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Chapter 2

NUCLEAR ENERGY AND THE LNT HYPOTHESIS
OF RADIATION CARCINOGENESIS
Jerry M. Cuttler
Cuttler & Associates Inc., Ontario, Canada

ABSTRACT
This chapter outlines the origin of the linear no-threshold (LNT) hypothesis for
assessing the risk of cancer following exposure to ionizing radiation. Heavy reliance is
placed on information from the careful research by Edward Calabrese. Facts on early and
modern discoveries of the real health effects of x-rays and nuclear radiation are presented
to demonstrate that a low dose or a low dose rate actually induces very important
beneficial effects. These health benefits have been ignored by radiation protection
organizations and nuclear regulators. Instead, they focus on risks of hypothetical harmful
effects. The fears, uncertainties and doubts they have been raising link low radiation to a
risk of excess cancer mortality, which has not been observed. This ongoing cancer scare
blocks social acceptance of the benefits of an enormous supply of nuclear energy and
very significant medical applications of low radiation to diagnose and treat serious
illnesses. The issues and concerns are briefly outlined and shown to be invalid. The
Scientific Method should be relearned and employed to discredit the LNT hypothesis by
comparing its predictions against more than a century of observations. Seven
recommendations are provided for nuclear science professionals, medical practitioners
and regulators. Included is the development and fulfillment of a public communication
program to dispel the myth that links low radiation to an increased risk of cancer. Also
included are the most important lessons from the Chernobyl and Fukushima accidents
that have not been learned. Humanity risks losing many life-saving health benefits if it
continues to ignore the evidence.
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INTRODUCTION
Nuclear technologies already provide humanity and the environment with the enormous
benefit of a large supply of non-polluting electrical energy. The benefit from nuclear energy
could be increased substantially by employing it to desalinate sea water. However, nuclear
technologies are being abandoned because of the social concerns and fears that have been
created about the health effects of nuclear radiation, specifically about the risk of excess
cancer deaths from any exposure, no matter how small. This is apparent from public and
government reactions to the consequences of the Fukushima NPP accident and the concerns
of many physicians and patients regarding potential risks of x-rays and nuclear radiations
used in medical imaging. The real effects of ionizing radiation are very different from current
and past beliefs. High, intense radiation is indeed harmful, but a low dose or a low dose rate
actually produces remarkable, positive effects in all organisms. How can this be?
The reason is not difficult to understand. Every living thing adapts to its environment,
which includes natural background radiation. When a perturbation occurs—for instance, an
increase in the radiation level or a high short-term exposure—the activities of the protection
systems increase, both the immediately-acting ones and the delayed adaptive defences, some
of which persist for days, weeks and much longer. The stimulated protection systems act, not
only on the additional damage that was or is being produced by the radiation increase, but
also on the much more extensive damage that is occurring continuously due to the natural
endogenous processes (e.g., oxygen in metabolism, thermal effects) and the changes being
caused by the external disturbances, such as injuries, infections and ingestion of chemicals.
The overall response to the radiation increase results in an improvement in health, including a
reduction in the risk of cancer.
Powerful medicinal properties of x-rays and radium were observed soon after their
discovery [1, 2], and medical practitioners began to cure many illnesses using these radiations
in imaging and therapies. However, the early radiologists suffered from burns and a higher
incidence of neoplasm mortality than did their peers. Protection advice began to appear in
1913. Soon after, the British Roentgen Society issued a warning and then recommendations in
1921. [3] A 1981 study of the British radiologists, covering the period 1897-1954, revealed
that those who entered the profession after 1920 had a lower incidence of cancer mortality
and a lower mortality from all causes. [4] In 1925, the International Congress of Radiology
was formed, evolving into the International Commission of Radiation Units and
Measurements (ICRU) with the subsequent creation of the International Commission of
Radiological Protection (ICRP). In 1928, the ICRP issued recommendations for radiologists,
emphasizing that they should avoid unnecessary exposures. Its 1934 meeting recommended a
†
dose limit, a tolerance dose of 0.2 roentgens per day, implying the concept of a safe


threshold. [3] This limit, about 700 mGy per year, had been recommended in the 1924
meeting of the American Roentgen Ray Society. The ICRP became active again after WWII
and began addressing the concerns of potential harm being raised by geneticists at the time.
Its 1950 report recommended that the maximum permissible dose be limited to 0.5 roentgen
per week.
†


An exposure of 1 R (roentgen) means that the radiation dose to ordinary tissue is about 9.3 mGy. [40]
The Gray (Gy) is the System International unit of absorbed radiation dose. 1 Gy = 1 joule/kg.
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While physicians were treating patients with radiation, biologists were studying its effects
on all other organisms. They discovered that low doses produced beneficial effects, while
high doses caused harm. A 1915 study showed high x radiation rendered mice susceptible to
transplanted tumors, but the damaged defences were regenerated. However, a small dose to
the animals stimulated very strong protection, a complete immunity, against their spontaneous
cancers. [5]
Meanwhile, geneticists were studying potential causes of genetic change. Several of them
reported that germinal changes could be induced by x or radium rays. Hermann Muller was
the first to demonstrate inducible heritable changes by an environmental agent, i.e., x-rays.
His 1927 paper, which led to his Nobel Prize, indicated that he was a eugenicist who wanted
to produce mutations ―to order‖ and create artificial races. [6] He produced true gene (sexlinked recessive lethal) mutations in the germ cells of fruit flies, by a ―heavy treatment‖ of xrays—a dose rate of 8000 R/h and irradiation times of 12, 24, 36 and 48 minutes. [7] At the
highest dose tested, the mutation rate was 150 times the rate in untreated germ cells. The rate
varied as the square root of the dose. Experiments by others at high dose rates indicated a
linear dose-response relationship. A linear no-threshold (LNT) model supported the physicsbased ―target theory‖ concept that had been established prior to Muller's discovery of
inducible mutations. [8]
Radiation target theory as applied to mutations was formulated by the detailed
interactions and collaborations of leading radiation geneticists and theoretical physicists
during the mid-1930s. They established a conceptual framework for gene structure, target
theory for the induction of mutations via ionizing radiation, the single-hit mechanism
hypothesis to account for the shape of the LNT dose response, and the application of this
dose-response model for what is modern cancer risk assessment.
This theory saw mutations as a purely physical action following an ―all or none‖ law. The
energy of ionizing radiation was assumed essentially to be transformed into a genetic effect,
which is in contrast to normal physiology that invariably deals with large numbers of
molecules of many kinds in the evolution of genetically determined body changes, and where
the elimination of a single molecule would not result in observable effects. [8]
Muller, who collaborated in the establishment of target theory, was so committed to the
LNT model of radiation-induced mutations that he ignored the scientific evidence of a
threshold in an experiment that he reviewed prior to receiving his Nobel Prize in December
1946. Muller, not understanding the complexity of generating a body change from an
alteration of genes, misled the world during his acceptance speech in which he stated that
there is ―no escape from the conclusion that there is no threshold.‖ [9-11]
Scientists had questioned whether the dose-response would still be linear with a low
dose-rate, so Ernest Caspari measured the fruit fly mutation rate for a dose of 52.5 R
delivered in 21 days. This dose was 30 times lower than the lowest dose that Muller used, and
the 0.10 R/h dose rate was 80 thousand times lower than used by Muller. Caspari measured a
threshold dose-response, which contradicted the LNT model. The control cultures and the
experimental cultures numbered 56,252, and 51,963 respectively.
The first two statements in the summary of his paper are:
1. The rate of lethal sex-linked mutations in Drosophila exposed to gamma-rays of 2.5 r
units per day through 21 days (total 52.5 r) was determined.
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2. In a total material of 108,215 chromosomes tested, no significant difference between
experimentals and controls was found.

The supervisor Curt Stern, a long-time supporter of the linear dose-response model,
deleted the threshold dose-response conclusion and published Caspari's paper with a negative
discussion to explain why these data should not be accepted and utilized. This marginalized
paper [12] did not receive an independent peer review. [10, 13, 14] The dropping of atomic
bombs in 1945 to end the war in Japan was followed by development, testing and large-scale
production of nuclear weapons. Fears of nuclear warfare drove many scientists to strong
political actions against the nuclear arms race.
One of their strategies was to create and promote extreme social fear of low-level
radiation from radioactive ―fallout.‖ [15] With sixty years of prior knowledge and experience
in the use x-rays and radium to diagnose and treat a wide variety of illnesses, without a
significant increase in cancer mortality, how was it possible for scientists to create such a
strong fear of radiation in the 1950s? And how could this phobia persist over the subsequent
sixty years, and continue even today, as important scientific advances were being made in
biology and genetics and effects of radiation on cells, tissues and organisms? The Stern and
Muller deceptions contributed to the 1956 decision of the U.S. National Academy of Sciences
to recommend a linear dose-response policy for assessing risks to the genome from ionizing
radiation, replacing the threshold dose-response model. [16]
This recommendation initiated a series of advisory and regulatory actions in essentially
all countries to adopt linearity and apply it to somatic effects, that is, cancer risk assessment,
for ionizing radiation and later for chemical carcinogens. [13]
The ICRP began to produce many new recommendations that were based on 1) the
concept of the LNT hypothesis, 2) the notion of ―stochastic‖ health effects, and 3) the highdose cancer mortality statistics of the atomic bomb survivors.
The author perceives that the radiation protection organizations and the nuclear regulators
have made errors of omission by ignoring information on the following very important
discoveries:
1. DNA molecules are not stable—single and double-strand breaks occur spontaneously
at very high rates due to natural, internal causes. [17]
2. Organisms have very powerful protection systems, immediate and adaptive, that deal
with potential and actual cell damage and with all other injuries and health risks. [18]
3. Many of these protection systems (more than 200 genes) are up-regulated by
radiation. A low acute dose or a low chronic dose rate produces beneficial health
effects that outweigh the harmful effects. The benefits include a reduced risk of
cancer. [19, 20]
4. A variety of very important medical treatments were carried out, starting in 1896,
using low doses of radiation to cure serious illnesses without causing cancers. [21,
22] Humanity risks losing many life-saving health benefits if it continues to ignore
this evidence. [23]
5. The 1981 study of the British radiologists [4] demonstrated that radiation protection
based on the tolerance dose concept, introduced in 1921, is effective and more than
adequate.
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The author makes the following recommendations:
1. Nuclear science, medical and other professional societies should organize events to
learn and discuss the facts that were discovered about biological effects of radiation.
They should question risk concepts that are based on primitive target theory.
2. Professionals should urge the nuclear regulators and the radiation protection
organizations to examine all the data, both beneficial and harmful, and to comply
with the requirements of The Scientific Method in setting safe limits for acute and
chronic radiation exposures.
3. Regulators should develop and implement a public communication program to dispel
the myth that links radiation to an excess risk of cancer. They should stop regulating
harmless radiation sources, such as radon in homes. The radon levels in many homes
in Ramsar, Iran are much higher than in most homes elsewhere. No significant
detrimental effect, such as an increased incidence of cancer mortality, has been
observed in Ramsar. [84]
4. For radiation protection, the dose-response relationship should be based on scientific
facts. [83] Calculating risk of excess cancers using the invalid LNT methodology
should end.
5. In medical diagnostics, physicians should not be intimidated from prescribing x-rays
and CT-scans by unjustifiable concerns about cancer risks that are calculated using
the LNT hypothesis. A low dose of radiation up-regulates adaptive protection
systems that induce beneficial health effects, which include a lower incidence of
cancer mortality.
6. The radiation level for precautionary measures in the event of a radiological release
should be set as high as relatively safe, based on the thresholds for biological harm.
Reference [15] recommends the threshold dose rate of 700 mGy per year for a
continuous exposure and the threshold dose of 500 mGy for an acute exposure.
7. Nuclear safety analysts should learn the three most important lessons from the
Chernobyl and Fukushima accidents that they have not yet learned:
 Severe accidents release radioactive materials that result mainly in low radiation
levels.
 Long-term evacuation of residents would not be appropriate because the low
radiation levels would not be harmful. The dose-rate limit should be based on the
threshold for harm.
 Precautionary measures should be avoided because the fear induced by these
actions causes severe psychological stress that results in many premature deaths.

NUCLEAR ENERGY RADIATION CONCERNS
Energy from fission has an important advantage over energy from burning coal, oil or
methane because the thermal energy released when a uranium nucleus divides in two is about
170 MeV, which is 40 million times the energy released (4.1 eV) when a carbon atom reacts
chemically with an oxygen molecule to form carbon dioxide. The amount of fuel that must be
brought to a coal-burning plant and the amount of waste produced are therefore enormous
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compared with the relatively small amount of fuel that is brought and stored at a nuclear
energy plant of the same size. And the amount of radioactive material to be managed will
decrease by a factor of about 200 when reusable fuel is recycled in breeder reactors to
increase uranium utilization from about 0.5% to about 95%. [24] And when conversion of
thorium to fissile material is implemented, the long-term supply of energy will be assured.
When campaigning against nuclear energy, activists raise concerns about small releases
of radioactive materials, ―the problem of the nuclear waste‖ and the ―severe‖ consequences of
an accident, like the Chernobyl or the Fukushima accidents, on the population and the
environment.
The basis for all of these concerns was created when the U.S. National Academy of
Science (NAS) adopted the linear no-threshold (LNT) hypothesis in 1956 to assess the excess
risk of cancer from ionizing (nuclear or x-ray) radiation. [16] The dropping of atomic bombs
in 1945 to end the war in Japan was followed by development, testing and large-scale
production of nuclear weapons. Fears of nuclear warfare drove many scientists to strong
political actions against the nuclear arms race. One of their strategies was to create and
promote extreme social fear of low-level radiation from radioactive ―fallout.‖ This was a
motive for the NAS recommendation of a linear dose-response policy for assessment of risks
to genetic material (DNA molecules) from radiation, replacing the threshold dose-response
model. This initiated a series of advisory and regulatory actions in essentially all countries to
adopt linearity and apply it for predicting somatic effects (cancer risk assessment) for
radiation and later for chemical carcinogens. [25, 8, 13] Adoption of the LNT hypothesis
created a new cancer scare because it links any radiation exposure, no matter how small, to an
increased risk of cancer.
Figure 2.1 shows the typical radiation exposure to a physician. [26] Recommendations
issued by the International Commission on Radiological Protection (ICRP) in 1934 to protect
practitioners were based on the threshold dose concept. The limit was a ―tolerance dose‖ of
0.2 roentgen per day. The 1981 study of British radiologists, covering the period 1897-1954,
revealed that their cancer mortality and their mortality from all causes decreased below the
comparable mortalities of their peers, after this concept was introduced in 1921. The
threshold dose concept is therefore a satisfactory basis for protecting against delayed
effects. [27]
In 1956, for the first time, the ICRP adopted recommendations for public exposures that
included a concern about ―stochastic effects.‖ The major problem was believed to be
hereditary harm. The ICRP began to produce many new recommendations. Since 1956, about
150 publications have been issued. [28] They are based on 1) the LNT hypothesis, 2) the
notion of stochastic health effects, and 3) the high-dose cancer mortality statistics of the
atomic bomb survivors.
These recommendations are used by all countries to protect humans and the environment
against the LNT predicted hazards of ionizing radiations, which are generally low level (i.e.,
low dose-rate). The general practice is to ignore any evidence of beneficial effects. A U.S.
Environmental Protection Agency staff report states, ―as the purpose of a risk assessment is to
identify risk (harm, adverse effects, etc.), effects that appear to be adaptive, non-adverse or
beneficial may not be mentioned.‖ [29]
An issue related to the radiation scare is the requirement for special, socially-acceptable
facilities for permanent disposal of radioactive materials that are in waste storage areas.
Another issue is insurance to cover liabilities for the potential costs of cleaning a
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contaminated area after an accident. The recent experiences in Japan have identified the very
significant costs of caring for the residents near a damaged nuclear facility who are very
fearful of the radiation. Suppliers of equipment for nuclear projects are also concerned about
potential liabilities. Adopting a proper threshold dose-response would eliminate the concern
about adverse health risks for exposures below the limit. This would allow potential liabilities
to be estimated and would enable a proper determination of those employees and residents
who have been harmed by radiation exposures. Radioactive materials, sealed in robust
containers, could be stored long-term almost anywhere.

Figure 2.1. Radiation exposure to patient and physician from a non-protective fluoroscope in use circa.
1930. [26] Figure 1.

The limit for acceptable radiation exposures should be set as high as relatively safe
(AHARS), as advocated by Wade Allison. [30] The concept of as low as reasonably
achievable (ALARA) is very harmful. It reinforces the public perception that low radiation is
very dangerous, and it requires that extreme emergency precautionary measures be carried out
that cause unnecessary suffering and result in many premature deaths. [27] As required by the
international standards to address the concerns about low-level radiation, the authorities in the
Fukushima prefecture evacuated many homes, nursing homes and hospitals for more than
three years. The human and economic consequences were severe. [31-34] Much more harm
was caused by the permanent emergency evacuations following the Chernobyl accident.
[35, 36] Evacuees continue to suffer and die prematurely from post-traumatic stress disorder.
[37, 38]
The nuclear regulators insist on the requirement to learn lessons from nuclear accidents,
but they fail to learn the most important lesson. Many people die from emergency
precautions, but no one is, or would be, harmed by the low radiation levels. In an accident, the
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radiation dose rate in the area surrounding a properly designed facility will generally be
below the threshold for harmful effects. The most important precautions that nuclear
regulators should take would be to disregard the fear mongering and instead study the very
important discoveries of the past century, as mentioned earlier.
The literature from 1895 to the 1920s contains many significant articles on the medicinal
properties of X-rays and radium. [1, 2, 39] Dose thresholds to prevent late-appearing harmful
effects in the radiologists were determined from this information. Scientists and nuclear
regulators should become aware of this history and the subsequent evidence that has been
documented by the medical practitioners. [40] The essence of this information should be
summarized and communicated to the public in plain language. Understanding the true health
effects is the best defence against a panic reaction to the release of radioactive material during
a nuclear accident or by a terrorist radiological dispersion device.
In diagnostic imaging, patients are put at risk by the precautions that advocate reducing
low-dose radiation exposures for the purpose of ALARA. [41] The fundamental principle that
physicians must follow, ―First, do no harm‖ is violated. The risks of serious harm arise from:
1) the increased likelihood of misdiagnosing serious illnesses from poor quality images that
will result from a dose reduction policy, 2) physicians not ordering diagnostic studies when
indicated, and 3) patients withholding consent for such imaging studies. [42]

LNT HYPOTHESIS OF RADIATION CARCINOGENESIS
What is a hypothesis? A dictionary states: It is a proposition tentatively assumed in order
to draw out its logical or empirical consequences and so test its accord with facts that are
known or may be determined. It appears to be a condition of the most genuinely scientific
hypothesis that it be … of such a nature as to be either proved or disproved by comparison
with observed facts.1
What is this LNT hypothesis? This idea, adopted by the U.S. NAS in 1956, assumes there
is an excess risk of cancer death that is proportional to the radiation dose, over the full range
from a very high dose to zero dose. As shown in Table 9 of Ozasa et al. [43], the Life Span
Study (LSS) of 86,611 Hiroshima-Nagasaki atomic bomb survivors identified that there are
several hundred excess cancer deaths among several thousand survivors who received high
radiation doses above 1 Gy or 100 rad. When the number of excess cancer deaths in the high
dose range is plotted as the ordinate on a graph, with radiation dose as the abscissa, and a
straight line is drawn from the origin to fit the high-dose data, then the LNT hypothesis
predicts that the incidence of excess cancer death is given by the ordinate on this line, at any
dose in the low dose range.
Figure 2.2, adapted from reference [44], is a representation of this idea. Radiation dose is
on a log scale that spans the range of interest. The natural cancer mortality is shown as a
negative health effect with an incidence of 25% of the population. The straight-line fit to the
Hiroshima-Nagasaki excess cancer mortality data, in the range above 100 rad (1 Gy), appears
as a solid curved on this log scale. The LNT model is shown as the dashed linear
extrapolation of excess cancer mortality from the solid line to 0 dose, approaching the natural
incidence of fatal cancer asymptotically. The hatched area shown is the range of the
1

http://unabridged.merriam-webster.com/

Nuclear Energy and the LNT Hypothesis of Radiation Carcinogenesis

35

beneficial health effects observed for an acute dose in the range from 50 to 0.1 rad. The
decrease in the incidence of cancer is caused by radiation-induced up-regulation of adaptive
protection systems, the amount of which depends on individual sensitivity to the stimulation.
The LNT hypothesis prediction of a small excess cancer risk contradicts the evidence of a
lower cancer risk in the dose range below 50 rad.

Figure 2.2. Comparison of LNT prediction of excess cancer risk (after an acute radiation dose) against
observed dose-response data that show a reduction of cancer risk [44].

Studies are carried out to demonstrate that the LSS data, below 100 rad, fit the LNT
hypothesis; however, they are unable to correct for the many non-radiation confounding
factors that affect the cancer mortality of the survivors and the controls over their life spans.
The causes of cancer are just not well understood. Furthermore, Socol and Dobrzyński have
demonstrated that the LSS data have insufficient statistical power to fit any model. [45] The
Scientific Method requires that any hypothesis be subjected to tests that may prove it wrong.
[46] If its predictions cannot be shown to fit the observed data with adequate statistical
certainty, the hypothesis must be rejected or modified. The scientific and regulatory radiation
protection organizations have known about such uncertainties for decades. They continue
using the LNT hypothesis because its predictions of excess cancer deaths are ―conservative.‖
However, they ignore the very carefully performed Nuclear Shipyard Worker Study, which
demonstrated significant beneficial health effects, including a lower mortality from all
cancers combined in the exposed cohort. [47]
The UNSCEAR 1958 report, Annex G page 165, contains the data shown in Table 2.1 on
the occurrence of leukemia among the Hiroshima atomic bomb survivors. [48] The
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contribution from naturally-occurring leukemia was reduced by waiting for 4.4 years of
latency time for radiation-induced leukemia to manifest itself and then measuring over the
subsequent 8-year period when the incidence of this cancer was expected to peak. The acute
dose to the control population, in Zone E, was about zero. Reference [45] points out that there
were no significant lifestyle differences between these control and exposed populations.
Table 2.1. Leukemia incidence of Hiroshima survivors, 1950-57 [48] Annex G. Table VII

Zone

Distance from
hypocentre
(metres)

Dose
(rem)

Persons
exposed

L
(Cases of
leukemia)

√

A
B
C
D
E

under 1,000
1,000-1,499
1,500-1,999
2,000-2,999
over 3,000

1,300
500
50**
2
0

1,241
8,810
20,113
32,692
32,963

15
33
8
3
9

3.9
5.7
2.8
1.7
3.0

N*
(total cases
per 106)
12,087 ±
3,746 ±
398 ±
92 ±
273 ±

3,143
647
139
52
91

* The standard error is taken as N times (√ / L).

** It has been noted that almost all cases of leukemia in this zone occurred in patients who
had severe radiation complaints, indicating that their doses were greater than 50 rem.

Figure 2.3. Leukemia incidence of the Hiroshima atomic bomb survivors [15] The dashed blue line
through 100 rem dose addresses the UNSCEAR footnote on page 165 for the 50 rem dose in Zone C
―that almost all cases of leukemia in this zone occurred in patients who had severe radiation complaints,
indicating that their doses were greater than 50 rem.‖
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These very important dose-response data were not presented in graphical form in the
UNSCEAR report. They are shown in Figure 2.3, along with the response predicted by the
LNT hypothesis, over the range from 1,300 to 0 rem (13 to 0 Sv). The line through 100 rem
takes into account the observation concerning the patients from Zone C who received doses
greater than 50 rem [15]. Clearly, these data contradict the linear dose-response predicted by
the LNT hypothesis. On the contrary, they fit a hormetic J-shaped dose-response. Bone
marrow cells are very sensitive to radiation, and these data indicate that there is no evidence
of a significant excess risk of this cancer below an acute dose of about 50 rem or 0.5 Sv. This
fact alone, this evidence of a threshold, is sufficient to reject the LNT hypothesis.
The linear concept of ―stochastic risk‖ is consistent with the idea of adding the small
radiation dose received by each person in a large population, living in a low radiation area, to
evaluate the ―collective dose.‖ Radiation protection physicists multiply this aggregate dose by
a fatal cancer risk factor to predict the number of cancer deaths that will occur in this
population due to the low radiation exposure they received. Renowned radiation biologist
Ronald Mitchel has pointed out that a fundamental principle of radiation protection, the
assumption of a linear dose-response and dose additivity, is incorrect. [49]

Figure 2.4. Mortality curves of groups of dogs that were subjected to whole-body chronic gamma
irradiation at different dose rates, from [50] Figure 3.

The above leukemia data of the Hiroshima survivors pertain to an acute exposure. What
are the health effects of a continuous exposure at a dose-rate that is significantly higher than
the average background level? Many studies have been carried out since the 1960s on chronic
exposures of mammals to low dose-rates of ionizing radiation. The review article by Fliedner
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et al [50] is particularly interesting because it covers a variety of studies on humans and
animals. Of special interest is the carefully controlled study on the health effects of ten groups
of dogs that were subjected to whole-body cobalt-60 radiation for their entire lives. The
control group of dogs received normal background radiation, while the other 9 groups each
received a fixed dose-rate, over a very wide range. The radiation affected primarily the dog's
blood system, which adapted to this severe stress, until the dog died. The mortality data
appear in Figure 2.4, including the cause of death. It is very interesting to note that the health
of the 92 dogs exposed to the lowest dose-rate, 3 mGy per day or 1,100 mGy per year, was
very similar to the health of the control dogs, and the causes of death in both groups were
dominated by fatal tumors at about the same incidence.
Table 2.2. Determination of normalized lifespan versus dose rate
Dose Rate
(cGy/day)

Dose Rate
(mGy/year)

Lifespan – days
(50% mortality)

Lifespan
(normalized)

background
0.3
0.75
1.88
3.75
7.5
12.75
26.25
37.5
54

2.4 x 100
1.1 x 103
2.7 x 103
6.9 x 103
1.4 x 104
2.7 x 104
4.7 x 104
9.6 x 104
1.4 x 105
2.0 x 105

4300
4100
3300
3000
1900
410
160
52
32
24

1.00
0.95
0.77
0.70
0.44
0.095
0.037
0.012
0.0074
0.0056

The normalized lifespan of each group, at the 50% mortality level, is shown in Table 2.2
and in Figure 2.5. The data indicate that a threshold exits for increased mortality or shortened
lifespan at a dose-rate of about 700 mGy per year, which is about 300 times the average
background level. It is about the same as the radiologists' 0.2 roentgen per day tolerance dose.
The LNT hypothesis, on the contrary, does not predict a dose-rate threshold. It predicts a risk
of excess cancer mortality that increases linearly as the radiation level rises above
background, leading to a shorten life span. Since the measured data contradict this prediction,
the LNT hypothesis must be rejected.
Why is the LNT hypothesis incorrect? First of all, there is no statistically significant data
that supports the use of this hypothesis to predict cancer risk in the low dose range, which is
why it is still a hypothesis 58 years after it was adopted. Secondly, there are enormous
amounts of data on the biological effects of: 1) a low radiation dose, 2) repeated low radiation
doses, and 3) low radiation levels, which contradict the predictions of the LNT hypothesis by
revealing rather high threshold levels before the onset of harmful late effects, such as lifespan
reduction or a higher cancer incidence, are observed. [20, 15] These data have been
accumulating since 1896, for more than 118 years.
Compliance with the requirements of the Scientific Method [46] should have resulted in
the LNT hypothesis being rejected, rather than being adopted in 1956. Instead, it is employed
to calculate hypothetical risks, creating uncertainty and great fear about potential cancer risks
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from low radiation. The common belief that the LNT hypothesis is needed for radiation
protection purposes because it is ―conservative‖ in over-predicting the number of fatal
cancers is wrong. [51] The extreme precautions, such as emergency evacuations, cause many
premature deaths from both physical and psychological stress.

Figure 2.5. Lifespan of dogs versus cobalt-60 dose rate [20].

How then does ionizing radiation produce health effects? Feinendegen et al. point out that
all living organisms possess very powerful immediate protection systems and adaptive ones
that repair or remove cell, tissue and organ damage, and restore organism health. [19]
Radiation is one of the stressors that modulate the protection systems; high radiation impairs
protection, increasing the risk of cancer cells developing and progressing into tumors, while
low radiation up-regulates many protection systems (> 200 genes) that act over extended
periods of time to produce very important positive health effects, including a lower incidence
of cancer. This is the mechanism for the significant net beneficial effects of low doses up to
about 200 mSv or 20 rem. At even higher doses, additional protective mechanisms against
cancer development operate.
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ORIGIN OF RADIOPHOBIA
Scientists discovered in 1939 that a uranium nucleus often splits (fissions) when it
absorbs a neutron. They realized that mutual electrostatic repulsion between the large
fragments would release an enormous amount of heat. Coincident emission of several
neutrons suggested the possibility of a chain reaction and the military application of this
fission reaction. The nuclear explosions over Hiroshima and Nagasaki were followed by the
intensive development, testing and large-scale production of weapons in the U.S., and
proliferation to several other countries. Fear of nuclear warfare and feelings of remorse
motivated some of the scientists involved in the original development to initiate strong
antinuclear political actions against the nuclear arms race. They were joined by many other
concerned scientists. One of their strategies was to create and promote extreme social fear of
low-level radiation from the radioactive dust or ―fallout‖ that is deposited downwind of a
weapons test and around the world. Figure 2.6 [52] is the alarming telegram that Nobel Prize
laureate Linus Pauling sent to President Kennedy in 1962 warning him of serious genetic
harm to unborn children. With 60 years of knowledge and experience in the use x-rays and
radium in research, diagnosis and the safe treatment of a wide variety of illnesses, how was it
possible for scientists to create such a strong fear of radiation in the 1950s? How can it be that
this phobia has persisted over the subsequent 60 years, and continues even today, as great
scientific advances were being made in biology, genetics and effects of radiation on cells and
organisms?
Immediately after x rays and nuclear radiation were discovered in 1895/6, thousands of
scientists began intensive investigations into the characteristics, effects and potential
applications of these ionizing radiations. A very powerful, stimulating effect on the protection
systems of organisms was observed after the application of a low radiation dose. [1, 5] The
mechanism of action was not understood; however, it resulted in remarkably rapid, positive
health effects. Medical practitioners began diagnosing fractures and diseases with X-ray
imaging and also treating many illnesses employing X- and radium radiations. They
discovered that high acute radiation doses produced external and internal burns, which did not
heal completely; scar tissue remained. High local doses destroyed cancers, but the
surrounding tissues recovered. Exploiting the beneficial effects, many different kinds of lowdose radiation treatment were discovered and accepted by the medical community against a
wide variety of very serious illnesses, including infections, inflammations and cancer. [2, 21,
22, 53, 54] No statistically significant increases in the incidence of cancers in these patients
were noted, after decades of follow-up.
However, safety measures were needed for radiologists and medical practitioners who
received significant doses after repeated exposures, Figure 2.1. British radiologists developed
neoplasms after ten or more years of exposure. There was a statistically significant excess of
deaths from cancers of the pancreas, lung and skin, and from leukemia. A study of 319 British
radiologists who entered the profession between 1897 and the end of 1920 indicated they had
a 75% higher death rate from cancer than that of the medical practitioners, and 44% higher
rate than Social Class 1. [4]
The British X-ray and Radium Protection Committee was formed in 1921 and issued
recommendations for a tolerance dose limit. In the study group of radiologists who entered
the profession after 1920, those who died had about the same cancer death rate as the medical
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practitioners and a 21% lower rate than Social Class 1. It is interesting to note that their
mortality from 'all causes' was lower by about 12% than the mortality from 'all causes' of the
medical practitioners and of Social Class 1, whereas the mortality from 'all causes' of the
early radiologists (those who entered before 1921) was about the same as the mortality from
'all causes' of the medical practitioners and of Social Class 1. This study demonstrated that the
radiation protection recommendations issued in 1921 were effective in eliminating the risk of
late effects of radiation, such as increased cancer mortality.

Figure 2.6. Professor Linus Pauling's telegram2 to President J. F. Kennedy in 1962 [52].

2

The Ava Helen & Linus Pauling Papers, Courtesy of Oregon State University
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After winning the Nobel Prize in Chemistry in 1953, Pauling became science‘s most
prominent activist against nuclear weapons, a movement that led to the 1963 ban on aboveground testing and Pauling‘s Nobel Peace prize.
In 1924, Mutscheller proposed the concept of a tolerance dose. [55] He advocated using a
value of 1% of the average erythema dose (600 roentgen) in 30 days, or 0.2 roentgen per day,
to determine the amount of lead shielding needed. He argued that there was no safe dose, but
safety had to be weighed against the costs to achieve it. The International Committee on XRay and Radium Protection was established in 1928 by the second International Congress of
Radiology for the purpose of advising physicians on radiation safety measures in a nonregulatory framework. [25] It later became the International Commission on Radiological
Protection (ICRP). The U.S. Bureau of Standards selected Lauriston Taylor to represent the
U.S. After the 1928 congress, Taylor established the American X-ray and Radium Protection
Committee. It later became the National Committee for Radiation Protection and
Measurement (NCRPM). The tolerance dose was officially adopted in the 1934 ICRP
standard, based on Mutscheller's concept, and it remained the foundation for radiation
protection. The underlying assumption was that the biological effect was proportional to
ionization. Any harm that occurs from exposures below the tolerance level was acceptable,
and not that such effects were nonexistent. Nonetheless, the use of this specific limit was
frequently interpreted to mean that there was a threshold below which no harm occurred. The
committees did not disband after establishing this standard but continued to respond to
questions from the public and government.
Universal fear of radiation began in 1956 when the NAS recommended a linearity doseresponse policy for assessing risks to genetic material (DNA molecules) from radiation that
replaced the threshold dose-response model. [16] This formal recommendation initiated a
series of advisory and regulatory actions in essentially all countries to adopt linearity and
apply it to somatic, late-appearing effects, i.e., cancer risk assessment, for radiation and later
for chemical carcinogens. [8, 13, 25] The LNT hypothesis links any radiation exposure, no
matter how small, to an increased risk of cancer.
In 1980, 52 years after the meeting that established the ICRP's first radiation protection
standard and after establishing the NCRPM, Lauriston Taylor gave a very remarkable speech
at the 5th Congress of the International Radiation Protection Association—the title, Some
Non-Scientific Influences on Radiation Protection Standards and Practice. [56, 57] He began
as follows. "In the practical application of the principles of the achievement of protection
against harmful radiation effects, our greatest obstacles today do not include a lack of
knowledge about the biomedical effects of ionizing radiation. Today, we know about all we
need to know to adequately protect ourselves from ionizing radiation. Let me repeat that.
Today, we know about all we need to know to adequately protect ourselves against ionizing
radiation. Therefore, I find myself charged to ask: What is the problem and why is there one?
I suspect that most of us here today know in a general sort of way where the problem lies and
that basically it is not a scientific one. Rather, it is a philosophical problem with all the
ramifications implied in the term. Or perhaps it may be a political problem, that is, one
requiring prudence and sagacity in devising and pursuing measures adapted to promote the
public welfare, or perhaps the problem may not be as much protecting ourselves against
radiation as protecting us against ourselves. In any case, I sometimes think that today we are
– in many areas – tormenting ourselves through our obsession with health."
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Discussing biological effects, he stated, ―Collectively there exists a vast array of facts and
general knowledge about ionizing radiation effects on animal and man. It cannot be disputed
that the depth and extent of this knowledge are unmatched by any of the myriads of other
toxic agents known to man. It is because of this knowledge, portions of which have become
known to the public, that the public has come to expect sharp, clear, definitive, and
undisputed answers to any questions involving radiation. This is an understandable, if
somewhat irrational, position. However, it leads to the difficulty that when there may be some
indication of a lack of knowledge by, or disagreement among, scientists, the public feels that
somehow they have been let down or led astray by the scientific community. A good example
of this is the current so-called ‗controversy‘ within the protection community centering
around the effects of radiation delivered in low doses at low dose rates. Were it not for a few
congressional committees, more interested in headlines than facts, aided and abetted by a
willing press and a few publicity-seeking ‗scientists‘, it is likely that the question would drone
on in the normal scientific meetings and committees at a proper pace, commensurate with its
importance. It's not that it is unimportant, but its priority should be low compared with so
many other insults that man faces‖.
He praised the ―fantastically fine‖ radiation safety records that scientists have
accomplished, and continued, ―No one has been identifiably injured by radiation while
working within the first numerical standards set by the NCRP and the ICRP in 1934. The
theories about people being injured have still not led to the demonstration of injury and, if
considered as facts by some, must only be looked upon as figments of the imagination.‖
On morality, he stated, ―An equally mischievous use of the numbers game is that of
calculating the numbers of people who will die as a result of having been subject to routine
diagnostic x-ray procedures. An example of such calculations is those made before a
Congressional Committee in 1967 which were based on the literal application of the linear,
non-threshold, dose-effect relationships, treated as a fact rather than a theory. By this
procedure he calculates 30,000 deaths per year resulting from x-ray diagnosis. Of course,
there has been no statistical or other verification of this calculation. Unfortunately, the
technique has been picked up by others. These are deeply immoral uses of our scientific
heritage.‖
More recently, renowned Swedish scientist Gunnar Walinder, a colleague of Rolf Sievert,
stated: ―The LNT hypothesis is a primitive, unscientific idea that cannot be justified by
current scientific understanding. As practiced by the modern radiation protection community,
the LNT hypothesis is one of the greatest scientific scandals of our time.‖ His book, titled:
Has Radiation Protection Become a Health Hazard? [58], includes the following summary of
his conclusions (p 137).
1. I have found no rationale of distinguishing cancer risk assessments from those
applied to other hazards. Generally speaking, cancer is not more nor less a stochastic
event than the so called deterministic effects.
2. On grounds of principle, we cannot acquire any knowledge about the multi-iterative
cancer development in a mutually adaptive human body in cases where the acting
agent is non-dominant. This fundamental ignorance applies to carcinogenesis as well
to its opposite (hormesis).
3. The current pretensions to knowledge about low-dose radiogenic cancer should be
rejected. In particular, we have to realize that the dose-response relationship at very
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low radiation doses (non-dominant doses) cannot be comprehended through or based
on simple mathematical expressions and, least of all, on an equation of the first
degree. The LNT hypothesis is deeply unscientific.
4. More often than not, countermeasures against the possible effects of very low
radiation doses will imply more harm than benefit. For example, people who were
evacuated to Kiev from low-contaminated, rural areas in the Ukraine, would
probably run a greater cancer risk than what would have been the case had they
remained in their native districts. (The age-adjusted cancer rate in big cities - like
Kiev - is about 20% higher than that in rural areas.)
5. Sooner or later we will be forced to abandon the current radiation protection
doctrines, not only with regard to cancer prognoses but also within the administrative
work. The main reason for this conclusion is the 'categorical imperative': we must not
let radiation protection become a health hazard.
In 2008, Bernard Cohen provided convincing reasons for rejecting the LNT theory. [86]

ORIGIN OF THE LNT HYPOTHESIS
It started in the 1920s with repeated reports that germinal changes could be induced by
X-rays or radium rays. Hermann Muller was a geneticist and a eugenicist. In his seminal
paper in Science, he laments that the study of gene mutations, which are the basis of organic
evolution, ―has heretofore been very seriously hampered by the extreme infrequency of their
occurrence under ordinary conditions, and by the general unsuccessfulness of attempts to
modify decidedly, and in a sure and detectable way, this sluggish ‗natural‘ mutation rate.
Modification of the innate nature of organisms, for more directly utilitarian purposes, has of
course been subject to these same restrictions, and the practical breeder has hence been
compelled to remain content with the mere making of recombinations of the material already
at hand, providentially supplemented, on rare and isolated occasions, by an unexpected
mutational windfall. To these circumstances are due the wide-spread desire on the part of
biologists to gain some measure of control over the hereditary changes within the genes.‖ [6]
Earlier experiments by medical physicists to produce mutations using radiation yielded
data that was not reproducible. Muller thought the idea was promising on theoretical grounds,
so he carried out a series of experiments on the fruit fly, Drosophila melanogaster, in an
attempt to provide critical data. With his eight years of previous experience measuring the
mutation rate in fruit flies, he was able to produce decisive mutational effects. He found that
―treatment of the sperm with relatively heavy doses of X-rays induces the occurrence of true
‗gene mutations‘ in a high proportion of the treated germ cells.‖... ―Comparison of the
mutation rates showed that heavy treatment had caused a rise of about fifteen thousand per
cent in the mutation rate over that in the untreated germ cells.‖ Regarding the types of
mutations produced, it was found that the lethals (recessive for the lethal effect) 3 greatly
outnumbered the non-lethals producing a visible morphological abnormality. The lethals were
used as an index of mutation rate. He concluded that use of X-rays affords the opportunity of
3

EPA 40 CFR 798.5275 Sex-linked recessive lethal test, available at: http://www.gpo.gov/fdsys/pkg/CFR-2012title40-vol33/pdf/CFR-2012-title40-vol33-sec798-5275.pdf
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creating a series of artificial races in the chosen organisms, allowing enough mutations to be
produced ‗to order‘ to furnish respectable genetic maps, in the selected species. ―Similarly,
for the practical breeder, it is hoped that the method will ultimately prove useful. The time is
not ripe to discuss here such possibilities with reference to the human species.‖
Muller's experimental data appears in his paper at the 5th International Congress of
Genetics in Berlin. The experimental conditions are given, i.e., a Coolidge x-ray tube with a
tungsten target at a distance of 16 cm from the fruit-fly capsule, a 1 mm aluminum shield, 50
kV peak voltage and a 5 mA beam current. [7] However, the dose-rate is not mentioned. For
these conditions, the Rad Pro Calculator gives a dose-rate of 7860 R/h or 131 R/min (1.1
Sv/min). [59] The irradiation times were used: 12, 24, 36 and 48 minutes. The doses for these
four exposure times are: 1572, 3144, 4716 and 6288 R (or 13.2, 26.4, 39.6 and 52.8 Sv). If
mutations result directly from hits by the X-ray photons, there should be an exact
proportionality between point mutations and dosage. However, Muller's data indicated a
square root relationship.
Oliver carried out a similar study in Muller's laboratory, covering the wider range 3.5,
7.0, 14, 28 and 56 minutes, and he observed a generally linear response for mutation rate vs.
dose. [60, 61] Other geneticists performed experiments and found different dose-response
shapes. Despite limited data and lack of overall consistent findings, Muller concluded that
mutation frequency ―is exactly proportional to the energy of the dose absorbed. There is, then,
no trace of a critical or threshold dosage beneath which the treatment is too dilute to work.‖
[62] Calabrese points to a letter Muller wrote to MIT professor Robley Evans in 1949. [25] In
his letter, Muller stated that ―many of the quantities are only very roughly known even for
Drosophila, and we are admittedly extrapolating too far in applying this to man, but it is all
we can do in our present state of ignorance and we must meanwhile remain on the safe side.‖
Such a comment strongly suggests that Muller was guided more by a precautionary public
health philosophy rather than the science with respect to the extrapolation of his findings for
various types of extrapolations including across species and from high to low dose.
This was established when Muller deliberately misled the world during his Nobel Prize
acceptance speech in which he stated that there was ―no escape from the conclusion that there
is no threshold.‖ [9, 10, 11]
Prior to delivering his speech, he had reviewed Ernest Caspari's very carefully performed
research on fruit flies. The data clearly demonstrated a threshold dose-response, which
contradicted the linear dose-response model. Scientists had questioned whether the doseresponse would be still be linear when a much lower dose-rate is used, so Caspari studied the
same type of fruit fly that Muller had used; however, he employed a comparatively very low
dose rate, 52.5 R (0.46 Sv) delivered in 21 days. The control cultures numbered 56,252, and
the 51,963 experimental cultures received 52.5 R at a dose rate of about 0.104 R/h (1.53 x 105
Sv/min). The dose was 30 times lower than the lowest dose Muller used (1572 R). The doserate was about 80 thousand times lower. The first two statements in the summary of the
Caspari and Stern paper [12] are:
1. The rate of lethal sex-linked mutations in Drosophila exposed to gamma-rays of 2.5 r
units per day through 21 days (total 52.5 r) was determined.
2. In a total material of 108, 215 chromosomes tested, no significant difference between
experimentals and controls was found.
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This very important paper with critical evidence was not given any prominence in the
scientific world because Caspari's supervisor, Curt Stern, believed that ionizing radiation
affected the mutation rate in a linear dose-response manner. He deleted Caspari‘s threshold
conclusion and added a discussion on why these data should not be accepted and used until it
was determined why these low-dose, chronic irradiation findings differed from those of the
high-dose, acute irradiation studies that supported linearity. The paper appeared in Genetics,
without apparent independent peer review, a journal that Stern was editor of. [10, 13, 14]
After the discovery of X-ray-induced mutations, a proposal arose that cosmic/terrestrial
radiation-induced mutations are the main mechanism for induction of heritable traits,
providing the driving force for evolution. Muller evaluated his spontaneous and ionizinginduced mutation data in fruit flies and argued that background radiation had a negligible
impact on spontaneous mutation rate.
Another fascinating dimension of the origin of the LNT concept for ionizing radiationinduced mutations is radiation target theory and the hit hypothesis. [8] Target theory was
quantitative and dosimetric, with mathematical calculations related to quantum mechanics.
This theory was established prior to the discovery by medical physicists and by Muller of
inducible mutations. Muller's mutation findings were a major scientific advance that easily fit
into the target theory concept and advanced its scientific status. The expanded set of
observations gave a basis for collaboration between theoretical physicists and radiation
geneticists. They developed interrelated physical science-based genetics perspectives
including a biophysical model of the gene, a radiation-induced gene mutation target theory
and the single-hit hypothesis of radiation-induced mutation, which, when integrated, provided
the theoretical mechanism and mathematical basis for the LNT model. The detailed
interactions and collaborations of the leading radiation geneticists and theoretical physicists
established a conceptual framework for gene structure, target theory for the induction of
mutations by radiation, the single-hit mechanism hypothesis to account for the shape of the
LNT dose response and the application of this dose-response model for cancer risk
assessment. Genetic target theory saw mutation as a purely physical action by an all or none
law, independent of all other ionizations and energy absorptions. It had the important
assumptions that damage was proportional to the energy absorbed, the dose-response model
was LNT, and that effects were cumulative and deleterious. Based on a very small amount of
data, this was transformed by Muller into a biological ―proportionality rule‖ that dominated
mutation literature during the 1930s.
The LNT concept became accepted by radiation geneticists and recommended by
national and international advisory committees for risk assessment of ionizing radiationinduced mutational damage/cancer. It was later generalized to chemical carcinogen risk
assessment and used by public health and regulatory agencies worldwide, from the mid-1950s
to the present time. Muller used his Nobel Prize acclaim to communicate his concerns about
genetic damage. He became an activist strongly promoting the fear from any exposure to xrays or nuclear radiation stating that the risk was linearly proportional to dose without any
threshold. [11, 24]
Recently, Japanese scientists have performed more accurate studies on the same type of
fruit fly, at low dose rate and over a wide dose range. Research by Koana et al. revealed that
the mutation frequencies of irradiated fruit flies exceed that of the controls only when the
dose is raised above 1 Gy. [63] Another study by Koana et al. demonstrated that their
mutation frequency is much lower than the mutation frequency of the controls when a low
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dose-rate is employed. [64] Since repair capacity is limited, use of a high dose-rate results in a
greater mutation frequency for the same dose. Ogura et al. subjected flies to a dose rate of
22.4 mGy per hour (2.2 rad/h) and measured their mutation frequency at 0.5 mGy to be only
0.09%, a factor of 3.6 lower than the 0.32% mutation frequency of the control culture. [65]
When the data are combined to reduce the error bars, as shown in Table 2.3 and Figure 2.7, it
is clear that the mutation frequency exceeds that of the controls only when the dose exceeds 1
Gy, the threshold for excess harm. These measured data contradict the LNT model, shown
over the range from 10 to 0 Gy.
Table 2.3. Binomial statistics applied to fruit fly mutation data of Ogura et al. [65]

Dose
Gy

Number
of lethals
y

Number of
chromosomes
n

Mutation
frequency
p = y/n

Variance
σ2
q=1–p
n.p.q

0.0005
0.1
1
5
10

9
2
6
8
21

10,500
1507
2662
2055
2730

0.0009
0.0013
0.0023
0.0039
0.0077

0.9991
0.9987
0.9977
0.9961
0.9923

0.3
7

8
29

4169
4785

0.0019
0.0061

0.9981
0.9939

Standard
deviation
σ

2σ/n
%

p + 2σ/n
%

p – 2σ/n
%

9.441
1.957
6.109
7.983
20.86

3.07
1.399
2.472
2.825
4.567

0.06
0.186
0.186
0.27
0.33

0.15
0.32
0.42
0.66
1.10

0.03
-0.06
0.04
0.12
0.44

7.906
29.01

2.81
5.386

0.13
0.225

0.32
0.84

0.06
0.38

Figure 2.7. Fruit fly mutation frequency versus radiation dose [20].
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A binomial distribution is assumed for the occurrence of the mutations. The error bars are
two standard deviations from the mean frequency. The data points at 0.3 Gy (0.19%) and at 7
Gy (0.61%) are obtained by ―pooling‖ the Ogura et al. [65] data at 10-1 and 1 Gy, and at 5 and
10 Gy, respectively. Note that the mean mutation frequency is below the spontaneous
mutation frequency (0.32%) when the dose is below 1 Gy.

RECENT STUDIES ON EFFECTS OF RADIATION ON DNA
MUTATIONS AND CANCER
A very remarkable commentary by Billen was published 24 years ago. [17] One of the
crucial problems in radiation protection is the reality of the negligible dose or de minimus
concept. The issue of a ―practical zero‖ and its resolution is central to our understanding of
the controversy concerning the existence of a ―safe‖ dose. He explained that for very low
levels of environmental mutagens and carcinogens, spontaneous or endogenous DNA damage
may have an important impact on the biological consequences of the induced cellular
response. The rapidly increasing evidence of this intrinsic modification of DNA decay had
not gone unnoticed by radiobiologists.
Billen revealed that ~ 10,000 DNA modifications occur per hour in each (mammal) cell
due to natural, intrinsic causes, while 100 or fewer DNA alterations per cell occur per cGy of
low-LET radiation. Because the DNA is unstable, mechanisms evolved to repair or bypass the
natural background of chemical and physical lesions caused by thermodynamic decay
processes as well as the reactive molecules formed by metabolic processes leading to free
radicals such as OH, peroxides and reactive oxygen species (ROS). Single-strand breaks
(SSBs) occur at a rate of at least 8 x 103 events/cell/h, and double-strand breaks (DSBs) at 6 x
103 events/cell/h. This SSB rate gives 1.9 x 105 events/cell/day, 7 x 107 events/cell/year and 5
x 109 events/cell in an average human lifespan of 75 years. Comparing this rate with the
fewer than 10 DNA alterations per cell induced by 0.1 cGy/year of low-LET background
radiation indicates that the DNA damage rate caused by this radiation is more than 7 million
times lower than the natural rate of DNA damage. Geneticists associate DSBs with mutations
and cancer risk. This knowledge that low radiation is a negligible cause of DNA damage
(cancer) has been ignored for decades by radiation protection organizations who continue to
raise concerns about low level radiation and to tighten dose limits.
Feinendegen et al. point out that epidemiology fails to substantiate the claim of increased
cancer incidence in humans following low level exposure to ionizing radiation. [19] Rather a
decrease in cancer risk has been demonstrated repeatedly. [66-71] Nevertheless, observed
4
data are fitted using the LNT hypothesis. Despite contradicting epidemiological and
experimental findings this hypothesis is also applied to predict cancer risks from low-dose
irradiation. [41] What was a good intention years ago to protect workers from overexposure
to radiation has been turned to producing a widespread radiation phobia now.
Feinendegen et al. maintain that plausibility of the LNT-hypothesis is based on two
assumptions: (1) immediate damage to DNA from radiation increases in proportion to
absorbed dose; (2) the damage is amplified and propagates to cause the cancer incidence in an
4

Pollycove has suggested that efforts to support the LNT hypothesis have led authors of several studies to suppress
and misrepresent their own contradictory data [34] p 191.

Nuclear Energy and the LNT Hypothesis of Radiation Carcinogenesis

49

exposed population to rise in proportion to dose. [19] Assumption 2 is invalid for both
epidemiological and experimental reasons. The statistical constraints of epidemiology data
require very large numbers of irradiated individuals to assess the carcinogenic risks of low
doses, and such large numbers are not available. Data modeling with the LNT hypothesis
arrives at relative risks of cancer that are actually not observed. Furthermore, LNT does not
consider the complex nonlinear dynamics of oncogenesis in the body. Recent data in
experiments with various biological systems show specific responses of physiological
damage control systems at various levels of biological organization and also show a low-dose
induced reduction of the incidences of neoplastic transformation in culture cells and overt
malignancies in animals, not observed at high-dose exposures. New findings challenge the
validity of the LNT hypothesis; it cannot be maintained.

Figure 2.8. U.S. colon cancer death rate in 1986 versus age. [76] p 157 Aging of the damage-control
protection systems, which include the immune system, has a very powerful effect on cancer mortality.

50

Jerry M. Cuttler

Research on cells, tissues, and animals indicate that there are at least three types of
defending barriers to damage induction and propagation: one is static and two are metabolicdynamic defenses. One of the latter two responds soon after perturbation, while the other
involves up-regulation of adaptive defenses that are delayed by hours and last for various
times up to more than 1 year after low-dose exposure. Adaptive protections can operate
against both radiogenic and non-radiogenic DNA damage and its consequences. The model
described by Feinendegen et al. accepts the observed experimental and epidemiological data
at low doses, with their wide ranges of uncertainties. [19] It embraces both low-dose
induction of radiogenic damage and radiogenic adaptive protections. It re-emphasizes not
only the inconsistency of the LNT hypothesis but also the beneficial effects following
low-dose irradiation that are described by Sanders, Luckey, and Calabrese and Baldwin. [7174]
Recent experiments have determined that non-irradiated cells, depending on type and
age, contain on average from about 0.1 to numerous DSBs at steady state. This value
corresponds well to the calculated probability of 0.1 for a DSB to occur per average human
cell/day from endogenous, non-radiogenic sources. In contrast, at background radiation level,
the probability of a radiogenic DSB to occur per day was calculated to be on average only
about 1 in 10,000 cells. In other words, the ratio of non-radiogenic to radiogenic DSBs
produced per day in the human cell is about 1,000 [75], so radiation is not a significant
carcinogen as alleged. As shown in Figure 2.8, the incidence of cancer mortality is highly
dependent on age, and this is most likely due to the progressive decrease in the activity of the
immune system with increasing age. [76] Since a low dose of radiation up-regulates the
adaptive protection systems, it is not surprising that that immunity against cancer is
stimulated by a low dose, as shown in Figure 2.9. [77]
The capacity of normal cells to repair damage to DNA and other cellular components is
genetically determined and may vary individually.
Today, hundreds of genes have been described to be involved in DNA repair at high and
low doses. Some genes are active only in low-dose stress responses; others again are
modulated only after high doses. This reproducible data alone already contradicts the
justification of the LNT-hypothesis for assessing health detriment as function of low dose. As
mentioned earlier, the powerful adaptive protection systems also remove cell, tissue and
organ damage, and restore health. The up-regulated immune system identifies cancer cells,
regardless of their origin, and destroys them. This decreases the risk of cancer mortality.
UNSCEAR carried out a review of papers on positive biological effects of low doses of
radiation presented at four conferences. One on radiation hormesis was in Oakland California
in 1985; the second on low-dose radiation and the immune system was in Frankfurt in 1987;
the third on low-dose irradiation and biological defense mechanisms was in Kyoto in 1992,
and the fourth on low-level exposures to radiation and related agents was in Changchun,
China in 1993. This review of 192 papers appears in Annex B of the UNSCEAR 1994 report,
pp 185-272. Annex B is titled, Adaptive responses to radiation in cells and organisms. [78]
The term ―adaptive response‖ refers to the phenomenon in which a low ―conditioning dose‖ is
administered to an organism prior to a subsequent and much greater ―challenging dose‖ and
results in less damage to the organism from the challenging dose than would have occurred
had it not received the conditioning dose. The more general effect of a low acute dose of
radiation or a low dose-rate of chronic radiation is the up-regulation of many protection
systems that remedy not only the damage caused by the radiation but also the endogenous
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damage occurring in the organism and the damage that was caused by other agents. In
addition to the 192 papers that were reviewed in UNSCEAR 1994, there are many of papers
on such beneficial effects that have been published prior to 1985 in medical and scientific
journals, and there are many more from 1994 to the present time.

Figure 2.9. Effect of total body irradiation (TBI) dose on spontaneous lung metastasis: TBI given 12
days after tumor-cell transplantation into groin; * p ≤ 0.05. Sakamoto [77] p 304.

MEDICAL TREATMENTS WITH LOW DOSES OF RADIATION
Medical treatments with low doses of radiation were carried out with great success for
many decades until the advent of antibiotic pharmaceuticals. Hattori has drawn attention to
the extensive research that has been carried out in Japan on health effects of low-level
radiation. [79] However, antinuclear activities promoting fear of radiation has led to severe
cutbacks in all medical applications of low doses of radiation. Today, more and more
restrictions are being imposed on the use of low radiation doses in diagnostic imaging, X-rays
and CT-scans. Risk-benefit assessments are required for each case, to achieve ALARA, even
though there is no evidence of any excess cancer risk. Risk is assessed using the LNT
hypothesis. [80] There is no other way to calculate risk. As mentioned earlier, precautions
being introduced to minimize hypothetical risks are causing real risks of harm to patients due
to poor quality images from inadequate exposures, physicians not ordering diagnostic studies
when indicated, and patients withholding consent for such imaging studies. [42]
A review by Myron Pollycove outlines the radiobiological basis for low-dose irradiation
to prevent and treat cancer. [81] From the 1970s until the present time, several hundred
patients have given a series of whole or half-body radiation treatments in studies that were
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carried out in the U.S., Europe, Egypt and Japan, to prevent and cure cancer. Each dose
fraction, either 10 or 15 cGy, was delivered within one minute. The dose was repeated three
times or twice each week for 5 weeks, a total of 5 x 30 = 150 cGy. This treatment was well
tolerated, with no symptomatic side effects, and most of the patients received a significant
benefit. The cases were mainly non-Hodgkin's lymphoma; others were colon, ovarian and
hurtle cell carcinoma. The Japanese study was funded by the federal government. [77] When
the budget was exhausted this therapy stopped because the local health care plans refused to
support this alternative method of treatment. It was very controversial because it jeopardized
the disability pensions of the survivors of the Hiroshima and Nagasaki bombings. There are
similar political barriers in other countries because this method employs low radiation doses
as a cure for cancer, contradicting the raison d'être of the radiation protection
organizations. [23]

Figure 2.10. Incidence of second malignant neoplasms per unit mass as a function of dose for 5,000
survivors of childhood cancer. [82] Figure 1.

A recent paper by Tubiana et al. presented the preliminary results of a study to assess the
carcinogenic efficiency against dose for a second cancer, after radiation therapy (RT). [82]
This new method provided data on the risk of cancer per unit mass of healthy tissue that is
exposed in RT. In each patient, isodose curves were drawn for the dose delivered in 30
sessions over six weeks. This study was on 5,000 French-UK survivors of childhood cancer,
treated before 1985 and followed on average for 29 years. A total of 369 cases of second
malignant neoplasms (SMN) were diagnosed and validated. Radiation treatment was
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reconstructed for the cases. The method included a conventional case-controlled study by
individually matching each of the SMNs to three controls of the same gender, date of
diagnosis and age at diagnosis, with similar follow-up to the follow-up time of the SMN case.
The cumulative dose was estimated at the site of the SMN of each case and at the
corresponding site of the controls. For all the cases and the controls, statistical analysis was
performed for sarcoma and carcinoma, together and separately.
The method yielded no increase in risk for doses lower than 1 Gy, for all SMNs together.
Also for both carcinomas and sarcomas separately, there was no excess risk from doses less
than 1 Gy.
Figure 2.10 presents the incidence of SMNs per unit mass as a function of dose,
calculated with the integral dose method. The data strongly suggest a hormetic effect for both
carcinoma and sarcoma.

CONCLUSION
The author perceives that the radiation protection organizations and the nuclear regulators
have made errors of omission by ignoring information on the following very important
discoveries:
1. DNA molecules are not stable—single and double-strand breaks occur spontaneously
at very high rates due to natural, internal causes.
2. Organisms have very powerful protection systems, immediate and adaptive, that deal
with potential and actual cell damage and with all other injuries and health risks.
3. Many of these protection systems (more than 200 genes) are up-regulated by
radiation. A low acute dose or a low chronic dose rate produces beneficial health
effects that outweigh the harmful effects. The benefits include a reduced risk of
cancer.
4. A variety of very important medical treatments were carried out, starting in 1896,
using low doses of radiation to cure serious illnesses without causing cancers.
Humanity risks losing many life-saving health benefits if it continues to ignore this
evidence.
5. The 1981 study of the British radiologists demonstrated that radiation protection
based on the tolerance dose concept, introduced in 1921, is effective and more than
adequate.

Recommendations
The author makes the following recommendations [85]:
1. Nuclear science, medical and other professional societies should organize events to
learn and discuss the facts that have been discovered about biological effects of
radiation. They should question risk concepts that are based on primitive target
theory.
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2. Professionals should urge the nuclear regulators and the radiation protection
organizations to examine all the data, both beneficial and harmful, and to comply
with the requirements of The Scientific Method in setting safe limits for acute and
chronic radiation exposures.
3. Regulators should develop and implement a public communication program to dispel
the myth about radiation and cancer. They should stop regulating harmless radiation
sources, such as radon in homes. The radon levels in many homes in Ramsar, Iran are
much higher than in most homes elsewhere. No significant detrimental effects, such
as increased incidence of cancer mortality, have been observed in Ramsar. [84]
4. For radiation protection, the dose-response relationship should be based on scientific
facts. [83] Calculating risk of excess cancers using the invalid LNT methodology
should end.
5. In medical diagnostics, physicians should not be intimidated from prescribing x-rays
and CT-scans by unjustifiable concerns about cancer risks that are calculated using
the LNT hypothesis. A low dose of radiation up-regulates adaptive protection
systems that induce beneficial health effects, including a lower incidence of cancer
mortality.
6. The radiation level for precautionary measures in the event of a radiological release
should be set as high as relatively safe, based on the known thresholds for biological
harm. The scientific evidence reviewed in Reference [15] suggests that the threshold
for harm, due to a continuous exposure, is a dose rate of about 700 mGy per year.
The UNSCEAR 1958 data for leukemia incidence among the Hiroshima atomic
bomb survivors suggest that the threshold for harm for an acute exposure is about
500 mGy.
7. Nuclear safety analysts should learn the three most important lessons from the
Chernobyl and Fukushima accidents that they have not yet learned:
 Severe accidents release radioactive materials that result mainly in low radiation
levels.
 Long-term evacuation of residents would not be appropriate because the low
radiation levels would not be harmful. The dose-rate limit should be based on the
threshold for harm.
 Precautionary measures should be avoided because the fear induced by these
actions cause severe psychological stress that results in many premature deaths.
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