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Abstract 

Our acceptance of exposure to radiation is somewhat schizophrenic. We accept that the use of 

high doses of radiation is still one of the most valuable weapons in our fight against cancer, and 

believe that bathing in radioactive spas is beneficial. On the other hand, as a species, we are 

fearful of exposure to man-made radiation as a result of accidents related to power generation, 

even though we understand that the doses are orders of magnitude lower than those we use every 

day in medicine. The 70th anniversary of the detonation of the atomic bombs in Hiroshima and 

Nagasaki was marked in 2015. The 30th anniversary of the Chernobyl nuclear power plant 

accident will be marked in April 2016. March 2016 also sees the fifth anniversary of the accident 

at the Fukushima nuclear power plant. Perhaps now is an opportune time to assess whether we 

are right to be fearful of the effects of low doses of radiation, or whether actions taken because 

of our fear of radiation actually cause a greater detriment to health than the direct effect of 

radiation exposure. 
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1. INTRODUCTION: 

Radiation is energy that travels as a wave or particle. Some types of radiation, called ionizing 

radiation, can be harmful. Radioactivity is ionizing radiation that is given off substances, such as 

uranium, as they decay. About half of the ionizing we’re exposed to comes from half comes from 

nature. It’s in rock, soil, and the atmosphere. The other half comes from man-made source like 

medical tests and treatment and nuclear power plants. There is always a risk of damage to cells 

or tissue from being exposed to any amount of ionizing radiation. Over time, exposure to 

radiation may cause cancer and other health problems. But in most cases, the risk of getting 

cancer from being exposed to small amounts of radiation is small. The chance of getting cancer 

varies from person to person. It depends on the source and amount of radiation exposure, the 

number of exposures over time, and your age at exposure. In general, the younger you are when 

you are exposed to radiation, the greater the risk of cancer.  
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2. Health Effects of Low-dose Radiation in our Environment: 

We are all exposed to a certain level of background radiation. Most background radiation comes 

from radon, which is generated from the rocks that comprise the crust of our planet. A smaller 

amount (16%) comes from artificial sources, mainly medical exposures, with a very small 

amount (1%) coming from the nuclear industry as a whole, including atmospheric testing of 

atomic weapons. The average dose received by all of us from background radiation is around 2.4 

mSv/year, which can vary depending on the geology and altitude where people live – ranging 

between 1 and 10 mSv/year, but can be more than 50 mSv/year. The highest known level of 

background radiation affecting a substantial population is in Kerala and Madras states in India, 

where some 140 000 people receive doses that average over 15 mSv/year from gamma radiation, 

in addition to a similar dose from radon. Comparable levels occur in Brazil and Sudan, with 

average exposures up to about 40 mSv/year to many people. Taking the individual average dose 

of 2 mSv/year, someone who lived to the age of 80 years would have accumulated 160 mSv of 

radiation from natural sources during their lifetime. 

  

 

 

[Sources of background radiation. Eighty-five per cent of an individual’s annual dose of 

radiation comes from natural sources (radon, a gas that is emitted from the rocks that form the 

crust of the planet; food/drinking water; cosmic radiation; exposure from buildings and soil). 

Fifteen per cent is from man-made sources, largely from exposures for medical reasons (14%). 

The remaining 1% comes from the nuclear industry. Fallout from atomic weapons testing or use 

and nuclear accidents accounts for around 0.3% of an individual’s annual radiation dose.]  

The health effects of radiation can be divided into two, and show subtly different relationships 

between dose and effect. Early, deterministic or tissue effects are seen at high doses (>1 Sv), 

associated with cell killing in the tissues exposed, and show a direct correlation with dose. We 

are used to seeing these effects in cancer patients treated with radiation – vomiting and diarrhoea, 

loss of hair, etc. The longer-term effects or stochastic effects are seen at lower doses, where the 
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dose is correlated with the probability of the effect, rather than directly with dose. The stochastic 

effect of most public concern is that of cancer. 

Many of the health effects that we attribute to radiation are not produced exclusively by radiation 

and not all types of cancer have been shown to be elevated in populations exposed to ionising 

radiation. Cancer can be caused by a variety of chemical carcinogens, exposure to sunlight, 

obesity and a great many other factors. There are no validated biomarkers that enable us reliably 

to identify a cancer as being caused by radiation. Radiation increases the number of cancers 

within a given exposed population, rather than changing the biology of the cancers induced. This 

makes it impossible to separate the number of cancers that have been caused by radiation from 

those that are due to other causes. Because the same health effects can be caused by factors other 

than radiation, we define the contribution that a given dose of radiation makes to a health 

outcome (e.g. cancer) as the excess relative risk. This is defined as the rate of disease in the 

exposed population divided by the rate of disease in an unexposed population minus 1. The risk 

is usually defined as being a given percentage per Sievert, which enables the risk to be defined 

regardless of the type of radiation to which the population is exposed. 

Most of the information on the health risks of radiation in healthy populations comes from the 

life span studies, which were established after the detonation of the atomic bombs in Japan in 

1945. Assembled in 1950 these cohorts have now been followed for 65 years. Of the 120 000 

original subjects, 54 000 were within 2.5 km of the epicenter of the detonations and 45 000 were 

located 2.5–10 km away. Forty per cent are still alive. The control population (26 000 

individuals) were not present at the detonations, but lived in Hiroshima or Nagasaki between 

1951 and 1953. Individual dose estimates are available for 92% of the population, with some 

survivors receiving over 2 Gy and the mean dose 200 mSv. The results of these studies have 

been recently reviewed by Kamiya et al. [1]. 

In brief, survivors of the atomic bombs in Hiroshima and Nagasaki have a dose–response 

relationship that is linear for solid cancer, but the precise shape of the curve is still unclear at low 

doses. Survivors who were children when exposed have a higher risk of cancer than those 

exposed at older ages; the risk of cardiovascular diseases and some other non-cancer diseases is 

increased at higher doses. In children exposed to high doses of atomic bomb radiation in the 

womb, development of the central nervous system and stature were affected, and the risk of 

cancer increased with maternal dose. Risks of hereditary malformations, cancer, or other diseases 

in children of atomic bomb survivors did not increase detectably with paternal or maternal dose, 

based on follow-up to date; atomic bomb survivors exposed to high doses of radiation tend to 

show deterioration of the immune system similar to that observed with ageing, and many 

survivors exposed to high doses of radiation have minor inflammatory reactions. Cancer risk 

increases after exposure to moderate and high doses of radiation (more than 0.1–0.2 Gy); 

however, whether cancer risk is increased by acute low doses (0.1 Gy or lower) or low dose rates 

is unclear. 
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There are a number of other large cohort studies involving both acute and protracted radiation 

exposures that confirm the data from the lower dose range of the life span study. These include 

the National Registry of Radiation Workers (NRRW), a study of UK nuclear workers [2]; the 

Techa River residents who were exposed to discharges of radioactive waste into the river near 

which they lived [3]; the cohorts of workers who cleaned up after the Chernobyl accident [4]. 

There are also data from Yangjiang, an area of high natural background radiation in China [5] 

and from the workers at British Nuclear Fuels Limited (BNFL) [6]. It is to be noted that most of 

the estimates of excess relative risk lie close to 0, particularly in the dose range between 0 and 

0.1 Sv, and in most cases the 95% confidence intervals (where given) span 0. This indicates that 

there is no statistical evidence that an effect of radiation at these levels is proven scientifically, 

but rather could be a chance association. 

Because of their ‘all or nothing’ nature and the difficulty in separating out low level, but 

prolonged, radiation exposure from background, it is difficult to estimate risks or a threshold of 

effect due to occupational radiation exposure when stochastic effects are considered. In practice, 

risk is extrapolated from high levels of exposure and a linear, no threshold (LNT) model 

assumed, i.e. there is no exposure level below which the risk is zero. When the individual 

radiation dose, from sources other than background radiation, falls below 100 mSv, it is 

generally accepted that it is difficult to show statistically that any cancers in the population under 

study are caused by radiation, as it is much more likely that those cancers are caused by all the 

other factors that we know also cause them. At the present time it is not clear whether there is a 

difference between a single dose exposure of 100mSv and a protracted low dose exposure that 

totals 100 mSv over time. However, it is generally accepted that the effect is the same, although 

there is considerable debate about the effects of confounders in the various studies [7–10]. 

How can we best put the health risks from radiation exposure into context? There are large 

databases drawn from cancer registries, notably the Surveillance, Epidemiology and End Results 

(SEER) database in the USA, which enable reliable statistics to be generated on the incidence of 

cancer in a given population. SEER is one of the largest of these databases, pooling information 

from 14 different cancer registries. Cancer incidence varies in different countries with respect to 

lifestyle factors, such as smoking, drinking, diet, etc. Radiation increases the frequency of 

cancers in the population, and the degree by which it does this has been defined in the Life Span 

cohort studies after the atomic bombs in Hiroshima and Nagasaki. On average, assuming a 

gender and age distribution similar to that of the entire US population, the BEIR VII lifetime risk 

model predicts that about one individual in 100 persons would be expected to develop cancer 

(solid cancer or leukaemia) from a dose of 100 mSv, whereas about 42 of the 100 individuals 

would be expected to develop solid cancer or leukaemia from other causes. Lower doses would 

produce proportionally lower risks, if we assume that the LNT hypothesis is correct. For 

example, it is predicted that about one individual in 1000 would develop cancer from an 

exposure to 10 mSv [11]. 
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3. RESULT: 

Environmental Exposure from Nature and Man versus Exposure from Nuclear Power Plant 

Accidents: 

The above studies focus largely on radiation doses from gamma radiation, rather than exposure 

to radioactive particles in fallout. The latter exposure is more relevant to the general public 

exposed to nuclear power plant accidents, whereas the former is more relevant in determining 

risk to workers involved in the clean-up of damaged nuclear power plants. Accidents at nuclear 

power plants are graded Environmental Exposure from Nature and Man versus Exposure from 

Nuclear Power Plant Accidents 

On the International Nuclear Radiological Event Scale [12]. There have been only two events 

that have been classed as major accidents where there have been widespread health and 

environmental effects as a result of external release of a significant fraction of reactor core 

inventory. The first was the Chernobyl power plant accident in 1986; the second was the 

Fukushima accident in 2011. Clinical Oncology produced a special issue to mark the 25th 

anniversary of the Chernobyl accident [13]. It was published 1 month after the Fukushima 

accident in 2011. The findings of 25 years of careful scientific investigation into the effects of 

the Chernobyl accident are summarised below. 

The only proven radiobiological effect of the Chernobyl accident on the general population has 

been an increase in thyroid cancer in those who were young at the time of the accident. The 

increase was rapid, and is still apparent today, although the level of thyroid cancer is back to that 

prior to the accident for those who were born from 1987 onwards, after the radioactive iodine 

disappeared from the environment. There seems to be little difference in the type or the clinical 

outcome of radiation-induced thyroid cancer when compared with age-matched controls. 

Thyroid cancer is very amenable to treatment and although 30% of patients may suffer a relapse, 

only 1% may eventually die of their disease [14]. Of around 6000 diagnosed cases since 1986, 

only 15 have so far proved fatal [15]. Many of these cases would have been prevented if better 

measures to limit exposure to radioiodine had been put in place. There is, thus far, no evidence 

for increases in other diseases in the exposed population at large. Now that the human population 

has been reduced as a result of the establishment of an exclusion zone around the nuclear power 

plant, the thriving natural environment around the reactor accident suggests that the presence of 

higher than background levels of caesium-137 in the environment poses little risk to human or 

animal health [16]. Life span studies, similar to those carried out in Japan, would be needed in 

order to identify any further minor health effects [17]. However, these will be expensive to carry 

out, and may well be expected to give results that will not satisfy the concerns of those who have 

already made up their minds. 

So, what did we learn from Chernobyl? Cancer risk is determined by the age at exposure and the 

concentration of radioisotopes in particular tissues. Low dose exposure to caesium-137, even 

over a long period of time, is perhaps not as deleterious to health as we would have predicted. 
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The one thing we did not learn was how to deliver information about radiation risk to an exposed 

population. There have been considerable psychological consequences, unrelated to the direct 

radiation risks for human health, from the Chernobyl accident, which have been inadequately 

quantified [18]. 

 

4. The Aftermath Of Fukushima: 

This special issue focuses on the evidence that we already have concerning radiation doses and 

the immediate consequences of the actions taken to minimize radiological risk. The accident at 

Fukushima happened as a direct consequence of two natural disasters – the Great Tohoku 

Earthquake and the resultant unprecedented tsunami. The nuclear incident that followed made 

these events of international concern, particularly given the important political debates around 

greenhouse gas emissions, power generation and climate change and gave the whole scenario a 

political dimension that was not present to the same degree after Chernobyl. 

The initial priority was the safety of those living in the immediate area. Japan is home to a large 

number of foreign residents, and became the immediate focus of the international press. The 

Japanese have great respect for advice from foreigners – therefore the advice given by foreign 

governments to their residents was watched with interest. Where this advice conflicted with that 

provided by the local government created considerable psychological pressure. The paper by 

Oppenheim and Franklin [19] provides a perspective from the staff based at the UK Embassy, 

and shows the importance of good scientific advice to government at all levels. 

Three comprehensive reports have been written following the Fukushima accident [20–22]. The 

first of these comes under scrutiny in the paper by Yamashita [23] in this special issue and 

highlights the problems of using conservative estimations of radiation dose when trying to 

communicate potential health risks to the public. As discussed above, the dose of radiation 

received by individuals is of paramount importance when determining the risk of a health effect. 

Actual doses, in particular to the thyroid, were much lower than originally predicted, and this 

was due in part to the prompt action of the Japanese authorities in evacuating the local 

population and severing the food chain [24]. The evacuation was itself not without health risks, 

and the paper by Hasegawa et al. [25] details the harrowing consequences of the need to be seen 

to respond quickly in response to the public’s fears of radiation exposure. The Japanese public, 

in particular, given the country’s history of exposure to radiation from the atomic bombs, show 

heightened concern. This paper should make us question our response to a nuclear accident. 

Throughout our lives we learn to balance benefit with risk, but in the face of radiation we seem 

to lose the ability to do this based on science, and rely on instinct alone. 

Perhaps it is helpful to view the radiation doses in and around Fukushima in the context of 

medical radiation exposure. Ninety-six per cent of the restoration workers at the Daiichi reactor 

site received doses less than 50 mSv [25]. Adults in the evacuation area were exposed to between 
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1.1 and 13 mSv [24]. A few decades ago, radiotherapy staff received similar doses as a matter of 

course. In 1981, the average dose received by a nurse at the Royal Beatson Memorial Hospital 

Glasgow was 19 mSv [26]. Some consultant oncologists received more than 50 mSv annually. 

Modern medical imaging can produce similar absorbed doses as those recorded in Fukushima. 

Albert [27] lists mean effective doses from a computed tomography scan of the head of 2 mSv 

and 31 mSv (range 6–90 mSv) for a multiphase abdominopelvic computed tomography scan. 

Indeed, the ‘worried well’ will pay for this degree of exposure during whole body screening 

computed tomography for reassurance they do not have an asymptomatic cancer. The lifetime 

individual doses for the vast majority of the population exposed after Fukushima (even assuming 

no remediation, e.g. soil skimming, etc) and some 6 million residents after Chernobyl is 9–10 

mSv, i.e. similar to that of a whole body computed tomography scan, compared with 170 mSv 

lifetime dose from background radiation for a typical resident of Japan [15,22]. 

In response to the public concern about possible health consequences, a comprehensive medical 

surveillance study was established (reviewed in [23]). As the only radiobiological consequence 

of the previous nuclear power plant accident for the population at large had been shown to be 

thyroid cancer in the young, a comprehensive thyroid ultrasound examination programmed in 

those aged under 19 years at exposure has been instigated [28]. The results of the initial round of 

screening were intended to be regarded as a baseline. In the interests of transparency, the 

Japanese authorities and Fukushima Medical University have made all their data publicly 

available [29]. However, as with all health-related matters, the data need careful interpretation, 

or will probably be misinterpreted by the media and others, for example as in the recent paper by 

Tsuda et al. [30]. The paper by Suzuki [28] outlines the results of the thyroid ultrasound 

examination so far, and puts these into context with data from a similar study carried out in areas 

of Japan not exposed to fallout from Fukushima. 

A phase of recovery follows any societal upheaval, whether the cause of that upheaval was 

natural or manmade. The personal perspective offered by Mrs Ando [31] gives insight into how 

taking control of the situation for yourself can enhance resilience. Providing mechanisms for all 

sectors of society is beneficial and allows individuals to put risks into perspective for themselves. 

A recent study carried out by Japanese school children has been published in the Journal of 

Radiological Protection [32]. This study, designed by schoolchildren, used personal dosimeters 

worn by children and their teachers in four countries (Japan, France, Belarus and Poland). The 

aim of the study was to compare radiation doses in different areas in Japan and elsewhere. There 

are a number of monitoring stations across the Fukushima Prefecture that measure the ambient 

radiation dose in air. These stations were set up with the aim of reassuring the local population 

and visitors. However, unless context is given to the measurements, most of us would not be able 

to interpret the data they provide, as we are unaware of what is a ‘normal’ reading for airborne 

radiation. The study gave the children the ability to understand whether the dose in Fukushima 

Prefecture was different from elsewhere in the world – particularly important as the media 

frequently refers to levels of radiation in Fukushima Prefecture as ‘high’, with no context to this 
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assertion. It also enabled them to explore what affected their doses, e.g. the material from which 

their houses/schools were built. It is disturbing to note that in some of the villages in Fukushima 

Prefecture some people still feel there is a likelihood of acute radiation syndrome 3 years after 

the accident [33], despite a considerable amount of effort in risk communication by local 

scientists. Perhaps initiatives like those undertaken by the schoolchildren could help to dispel 

some of these misconceptions? 

5. In Study: 

We accept a level of risk in many other areas of life – many of which are statistically more likely 

to result in something that is deleterious to our health when compared with exposure to low 

doses of radiation. It is the context in which those risks are put that helps us make a personal 

decision on whether we wish to take that risk. The personal risk from radiation at low doses is 

very small, but the fact that scientists are honest and say that it cannot be quantified with any 

certainty below a certain level of dose, for all the reasons given above, make any exposure to 

radiation (above that from natural sources) unacceptable to many people. Interestingly, most of 

us, including those who find risks from nuclear power unacceptable, will not even think about 

the risk of the dose of radiation we will experience from long-haul flights as we take off for our 

holidays, or when consenting to a medical procedure involving radiation 

 

6. .In research study: 

The papers in this special issue should give us pause for thought. Ethics teaches us that we 

should do no harm to others. If we do not learn the lessons from Fukushima regarding risk 

communication to the general public (and politicians!) and allow a knee jerk response to a 

nuclear power plant accident again, we will probably put more people at risk by our actions than 

the radiation will. There are some efforts being made in this direction. SHAMISEN, a project 

recently funded by the European Commission focuses on the real consequences of a nuclear 

accident, and one area will look at the ethics of research on those who have to live with these 

consequences. Does the research we ask them to participate in help them to recover from the 

accident – or does our thirst for knowledge make things worse? 

As a global society we have some hard decisions to make with regard to power generation and 

global warming. If we are honest, nothing in life is risk free, including methods of generating 

power. The potential health effects of global warming are considerable, and will certainly result 

in many more deaths than either of the two nuclear power plant accidents that have resulted in 

radioactive releases to the general environment. 

It is to be hoped that this time we will learn the lessons from Fukushima that our Japanese 

colleagues have shared so openly with us in this special issue and revise the advice given to 

government and emergency planners in dealing with nuclear emergencies. We have focused too 

much on the science of radiation and not enough on the communication of what that science 
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really means for those around us – something we would all do well to consider in our scientific 

careers. 

7. Conclusion: 

Free radicals damage contributes to the etiology of many chronic health problems such as 

cardiovascular and inflammatory disease, cataract, and cancer. Antioxidants prevent free radical 

induced tissue damage by preventing the formation of radicals, scavenging them, or by 

promoting their decomposition. Synthetic antioxidants are recently reported to be dangerous to 

human health. Thus the search for effective, nontoxic natural compounds with antioxidative 

activity has been intensified in recent years. In addition to endogenous antioxidant defense 

systems, consumption of dietary and plant-derived antioxidants appears to be a suitable 

alternative. Dietary and other components of plants form a major source of antioxidants. The 

traditional Indian diet, spices, and medicinal plants are rich sources of natural antioxidants; 

higher intake of foods with functional attributes including high level of antioxidants in 

antioxidants in functional foods is one strategy that is gaining importance. 
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