Radiation Hormesis Should be the Basis for Establishing Radiation Protection Standards
-

Comments to EPA - 5/14/2017

The linear no-threshold (LNT) model is presently the basis
for radiation protection standards worldwide and has been
endorsed by the National Academy of Sciences (NRC, 2006)
as well as most other national and international advisory
bodies. The two concepts underlying the LNT model – that
even a small amount of radiation causes DNA damage and
mutations, and increased mutations imply increased cancers
(based on the somatic mutation model of cancer) – have both
turned out to be invalid. Though exposure to low levels of
radiation would indeed cause some DNA damage, it would
also increase the defensive responses of the body such as
antioxidants and DNA repair enzymes (Feinendegen et al.,
2013). With the boosted defenses, there would be less
endogenous DNA damage in the subsequent period, and the
ultimate result would be reduced overall DNA damage and
mutations (Koana and Tsujimura, 2010) (see Figure 1). In
addition, the somatic mutation model of cancer – based on
which the LNT model predicts increased cancers following
low-dose radiation exposures – is not supported by evidence,
and so is not a valid model (Doss, 2016). For example, it has
been observed that cancer mortality rate (for the age range of
0-18) increases by a factor of ~80 when the immune system is
suppressed in organ-transplant patients (Acuna et al., 2016)
(see Figure 2). Can this huge increase in cancers be explained
using the mutation model of cancer? No. Since the mutation
model of cancer cannot explain such a large increase in
cancers, the model cannot be considered to be valid. Hence, the

Figure 1. The effect of low-dose
radiation on mutations in drosophila
melanogaster. Data from Koana et al.
(Koana and Tsujimura, 2010)

LNT model, which is based on the mutation model of cancer, cannot
Figure 2. Standardized mortality
be considered to be valid either, and should be rejected. On the other
ratio (SMR) for cancers as a
hand, there is plenty of evidence supporting the immune suppression
function of age in organ transplant
recipients. Data from Acuna et al.
model of cancer (Doss, 2016). Low-dose radiation enhances immune
(Acuna et al., 2016)
system response (Yang et al., 2014) and so would be expected to
reduce cancers, a phenomenon known as radiation hormesis. This has
indeed been observed in many cohorts accidentally or incidentally exposed to low-dose radiation
(Kostyuchenko and Krestinina, 1994, Berrington et al., 2001, Sponsler and Cameron, 2005, Hwang et al.,
2006) (Doss, 2016) (see Figure 3).
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Figure 3. Percentage relative risk of cancer in
population groups exposed to low-dose radiation
versus radiation dose. Data labels: Mayak - evacuated
residents of villages near Mayak Nuclear Weapons
Facility, British Radiologists - British radiologists who
entered service during the period 1955 to 1979, Taiwan
- residents of radio-contaminated apartment buildings in
Taiwan. NSWS - radiation workers in Nuclear Shipyard
Worker Study. All the cohorts showed reduced risk of
cancer compared to equivalent control populations not
subjected to the radiation exposures. Data from
(Kostyuchenko and Krestinina, 1994, Berrington et al.,
2001, Sponsler and Cameron, 2005, Hwang et al.,
2006). Data from (Doss, 2016)

The atomic bomb survivor data are widely recognized to be the most important data for
establishing health effects of radiation. These data have traditionally been analyzed utilizing the LNT
model to fit the data in order to extract the excess relative risk for cancer mortality (Ozasa et al., 2012).
The resulting dose-response shape has a significant curvature because of lower than expected cancer rates
in the 0.3-0.7 Gy region (see Figure 4), completely inconsistent with the LNT model that was used for
fitting the data.

Figure 4. Excess relative risk (ERR) for all
solid cancer mortality in atomic bomb
survivors in relation to radiation exposure.
Data from (Ozasa et al., 2012).

Figure 5. Excess relative risk (ERR) for all solid
cancer mortality in atomic bomb survivors corrected
for -20% bias in baseline cancer mortality rate
plotted as a function of colon dose. Data from
(Doss, 2013)
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Thus, the LNT model does not provide a consistent explanation of the atomic bomb survivor data
and so should be rejected. During the fitting process used by Ozasa et al. (Ozasa et al., 2012), the data
from the lowest dose cohorts – extrapolated to zero dose – were used as the baseline cancer rates for
estimating excess relative risks1 (ERRs). Considering the reduction of cancer risk observed following
low-dose radiation exposures (see Figure 3), the baseline cancer rates used would be lower than the
background cancer rates by about 20%, skewing the calculated ERRs. Correcting the data for this
negative bias results in a J-shaped dose-response curve that is consistent with radiation hormesis (Doss,
2012, Doss, 2013) (see Figure 5) (See Appendix A for derivation of the correction for the bias in the
baseline cancer rate).
Repeated application of low-dose radiation to the whole body has been used to treat cancer and
has resulted in patient survival equivalent to or better than chemotherapy (Chaffey et al., 1976, Pollycove,
2007). Repeated applications of low-dose radiation to whole body or half body of radiation therapy
patients has resulted in improved survival, demonstrating the cancer therapeutic effect of low-dose
radiation (Sakamoto, 2004) (Figure 6).
Thus, there is indeed abundant evidence for
radiation hormesis. Radiation hormesis was in fact
proposed as a method of preventing cancers by Prof.
Luckey in 1980 (Luckey, 1980). However it could not be
studied in humans prospectively because of the
acceptance of the unverified LNT model hypothesis, the
resulting ALARA principle, and the ensuing
carcinogenic concerns regarding low-dose radiation. This
has likely resulted in over 15 million preventable cancer
deaths worldwide during the past two decades, in view of
the current annual global cancer death toll of 7.6 million,
and assuming ~10% reduction in cancer mortality may
have been achieved from the use of radiation hormesis
Figure 6. Survivals of patients with non(Doss, 2014). Considering the lack of progress in
Hodgkin’s lymphoma of stage I and II and with
histologically intermediate and high-grade
reducing cancer mortality rates in the past five decades
tumors, treated by the combined treatment or
(Murphy et al., 2015), this was indeed a major missed
by local irradiation. Data from (Sakamoto, 2004)
opportunity in the war on cancer for which the LNT
model is responsible. Also, radiophobia has caused tremendous economic harm and resulted in many
unnecessary deaths due to the evacuations following the nuclear reactor accidents in Fukushima (Ichiseki,
2013). To avoid further such harms from the LNT-model-based radiophobia, and to bring the radiation
safety regulations in line with science, new radiation safety regulations should be established based on
radiation hormesis.

1

Excess Relative Risk, ERR = (R-B)/B where R and B are the cancer mortality rates of the irradiated and baseline
cohorts respectively.
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One argument commonly made by regulatory agencies and professional organizations for the
continued use of the LNT model in spite of the vast evidence against it is the almost universal support for
the LNT model by international and national advisory bodies. However, if one critically examines the
work of these advisory bodies, it becomes clear that they
have failed to exercise due diligence in the performance of
their duties by accepting faulty publications that support
the LNT model and not utilizing the considerable amount
of available evidence against the LNT model. For example,
the BEIR VII report by the National Academy of Sciences
accepted the results from the 15-country study of radiation
workers (Cardis et al., 2005) (See Figure 7). A review of
the Cardis data shows that the Canadian data are
inconsistent with most of the other countries’ data, and
exclusion of the Canadian data would result in negating the
Figure 7. Excess relative risks per Sv
conclusion of the study of significant increased risk of cancer
for all cancer excluding leukemia in
in the radiation workers. Instead of asking the authors to recohorts with more than 100 deaths.
examine the Canadian data, the BEIR VII committee included
Data from (Cardis, 2005)
discussion of the 15-country study in a special addendum to
the report, justifying cancer risk from low-dose radiation
(NRC, 2006). A few years after the publication of the BEIR VII report, the Canadian Nuclear Safety
Commission withdrew the Canadian data because of major flaws identified in the data (CNSC, 2011),
effectively negating the conclusion of the 15-country study (Zablotska et al., 2004). The BEIR VII report
also completely missed the importance of the immune system in preventing cancers and the immuneboosting effect of low-dose radiation (Doss, 2016) by ignoring many publications available at the time of
the report. It also ignored much data available at the time of the report that showed no increase in cancers
or reduction of cancers with low radiation exposures, contradicting the LNT model (Frigerio et al., 1973,
Chaffey et al., 1976, Choi et al., 1979, Rowland et al., 1983, Miller et al., 1989, Kostyuchenko and
Krestinina, 1994, Howe and McLaughlin, 1996, Berrington et al., 2001, Sakamoto, 2004, Sponsler and
Cameron, 2005). Other advisory bodies such as ICRP, UNSCEAR, IAEA, WHO, NCRP, etc. did not
identify these flaws in the BEIR VII report and they continue to support the use of the LNT model. Thus,
given the poor quality of the work by these advisory bodies, EPA should evaluate the evidence on its own
and come to a conclusion regarding the carcinogenicity of low-dose radiation. In such an assessment,
careful consideration of the research is necessary, as there are many publications that support the LNT
model that have major flaws in their approach, data, analysis, interpretation, etc. The naïve acceptance
and use of such flawed research by advisory bodies have enabled them to justify continuing support for
the LNT model while maintaining the façade of following the scientific method. EPA should challenge
the advisory bodies to justify the use of the LNT model in view of all of the evidence supporting radiation
hormesis. If they are unable to refute the vast amount of evidence for radiation hormesis and show valid
evidence for the LNT model, EPA should declare that it would no longer use the LNT model for radiation
protection regulations.
Radiation protection would become very much simplified with the use of radiation hormesis as
the basis of the regulations. Since there is no harm from low radiation doses, there should be no
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regulations for low radiation doses. For higher doses that are carcinogenic, there should be regulations to
prevent such doses from occurring. A few examples of the approach to the regulations are discussed here.
For acute doses, atomic bomb survivor data indicate the cancer risk does not increase until a
threshold dose of about 75 cGy (Figure 5). Certainly such a dose should be avoided for acute exposures.
Using a safety factor of 5, the regulatory guidance would be to maintain acute doses below 15 cGy. Given
the large safety factor, this should not be considered as a strict “dose limit” as exceeding it slightly would
not increase cancer risk.
With regard to exposures over longer periods of time, a radiation dose of 1.5 Gy delivered to the
half body or whole body over 5 weeks had a cancer therapeutic effect and led to better survival than the
standard treatment to the tumor only (Sakamoto, 2004) (Figure 6). This indicates that such radiation doses
over extended periods of time eliminated metastatic disease, i.e. such doses had a cancer preventive
effect. Radiation dose higher than 2 Gy dose during 5 weeks was observed to increase leukemia rates
(Travis et al., 1996). Such doses during 5 weeks should also be avoided. Using a safety factor of ~5, the
regulatory guidance would be to maintain radiation doses over 5 weeks below 40 cGy. Again, given the
large safety factor, this should not be considered as a strict dose limit since exceeding it slightly would
not increase cancer risk. Considerations such as these should be used with available data to set up
guidelines for radiation exposures over extended periods of time to stay well below the known harmful
levels.
The approach suggested here - no regulations for exposure to low levels of radiation which are
beneficial and no strict dose limits but guidance not to exceed recommended dose levels to ensure safety may sound like a radical departure from the current LNT model based strict regulations which regulate
even small amounts of radiation use with extraordinary requirements of licensing, documentation, etc. An
analogy with medicines would show that the suggested approach is not a radical one but an appropriate
one for radiation safety, in view of radiation hormesis. With medicines which are beneficial at low doses
but would be dangerous at high doses, we do not specify a dose limit, but we do guide the public not to
exceed some dose levels, e.g. “do not take more than 10 caplets in 24 hours”. There are no license
requirements to buy such over-the-counter drugs and there is no regulator monitoring how many caplets
we have taken or asking us to document our usage of the medicine.
Since there is a vast gap between the low radiation doses that are beneficial and the threshold
dose for increased cancer risk, beneficial uses of radiation are unlikely to result in doses approaching the
cancer threshold. Therefore, little regulation would be needed for beneficial uses of low-dose radiation.
However, if some use of low-dose radiation could result in high enough doses to be of cancer-causing
concern, caution should be advised and such use of low-dose radiation should be regulated to ensure its
safe use.
Who should be assigned the job of developing the new regulations based on radiation hormesis?
Use of radiation hormesis requires a complete rethink of the radiation protection concept. Hence, new
personnel that do not have the LNT model legacy should be hired to examine the data and establish the
regulations for the use of radiation.
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Let us now discuss the legal basis of the radiation protection regulations, and examine how EPA
has approached its responsibilities. Section 161(b) of the Atomic Energy Act of 1954 authorized the
Atomic Energy Commission (AEC) “to establish by rule, regulation, or order, such standards and
instructions to govern the possession and use of special nuclear material, source material, and byproduct
material as the Commission may deem necessary or desirable to promote the common defense and
security or to protect health or to minimize danger to life or property”. EPA’s radiation protection
regulations were promulgated under this authority, which it inherited from the AEC. Therefore, since
exposure to low radiation doses does not cause danger to life but is beneficial, EPA does not have the
legal authority to regulate low radiation doses. The attitude of the staff of the EPA to the observed
beneficial effects of radiation (radiation hormesis) is summarized in their report on risk assessment
practices (EPA, 2004) in which they state “as the purpose of risk assessment is to identify risk (harm,
adverse effect, etc.), effects that appear to be adaptive, non-adverse, or beneficial may not be mentioned”.
This attitude of the EPA staff is indeed bizarre. Instead of informing the public as to how they could
improve their health using low-dose radiation, and concluding that there is no need/authority to regulate
low radiation doses if they are beneficial, the EPA staff have collectively decided to cover up the
beneficial effects of low radiation doses by preventing their discussion, thereby endangering public
health, and completely violating the Congressional mandate, which is to protect health or to minimize
danger to life.
The use of the radiation hormesis concept for radiation protection regulations is likely to
eliminate most current regulations based on the LNT model, and would result in very much reduced
compliance and enforcement related manpower and costs. This should be welcomed, and would be in
sharp contrast to the enormous waste of resources the EPA has caused with its LNT model based
regulations during the past several decades, with no benefit. With the new regulations, and with the
education of the public and professionals on this subject, the fear of low levels of radiation would be very
much reduced and so there would be much less disruption of life in case of nuclear accidents that may
release radioactivity into the environment. This will be in sharp contrast to the disasters caused by the
LNT model based fear and evacuations in Fukushima and Chernobyl. The absence of fear of low levels of
radiation would enable the study of beneficial health effects of low-dose radiation such as the cancer
preventive effect of low-dose radiation. Evidence also indicates that low-dose radiation may be effective
in control of neurodegenerative diseases such as Alzheimer’s (Wei et al., 2012) and Parkinson’s (ElGhazaly et al., 2013) for which there are presently no effective methods of treatment or control.
In summary, the use of radiation hormesis for radiation protection regulations would be
tremendously beneficial for public health by enabling study of use of low-dose radiation to prevent
currently intractable diseases, would result in tremendous reduction of regulatory costs to the public, and
would reduce the adverse impact of any future nuclear accidents. Hence, the changes suggested should be
implemented promptly to end the adverse impact of the current LNT model based regulations.
Sincerely,
Mohan Doss, PhD, MCCPM, Fox Chase Cancer Center, Philadelphia, PA (mohan.doss@fccc.edu)
Joseph John Bevelacqua, PhD, CHP, RRPT, Bevelacqua Resources, Richland, WA
Jeffrey Mahn, MS, Sandia National Laboratories, Albuquerque, NM (Retired)
Scott Dube, MS, Morton Plant Hospital, Clearwater, FL
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Andrzej Strupczewski, DSc, National Centre for Nuclear Research, Poland
Madhava Bhat, PhD, Chief Physicist, Adelaide Radiotherapy Centre, Adelaide, Australia
Michael PR Waligorski, PhD, DSc, Institute of Nuclear Physics and Centre of Oncology, Krakow, Poland
Charles W. Pennington, MS, MBA, Executive Nuclear Energy Consultant, Alpharetta, GA
Ludwik Dobrzynski, DSc, National Centre for Nuclear Research, Poland
Shizuyo Sutou, PhD, Professor emeritus, Shujitsu University, Okayama, Japan
Vincent J.Esposito, ScD, University of Pittsburgh, Pittsburgh, PA
Note: All signers of this letter are members or associate members of SARI (Scientists for Accurate
Radiation Information, http://radiationeffects.org/) and/or members of the XLNT Foundation
(https://www.x-lnt.org/). The above letter represents the professional opinions of the signers, and does not
necessarily represent the views of their affiliated institutions.
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Reproduced from the article “Evidence supporting radiation hormesis in atomic bomb survivor cancer
mortality
data,
Doss
M.,
Dose
Response.
2012
Dec;10(4):584-92.”,
http://journals.sagepub.com/doi/full/10.2203/dose-response.12-023.Doss Used under CC BY-NC 3.0
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