it has evolved to survive assaults by radiation. Ionising radiation

does not  evolve or change its mode of  attack like a virus or  a different  life  form – it  is  physical  and

unchanging. So, given sufficient time, life has found ways to get around its enormous energy. Today many

of its overlapping biological protection mechanisms are understood by radiobiologists, as described in more

detail by other papers presented at this meeting. With optimised passive design, a range of active responses

and several adaptive strategies stimulated by past exposures, living organisms are stabilised against lasting

damage by moderate chemical and radiative attack, as they have needed to be since the simplest life forms

first appeared on Earth. The initial damage to the biochemicals of life caused by the radiation comprises a

series of independent collisions described by Quantum Mechanics and is essentially additive, that is to say

linear.  However the subsequent response of  the organism is  not  additive or  linear.  Like any stabilised

process in engineering, electronics or management, the net response uses feedback, replacement, repair and

surveillance. At sufficiently high stress the protective stabilisation fails. A simple engineering example is a

car suspension system subjected to bumps in the road; for a big enough bump the suspension fails to smooth

the  ride.  So there  is  a  threshold  below which lasting damage is  avoided,  as  sketched qualitatively in

Illustration 1. 

Radiation and oxidative stress

Given that the initial effect of radiation is quite indiscriminate and that water predominates in living tissue,

the immediate effect of a radiation dose is the radiolysis of water. The resulting molecular fragments, such

as H and OH radicals and ions, are called Reactive Oxidative Species (ROS). These are indistinguishable

from those initiated by the chemical action of oxygen leaked from mitochondria. Importantly the damage to

the DNA produced by ROS is the same and the stabilisation that evolved to defend against chemical attack

is equally effective against damage initiated by radiation. Because the active protection is dynamic, it has a

characteristic reaction time and the protection failure occurs for a certain stress rate threshold. Evolution

has provided this perfection-seeking system naturally. Protecting life from radiative and oxidative attack at

the microscopic level has been a major task for biology for nearly 4,000 million years. If any life form had

not been protected it would have been superseded by another that was.

Questions for a non-linear response

There are two main questions. Firstly what is the characteristic reaction time mentioned above, that is over

what period of time does initial damage accumulate before it is repaired. In fact there is a range of such

Illustration 1: A generic stabilised response to
a  stress  showing  failure  for  a  stress  rate
above a certain threshold



times:  single  strand  breaks  (SSB)  of  DNA are  repaired  by  enzymes  within  a  few hours;  some  other

processes are linked to the cell cycle with times of a few days or weeks; protection provided by immune

surveillance is ongoing. For safety purposes the choice of a month as a repair time is conservative and in

accord with experience of normal clinical recovery. The second question concerns the threshold at which

the protection against lasting damage fails, a threshold measured in radiation dose per month. There are two

kinds of  failure,  early and  late:  widespread cell  death may prevent the cell  cycle  from maintaining a

working organism – this is Acute Radiation Syndrome (ARS), an outcome that may occur within a few

weeks; secondly the development of cancerous growth due to failure of the immune system to suppress the

occasional effect of poor DNA repairs, an outcome that may appear after some years. 

Public awareness of radiation

Science-based public  radiation safety requires that  this  threshold be found and that  the public  at  large

develops confidence in its value. It is sometimes suggested that radiation presents a quite new kind of

hazard for which we are unprepared -- but that is quite inappropriate. Radiation was discovered in the

century before last and there is very extensive experience of it, especially in medicine where it is used daily

to save lives through diagnosis and therapy, building on the pioneering work of Marie Curie. The public

welcomes these benefits but should also appreciate that, although the monthly doses given in a course of

radiotherapy are high, the healthy parts of the body are able to recover from these.

Cancer from radiation, sunshine

Ultra-violet  is  a  form of  radiation  energy that  lies

next  to  X-rays  in  the  spectrum.  Like  nuclear

radiation  and  X-rays  it  can  break  and  ionise

molecules, although it does so with less efficiency.

It is familiar as a component of sunshine – a few

percent depending on the conditions. Everybody is

familiar  with the damage that  sunshine  can do to

life.  Too long in the midday sun and skin suffers

cell  death  or  sunburn.  Repeated  cases  of  sunburn

increase the chance of skin cancer. This is a serious

problem but not the cause of  a national  crisis  or

food  for  a  network  of  competing  international

bodies, similar to ICRP, IAEA, WHO, UNSCEAR,

OECD/NEA and others. Simple advice on how to

limit personal exposure to ultraviolet is given to the

public  –  an  example  is  shown  in  Illustration  2.

Nevertheless the annual death rate from skin cancer is 30 per million [USA]. The energy flux of UV in

sunshine is some watts m-2 (1 W m-2 = 1000 mJ m-2 s-1) and this is similar to an energy flux of absorbed

nuclear radiation (or equivalent) of 1000 milli-sievert per second, since by definition 1 mSv = 1 mJ per kg

(for beta and gamma rays). The maximum rate of absorbed nuclear radiation energy recommended by ICRP

for the public is 1 mSv per year, that is smaller than the UV flux in sunshine (discussed above) by a factor

of more than 30,000 million. It is no surprise then that the energy of nuclear radiation cannot be felt – it is

far  too  small!  However  any direct  comparison  between  ultraviolet  and  nuclear  radiation  can  only  be

qualitative because of the very low and variable efficiency with which ultraviolet creates ROS. Evidence for

a quantitative threshold must be found elsewhere.

Illustration  2: Simple safety advice for
the  family  available  on  a  free  plastic
carrier bag from a high street pharmacy



Radiation from radioactivity

Each quantum of nuclear radiation is emitted by

the  radioactive  decay  of  one  nucleus  and  a

radioactivity of 1 becquerel (Bq) is a rate of one

decay  per  second  so  that  is  very  small  indeed.

Natural  radioactivity  within  the  human  body  is

about 7000 Bq, or 100 Bq per kg. The activity of

the source in a domestic smoke alarm is 37,000

Bq. How much activity is dangerous? In the mid

20th C luminous Radium paint was used to make

luminous instrument dials.[3 ] The painters were

in the habit of licking their brushes to achieve the

finest work. The Radium entered their bones and

caused a large increase in bone cancer, shown by

the crosses on Illustration 3. The practice ceased

in  1926  after  which  the  bone  cancer  incidence

also  stopped.  There  was  no  bone  cancer  for  a

whole-body activity less than 3.7 MBq, marked by the horizontal line and representing a clear threshold.

When converted into a whole-of-life radiation energy dose this is 10,000 mSv where, being exceptionally

conservative, the extra weighting factor of 20 normally  associated with alpha radiation has been simply

ignored.

Background radiation

The Universe is bathed in radiation and always has been. In addition to the internal radiation mentioned

above there  is  radiation  from space  –  the

flux increases more than 10-fold at a height

of  10,000  m.  During  the  initial  Fukushima

panic many people hurriedly took a plane to

escape  from  Japan  and  then  received  a

higher dose on the flight than they were ever

likely to get by staying put. A third source of

natural  radiation  comes  from  the  natural

water,  soil  and rocks.  This  varies  by large

factors and is  tens of  times higher than the

norm, for instance in some places in Brazil,

Iran  and  India.  It  comprises  gamma

radiation  emitted  from  the  rock  and  the

radioactive  gas  Radon  that  seeps  out  of

cracks  and  fissures.  In  spite  of  extensive

studies there is no evidence for any increase in cancer rates among people who have lived all their lives for

many generations in places where the background dose rate is more than 100 mSv per year compared with

the worldwide average of 2.4 mSv per year. Unfortunately this has not prevented authorities mounting

3 Rowland  RE  http://www.osti.gov/accomplishments/documents/fullText/ACC0029.pdf with
comment (2004) http://www.rerowland.com/Dial_Painters.pdf 

Illustration  3:  Bone  cancer  among
radium dial painters

Illustration  4:  The  mortality  of  workers,
shown as crosses with number of deaths/total,
in each dose range. (The curve is for rats). 

http://www.rerowland.com/Dial_Painters.pdf
http://www.osti.gov/accomplishments/documents/fullText/ACC0029.pdf


expensive radiophobic publicity programmes aimed at  reducing this  ineffective threat.  Furthermore,  in

many countries a culture of enjoying hot springs that offer the therapeutic benefit of radioactive ground

water  remains  very  popular,  often  in  those  very  countries  that  are  most  in  the  thrall  of  radiophobia.

Radiation is the same for good or ill, whether in medicine or the environment, and the science does not take

a holiday when, for example, a German does so in the sunshine of a Mediterranean beach or a Japanese

relaxes in the warm waters of an onsen provided by the radioactive natural volcanic environment of Japan.

It would be beneficial if more people appreciated how radiation already adds to their quality of life.

Information from accidents

But such radiation doses are generally small. If radiation ever reduces life expectancy significantly it should

do so most  evidently for  high  doses,  and so that  is  where  we should  look  for  evidence.  Searches for

increased cancer rates near power stations cannot be successful if the relevant doses are much smaller than

natural  variations.  More  certain  evidence  comes  from  higher  doses  in  major  accidents  and  clinical

exposures. Radiation at Hiroshima and Nagasaki comprised flash doses of gamma rays (and neutrons) that

minimised the opportunity time for biological protection. Even so, in 50 years of the medical follow-up for

80,000 survivors there is no evidence of increased cancer for doses below an acute 100-200 mSv and no

evidence at all for inherited effects, although, understandably, this is what the public have always been most

concerned about. About 99% of the total fatalities were caused by blast and fire, not radiation alone. The

average dose to survivors was 160 mSv and, of those who died of cancer in 50 years, 14 cancers out of

every 15 were caused naturally, not by radiation. 

Internal radioactive contamination at Goiania (1987)

Radioactivity that is ingested into the body gives an unavoidable protracted dose and so causes particular

public concern. The dose is spread over the radioactive decay or excretion time, whichever is the shorter –

100 days in the case of Caesium (Cs). After Fukushima 32,811 members of the public were scanned and the

highest recorded activity was 12,000 Bq [4 ]. Information on the effect of Cs contamination comes

from the accident at Goiania in 1987 where 4 victims died from ARS having ingested more

than 100 million Bq of Cs-137 [5 ]. In the following 25 years among those 249 contaminated

there has been no cancer death that could be linked to radiation. Evidently the highest dose

received by any member of the public at Fukushima was more than 1000 times too small to

cause cancer in the next 25 years. Even at Chernobyl there was no evidence for excess cancer linked to

Cs. There will be no excess of thyroid cancer from Iodine-131 released at Fukushima either [6 ]. At Goiania

there were two normal pregnancies of women with high contamination and at Chernobyl there was no

evidence for abnormal pregnancies due to radiation. There were however several thousand terminations

caused by fear in places as far away as Greece.

Early fire crew at Chernobyl

The 236 workers who attended the reactor at Chernobyl in the first few days after the accident suffered

exceptional acute doses as shown in Illustration 4. Of those with more than 4000 mSv 50% died of ARS in a

short period but the remainder showed no significant evidence of cancer over the next 25 years, beyond

4 Hayano RS, et al. Internal radiocesium contamination of adults and children in Fukushima Proc.
Jpn. Acad., Ser B 89 (2013). https://www.jstage.jst.go.jp/article/pjab/89/4/89_PJA8904B-01/_pdf

5 IAEA(1988) http://www-pub.iaea.org/mtcd/publications/pdf/pub815_web.pdf ; 
IAEA (1998) http://www-pub.iaea.org/MTCD/publications/PDF/te_1009_prn.pdf ;
Valverde N (2013) http://goo.gl/oTAjZ   https://www.youtube.com/watch?v=dv-87QKy37M 

6 Thomas GA http://www.jaif.or.jp/ja/annual/46th/46-s3_gerry-thomas_e.pdf 

http://www.jaif.or.jp/ja/annual/46th/46-s3_gerry-thomas_e.pdf
https://www.youtube.com/watch?v=dv-87QKy37M
http://goo.gl/oTAjZ
http://www-pub.iaea.org/MTCD/publications/PDF/te_1009_prn.pdf
http://www-pub.iaea.org/mtcd/publications/pdf/pub815_web.pdf
https://www.jstage.jst.go.jp/article/pjab/89/4/89_PJA8904B-01/_pdf


what would be expected without a radiation dose.

Medical experience of high doses

Radiation  doses  used in  medical

diagnostic  imaging  are  about  10

mSv,  400  times  smaller  than

received  by  the  fire  crew  and

therefore  quite  harmless,  even

when  repeated.  Much  higher  doses

are  used  in  a  course  of

radiotherapy  to  cure  cancer  with

gammas. The website of the Royal

College  of  Radiologists  confirms

that a malignant tumour is treated

everyday for 5-6 weeks with 2000

mSv (or mGy which is the same).

The tissue within 10-20 cm usually

receives  1000  mSv  per  day,  or

more  than  20,000  mSv  per  month,  and

survives in  spite  of  a  loss of  hair  and a

few burns -- that is more than 5-10 times

the  dose  that  was  usually  fatal  to

Chernobyl  workers.  The  reason  is  that

spread  over  a  month  the  tissue  has  the

opportunity  to  recover.  Without  such

recovery  processes  radiotherapy would  be

fatal.  New  confirmation  is  given  in  a

recent paper by a team in UK and France
[7 ] who  studied  5000  survivors  of

childhood  cancer  who  had  received

radiotherapy.  They  followed  their

subsequent  health  for  an  average  of  29

years.  In  this  time  369  developed  a  new

second  cancer  and  the  study  asks:  What

was the total radiation dose from the first

treatment  at  the  site  where  the  second

cancer  later  developed? The  result  is

shown in Illustration 5.  On the far left  is  the incidence for  tissues that  had received no radiotherapy.

Evidently there is no extra risk of cancer for a total radiation dose less than about 5 Gy, or 5000 mSv, but

for higher doses the risk rises sharply. The data also show that around 0.5 Gy the dose is beneficial -- an

important result for medicine but not one that changes the safety of radiation exposures significantly.

7 Tubiana et al. (2011) http://www.ncbi.nlm.nih.gov/pubmed/21595074 

Illustration  5:  Dependence  of  second  cancer
incidence on the earlier radiotherapy dose at that
location

Illustration  6:  Comparison  of  the  life
expectancy of beagles given 3 mSv of gamma
radiation every day and those not so treated.
The symbols on the curves indicate the cause

http://www.ncbi.nlm.nih.gov/pubmed/21595074


Animal experiments

Experiments with animals show that they are similarly affected by radiation. Mice give reassuring 

information about the effect on pregnancies and inheritance. Dogs show the effect of radiation on life span 

more effectively because they live longer. In Illustration 6 are shown data on the life span of beagles given 3

mSv of gamma radiation every day throughout their lives compared with  similar beagles who were not 

irradiated [8 ]. Up to 2000 days (total 6000 mSv) neither group suffers loss of life. Only above 10,000 mSv is

the life expectancy noticeably affected although cancer (F) and other causes (O) are of similar importance in

both groups.

Threshold for monthly dose

Setting a radiation safety threshold is not

a matter for precision but it does require

confidence.  That  is  not  achieved  with

multiple  safety  factors  –  for  example

extra safety for children is a matter for

parents, not for science unless it  can be

strictly justified.  Who in history had to

cope  with  such  a  problem?  Florence

Nightingale  got  the  data,  drew  simple

diagrams and then used them to advocate

change, successfully. In Illustration 7 we

follow her example. The area of the dark

circle  represents  a  monthly  dose  to  a

tumour (40,000mSv) and the area of  the

grey circle is a tolerated dose to healthy

tissue (20,000mSv) involving a long-term

risk of a few % of a further cancer, as in

Illustration 6. The area of the tiny dot, probably only visible on the expanded scale, is the ICRP preferred

safety value, 0.08 mSv per month. The area of the white circle is the strictest safety level that can be

scientifically justified, 100 mSv per month.

Linear No-Threshold and ALARA

In  the  traumatic  aftermath  of  WWII there  were  three  separate  influences  bearing  on  views of  nuclear

radiation: firstly a need for better understanding and data on the long-term effects of radiation; secondly the

fear of radiation induced by the Cold War; thirdly the disquiet of scientists about the arms race. These were

not resolved until a number of distinguished scientists succeeded in halting the arms race by over-stating the

scientific demonstrable effect of radiation on life, in particular on heredity. The consequential radiation

phobia, supposedly supported by the unscientific Linear No-Threshold (LNT) hypothesis, was expressed in

political movements around the world. As a result LNT was adopted as the basis of international safety

guidance  that  attempted  to  appease  fear  with  “safe”  levels  set  As  Low  As  Reasonably  Achievable

(ALARA), below natural background -- far less than the level of 700 mSv per year in force when Marie

Curie died (1934). Within a factor two that is the chronic safety level 100 mSv per month suggested in

Illustration 7 being As High As Relatively Safe (AHARS). With a whole-of-life limit 5000 mSv that is

8 Fritz TE 2002. The influence of dose, dose rate and radiation quality on the effect of protracted
whole body irradiation of beagles. Brit J Radiol suppl 26: 103-111

Illustration  7:  Monthly  radiation  dose  rates
shown as areas of circles



compatible with all significant scientific information. With such limits no food need have been condemned

at Fukushima and all evacuees would have been able to return home long ago. Power stations should be

restarted and safety modifications that are unnecessary and expensive could be dispensed with.

Interested parties

Now after 70 years there are many parties with entrenched interests including an industrial safety industry

whose scale and cost is unreasonable. The overwhelming majority of the population know little beyond

what they have picked up from fiction designed to excite and entertain. Some believe that they have been

wronged and seek redress by law. Others having been displaced from their homes or labelled as “irradiated”

by ill-considered regulation, live cursed and broken lives. Some dedicated fear mongers see it as their duty

to foment distrust and encourage others to see incompetence, secrecy or foul play by all in authority. Many

jobs, careers and research contracts rely on the status quo of nuclear safety but the real threats to the future

of mankind are from the environment, socio-economic stability, water and mutual trust. Radiation and the

use of nuclear energy do not belong in this list – indeed they are essential to the solution of man's problems. 

How to win public trust

The problem is  not  national  at  all,  although,  unhelpfully,  each government  sees  the  problem in  local

political terms. The solution is simple but will take time to achieve. Society needs to understand radiation

through education – of the kind that explains, not dictates, and enables true cohesive trust to return. With

confidence the public will see nuclear energy as the

solution  to  the  excesses  of  fossil  fuels.  Extreme

concern about clean-up measures and nuclear waste

will be stilled – no life has been lost from nuclear

waste, and the vigorous wildlife at Chernobyl today

is  testimony  to  the  viability  of  living  with

radioactivity.  A  strategy  of  reprocessing,  fast

reactor  construction,  Generation IV development,

and modest final fission-waste underground burial

should  be  optimised  for  the  environment  and  the

economy.  In  a  Darwinian  world  of  competition  a

society  that  does  not  grasp  such

opportunities  and  invest  in  the  broad

education required should expect to fail

relative to others that do.

Waste issue

Public concern about nuclear waste is 

seriously misplaced. Compared with

fossil fuel waste and biological 

waste it is a negligible hazard as 

Illustrations 8 and 9 suggest. 

Nobody has died of nuclear waste; 

the quantity is tiny because nuclear needs a millionth of the fuel and produces a millionth of 

the waste after reprocessing; as with biological waste it is financially sensible to reprocess; 

combustion and biological waste can multiply and spread but nuclear cannot (except within a 

Illustration  8:  Two symbols  related  to
waste. One relates to millions of deaths
every  year,  the  other  to  none.  One
excites  a  worldwide  hullaballoo  about
waste  that  is  not  released,  the  other
describes waste normally released into

Illustration 9: Canisters representing the mass of
waste released per person per day (UK figures)



working reactor); nuclear waste is essentially solid and contained while biological waste is 

essentially liquid and released into the environment, and combustion waste is worse. Nuclear

waste should be reprocessed and the fission waste buried for a few hundred years but that 

should be no big deal. Nuclear waste and decommissioning should not be major business 

activities in the nuclear industry.

Conclusions

International safety regulations need to be relaxed by a factor of about 1000 and re-based on science instead

of LNT. Programmes of explanatory education should be put in place that will enable the public to see that

the health of the environment can benefit from nuclear technology, just as personal health has done for over

a century. Nuclear energy should be pursued aggressively but this carries little risk compared with other

dangers that threaten mankind.
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