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Hi Nicole

Hi Nicole,

Apologies for not responding in a timely manner.

Hope you had a good Easter holiday. I've just returned from the mountains in New York and enjoyed
the peaceful calm with a new grandson.

| think one important thing regarding the Health Physics Society's unfortunate circumstances (and
turn to the dark side) is to obtain "knowledge" and then decide on what actions might be taken.
Here's some past experiences (and attached).

| had mentioned before in March that | was going to write you more details, and | attempted but it
started to turn into "War and Peace." Anyway, I've attached the Tolstoy letter response | never
sent. Essentially a number of us have been concerned about the Health Physics Society for quite a
number of years, accelerating in 2017 after Ulsh became editor (which should not have been
allowed since he’s a card carrying member of SARI and voices biased views-not appropriate for an
editor). We concerned citizens met at NCRP several times. We put on special sessions on science
with a focus with the AAHP. And we published the HPS symposium in JRP. We talked with former
presidents. We also then nominated scientists to the Board of Directors and influential committees,
knowing that for change to occur you need to have receptive individuals in authority.

Unfortunately, none of our efforts helped much. This final blow with supporting Calabrese as the
face of HPS is probably the end of the road for many of us. I'm aware of the current discussions that
NCRP (PAC 1) is having (a meeting May 17) ... but there is no collective knowledge or strategy on
how to approach. One needs to respond with “no holds barred”, but few scientists are familiar in
this arena (it's usually kid gloves at all times). We did a "no holds barred" response to Doss in JRP
when he espoused the anti-LNT garbage against Commentary 27. It was a “startling” and forceful
response, and we haven’t heard anything from him in a few years. (attached).

Unfortunately, | no longer have the energy to take on this anti-science juggernaut, and can only be

supportive. The inmates are running the asylum! | suspect many will quit the society (or will
become inactive) and few will join. But hopefully I'm wrong.
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March 2, 2022 War and Peace that I didn’t send.



Hi Nicole,



I was very glad to receive your email.  I had written you a similar email about the demise of HPS, and rise of Calabrese just being the tip of the iceberg.  But here's a more in-depth evaluation. Although rambling.



1.  The corrupting of HPS started or was accelerated in 2017 when Brant Ulsh was chosen as editor.  This should never have happened.  He had a clear bias in his views on what was science and what should be published in the journal.  Further, he gave a plenary talk at the HPS meeting that year where he went off the rails and said that we should be calling our legislators and supporting nuclear power and trying to enhance the demise of the LNT.  This clearly would be turning the HPS from a radiation protection organization to one of advocacy for nuclear power and clearly not independent.  It would be more along the lines of an ANS (nothing wrong with it) but not what HPS is all about, i.e., radiation protection.  Also, he said he was a card-carrying member of SARI … check it out if you’re not aware (https://radiationeffects.org/) Their sister organization is XLNT - Worldwide, over 5,000 people die of cancer unnecessarily EVERY DAY, and over 50 million cancer deaths can be attributable to the use of the LNT model during the 4 past decades (the period of 1980-2020). https://www.x-lnt.org/ 



2.  Immediate aftermath 2017.  A number of us were so outraged that we were all going to resign.  Instead of resigning, we decided to see what we might do proactively to turn things around.  I’ve attached a handout and a meeting summary we had in 2017 at NCRP(FYI).  



3.  What did we decide to do?  We decided to work with AAHP and counter the false science with good scientific sessions and substance.  We then had the AAHP symposium published in JRP.  I've attached our introductory  summary article that was in the JRP volume including scientists and regulators and what health physics and radiation protection should be all about.



4.  We then focused on electing balanced scientists to the HPS leadership roles because we felt that's the way to make a difference.  Not by "complaining or quitting" but by electing and influencing.  A number of those on the board were nominated and strongly supported by us.



5.  Unfortunately it does not seem that our efforts have improved the circumstances and in fact they've gotten much worse.



6.  Calabrese is a joke.  He started off saying, "I know nothing about radiation protection."  That set the stage.  Also, it is absurd that he was selected as a Morgan Lecturer.  He didn't provide a presentation at all but just of an off the top discussion of what seemed to be on his mind on conspiracy theories involving everybody except those that believe that radiation does not cause anything.



7.  Then this was compounded by having Barbara Hamrick with that absurd interview, and then the worst is that John Cardarelli is then proclaiming that we're going to have a whole documentary on Calabrese and his conspiracy theories.  (Out now if you have 16 hours to watch.) One of the sad things about that whole scenario was that no one on the panel countered the absurdities.  A real travesty.  The only one who gently suggested that Calabrese was off the mark and to be careful about what he said was Roger Coates.  I wrote him thanking him for his wisdom and countering afterwards.  I can't understand why Gayle Woloschak or even Craig Piercy (who is quite a good guy from ANS and very supportive of research and extremely knowledgeable) did not have a counter.  Probably everyone was shell shocked that this Calabrese rambling of falsehoods was allowed. 



8.  The next day I'm sent this horrible article on genetics by  Calabrese and Paul Selby.  This came from Richard Wakeford who with me and numbers of scientists have been trying to battle the extremes for the past 10-20 years.  By extremes there's two sides of this debate.  There's the Calabrese and the HPS now who believe that radiation is good for you if anything and certainly low doses don't cause anything.  But then they have the other extreme which is that you have one gamma-ray exposure and that increases your risk of cancer.  That radiation is the most hazardous commodity known to man.  Balanced professional organizations such as NCRP and ICRP have already taken, not the middle ground, but the proper ground between these two extremes and provide balanced and learned commentary. Commentary 27 is an excellent example.



9.  I’m a bit amused that these attacks by Calabrese are also attacks on me.  I'm part of the evil empire and I've been involved with LNT evaluations since NCRP 138 with Art Upton and Roy Shore and Eric Hall and others.  I  served on UNSCEAR for 24 years (propagating the lie).  And was responsible for one of the best volumes on the LNT, Commentary 27.  Note that Brant Ulsh then attacked our LNT commentary which I've also attached his article.  This is a case of unbiased editorship?  Also, I provided guidance to NRC on the 3 petitions from the anti-LNTers (conclusions attached).



10.  One of the outrageous HPS statements was their statement on the effects of low doses of radiation, their most recent one 2016.  For the last three or four such statements I had always been asked to review the statement for accuracy (I’ve been an HPS member since 1971).  Even though they've been a bit extreme, with my modifications they weren't outrageous.  I was not asked to review this one and if you read some of the statements they claim that even up to 1 Sv the evidence for radiation effect is equivocal.  Attached.



The references to 100 mSv in this position statement should not be construed as implying that health effects are well established for doses exceeding 100 mSv. Considerable uncertainties remain for stochastic effects of radiation exposure between 100 mSv and 1,000 mSv, depending upon the population exposed, the rate of exposure, the organs and tissues affected, and other variables.



11.  The future.  I don't know.  I’ve little energy to be involved in the “HPS counter culture”. There might be a future if the course can be reversed.  Elizabeth Brackett, President Elect, is a solid scientist and she's on your SC 6-13 committee with Derek.  But I don’t know her views on LNT and HPS.  Without a reversal, I think a number of us will probably just quit the HPS and not be involved.  Few will recommend young scientists to join such a society, put give ANS, RRS and other professional organizations a whirl.



12.  There were some highlights, of course, for the HPS meeting, which makes it difficult to make global pronouncements.  The AAPM session in particular was excellent, top-of-the-line.  Your sessions and the ones with Derek focusing on science and good issues, they were tops.  But then you can look at some of the crazies speaking at the PEP sessions again with anti-science.



All this said (TMI, sorry), please feel free to get back to me at any time on anything.  HPS “used” to be a society of radiation health professionals with a mission of radiation protection.  What has it become today?



All best wishes,



John


Brief Agenda
NCRP Offices, Bethesda, MD
November 13, 2017

Purpose

To discuss with HPS President-Elect Nolan Hertel concerns about the future of HPS.

Agenda

Expressions of concern brought to a focus at the Raleigh meeting - but with the intent of trying to help
HPS on issues related to polarization of membership, moderating extreme views (and as possibly
related to declining membership, subscriptions etc.)

The intent, again, is not to be confrontational but to raise what we believe are serious concerns.

Some of the concerns involve advocacy for nuclear power, the tone from HPS and their leadership
about strong support for the anti-LNT movement, a different tone to come for the HP Journal, etc

The hope was to find some common ground where we might be helpful.
I've attached a few clips —Brant Ulsh - plenary session — (Aug 2017 HP News)

Life After LNT

Brant Ulsh, CHP, PhD

The linear, no-threshold (LNT) dose-response model, which underpins U.S. and international radiation regulatory
frameworks, has been controversial since its adoption over 60 years ago. A recent petition to the Nuclear
Regulatory Commission to replace the LNT for estimating risks from low radiation doses garnered responses that
employ a number of logical fallacies. The LNT model has been seized upon to assert that “there is no safe dose
of radiation,” sparking irrational public fear. This is costing lives, as the public turns away from life-saving
technologies like medical imaging, nuclear power, and food and water irradiation. Ulsh urged the scientific
community (that’s you!) to join the resistance, reject fear, and embrace hope.

Professional Enrichment Program — Raleigh
PEP T-1 The Case Against LNT
Alan Fellman (Dade Moeller and Associates}

Radiation safety programs must establish compliance with radiation regulations which continue to be
based on the linear no-threshold (LNT) hypothesis and the ALARA principle, despite overwhelming
sound, peer-reviewed science that demonstrates the existence of a carcinogenic threshold and/or
hormesis at low doses. LNT and ALARA insist that when we make changes that lower worker dose by
as little as one uSv, we are making the workplace safer. Public health authorities and many radiation
safety professionals have convinced most members of the public that when we evacuate 150,000
persons following Fukushima to keep them from receiving tens of mSv, we are improving public health
despite the fact that this decision has resulted in more than 1,600 fatalities among evacuees. Yet
despite compelling evidence revealing LNT to be fraudulent, the consistent response taken by
regulatory agencies and scientific bodies whose recommendations are cited as the basis of regulatory
actions is to deflect or rationalize away the science at best or simply pretend it doesn’t exist at worst so
as to maintain allegiance to a worldview of radiation safety built on ALARA and LNT. A sample of
relevant findings supporting this allegation will be presented.





e President Eric Abelquist — June 2017 HP Newsletter

¢ Eric pointed out the contrasting views and opinions: (1) the Biological Effects of lonizing Radiation
(BEIR) Committee’s BEIR VIl report favors no threshold below which low levels of radiation can be demonstrated
to be harmless, (2) the Environmental Protection Agency endorses the linear no-threshold (LNT) model, (3) the
Nuclear Regulatory Commission acknowledges the conservatism of LNT, (4) the United Nations Scientific
Committee on the Effects of Atomic Radiation questions LNT, but advises against using collective dose to
estimate health effects, and (5) HPS questions LNT’s ability to provide reliable projections of future cancer
incidence from low-level radiation exposures. He then discussed the pros and cons of abandoning the LNT,
pointed out the need for ALARA (as low as reasonably achievable), and used industrial hygiene methods as an
alternate for determining safe levels.

e Membership survey — Brief July 2017 HP News — Eric Abelquist, President — one bullet
What do you think is the most important issue facing health physicists today?

The linear no-threshold (LNT) theory. Sure, there are a host of other important issues, but LNT has become the
TNT of our profession.





Health Physics News June 2017

Members’ Point of View

Who Needs Another LNT Meeting?

Carol S. Marcus, PhD, MD, Departments of Radiation Oncology, Radiological Sciences, and Molecular and
Medical Pharmacology, David Geffen School of Medicine at UCLA
Jeffry A. Siegel, PhD, Nuclear Physics Enterprises

A meeting titled “Applicability of Radiation-Response Models to Low Dose Protection Standards,”
jointly sponsored by the American Nuclear Society (ANS) and the Health Physics Society (HPS),
is planned for 23—26 September 2018 in Pasco, Washington. This is yet another in a seemingly
endless succession of linear no-threshold (LNT) “talk-but-no-action” meetings. We see no need
for it. On the one hand, there will be people who believe that the LNT model has already been
destroyed with valid scientific data and data analyses. On the other hand, there will be bureaucrats
and scientific advisory committee members whose jobs and committee memberships depend upon
clinging to the LNT model and scientists whose grants and/or consulting jobs are funded by federal
agencies that require adherence to the LNT “religion” as a condition of payment.

The meeting is structured to ensure that nothing will be accomplished—speakers on both sides of
the issue will present their views, but as there is no time allotted to challenge or debate any given
speaker, no definitive conclusions can be reached and no consensus or resolution can occur. There
is only a single session at the very end of the meeting that supposedly will propose an “action plan”
based on the meeting presentations—but no reason to wait almost another year and a half to know
that the likely consensus plan will be the need to have another meeting!

Overestimating radiation risks using the LNT model is more detrimental than underestimating them,
as this approach has resulted in unnecessary loss of life due to traumatic forced evacuations, sui-
cides, and unneeded abortions after the Fukushima nuclear accident. Fear of radiation in this case
was more harmful than the radiation itself. LNT as the basis for radiation protection is, therefore, not
only harmful—it is deadly. The evidence is unimpeachable and is therefore a game changer. Over
1,600 people died and many others suffered unimaginable stress as a result of not being able to
return home for years, if ever. Had the LNT model and mindset been eradicated, the policy would
have favored “sheltering-in-place” and allowing the residents to return home as soon as it was
known that the radiation levels presented no risk; no harm would have then occurred and extensive
suffering would have been abated.

It's time to ditch the LNT model and demand the appropriate public policy be made. We need no
longer hold meetings in which we invite the adherents who cling religiously to LNT despite all the
evidence to the contrary—they are the problem, not the solution. Adherence to the LNT model is
neither prudent nor conservative since reliance on its use has caused more harm than good (e.g.,
Fukushima and radiological imaging). Instead of meetings, the ANS and HPS should devote their
considerable influence and resources to ending LNT by putting up good candidates for the unfilled
commissioner posts at the Nuclear Regulatory Commission and demanding change in the Environ-
mental Protection Agency'’s radiation program. We further need to educate senators, representa-
tives, and the U.S. President. We need to educate the public and the media. Boy, do we need!

The time has long passed to debate the accuracy, or lack thereof, of the LNT model. It's scientifi-
cally dead. We instead now need to disband the scientific advisory committees and change federal
regulations.

Editor in chief's comment: This editor notes that the authors believe nothing useful can come
from the planned meeting titled “Applicability of Radiation-Response Models to Low Dose Protec-
tion Standards,” jointly sponsored by the American Nuclear Society (ANS) and the Health Physics
Society (HPS), 23—-26 September 2018 in Pasco, Washington. Their presumption is entirely specu-
lative, based on experiences from numerous other similar meetings, which have resulted in techni-
cal/professional stalemates. A priori, however, there is no reason to believe that this meeting will
not be successful. | understand that a significant number of health physicists believe that the LNT
hypothesis is no longer (if it ever was) useful; nonetheless, | encourage you to seriously consider
the potential benefits of attending this meeting before deciding it would be a waste of your time.
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Twelve More Reasons Why You Do Not Need to Attend

This Scientific Conference

Darrell Fisher, PhD, Cochair with Ron Kathren, CHP, of the Technical Program Committee for “Applicability of
Radiation-Response Models to Low Dose Protection Standards”

In their articulate and polished article in the June 2017 issue of Health Physics News—"Who Needs
Another LNT Meeting?”—Carol S. Marcus, PhD, MD, and Jeffry A. Siegel, PhD, pointed out some
excellent reasons why you should not even consider attending the September 2018 meeting “Appli-
cability of Radiation-Response Models to Low Dose Protection Standards” in Pasco, Washington.
Marcus and Siegel noted that this will just be “yet another in a seemingly endless succession of
linear no-threshold (LNT) ‘talk-but-no-action’ meetings,” with speeches by “bureaucrats and scien-
tific advisory committee members whose jobs and committee memberships depend upon clinging
to the LNT model.” Marcus and Siegel reminded us that those scientists certainly have grants or
consulting jobs funded by “federal agencies that require adherence to the LNT ‘religion’ as a condi-
tion of payment.”

Amen to that! The September 2018 conference, sponsored jointly by the Health Physics Society and
American Nuclear Society, will obviously be bureaucratic nonsense. | urge you not to let the foolish
thought of attending the meeting cross your mind. And | give you 12 more reasons to stay home:

1. You are not an Environmental Protection Agency (EPA) official, scientist, or scientific advi-
sor responsible for radiation protection guidance, dose models, risk assessments, and safe
levels of radioactivity in air and water, so you don’t need to consider whether EPA should
continue to endorse the LNT model.

2. You are not a committee member or officer of the National Council on Radiation Protec-
tion and Measurements (NCRP) or International Commission on Radiological Protection
(ICRP) charged with updating radiation protection guidance. Although NCRP and ICRP
people may attend this meeting, you don’t want to associate with important policy makers
who have the power to update the basis for radiation standards.

3. You may be a statistician, epidemiologist, or evacuation-radius psychologist, so why would
you be interested in new knowledge of radiation effects at low doses?

4. You are not a representative of the Nuclear Regulatory Commission (NRC) with responsi-
bility for updating the code of federal regulations, regulatory guides, or NUREG reports, or
for overseeing thousands of NRC licenses, all of which are based on the LNT model.

5. You are not associated with a state radiation agency or the Conference of Radiation Con-
trol Program Directors, so you do not need to understand the scientific basis for state radia-
tion protection standards and regulations.

6. You are not part of the Department of Energy’s Office of Environmental Management, so
the exorbitant cost of site cleanup, driven by the LNT model, doesn’t bother you. Nor are
you uptight when bussed-in activists picket the federal building, crying “YOU KILLED MY
MOTHER WITH CANCERY”

7. You work in radiation protection but have no relevant training, credentials, or certifications.
That’s fine; you can rake in a good salary and dress to impress without really needing to
understand dose-response relationships.

8. You do not care about health physics. You may have joined the Society and perhaps even
became certified, but you do not really believe in the need for continuing education, Ameri-
can Board of Health Physics credits, or advancing your reputation as a radiation expert.

9. You do not live near a nuclear power plant. You do not even use electricity, and therefore
you do not contribute monthly to the nuclear waste repository fund.

10. You are antisocial. You shun social hours, coffee breaks, banquets, and local tours; you
derive no social benefits from networking, exchanging ideas, or renewing past acquain-
tances.
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11. You already know it all. You have published umpteen articles on the fallacies of the LNT
model, and you think that additional radiation research is a waste of time.

The last reason is most unlikely to apply to you, but perhaps . . .

12. You were personally invited to be the keynote speaker at this conference because of
your academic credentials, petition to the NRC, and years of dedicated service to profes-
sional societies. You were offered free registration, air travel, four-star hotel accommoda-
tion, delicious food events, fabulous entertainment, wine tours, and dancing girls (no firm
promise). But instead you rebuffed the gracious offer and wrote a disparaging article for
Health Physics News.

Who dreamed up this silly meeting in the first place?

Announcements

AMUG 2017, 13-14 November 2017, Las Vegas, Nevada

The 29" annual workshop of the Air Monitoring Users Group (AMUG) will convene on 13 and 14
November at the Palace Station in Las Vegas, Nevada. The exciting and informative program will
include contemporary presentations on radioactive airborne sampling and monitoring and other
material relative to radiation detection and radiation protection. The meeting will also host com-
mercial/technical exhibits. The Palace Station will provide reasonably priced meeting and sleeping
rooms for those attending.

Among the important relevant issues will be discussions about American National Standards Insti-
tute (ANSI) N42.54, the newly published comprehensive standard that deals with all of the major
issues of radioactive airborne sampling and monitoring; the continuing review of the Fukushima
aftermath; a current look at noble gas, radon/progeny, and tritium monitoring; a renewal of the revi-
sion of ANSI 320 for reactor emergency monitoring and other related ANSI standards; and a view
of some of the currently available commercial radiation-monitoring systems.

With sufficient interest, there will be a tour of the Nevada National Security Site (formerly Nevada
Test Site) on Wednesday, 15 November.

The registration fee for this workshop/seminar is $120 per person payable to Morgan Cox at 34100
Chagrin Blvd, Moreland Hills, OH 44022, via check only from a U.S. bank. Payment is due in ad-
vance of the meeting and before 15 October 2017.

New IAEA Online Tool for Worker Safety

Adapted from IAEA press release

In May, the International Atomic Energy Agency (IAEA) introduced an online tool to improve the safe-
ty of medical and industrial workers who may be exposed to ionizing radiation. This tool, the Informa-
tion System on Occupational Exposure in Medicine, Industry and Research (ISEMIR), collects and
evaluates occupational exposure data for (1) medical workers involved in interventional cardiology
(IC) and (2) workers performing industrial radiography (IR), such as nondestructive testing (NDT).
These two cohorts were chosen to represent workers who may receive higher than normal radiation
exposure (such as medical workers who are near patients undergoing interventional cardiology) and
those working in difficult conditions likely to result in accidents (such as industrial radiographers).

As noted in the IAEA press release on ISEMIR: “Workers in these two areas are typical examples of
occupationally exposed workers in non-nuclear energy sectors,” said Miroslav Pinak, Head of Ra-
diation Safety and Monitoring Section at the IAEA. “We hope that many medical facilities and NDT
companies will participate in ISEMIR. This will help to ensure and advance occupational radiation
protection in interventional cardiology and industrial radiography.”
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Members’ Point of View

No Need to Attend Another Conference of Inaction

Jeffry A. Siegel, PhD, Nuclear Physics Enterprises

Carol S. Marcus, PhD, MD, Departments of Radiation Oncology, Radiological Sciences, and Molecular and
Medical Pharmacology, David Geffen School of Medicine, UCLA

Charles W. Pennington, MS, MBA, NAC International (retired), Secretary, XLNT Foundation Board of Directors

There is nothing funny about the article by Darrell Fisher and Ron Kathren in the July 2017 issue
of Health Physics News—*“Twelve More Reasons Why You Do Not Need to Attend This Scientific
Conference.” It is insulting. They throw down the gauntlet, challenging why some object to yet
another meeting of inaction on the linear no-threshold (LNT) model, but fail to provide any valid
evidentiary basis for their point of view. The article starts off by being shamelessly facetious; then
the authors unmask themselves at the end by referring to our article as “disparaging.”

It is a clumsy, awkward, even meat-handed attempt at cleverness to cover the real intent of this
juvenile piece, which is to try to embarrass into silence those who think the state of LNT-model
knowledge already demands action. This is not a worthy attempt at debate; rather, it is an attempt
to suppress dialogue and force a retreat of conference critics by these disingenuous authors. The
article actually agrees (by failing to disagree) with us that this meeting is unlikely to produce any
definitive conclusions or meaningful decisions for action.

They list, some might say “tongue-in-cheek,” valid reasons for not attending the conference. But
these reasons are mostly foolish, inconsistent, and derogatory—some even qualifying as ad homi-
nem attacks. Their last, but most insulting and disingenuous, reason is because one of us turned
down the invitation to speak at the conference; what they failed to mention is that acceptance of
the offer to speak was conditioned on the organizers actively identifying and supporting qualified
candidates for the two open Nuclear Regulatory Commission (NRC) commissioner slots instead of
leaving it up to nonexperts, i.e., politicians, to do this. The invitee never received any response on
that condition.

It is long past time for those who claim to be expert in the field of radiation protection to shout from
the rooftops that LNT-derived regulatory policies are deadly and need to be ended. As was previ-
ously recommended, instead of wasting time and money on endless and actionless meetings, the
American Nuclear Society (ANS) and Health Physics Society (HPS) should have been devoting their
considerable influence and resources to ending the LNT model by focusing on ensuring that qualified
candidates were nominated for the unfilled NRC commissioner posts. These extremely important po-
sitions should be predominantly filled by highly knowledgeable nuclear scientists who are recognized
professionally as experts. Selection of individuals through political ties, even those with regulatory-
process experience, can lead to a loss of nuclear expertise at the highest level of the NRC.

We, of course, believe in education. By education, we mean dispensing accurate information with
respect to low-dose radiation exposure, not pandering to the LNT model or the as low as reason-
ably achievable (ALARA) process. There is no need for any further debate or continuing education
with respect to this fictional paradigm. However, this does not mean further research is not needed.
Additional research is most definitely needed to better understand the likely benefits of low-dose ra-
diation exposure, but first, the LNT model must be discarded and regulatory policies must change.

We expect that the only action resulting from this conference will be to simply schedule yet another
meeting; if so, the organizers and all involved would have done nothing to prevent history’s repeat-
ing itself ad nauseam. The point, of course, is not merely to be a bystander in the scientific world—
the point is to change it. To paraphrase a quote attributed to Edmund Burke, all that is necessary
for the triumph of nonscience is that scientists fail to act. To that end, ANS and HPS must follow
up on the meeting and determine whether anything productive comes of it. Only then will the world
know if scientists have failed to act—were we or Fisher/Kathren correct in assessing the meeting’s
purpose and outcome?
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Scientists for Accurate Radiation Information (SARI)
Ludwig E. Feinendegen, PhD, and Mohan Doss, PhD

Background

Though the health effects of low-dose radiation (LDR) have been studied for
many decades, there is still considerable disagreement in the scientific commu-
nity about whether LDR exposure is harmful or beneficial. The prevailing view,
supported universally by international advisory bodies since the 1950s, is that
LDR is harmful and can be represented by the linear no-threshold (LNT) model
for radiation-induced cancers. This model has been the basis of radiation protec-
tion regulations and practices worldwide since the 1950s.

In the authors’ opinion, research over the past few decades has shown that
the LNT model is not valid conceptually. In addition, experimental and epide-
miological investigations have demonstrated its invalidity while the opposite view
of radiation hormesis has proved to be conceptually valid and is supported by
experimental and epidemiological observations. In view of this situation, many
scientists have objected to the continued use of the LNT model. However, these
objections have been overruled by advisory bodies and regulatory agencies.

The main evidence usually quoted in support of the LNT model or carcinogenic-
ity of LDR is the atomic bomb survivor data. Whereas these data early on did
not contradict the LNT model, the new data show there was a major qualitative
change in the nature of the data following the report by K. Ozasa and colleagues
in 2012. These new data contradict the LNT model because of the significant cur-
vature in the dose-response relationship due to the lower-than-expected cancer
mortality rates in the 0.3—0.7 Gy region. Radiation hormesis, however, would be
able to explain the curvature in these data. The advisory bodies and regulatory
agencies have so far refused to recognize this change in the atomic bomb survi-
vor data and continue to support the LNT model. They have also ignored much
additional evidence in support of radiation hormesis.

Another issue with the use of the LNT model is the calamities that result from its
use, disproving the claim that it is a conservative approach to radiation safety.
A case in point is the socioeconomic trauma following the nuclear reactor acci-
dents in Fukushima in 2011. The accidents provoked fast and prolonged evacu-
ation of the surrounding areas, causing considerable suffering and casualties,
destroying the local economy, and harming Japanese society, all for no benefit.
The advisory bodies have refused to modify their recommendations even af-
ter observing the tremendous amount of harm caused by the LNT model. This
deplorable scenario of social harm caused by the use of the LNT model has
galvanized many professionals into joining forces in an attempt to overcome the
use of the LNT model in favor of a hormesis-oriented model to be applied in a
public-health-relevant manner.

Continued on page 2
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Letter to the Editor

Comments on “Space: The Final Frontier—Research

Relevant to Mars”

Dear Editor

This letter refers to the Health Physics article by JD Boice entitled “Space: The Final
Frontier—Research Relevant to Mars”, in which the consequences of leaving the Earth and its
protective atmosphere and magnetosphere are addressed (Boice 2017). Considering the potential
differences between men and women in their lifetime risk of developing cancer and the risk of
Alzheimer’s disease and dementia, Boice states that the Million Person Study (MPS) which is 10
times larger than the study of the Japanese atomic bomb survivors, will provide scientific
knowledge to fill some of the current scientific gaps. Boice believes that the large size of the
MPS can decrease the uncertainty in the risk estimates, narrowing the 95% confidence interval
which will help astronauts safely stay for longer periods in space. Boice also highlights that to
account for the uncertainties, the permissible career exposure limit set by NASA for each

astronaut is a 3% risk of exposure-induced death (REID) from cancer at a 95% confidence level.

Boice states in the abstract “A critically important gap in knowledge surrounds the health
consequences of exposure to radiation received gradually over time”. Such a statement does not
take into consideration substantial amount of data from cohorts that have been exposed to
radiation over extended periods of time accidentally or incidentally during the past several

decades, including data from residents of radio-contaminated apartments in Taiwan (Hwang et
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al. 2006), radiation workers in the nuclear shipyard worker study in the USA (Sponsler and
Cameron 2005), British radiologists who entered service during 1955-1979 (Berrington et al.
2001), and the evacuated residents of villages near Mayak nuclear weapons facility
(Kostyuchenko and Krestinina 1994). In all these cohorts, following exposure to radiation over
several years for mean doses ranging from ~50 mSv to ~500 mSv, cancer risk has been observed
to decrease. In addition, clinical trials of repeated applications of total body low-dose irradiation
over a period of five weeks independently (Pollycove 2007) or in an adjuvant manner (Sakamoto
2004) for a total dose of 1.5 Gy have demonstrated a cancer therapeutic effect of the radiation
exposures whereas similar doses have been observed to increase cancer risk for acute exposures

(Ozasa et al. 2012).

Though there are many publications that claim to support the LNT model or low-dose
radiation carcinogenicity, they have been found to have major flaws in their data, analysis,
and/or interpretation (Doss 2015). The data widely acknowledged to be the most important data
for estimating radiation health effects, the atomic bomb survivor cancer mortality data (Ozasa et
al. 2012), are not consistent with the LNT model because of the significant curvature in the dose-

response shape (Doss 2013).

In spite of such strong evidence against the LNT model, and the poor quality of evidence
supporting it, the standard practice has been to use the LNT model to fit epidemiological data.

Such a procedure can mask the presence of threshold or hormetic dose-response.

The use of the linear no-threshold model for calculating the cancer risk of astronauts from
radiation exposure in space is not justified and is counter-productive as it causes unwarranted

cancer concerns regarding space radiation. A model based on available valid data - which
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support radiation hormesis - should be used to estimate such risks and would likely show that the

cancer risks are not significant from the chronic exposure to space radiation.

Although not specifically addressed by Boice, solar particle events (SPES) represent an
additional radiation hazard during the Mars mission. Doses due to the SPEs (including the most
significant solar flares, such as the 1859 Carrington event) can be kept below hazardous levels

with appropriate shielding (Cucinotta et al. 2007).

In summary, the issue that MPS addresses, of the carcinogenic effect of radiation doses
over extended periods of time, has already been addressed in other studies and many of them
have shown reduction of cancers from even high radiation doses which are known to be
carcinogenic when received acutely. Hence, the use of the LNT model to estimate cancer risks
from space radiation is not justifiable. Based on cited data, chronic radiation that the astronauts

would face during a trip to Mars is not likely to be of carcinogenic concern.
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Dear Editors:

Many if not most of the issues raised by Mortazavi et al. (2017) are incorrect both scientifically and
literally, and are misleading by their characterization. Details of the more appropriate and balanced
view of the published science can be found in recent publications (Boice 2017; NA/NRC 2012; Preston
2017; Riihm et al. 2017; Shore et al. 2017).

Sincerely,
John D. Boice, Jr.

National Council on Radiation Protection and Measurements
7910 Woodmont Avenue, Suite 400
Bethesda, MD 20814-3095 USA

Vanderbilt University
Department of Medicine
Division of Epidemiology,

2525 West End Avenue
Nashville, TN 37203-1738 USA
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November 13, 2017



HPS Meeting - NCRP Offices





1.	Attending.  Mike Boyd, David Pawel, Nolan Hertel, Barry Fontus, John Boice, Armin Ansari (on the phone).



2.	Ways forward



[  ]	Draft a letter for the Board of Directors to be signed by the HPS greats.  Fous on the foundation and original mission of the HPS, it's foundation in good science.  Mention the concern about the change in the direction the society appears to be taking.



· Jen and Chuck Russler

· Michael and Shirley Fry

· Frank Massey

· Ron Kathren

· George Chabot

· Check the distinguished awards list.

· Cross check with the Taylor lecturers.



	Armin was asked to put a first draft on this letter that we would then circulate.



[  ]	Organize a session for the HPS annual meeting in Cleveland, July 19-23, 2018, I believe.



· This could include the same characters that Nolan had arranged to speak at the ANS meeting this week.  We cancelled because they would not waive the $600 registration fee.

· Armin will check whether there is any need for any special sponsorship.  The belief at the end was that any individual could sponsor the special session.

· NCRP has done so at past annual and mid-year meetings, but this is not necessary and might indicate some bias perhaps.



[  ]	Draft a one or two sentence "position statement" on LNT as used in radiation protection for the Board to consider.



· It appears that there is no such statement by HPS.

· The 2016 statement on risk is misleading in the sense that it claims that there is no convincing evidence for radiation health effects between 100 mSv up to 1,000 mSv.

· Such statements as above are very confusing to young scientists who are trying to learn as much as they can about health physics, radiation risk, radiation understanding, etc.

· This would be appropriate because the member survey (perhaps 800 of 2,500 plenary members and 5,000 of all members) stated that the most important issue facing the Health Physics Society is LNT.  Clearly many of us did not respond to the survey and those who did had a particular bias.



3.	General comment



· We spent perhaps 2-1/2 hours discussing HPS.  There was a general agreement that we would like to do whatever we can to help the society and get it back to its original mission of protecting the public and using the best science involved.  Thus it was encouraging that we were able to leave with some ways forward in this regard.



4.	A new revelation - SARI



· I had not been aware that so many of the leadership are members of SARI.  This fringe organization is very clear in their anti-LNT support, their belief in hormesis, and their disregard for bodies such as NCRP, ICRP, National Academy of Sciences, UNSCEAR.

· Not only is the editor of HPS (Brant Ulsh) a member, but also the other editor of Operational Radiation (Craig Little) is a member.  Then there were quite a number of individuals within the society who are members of this fringe group with opinions detrimental to radiation protection, radiation health, and the United States systems of protection.



5.	Action Items



[  ]	Send out a brief summary of these meetings, after reading carefully the transcription.

[  ]	Support Armin in the drafting of the letter.

[  ]	Begin a list of the HPS greats for the letter.

[bookmark: _GoBack][  ]	Seek the membership list from SARI to learn the members of HPS who are members in that leadership capability (Brant Ulsh, Crait Little, Michael Stabin, Daryl Fisher possibly, and other possibles such as Fellman, the lawyer, Eric Abelquist, Singleton, Brett Burke, Eric Golden, Ed Bailey, Steve King, Kevin Nelson).
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Invited Editorial

CrossMark

Potential health effects of low dose
radiation and what it means to the practice
of radiation protection

If we ask a group of intelligent and educated individuals not familiar with the science or
practice of radiation protection to review published information on health effects of exposures
to low levels of radiation and share their findings, they are likely to come away with an
understanding that is as clear as mud. This is unfortunate.

While the unfamiliar jargon, complex quantities and concepts, linguistic nuances, and
inherent uncertainties provide a fertile ground for confusion, there is another contributing
factor to this bewilderment, with potentially damaging long-term consequences: it is not
unusual to find instances in scientific publications or conferences where the system of
radiation protection or its scientific underpinnings are misrepresented or mischaracterised.
The language used by some authors target the credibility and intentions of respected insti-
tutions and independent radiation protection commissions that for nearly a century have laid
the foundation of radiation protection practice and are the regarded authoritative voices in this
field. Eroding trust in those institutions, not only among young professionals entering the field
but the public in general, can have devastating consequences.

To ‘immunise’ against such misinformation and misleading characterisations, objective
overviews of the current state of science and demonstrations of how that science is used to
inform radiation protection policy and decision making can equip radiation protection pro-
fessionals with the information they need.

Recognising this need, the American Academy of Health Physics (AAHP) sponsored a
full-day technical session on 17 July 2018 at the annual meeting of the Health Physics Society
(HPS) in Cleveland, Ohio. This session was structured to describe the current state of science,
from molecular biology to human epidemiology, as well as to explain how that science is
translated to radiation protection policy and regulations for low levels of radiation. In addi-
tion, the expected role of radiation protection professionals was discussed at length. The
feedback from conference attendees was positive and encouraging, indicating that the
information presented filled a need.

To make this material available to the broader community, the Journal of Radiological
Protection invited speakers of the AAHP session to submit manuscripts based on their
presentations for peer review and inclusion in this special issue.

1. The big picture

In spite of decades of research and a large volume of data from molecular, cellular, and animal
experiments as well as large epidemiologic investigations, uncertainty in potential health effects of
exposure to low doses and low dose rates of radiation remain. It is important to provide some
perspective, however. We do know a great deal about the interactions of ionising radiation with
living tissue. At high radiation doses, we can predict with some certainty the expected acute health

© 2019 Society for Radiological Protection. Published on behalf of SRP by IOP Publishing Limited. All rights reserved.
0952-4746/19/0400E9+05$33.00 Printed in the UK E9
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Figure 1. Relationship of radiation doses and effects. Adapted and revised from United
Nations Environment Programme (UNEP) booklet, Radiation Effects and Sources http://
wedocs.unep.org/handle/20.500.11822/7790. The grey area represents the low dose
region where routine occupational, environmental and diagnostic medical exposures occur.

effects for individuals exposed, and predict their prognosis (figure 1). At moderate doses of
radiation, we do not expect any acute clinical effects, but we can estimate with high assurance the
expected increase in cancer rates for a population exposed as described by Boice et al [1]. At low
doses, however, where the probability of adverse health effects is less than 1%, it is not possible to
predict cancer rates in populations with any degree of accuracy. Nor is it possible to determine if
health effects in a given individual are radiogenic because we have not yet identified any bio-
markers that are specific to radiation. In others words, we cannot clinically distinguish a radio-
genic cancer from one that resulted from other causes, either at high doses or at low doses.
With the exception of a radiological accident, all routine occupational, environmental, and
diagnostic medical exposures are in this low dose region (the grey box in figure 1). This is good
news because the probability of adverse health effects from these exposures is correspondingly very
low. However, we cannot be certain quantitatively how low that possibility is - it is the difference
between very low, extremely low, or potentially zero risk. These limitations fuel the ongoing debate.

2. What it means to be stochastic

While we have learned a great deal about the process of carcinogenesis, and there remains a
great deal more to learn, it is widely accepted that this complex process is stochastic, meaning
there exists an element of chance. The excess risk of cancer from radiation exposures down to
about 100 mSv is documented. A myriad of complex molecular and biochemical changes
have been reported at lower doses as reviewed by Azzam [2]. The lowest dose at which
biological effects are detected with confidence appears to be a matter of technology. Single
cell analyses, which are now possible, have suggested that radiation responses observed in
whole cell cultures are not indicative of identical patterns in all cells. While it is not yet
possible to predict how these molecular and cellular changes may ultimately affect the
probability of cancer in an individual, we continue to identify mechanisms and pathways
through which the stochastic nature of carcinogenesis is expressed. As described by Shuryak
[3], mathematical and biological response models, based on our current knowledge of
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radiobiology, carcinogenesis and epidemiology, can help improve estimates of radiation
health effects and develop testable hypotheses.

It is vital to separate two very different applications of our knowledge as well as our
uncertainty in low dose health effects. One application (risk assessment) seeks to project and
estimate health effects following low level exposures. While large uncertainties exist, it
should be acknowledged that these uncertainties have an upper bound as evident from well-
documented epidemiological studies. The upper bound of this uncertainty still presents a low
probability of occurrence (figure 1).

The second application (dose management) is in the realm of protecting against possible
health effects of radiation in various exposure situations. It is unreasonable to assume that risk
of cancer from low doses of radiation suddenly dives to zero at doses below 100 mSv [4]. The
focus of the remainder of this special issue is on how the science and knowledge of health
effects from low dose radiation (and the uncertainties therein) are used to inform radiation
protection policy and practices and make radiation protection decisions that are defensible and
based on both the strongest science and accepted ethical principles.

3. What it means for radiation protection

As discussed above, it is important to distinguish effort to predict health effects of low level
radiation for individuals (risk assessment) from effort to establish a system of radiation pro-
tection to protect the health and safety of all individuals (dose management). The development
of new recommendations by the National Council on Radiation Protection and Measurements
(NCRP) for occupational, public, medical, emergency worker, and environmental protection
categories is described by Cool [5]. Ethical values, stakeholder engagement, and safety culture
are specifically addressed as important components for implementing the system of protection.

How the science and the recommendations of the national [6] and international [7]
advisory bodies are used to implement radiation protection policy by three federal agencies in
the United States are described by:

* Al-Nabulsi and Favret for the US Department of Energy [8],
* Pawel and Boyd for the US Environmental Protection Agency [9], and
* Jones for the US Nuclear Regulatory Commission [10].

These authors provide an overview of the approach and methodology employed by reg-
ulating agencies to consider recommendations by advisory bodies and stakeholder input, among
other factors, to develop, document, and implement radiation protection policy for the nation.

In 2017, the US General Accountability Office (GAO) conducted an independent eva-
luation of how federal agencies in the United States develop and apply radiation protection
requirements and guidance for workers and the public. The GAO also examined the extent to
which these federal agencies fund and coordinate research on the health effects of low dose
radiation. Neumann et al describe the findings of this report and the GAO recommendations
regarding the need for a coordinated research effort [11].

What is striking in all this information is the laborious, deliberative, and painstaking
methodology to arrive at the radiation protection practices we have today to protect workers,
patients, and the public (including sensitive subpopulations) in all exposure situations including
emergency circumstances. This effort is not visible to many, and it often goes unappreciated.

There is a tendency among some radiation professionals to think that radiation is sin-
gularly targeted for more stringent protection criteria. In his paper, Irwin compares radi-
ological protection to approaches employed to protect against potential chemical carcinogens,
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and concludes that controls on radiation exposure do not appear to be more stringent than
restrictions on exposure to chemical carcinogens [12].

Our role as radiation protection professionals is both clear and challenging. We are
ethically obligated to practice the profession within the established guidelines set forth by
advisory bodies and regulating authorities. This ethical obligation is similar in this respect to
the medical profession. While there are established mechanisms for radiation professionals to
have input to the process, providing advice that may be contrary to the guidelines and
recommendations from regulatory authorities and respected scientific bodies can erode public
confidence in the system of radiological protection which has been so successful over the past
100 years. And it can harm the credibility of our profession [13].

Our role is also challenging because we are often on the frontlines of communication
with stakeholders, and need to be able to explain the rationale and basis of our radiation
protection practices. The system of radiation protection is robust, but it does not lend itself to
easy communication messages. This is particularly challenging for us because the subject of
‘radiation’ is alarming and generates immediate negative emotions for many people.

4. The road ahead

It is advisable to preface any discussion of health effects from exposures to low levels of
radiation with an acknowledgement of the upper probability bounds of health effects under
consideration and to provide the larger context (figure 1). The uncertainties in the dose
response relationships have been acknowledged since the first ICRP publication [14]. While
there is undisputed need for more biological and epidemiological studies [15, 16], some level
of uncertainty in probability of health effects (primarily cancer) at low doses will always exist.

A major challenge in our profession is in effectively communicating this risk and its
uncertainties to stakeholders. The AAHP sponsored a second full-day session at the annual
HPS meeting in Orlando, Florida, on 9 July 2019. The aim of that technical session was to
discuss risk communication challenges and approaches and examine how we can improve our
public communication practices using research-based risk communication strategies.

While we concentrate our efforts in reaching out to the public, providing radiation
protection practitioners periodic and frequent updates on the state of science and the principle
underpinnings of the system of radiation protection they practice is also important. The
potential benefits of such effort are twofold: (1) radiation protection professionals will
become resistant to misinformation with which they are increasingly bombarded, and (2) they
are better equipped to communicate with their stakeholders. We have a robust system of
radiation protection in which we can take pride. A robust approach to public communication
and a clear and concise messaging strategy can further strengthen this system.
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ARTICLE INFO ABSTRACT

Keywords: This paper reports that William Russell, Oak Ridge National Laboratory (ORNL), conducted a large-scale lifetime
LNT study from 1956 to 1959 showing that exposure of young adult male mice to a large dose of acute X-rays had no
Cancer risk assessment treatment effects on male and female offspring concerning longevity or the frequency, severity, or age distri-
Ion1z1ng radiation bution of neoplasms and other diseases. Despite the scientific, societal and crucial timing significance of the
Leukemia . . . . . . .

History of science study, Russell did not publish the findings for almost 35 years, nor did he inform governmental advisory com-
mittees, thereby significantly biasing decisions made during this period which supported the adoption of LNT for
risk assessment. Of further significance, Arthur Upton, an ORNL colleague of Russell during this study and later
Director of the US National Cancer Institute (NCI), was also fully knowledgeable of this study, its findings and its
negative impact on the acceptance of LNT. Upton later worked along with Russell to publish these data (i.e.,
Cosgrove et al., 1993) to dispute the case-specific claim that children developed cancer because of the radiation
exposure of their fathers as workers at the Sellafield nuclear plant. Thus, while Russell’s data were available, but
were not used to challenge the key radiation and leukemia paper of Edward B. Lewis, (1957) when LNT was
being adopted by regulatory agencies, they were used in a major trial in the United Kingdom (UK) for the client
(i.e., British Nuclear Fuels Plc) that hired Upton. While the duplicity of Russell’s and Upton’s actions is striking,
the key finding of the present paper is that Russell and Upton intentionally orchestrated and sustained an LNT
cover up during the key period of LNT adoption by regulatory agencies, thereby showing an overwhelming bias
to enhance the adoption of LNT.

1. Introduction

Over the past decade, one of us (EJC) has published a series of papers
that document the occurrence of numerous scientific errors, striking
ideological biases at the highest scientific levels, and deliberate mis-
representations of the genetic toxicology research record, with a goal to
establish and sustain the linear non-threshold (LNT) dose response
model for cancer risk assessment. These numerous irregularities and
falsifications of the research record now serve as the historical founda-
tion of cancer risk assessment in the US and worldwide (Calabrese, 2011,

* Corresponding author.

2012, 2015a,b, 2016a,b, 2017a,b, 2018a,b, 2019a,b,c, 2020, 2021a,b,
c). Despite being founded in 1970 and now more than five decades in
operation, the United States Environmental Protection Agency (US EPA)
has served as an unwitting vehicle to implement such scientific de-
ceptions due to its failure both to explore the historical foundations of
cancer risk assessment, much of which occurred prior to its creation, and
to take action to correct the errors once the ramifications were under-
stood (Table 1). The present paper reveals a new and a pivotally sig-
nificant cover up of key scientific findings, which is disturbing because
the covered-up findings may well have prevented the acceptance of LNT
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in the critical period of the late 1950s to early 1960s, during which LNT
came to be adopted by major scientific and regulatory advisory com-
mittees. The “discovery” of this new information occurred following
recent discussions between Selby and Calabrese concerning the research
career of Selby at ORNL which extended from his undergraduate
involvement in 1966 to receiving a Ph.D. in radiation genetics under
William L Russell in 1972, and his employment at ORNL following a
three-year postdoc in Germany, and then a 20-year period working
under the direction of William Russell’s wife Liane, which was followed
by more years of working in environmental risk assessment and toxi-
cology while still at ORNL. These discussions extended earlier infor-
mation exchanges between us that led to previous publications by
Calabrese (2016a, 2016b) showing that a flaw in the Russells’ reporting
of their research results, with regard to a type of clusters of spontaneous
mutations that ensured overestimation of risks from radiation-induced
mutations, likely played an important role in the adoption of LNT by
the Biological Effects of Ionizing Radiation (BEIR) I (National Academy
of Sciences NAS/National Research Council NRC, 1956) Committee.
These flaws in the reporting of the Russell research are important
because the NAS BEIR I committee was created in 1970 by the US
Federal Radiation Council (FRC) (itself created in 1959) to guide the US
federal government on the health risks ostensibly associated with
ionizing radiation. However, later that same year, President Richard
Nixon abolished the US FRC, transferring its functions to the newly
created US EPA. Thus, the NAS BEIR I Committee would then provide its
recommendations on cancer risk assessment and radiation to EPA. In
1972, BEIR I offered its recommendations, which supported the adop-
tion of LNT and thereby extended the recommendations of the Biological
Effects of Atomic Radiation (BEAR) I Genetics Panel some 16 years
earlier, although they acknowledged the critical error of that 1956 BEAR
I Genetics Panel, which had rejected the concept of a dose rate effect
resulting from the repair of radiation-induced mutations. The 1972 BEIR
I Genetics Committee was chaired by James Crow, a member of that
BEAR I Genetics Panel. In 1975, EPA (EPA, 1975) formally adopted the
LNT recommendation, citing the significance of the Russell mega-mouse
radiation studies as foundational in this decision (see Calabrese, 2019b).

The present paper does not discuss the substantial literature on the
flawed historical foundations of cancer risk assessment. Instead, it
documents an important case of a long-lasting scientific cover up by
William Russell starting in 1959 that helped to ensure the rejection of
the threshold dose response model in favor of the LNT.

2. Discovery of the cover UP

During recent conversations with Calabrese, Selby mentioned that he
had testified in a major litigation (i.e., Hope and Reay vs British Nuclear
Fuels Plc (BNFL) in the UK in 1993 concerning radiation and cancer risk
assessment.” It is now understood that the process of potential Selby
involvement began when Professor Arthur Upton, New York University
(NYU), was visited by representatives of BNFL concerning this litigation.
In that case, BNFL was being sued by Plaintiffs concerning cancers in the

2 On October 8, 1993, the High Court of Justice in London ruled that the
evidence was “decisively” against preconceptional irradiation being a material
contributory cause of infant leukemia and non-Hodgkins lymphoma in young
adults, whose fathers had received comparatively large preconceptional doses
at the Sellafield nuclear installation in West Cumbria, England. The findings of
this case were reported by Wakeford and Tawn (1994) in considerable detail. Of
relevance to the present paper was a summarization of the testimony of Selby
for the Defendants concerning the Cosgrove ... Russell (Cosgrove et al., 1993)
paper. Also, there is substantial documentation regarding the testimony of
Upton for the Defendants.
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children of fathers who had been exposed to ionizing radiation decades
earlier while working at a facility that was being operated by BNFL at
the time of the lawsuit. In the course of his conversation with the team
from BNFL, Upton revealed the existence of the unpublished Russell
1959 study, its findings, significance and relevance to the litigation. It
seemed to be a perfect fit for the Defendants. Here they had “new”
findings that could impact the outcome because the case involved can-
cers in the offspring of fathers occupationally exposed to radiation, and
the unpublished results were said to be uniformly negative. This infor-
mation led to BNFL sending a team to visit William Russell at ORNL.

An event about two years earlier is important for understanding how
Selby became involved in this matter. Dr. Shirley Fry of Oak Ridge
Associated Universities (ORAU) called Selby (PBS) in the spring of 1990
to see what he thought about the Gardner hypothesis regarding
increased leukemia and lymphoma among young people near the
Sellafield nuclear plant in West Cumbria, UK. Although Selby had been
actively involved in hereditary risk estimation since 1977, he only rarely
read any scientific papers related to epidemiology and knew nothing
about the Gardner publications (Gardner et al., 1990a, 1990b). How-
ever, having just submitted a detailed critical review (Selby, 1990) on
the induction by radiation and chemicals of dominant mutations in
mice, which included rather detailed reviews of numerous experiments
that claimed to show effects on cancer and longevity in first-generation
progeny, Selby expressed interest in looking into the matter. This con-
tact resulted in a seminar that he gave at ORAU on June 13, 1990,
entitled “Paternal irradiation and childhood leukemia: Are the epide-
miological findings in the Sellafield Study biologically plausible?” He
concluded that the Gardner hypothesis was not biologically plausible
and described numerous research findings (including several of his own
related to the induction by ionizing radiation of dominant mutations
affecting the mouse skeleton) upon which his opinion was based. Wil-
liam Russell was aware that he gave this seminar as well as with the
contents of his long historical review of the subject.

Sometime around late February of 1992, Russell told Selby that a
team of lawyers and scientists from BNFL would be visiting him in a few
weeks, specifically on March 9. Russell said that Arthur Upton was
working as an expert witness for BNFL in a lawsuit and had told this
BNFL team about an experiment that Russell had done long ago, and
they had become so interested in it that they were coming to Oak Ridge
to meet with Russell. Because Russell had also learned from Upton that
the lawsuit was somehow related to the claims of Gardner, Russell asked
Selby to give the BNFL team essentially the same talk that he had given
at ORAU in the summer of 1990. He told Selby to present mainly the
details as to why he considered the Gardner hypothesis to lack biological
plausibility and indicated that he doubted that the visitors would be
interested in any parts of Selby’s research other than those directly
related to the question of biological plausibility.

A complication in travel plans delayed the meeting until May 10,
when the BNFL team consisting of three lawyers and two scientists met
with Russell and Selby in the conference room of the Mouse House at
ORNL. Russell first told the group many more details about the experi-
ment completed in 1959 and answered their questions. He also told
them that he had been in contact with Gerald Cosgrove, who was the
pathologist who examined the mice in the study after they died, and that
he, Upton, and Cosgrove were willing to prepare a paper for publication
on which they had begun working. He noted that Cosgrove’s involve-
ment would be minimal because of serious illness. Selby then gave the
talk that Russell had requested. This meeting was Selby’s introduction to
Russell’s experiment conducted between 1956 and 1959 that failed to
confirm the strong conclusions that Russell had reported in his 1957
paper concerning the effects of radiation on longevity in a mouse model.
As Russell would have known, Selby had briefly mentioned that Russell
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1957 paper in two long reviews that he had published dealing with
mutational research in mice (Selby, 1981, 1990).2

During that meeting on March 10 it became apparent that the
Gardner hypothesis was central to the arguments made by the Plaintiffs
in the case and that arguments about biological plausibility would be of
considerable importance. The BNFL team was also concerned about
arguments that they expected the Plaintiffs to use related to the exten-
sive research of Taisei Nomura, and they were particularly interested
that Selby had provided some criticisms of Nomura’s experiments dur-
ing his talk. The BNFL team eagerly tried to get Russell to agree to serve
as an expert witness for them, along with Arthur Upton and other well-
known scientists. However, Russell said that, even though he was willing
to help by preparing the desired paper, he was unwilling to work for
them as an expert witness. The BNFL group indicated that there was
more to discuss and asked to continue the meeting the next day. On that
second day, they asked Selby if he would be willing to work as an expert
witness. With no indication of disapproval from Russell, and having had
a fascinating and positive experience in 1979 as an expert witness in an
evidentiary hearing related to hereditary effects of radiation, Selby
agreed to work as an expert witness as long as the Administration of the
ORNL Biology Division would approve his working on the case outside
of his regular job, which it did. Russell’s willingness to have Selby
become involved may have been influenced by the obvious interest he
had shown in hearing Selby’s accounts of happenings in that earlier legal
action.*

It is now known from documents in our possession that Upton first
contacted Russell in 1991 (probably late that year) to tell him about his
involvement with BNFL in the court case and to urge him to publish the
results of his experiment with Cosgrove. Cosgrove had moved to Cali-
fornia decades earlier but had maintained contact because he and Rus-
sell had been friends. Russell communicated with Cosgrove by phone

3 Selby had presented and discussed a long review by Green (1968) in which
Russell’s 1957 report of a decrease in life span was listed as one of a great
number of experiments with the goal of determining the extent of damage to
populations caused by irradiation. Green had concluded that while most of
those experiments showed no effect, application of the studies that did show
effects was uncertain for numerous stated reasons. Selby included the following
cautionary quotation from the Green review, which he considered particularly
relevant: “the generally negative results of these studies may be due to the
nonexistence of induced mutations having only moderate individual effects in
heterozygotes, to the failure to find the right indicator trait, or to relatively
small sizes of the experiments so far conducted and their relative lack of power
for discriminating small genetic differences in the presence of large amounts of
nongenetic variability."

4 A summary of the Class Action complaint can be found at https://law.justia.
com/cases/federal/appellate-courts/F2/621/578/184958/.  Before  Selby
became involved in that evidentiary hearing, Wilson Horde, the head legal
counsel of Union Carbide, the contractor at the time for ORNL, called Selby to
request that he set up an urgent meeting (with an unstated agenda) with him
and Russell. At that meeting, Horde said that the U.S. Government was one of
the numerous Defendants in a large class action lawsuit that involved serious
hereditary effects. He knew nothing else about the case, but he had been given a
short list of experts in the field, on which Russell and Selby both appeared. He
asked if Russell and Selby would be willing to help the U.S Government as
expert witnesses. Russell said that he was not willing. Selby’s only question was
what would happen if, when he learned the details, he agreed that the Plaintiffs
were correct. Horde assured Selby that because the Government was the
Defendant, in that instance the Government would try to negotiate a fair set-
tlement. Selby, with Russell having no apparent problem with Selby becoming
involved, then agreed to call the number provided to find out what the case
involved. He soon learned the details of the lawsuit and became heavily
involved including submitting two affidavits and assisting Department of Jus-
tice lawyers for 9 days during their cross examinations, which helped to
discredit the Plaintiffs’ case. Incidentally, the results of Russell’s experiment
completed in 1959 would also have been highly relevant to that earlier trial if
they had been available.
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once in late 1991 and again in early 1992 (Russell, 1992). Some corre-
spondence regarding the old experiment was exchanged between Cos-
grove and Russell and also between Cosgrove and Upton in the weeks
before and after the beginning of 1992. Also, some type of table along
with a summary of the old study was released by Upton and Russell to
BNFL before the meeting of the BNFL team with Russell and Selby at
ORNL in March 1992. The Plaintiffs were also given some of this early
information as was necessitated by disclosure requirements for court
proceedings. The preparation of the manuscript, however, proceeded
slowly during 1992, partly because of the time required for Russell to
care for his wife, who had a serious health issue that year. A letter sent
from Richard Wakeford (the epidemiologist on the BNFL team) to Selby
on July 2, 1992, asked him to urge Russell and Upton to hurry up with
the paper and stated that the paper will be a “body blow” to the Plain-
tiffs’ genetics case. Cosgrove died on August 20, 1992. Patrick Pennal
(the lead solicitor in the case for BNFL) wrote to Russell on December 4,
1992, urging him to hurry to complete the paper because the trial was
proceeding faster than expected. The Defendants considered it essential
that the paper be submitted for publication before Upton was called to
testify, which was expected to be on March 1, 1993. In early February
1993, Russell and BNFL both urged Selby to assist in helping to speed up
the preparation of the manuscript, and he became involved in the
analysis, in the typing of revisions, and even at one point had an
extremely long conversation by phone with Upton.” A February 19,
1993, faxed letter from Pennal to Selby, that was shared with Russell,
highlighted the urgency of having the paper submitted by the time
Upton was to testify on March 1, 1993, and stated that it would be
helpful if Selby could be added to the paper as a co-author. (He would be
testifying a few months after Upton, and Pennal thought that because of
possible problems with getting the paper submitted on time, it might
prove helpful to have Selby listed as an author so that he could testify in
regard to the paper.) On Friday, February 26, Selby faxed Pennal a copy
of the submitted manuscript that would be mailed within a few hours to
Michael Shelby, an editor of Mutation Research, along with assurances to
Pennal that because that editor lived in the adjacent state of North
Carolina, Pennal could safely assume that the manuscript would be
officially submitted on March 1, 1993, which was now definitely known
to be the day of Upton’s testimony. When Russell gave Selby the final
manuscript, Russell told him that he had made him the second author
because of the crucial role that he had played in getting the paper ready
by the deadline, and that is how Selby came to be an author of a paper
that reported an important experiment which had been conducted when
he was between 11 and 14 years old.

It is unknown whether Russell was paid by BFNL for his considerable
effort in getting that old experiment published or whether he just did it
as a favor for his longtime friend Upton, or possibly because he somehow
now felt obligated to let the public know about that experiment. He
obviously considered the results important and relevant and seemed
genuinely interested in making them public, and he clearly realized the
importance of submitting the paper in time to be of maximum benefit for

5 During this whole process, and even though Upton visited Russell once to
work on the manuscript in person, Selby’s only contact with Upton was by
phone and faxed letters.
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the Defendants.®

The reason for the historical reawakening of the 1959 Russell
research was that the data were uniformly negative, with no adverse
effects reported, and that they could become pivotal during the case,
especially given both the study’s relevance and its uniquely “surprise”
nature to an unsuspecting Plaintiff. However, the data needed to be
published in a top journal to be maximally useful. Thus, nearly 35 years
following the completion of the study in 1959, Russell and his col-
leagues, including Selby and Upton, published it in Mutation Research, in
1993.

During the course of several long phone and zoom conversations
between the two of us (Calabrese and Selby) over the past few years,
Selby on a few occasions, in passing, mentioned his involvement in a
trial in England in 1993 and the curious fact that an experiment of
importance in the trial resulted in his becoming one of the authors of a
paper that reported on an experiment that began when he was in grade
school. When this was mentioned, and likely not the first time, I (Cal-
abrese) became curious and asked for the reference. By reading that
1993 paper and seeing what the study was about, I was immediately
struck by the fact that this experiment was started in 1956 at the time of
the BEAR I Genetics Panel meetings and finished in 1959. I realized that
the study was substantial, had excellent pathology, high statistical
power and other impressive features. In fact, that a paper developed in
the 1950s could pass peer review at a top journal in the 1990s was an
indication of its quality. However, it was now clear that Russell had
never published this substantial study on key public health endpoints
such as longevity and cancer. This study would have been considered
one of the most relevant and substantial of the 1956-1959 era had it
been published. This led me to wonder why this significant study had not
been published, especially since it was undertaken by a US national lab,
with public financing, and thus with the public having the right to be
made aware of the results. Even though this represented a major finding,
one that could have enlightened debate on the reasonableness of
assuming LNT as well as numerous other scientific questions, it had no
impact whatsoever at the time because Russell did not publish his
findings until 34 years later (Cosgrove et al., 1993), and there is no
evidence that he shared his findings with members of the BEAR Com-
mittee or with any other advisory committees or even with colleagues at
ORNL. Given its practical and research importance, Russell had a re-
sponsibility to try to get it published, unless there were scientific flaws.
So why didn’t Russell publish this study?

To better understand the situation, it may be helpful to provide some

6 A set of preserved letters provided by Selby indicates that Upton was in
possession of some of the computer files of the Cosgrove et al. (1993) study data
during an early meeting with the BNFL representatives. This suggests that
Upton had either obtained these data files while he was employed at ORNL and
retained them over about 35 years, or possibly that they had been sent to him
by Cosgrove after Upton became involved in the litigation. At that time, the
longevity, but apparently not the autopsy records, were in possession of Russell.
The letters indicate that the first choice for a journal was Proceedings of the
National Academy of Sciences (PNAS) but there was concern over whether it
would publish data that was over three decades old. There was also concern
over the fact that technical requirements for tables and figures were quite high
with PNAS, and it might take too much time to meet those requirements,
thereby delaying submission until after Upton’s testimony. It was also learned
from a discussion with Michael Fry, who worked in the Biology Division and
was the Editor of the journal Radiation Research, that Radiation Research would
not be likely to give this manuscript a special publication priority. There was
the suggestion of asking Upton to use his influence with Fry in an attempt to
make this happen. In the end, Russell decided to submit the manuscript to
Mutation Research. Michael Shelby, one of its editors, was a friend of Russell and
his wife and provided much financial support for ongoing specific-locus ex-
periments on chemicals as well as other research in the Biology Division. There
was much strategizing about publication. It should also be noted that Upton
cited the Cosgrove et al. paper in his written testimony (i.e., his expert report),
in which he cited a preliminary version of the paper with a 1992 date.
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context [drawn mainly from three sources (Rader, 2006; Krause, 1980;
Hewlett and Duncan, 1969)] for this experiment that was not reported
until decades later. Much of what follows would not have happened
without the vision and leadership of Alexander Hollaender, who immi-
grated to the USA from Germany as a child with his family after World
War [, returned to his homeland for college, and then returned to the
USA for good after the 1925 elections in Germany in which Hindenburg
(and by extension, Hitler) would come to power. In 1946, Hollaender
was offered the opportunity by the U.S. Surgeon General to develop the
biology program at post-war Oak Ridge, Tennessee, in the ruins of what
was then called The Clinton Laboratory. He was offered a temporary
position as the director of the new Biology Division. Hollaender had
experience with the radiation genetics of Drosophila; however, soon after
moving to Oak Ridge he decided that there should be a big project since,
as he put it “in the long run, it was absolutely essential that we prove
whatever we found on mammals which are close in comparison to man.”
With the empty buildings available to him” and connections that he had,
he believed that such work could be done at Oak Ridge. Early in 1947, he
happened to hear that a promising young geneticist named William
Lawson Russell was needing to leave The Jackson Laboratory, and he
established contact with him. Russell was needing to find a job some-
where else because he had gotten himself into an awkward situation
involving a messy and professionally contentious situation that would
end in his divorce from Elizabeth (Tibby) Schull Russell in September,
1947.% He applied for positions at some universities as well as at the
Biology Division, where he visited Hollaender, probably in early 1947,
and pitched his proposal for what he called the specific-locus test (SLT)
for studying whether there was induction of recessive mutations at seven
genes in mice by X-rays. Hollaender was impressed by Russell and by his
proposal and thought that, if it worked, it would be advantageous for the
Atomic Energy Commission (AEC) genetics program as well as for basic
genetics research. In October 1947, Hollaender presented Russell’s plan
to the AEC’s Director of Research as an “effort to obtain information on
the possible genetical implications of bomb explosions,” and he
concluded confidently: “we believe the information can be obtained.”
Nonetheless, Hollaender also clearly recognized the risks’ involved
in undertaking such a massive experiment, and before committing AEC
resources to such a project, he subjected Russell’s proposal to peer

7 In the old Y-12 area of the Oak Ridge facilities during the Manhattan
Project, there were several large buildings that the Manhattan District had
hastily constructed in 1945 for the chemical extraction of uranium 235 but had
never used. The Contractor, Union Carbide, which had become responsible for
the Y-12 area, urged Hollaender to take the buildings off of its hands. By the end
of 1946, Holaender, who by then had decided that he wanted to stay in Oak
Ridge, had drawn up a comprehensive research proposal for the new Biology
Division of the Clinton Laboratories (Hewlett and Duncan, 1969), and he had
likely already begun to think that one of those large buildings could house a
huge mouse research facility.

8 The month during which Russell’s divorce from Tibby Russell occurred, and
the need for William Russell to leave the Jackson Laboratory, were both made
clear in a letter from C.C. Little, William Russell’s boss at the Roscoe B. Jackson
Laboratory, to Dr. M. Demerec dated August 5, 1947. Tibby Russell, William
Russell, and Liane Brauch, whom Russell would soon marry, all eventually
became members of the National Academy of Sciences.

9 As stated in the book Atomic Shield—A History of the United States Atomic
Energy Commission, Volume II (Hewlett and Duncan, 1969), “The prospects of
bringing Russell to Oak Ridge were interesting, but there was a real gamble
involved in the mouse project. Even Russell could not deny the difficulties of
genetic experiments in mammals. To provide reliable results, the project would
have to be the largest mouse experiment ever undertaken. That would mean
high costs, a considerable fraction of the division’s budget. It might take ten
years to get results, and a failure after that investment might well destroy all of
Hollander’s plans for Oak Ridge. Many geneticists thought that the project was
much too difficult and that they had already acquired all the essential data in
experiments with Drosophila. Others saw the future of genetics in studies of
microorganisms.”
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Table 1
LNT Chronology: From mutation to cancer risk assessment (Based on Calabrese, 2019b).
Statement Year
Muller report on X-ray induced mutation in Science 1927
Oliver (Muller student) dissertation showing linear dose response for radiation induced mutations 1930
Muller proposes Proportionality Rule 1930
Timofeeff-Ressovsky et al. propose single hit model and link to Muller’s linear dose response mutational data 1935
Ray-Chaudhuri (Muller’s student) dissertation supports total dose/linear theory 1939
Manhattan Project-genetic mutation study starts at U. Rochester with Curt Stern directing project 1943
Ernst Caspari’s data support threshold rather than linear dose response 1946
Stern published Warren Spencer and Caspari papers in Genetics 1948
Stern and Uphoff publish mini-meta analysis of Manhattan Project mutation research in Science 1949
National Academy of Sciences BEAR I Genetics Panel 1955-1956 recommend switch to
LNT, 1956
NCRP applies LNT model for cancer risk assessment 1958
William L. Russell (Oak Ridge National Labs) published first evidence of dose rate for mutations with ionizing radiation, suggesting the 1958
existence of DNA repair
NAS BEAR II Genetics Panel, report acknowledges dose rate in mouse and Drosophila 1960
NAS creates BEIR I (1970) which retains LNT while rejecting total dose; it switches to use of Russell mouse data from fruit fly reliance. 1970
EPA adopts LNT based on the use of the Russell data 1975

Paul B Selby reports error in Russell control group in 1995; error confirmed by the Russells and corrected in the scientific literature separately

by Russells and Selby

1996 and 1998

Calabrese applies Russells’ and Selby corrections to BEIR 1972 risk assessment and reports that a threshold or hormesis response would have 2017
been reported if the control group error had been detected and corrected at the time of BEIR I

review by two famous geneticists whose opinions he valued, namely H.J.
Muller and Sewall Wright. Probably a few days before Thursday,
October 23, 1947 (significance of date to be explained below), and a few
days after Russell and Liane'® had been helping to fight the huge forest
fire then raging on Mount Desert Island near Bar Harbor, Maine, Russell
was in Oak Ridge to attend this fateful meeting with Hollaender, Muller
and Wright'!. In discussions between Russell and Selby during the
almost 25 years when they were close friends and colleagues, when they
would often discuss applications of Selby’s experiments on dominant
mutations affecting the mouse skeleton to hereditary risk estimation,
Russell would sometimes refer to that meeting in October of 1947.
Russell said that at that meeting Sewall Wright (who had been Russell’s
Ph.D. dissertation advisor at the University of Chicago) argued that the
most important experiment needed to provide meaningful evidence of
hereditary risk in humans should involve some type of damage to the
health of mice in the first generation after the radiation exposure. Selby
does not know what, if any, specific types of damage Wright might have
suggested; however, it is obvious that such an experiment would involve
looking for effects relevant to humans caused by radiation-induced
dominant mutations.'”? Russell said that he agreed with Wright; how-
ever, he countered that, with the level of understanding about induction
of mutations by radiation in mice at that time, it was very uncertain how
a successful experiment of the type preferred by Wright could be done.

10 william and Liane Russell were married on September 23, 1947.

11 This meeting thus involved four of the 16 members of the historically
important US NAS/NRC Biological Effects of Atomic Radiation (BEAR) I Ge-
netics Panel.

12 1t is obvious that some types of dominant mutations would not have been
what Wright had in mind as being useful for estimation of damage occurring
from induced mutations already in the first generation after exposure, which is
usually considered to be the generation for which a risk estimate is most
needed. For example, dominant visible mutations have been reported in many
experiments after, and even before, Wright’s opinion was given. Russell (1951),
as an example, is one of many geneticists to explain why frequencies of in-
duction of dominant visible mutations in mice cannot be used reliably to esti-
mate hereditary risk of radiation exposure in humans. Examples of types of
dominant mutational damage that have been applied by committees in attempts
to estimate hereditary risk in humans already in the first generation are skeletal
malformations (United Nations Scientific Committee on the Effects of Atomic
Radiation [UNSCEAR] Scientific Annexes in 1977 and later) and cataracts
(UNSCEAR Scientific Annexes in 1982 and later).

He pointed out that he had already developed stocks of mice in prepa-
ration for the large-scale specific-locus experiment that he was propos-
ing, and that his proposed experiment would provide a good chance of
determining whether recessive mutations were being induced by X-rays
in mice, as they had been in Drosophila. He suggested that if he was
successful in demonstrating convincingly that X-rays did induce reces-
sive mutations in mice, an effort could then be made to proceed along
the lines of what Wright had suggested should be done first. Wright then
agreed with the possibilities of Russell’s proposal and urged Hollaender
to proceed. Muller was slower than Wright to appreciate the possibilities
of Russell’s proposal, but he did eventually give his enthusiastic support,
even telling Hollaender that he should try to get an animal facility three
times the size of Russell’s initial request. With the support of these two
famous geneticists, Hollaender then persuaded the AEC to support the
project. Once he had a commitment from the AEC, Hollaender hired
Russell to set up a large mouse research program at Oak Ridge. One
condition insisted upon by Russell before accepting Hollaender’s offer
was that Liane also be hired even though she was years away from
earning her Ph.D.

Hollaender was courageous to proceed in this way because, as he
noted: “Muller and Wright were the only two geneticists who backed the
mouse genetics study. The rest of the geneticists thought we were
wasting our time and money!” A noteworthy and tragic event occurred
soon after that meeting. On the morning of October 23, the strong wind
shifted and blew the fire rapidly toward Bar Harbor, Maine, where most
of the city as well as the Jackson Laboratory were destroyed. All of
Russell’s research records were entirely destroyed'® as well as all of the
stocks of mice that Bill and Liane Russell had prepared to allow the

13 Before the fire burned down his office at the Jackson Laboratory, the sci-
entist with whom Russell shared that office managed to move all of his own files
to a safe location. Russell attributed the fact that scientist did not also rescue
Russell’s records to that scientist being upset with him about the divorce
because he was a friend of Tibby Russell. As explained elsewhere (Selby, 2020),
the fact that Russell had once lost his records in a fire was likely a reason why
the Russells computerized a large portion of their SLT records in the mid-1960s.
Had they not done so, the circumstances almost certainly never would have
occurred that led to Selby’s discovery of the complication about FCGM clusters
in the Russells’ SLT data, which is discussed later.
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proposed SLT experiment get off to a fast start. The Russells moved to
Oak Ridge late in 1947 (Krause, 1980).14

By 1951, Russell had published the preliminary findings of the first
specific-locus experiment (Russell, 1951), thus establishing that
specific-locus mutations were induced by ionizing radiation in mice at a
frequency many times higher than in Drosophila. Within a few years it
would be stated that the mutation rate was about 15 times higher in
mouse spermatogonia than in Drosophila spermatogonia (Alexander,
1954; Russell, 1981; Krause, 1980). Not surprisingly, in view of such
dramatic findings, the program in the Mouse House expanded rapidly
and, within two decades, vast amounts of information on radiation
mutagenesis in mice were gathered and published, with many notable
discoveries (Krause, 1980; Russell, 2013).

Just a few years after publishing that X-rays induced specific-locus
mutations in mice at a surprisingly high frequency, and undoubtedly
influenced by the previously referenced early discussion with Sewall
Wright, Russell did an experiment that looked for a possible effect of
radiation-induced dominant mutations on the longevity of the offspring
of irradiated male mice. To make the experiment especially applicable to
radiation from atomic bombs, the partially shielded mice were exposed
to neutron and gamma radiation from a nuclear detonation. It was in
February of 1953 when William Russell and a co-worker drove the mice
to the Nevada desert where they were exposed to radiation from an
above-ground bomb test. During transit to the desert, the mice were held
in cages arranged on a plywood structure constructed to fit on the floor
in front of the back seat of a Ford sedan. When the bomb was detonated,
the mice were in the air-conditioned interior of 7”-thick lead hemi-
spheres placed on the desert floor at various distances from the bomb
tower. After the mice were retrieved, William Russell brought the mice
back to Tennessee in a military plane (Russell LB, 2013). Dosimetry was
reported in units of rep,'” with this unit being approximately equal to 1
rad. Although huge sample sizes are needed when looking for mutations
at only 7 genes, Russell thought that there might be so many genes
affecting longevity that huge samples might not be needed. After
determining how many days the first-generation offspring of the irra-
diated (5 dose levels) and unirradiated control mice lived, a regression
analysis provided strong evidence of shortening of life in the offspring of
exposed males, P < 0.01 (Russell, 1957). Russell suggested that his re-
sults were so extreme that it “seems quite possible that shortening of life
is an effect that might be detectable in studies of the offspring of exposed
parents in human populations.” He referred to the 1956 BEAR I Genetics
Panel Report and stated that “no data of this nature were ready for
consideration prior to the writing of the 1956 report of the National
Academy of Sciences Committee on Genetic Effects.” Feeling justified in
making an extrapolation of his results to predict risk in people, he
argued that a comparable decrease in the lifespan of a human would be
20 days/rep with 95% confidence limits of 5-35 days/rep. He also stated
that the shortening of life in first-generation progeny was almost the
same as that in the exposed mice themselves—a remarkably bold
claim—and that such dominant mutations affecting longevity “would, to
a certain, and probably large degree, be transmitted to later genera-
tions.” Sewall Wright was the member of the National Academy of

14 The forest fire destroyed the Jackson Laboratory and its entire mouse
population. Several inbred strains were needed to conduct the SLT experiment
as well as numerous stocks of mice that carried the mutant alleles at the seven
genes of interest, which would be essential for determining if any mutants
found in their experiment were actually mutations at the expected locus. After
much effort, the Russells were able to import the needed inbred strains from
other laboratories; however, their luckiest break came when they found a
mouse fancier in Florida who just happened to have numerous stocks carrying
the coat color mutations that were most needed for their effort, and he was
willing to ship them to the Russells (Russell, 2013).

!5 The Rontgen equivalent physical (rep) is a legacy unit of absorbed dose
introduced by Herbert Parker in 1945.
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Sciences who communicated Russell’s (1957) paper for publication on
January 31, 1957. Such claims should have seemed much more alarming
to those estimating hereditary risk at that time than any other data then
available on rates of induction of recessive mutations in mice, flies, or
other organisms. Before this paper was submitted, Russell in collabo-
ration with Cosgrove (whose supervisor was Upton) initiated the much
larger follow-up experiment, the subject of this paper.

The period of 1955 to the early 1960s would prove to be trans-
formative for cancer risk assessment. Most critical during this period was
the highly influential publication of the NAS BEAR I Genetics Panel
(National Academy of Sciences NAS/National Research Council NRC,
1956) that recommended a switch from the threshold model to LNT.
There is no indication that Russell’s experiment on longevity published
in 1957 was discussed at the meetings that resulted in the BEAR I report.
Russell probably was not far enough along with the study to discuss it at
that time. The BEAR I report (National Academy of Sciences NAS/Na-
tional Research Council NRC, 1956) received enormous publicity and
was widely distributed. It was also eagerly anticipated by multiple high
level national and international advisory committees, such as the Na-
tional Committee on Radiation Protection (NCRP) and the International
Committee on Radiation Protection (ICRP), which soon lowered rec-
ommended exposure standards for ionizing radiation for workers and
the general public by about 2/3 (Walker, 2000). These developments
then led to the US Congress holding hearings on health concerns of
ionizing radiation, involving most of the BEAR I Genetics Panel mem-
bers and Edward B. Lewis who had become an important figure
following his paper in Science that had received a strongly supportive
editorial (DuShane, 1957). The Hearings converged in time with a new
paper by Lewis (May 17, 1957), occurring in early June 1957. The Lewis
paper was the first cancer risk assessment for radiation and leukemia
that was based on the analysis of multiple exposed groups, which ranged
from victims of the bombings in Japan to patients treated with X-rays
and even radiologists themselves, and with all groups showing enhanced
risks of leukemia that Lewis claimed followed the LNT dose response
model. Lewis argued that he had provided the necessary link between
his work and that of the BEAR Panel, using a mutational mechanism
based on Drosophila research (Uphoff and Stern, 1949) that would un-
derlie the linear dose response features of his cancer risk assessment. The
1957 testimonies of the BEAR members and Lewis would be followed by
a second round of Congressional Hearings in 1959 in which the LNT
conclusion would be even more strongly asserted.

William Russell was also active in the Congressional sessions, offer-
ing his own unique expertise with his massive mouse studies from ORNL.
In addition, Russell and several other members of the BEAR Genetics
Panel would serve as advisors for the NCRP and the new federal orga-
nization called the Federal Radiation Council (FRC) (Walker, 2000). In
fact, in 1961 (published in 1962) the FRC would adopt the LNT
perspective for radiation, offering risk estimates. In that report, the FRC
stated that “Much available evidence indicates that any (emphasis
added) radiation is potentially harmful ... ... it is virtually certain that
genetic effects can be produced by even the lowest doses.” (emphasis
added) based on the advice of Russell and his other geneticist colleagues,
with all acknowledged by the FRC, 1961). For example, the Federal
Radiation Council (1962) provided the estimated number of children
that would be expected to develop fallout-induced birth defects and
malignancies over the next 70 years.

Of importance at this 1956-1960 time period is that two major
studies were completed that challenged the LNT recommendation of the
BEAR Panel and the Lewis (1957) cancer risk estimates. The first was by
James V. Neel, a BEAR Panel member, but also the director of the
10-year-long study on birth defects following the atomic bombings in
Japan (Neel and Schull, 1956). The findings involved 75,000 children
who were followed for ten years, showing no radiation treatment related
effects. Lewis (1957) would ignore these human mutational data in favor
of 10-year-old fruit fly data from highly compromised studies in which
the flies were exposed to “chronic” doses of irradiation that were
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delivered at about a 100,000-fold greater dose-rate than background
(Uphoff and Stern, 1949; Calabrese, 2011b; 2019a). Neel gave his study
to the BEAR I Genetics Panel at the start of its proceedings in late
November 1955 (Calabrese, 2020). In what could only have been a
major shock and disappointment to Neel, the NAS BEAR I Genetics
Panel, led by Hermann J, Muller, refused to give scientific standing to
this massive effort, and it was never reviewed by the BEAR I Genetics
Panel. Neel would provide it to a similar Genetics Panel in the UK that
formally thanked Neel for sharing the report, praised its scientific value
and was guided by its findings in their own risk assessment activities
(Calabrese, 2020). Russell clearly would also have been acutely aware of
the subsequent intense dispute between Muller and Neel concerning this
study, its significance and publication in a major WHO report. So acri-
monious had the interactions between Muller and Neel become that
Russell’s supervisor, Alexander Hollaender, attempted to facilitate a
reconciliation between Muller and Neel at the Biology Division in Oak
Ridge in January 1957. That attempt proved to be unsuccessful (Cal-
abrese, 2020). Because Russell was present at those meetings, he must
have been aware of the hostilities directed toward the younger Neel who
was challenging his peers with negative mutation findings. Muller used
this debate to threaten Neel’s standing and career (Calabrese, 2020).
The message that Muller was sending was not lost on Russell.

All of this troublesome controversy was occurring while Russell’s
experiment with Cosgrove was in its early stages. By sometime in 1959
(likely early in the year in view of the average lifespan of mice and the
experiment’s start in 1956) it became obvious that the exciting findings
published in 1957, which had been communicated to PNAS by Wright,
had not been confirmed. Those findings of Russell, which addressed the
issue of longevity and cancer risk, would have provided a strong com-
plement to Néel’s report. However, as is now known, Russell failed to
share these negative findings with the scientific community and
continued to promote the LNT agenda of the BEAR Panel. Russell had to
have known about the findings of his 600 R experiment with Cosgrove
before the 1960 BEAR Genetics Panel Report was published, yet there is
no mention of this experiment in that report. Indeed, the following
wording appeared near the front of the report in what was said to be a
list of important information known at that time: “There is some
shortening of life in the progeny of irradiated male mice, as well as in the
irradiated mice themselves.” It is curious that he permitted that
important statement to remain in the report unmodified. So why would
Russell not publish these major findings from his study completed in
1959 that provided no support for the strong conclusions that he had
drawn regarding longevity in his 1957 paper? What made the negative
paper special so that it was set aside, ignored, hidden and/or suppressed
(yet not forgotten)?

Some additional perspective seems helpful. In 1951, Russell claimed
that his mouse model was significantly more sensitive to the mutational
effects of ionizing radiation than the standard fruit fly genetics model.
This perspective was supported in follow-up research in showing about a
15-fold difference (Alexander, 1954; Krause, 1980). Russell (1956) used
these and related data to argue that the mouse was much more sus-
ceptible to induction of recessive mutations than Drosophila, thereby
gaining considerable attention from other radiation geneticists,
including those comprising the BEAR Genetics Panel (Muller, 1963). As
noted earlier, most geneticists had considered Russell’s effort to be a
waste of time and money. The belief that mice were much more sus-
ceptible than fruit flies to radiation mutagenesis was materially impor-
tant to the field, and Russell was off to an impressive start in building a
substantial career with a major research program. Hollaender’s gamble
with Russell appeared to be very successful. The use of a standard
mammalian model for human risk assessment purposes was very
attractive, compelling and necessary. It became quickly evident that the
Russell findings might lead to a major shift away from the reliance on
Drosophila for estimating human risk, with it giving way to the Russell
work with mice. The Russell research was also unique because the SLT
required massive numbers of mice, which was research on a scale that
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could only be undertaken at what was becoming a major government
research center such at ORNL. No other location in the US offered such
research facilities and only two other locations worldwide undertook
such research (UK and Germany) albeit with much smaller operations.
By showing the enhanced susceptibility of his model, Russell had ach-
ieved a transitionally significant leadership position, a type of changing
of the guard in concept and in personal leadership. However, there was a
serious problem in the Russell research that had not been disclosed.
Russell knew that there were serious undisclosed complications in the
interpretation of SLT results caused by the occasional presence of large
clusters of spontaneous mutations, with a large one not being reported
that had been found as early as his first experiment in 1951'° (Selby,
2020). The problem was that Russell refused to include these findings in
his publications or otherwise disclose them. The issue of unreported
clusters of this type in the Russells’ historic mouse research became an
issue 45 years later within the DOE, resulting in an investigation
mandated by the DOE by an external committee with four members that
consisted of one scientist picked by each of the following: DOE (with its
pick chairing the committee), the Biology Division, the Russells, and
Selby. Numerous details about this investigation and about the issue
involved are published (Selby, 2020) and the official report of the Ethics
Investigation Committee is available upon request (contact PBS). The
Committee concluded that the Russells had made a mistake over the
entire history of their research in not reporting this type of cluster.
Clusters of other types were reported, but perhaps not always, with the
reported clusters resulting mainly from treatments that caused such
extensive killing of spermatogonial stem cells that the testes were
repopulated from rather few stem cells. The Russells were told that they
must make the information on those unpublished clusters available.
Selby argued that the data from the Russells’ experiments, which
extended over almost half a century, should be put into the public
domain and that there should be an independent reevaluation of their
results; however, the Committee agreed with the Russells that they
should keep the data to themselves and provide their own analysis of the

16 The issue of the cluster mutations was first brought to the attention of DOE
by Paul Selby who made this unexpected discovery in 1994.-The first male
known to sire a large cluster of mutations of the type causing the complication
was unirradiated H-stock male 8751. He was born on August 10, 1950, and died
on January 12, 1953. The first of many T-stock females with which he was
mated was T-stock female 13,803. She was born on September 31, 1950, and
put into a pen with H-stock male 8751 on February 8, 1951, and remained there
until August 1, 1951. She produced 6 litters, with 35 total offspring being
observed for specific-locus mutations. Among them were 8 offspring having the
same spontaneous mutation at the c locus. Although no mutants were found in
her first two litters, her third litter contained 8 offspring, of which 3 males and
1 female had that same mutation. Thus, the Russells knew very early in their
first SLT experiment, for which initial results were published in 1951 (Russell,
1951) with no mention of finding a cluster, that their experiment involved a
major complication. As noted earlier, this cluster was never associated by them
with a mutation experiment until they were forced to disclose it in 1996. In an
attempt to better understand the reason for that first cluster in 1951, they began
pairing up H-stock male 8751 with numerous other females, starting during the
period when T-stock female 13,803 was still in a pen with him. In their standard
procedure at that time, there were only pair matings, with females being
replaced when they became too old to produce offspring. The 402 offspring that
H-stock male 8751 sired included a cluster of 90 mutants. Although FCGM
clusters can occur in any mice, experimental or control, H-stock male 8751 was
in the control. When Russell (1963) reported that all data for control groups in
experiments on males up to that time had yielded 28 mutants among 531,500
offspring, there was no mention of any clusters of any kind in the control in the
male or even in vast amounts of SLT data from numerous fractionation and
low-dose-rate experiments in both sexes. Interestingly, the word cluster did
occur in that paper, but it was in relation to the control for females, with that
cluster being the only FCGM cluster that the Russells ever mentioned in their
SLT experiments before 1996. It was mentioned with regard to the way in
which it complicated statistical comparisons with experimental data.
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impact of this complication. Following the Committee’s encouragement
to do so, Selby (1998 a,b) also published the results of his large-scale
computer simulation analysis, which he had made in an attempt to
determine the impact of the complication on risk estimation, which he
argued could not reasonably be made from experimental data. A sum-
mary of some of the curious happenings that occurred after the Ethics
Investigation Committee completed its report is found elsewhere (Selby,
2020). The ramifications of the situation appear likely to become more
extreme in view of recent insights that the two of us have had.

The Russells promptly completed a massive reanalysis of their data
and published it in a paper in PNAS (Russell and Russell, 1996), which
was followed by important additional information that was published,
without any discussion, in a correction in PNAS (Russell and Russell,
1997). According to the Russells’ reanalysis, their estimate of the
spontaneous SLT mutation frequency per generation based on their re-
sults should be multiplied by 2.2 to correct for the previously unreported
clusters that resulted from what they term “masked mosaics” (which
Selby refers to as “first cleavage gonadal mosaics” [FCGM]). The spon-
taneous mutation frequency per generation for specific-locus mutations
in mice is of importance for those wanting to use the doubling-dose
method of hereditary risk estimation. Other ways to express this
2.2-fold error would be to say that there was an error of underestimation
in the spontaneous mutation rate per generation of 120%, or that the
Russells reported a spontaneous mutation frequency per generation that
was only 45% (i.e., [1 + 2.2] x 100%) of what it really was. Selby’s
opinion presently is that the error actually was at least 10-fold (i.e., that
the Russells’ reported frequency was 10% or less of what it really was).

Despite the availability now of the Russell “correction” of the
research record, there is really no way to estimate the damage that this
continuing error has done to the scientific and regulatory communities,
especially organizations like NAS advisory committees and then orga-
nizations such as EPA that based recommendations and national
carcinogen standards, in part, on the Russell findings. If these hidden
data on clusters had been reported at the time they were first observed
[at least 3 times before 1960 (Russell and Russell, 1996, 1997; Selby,
2020)], it is unclear what the impact would have been on the inter-
pretation of the Russell data or even on the willingness of funding
agencies to greatly expand the mega-mouse research, for which the SLT
was always portrayed as a simple and straightforward method of
studying mutagenesis in mice. During the years when the program in the
Biology Division at ORNL was rapidly expanding, numerous arguments
were raging about the interpretation of control data in Drosophila ex-
periments, while—as far as the scientific community knew—control
data were without complication in the SLT method in mice. General
knowledge in 1951 of this complication would likely have substantially
reduced the estimates of enhanced genetic risk claimed by Russell using
his model (Calabrese, 2016a,b). Using the correction provided by Rus-
sell and Russell (1996), Calabrese (2016a,b) showed that the ionizing
radiation risk assessment for cancer offered by BEIR I (NAS/NRC, 1972)
would have most strongly supported a threshold dose response.

Not publishing the 1959 research on longevity thus marked the
second time within the 1950s that Russell withheld important scientific
information. In both cases the undisclosed information would have had
profoundly important implications regarding the reasonableness of
using LNT or thresholds and also on the significance of Russell’s research
approach. In these two cases there are two different concerns. In the case
of his spontaneous mutations resulting from masked mosaics, which
would be expected to cause complications in interpreting data in both
control and experimental groups, Russell altered the research record by
not reporting all the data, which suggests the possibility of research
falsification. In the case of Russell not publishing highly relevant find-
ings with regard to the experiment completed in 1959, it appears that he
did not want: (1) to provide results that would detract from his bias for
LNT, (2) to do anything that might hinder the growth of his research
program, or (3) to do anything that would lead to conflict with powerful
geneticists such as Muller. Each one of the three appears to be a serious
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breach of research ethics.

In 1959 the mouse SLT was widely viewed as being a simple and
straightforward method for studying variables of importance for un-
derstanding radiation mutagenesis in mammals. The conclusion that the
mouse was 15 times more sensitive than Drosophila was helping to
rapidly expand the Russells research program in the Mouse House, and
the Russells were known for making numerous important discoveries,
with the most striking one probably being the presence of the dose rate
effect in male and female mice, which led to Russell’s repair hypothesis
and the development of a whole new area of research. It was likely both
troubling and disappointing to Russell when he realized that his 600 R
experiment with Cosgrove had failed to support and confirm the bold
conclusions that he had published on longevity in PNAS in 1957.
Everything seemed to be going his way, and he may not have wanted to
report these negative findings and thus kept them to himself.

There is also another important episode with Russell that has a
bearing on his failure to share the 1959 data. In 1960, the BEAR II Ge-
netics Panel had finalized its report, updating developments since 1956.
When reviewing the draft report, Russell noticed that his major dis-
covery on dose rate and genetic damage repair (Russell et al., 1958) had
not been discussed. He and his supervisor Alexander Hollaender con-
tacted George Beadle, the chair, and were permitted to write an
appropriate section on this development for the report. However, Rus-
sell was also in possession of the highly significant negative 1959 data
but failed to make this known to the BEAR Genetics Panel and neglected
to highlight these findings in the report. It is relevant that unpublished
developments that were important were noted in that 1960 report, such
as Muller’s confirmation of the dose rate effects of Russell with fruit flies.
Thus, there was no reason to excuse the decision of Russell not to reveal
the negative results of his study that was completed in 1959 based on the
fact that he had not published the findings yet (Calabrese, 2017b).

In both cases, the actions of Russell had serious and long-lasting
implications for cancer risk assessment, strongly biasing a conclusion
toward LNT. It is also important to appreciate that Russell was a member
of BEAR and BEIR committees and of advisory committees to federal
agencies such as FRC while, at the same time, withholding data that was
of high relevance. Yet, he would in 1992 authorize the publication of
these data when they became relevant to win a court case for the De-
fendants. In addition, it seems important to note that Upton became the
head of NCI at a critical time of LNT implementation within the federal
government. During Upton’s tenure as Director of the NCI, OSHA (1980)
would hold major hearings on carcinogen risk assessment and policy in
1978 and yet Upton, as well as Russell, would never act (until 1992) to
make the results of the Russell study completed in 1959 known. A
detailed check of the many thousands of testimonial records of the OSHA
Hearings indicates that Russell offered no comments while Upton was
quite active, especially in his role at the NCI. A review of the Upton
testimonies indicates that he repeatedly reaffirmed support for the LNT
while never sharing with OHSA his knowledge of the 1959 Russell
negative study. For example, in a 1980 paper Upton stated “We should
regard any dose of a carcinogen as being capable of contributing some
fraction to the total number of cancer cases observed in any exposed
population group”.!” Of further interest is that the NAS invited Upton to
chair BEIR V which published its report in 1990. The BEIR V committee
advocated the use of a linear dose response for solid tumors and a
linear-quadratic model for leukemia. Again, while Upton could have
used that opportunity to share with another authoritative group his

17 This 1980 LNT perspective of Upton contrasts with his (Upton, 1961)
publication which stated that “it is not yet feasible to define the carcinogenesis
or to prove the existence or absence of a threshold dose for carcinogenesis by
extrapolation of the dose-response curve from regions of detectably significant
dosage.”
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knowledge of the 1959 Russell study, he failed to do so.

As unusual as this Russell and Upton story18 appears, it was to
become even more bizarre in 1991 when Upton convinced Russell that it
was now time to dust off that old study and let the world know about it,
which finally resulted in the manuscript that was submitted to Mutation
Research on the very day that Upton was in the witness box in the huge
trial that went on for months in London. It was published several months
later (Cosgrove et al., 1993). That publication helped win the U.K. liti-
gation. Thus, this almost 35-year-old study was of sufficient quality to
pass peer-review. This suggests that it may have been an even more
impressive study in the 1955-1959 time period if Russell had sought to
publish the findings at that time. Certainly, key people such as Russell
and Upton appreciated the study’s findings and significance even though
they were willing to deliberately not publish that information. State-
ments by Russell written about the time of the trial indicate that he
refused to publish the study findings during the decades after it was
complete for reasons that could be paraphrased as saying that he felt the
general public was not capable of adequately understanding the results
and of placing such findings into proper context.'® Russell’s actual
words were as follows, as taken from the submitted version of the
manuscript: “It was, therefore, something of a surprise not to obtain
a positive result in the experiment described here, and it was
feared that publication of a negative finding could mislead the
public into a false feeling of safety”.”

Thus, Russell decided that he, and perhaps Upton, would keep the
federal tax-payer funded study findings suppressed. However, the UK
trial arose and the study data that was presented as evidence challenged
assertions made by the Plaintiffs that low doses of radiation might
induce heritable mutations that had a large effect on cancer risk in first-
generation offspring. Yet, this story, which involved the extremely
influential scientists Russell and Upton, is only now being shared with
the scientific community, having somehow been missed by the regula-
tory agencies even though this trial was a major news story for many
months in the U.K.

Now that it is understood that Russell’s experiment completed in
1959, and finally published in 1993, failed to provide any support for
Russell’s bold and frightening conclusions presented in his 1957 paper,
it is curious to note what Russell (1981) said about that study in a long
paper in which he summarized and discussed many of his most impor-
tant discoveries. He gave the following explanation as to why he never
did a follow-up experiment to that longevity study: “As an example, I
published one report indicating a shortening of life in the offspring of
male mice exposed to neutron radiation from an atomic bomb (19)
[Note: this refers to Russell, 1957]. Spalding (43) [i.e, Spalding, 1964]
tried to confirm this with a laboratory neutron source and found no
effect. I could point out that he irradiated a different strain of mice and a
different germ-cell stage, and that the mean lifetime in his controls was
much shorter than in mine, indicating a less viable strain or a less
favorable environment — either of which might have accounted for the
greater variation than in my experiment, and consequently have made it

8 _this being a story that extended from the beginnings of the Biology Divi-
sion at ORNL through 1990.

19 Russell’s supervisor at the ORNL during this period was Dr. Alexander
Hollaender, also a member of the BEAR I Genetics Panel. It is not known
whether Hollaender may have been involved in the decision to suppress the
study findings.

20 The wording from the submitted version of the manuscript is known
because (see pp. 79-81) of the transcript from the trial on May 13, 1993. Mr.
Spencer, a barrister for the Defendants, when taking the direct testimony of
Selby, accidently read into the record most of the introduction in the submitted
version of the manuscript before Justice French informed him that the text
being read did not agree with the version that he had. Selby pointed out that
some revisions had been made to the submitted version before the paper was
accepted and that Justice French was reading from the version that was in
press, from which Mr. Spencer then read.
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more difficult to detect an effect. But, without further replications, one
cannot feel convinced that my results were unequivocally positive. Even
if they actually were, the fact that the conditions of another experiment
had obscured the effect would still demonstrate the difficulty of using F;
lifespan as an end point.” His statement continues: “Long before the
Spalding report appeared, I had decided on the basis of my own expe-
rience that vital statistics, such as lifespan, have so much natural vari-
ability and are so easily affected by numerous factors, many of which are
not under control, that a small increment of damage due to mutation is
not easily detectable. Furthermore, even if a clear-cut positive effect on a
vital statistic, such as longevity could be demonstrated in the mouse,
how would one translate this into human detriment? Therefore, I
decided to determine whether it would be possible to score
radiation-induced mutations affecting one of the major body systems in
the mammal.” Russell then went on to describe how he suggested that
Udo Ehling attempt to detect dominant mutations affecting the mouse
skeleton, and then how Ehling’s results led Selby, with Russells’ strong
encouragement, to considerably advance the study of dominant skeletal
mutations.

If no one knew about the results of Russell’s experiment completed in
1959, that quotation would seem to be a sensible explanation of why he
never followed up on his experiment published in 1957. The quotation is
baffling, however, in view of the fact that he did immediately follow up
on that experiment in a large and well-done experiment, yet found no
support for his earlier bold conclusions. Apparently, when he wrote that
1981 paper, Russell had no intention of ever publishing the Cosgrove-
Russell experiment.

3. Final thoughts

The actions of Russell and Upton to have the 1959 research findings
published after so many decades to win a case for the Defendant (BNFL),
while refusing to act earlier when the health of the public was being
debated, is of profound concern. While the behaviors of Russell and
Upton are difficult to resolve, what is clear is that their actions appear to
satisfy any reasonable definition of a scientific cover-up, preventing the
scientific community and leadership advisory committees from pursuing
crucial scientific truths. The story here seems to demand that the actions,
and the lack thereof by Russell and Upton, warrant significant retro-
spective ethical, scientific, and regulatory inquiries. While this may
await the judgment of history, the new findings also provide key evi-
dence that LNT in its formative stages was the product of an ideological
bias along with a significant component of self-interest. The US
Congress, the Executive Administration, the scientific community and
the general public placed considerable trust in leaders like Russell and
Upton to be honest brokers in the search for truth as a means of guiding
public policy. However, what society got was a complex and distorted
hybrid of self-interest and ideology. The public came to believe these
leaders and their messages because they were great scientists in trusted
positions ... ... now we know that society was not served well.

4. Remaining questions

e When Russell submitted the Cosgrove et al. manuscript to Mutation

Research, what was the response of the editor?

What did Russell communicate to the Mutation Research editor as to

the reason for the prolonged delay in submitting the manuscript?

Did Russell reveal to the Mutation Research editor that the reason for

publishing the results after so many years was to support one of the

parties in a major litigation in the UK?

e Did the Mutation Research editor demand answers from Russell as to
why he had waited almost 35 years to finally submit the paper?

e What were the comments of the peer reviewers and Russell’s re-

sponses to those review comments?

Is it likely that Alexander Hollaender had any role in the decision not

to publish results of the key 1959 study?
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e Did Liane Russell, an esteemed geneticist and William Russell’s wife,
know about his decision not to publish the findings of this 1959 study
and its widespread implications?

e Considering the large risk that Hollaender and the AEC were taking
in supporting Russell’s experiments, including the fear that it might
take 10 years to obtain meaningful results, would William Russell
have dared to tell Hollaender about his puzzling finding of that large
cluster early in 1951?

o At least 3 more definite FCGM clusters were found in other SLT ex-
periments before 1960. How many months or years did it take after
the spring of 1951 before the Russells began to understand why such
clusters were occurring?
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ARTICLE INFO ABSTRACT

Keywords: Regulatory policy to protect the public and the environment from radiation is universally based on the linear, no-
Linear no-threshold model threshold model (LNT) of radiation effects. This model has been controversial since its inception over nine
Thres}lo_ld decades ago, and remains so to this day, but it has proved remarkably resistant to challenge from the scientific
Hormesis ) community. The LNT model has been repeatedly endorsed by expert advisory bodies, and regulatory agencies in
Ezﬂ;:’;y policy turn adopt policies that reflect this advice. Unfortunately, these endorsements rest on a foundation of institu-

tional inertia and numerous logical fallacies. These include most significantly setting the LNT as the null hy-
pothesis, and shifting the burden of proof onto LNT skeptics. Other examples include arbitrary exclusion of
alternative hypotheses, ignoring criticisms of the LNT, cherry-picking evidence, and making policy judgements
without foundation. This paper presents an evaluation of the National Council on Radiation Protection and
Measurements’ (NCRP) Commentary 27, which concluded that recent epidemiological studies are compatible
with the continued use of the LNT model for radiation protection. While this report will likely provide political
cover for regulators’ continued reliance on the LNT, it is a missed opportunity to advance the scientific discussion
of the effects of low dose, low dose-rate radiation exposure. Due to its Congressionally chartered mission, no
organization is better positioned than the NCRP to move this debate forward, and recommendations for doing so
in future reviews are provided.

“A scientist, having selected some challenging field which interests
him, tries to read all of the literature pertinent to his problem,
carefully identifying those portions which are theory or postulation
and those which are strongly or weakly supported by experimental
evidence or facts. Upon digesting this, he then maps out a course of
action, but one thing a scientist never does is to start out with a pre-
conceived idea of what the final results will be” (Taylor, 1980).

Lauriston S. Taylor, the first Chairman of the National Council on
Radiation Protection and Measurements

1. Introduction

This paper examines the longevity of the linear, no-threshold (LNT)
model as applied to low dose, low dose-rate (LDDR) radiation effects on
human health and the environment, and considers the question of why,
over nine decades after its introduction, the LNT model continues to
divide the radiation sciences community. The LNT model has been
controversial from its earliest days but has so far survived significant
challenge. Factors contributing to the longevity of the LDDR radiation
effects debate are identified and illustrated by a detailed examination in
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this paper of the most recent commentary on the topic by the National

Commission on Radiation Protection and Measurements (NCRP). In its

Commentary 27 (NCRP, 2018), the
“NCRP concludes that, based on current epidemiologic data, the
LNT model [perhaps with excess risk estimates reduced by a dose
and dose-rate effectiveness factor (DDREF) or a DREF] should con-
tinue to be used for radiation protection purposes. This is in accord
with judgments by other national and international scientific com-
mittees, based on somewhat older data than in the present
Commentary (ICRP, 2007; NA/NRC, 2006; UNSCEAR, 2008), that
no alternative dose-response relationship appears more pragmatic or
prudent for radiation protection purposes than the LNT model”.

I was asked by the American Academy of Health Physics (AAHP) to
review a draft of the NCRP’s commentary, and [ submitted 117 critical
comments (plus a few complimentary comments that suggested no
changes). The AAHP requested that the NCRP provide a written dis-
position of these comments, however this request was declined. The
NCRP’s unresponsiveness to this request seems to contradict recent
guidance by the International Commission on Radiological Protection
on the ethical foundations of radiation protection (ICRP, 2018), which
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recommends transparency in radiation protection decisions. In the ab-
sence of an explanation of the NCRP’s disposition of these comments, I
compared the draft report to the final commentary and determined that
the NCRP addressed four of my submitted comments, partially ad-
dressed five comments, and did not address 108 of them in any obvious
way. This also seems to contradict the ICRP’s advice, which re-
commended seriously considering the concerns of stakeholders (ICRP,
2018). This paper was constructed in large part from my comments on
the draft NCRP commentary. It reflects my own opinions and not ne-
cessarily those of the AAHP.

The NCRP plays a unique and influential role in radiation protection
in the United States. Since its organization in 1929 as the Advisory
Committee on X-Ray and Radium Protection (Taylor, 1971), the NCRP
has served as the preeminent American national advisory body on ra-
diation protection matters (Mossman, 2009). In light of the importance
of NCRP guidance, and in the belief that the scientific enterprise is best
served by transparency and constructive engagement on controversial
issues, a main purpose of this paper is to present my evaluation of the
latest NCRP commentary in a peer-reviewed forum, for consideration
and discussion by the larger radiation sciences community.

2. The LNT model as the basis for radiation protection: from
murky origins to current inertia

The origin of the LNT model has been traced by (Calabrese, 2013)
back at least as far as 1928, when A.R. Olson and G.N. Lewis proposed
genetic mutations induced by naturally occurring radiation as the en-
gine of evolution (Olson and Lewis, 1928). Since this paper deals with
the NCRP’s views of the evidence on LDDR radiation effects, the writ-
ings of Lauriston Taylor, the first Chairman of the NCRP, are considered
especially relevant from a historical perspective. Dr. Taylor noted,

“In a report to the League of Nations in 1930, Wintz and Rump

(1931) enunciated the first philosophical concepts of radiation ef-

fects, which were agreed to by both the ICRP and the NCRP at that

time. In discussing the amount of radiation which tissue would be
able to tolerate, the report said:

"The above observations show that the tolerance dose is never a
harmless one and that tolerance doses can in no case be read-
ministered indefinitely to any particular piece of tissue after the
visible effects have disappeared on each occasion.... We thus reach
the conclusion that a really harmless dose of radiation can only be
said to be given if it is incapable either of destroying or damaging
the cells or of exercising any stimulating action... " (pp. 1 and 8)”

This has been the guiding tenet for both the NCRP and ICRP since
1930. It explicitly states the lack of belief in the concept of a threshold
of dose effect, yet it does not use the word threshold; nor was such a
word used until the NCRP did so in the late 1940s” (Taylor, 1988).

A pivotal moment in the history of the LNT model was the National
Academy of Science’s Biological Effects of Atomic Radiation (BEAR I)
Committee’s report, released on 12 June 1956, which recommended the
abandonment of a threshold model, and the adoption the LNT model as
the basis for radiation protection (Calabrese, 2015). The BEAR I Com-
mittee’s recommendations were met with initial acceptance by the ra-
diation protection community. For example, just two years after the
BEAR I report was released, Taylor explained,

“But before a maximum permissible dose of radiation can be set for

man, there must be an unequivocal answer to one question: "what

amount of radiation may man receive in either chronic or acute
exposure without any harm to himself or his progeny?" At present
the only answer to this question is: "none". There is today little or no
direct, positive proof that there does or does not, exist some level of
exposure below which harm will not result” (Taylor, 1958).

The BEAR I Committee was dominated by geneticists, so it is not
surprising that its recommendation to adopt the LNT model was based
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on concern about genetic harm in the human descendants of a popu-
lation exposed to fallout from radioactive testing. As described by
Taylor,

«...at the time of the study by the National Academy of Sciences on
the Biological Effects of Atomic Radiation, the committee making
the first report was dominated by geneticists. They convincingly set
forth the genetics hazard problem in such a way that the NCRP and
the ICRP revised their protection philosophy and recommendations
so that for all practical purposes the genetic factor was the con-
trolling factor” (Taylor, 1965).

and

“In January 1957, the as the controlling factas the controlling fac-
tadiation workers was again changed-now to an average value of 5
rems/yr. This value was introduced primarily for reasons then
thought to be valid for a reasonable minimization of genetic injury”
(Taylor, 1971).

However, it didn’t take long for doubts about this policy shift to
begin to surface. In 1958, the very year the NCRP recommended the
adoption of the LNT model for assessing cancer risk, the work of
William and Liane Russell of Oak Ridge National Laboratory using the
single locus test in mice was published in Science (Russell et al., 1958).
Their work revealed the existence of a dose-rate effect in mouse sper-
matogonia and oocytes, which challenged the LNT model’s assertion
that mutation rate depended only on total dose (Calabrese, 2017a). The
later revelation that the Russells had significantly underestimated the
mutation rate in their control animals not only strengthened the finding
of a dose-rate effect, but had this error not occurred, it would have
revealed the existence of thresholds and hormetic dose-responses in the
Russells’ mouse data (Calabrese, 2017b), and quite possibly would have
changed the course of radiation protection history.

Evidence of genetic harm in humans — the primary justification
presented for adoption of the LNT model for radiation protection - has
since failed to materialize (Brent, 2015). Indeed, Taylor noted,

“In the 1940s, it was thought that the genetic effects of irradiation

might be the controlling concern. It was, indeed, the controlling

concern in 1956, when the National Academy of Sciences proposed

lowering the occupational permissible dose level to 5rem y .

However, by 1960, the work of William Russell threw considerable

doubt on this conclusion and even indicated the existence of some

thresholds of effect under certain conditions” (Taylor, 1988).

These doubts proved insufficient to prevent the expansion of the
LNT model beyond estimating genetic harm in humans to include es-
timation of the carcinogenic risk of radiation, as explained by Taylor
just two years after the BEAR I report,

“The new levels have been dictated mainly for reasons of genetic
damage, but it must now be recognized that somatic damage pos-
sibilities are assuming equivalent importance. As already men-
tioned, the direct evidence of genetic damage to man is almost totally
lacking, and that of somatic damage is very scant at best” (Taylor,
1958)(emphasis added).

The justification for continuing to use a radiation protection model
undercut by existing and developing scientific evidence was summed up
by Taylor 47 years ago,

“Throughout the decade since 1959, there have been only two or

three major developments that might seriously influence the basic

protection criteria. One of these was the demonstration by Russell of
the dose-rate dependence of certain genetic effects. For the first time
this marked a clear deviation from the single, linear dose-effect re-
lationship-no threshold assumptions which all protection bodies had
been using for many years...The trends in the genetic information,
together with other bits and pieces of information in the somatic
area have mostly been in the direction of indicating that radiation
exposure at low doses and low dose rates was probably less serious





B.A. Ulsh

than assumed in the 1950's. However, in spite of this trend, the
magnitude of the differences did not appear to be great enough to
warrant any serious consideration of an upward revision of the al-
ready existing standards. However in retrospect one might suppose
that if, 10 yr ago, we had had today's knowledge of genetic effects we
might not have made some of the changes which we did” (Taylor, 1971)
(emphasis added).

Though Taylor’s writings do not indicate that he ever completely
repudiated the adoption of the LNT model for radiation protection
purposes, his cautious retreat from his initial unqualified acceptance
continued over the next decade.

“Today we know enough about dose-effect relationships to state un-
equivocally that at least for low LET radiations the relationships cannot
be strictly linear over the whole dose range and that even for high doses
they are probably not linear. In general, the deviation from linearity
has been such as to make our radiation protection standards more
conservative or more restrictive than predicted by the linear re-
lationship alone. The difficulty, of course, is that since we do not
know the precise relationship—and perhaps it doesn't make much
difference anyway—it is assumed, as a matter of cautious procedure,
that the dose-effect relationships are linear throughout the entire
dose range. This assumption is constantly being subjected to hard
scrutiny because, if taken too literally, it leads to unnecessary and
unjustifiable restrictions on the use of ionizing radiations”. (Taylor,
1980)(emphasis added)

Despite Taylor’s personal qualms, the use of the LNT model for ra-
diation protection has been repeatedly reaffirmed by various advisory
committees and regulatory agencies in the intervening years (Jones,
2005; Kathren, 1996), even by the organization he chaired — the NCRP.
Today, the Environmental Protection Agency (EPA) is primarily re-
sponsible for protecting the American public and the environment from
negative effects of radiation exposure, and the EPA has endorsed the
use of the LNT to estimate risks from LDDR radiation exposure (USEPA,
2011). The EPA’s endorsement and application of LNT has been
strongly criticized (Cardarelli and Ulsh, 2018; Miller et al., 2017; Siegel
et al., 2017b). Following suit, the use of the LNT model for radiation
protection is endorsed by the Nuclear Regulatory Commission (NRC),
for which it too has been criticized (Doss et al., 2015b; Marcus, 2015;
Miller, 2015), and by the Department of Energy (DOE). The accuracy of
the LNT model has also been endorsed by the National Academy of
Sciences (NAS) Biological Effects of Ionizing Radiation (BEIR VII)
Committee (National Research Council, 2005), but questioned by the
French National Academies of Medicine and Sciences (Aurengo et al.,
2005), the Health Physics Society (HPS, 2016), the Society for Pediatric
Radiology (SPR, 2001), the International Organization for Medical
Physics (Pradhan, 2013), the American Academy of Physicists in
Medicine (AAPM, 2017), Australasian Radiation Protection Society
(ARPS, 2008), and by a majority of scientists who believe a threshold
model more accurately describes LDDR effects (Jenkins-Smith et al.,
2009; Silva et al., 2007).

Objective criteria have been promulgated to determine when epi-
demiological evidence is sufficient to infer causality, rather than simply
an association, between a putative agent and an observed health effect
(Hill, 1965; Weed and Gorelic, 1996). The LNT model has survived
despite failing to satisfy these criteria and thereby establish causation
between LDDR radiation exposure and increased cancer risk (Ulsh,
2012). This paper argues that the explanation for the longevity of the
debate surrounding the LNT model, which has spanned at least nine
decades and has significantly fractured the radiation sciences commu-
nity, is in large part related to what Sacks termed paradigm blindness
(Sacks et al., 2016), supported by logically fallacious reasoning by ad-
visory bodies, regulators and policy makers who follow their advice
(Sacks and Siegel, 2017). This is amply illustrated in the NCRP’s latest
commentary on the LNT model (NCRP, 2018), which is examined in
depth in the following text.

Environmental Research 167 (2018) 472-487

3. Shifting the burden of proof: setting LNT as null hypothesis

In epidemiological studies, the null hypothesis is defined as, “there
is no relationship between the agent under study (e.g. radiation ex-
posure) and the effect of interest (e.g. cancer)”. As explained by Green
and colleagues in a report published by the National Research Council,

“Formal procedures for statistical testing begin with the null hy-

pothesis, which posits that there is no true association (i.e., a relative

risk of 1.0) between the agent and disease under study. Data are
gathered and analyzed to see whether they disprove the null hy-
pothesis. The data are subjected to statistical testing to assess the
plausibility that any association found is a result of random error or
whether it supports rejection of the null hypothesis”. (Green et al.,
2011)

The most significant factor in the persistence of the LNT model is the
subtle, and logically fallacious practice in radiation epidemiological
studies, and reviews of these studies, of setting the LNT as the null
hypothesis, instead of the scientifically valid no-effect null, against
which an arbitrarily limited set of alternatives (e.g linear quadratic
without threshold, and occasionally threshold models, but never hor-
metic models) are tested (Ulsh, 2012). This is a clear example of the
logical fallacy known as is argumentum ad ignorantiam — argument from
ignorance - also known as shifting the burden of proof (Cardarelli and
Ulsh, 2018; Hansen, 2015; Ulsh, 2012; Walton, 1999). In simplistic
terms, this argument takes the form:

Proponent: makes claim C, which requires justification;
Skeptic: requests justification for C;

Proponent: demands justification for the opposite of C;
Skeptic: refuses or cannot comply;

Proponent: therefore concludes C is true.

In terms of the LNT debate, this fallacy takes the form:

LNT proponent: There is no safe dose of radiation — even the
smallest dose carries some risk!

Skeptic: What’s the evidence of that?

LNT proponent: Can you prove there’s absolutely zero risk from
low doses?

Skeptic: No, epidemiological studies cannot prove an absolute ab-
sence of risk because of statistical power limitations, and it is im-
possible to prove a negative assertion.

LNT proponent: Then there is some risk from even the smallest
doses.

Regulatory agencies and advisory bodies rely heavily, if not ex-
clusively, on human epidemiological studies in developing radiation
protection standards. While epidemiology studies have the great benefit
of directly studying human health risks, they are observational rather
than experimental, and they are fundamentally limited by imprecision
and lack of statistical power to determine effects at low doses (Brenner
et al., 2003; Land, 1980). Indeed, observational studies have been de-
scribed as “dull scalpels” (Taubes, 1995) because of possible systematic
errors (i.e. bias and confounders) which can be hard to detect, and can
significantly compromise a study’s ability to accurately characterize
small effects. Many prominent epidemiologists have cautioned against
placing too much confidence in observational studies asserting causa-
tion between a particular health effect and an environmental factor
when observed relative risks (RRs) are less than about three (Taubes,
1995). Even the “gold-standard” of radiation epidemiological studies —
the Lifespan Study of the Japanese Atomic Bomb Survivors — observed
excess relative risks (ERRs) Gy’1 values less than 1.5 [see Figure 3.2 of
(NCRP, 2018)]. Since RR = ERR + 1, all of the corresponding RR va-
lues for individual cancer sites, and for all solid cancers combined the
LSS study [as shown in Figure 3.2 of (NCRP, 2018)] are less than about
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2.3. These estimates are reported at 1 Gy — an acute dose on the order of
1000 times higher than typical environmental or occupational doses.
Even so, as reported in Table 4.3 of (NCRP, 2018), most of the studies
evaluated by the NCRP, including several studies the NCRP character-
ized as providing strong support for the LNT model, had ERR Gy '
values less than 1.5 — well below the minimum level prominent epi-
demiologists have cautioned may indicate reliable evidence of causa-
tion.
In a 1995 article in Science that interviewed several well-respected
epidemiologists, Taubes concluded,
“So what does it take to make a study worth taking seriously? Over
the years, epidemiologists have offered up a variety of criteria, the
most important of which are a very strong association between
disease and risk factor and a highly plausible biological mechanism.
The epidemiologists interviewed by Science say they prefer to see
both before believing the latest study, or even the latest group of
studies”.

These epidemiologists’ preference for considering both the epide-
miological data and biological data before concluding causation is
especially noteworthy, as NCRP Commentary 27 was limited to epide-
miological data only, and did not consider biological data (see further
discussion in Section 4 below).

Furthermore, observational epidemiology studies are critically de-
pendent on assumptions about dose-response models (Land, 1980).
Because of imprecision and low statistical power, there is almost never
strong enough evidence to reject an improperly defined LNT null hy-
pothesis in favor of one of the limited set of alternative hypotheses, so
the LNT persists. And why is the LNT improperly set as the null? Be-
cause it is currently the basis of the existing system of radiation pro-
tection, and benefits from the inexorable pull of institutional inertia
initiated by the BEAR I Committee in 1956, and promulgated by ad-
visory committees ever since. However, in a hopeful sign, as of the time
of this writing, the EPA has issued a proposed rule (USEPA, 2018) that
recognizes,

“...there is growing empirical evidence of non-linearity in the con-
centration-response function for specific pollutants and health ef-
fects. The use of default models, without consideration of alter-
natives or model uncertainty, can obscure the scientific justification
for EPA actions. To be even more transparent about these complex
relationships, EPA should give appropriate consideration to high
quality studies that explore: A broad class of parametric con-
centration-response models with a robust set of potential con-
founding variables; nonparametric models that incorporate fewer
assumptions; various threshold models across the exposure range;
and spatial heterogeneity. EPA should also incorporate the concept
of model uncertainty when needed as a default to optimize low dose
risk estimation based on major competing models, including linear,
threshold, and U-shaped, J-shaped, and bell-shaped models.”

Should this proposed rule ultimately be implemented, it would re-
present a profound break with EPA’s historical pro-LNT bias, and would
be a very positive step toward returning EPA’s rules on low dose ra-
diation to solid scientific foundations.

The policies of the EPA and other regulatory agencies is heavily
influenced by advice from the NCRP. The many examples of shifting the
burden of proof throughout (NCRP, 2018) range from overt and ex-
plicit, to subtle and implicit. Similar examples are grouped together
below, followed by an analysis:

Page 1: “...in developing its basic recommendations, as currently given in
NCRP Report No. 116 ..., the Council reiterated its acceptance of the
LNT model for the purposes of radiation protection. The purpose of this
Commentary is to provide a review of recent data from studies with low
dose rates and from the Life Span Study of atomic-bomb survivors to
determine whether these epidemiologic studies broadly support the LNT
model of carcinogenic risk or, on the contrary, whether there is sufficient

475
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evidence that the LNT model is inappropriate for the purposes of radia-
tion protection” (emphasis added).

Page 6: “The Committee also rated each study or group of studies on their
strength of support for the LNT model...”.

Page 8: “...all studies have limitations, ranging from minor to serious, in
their contribution to the quantitative evaluation of the LNT model”.

Page 10: “Indeed, in developing its basic radiation protection re-
commendations, as currently given in NCRP Report No. 116 ..., the
Council reiterated its acceptance of the LNT for the dose-risk relation-
ship. Specifically, “based on the hypothesis that genetic effects and some
cancers may result from damage to a single cell, the Council assumes
that, for radiation-protection purposes, the risk of stochastic effects is
proportional to dose without threshold, throughout the range of dose and
dose rates of importance in routine radiation protection. Furthermore,
the probability of response (risk) is assumed, for radiation protection
purposes, to increase linearly with dose.”

Page 10: “As in previous reviews by the NCRP ... the Council concluded
that there was no conclusive evidence on which to reject the assumption
of a LNT dose-response relationship for many of the risks attributable to
low-level ionizing radiation...”.

Page 12: “It is important to note that the use of an LNT extrapolation
model is really a default approach because of a lack of definitive evidence
to the contrary (Preston, 2003)”.

Page 12: “The purpose is to determine whether these epidemiologic stu-
dies broadly support the LNT model of carcinogenic risk as used in ra-
diation protection or, on the contrary, whether there is sufficient evidence
that the LNT model is inappropriate”?

Page 22: “The primary question to be addressed is whether the new
epidemiologic evidence sufficiently supports a LNT model as a reasonable
basis for radiation protection”.

Page 22: “The critique includes an assessment of the comprehensiveness,
quality and uncertainties in the dosimetry used in each study, whether
the analytic methods were appropriate and whether each study con-
sidered statistical alternatives to a linear dose-response trend”.

Page 128: “The Committee further rated each study or group of studies
on their strength of support for the LNT model (Table 7.1)”.

Page 139: “This report has examined the evidence for or against the
appropriateness of using LNT as a practical approach for managing ra-
diation exposures to individuals”.

Rather than providing a neutral and objective evaluation of which
dose-response model is optimal for radiation protection, and following
the scientific method, where the null hypothesis is no effect, and var-
ious alternatives (e.g. the LNT, linear with threshold, hormetic, etc.) are
tested against the null, the stated purpose of the Commentary sets up
the LNT model as the default, or null hypothesis, and assumes it is
acceptable unless contrary evidence is sufficient to disprove it. This
approach is inconsistent with basic scientific principles by shifting the
burden of proof onto the null hypothesis [ie., no effect at low doses
(Green et al., 2011; Rothman and Greenland, 1998; Seiler and Alvarez,
1994). This inappropriately shift the burden of proof to proving that
LNT is not valid, which is not possible (Hansen, 2015). The argument
can always be made that a small, undetectable risk consistent with the
LNT model may actually exist, and such an argument inoculates the
LNT hypothesis from falsification. Basic scientific hypothesis testing
dictates that compelling evidence must be provided that the true null
(i.e. no effect at low doses) should be rejected in favor of an alternative
hypothesis (e.g., increases in cancer risk at low doses, as predicted by
the LNT model). If the evidence supporting the tested alternative hy-
pothesis is insufficient, the null stands.

The argument that some cancers may result from damage in a single
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cell, and this somehow implies a LNT relationship for carcinogenesis, is
a non sequitur. It ignores all the biology that occurs between initial
damage and development of cancer years later. The NCRP’s own prior
evaluation of the LNT theory (Report No. 136), stated of this micro-
dosimetric argument:
“Application of this argument to complex endpoints such as radia-
tion-induced carcinogenesis is, however, more uncertain. Based on
these biophysical considerations about the shape of the dose-re-
sponse relation for low-dose radiation-induced carcinogenesis,
conclusions can be drawn if: (1) radiogenic cancer induction is
causally related to radiation induced damage in a single cell and (2)
the ways in which other cells or cell systems subsequently modify
the probability that any given initially radiation-damaged cell be-
comes the clonal origin of a cancer do not vary with dose in a
nonlinear fashion.”

The current Commentary has omitted these prior caveats without
explanation.

Speaking of the latest update to the Lifespan Study (LSS) of the
Atomic Bomb Survivors cancer incidence data, the Commentary stated,

Page 47: “The lowest dose range that showed a statistically significant
dose response using the sex- averaged linear ERR model was
0-100 mGy...”.

I interpret this statement as the authors asserting that when their
analysis was restricted to the low-dose data (a dose range with a lower
bound 0, and upper bound variable), they didn’t observe a significantly
elevated ERR until the upper bound of the restricted dose range reached
100 mGy. If the upper bound of the restricted dose range was less than
100 mGy (e.g. a range of 0-50 mGy, or 0-75 mGy, etc.), the ERR was not
significantly elevated. This is a clear example of a practice that conceals
possible thresholds by employing wide dose intervals in the low-dose
region (Scott, 2018). As discussed above, if the LDDR data are in-
sufficient to reject the no-effect null while the high dose, high dose-rate
(HDDR) data are sufficient to reject the null, then this supports a
threshold model. It is evident that statistical power limitations preclude
the selection of one alternative hypothesis over the other (e.g., LNT vs.
linear quadratic). A threshold model is consistent with both the latest
solid cancer incidence and mortality data (Doss, 2012; Furukawa et al.,
2015; Sasaki et al., 2014; Siegel and Welsh, 2015; Socol and
Dobrzynski, 2015), yet the Commentary’s language here shows a con-
firmation bias favoring the LNT, and inappropriately shifts the burden
of proof onto the null hypothesis of no effect (Siegel et al., 2017a),
which at low doses corresponds to a threshold.

Continuing with its examination of the LSS data, the NCRP states,

Page 6: “To stimulate radiation epidemiology efforts to address the LNT
model and low-dose risks...”.

Page 6: “An examination is needed of whether the dose-response LNT
model applies to tumors of various organs or organ systems, insofar as
statistical limitations permit, which will provide evidence regarding the
generadlity of the LNT model across tumor sites”.

Page 43: “The LSS cohort of atomic-bomb survivors...has provided im-
portant data because it is a large cohort (~86,000 survivors of all ages)
with... over 1000 excess cancer cases associated with radiation ex-
posure”.

Page 132: “Evaluation of LNT for various organs or organ systems.
Evaluate whether dose-response LNT is similar for tumors of various
organs or organ systems, insofar as statistical limitations permit. This will
provide evidence regarding the generality of the LNT model and the need
for a low-dose effectiveness factor (LDEF) across tumor sites”.

Page 135: “Future dose response analyses should include dose un-

certainties in the analysis of ERR Gy™”.

Page 138: “Analyzing epidemiologic data in conjunction with relevant
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radiobiological concepts and data also has the potential to provide in-
sights into LNT that go beyond those gained from merely analyzing the
empirical epidemiologic data in isolation...”.

Rather than testing whether the evidence supporting the LNT al-
ternative hypothesis is sufficient to reject the no-effect null, the
Commentary presents an estimate of excess cancer cases in the LSS
cohort, which was calculated using the LNT, as an established fact. The
suggestion that future analyses evaluate uncertainties in ERR Gy !,
implicitly assumes a LNT dose-response, rather than appropriately
treating the LNT as an alternative to be tested against the no-effect null.
Limiting future radiation epidemiology to focus exclusively on the LNT
model inappropriately elevates LNT above other competing alternative
dose-response models.

The NCRP did not completely ignore the possibility of thresholds,
but rather shifted the burden of proof from the LNT model to the
threshold model (which corresponds to the no effect null at low doses):

Page 2: “Formal dose threshold analyses for both solid cancer incidence
and mortality are compatible with no dose threshold...”. [referring to the
latest updates to the Lifespan Studies of the Atomic Bomb Survivors]

Page 9: “Nevertheless, most large and high quality low- dose studies show
positive risk coefficients (Shore et al., 2017), suggesting there may be
cancer effects at low doses, which is consistent with, though not ne-
cessarily proving, the applicability of the LNT model for radiation pro-
tection”.

Page 46: “The 95% confidence band is broad and compatible with no
excess risk below about 150 mGy but is more compatible with the LNT
model throughout the lower dose range”.

Page 139: “...most large and high quality low- dose studies show positive
risk coefficients (Shore et al., 2017), suggesting there may be cancer
effects at low doses, which is consistent with, though not necessarily
proving, the applicability of the LNT model for radiation protection”.

Page 139: “Several studies also performed explicit dose-threshold ana-
lyses and found the estimates of dose thresholds to be compatible with
zero dose (i.e., no threshold)”.

Page 140: “While the LNT model is an assumption that likely cannot be
scientifically validated by radiobiologic or epidemiologic evidence in the
low-dose range, the preponderance of epidemiologic data is consistent
with the LNT assumption...”.

These statements reverse the burden of proof by suggesting the data
are “consistent” or “compatible” with the LNT. Due to imprecision at
low doses, multiple alternative dose-response models could be con-
sistent with the data at low doses. The appropriate question is, are the
data for any alternative dose-response model sufficient to reject the no-
effect null, or not? If the LDDR data are insufficient to reject the no-
effect null while the HDDR data are sufficient to reject the null, then
this supports a threshold model. In fact, the most recent LSS update on
cancer mortality states, “the estimated lowest dose range with a sig-
nificant ERR [excess relative risk] for all solid cancer was 0-0.20 Gy”
(Ozasa et al., 2012b). Similar to the conclusions of the LSS incidence
data, I interpret this statement as the authors asserting that when their
analysis was restricted to the low-dose data (i.e. a dose range with a
lower bound 0, and upper bound variable), they didn’t observe a sig-
nificantly elevated ERR until the upper bound of the restricted dose
range reached 200 mGy. If the upper bound of the restricted dose range
was less than 200 mGy, the ERR was not significantly elevated. This
interpretation is consistent with the authors’ later conclusion,

“The lowest dose range with a significant ERR for all solid cancer

was 0-0.20 Gy with an estimated ERR/Gy of 0.56 (95% CI: 0.15,

1.04, P = 0.01) and included 74,444 persons with 9063 solid cancer

deaths. For the range of 0-0.18, the ERR/Gy was 0.43 (95% CI:

—0.0047, 0.91, P = 0.052) and included 8920 deaths” (emphasis

added).
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The authors also concluded that, “...statistically significant upward
curvature was observed when the dose range was limited to 0-2 Gy..
The curvature over the 0-2 Gy range has become stronger over time”.

@

Page 9: “...no alternative dose-response relationship appears more
pragmatic or prudent for radiation protection purposes than the LNT
model”.

Page 46: “Their semiparametric analysis indicated clear excess risk
above 100 mGy, but below 100 mGy the confidence bounds did not ex-
clude either no risk or a linear dose response, though the slope was
generally positive below 200 mGy”.

Page 139: “NCRP concludes that, based on current epidemiologic data,
the LNT model (perhaps modified by a DDREF) should continue to be
utilized for radiation protection purposes. This is in accord with judgment
by other national and international scientific committees, based on
somewhat older data than in the present report (ICRP, 2007; NA/NRC,
2006; UNSCEAR, 2008), that no alternative dose-response relationship
appears more pragmatic or prudent for radiation protection purposes
than the LNT model.”

Page 140: “The current data are not precise enough to exclude other
models...”.

Page 140: “The current judgment by national and international scientific
committees is that no alternative dose-response relationship appears more
pragmatic or prudent for radiation protection purposes than the LNT
model...”.

Alternative dose-response models (e.g. linear with threshold, hor-
metic, etc.) don’t have to be “more pragmatic or prudent” than the LNT.
Rather, they have to be tested against the appropriate no effect null
hypothesis. If the evidence in favor of any tested alternatives is in-
sufficient to reject the no-effect null, then the null stands. Furthermore,
when testing the other, non-LNT alternative hypotheses, the correct
null of no-effect has to be excluded in favor of one (or more) alternative
hypotheses.

4. Cherry-picking: arbitrarily excluding alternative dose-response
models suggested by biological data

The fallacy of suppressed evidence (Dowden, 2018), more com-
monly known as cherry-picking the evidence, is also committed by
regulatory agencies and advisory bodies in defense of LNT. An obvious
example is arbitrarily excluding any consideration of the substantial
body of evidence for hormesis — the biphasic dose response model
which predicts a beneficial effect (or reduction in harmful effects below
background levels) from low radiation doses or dose-rates, and harmful
effects at higher doses or dose-rates (Upton, 2001; Vaiserman, 2010;
van Wyngaarden and Pauwels, 1995) (Fig. 1). Hormesis is an alter-
native dose-response model which is mutually exclusive with the LNT
model.

Supralinear

Response

Hormetic

Dose 0.1 Sv (acute)

Fig. 1. Alternative dose-response models.
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Fig. 2. Comprehensive hormesis references (Luckey, 1980, 1991).

There are numerous modern references that have observed a high
frequency of hormetic dose-responses in toxicology [e.g. (Calabrese,
2005, 2006)], and the most comprehensive and authoritative radiation
hormesis references are (Luckey, 1980), which cites 1269 supporting
documents, and (Luckey, 1991), which cites 1018 supporting docu-
ments (Fig. 2). These references were neither cited nor acknowledged in
either of the two most recent NCRP reports on LDDR radiation dose-
responses (NCRP, 2001, 2018), or in the BEIR VII report by the NAS
(National Research Council, 2005). The latest NCRP commentary
(NCRP, 2018) did not even use the words “hormesis” or “adaptive re-
sponse” a single time. To the best of this author’s knowledge, none of
the NCRP or NAS reports has systematically and objectively evaluated
this significant body of evidence supporting hormesis. There is also
evidence of genomic instability, and supralinear dose-responses in some
cellular and molecular endpoints. The interpretation of these endpoints
in terms of effects at the organismal level are unclear, but should be
part of a comprehensive and objective analysis of the totality of the
evidence on the biological effects of LDDR radiation exposure.

Regulatory agencies have also disregarded evidence of nonlinear
dose-responses, especially hormesis. For example, the EPA has ex-
plicitly excluded any consideration of beneficial effects in risk assess-
ment, stating, “...as the purpose of a risk assessment is to identify risk
(harm, adverse effect, etc.), effects that appear to be adaptive, non-
adverse, or beneficial may not be mentioned” (emphasis added) (USEPA,
2004), an arbitrary policy for which they have been heavily criticized
(Calabrese, 2012; Cardarelli and Ulsh, 2018). The NRC’s disregard of
evidence for nonlinear dose-responses has also been criticized (Doss
et al., 2015b; Marcus, 2015).

Unfortunately, epidemiological model selection is rarely informed
by modern biological data. Just three years ago, (NCRP, 2015) called
for “...understanding of low-dose specific mechanisms based on radia-
tion biology data should be incorporated where possible into the pro-
cess of extrapolating from epidemiologic data at higher doses to predict
responses at low doses and low dose rates”, but (NCRP, 2018) gave only
passing mention to biological data. There is much work to do to in-
tegrate radiation biology and epidemiology, but there is already an
overabundance of biological data to suggest the prudence of routinely
considering dose-responses beyond the typical LNT model (e.g
threshold and hormetic models) in epidemiological studies. In parti-
cular, most epidemiological studies start with a predetermined set of
parametric dose-response models that are tested over the entire range
of doses. These invariably include LNT models, and sometimes linear-
quadratic and/or linear with threshold, but almost never hormetic
models. In the cases where multiple models (typically LNT vs. linear
quadratic) are tested, procedures like Aikake Information Criteria or a
likelihood ratio test is applied to determine whether or not any
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improvement in model fit compared to a LNT model is justified by the
additional complexity of more highly parameterized models.

The assumption that one parametric model is sufficient to cover the
entire dose range from zero to lethal, is a critical, implicit assumption
(personal communication with Bill Sacks). The consequences of im-
proper model selection can be significant, particularly at low doses. It is
common in epidemiological studies that the slope of an LNT model is
most substantially determined by high dose data, while low dose data
have relatively little impact, and this results in low dose risk estimates
with unreliable uncertainty estimates (Furukawa et al., 2015). Arbi-
trarily limiting possible model selection to, for example, LNT and
linear-quadratic (LQ) ignores evidence demonstrating that the biolo-
gical responses to LDDR are distinct from those in response to HDDR.
This contradicts the underlying assumption of the LNT model that there
is no qualitative difference in responses across doses, only a quantita-
tive difference (Paunesku et al., 2017; Ulsh, 2010). In an attempt to
rescue the LNT model from its failure to accurately describe LDDR ef-
fects, proponents introduce a post-hoc data manipulation in the form of
a DDREF, which in effect converts the overall dose-response from LNT
to sublinear at low doses (Fig. 1) without the admission of having done
so.

These qualitatively different biological response regions sever the
link between LDDR and HDDR, undermine the basis for extrapolating
effects from HDDR to LDDR (Mothersill and Seymour, 2004), and imply
that the dose-responses in these regions should be evaluated in-
dependently. Critically, it cannot be concluded that the existence of
sufficient data to reject the no-effect null in favor of a positive risk from
HDDR exposures (which is widely accepted), says anything at all about
the effects of LDDR exposures. If an independent evaluation of LDDR
effects fails to reject the no-effect null while the null is rejected in the
HDDR region, then this is consistent with a threshold dose-response. If
the LDDR evaluation is sufficient to reject the no-effect null in favor of
an increased risk, then this would be consistent with a LNT or LQ
without threshold model. If the LDDR evaluation rejects the no-effect
null in favor of decreased risks, then this would be consistent with a
hormetic dose-response.

Examples of cherry-picking by ignoring or dismissing evidence for
nonlinear dose-responses in (NCRP, 2018) include:

Page 2: “This Report represents an update of the guidance provided in
NCRP Report No.136, Evaluation of the Linear-Nonthreshold Dose-
Response Model for Ionizing Radiation (NCRP, 2001)”.

The NCRP’s previous assessment (NCRP, 2001) acknowledged sev-
eral dose-response models, including but not limited to supralinear,
LNT, threshold, and hormetic (Fig. 3), and Section 9.3.8.1 of that report
gave at least cursory consideration of the hormetic model. Since Com-
mentary 27 is presented as an update of NCRP Report No. 136, it is
notable that it arbitrarily excludes the hormetic (and supralinear)
model, even from the figure on the cover illustrating various dose-re-
sponse models (Fig. 3). Note that the left panel in Fig. 3, from (NCRP,
2001), includes a hormetic dose-response model. The right panel is on
the cover of (NCRP, 2018), and the hormetic dose-response has been
omitted. Most of the studies evaluated considered only LNT and
sometimes linear quadratic models, and some considered a possible
threshold (but inappropriately shift the burden of proof onto the no-
effect null). None of the studies reviewed considered the possibility of a
hormetic model, and similarly, Commentary 27 completely ignores this
possibility, and there is no explanation for this apparently arbitrary
exclusion. The omission of the hormetic dose-response model as an
alternative to the LNT is not consistent with an objective and neutral
evaluation of the various alternative dose-response hypotheses, instead
inappropriately establishing a confirmation bias favoring the LNT.

The NCRP’s minimization of the possibility of nonlinear dose-re-
sponses is evident in their evaluation of the Mayak studies:

Page 3: “After adjusting for plutonium exposure, the ERR Gy~ ! was 0.12
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(95% CI: 0.03, 0.21) for solid cancer based on the external dose to the
colon, and there was no indication of nonlinearity (p > 0.5)
(Sokolnikov et al., 2015)”.

Page 38: The Commentary asserts that Mayak studies, “Showed good
correspondence with a linear model”.

Page 49: “For external dose to the colon and mortality from all solid
cancers excluding lung, liver and bone (i.e., excluding cancers at the
major sites of plutonium deposition), ERR Gy™! = 0.12 (95% CI: 0.03,
0.21) adjusted for plutonium exposures with no indication of non-
linearity (p > 0.5)”.

Examination of the Mayak solid cancer incidence data (Fig. 4)
shows that seven of the eight data points (and all of them < 1 Gy) had
relative risk confidence intervals that included 1.0, and the 95% con-
fidence interval on the linear fit included negative slopes.

Table 4.3 in (NCRP, 2018) lists a threshold of 0.2 Gy for the Mayak
solid cancer mortality data. Examination of the data for solid cancers
excluding lung, liver and bone (Fig. 5) reveals that for the solid cancer
mortality ERR three of the four lowest data points have central esti-
mates less than zero, and for the lowest dose category is significantly
less than zero. Yet the possibility of a threshold has been excluded, and
hormetic model was not considered or even mentioned. The assertion
that there was no indication of nonlinearity is misleading.

Evidence for nonlinearity was also ignored for the Techa River
studies:

Page 4: “The recent studies of the Techa River cohort have found

associations between radiation dose and incidence and mortality rates
for solid cancers and leukemia (other than CLL) that they report are
linear in dose response (Davis et al., 2015; Krestinina et al., 2013; ...)
(Section 4.3.1). For the 2300 deaths from solid cancers the linear ERR
Gy‘1 was 0.61 (95% CI: 0.04, 1.27), but there was uncertainty as to the
shape of the dose response, especially at low doses (Schonfeld et al.,
2013)”.

Page 4: “For non-CLL leukemia incidence the ERR Gy~ was 2.2 (95%
CI: 0.8, 5.4) and the linear model provided the best fit (Krestinina et al.,
2013)”.

There is also possible evidence of hormesis in the solid cancers data
from the Techa River Cohort (Davis et al., 2015), as discussed in
(Cardarelli and Ulsh, 2018). Once again, the authors claimed,

“There is a statistically significant (P = 0.02) linear trend in the
smoking-adjusted all-solid cancer incidence risks”.

The data in Fig. 6 shows that the two lowest dose categories have
ERR estimates lower than the zero dose controls, consistent with a
hormetic dose-response. It cannot be determined whether the data is
sufficient to reject the no-effect null in the low dose region, as the au-
thors did not include any analysis of this possibility, and no error bars
were included in their graphical presentation of the data (Fig. 6). This is
not discussed in (NCRP, 2018). This study cannot be presented as
providing support for the LNT model when a hormetic model wasn’t
even considered.

As discussed in (Cardarelli and Ulsh, 2018), the low dose leukemia
data from the Techa River cohort also shows evidence of a hormetic
dose response, but this was not acknowledged or discussed by the au-
thors. The total leukemia rates reported for the five lowest dose groups
were lower than the control group (those who received < 0.01 Gy).
Only the two highest dose groups (those receiving 0.5-1 Gy and 1 +
Gy) exceeded controls [Table 4 of (Krestinina et al., 2013), reproduced
here as Fig. 7]. For leukemia excluding CLL, the rates for two of the
three lowest dose groups were below that for the control group (Fig. 7),
suggesting a threshold or hormetic effect, which was not discussed in
(NCRP, 2018). Instead, the authors claimed that their data, “...are
consistent with a linear dose response...”. Given the appearance of a
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Fig. 3. Dose-response models. The left panel is Figure 2.1 from (NCRP, 2001). Red arrow added for emphasis showing a hormetic model. This graph was described as,
“Schematic representation of contrasting types of dose-response relationships. (a) linear-nonthreshold dose-response relationship over the entire dose range, down to
zero dose; (b) linear-nonthreshold relationship only at low-to-intermediate levels of dose, above which the curve bends upward (as is characteristic of the linear-
quadratic type of relationship); (c) threshold dose-response relationship, in which no effect is produced at doses below the threshold indicated on the intercept; (d)
supralinear response in which the effects per unit dose at low doses exceeds that of higher doses; (e) hormetic response in which the frequency of effect is reduced at
low doses and increased only at higher doses”. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this

article.). The right panel is the cover image from NCRP Commentary 27.

« Categorical point estimates with error bars
Linear trend
95% confidence intervals (Cl)

Relative risk

External gamma-ray dose (Gy)

Fig. 4. Data from [(Hunter et al., 2013), Fig. 2, which was reproduced as Figure
4.3 in (NCRP, 2018)]. Dashed oval added for emphasis. The authors described
this data as, “Relative risks of other solid cancer incidence in relation to ex-
ternal exposure categories and the linear trend (and 95% CI), having adjusted
for internal exposure (based on 0-year lag)”.

hormetic dose-response, but the lack of any related analyses, the
Commentary should not cite these results as supporting the LNT model
and excluding the threshold or hormetic models.

The NCRP continued to ignore evidence of nonlinearity in their
recommendations for future research:

Page 6: “The large bank of blood and tissue samples should be studied
more robustly by the biomedical community to identify bioindicators of
drivers of adverse outcome pathways that mediate between radiation and
disease development”.

Page 8: “For radiation-induced adverse health outcomes, a clear need is
to identify bioindicators that define the pathway from normal to malig-
nant cells that can be used for developing biologically based dose-re-
sponse models. Analyzing epidemiologic data in conjunction with re-
levant radiobiological concepts and data has the potential to provide
insights about low-dose risk that augment knowledge gained from the
empirical epidemiologic data in isolation (NCRP, 2015).”

The study of bioindicators should not be arbitrarily limited to pos-
sible adverse outcomes. No rationale for excluding possible protective

Excess relative risk

— T T T T
5 1 1.5 2
Colon dose (Gy)

Fig. 5. Mayak mortality data for solid cancers other than lung, liver, and bone
from Fig. 2 of (Sokolnikov et al., 2015), reproduced as Figure 4.4 in (NCRP,
2018). Dashed oval added for emphasis. The authors described this data as,
External exposure dose response for solid cancers other than lung liver and
bone....for doses below 1.5 Gy. The solid line is the fitted linear dose response,
the points are ERR estimates in dose categories. The thick dashed line is a non-
parametric smooth fit to the categorical estimates while the thin dashed lines
indicate plus or minus one standard error from the smoothed curve. The models
used in this analysis included no adjustment for plutonium exposure”.

outcomes consistent with adaptive or hormetic responses is presented.
The NCRP’s consideration of confounding also ignores the potential
for thresholds:

Page 14: “Because a risk factor correlates with a disease (e.g., smoking
and lung cancer) does not necessarily mean it confounds the radiation
association with that disease. It can confound the radiation-disease as-
sociation only insofar as the risk factor is also correlated with the amount
of radiation exposure”.

While this is strictly true, the Commentary seems to implicitly dis-
count potential biases unless they are correlated with recorded radia-
tion dose. However, the “NT” part of the LNT model can be incorrectly
indicated if important sources of radiation dose are neglected, whether
they are correlated with radiation dose or not, by shifting the linear part
of the dose-response toward the origin. It appears that this possibility
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Fig. 6. Techa River solid cancer incidence data from [(Davis et al., 2015) Fig. 1,
reproduced as Figure 4.7 in (NCRP, 2018)]. Dashed oval added for emphasis.
The authors described this data as, “Solid cancer dose response. All results
shown are based on models with adjustment for smoking in the baseline rates.
The green lines are the fitted linear (solid) and quadratic (dash-dot-dot) dose-
response curves. The orange points are ERR estimates in dose categories while
the thick-blue-dashed curve is a nonparametric smooth fit to these points. The
outer blue-dashed curves represent approximate (pointwise) 6 standard error
limits on the nonparametric smooth”. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this
article.).

[ Leukaemia |
Total Without CLL
Category Cases | Rate | Cases | Rate
Bone marrow dose (Gy)
p A
<001 2 28] 6 76"
001-05 6 |1 s9 T 2\
05-0.1 5 91 4 13
0.1-0.15 4 68 | 3 \5.1
0.15-0.3 16 ‘ 10.7 ’ 10 6.7
03-05 13 106 10 82
0.5-1 22 \4{ 20 131
1+ 21 19.7 17 16
Total 99 1.7 72 85

Fig. 7. Techa River leukemia incidence data from Table 4 of (Krestinina et al.,
2013). Dashed ovals added for emphasis.

was not considered.

Page 16: “...unshared classical error (i.e., random individual dosimetry
error), if present, can bias the dose-response slope toward the null [i.e.,
zero (Stram et al., 2015); ...]. However, adjustment for shared, Berkson
and random measurement uncertainties is unlikely to change a sig-
nificant dose response to a nonsignificant response (i.e., if the confidence
bound for a risk estimate does not include the null value, the uncertainty-
adjusted bound usually will not include the null value either)(Stram
et al., 2015). There does not seem to be a reasonable case that the po-
sitive dose-response associations that are consistent with a LNT model
are due to dosimetry inaccuracies, especially for studies with measured
doses in individuals”.

The assertion that the effects of dosimetry errors is to bias dose-
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responses toward the null is based on the implicit assumption that the
true underlying dose-response has a LNT form. This assumption is ex-
plicitly stated in the reference NCRP cited, (Stram et al., 2015), “In this
paper we derive expected scores and the information matrix for a model
used widely in radiation epidemiology, namely the linear excess relative
risk (ERR) model that allows for a linear dose response (risk in relation to
radiation) and distinguishes between modifiers of background rates and
of the excess risk due to exposure” (emphasis added), however this LNT
assumption is not disclosed in (NCRP, 2018). It is not clear that this
assertion is accurate when the true underlying dose-response has a
different form (e.g linear with threshold, or hormetic), and is in-
appropriately modeled with a LNT dose-response. This section of text
ignores the possibility that evidence of a threshold can be erased by
omitting important sources of exposure.

Page 18: “The statistical precision of a study is a key determinant of the
study's contribution toward evaluating the shape and slope of the dose
response risk for detrimental health outcome”.

Statistical precision of a study would also be a key determinant of
the study’s contribution to an unbiased evaluation of all alternative
hypotheses - including a hormetic dose-response — not just for de-
termining the slope of a LNT model. This possibility doesn’t seem to
have been considered by the NCRP.

Page 18: “To assess the main dose-response model, functional forms such
as linear, quadratic, linear-quadratic, nonparametric, categorical (the
risk in each category of a set of predefined dose categories), and dose
threshold ideally should be examined”.

The NCRP arbitrarily excluded the possibility of a hormetic dose-
response, without explanation.

Cherry-picking by ignoring the possibility of nonlinear dose-re-
sponses was evident in the NCRP’s evaluation of other studies too:

Page 39: The Commentary asserts that the Rocketdyne study, “Couldn’t
evaluate shape of dose response because risk estimate was negative for
solid cancer”.

A negative risk estimate does not prevent an evaluation of the shape
of the dose-response. It suggests a hormetic model. This possibility was
omitted and apparently not considered.

As previously mentioned, the NCRP’s evaluation of the LSS data
inappropriately set the LNT up as the null hypothesis. The evidence for
thresholds in the LSS data was also dismissed and even ignored:

Page 45: “The estimated lowest dose range with a significant ERR for all
solid cancer was 0-0.20 Gy, and a formal dose-threshold analysis in-
dicated no threshold; i.e., zero dose was the best estimate of the
threshold”.

Page 48: “The LSS cohort of atomic-bomb survivors has provided im-
portant data because it is a large cohort with accurate dosimetry, a wide
dose range, all ages at exposure and over 60 y of high quality mortality
follow-up, a relatively large number of excess solid-cancer cases (992)
and cancer deaths (527), and features that enable relatively high sta-
tistical power and precision of risk estimates, including a statistically
significant dose response, not adjusted for smoking, for all incident solid
cancer over the dose range 0-100 mGy (or significant for the range
0-200 mGy in the mortality data)”

Page 49: “A pure quadratic model provided a significantly poorer fit to
the dose-response data than a linear model for both solid cancer in-
cidence and mortality, and there was no evidence of a significant dose-
response threshold for either endpoint”.

Page 49: “An analysis of the most recent mortality data indicated excess
risk over the range of 0-200 mGy that was congruent with the LNT slope,
and the new tumor incidence data showed a statistically significant dose
response slope over the range of 0-100 mGy”.
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Page 49: “...the [LSS] study provides strong indirect support for the use
of a LNT model, with consideration of a DDREF factor, for use in
radiologic protection”.

The authors concluded, “...a formal dose-threshold analysis in-
dicated no threshold; i.e., zero dose was the best estimate of the
threshold” (Ozasa et al., 2012a, 2012b). Reviewing the threshold ana-
lysis conducted by the authors of the LSS cohort (Ozasa et al., 2012a,
2012b), others found that the LSS authors excluded the possibility of
negative risk values despite eight of the ten lowest data points having
confidence intervals including negative values. Alternative analyses
that did not exclude negative values were consistent with a nonzero
threshold (Doss, 2012; Sasaki et al., 2014; Siegel and Welsh, 2015;
Socol and Dobrzynski, 2015; Ulsh, 2015). The NCRP did not acknowl-
edge or address these alternative analyses. A threshold model is also
consistent with both the latest solid cancer incidence and mortality
data, yet the Commentary’s language here shows a confirmation bias
favoring the LNT.

The NCRP also ignored criticisms of some of the other studies it
cited. For example, considering a meta-analysis of thyroid cancer risks,
the NCRP stated,

Page 5: “A recent pooled analysis of external thyroid irradiation in
childhood and subsequent thyroid cancer in nine studies showed a sig-
nificant dose response from Om to 100 mGy and no evidence of non-
linearity (Lubin et al., 2017)”.

Page 105: “The analyses reported in the Lubin et al. (2017) paper
provide strong support for use of the LNT model. They indicate that, at
least for the association of radiation with thyroid cancer, there is a
statistically significant dose-response over the restricted range of 0 —
100 mGy that is compatible with linearity. This is strongly supportive of
the use of the LNT model as prudent for radiation protection.”

Page 105: “A dose-threshold analysis showed a maximum likelihood at
0mGy and had a threshold upper bound of 40 mGy”.

Page 126: “A pooled analysis of studies of childhood external irradiation
and thyroid cancer also showed a significant dose-response association
over the dose range of 0-100 mGy (Lubin et al., 2017)”.

The study by Lubin discusses thyroid cancer incidence, which is
very vulnerable to overdiagnosis and a screening effect (Takano, 2017).
In the aftermath of a widespread radiation exposure, public health re-
sponses sometimes include mass thyroid screenings. The screening
programs detect previously occult thyroid nodules that naturally ex-
isted in the population unrelated to the radiation exposure, that are
mistakenly attributed to the radiation exposure upon detection. The
incidental observation of thyroid nodules can trigger additional diag-
nostic imaging and lead to subsequent diagnosis of thyroid cancer, even
though the relationship between thyroid nodules and lethal thyroid
cancer has not been definitively established. This situation occurred in
the aftermath of the Fukushima accident (Cuttler et al., 2017;
Yamashita et al., 2018).

Since no cost-benefit analysis or optimization study of the LNT
model was presented, it says nothing whatsoever about the prudence of
using the LNT model for radiation protection (See Section 7).

Seven of the nine data points less than 100 mGy presented in (Lubin
et al., 2017) have confidence intervals that include a relative risk value
of 1.0 (Fig. 8, upper panel), and visual inspection of the cubic spline fit
appears to indicate a slightly negative slope at low doses (Fig. 8, lower
panel). Therefore the data over the restricted range of 0-100 mGy is
compatible with a threshold, which corresponds to the null of no effect.
This is not strongly supportive of the use of the LNT model.

Furthermore, (Lubin et al., 2017) state, “Estimates of threshold dose
ranged from 0.0 to 0.03 Gy, with an upper 95% confidence bound of
0.04 Gy”. (Lubin et al., 2017) further states,

“We examined deviances to estimate threshold dose (h). For, 0.2 Gy,

deviances (open circle) and a moving-average smoothing (solid line)
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Fig. 8. Data from [(Lubin et al., 2017), Fig. 1, which was reproduced as Figure
4.9 in (NCRP, 2018)]. Dashed ovals added for emphasis. The authors described
this data as, “Category-specific RR of thyroid cancer by thyroid radiation dose
(solid symbol) with 95% CI, a moving-average smoothing (gray line) and
standard deviation (thin gray line), the fitted linear ERR model (solid black
line), and a restricted cubic spline (dash-dot-dot line). Data pooled from nine
cohort studies and limited to, 0.2 Gy (main panel) or, 0.1 Gy (inset). Also, the
linear-exponential-linear model...fitted to all data with the full range of doses
(dash line)”.

increased (ie., poorer fit) with possible threshold values, with
minimum deviance (star symbol) at 0.00 Gy (Fig. 2, main panel).
Deviances changed little through 0.02 Gy. For, 0.1 Gy, the minimum
deviance occurred at 0.025 Gy, with no change through 0.03 Gy
(inset panel), indicating limited ability to identify a specific
threshold. One-sided upper 95% CIs were 0.036 for, 0.2 Gy and
0.044 for, 0.01 Gy (dash line).”

An examination of Fig. 9 reveals approximately equal deviances up
to perhaps 0.03 Gy (estimated by visual inspection), which is consistent
with a nonzero threshold.
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Fig. 9. Data from [(Lubin et al., 2017), Fig. 2]. Dashed oval added for emphasis.
The authors described this data as, “Deviances for linear ERR models given a
threshold dose (h) (open symbol) (see text for model), with deviances rescaled
to zero at the minimum deviance (star symbol) and a moving average
smoothing. Dash line identifies one-sided 95% confidence limit. Data pooled
from nine cohort studies and limited to ,0.2Gy (main panel) and ,0.1 Gy
(inset)”.
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The NCRP also limits their consideration of future research needs to
supporting the LNT:

Page 138: “Information on new and as yet undiscovered biomarkers of
radiation risk (rather than of exposure) of cancer or cardiovascular
endpoints need to be explored as potential mediators or modifiers of
radiation effects...These could eventually be built into the statistical
analysis of cancer risk at low doses. Analyzing epidemiologic data in
conjunction with relevant radiobiological concepts and data also has the
potential to provide insights into LNT that go beyond those gained from
merely analyzing the empirical epidemiologic data in isolation ...”.

Current radiobiological data [e.g (Feinendegen, 2016; Luckey,
1980, 1991)] suggest the possibility of thresholds and/or hormetic
dose-response models, yet this Commentary has dismissed threshold
models, and ignored hormetic models. Radiobiology has the potential
to provide insights into low dose, low dose-rate biological effects
(Paunesku et al., 2017) - not just into the LNT model - and those in-
sights should inform future epidemiological studies to incorporate ap-
propriate study designs which will allow for rigorously testing any
plausible dose-response hypothesis (Sacks et al., 2016). Arbitrarily
limiting this suggestion only to LNT is symptomatic of a pro-LNT bias.

Page 140: “...while some have argued in support of a practical threshold
for management of the risk of radiation-induced cancer, epidemiology
alone will not be able to resolve the issue of whether there are dose
thresholds for radiation risks, thus also supporting the need for further
integrated radiobiology and epidemiology research (NCRP, 2015)”.

Agreed. Yet (NCRP, 2018) dismissed the radiobiological evidence
suggesting thresholds, and completely ignored the radiobiological evi-
dence suggesting hormetic dose-responses [e.g. (Feinendegen, 2016;
Luckey, 1980; Luckey, 1991)].

5. Suppression of evidence: ignoring criticisms and limitations

Numerous criticisms of the studies cited by (NCRP, 2018) have been
published, alleging serious methodological problems, and identifying
numerous examples where conclusions supporting the LNT model are
more enthusiastic than the underlying data warrant. By and large, these
criticisms were not acknowledged or cited in (NCRP, 2018). Examples
include:

Page 3: “INWORKS: Large studies that combine data from workers from
numerous nuclear installations in a number of countries have been
conducted .... An important study is the INWORKS, which included
~308,000 workers from nuclear facilities in France, the United
Kingdom, and the United States and ~18,000 solid cancer deaths...
INWORKS found an association between the cumulative external photon
dose to the red bone marrow (RBM) and mortality from non-chronic
Iymphocytic leukemia (CLL) with an excess relative risk (ERR) Gy...” of
3.0, 90% CI: of 1.2-5.2 (90% CI: 1.2, 5.2). External dose to the colon
(used as the prototypic organ) was associated with mortality from all
solid cancers combined (ERR Gy’l of 0.47; 90% CI: 0.18, 0.79). For
solid cancer there was no evidence of nonlinearity (p = 0.44). These risk
estimates were similar to those in the LSS data. Even when the cumulative
colon dose was restricted to 0—-100 mGy, a marginally statistically sig-
nificant dose response was seen for all cancers excluding leukemia. These
results in the low dose range, however, might be interpreted with some
caution because statistically significant risks were seen for cancers not
convincingly linked to ionizing radiation (such as the testis, rectum and
peritoneum), positive associations reported for asbestos-related cancers
(pleura and mesothelioma), and puzzling results regarding neutron ex-
posures (Richardson et al., 2018; UNSCEAR 2008)”.

Page 9: “...few studies have analyzed radiation risks with control for
possible confounding by lifestyle (e.g., smoking), other disease risk fac-
tors or other sources of radiation exposure; these factors may diminish
the consistency of findings. Nevertheless, it should be emphasized that
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lifestyle or other disease risk factors will cause confounding only if their
frequency (or intensity) varies appreciably according to dose”.

Page 17: “On the other hand, if individual doses were imputed based on a
dose reconstructions from limited information, there may be unknown
biases in the shared-dose estimates, but dosimetrists involved in the major
studies have devoted much effort to providing reasonably accurate esti-
mates of shared doses”.

Page 18: “Interpretation, however, becomes difficult if the organ dose
from other exposures exceeds the gamma ray dose”.

Page 49: “INWORKS found associations between the cumulative dose
from external sources of photons to the red bone marrow (RBM) and
leukemia (excluding CLL) mortality, ERR Gy-1 = 2.96 (90% CI: 1.17,
5.21), and the external dose to the colon and mortality from all solid
cancers combined, ERR Gy-1 = 0.47 (90% CI: 0.18, 0.79). For solid
cancer there was no evidence of nonlinearity (p = 0.44). These risk
estimates are compatible with predictions based upon LSS data.”

Page 55: “It is extremely important to pay particular attention to the
doses and their uncertainties for the early periods of exposure (1940s
and 1950s) when doses tended to be highest, since those with higher
cumulative doses tend to drive the analytic results. But this is the period
when the least information from the historical records is available, so
uncertainties potentially would be the greatest. It is unclear how ade-
quately the investigators surmounted this challenge.”

Several methodological issues have been identified with the
INWORKS studies (Doss, 2015a; Nagataki and Kasagi, 2015). In addi-
tion, no fewer than twelve methodological shortcomings have been
identified by (Sacks et al., 2016). In addition to the many methodolo-
gical shortcomings identified by others, the omission of occupationally
required medical imaging exams [which are distinct from medical doses
received by the public at large through mass tuberculosis screenings
(Haygood, 1994)], can result in potentially significant underestimation
of external radiation dose (Cardarelli and Ulsh, 2018). None of these
issues were discussed or even mentioned in (NCRP, 2018).

Page 53: Of the dosimetry for the INWORKS studies, the Commentary
states, “the original dosimetry is mostly inaccessible”.

At least for the US sites included in the study, this is not true. In
most cases, the original dosimetry for nuclear weapons workers has
been collected by the National Institute for Occupational Safety and
Health, which is the employer of some of the INWORKS authors.

Page 3: “Overall the nuclear worker studies lend considerable support to
the inference that an excess risk of cancer exists following protracted
exposure to low doses received at a low dose rate, and the excess risk is
compatible with a LNT model”, and “the studies provide substantial
support for the LNT model”.

Page 49: “Overall, the nuclear worker studies lend support to the in-
ference that an excess risk of cancer exists following protracted exposure
to low doses received at a low dose rate, and the excess risk is compatible
with a LNT model”.

Given the significant methodological issues identified in the
INWORKS studies, and the results of the Mayak studies, this conclusion
is not justified.

Page 60: “Notably, even over the range of 0-100 mGy the risk was
marginally statistically significant [using their criterion ofp < 0.05ona
one-tailed test (i.e., the dose response would not be statistically sig-
nificant based on a two-tailed test)]”.

The fact that the INWORKS studies used a one-tailed test, instead of
a more appropriate two-tailed test, demonstrates a bias by arbitrarily
excluding the possibility of negative risk estimates. This is not discussed
in either the INWORKS study or the Commentary.
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Page 139: “Some studies explicitly found risk in the dose range of
100 mGy or less, e.g., the atomic-bomb survivor studies, the INWORKS
worker study, and the pooled radiation and thyroid cancer analysis”.

The LSS incidence study itself (Grant et al., 2017) concludes, “At
this time, uncertainties in the shape of the dose response preclude de-
finitive conclusions to confidently guide radiation protection policies”.
The Commentary contradicts the authors of the incidence study by
concluding that the LSS studies provides strong evidence for the LNT
model, when no significant risks were detected below 0.2 Gy (mor-
tality) or 0.1 Gy (incidence), and statistically significant curvature
(nonlinearity) was observed. The Commentary ignored significant cri-
ticism of the INWORKS study, as detailed above.

Page 37: The Commentary lists the following limitations of the LSS study,

® “Only one acute, high dose-rate exposure, not protracted exposures.

o Study started in October 1950, > 5 y after the bombings, so early data
missing.

® Possible “healthy survivor effect,” particularly at high doses.

® Low proportion of men of military age.

e Malnourished Japanese population at time of bombing and for several
years thereafter.

® Retrospective dosimetry, no personal measurements, and some doses
uncertain.

e Incidence data for solid cancer available only beginning 13 y after ex-
posure.

® Qut-migration: could not ascertain tumor incidence outside of Hiroshima
and Nagasaki prefectures, but mortality data available for all of Japan.

® Curvature for incidence data is attributable to male data in the range of
0.2 - 0.75 Gy, not for 0 — 0.2 Gy; reasons for that unclear.

® Curvature for mortality data is seen over 0 — 2 Gy range.”

Page 45: “The Hiroshima and Nagasaki city/prefecture (regional) tumor
registries provide high-quality tumor incidence data. Limitations are that
such data are available only since 1958 and only for the two prefectures,
but AHS participation data provide a way to estimate the prefecture out-
migration rates by age, sex, and temporal period, so the incidence de-
nominators are adjusted for population migration... Sociodemographic
variations, such as urban/rural differences, have been examined to a
limited extent... Background disease rates in Japan have historically
differed from those in western populations [e.g., higher Japanese rates of
stomach cancer, liver cancer, and stroke; lower rates of breast cancer,
colon cancer, and ischemic heart disease (IHD)], which creates un-
certainties about how to extrapolate atomic-bomb survivor risk estimates
to western populations. This has usually been approached as an across-
the-dose-range generalization issue [e.g., ERR versus excess absolute risk
(EAR) extrapolation], and there is no information about how disparate
background disease rates of variant lifestyles might affect low dose risk
estimation.”

Page 46: “Examination of the dose response for the full dose range or the
0-2 Gy range suggests that excess risk was relatively depressed compared
to the linear model over the range of roughly 0.2-0.7 Gy for unknown
reasons...”

The Commentary does not discuss that the LSS dosimetry included
only acute gamma and neutron exposures, while the role of other bomb-
caused factors, e.g. fallout (Sutou, 2017), induced radioactivity, thermal
radiation (UVR), electromagnetic pulse (EMP), and blast, were ex-
cluded (Aleta, 2009). Thermal radiation, EMP, and blast had a dis-
tribution pattern similar to radiation dose (decreasing with distance
from the hypocenter) (Evans, 1950; Pearse and Payne, 1949), and could
therefore reasonably be suspected of introducing unaccounted biases.

An explanation for the observed depression in risk from 0.2G to
0.7 Gy has been proposed by (Doss, 2013),

“In calculating the ERR values, the authors did not use a zero dose
cohort as a baseline group since even the lowest dose cohort had
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some exposure to the atomic bomb radiation (See Table 1 of the
report) (Ozasa et al., 2012). Instead, they fitted the cancer mortality
data for all the different dose cohorts using ERR in the form of a
linear (or linear plus quadratic) function of dose multiplied by an
effects modification factor to account for other variables such as age,
sex, etc., and extracted the ERR values from the fit to the whole
dataset (see page 231 of the report) (Ozasa et al., 2012). In this
procedure, the cancer mortality rates of the lowest dose cohorts
effectively determined the baseline cancer mortality rate through
linear extrapolation to zero dose. If the low dose radiation cohorts
had reduced cancer rates compared to the baseline cancer rate due
to radiation hormesis, then this procedure would introduce a ne-
gative bias in the baseline cancer rate, since the lower cancer rates

at low doses (extrapolated to zero dose) would effectively be used as
the baseline cancer rate during the fitting process.”

The Commentary ignored this possible explanation, and instead
asserted that the explanation was unknown. This is misleading.

Page 48: “The upward curvature seen in males does not necessarily argue
against LNT; it may rather suggest a LDEF > 1, i.e., a lower slope at low
doses than at high doses”.

The data exhibits significant curvature and this most certainly does
argue against the LNT. It is consistent with the radiobiological data
suggesting qualitatively different responses to high doses and low
doses. The fact that the Commentary explains away these results to
preserve the LNT, while ignoring a plausible explanation proposed in a
peer-reviewed paper (Doss, 2013), suggests pro-LNT confirmation bias.

The NCRP also evaluated the 15-country study:

Page 51: “...there are concerns about doses recorded during early time
periods of the study, especially between 1944 and 1957 when annual
recorded doses tended to be higher than in later years and major changes
were occurring in dosimetry measurement technology and administrative
practices. Furthermore, the impact of neutron dose and internal dose on
the dose response is not clear, and there is a distinct possibility that better
accounting of these doses could affect the estimates of risk. The methods
of accounting for doses that were below the limits of detection were
another source of uncertainty. In summary, although the 15-Country
Study dosimetry effected a significant improvement in the overall dose
estimates, questions of underestimation of dose due to missed dose,
neutron dose, and internal dose remain, as acknowledged by the dosi-
metry investigators (Thierry-Chef et al., 2015).”

One issue not mentioned by the NCRP is the failure to account for
doses from medical screening required as a condition of employment,
resulting in potentially significant underestimation of external radiation
dose, as discussed for the INWORKS study above (Cardarelli and Ulsh,
2018). Neglecting this important source of exposure seriously com-
promises the conclusions of the 15-country study.

6. Circular reasoning: incorporating implicit assumptions that
favor LNT, then claiming evidence supports LNT

All scientific studies necessarily include initial assumptions. But
problems arise specifically with radiation epidemiology studies when
practices, often implicitly accepted without discussion, favor or even
dictate a LNT outcome, and the study is subsequently cited as sup-
porting the LNT model. This is an example of circular reasoning
(Dowden, 2018), and has the effect of concealing possible thresholds or
hormetic outcomes, and/or inflating risk estimates.

A particularly pernicious example of circular reasoning is assuming
(without evidence) that null results (i.e. risks not significantly different
from zero) are the result of statistical imprecision (Sacks et al., 2016).
While this is certainly possible, the most parsimonious explanation,
indeed the scientifically correct but frequently ignored conclusion, is
that the data are insufficient to reject the null of absence of risk,
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therefore the null stands.
Examples of circular reasoning in (NCRP, 2018) are provided below:

Page 4: Discussing Chernobyl thyroid cancer data, the Commentary
states,

“Both cohorts showed strong linear dose-response functions with no
evidence of nonlinearity, though perhaps with a somewhat lower risk per
unit dose than seen in studies of children exposed to external gagmma
radiation. The thyroid doses are believed to be sufficiently accurate to
support a LNT interpretation.”

The data presented in (Brenner et al., 2011) reveals that the authors
used Poisson regression and assumed a linear excess risk model (they
also mention linear-exponential and linear-quadratic models). They
make no mention of testing for a threshold. Furthermore, they state,
“The fitted linear dose response was adjusted to pass through the lowest
[-131 category”, which arbitrarily disallows a threshold, even if there
was one. So there is no basis for concluding that this study provides
evidence against a threshold. The study also lists 11 dose categories, but
no tabular results of risk by dose category are provided. The graphical
presentation of results [shown as Fig. 1 in (Brenner et al., 2011)] only
shows six data points. The graph provides no error bars for thyroid
dose, and the paper states that even though dose uncertainties were
calculated in previous papers (with GSDs ranging from 1.6 to 5.0), the
arithmetic mean of thyroid doses were used, presumably as a point
estimate. Therefore the basis for the Commentary’s conclusion that the
thyroid doses are sufficiently accurate to support a LNT interpretation is
not obvious.

Pages 9, 139: “Because individual studies with low doses (less than
100mGy) almost inevitably have relatively low statistical power, the
findings for radiation and solid cancer are often not statistically sig-
nificant”.

Lack of statistical power is one possible explanation for null find-
ings. However, the most obvious and parsimonious explanation is to
accept the null hypothesis that there is no effect at low doses unless the
evidence is sufficient to reject the null in favor of a nonzero risk. The
fact that this explanation is not even mentioned is an example of pro-
LNT confirmation bias. The Commentary provided no evidence to de-
finitely conclude that the failure to observe risks at low doses is due to
statistical imprecision, rather than to a real absence of a risk.

Page 18: “In the baseline model it is usually appropriate to adjust for sex,
age at exposure, attained age, and sometimes calendar period or birth
cohort to avoid confounding, as well as to explore whether those vari-
ables may be effect modifiers of the radiation dose response. When in-
formation on smoking, alcohol-intake, or other lifestyle or socio-
demographic factors is available, it is important to examine whether it
may be a confounder or an effect modifier... Sometimes it may be ap-
propriate to adjust for factors such as duration of employment in worker
studies, and medical risk factors (e.g., obesity or diabetes) for some types
of outcomes such as CVD.”

This section of the Commentary omits the importance of uncertainty
in study-derived estimates in baseline risk compared to actual popula-
tion baseline risks. Failing to account for this can lead to spurious es-
timates of risk increases incorrectly attributed to radiation exposure
(Scott, 2016).

Page 139: “It is important to point out that there may be a DDREF in-
volved that is greater than one, so that the LNT does not imply a single
straight-line proportionality of effects from high, acute doses to low doses
and/or low dose rates”.

By definition, the LNT hypothesis certainly does imply “a single
straight-line proportionality of effects from high, acute doses to low
doses and/or low dose rates”. The DDREF is an external, post-hoc
manipulation factor applied to the data because the LNT model doesn’t
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fit the low-dose data. If the LNT model were accurate and sufficient, no
DDREF would be necessary.

7. Policy judgements without foundation

The suitability (or lack thereof) of the LNT model as an alternative
scientific hypothesis is distinct from its use as a radiation protection
instrument. In fact, it has been argued that even if the underlying dose-
response relationship is nonlinear, the LNT model is still appropriate for
use in radiation protection based on practicality (Breckow, 2006), a
characterization the NCRP has embraced.

It is true that the LNT is easy to use, as it allows for the additivity of
doses received in different exposure scenarios (e.g. an acute, external
exposure versus a chronic, internal exposure) or at different times.
However, the assertion that applying the LNT is more practical than
applying other alternative dose-response models, especially a threshold,
is simply stated prima facie in (NCRP, 2018). No supporting evidence
was provided to support this claim. The NCRP goes further, and judges
the use of the LNT model as prudent without providing the necessary
cost-benefit analysis required to support such a claim. The prudence of
applying the LNT model for radiation protection is certainly debatable,
as the experiences at Chernobyl and Fukushima amply demonstrate
(Gonzalez et al., 2013; Jaworowski, 2008; Siegel et al., 2017b; Thomas,
2017; Thomas and May, 2017; Waddington et al., 2017b; Yumashev
et al., 2017). Such challenges to the prudence of the current reliance on
the LNT model for radiation protection are worthy of discussion.
However, such a discussion is completely absent from (NCRP, 2018).
Examples of unfounded policy judgments in (NCRP, 2018) are provided
below:

7

Page 9: “...no alternative dose-response relationship appears more
pragmatic or prudent for radiation protection purposes than the LNT
model”.

Page 9: “While the ongoing development of science requires a constant
reassessment of prior and emerging evidence to assure that the approach
to radiation protection is optimal, though not necessarily perfect, NCRP
concludes that, based on current epidemiologic data, the LNT model
(perhaps modified by a DDREF) should continue to be utilized for ra-
diation protection purposes”.

Page 10: “For over 40 y the linear nonthreshold (LNT) dose-response
model has been used to develop practical and prudent guidance on ways
to protect workers and the general public from the potential harmful
effects of radiation while, at the same time, balancing the beneficial,
justified, and optimized uses of radiation in our society. The LNT model
is practical because a linear relationship is easy to apply, and prudent
because it is unlikely to underestimate risk at low doses”.

The Commentary presented no cost-benefit analysis, or any other
evidence, to support this assertion that LNT is pragmatic or prudent.
Without such an analysis, this conclusion is not supported. It is no
longer possible to simply accept pronouncements of the pragmatism,
and especially the prudence of the LNT model as the basis of radiation
protection when such assertions are contradicted by recent retro-
spective analyses of the responses to the Chernobyl and Fukushima
accidents. According to the fundamental principle of justification, ra-
diation protection measures should do more good than harm (ICRP,
2007). But in both of the real-world examples of large-scale radiological
incidents, the accidents at Chernobyl and Fukushima, the LNT model
has been applied to calculate hypothetical risks from low radiation
exposures, and the resulting responses have been problematic
(Gonzalez et al., 2013; Socol et al., 2013), and done more harm than
good (Higson, 2014; Thomas, 2017; Thomas and May, 2017;
Waddington et al., 2017a, 2017b; Yumashev et al., 2017). Ignoring the
lessons from the Chernobyl and Fukushima accidents, and continuing to
assume the prudence of the LNT model in spite of the demonstrated
negative public health consequences is no longer defensible. Similarly,
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the NCRP’s assertion that the LNT model is prudent because it is un-
likely to underestimate risk is incompatible with the latest guidance in
(ICRP, 2018), which although it asserts the prudence of the LNT model
(a position with which I disagree), notes that,

“...there are remaining uncertainties at low levels of exposure that
necessitate value judgements. Decision making requires prudence as
a central value. However, prudence should not be taken to be synon-
ymous with conservatism or never taking risks”. (emphasis added)

Page 139: “The most recent epidemiologic studies show that the as-
sumption of a dose-threshold model is not a prudent pragmatic choice for
radiation protection purposes”.

This conclusion is unsupported. Table 4.3 of (NCRP, 2018) lists five
of 19 (26%) studies that putatively considered possible thresholds, in-
cluding the INWORKS studies. However, neither the INWORKS solid
cancer study (Richardson et al., 2015) nor the INWORKS leukemia
study (Leuraud et al., 2015) reports a threshold analysis. Therefore,
only four of 19 studies (21%) analyzed for a possible threshold, and 15
of 19 (79%) did not. The NCRP’s review cannot be considered in-
formative about thresholds, given 79% of the studies evaluated didn’t
even consider the possibility of thresholds. Furthermore, the Com-
mentary did not contain any cost/benefit analysis of a threshold model
as a prudent and/or pragmatic choice for radiation protection purposes,
nor did it conduct any optimization analysis demonstrating the super-
iority of the LNT model relative to any of the other alternative models
(ICRP, 1992). In the absence of such an analysis, this conclusion lacks
scientific foundation.

8. Conclusion

Reliance on preconceived biases and logical fallacies was evident
even as early as the BEAR I Committee itself. The geneticists on the
panel came into the study convinced of the correctness of the LNT
model, and fiercely determined that the recommendations of the
committee should not convey that there was any safe dose of radiation,
an idea at odds with their opposition to nuclear weapons testing
(Hamblin, 2007). The fateful 1956 decision by the BEAR I Committee to
embrace the LNT model in controversial circumstances began six dec-
ades of intellectual investment by advisory bodies in this dose-response
model. Unfortunately, advisory bodies have adopted the role of ad-
vocates of the LNT model, rather than serving as neutral skeptics
(Mossman, 2009) objectively testing and evaluating multiple plausible
alternative hypotheses. Just eight years after BEAR I accepted the LNT
model, (Platt, 1964) cautioned against the practice of becoming too
attached to any particular scientific model. Platt quoted T.C. Cham-
berlain,

“Chamberlin says our trouble is that when we make a single hy-
pothesis, we become attached to it. The moment one has offered an
original explanation for a phenomenon which seems satisfactory,
that moment affection for his intellectual child springs into ex-
istence, and as the explanation grows into a definite theory his
parental affections cluster about his offspring and it grows more and
more dear to him...There springs up also unwittingly a pressing of
the theory to make it fit the facts and a pressing of the facts to make
them fit the theory...To avoid this grave danger, the method of
multiple working hypotheses is urged. It differs from the simple
working hypothesis in that it distributes the effort and divides the
affections...Each hypothesis suggests its own criteria, its own means
of proof, its own method of developing the truth, and if a group of
hypotheses encompass the subject on all sides, the total outcome of
means and of methods is full and rich.”

The advisory bodies following BEAR I have fallen into the trap of
defending LNT model against its critics, rather than performing rig-
orous hypothesis testing designed to challenge various alternative hy-
potheses (e.g. LNT, linear with threshold, hormetic, supralinear, etc.).
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The stated intention of the NCRP’s latest commentary “...is to de-
termine whether these epidemiologic studies broadly support the LNT
model of carcinogenic risk as used in radiation protection or, on the
contrary, whether there is sufficient evidence that the LNT model is
inappropriate”. Because of the inherent shift of the burden of proof in
this stated purpose, the actual effect of (NCRP, 2018) will be to provide
political cover for regulators’ ongoing reliance on the LNT model to
predict LDDR effects (Sacks and Siegel, 2017). This is a missed oppor-
tunity for an objective analysis of the effects of low dose, low dose-rate
radiation effects, and it is unlikely to advance our understanding of this
important topic or convince skeptics of the validity of using the LNT
model as a tool for radiation protection. To make progress in this long-
running debate, I recommend that the next expert review on the topic of
LDDR effects:

1. Appropriately frame the null hypothesis (no effect of radiation on
cancer risk), and various alternative dose-response models (e.g. LNT,
linear quadratic, linear with threshold, hormetic, etc.);

. Acknowledge and objectively evaluate criticisms of the LNT model
as a tool for radiation protection;

. Acknowledge and objectively evaluate the significant body of evi-
dence suggesting nonlinear dose-response relationships, between
particularly LDDR radiation exposures and cancer risk;

. Consider the entire body of evidence on the topic of health effects of
LDDR radiation exposure, explicitly including both biology and
epidemiology;

. Critically evaluate real-world experiences applying the current LNT
based system of radiation protection, including appropriate cost-
benefit analyses to inform judgments about prudence. To the extent
possible, such an evaluation should consider whether or not reg-
ulatory strategies based on alternative dose-response models (e.g. a
linear threshold model) provide superior public health outcomes.

An objective review which incorporated these recommendations by
an expert body with the prestige of the NCRP would represent the most
significant progress in decades toward bridging a seemingly intractable
gap fracturing the radiation protection community. Due to the NCRP’s
Congressional charter to serve as the nation’s pre-eminent source of
expert advice on radiation protection matters, no organization is better
positioned to conduct such a review. It is my hope that the issues raised
in this paper will encourage this critical undertaking.
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Abstract

The US Environmental Protection Agency (USEPA) is the primary federal agency responsible for promulgating regulations and
policies to protect people and the environment from ionizing radiation. Currently, the USEPA uses the linear no-threshold (LNT)
model to estimate cancer risks and determine cleanup levels in radiologically contaminated environments. The LNT model implies
that there is no safe dose of ionizing radiation; however, adverse effects from low dose, low-dose rate (LDDR) exposures are not
detectable. This article (1) provides the scientific basis for discontinuing use of the LNT model in LDDR radiation environments,
(2) shows that there is no scientific consensus for using the LNT model, (3) identifies USEPA reliance on outdated scientific
information, and (4) identifies regulatory reliance on incomplete evaluations of recent data contradicting the LNT. It is the time to
reconsider the use of the LNT model in LDDR radiation environments. Incorporating the latest science into the regulatory
process for risk assessment will (1) ensure science remains the foundation for decision making, (2) reduce unnecessary burdens of
costly cleanups, (3) educate the public on the real effects of LDDR radiation exposures, and (4) harmonize government policies
with the rest of the radiation scientific community.

Keywords
LNT, risk assessment, threshold, radiation, dose—response, hormesis

This article examines the radiation protection framework
and policies of the USEPA as they are applied to low-dose,
low-dose rate (LDDR) radiation exposures. It focuses on cur-
rent scientific literature, policy implications, public health
impacts, and future directions for developing a radiation pro-
tection framework based on sound scientific principles.

In this article, we refer to dose in Gy (or mGy), unless
citing a direct quote that uses other units. Low-dose
throughout this report is arbitrarily defined as a dose of
100 mGy (10 rad) above natural background. Low-dose rate
is defined as <0.01 mGy/min (1 mrad/min) above natural

Introduction

The US Environmental Protection Agency (USEPA) was
established in 1970 and gained authority to promulgate
environmental standards to limit man-made radioactive
materials in the environment and develop national radiation
protection guidance for Federal and State agencies.'
Congress enacted several statutes providing USEPA the
authority to regulate hazardous materials (eg, Clean Air
Act, Safe Drinking Water Act, and the Comprehensive
Environmental Response Compensation and Liability Act),
including both chemical and radiological hazards.> Among
many federal programs whose regulatory authorities were
transferred to the USEPA, the Public Health Service Act
(PHSA) authorities are of particular interest in this article.
The PHSA authorities give the USEPA the ability to con-
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duct monitoring of environmental radiation, perform
research on the environmental and human health effects of
exposure to radiation, and provide technical assistance to
states and other federal agencies. These authorities are con-
sistent with the mission of the USEPA to protect human
health and the environment.
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background. The definitions for LDDRs have varied over
time but generally fall below 200 mGy for low-dose and
<0.05 mGy/min for low-dose rate.®

The USEPA relies on the linear no-threshold (LNT) dose—
response model developed in the US National Academy of
Sciences (NAS) biological effects of ionizing radiation VII
report” to (1) set regulatory standards to protect human health,’
(2) project risks of LDDR radiation exposure among the US
population, and (3) develop tools to help establish cleanup
levels.® We critically review the latest scientific literature and
present alternative risk assessment models (eg, threshold or
hormesis) for determining radiological cleanup levels in envir-
onments containing low-level residual radioactivity. Through-
out this article, we note USEPA’s public policy positions for
radiation protection and suggest alternative risk assessment
approaches that are consistent with the latest science, protec-
tive of human health and the environment, and reduce unne-
cessary public health and financial burdens to society affected
by low-level residual contamination from man-made or natural
radioactive materials.

Two recent petitions to US regulators have drawn increased
attention to this issue. In 2015, several members of the group,
Scientists for Accurate Information (SARI), submitted peti-
tions”® to the US Nuclear Regulatory Commission (NRC),
requesting “. . . that the NRC greatly simplify and change Part
20 to eliminate the use of the LNT paradigm and take radiation
hormesis into account.” This petition cited 36 references in
support of the petitioners’ request. The bases of the petition
were also presented in a peer-reviewed scientific article.” The
USEPA submitted comments opposing the petition'’; however,
the USEPA’s comments declined to address all but 2 references
cited by the petitioners. The SARI also recently submitted a
letter to the current administrator of the USEPA,'" requesting
that USEPA cease the application of the LNT for LDDR envir-
onments. The USEPA’s response'? cited its comments on the
NRC petition.

Another recent event relevant to this topic is the issuance
of Executive Order 13777"3 by the President of the United
States. This Executive Order established a policy to elimi-
nate unnecessary regulatory burdens. As a result, the USEPA
formed a Regulatory Reform Task Force to evaluate existing
regulations and identify regulations that should be repealed,
replaced, or modified. The USEPA administrator advised the
Office of Air and Radiation (OAR) to provide recommenda-
tions regarding specific rules that could be repealed,
replaced, or modified to make them less burdensome by May
15, 2017. The OAR hosted a public meeting on April 24,
2017, to solicit proposals. The Health Physics Society (HPS)
gave verbal comments during the meeting urging USEPA to
reconsider their adherence to LNT and to improve several
documents (eg,'*'7) by better addressing uncertainties in
LDDR environments. The HPS also stated that reliance on
the LNT model “...tends to foment the public’s fear of all
types of radiation.” The HPS followed up with written com-
ments, which stated,

As a scientific organization of professionals who specialize in
radiation safety, the HPS believes the EPA’s reliance on the LNT
model, especially at very low doses and dose rates, is inappropri-
ate and can exaggerate the risk. Of most concern to the HPS is
the EPA’s extrapolation of the LNT model to calculate collective
dose and the use of collective dose as a metric for risk.'®!"

This article is divided into sections addressing several ques-
tions regarding the continued use of the LNT model for LDDR
radiation environments:

I. Introduction
II. What is the scientific basis for using the LNT in
LDDR radiation environments?

II. Is the USEPA using the concept of collective dose
appropriately?
Is there scientific consensus for using the LNT model
to estimate risk in LDDR environments?
V. Should the BEIR VII report continue to be used to
justify the use of the LNT model for LDDR radiation
environments?
What other information is available in the scientific
literature and does it support the continued use of the
LNT model for LDDR environments?
Is it appropriate to regulate ionizing radiation in the
same manner as toxic chemicals?

Should the current USEPA regulatory radiation pol-
icies be reconsidered and harmonized with the radia-
tion protection philosophy given the lessons learned
from Fukushima?
IX. Discussion

X. Conclusion

Iv.

VL

VIL

VIIL

What is the Scientific Basis for Using the LNT
in LDDR Radiation Environments?

Studies to understand health effects on people exposed to
LDDR are especially important, since they most closely reflect
the environment following a radiological cleanup effort. They
also serve to help regulatory agencies determine whether the
cleanup policies are adequate to protect the people and envi-
ronment while accounting for social and economic factors (ie,
do they do more good than harm to society?). Does the LNT
model withstand scientific scrutiny to link cancer with causa-
tion from LDDR exposures to ionizing radiation? Over 50
years ago, Sir Austin Bradford Hill established a set of objec-
tive criteria that help determine when causation can be legiti-
mately concluded from an observed correlation.?® These
criteria are (1) temporal relationship (eg, exposure must occur
before the disease), (2) strength (eg, size of the association
between exposure and disease), (3) dose-response relationship,
(4) consistency, (5) plausibility, (6) consideration of alternate
explanation (eg, confounding effects), (7) experiment (eg, the
condition can be altered by an appropriate experimental regi-
men), (8) specificity, and (9) coherence (eg, associated
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compatible with existing theory and knowledge?). Hill’s cri-
teria have been specifically applied to LDDR,?' and the case
for LDDR increasing carcinogenic risk has been found lacking.
In the current article, we point out when any of Hill’s criteria
can be applied to particular arguments or evidence.

In its comments on SARI’s petition to the NRC, the
USEPA stated,

The U.S. Environmental Protection Agency strongly disagrees
with the petition to the Nuclear Regulatory Commission (NRC)
to cease using the linear no-threshold (LNT) model as a basis
for regulating exposures to ionizing radiation. The USEPA’s
Carcinogen Assessment Guidelines specify that LNT should be
used as a default assumption unless there is compelling evi-
dence that the biological mechanism for carcinogenesis is
inconsistent with LNT."°

This argument was also published by a senior official within
the USEPA in a scientific article using a disclaimer that the
article represented his own personal opinion. However, his
article continues to be used by the agency to justify reliance
on the LNT model. Puskin wrote:

Radiation protection, like the regulation of other carcinogenic
agents, is—in the absence of compelling evidence to the con-
trary—predicated on the linear, no-threshold (LNT) hypothesis.. . . >

These explanations are not consistent with basic scientific
study designs that accept a null hypothesis (eg, no effect at low
doses??), unless there is strong evidence (eg, statistical signifi-
cance P < .05) to suggest otherwise (eg, LNT is valid at low
doses). The burden of proof lies with those asserting the LNT
model is correct, not on those asserting the null hypothesis of
no effect at low doses. These arguments inappropriately shift
the burden of proof to proving that LNT is not valid, which is
an impossible task.?® It can always be argued that an LNT-
predicted risk might exist but is too small to be detected, ren-
dering the LNT hypothesis unfalsifiable. To be scientifically
sound, compelling evidence must be provided that the valid
null (no effect at low doses) should be rejected in favor of an
alternative hypothesis (eg, there are detrimental health effects
at low doses, as predicted by the LNT model; or there are no
detrimental health effects at low doses but there are effects at
higher doses, as predicted by the threshold model; or there are
beneficial health effects at low doses, as predicted by the horm-
esis model). The current USEPA policy takes the position that
the LNT model is accurate unless “compelling evidence to the
contrary” is presented. This approach is included in
the agency’s guidelines that direct the use of the LNT even if
the scientific evidence cannot substantiate that conclusion.
This is a circular argument that excludes the option of other
alternative models from being considered.
USEPA goes on to comment,

Biophysical calculations and experiments demonstrate that a
single track of ionizing radiation passing through a cell

produces complex damage sites in DNA, unique to radiation,
the repair of which is error-prone. Thus, no threshold for
radiation-induced mutations is expected, and, indeed, none has
been observed.'?

This statement relies on a biological plausibility argument to
support the use of the LNT dose-response model in LDDR
environments. However, a biologically plausible argument
based on more recent scientific evidence suggests that exten-
sive protective biological processes are initiated upon initial
DNA damage to prevent potential development of cancer (eg,
cellular- and tissue-level defense mechanisms including not
only DNA damage repair but also apoptosis, premature termi-
nal differentiation, and immunosurveillance®**%). As expli-
citly acknowledged by the National Council on Radiation
Protection and Measurements (NCRP) over 15 years ago,*

Application of this [microdosimetric] argument to complex
endpoints such as radiation-induced carcinogenesis is, how-
ever, more uncertain. Based on these biophysical considera-
tions about the shape of the dose-response relation for
low-dose radiation-induced carcinogenesis, conclusions can
be drawn if: (1) radiogenic cancer induction is causally related
to radiation induced damage in a single cell and (2) the ways in
which other cells or cell systems subsequently modify the prob-
ability that any given initially radiation-damaged cell becomes
the clonal origin of a cancer do not vary with dose in a non-
linear fashion. (emphasis added)

More and more scientific evidence has accumulated in recent
years that neither of these underlying assumptions are
valid.>*?” In fact, even references cited by USEPA as support-
ing this position actually contradict it. For example, Trott and
Rosemann stated,

Since the cell is able to repair a very high level of endogenous
DNA damage without frequent mutagenic consequences, a fur-
ther small increment of such DNA damage from low dose rate
irradiation should, equally efficiently, be repaired. Mutation
rates will only increase if due to higher dose and dose rate, the
capacity for high fidelity DNA repair is exceeded.”®

And also,

The mechanism which induces ‘radiation-induced genomic
instability’ appears to involve a non-nuclear target and upregu-
lation of oxidative stress, which also is the main mechanism of
metabolic DNA damage. These experimental observations are
not compatible with a single hit mechanism which is the basis
for the microdosimetric justification of the linear-non threshold
dose response hypothesis.”®

Current evidence demonstrates that biological responses to
LDDR radiation are distinct from those occurring at high
doses.>'***%33 Similarity of mechanisms is one of the funda-
mental assumptions underpinning the LNT extrapolation from
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high-dose and high-dose rate (HDDR) to LDDR, and there is
growing evidence that this assumption is inaccurate.

The USEPA’s assertion that no threshold in radiation-
induced mutations has been observed is inaccurate. Early data
on mutations in fruit flies were very influential in adoption of
the LNT model. These data actually indicated a threshold but
was misrepresented as supporting the LNT model.**>° In sim-
ilar experiments, more recent studies examining mutations in
fruit flies confirm that the dose—response is characterized by a
threshold or even hormesis.>”*' These studies relate to another
of Hill’s criteria—Experiment which can greatly strengthen the
case for causation.”® However, these studies do not support the
LNT model but rather a threshold or hormesis model.

A threshold for radiation-induced mutations has also been
observed in mice,***® human-hamster hybrid cells,*” and
human cells.*® These findings also relate to another of Hill’s
criteria—Consistency, defined by Hill as generality or repeat-
ability?*—but here again, they do not support the LNT model;
instead, they demonstrate thresholds.

The USEPA’s own Scientific Advisory Board (SAB)* has
cautioned the Agency on taking this position on LNT, stating,

Radiation-induced genomic instability seems to be one of the
early stages in the carcinogenesis process and has been seen
both in vitro and in vivo. These observations challenge the
relative importance that initial mutations play in radiation-
induced cancer,so

and further,

Genomic instability and the ability to modify responses after the
radiation exposure both challenge the linear relationship
between initial DNA damage and cancer frequency. (emphasis
added)

The USEPA response suggests that unless cells repair DNA
damage with 100% fidelity, the risk of cancer is increased.>'”
This is not supported by current evidence.>* DNA repair
mechanisms act on both radiation-induced damage and on pre-
existing spontaneous background DNA damage resulting from
oxygen metabolism and other endogenous sources. If the
resulting sum of radiation plus spontaneous DNA damage after
radiation exposure is less than the level of damage that existed
prior to radiation exposure, it is entirely reasonable and biolo-
gically plausible that radiation risks are not increased (consis-
tent with a threshold) or may even be decreased (consistent
with hormesis).
Nonetheless, USEPA continued,

Of all the agents demonstrated to be carcinogenic, the evidence
for LNT is particularly strong for ionizing radiation. Within
limitations imposed by statistical power, the available (and
extensive) epidemiological data are broadly consistent with a
linear dose-response for radiation cancer risk at moderate and

1
low doses.'?

Strength of association is another of Hill’s criteria.?® The
USEPA states the evidence is strong and consistent with the
LNT response at moderate and low doses. However, radiation
in general is a weak carcinogen,’'>* and the evidence that
LDDR radiation exposure in particular increases cancer risk
is lacking.?' In fact, many professional organizations have
explicitly warned against estimating risks from low-dose
radiation environments due to large uncertainties associated
with the epidemiologic data.’*?> The USEPA’s position on
this point appears to contradict their own guidance docu-
ment,® which states,

Generally speaking, epidemiology cannot be used to detect and
quantify the carcinogenic effects of radiation at doses below
about 100 mGy of low-LET [linear energy transfer] radiation
because of limitations on statistical power.>®>’

Is the USEPA Using the Concept of
Collective Dose Appropriately?

International expert advisory bodies have repeatedly cautioned
against application of the LNT model to calculate hypothetical
risks from LDDR exposures.”>> For example, United Nations
Scientific Committee on the Effects of ionizing Radiation
(UNSCEAR) has stated,

In general, increases in the incidence of health effects in popu-
lations cannot be attributed reliably to chronic exposure to
radiation at levels that are typical of the global average back-
ground levels of radiation....the Scientific Committee does
not recommend multiplying very low doses by large numbers
of individuals to estimate numbers of radiation-induced health
effects within a population exposed to incremental doses at
levels equivalent to or lower than natural background levels.>®

Similarly, the ICRP has stated,

Collective effective dose is an instrument for optimisation, for
comparing radiological technologies and protection procedures.
Collective effective dose is not intended as a tool for epidemio-
logical studies, and it is inappropriate to use it in risk projec-
tions. This is because the assumptions implicit in the
calculation of collective effective dose (e.g., when applying the
LNT model) conceal large biological and statistical uncertain-
ties. Specifically, the computation of cancer deaths based on
collective effective doses involving trivial exposures to large
populations is not reasonable and should be avoided. Such
computations based on collective effective dose were never
intended, are biologically and statistically very uncertain, pre-
suppose a number of caveats that tend not to be repeated when
estimates are quoted out of context, and are an incorrect use of
this protection quantity.>>

Despite this guidance, the USEPA develops risk estimation
tools based on the LNT model to determine cleanup policies
and guidelines for its Comprehensive Environmental
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Response, Compensation, and Liability Act (CERCLA)
superfund sites. Because they multiply very small doses by
large populations to predict excess cancer incidence or mor-
tality, these tools conflict with the scientific guidance pro-
vided by other governmental or scientific organizations and
professional societies. The impact to the United States is real,
resulting in enormous cleanup costs that show no demon-
strable benefit to society, creates a social stigma on affected
communities, and foments fear among the public, causing
unnecessary harm by promoting ill-advised decision-
making. The USEPA’s estimates of cancer incidence and
mortality risks due to low doses of ionizing radiation for US
population as well as their advice to the public and tools used
to establish cleanup levels are at odds with UNSCEAR’s and
ICRP’s guidance. For example, USEPA states,

...overall, if each person in a group of 10,000 people exposed
to 1 rem of ionizing radiation, in small doses over a life time,
we would expect 5 or 6 more people to die of cancer than would
otherwise. In this group of 10,000 people, we can expect about
2,000 to die of cancer from all non-radiation causes. The accu-
mulated exposure to 1 rem of radiation, would increase that
number to about 2005 or 2006.%%

This advice to the public is inconsistent with the intended
purpose of effective dose (prospective dose estimation for the
purpose of optimization), which is inappropriate for predicting
future cancer risk.>’

Is There Scientific Consensus for Using the
LNT Model to Estimate Risk in LDDR
Environments?

USEPA’s comments on the public petitions to the NRC’*
stated,

Given the continuing wide consensus on the use of LNT for
regulatory purposes as well as the increasing scientific confir-
mation of the LNT model, it would be unacceptable to the
USEPA to ignore the recommendations of the NAS [US
National Academy of Sciences] and other authoritative sources
on this issue. The USEPA cannot endorse basing radiation pro-
tection on poorly supported and highly speculative proposals
for dose thresholds or doubtful notions concerning protective
effects from low-level ionizing radiation. Accordingly, we
would urge the NRC to deny the petition.'® (emphasis added)

And similarly,

Over the last half century, numerous authoritative national and
international bodies have convened committees of experts to
examine the issue of LNT as a tool for radiation regulation and
risk assessment. These include the U.S. National Academy of
Sciences (NAS), the National Council on Radiation Protection
and Measurements (NCRP), the International Commission on
Radiological Protection (ICRP), and the United Nations Scien-
tific Committee on the Effects of ionizing Radiation

(UNSCEAR). Again and again, these bodies have endorsed
LNT as a reasonable approach to regulating exposures to low
dose radiation. One exception was a French National Academy
Report, which found low-dose radio biological effects in vitro
indicative of nonlinearity in the dose response.'®

This argument was also repeated in’:

To assist the Agency in its assessment of the health risks from
ionizing radiation, EPA has often helped sponsor reports from
these organizations, particularly from the NAS ‘BEIR Commit-
tees’. The risk models and supporting evidence is then reviewed
by EPA’s Scientific Advisory Board of outside distinguished
scientists before becoming final and being implemented. Thus,
EPA’s estimates of risk to low dose radiation reflect a broad
scientific consensus.
In these arguments, the USEPA “appeals to authority,”** where
the LNT model is asserted to be valid because some authority
putatively endorses it. This is an academic point because there
is in fact no consensus in favor of the LNT model among
individual scientists, professional societies, expert advisory
bodies, US regulators, nor even within USEPA itself. As
acknowledged earlier, contradictory recommendations were
issued by the French National Academies of Science and Med-
icine,’ and evidence supporting the French conclusions has
grown in the recent years. The French report contradicts the
claim of consensus among expert advisory bodies in support of
the LNT model.>"°
The USEPA’s own SAB has expressed caution about apply-
ing the LNT at low doses as well. The USEPA has claimed that
unfettered application of the LNT,

...1s the position adopted by the USEPA after review by the
Agency’s Scientific Advisory Board, an independent group of
distinguished outside scientists.'®

However, the SAB’s Radiation Advisory Committee
cautioned*:

... amajor issue with the choice of the LNT model is whether it
is appropriately applied at low doses.

...while the RAC endorses USEPA’s use of the LNT
model, the Agency is advised to continue to monitor the science
of the biological mechanisms underlying cancer induction at
low doses of ionizing radiation and of their influence on the
biophysical models used to estimate the cancer risk in this dose
range.

At radiation exposures in the range of natural background, it
is difficult to distinguish radiation-induced changes in risk from
the baseline. Thus, as a cautionary note, the RAC recommends
that the USEPA discuss potential problems associated with the
use of LNT dose response model risk estimates in very low dose
settings. Currently at these low doses, statistically significant
differences between the cancer rates among ‘exposed’ (defined
study populations) and ‘non-exposed’ (defined comparison
populations) are not observed.
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As BEIR VII acknowledges, the epidemiological data below
100 mSv (0.1 Sv) are not sufficient by themselves for risk
estimation, and considerable cellular and animal data suggest
complexities beyond the application of a simplified DNA dam-
age model which historically has been used as support for an
LNT dose-response model.

It is important to note that since the SAB last took up this issue
and advised USEPA to explicitly monitor developments on
these topics, the NCRP has issued comprehensive reports on
uncertainties in the measurement and dosimetry of external
radiation,61 internal radiation dose,62 and in the estimation of
radiation risks.®?

There is also no consensus among US regulators. The US
General Accounting Office (GAO) has on multiple occasions
investigated whether or not there is a consensus among
USEPA, the NRC, and the Department of Energy (DOE) on
approaches to regulating LDDR radiation exposures to the pub-
lic.>%4% Over 20 years ago, the GAO found,

the radiation standards that have been developed reflect a lack
of overall interagency consensus on how much radiation risk to
the public is acceptable

and also,

Differences in radiation limits and risks, calculation methods,
and protective strategies reflect the historical lack of a unified
federal framework for protecting the public from radiation
exposure.®’

The situation had not been resolved by 2000, with GAO
finding,?

U.S. regulatory standards to protect the public from the poten-
tial health risks of nuclear radiation lack a conclusively ver-
ified scientific basis, according to a consensus of recognized
scientists. In the absence of more conclusive data, scientists
have assumed that even the smallest radiation exposure carries
a risk. This assumption (called the ‘linear, no-threshold
hypothesis’ or model) extrapolates better-verified high-level
radiation effects to lower, less well-verified levels and is the
preferred theoretical basis for the current U.S. radiation stan-
dards. However, this assumption is controversial among
many scientists

and also,

...USEPA and NRC have disagreed on exposure limits.
Although we recommended as far back as 1994 that the two
agencies take the lead in pursuing an interagency consensus on
acceptable radiation risks to the public, they continue to dis-
agree on two major regulatory applications: (1) the proposed
disposal of high-level nuclear waste in a repository at Yucca
Mountain and (2) the cleanup and decommissioning of nuclear
facilities.

As recently as 2017, the GAO again recommended the DOE
take the lead on reestablishing and coordinating federal
research on the topic of low-dose radiation effects.®®

There is also no consensus in support of the LNT model
among relevant professional societies.”*°”%° Extrapolation of
LDDR risks via the LNT model is at odds with the advice of
professional societies around the world. For example, the Aus-
tralasian Radiation Protection Society has stated,

There is insufficient epidemiological evidence to establish a
dose-effect relationship for effective doses of less than a few
tens of millisieverts in a year above the background level of
exposure and further, . . . no inference may be drawn concerning
the risk to health or risk of fatality of an individual from an
effective dose below 10 mSv in a year. For individual doses less
than some tens of millisieverts in a year, risk inferences are
unreliable and carry a large uncertainty that includes the pos-
sibility of zero risk.®®

In the United States, the HPS has concluded,

The Health Physics Society advises against estimating health
risks to people from exposures to ionizing radiation that are
near or less than natural background levels because statistical
uncertainties at these low levels are great. .. Substantial and
convincing scientific data show evidence of health effects fol-
lowing high-dose exposures (many multiples of natural back-
ground). However, below levels of about 100 mSv above
background from all sources combined, the observed radiation
effects in people are not statistically different from zero. Scien-
tists evaluate and estimate radiation risk using several assump-
tions that, taken together, may lead to a range of hypothetical
health risk estimates for any given exposure scenario. For radia-
tion protection purposes and for setting radiation exposure lim-
its, current standards and practices are based on the
questionable premise that any radiation dose, no matter how
small, could result in detrimental health effects such as cancer
or heritable genetic damage. Implicit in this linear no-threshold
(LNT) hypothesis is the core assumption that detrimental
effects occur proportionately with radiation dose received
(NAS/NRC 2006). However, because of statistical uncertainties
in biological response at or near background levels, the LNT
hypothesis cannot provide reliable projections of future cancer
incidence from low-level radiation exposures (NCRP 2001).>

Additional examples from medical physics and radiology
professional societies are provided in “What Other Informa-
tion Is Available in the Scientific Literature and Does It
Support the Continued Use of the LNT Model for LDDR
Environments?” section.

In addition to expert advisory bodies and professional soci-
eties, numerous individual scientists have argued against appli-
cation of the LNT at low doses.”*”%"? Studies have also been
conducted of individual scientists’ views regarding the accu-
racy of the LNT dose—response model for radiation effects’”*
(Table 1). A survey of scientists employed at US national
laboratories revealed that 70% believed that a threshold model
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Table 1. Survey of Scientists Regarding the Most Accurate Radiation
Dose—Response Model for Cancer.”>”*

Percent
Percent  Supporting
Supporting Threshold
Surveys Respondents LNT Model Model  Other
United States National Labs 12 70 18
Union of 21 48 312
Concerned
Scientists
Subscribers to  United States 19 75 6°
Science Britain 21 71 8°
France 18 70 13°
Germany 22 64 13°
Other European 23 69 8°
Union

Abbreviation: LNT, linear no-threshold.
*The “other” category includes “supralinear” and “don’t know” responses.
®The “other” category includes “supralinear” responses.

accurately reflected radiation effects, compared to only 12%
who believed an LNT model is accurate.”* Even among mem-
bers of the Union of Concerned Scientists, a group that has
expressed concerns about the US nuclear power industry,
48% believed a threshold model accurately describes LDDR
effects while only 21% favored an LNT model. The results
were similar when scientists from the United States and Europe
who subscribe to the journal Science were surveyed’: (1) 75%
of US scientists believed a sublinear threshold model accu-
rately described radiation effects, compared to only 19% who
favored an LNT model; (2) for British scientists, the break-
down was 71% for sublinear threshold and 21% for LNT mod-
els; (3) for French scientists, 70% and 18%, respectively; (4)
for German scientists, 64% and 22%, respectively, and (5) for
other European scientists, 69% and 23%, respectively. These
studies indicate that a majority of individual scientists are skep-
tical of the accuracy of the LNT model—exactly the opposite
of a pro-LNT consensus claimed by USEPA.>!?

Should the BEIR VIl Report Continue to be
Used to Justify the Use of the LNT Model for
LDDR Radiation Environments?

In short, the answer is “no.” The USEPA places great weight on
a few scientific references to support its application of the LNT
model, most notably, the BEIR VII report from the US NAS.°
For example, USEPA states,

The BEIR VII study, which was sponsored by several federal
agencies including the USEPA and the NRC, determined that
‘the balance of evidence from epidemiologic, animal and
mechanistic studies tend to favor a simple proportionate rela-
tionship at low doses between radiation dose and cancer risk.”*

The NAS originally adopted the LNT model as the basis for its
philosophy to protect against radiation-induced genetic

mutations in the human population at the recommendation of
its Biological Effects of Atomic Radiation Committee Genetics
Panel in 1956.7° This recommendation was made in spite of the
fact that radiation-induced genetic effects in the offspring of
irradiated parents have never been observed in humans.
Recent historical research has revealed that this recommenda-
tion was made under questionable circumstances (7°*° but see
also®'*%). Even so, the LNT model was later expanded and
applied to radiation-induced cancer risks. Controversial from
the beginning, this recommendation nevertheless initiated
decades of institutional inertia, with multiple iterations of NAS
Committees repeatedly reaffirming the suitability of the LNT
model as the basis of radiation protection philosophy, most
recently in the BIER VII report over a decade ago.* The BEIR
VII Committee concluded,

... current scientific evidence is consistent with the hypothesis
that there is a linear, no-threshold dose-response relationship
between exposure to ionizing radiation and the development of
cancer in humans.

Although they acknowledged that a linear-quadratic model fit
the data better than the LNT model at low doses, they reported
the improvement was not statistically significant. In large part,
because the NAS inappropriately treated the LNT model as if it
were the null hypothesis rather than appropriately treating it as
an alternative hypothesis to be tested against the null of no
effect, the LNT model became the Committee’s preferred
recommendation. In turn, the USEPA incorporated BEIR VII
risk models into their policy and guidance.®*

However, two major pieces of evidence the BEIR VII Com-
mittee relied upon to support their endorsement of the use of
the LNT model to estimate risks from low doses, the Lifespan
Study (LSS) of the Japanese atomic bomb survivors and the 15-
country study of nuclear workers, no longer support the LNT
model.*> We summarize the problems with continuing to cite
these two pieces of evidence to justify risk estimates using the
LNT model in LDDR environments below.

It is widely acknowledged (in the BEIR VII report and else-
where) that the LSS was the most influential study in setting
radiation protection guidelines around the world. It is also evi-
dent that even these data set do not provide definitive evidence
of increased cancer risk after exposure to low radiation doses.®®
In fact, the most recent epidemiological study on cancer mor-
tality in the Japanese survivors of the atomic bombings states,

the estimated lowest dose range with a significant ERR [excess
relative risk] for all solid cancer was 0 to 0.20 Gy.®’

Another way of saying this is that no significant ERR was
observed for doses below 0.20 Gy. The authors also concluded
that,

... statistically significant upward curvature was observed
when the dose range was limited to 0-2 Gy ... The curvature
over the 0—2 Gy range has become stronger over time.
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This means the argument for an LNT relationship has wea-
kened over time. This is an example of epidemiological data
possibly reflecting dissimilarity of biological responses to
LDDR and HDDR; however, it is not discussed by the authors
in spite of explicit calls to integrate biology and epidemiol-
ogy.¥8? Despite that evidence, these authors concluded,

... a formal dose-threshold analysis indicated no threshold; i.e.
zero dose was the best estimate of the threshold.’”-*°

Reviewing their threshold analysis, others found that they
excluded the possibility of negative risk values despite eight of
the 10 lowest data points having confidence intervals, including
negative values. Alternative analyses that did not exclude nega-
tive values revealed the possibility of a nonzero threshold. >4
Similarly, for cancer incidence in the LSS cohort,

The lowest dose range that showed a statistically significant
dose response using the sex averaged, linear ERR model was
0-100 mGy.”

In other words, there are no detectable health effects below 100
m@Gry. It is evident that statistical power limitations preclude the
selection of one alternative hypothesis over another (eg, LNT
vs linear with threshold); therefore, the assertion that the LSS
data provide definitive evidence in support of the LNT is not
accurate. A threshold model is also consistent with both the
latest solid cancer incidence and the mortality data.

The second piece of evidence the BEIR VII Committee
relied heavily upon was the so-called “15-country study.””®
This study initially concluded that,

Significantly increased risks were found for mortality from all
cancers excluding leukemia and from lung cancers.

However, further analysis revealed that this conclusion is also
no longer valid. The Canadian Nuclear Safety Commission
concluded that Atomic Energy of Canada, Ltd nuclear energy
workers cohort included in the original 15-country study did,

... not have an increased risk of solid cancer mortality. Incom-

plete dose records are likely the cause for the apparent
increased risk of solid cancer mortality in AECL NEWs first
employed before 1965 (1956-1964).°

1°% concluded:

Furthermore, Zablotska et a
Significantly increased risks for early AECL workers are most
likely due to incomplete transfer of AECL dose records to the
National Dose Registry. Analyses of the remainder of the Cana-
dian nuclear workers (93.2%) provided no evidence of
increased risk

and,

Study findings suggest that the revised Canadian cohort, with
the exclusion of early AECL workers, would likely have an

important effect on the 15-country pooled risk estimate of
radiation-related risks of all cancer excluding leukaemia by
substantially reducing the size of the point estimate and its
significance.

These findings should serve as a warning against relying on
BEIR VII to justify the use of the LNT model for LDDR risk
estimation purposes.

In summary, two influential pieces of evidence relied upon by
the BEIR VII Committee (the LSS cohort and the 15-country
study) no longer support the LNT model based on the latest
scientific literature. However, the USEPA relies heavily upon
the recommendations of the BEIR VII report on this issue and
continues to use it to support is current policies and risk assess-
ment strategies. This evidence alone is enough to warrant a new
look at the science for risk assessment decision-making and
determining radiation cleanup levels in LDDR environments.

What Other Information is Available in the
Scientific Literature and Does it Support the
Continued Use of the LNT Model for LDDR
Environments?

The USEPA has cited studies published after BEIR VII, which
they assert provides support for the LNT model in LDDR
environments®’:

Since publication of BEIR VII, additional evidence has accu-
mulated supporting the use of LNT to extrapolate risk estimates
from high acute doses to lower doses and dose rates. In this
connection, we would note, inter alia, results of epidemiologi-
cal studies on: nuclear workers in the United States, France and
the United Kingdom'®’; residents along the Techa River in
Russia who were exposed to radionuclides from the Mayak
Plutonium Production Plant!®"'°%; and children who had
received CT scans.!?® These studies have shown increased risks
of leukemia and other cancers at doses and dose rates below
those which LNT skeptics have maintained are harmless - or
even beneficial.'®

Follow-up studies of a selected part of the cohort included in
the 15-country study has recently been published to examine
leukemia'®® and solid cancer'®® risks. These studies, also
known as the International Nuclear Workers Study
(INWORKS)] studies, examined risk in worker cohorts from
the United States, France, and the United Kingdom (a subset of
the larger cohort included in the 15-country study). The leuke-
mia study'® concluded,

This study provides strong evidence of positive associations
between protracted low-dose radiation exposure and leukaemia.

Similarly, the solid cancer study'®* concluded,
The study provides a direct estimate of the association between

protracted low dose exposure to ionising radiation and solid
cancer mortality.
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Several methodological questions have been raised about these
studies,los’106 and the authors have replied.107 In addition,
numerous methodological objections have been raised in Sacks
et al.'®® These include:

1. failure to account for natural background radiation
exposure, the differences in which potentially dwarf
the occupational exposures of the study cohort;

2. failure to account for medical exposures experienced

by the public;

failure to account for dose-rate effects;

the a priori assumption of an LNT dose response;

5. mischaracterization of the y-intercept as O total dose
when in fact it was 0 occupational dose;

6. arbitrary exclusion of all dose responses except LNT
and linear-quadratic (which actually provided a better
fit to their observed data, but the authors claimed the
improvement was not statistically significant);

7. dismissing 6 of 7 disease outcomes as being highly
imprecise rather than stating that they are not statisti-
cally significantly different from no-effect;

8. creating an artificial disease category by arbitrarily
combining 3 forms of leukemia and excluding a
fourth, then characterizing this artificial grouping as
an additional statistically significant association;

9. providing misleading characterizations of the data
above 200 mGy as statistically significant when in
fact, only the 200 to 300 mGy dose category was
significantly elevated, whereas the highest dose cate-
gory was not (nor was any other dose category);

10. insufficient consideration of age as a possible
confounder;

11. a priori and arbitrary consideration only of the possi-
bility of increased risks and excluding the possibility
of decreased risks; and

12. the arbitrary choice of a 90% confidence limit rather
than the more conventional 95%, thus increasing the
possibility of significance, then mischaracterizing the
results as strong evidence of risk from LDDR radiation

exposure.

B w

To this list of methodological shortcomings, we add the
omission of occupationally required medical imaging exami-
nations (which are distinct from medical doses received by the
public at large—raised as #2 above), resulting in potential sig-
nificant underestimation of external radiation dose. With
regard to potential confounding by diagnostic medical dose,
the INWORKS authors state,

...for confounding to occur, medical radiation exposures
would need to be associated with occupational doses . .. which
is unlikely to be the case.'"’

The basis for the authors’ conclusion that such confounding is
unlikely is not provided. The omission of dose from medical
imaging received by workers as a condition of employment

presents one of the most serious questions about the metho-
dology of these studies, as it likely resulted in potentially
significant underestimation of external radiation dose. At sev-
eral of the US sites included in the study, workers were
required to undergo a medical examination at least yearly,
which included medical imaging examinations. Of particular
concern is the use of photofluorography in the early years (eg,
1940s to 1950s). Photofluorography delivered high-dose rate
radiation exposures to workers at the Savannah River Site
(1951-1960, 0.46 mGy per examination to male red bone
marrow),'® Hanford (1943-1962, 1.41 mGy),'” and the 3
Oak Ridge Sites: Y-12 (at least 1943-1947, 2.76 mGy),''°
X-10 (at least prior to 1947, 2.58 mGy),'!! and K-25 (1945-
1956, 2.0 mGy)."'? So, for example, a worker at Hanford from
1943 to 1962 could have received a red bone marrow dose of
~27 mGy from photofluorography alone. Although these are
not especially large doses, the authors reported recorded mean
occupational external bone marrow doses of only 16 mGy and
median doses of only 2.1 mGy, and they claim to have
observed increased leukemia risks. If that is true, then even
larger potential doses from occupationally required medical
examinations cannot be casually dismissed. The impact of
medical imaging examinations workers received as a condi-
tion of employment has been specifically studied at one of the
sites included in the INWORKS study.''*''* Work-related
medical imaging examinations were the predominant source
of radiation exposure among workers at the K-25 site. In fact,
the work-related medical imaging dose was on average 50
times higher than the recorded occupational dose.''® Occupa-
tionally required medical imaging could certainly influence
the estimation of possible thresholds (which the authors of the
INWORKS studies did not report), estimates of risk per unit
dose, and the shape of the dose—response relationship.''?
Furthermore, at some sites, workers judged to be at high risk
(eg, those performing jobs where they received higher occu-
pational radiation dose) were examined more frequently, indi-
cating nonrandom distribution of medical radiation exposure
among the cohort and subsequent bias. Neglecting this impor-
tant source of exposure seriously compromises the conclu-
sions of the INWORKS study. At least for the US sites,
workers’ medical records are available, so including this dose
should be feasible. The importance of this issue for the UK
and French cohorts included in the INWORKS study should
also be examined.

For the Techa River cohort, it is unclear why USEPA chose
to cite an outdated reference'®’ when there is a more recent
update''*; however, risk estimates in the most recent update are
less than half of the estimates in the earlier reference USEPA
cited. Furthermore, Krestinina et al'!s states,

For the basic dose—response model, the ERR was assumed to be
linear in dose but we also considered models where the dose
response was taken as a linear-quadratic, a pure quadratic func-
tion of dose, or threshold models in which the ERR was
assumed to be 0 up to some threshold dose and taken as linear
for higher doses.
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Solid cancer dose response
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Figure 1. Solid cancer excess relative risk (ERR) estimates for the
Techa River cohort plotted against stomach dose. Reproduced from
figure | of Davis et alloz, used with permission, circle added for
emphasis.

No further details are provided on their analysis of thresholds.
It is not clear whether the authors allowed ERR to assume
negative values, which would certainly be indicated given that
the total leukemia rates reported for the 5 lowest dose groups
were lower than the control group (those who received <0.01
Gy). Only the 2 highest dose groups (those receiving 0.5-1 Gy
and 1+ Gy) exceeded controls. For leukemia excluding chronic
lymphocytic leukemia, the rates for 2 of the 3 lowest dose
groups were below that for the control group, suggesting a
threshold or even potential hormetic effect which is often dis-
missed as a potential healthy worker effect. The authors
reported that their data, “...are consistent with a linear dose
response . . . ”; however, they do not report whether or not their
data are also consistent with a threshold or hormetic dose
response, which would seem to be the case given these results.
If multiple models adequately describe the observed dose
response, then USEPA should not cite these results as support-
ing the LNT model and excluding the threshold model as peti-
tioned by SARI.

For solid cancers in the Techa River Cohort, the situation is
similar. The USEPA cited,'*? and again, the authors claimed,

There is a statistically significant (P = 0.02) linear trend in the
smoking-adjusted all-solid cancer incidence risks.

However, a closer look at the data in this study reveals that the
two lowest dose categories have ERR estimates lower than the
zero dose controls, consistent with a hormetic dose response or
at least a threshold (Figure 1). This is another example of
epidemiological data possibly reflecting the dissimilarity of
biological responses to LDDR and HDDR, but again it is not
discussed by the authors.

Within the past few years, new studies of pediatric patients
receiving computed tomography (CT) medical imaging exam-
inations claimed to observe increases in risks from relatively

low doses (though delivered at a high-dose rate).'®*''® These
studies received extensive press coverage, and almost immedi-
ately, claims were made that,

... the new data confirm that the cancer risk associated with the
radiation from a CT scan is very small, but not zero.""”

In presentations to the Interagency Steering Committee on
Radiation Standards, USEPA has referenced these studies to
suggest potential adverse health effects from LDDR radia-
tion.”” However, these early enthusiastic pronouncements
have not held up to scientific scrutiny. A number of signifi-
cant methodological issues have been identified in these stud-
ies,''®!" including (1) individual doses were not directly
assessed, but rather “typical” doses were assumed; (2) doses
applied were for adults and assumed no decrease for pediatric
patients, even though this is the standard of care; and (3) the
reason for the CT was not considered, and it is possible that
the underlying condition indicating the CT has associated
cancer susceptibility (this point was acknowledged in one of
the USEPA presentations®”'%). On the latter point, as
explained by Ulsh,”!

One of the strongest associations'®* observed was for gliomas,
but they did not control for prior head injury. Head injuries are a
common reason for head CT in children, and head injury may
be associated with brain tumors.

This assessment agrees with UNSCEAR,'?! which concluded

... There are concerns about the risk estimates because of lack
of information about indications for the CT scans and the con-
sequent potential for ‘reverse causation’ (i.e., cancers may have
been caused by the medical conditions prompting the CT scans
rather than by the CT dose).

The NCRP came to similar conclusions, stating:

Children who receive frequent examinations may have some
underlying disability related to the outcome of interest. That is,
a child who receives multiple CT examinations of the head may
have a central nervous system disorder that is prompting such
examinations and it is these underlying disorders that are
related to the cancer diagnosis and not the CT radiation dose.®

Furthermore, two recent studies from France'?? and Ger-
many'?® have demonstrated that failing to account for the
underlying reason requiring the examination can inflate risk
estimates in studies of populations exposed to CT scans.

In spite of the UNSCEAR and NCRP conclusions, and mul-
tiple papers pointing out the limitations of these studies
(eg,’"*'"?), they continue to be cited by USEPA and others as
providing strong or definitive evidence of risks of very low
radiation doses and supportive of the LNT model.”® However,
the application of the LNT model and the As Low As Reason-
ably Achievable (ALARA) principle to medical imaging has
come under heavy criticism.”*'?*12° Professional societies
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with expertise in medical imaging continue to unanimously
maintain that the carcinogenicity of low radiation doses has
not been demonstrated, and estimates of risks from low doses
like those associated with medical imaging examinations
remain speculative and unproven. For example:

e American Association of Physicists in Medicine

At the present time, there is no convincing epidemiological
evidence of increased cancer incidence or mortality from
low radiation doses (<100 mSv). Because medical imaging
exposures are typically much lower than 100 mSv, when
such exposures are medically appropriate, the anticipated
benefits to the patient are highly likely to outweigh any
small potential risks. Therefore, when discussions of risk
occur, it is essential that the benefit of the clinical task also
be discussed. Additionally, the AAPM discourages describ-
ing potential risks associated with medical imaging using
predictions of hypothetical cancer incidence and deaths.
These predictions are contrary to directives of radiation pro-
tection organizations, are highly speculative and can lead to
sensationalistic coverage in the public media, leading some
patients to fear or refuse appropriate medical imaging.®®

e International Organization for Medical Physics

Prospective estimates of cancers and cancer deaths induced
by medical radiation should include a statement that the
estimates are highly speculative because of various random
and systematic uncertainties embedded in them. These
uncertainties include dosimetric uncertainties; epidemiolo-
gical and methodological uncertainties; uncertainties from
low statistical power and precision in epidemiology studies
of radiation risk; uncertainties in modeling radiation risk
data; generalization of risk estimates across different popu-
lations; and reliance of epidemiological studies on observa-
tional rather than experimental data. Such uncertainties
cause predictions of radiation-induced cancers and cancer
deaths to be susceptible to biases and confounding influ-
ences that are unidentifiable.'?’

e The Society for Pediatric Radiology

To prevent misconceptions and public alarm, it is important
to realize that the radiation used in CT scans has not been
proven to cause cancer during a child’s lifetime. The very
small risk of cancer from radiation exposure is an estimate
and is based on information and statistics that are
debatable.®’

USEPA has also cited studies of natural background and other
environmental LDDR radiation exposures. Studies to under-
stand health effects on people exposed to LDDR radiation are
especially important, since they more closely reflect the envi-
ronment following a radiological cleanup effort. They also
serve to help the agency determine whether the cleanup poli-
cies are adequate to protect human health and environment
while accounting for social and economic factors (ie, do they
do more good than harm to society?). USEPA cited a study of
leukemia risk due to natural background radiation exposure'®
and noted that this study claimed to have observed significant

excess risk associated with dose rates as low as 1 mGy/yr.”® We
reviewed'?® and have identified several methodological issues.
The authors conclude,

The possibility of confounding by some unidentified factor can
never be entirely disproved, and is of particular concern when
dealing, as here, with small RRs. However, we were unable to
identify any mechanism whereby such confounding might plau-
sibly account for the observed magnitude and specificity of
effect in this study.

Socioeconomic status was the only confounder considered.
There is evidence that paternal smoking is also associated with
increased risk of childhood leukemia,'*® yet the authors did not
consider this. The USEPA presented'*® as evidence of an LNT
relationship for LDDR exposures despite the fact that it ignored
potential confounding due to exposure to tobacco smoke. It is
also worth noting that USEPA explicitly criticized other eco-
logical LDDR studies that contradicted the LNT model'*%!3!
for not accounting for smoking (***!** but see also'**!*%). In
the same presentation citing,'*® USEPA acknowledged the
potential role of confounding factors, stating “variations in
cancer rates due to other causes tend to swamp out those due
to [ionizing radiation] exposure,” but apparently did not con-
sider the potential for smoking to confound this study by noting
this limitation.

This study'*® estimated background gamma and radon doses
based on the residence location of the mother, using county
measurements. This information was available for cases both
at birth and at time of diagnosis. It was discovered that about
half of the cases had moved between birth and diagnosis. For
controls, only the residence location at time of birth was avail-
able, so the number of the controls who moved after birth is
unknown. The UNSCEAR warned that,

The study should be interpreted with caution because of the
large uncertainties associated with using an ecological measure
of dose.'?!

The study considers only radiation exposure from natural back-
ground gamma radiation and radon. It ignores other, potentially
larger sources of radiation exposure, for example, medical
exposure. This is in spite of the fact that one of the coauthors
of this study (MPL) was a coauthor of a separate study which
claimed that exposure of British children to CT scans has
increased their leukemia risk.'®® If it is true that exposure to
CT scans is an important risk factor for childhood leukemia in
this population, then omitting it from Kendall et al'*® cannot be
justified. This is not consistent with the author’s stated inability
to identify other possible sources of bias or confounding.

The number of cases with a y-ray dose rate different from
their control(s) was 14 308 (52% of all cases). This means that
for 48% of the cases, the y-ray dose rate was not different from
their controls. This is not a result that strongly demonstrates a
causal relationship between background y-ray dose rate and
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leukemia. This observation does not satisfy Hill’s criteria of
strength of association.?’

The authors used a log-linear logistic model for data analy-
sis. But the use of such a model to analyze dose-risk relation-
ships contains the intrinsic assumption that dose is linearly
related to leukemia risk without threshold. They did not report
testing other possible dose—response relationships. The authors
assumed the validity of the LNT model, and citing this study in
support of the LNT model is therefore a circular argument.*?

We also note that the USEPA presentations do not discuss
the numerous studies of high natural radiation background
arcas that have observed no excess risks of cancer, even in
populations exposed to dose rates well in excess of 100
mGy/yr (eg, *%'*"), except to categorically characterize them
as “specious.” An objective evaluation of these studies is war-
ranted to better understand any health effects from LDDR
exposure to ionizing radiation, especially following the large-
scale accidents in Chernobyl and Fukushima.

A similar LDDR situation, but involving a man-made ele-
vated radiation background, occurred in Taipei, Taiwan, where
construction materials contaminated with ®°Cobalt were used
to build hundreds of structures throughout the city.'** These
buildings included schools and nearly 1000 apartments. More
than 4000 people were chronically exposed to elevated radia-
tion levels in this incident, some estimated as high as 1.2 Gy of
cumulative dose.'*’ It has also been the basis of legal action
against the Taiwanese government.'** The USEPA cited a
study of this population as supporting the LNT model.

Doses to the apartment dwellers were estimated by survey
instrument measurements in the affected apartments and com-
pared to doses measured by personal dosimeters.'** This study
found agreement to within 10% to 15% for adults but only to
within 60% for children. Large uncertainties were also noted in
other dose reconstruction effor‘[s,146 which found that children
received the smallest radiation doses compared to other family
members. Reconstructed doses were found to agree with mea-
sured doses to within a factor of 3.'*’ Radiation doses have also
been measured using thermoluminescent dosimeters
(TLDs),'*® and studies have been conducted to determine how
to convert TLD measurements to doses received by residents
using phantoms.'*

Epidemiological studies of this population reveal evidence
that low doses of radiation not only failed to increase cancer
risk but actually are consistent with a protective effect.'>® A
study of cancer mortality in this population observed,

The experience of these 10,000 persons suggests that long term
exposure to radiation, at a dose rate of the order of 50 mSv (5
rem) per year, greatly reduces cancer mortality . ...">"

A separate study of cancer incidence was also conducted.'>
The abstract of this article highlighted the few specific cancer
subtypes that yielded increased standardized incidence ratios
(SIRs) based on very low numbers of cases (eg, leukemia, 7
cases vs 3.3 expected). No mention was made in the abstract of
the lack of increase for the other 19 types of cancer which

showed no statistically increased risks, nor more importantly,
the observation of statistically significantly lower SIRs for all
cancers (95 observed vs 114.9 expected), all cancers except
leukemia (88 observed vs 111.6 expected) and all solid cancers
(82 observed vs 109.5 expected). The USEPA’s presentation
highlighted only the result for leukemia and breast cancer from
a follow-up study that arbitrarily excluded the possibility of
lower risks in the exposed population and forced a linear fit
to the data on selected cancers to estimate hazard ratios at 100
mGy."*? The hazard ratio at 100 mGy for leukemia excluding
chronic lymphocytic leukemia was just barely significant at the
90% o level (confidence interval [CI], 1.01-1.31) but not at the
more conventional 95% level. The USEPA presentations did
not discuss that no statistically significant increases were
observed in all cancers, all cancers excluding leukemia, all
solid cancers, or cancers of the cervix, lung, thyroid, liver,
stomach, or rectum, even when the data were forced to follow
an LNT model. Further, the USEPA presentation did not men-
tion two other studies, including a larger study of cancer inci-
dence by the same authors, which found statistically
significantly reduced mortality'®' and incidence'>? of all can-
cers combined and all solid cancers, suggesting not only a lack
of cancer risk from low radiation doses but possibly also a
protective effect. This creates the misleading impression that
the Taiwan studies support the LNT model when in fact they
directly contradict it.

Another update on this cohort was recently published,'**
which claimed,

Dose-dependent risks were statistically significantly increased
for leukaemia excluding chronic lymphocytic leukaemia (HR
[hazard ratio] 100 mSv 1.18; 90% CI 1.04-1.28), breast cancers
(HR100 mSv 1.11;90% CI 1.05-1.20), and all cancers (HR 100
mSv 1.05; 90% CI 1.0-1.08, P = 0.04).

However, as observed by Doss, '

The Hsieh et al publication reports that 249 cancer cases were
observed in the cohort up to the end of 2012. To calculate the
SIR, we need to know the expected number of cancer cases for
the same period. In the 2006 report, Hwang et al reported that
the expected number of all cancers was 114.9, and the average
age of the irradiated cohort was 33.3 at the end of 2002 (The
average age of the population was 17.1 at the time of irradiation
and the cohort was followed-up for an average of 16.2
years).!> Hence, for the Hsieh et al publication, the average
age at the end of the study period (end of 2012) would be 43.3.
The cancer incidence rates for the ages of 33.3 and 43.3,
obtained by interpolation of the average of male and female
cancer incidence rates during 1998-2002 from Taiwan Cancer
Registry (TCR, 2008), are 86.3 and 222.4, respectively, indi-
cating there would be an increase in cancer incidence between
these two ages by a factor of ~2.58. Therefore, considering the
114.9 expected cases to the end of 2002 (Hwang et al, 2006),
the expected cancer cases up to the end of 2012 would be 296.4,
resulting in a SIR 0f249/296.4.0.84 (95% CI: 0.74-0.95). Thus,
the reduction of cancer rate in the irradiated cohort is
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significant in the updated data also. A similar analysis of the
data published in 2008'>* shows that SIR for that study would
be 0.75 (95% CI: 0.61-0.88), based on 117 observed and 156.8
expected cancers to the end of 2005, again indicating reduction
of all cancers in the irradiated cohort. Hsieh et al have failed to
discuss the significant reduction of overall cancers in the
irradiated cohort. (emphasis added)

Is it Appropriate to Regulate lonizing
Radiation in the Same Manner as Toxic
Chemicals?

In 1992, the USEPA SAB provided guidance on ways to har-
monize risk assessment and risk-reduction strategies for radia-
tion and chemicals.'*® They noted that the regulations for
radiation and chemical risks developed under different para-
digms and stated:

USEPA’s priorities should be directed towards reducing the
greatest risks first, especially when that can be accomplished
economically. The corollary to that principle is that similar
risks should be treated similarly, which calls for harmonization,
in so far as is possible, of risk reduction strategies between
chemical and radiation. Harmonization does not necessarily
imply identical treatment, but it does imply that any differences
in treatment are clearly explained and justified. (emphasis
added)

The options noted in the SAB Commentary were:

1. bring risk-reduction strategies for excess radiation
exposures consistently in line with the chemical para-
digm, a direction that it noted that some parts of the
agency were already headed;

2. bring chemical risk-reduction strategies more in line
with the radiation paradigm; or

3. achieve harmony between the 2 systems by modifying
both in appropriate ways, explaining residual differ-
ences, and placing more emphasis on what can reason-
ably be achieved. In this case, background risk could be
incorporated, and the balancing of benefits and costs of
risk-reduction measures could be strengthened while
maintaining much of the Agency’s current approach
to chemicals.

The radiation paradigm approach to control radiation expo-
sures is based on principles developed over many decades by
the ICRP and the NCRP.”® These principles are:

1. JUSTIFICATION: the need to justify any radiation
exposure on the basis that the benefits to society exceed
the overall societal cost;

2. ALARA (Optimization): maintain any exposures as low
as reasonably achievable, economic and social factors
being taken into account; and

3. LIMITATION: radiation exposures are kept to levels of
acceptable risk.

As described by the ICRP,

For any situation where intervention is considered, some pro-
tective actions might be justified while others are not justified.
Of those protective actions which are justified, it is necessary to
establish the level at which the best protection will be provided.
In other words the radiation detriment averted by each protec-
tive action should be balanced against the cost and other detri-
ments of the action in such a way that the net benefit achieved
by the protective action is maximized (i.e. optimization of
protection).">’

The principles of ALARA (Optimization) and LIMITATION
can be viewed as a “top-down” approach to limit radiation
exposure and health risk (Figure 2). Therefore, radiation
exposures are considered acceptable if they are less than a
specific limit and they are as low as reasonably achievable.
Compliance with a dose limit alone does not define acceptable
exposures or risk.

The chemical paradigm approach can be viewed as a
“bottom-up” approach. The historical use of this paradigm by
the USEPA is based on the Delaney Clause of the Federal
Food, Drug and Cosmetic Act Food Additives Amendment of
1958. This clause set a standard of zero risk to the public from
carcinogenic food additives (eg, pesticides) that concentrate in
processed foods. This was interpreted in terms of a “negligible”
but nonzero lifetime cancer risk of 1078, which was later
increased to 107° due to pesticide measurement difficulties at
levels corresponding to the lower risk. This lifetime cancer risk
criterion and the concept of risk goals were later incorporated
into various USEPA regulations (eg, CERCLA, Safe Drinking
Water Act, Clean Air Act, and Resource Conservation and
Recovery Act). This paradigm has two basic elements:

1. a goal for acceptable risk and

2. allowance for an increase (relaxation) in risks above the
goal, based primarily on considerations of technical
feasibility and cost.

The USEPA made the decision to regulate radiation the
same way it regulates toxic chemicals for consistency pur-
poses,'>® despite advice from the SAB describing problems
with such an approach'>®:

To many radiation scientists, reducing excess exposures much
below 100 mrem/yr seems unnecessary and in any case exceed-
ingly difficult to monitor for compliance because it is within the
natural variability of background.

The application of standard chemical risk-reduction criteria
to radionuclides in these situations leads to limitations on
excess radiation dose that are small in comparison to natural
background radiation.

“In calculating excess risk from human sources of a chem-
ical, background levels, if any, are therefore frequently seen as
irrelevant . ...” This is in marked contrast to radiation, which is
universally distributed in the natural environment.
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Figure 2. Cancer risk management paradigms. Reprinted with permission from the National Council on Radiation Protection and Measure-

ments, http://NCRPonline.org.

The USEPA treats inorganic metals differently than other che-
micals. In the assessment of human risks from exposures to
inorganic metals,'®® USEPA takes into account metals that are
naturally occurring and vary in concentrations across geo-
graphic regions. According to USEPA, the implications of
these properties include:

Humans, other animals, and plants have evolved in the presence
of metals and are adapted to various levels of metals. Many
animals and plants exhibit geographic distributions that reflect
variable requirements for and/or tolerance to certain metals.
These regional differences in requirements and tolerances
should be kept in mind when conducting toxicity tests, evaluat-
ing risks, and extrapolating across regions that differ naturally
in metals levels.

The USEPA also acknowledges that some metals are essential
for maintaining proper health of humans, animals, plants, and
microorganisms. As a result, USEPA considers the following

implications for risk assessment'®":

Adverse nutritional effects can occur if essential metals are not
available in sufficient amounts. Nutritional deficits can be
inherently adverse and can increase the vulnerability of humans
and other organisms to other stressors, including those associ-
ated with other metals.

Excess amounts of essential metals can result in adverse
effects if they overwhelm an organism’s homeostatic mechan-
isms. Such homeostatic controls do not apply at the point of
contact between the organism and the environmental exposure.

Essentiality thus should be viewed as part of the overall dose-
response relationship for those metals shown to be essential,
and the shape of this relationship can vary among organisms.
For a given population, ‘reference doses’ designed to protect
from toxicity of excess should not be set below doses identified
as essential. Essential doses are typically life-stage and gender
specific.

These properties are analogous to those ascribed to radiation by
the threshold and hormesis response models. An exception has
been made to treat risk assessment for inorganic metals differ-
ently because of their essential characteristics or natural exis-
tence in background. Radiation has not been afforded the same
consideration despite the similarities with inorganic metals.
Instead, USEPA has stated,

... as the purpose of a risk assessment is to identify risk (harm,
adverse effect, etc.), effects that appear to be adaptive, non-
adverse, or beneficial may not be mentioned.'®" (emphasis
added)

and further,

As a general principle, our practice is not to base risk assess-
ments on adaptive, non-adverse, or beneficial events.'®!

Applying this guidance to radiation risk assessment excludes
any scientific evidence on potential benefits from radiation
exposures simply by policy mandate. That introduces bias by
allowing only information claiming support for the LNT model
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while prohibiting evidence that contradicts it. Excluding evi-
dence of adaption or benefits, and only considering evidence of
harm, is contrary to radiation protection philosophy as
described by the ICRP.'®*> National and international expert
advisory bodies acknowledge adaptive and hormetic effects,
and their consideration has even been formally included in new
European standards for protection of the environment against
radiation.'®?

Regulating radiation the same way as toxic chemicals also
does not take into account that risks from radiation exposure
have been established based largely on observations in
humans exposed to well-known individual doses, whereas
chemical risks are more often based on projections from
experiments on animals or human epidemiology that suffer
from poorly characterized individual exposures. Since back-
ground radiation is an underlying factor that isn’t present for
most toxic chemicals, the USEPA SAB acknowledged the
existence of threshold models for radiation carcinogenesis
(eg, the radium dial painters) or at least “practical thresholds”
(eg, the idea that cancer latency was inversely related to dose
such that manifestation of risks at low doses could be delayed
so long that no cancers would occur during a normal
lifetime).'>®

Radiation protection philosophy is distinct from toxic chem-
ical protection philosophy:

The precautionary principle is an alternative risk management
strategy that gives disproportionate weighting to technological
risks. It is often summarized by the phrase ‘better safe than
sorry’ and requires forgoing, postponing or otherwise limiting
a product or activity until uncertainty about potential risks has
been resolved in favor of safety. ALARA, on the other hand,
treats risks and benefits on a level playing field. Accordingly
there is no prescribed dose goal. The end result of an ALARA
practice is a residual dose and risk that is considered
acceptable.'®

The distinguishing hallmark of the ALARA philosophy is
that interventions and radiation protection policies must be
low, reasonable, and achievable. The USEPA application of
the LNT model for determining risk and developing cleanup
levels often result in very low numbers that are nearly three
orders of magnitude below, where adverse effects are reli-
ably observed and significantly lower than those recom-
mended by national and international expert advisory
bodies. For example, the USEPA suggests that radiation
exposures above 3 x 107 risk (about 0.12 mSv/yr based
on the LNT) is not protective of human health or the
environment.'®

Soil radiological cleanup criteria required by USEPA’s pre-
liminary remediation goals (PRGs), for example, as related to
legacy uranium mining sites, are frequently within the statisti-
cal uncertainty of background and, in fact in some cases, less
than natural background values. This often results in extensive
remedial action costs with no demonstrable health benefits. In
fact, cleanup standards as low as USEPA’s PRGs often cannot

be satisfied with current analytical capabilities. This is an
example of where the toxic chemical approach is not appropri-
ate for naturally occurring radionuclides, since the background
contains naturally occurring radioactive material, in some cases
at levels that exceed the PRG values. Additionally, there are
large variations in natural background depending on altitude
and geographic location.'®® This is in stark contrast to the
background of most chemicals of concern.'*® As mentioned
earlier, even BEIR VII acknowledges that epidemiological data
below 100 mSv (0.1 Sv) are not sufficient by themselves for
risk estimation, yet the USEPA maintains policies that require
cleanup to levels where no net benefit to human health or the
environment can be detected.

The USEPA SAB recognized in 1992'°® that the USEPA
Superfund policy documents, like the risk assessment guidance
for Superfund,'®” were being developed to be more consistent
with the chemical risk paradigm. In contrast, it also noted that
the USEPA radon policy was applying a rule of practicality
based on the difficulty of reducing radon levels below 150 Bg/
m (4 picocuries/L) within a reasonable budget. The associated
risk for its radon policy translates to a lifetime risk of over 1 in
100 for an average person'®® based on the LNT model. More
recently, USEPA’s approach to radon regulation has been
challenged.'®

Should the Current USEPA Regulatory
Radiation Policies Be Reconsidered and
Harmonized With the Radiation
Protection Philosophy Given the
Lessons Learned From Fukushima?

The NCRP issued reports providing guidance on responding to
a radiological or nuclear terrorism incident'’*'"! and decision-
making for late-phase recovery from nuclear and radiological
incidents.'”® These recommendations from the NCRP endorse
the strategy laid out by the ICRP'” and apply them to the
situation in the United States. This new strategy presents a:

marked contrast to the current clean-up approach carried out
under statutory regulatory provisions that focuses on radiologi-
cal risk, precautionary decision making, and clean-up goals
close to background.'”®

The ICRP suggests that the reference level should be selected
in the lower part of the 1 to 20 mSv/yr range (100-2000 mrem/
yr'”). This is much more realistic and achievable than the
LNT 10~° risk-based PRGs developed by USEPA, which are
approximately 2 to 3 orders of magnitude lower than other
guidance provided by NCRP and ICRP.

Although the simplicity of the LNT model used for risk
assessment has traditionally been thought to be reasonably
conservative, its application has led many to believe that any
amount of radiation brings unwarranted risk. This contributes
to society’s response to make personal decisions to avoid any
radiation exposures at all costs, thus potentially resulting in
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more societal harm than good. It also drives down cleanup
levels, resulting in extraordinary cleanup costs. Furthermore,
USEPA has provided guidance stating “approaches that do not
follow the remedial program’s policies and guidance should
not be used at CERCLA remedial sites.”'*® It specifically tar-
gets any guidance developed by other federal, state, or tribal
agencies or by international or national organizations (eg,
ICRP, NCRP, and other scientific or professional organiza-
tions) and leaves only USEPA guidance available for
consultation.

A recent example of where LNT-based guidance may have
caused more harm than good is the evacuation in Fukushima,
Japan.'”* The Fukushima accident involved no deaths directly
related to radiation exposure'”>; however, the evacuation itself
caused increased mortality primarily among the elderly indi-
viduals.'7®'7® Well over a thousand people died from causes
related to the evacuation,179 and the continued exclusion of
residents from their homes for extended periods of time. This
occurred in spite of the fact that “no significant contamination
was found in the patients evacuated from the 20 km zone
despite the fact that 48 h had passed between the first explosion
and their evacuation.”'®® During the Fukushima incident, the
public exhibited distrust of radiation experts and confusion
regarding what risks radiation from the accident actually pre-
sented.'®! The population that evacuated from the area around
the Fukushima plant is now at increased risk for mental health
problems and other social and psychological problems because
of their continued exclusion from their homes, and they are
subject to social stigma.'®!-182

The application of the LNT to estimate cancer risks associ-
ated with residual contamination, without appropriately con-
sidering the uncertainties involved (ie, LNT predictions
represent an upper bound estimate of risks, and real risks might
in fact be 0), has contributed to continued exclusion of the
evacuated Fukushima population from their homes. The same
situation occurred at Chernobyl.'® In addition, recent research
has indicated that even when hypothetical radiation risks from
residual radioactive contamination are calculated via the LNT
model, mass evacuations and relocations like those following
Chernobyl and Fukushima have been unjustifiably exten-
sive!3#18% and are almost never part of the optimal response
strategy.'"*!8¢187 Therefore, it is reasonable to question the
perceived protectiveness of the LNT model for setting protec-
tive standards in LDDR radiation environments.”® The long-
term response to the Fukushima accident will undoubtedly
involve, and in fact emphasize, providing accurate information
about radiation risks to returning residents and dealing with
their fears.'®®!®? These fears are exacerbated by strident state-
ments that “there is no safe dose” and “doses outside the
USEPA risk range are not protective” and by inaccurate and
incomplete information about the uncertainties involved in
estimating risks from very low residual radiation doses.'”’

While some of the remedial strategies in response to the
Fukushima accident have been retrospectively analyzed and
determined to be justified based on an LNT calculation of risk
from residual contamination,'®! others response measures have

been found to be unjustified.'** Unrealistic cleanup standards,
which fail to properly account for the real possibility that risks
from such low doses, may very well be zero, exacerbate public
fears, fail to optimize response strategies by ignoring the eco-
nomic and public health consequences of these actions,'** and
can distort the allocation of resources in the recovery effort.
The mission of the USEPA is to protect human health and the
environment. The mission of the US Public Health Service is to
protect, promote, and advance the health and safety of our
nation. Both the USEPA and the USPHS develop policies to
accomplish these missions. Although it is acknowledged that
the determination of acceptable risk values is a matter of judg-
ment and risk management policy,'* the USEPA Scientific
Integrity Policy explicitly states that science forms the back-
bone of its decision-making.'”> The science behind low-dose
risk estimation and determining cleanup levels is showing that
the LNT has the real potential to cause more economic, envi-
ronmental, and public health harm than good to society.

A comprehensive review of the application of ICRP guide-
lines and the problems encountered at Fukushima has been
documented'®® and offers many lessons. Among the highlights
are the following:

It has been noted that the uncertainties surrounding the crisis
itself, in addition to the absence of demonstrated risk at the tiny
exposures to the population and the uncertain validity of the
linear extrapolation of risk down to such tiny doses, raise seri-
ous questions about whether these calculations could provide
even an order-of-magnitude guess as to possible health conse-
quences. Further, given the wide range of uncertainties in the
risk models used, it is likely that zero effects should be included
as a lower bound to the estimates, or even as a central estimate
of the likely future effects.

These hypothetical computations of effects are based on
assumptions that cannot be validated because the estimated
doses are substantially below the level where epidemiology
has the ability to detect increases above the natural occur-
rence. The large number of deaths reported following these
theoretical predictions, especially when not contrasted with
the normal high occurrence of death, is alarmist and
unfounded and has caused severe anxiety and emotional dis-
tress in the Japanese population.

It should be recognized, however, that ‘balancing’ good and
harm is not confined to issues associated with radiation expo-
sure. Other non-radiation-related benefits and detriments aris-
ing from the protective action must also be considered, thus
going far beyond the scope of radiological protection. (empha-
sis added)

Fukushima and Chernobyl offer very rare opportunities to learn
from the application of radiation protection guidance and stra-
tegies in challenging, real-world situations. A frank assessment
of the successes and shortcomings of these strategies and how
they may impact the agency’s cleanup policies is necessary.
The USEPA has taken the position that any residual con-
tamination concentration exceeding the upper risk range of 3 x
10* (a dose of about 0.12 mS/yr [12 mrem/yr]) is “not
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protective.”'® Is this a valid interpretation, given the very
different advice given by the ICRP? Gonzalez'*® state:

Thus, the public has doubts about what type of exposure the
inhabitants of the rehabilitated area will be subject to when the
rehabilitation starts. If these people are regarded as members of
the public and if the exposure situation is regarded as a planned
one, the dose limit of 1 mSv year™! and the corresponding dose
constraint could in principle be considered as applicable, there-
fore requiring annual doses to the residents to be kept below a
few tenths of a millisievert, a restriction that might be consid-
ered unrealistic and furthermore rather strange and unreason-
able."® (emphasis added)

There was a particular misunderstanding about the appro-
priate use and application of the dose value of 1 mSv year™.
The public tended to regard a dose above this value as dan-
gerous, which created challenges in coping with the aftermath
of the accident. The fact that there is little convincing evi-
dence for human health effects below 100 mSv year™ (or
100 times the dose limit) appeared to hold little sway over the
level of concern.

The USEPA’s interpretation is clearly at odds with the views of
the ICRP, which stated,

The Commission’s recommended limits are set at a level which
is thought to be associated with a low degree of risk; thus,
unless a limit were to be exceeded by a considerable amount,
the risk would still be sufficiently low as not to warrant such
countermeasures as would themselves involve significant risks
or undue cost. It is therefore clear that it is not obligatory to take
remedial action if a dose-equivalent limit has been or might be
exceeded.'®’ (emphasis added)

In answer to the question, “Is any Amount of Radiation Safe?,”
USEPA has explained,

In setting limits, USEPA makes the conservative (cautious)
assumption that any increase in radiation exposure is accompa-
nied by an increased risk of stochastic effects.*®

Similarly, USEPA has explained,

LNT also has the great advantage of simplicity, risks from
multiple exposures being proportional to the total dose. Given
these features of protectiveness and convenience, there is very
wide support for LNT in the context of radiation protection,
even among scientists and regulators who harbor serious doubts
about its scientific validity.?

Note that these explanations are based on the assumption that
LNT is “conservative” and “cautious.” In light of the Fukush-
ima experience, these assumptions are no longer tenable. Oth-
ers have argued that radiation protection guidelines are
confusing and overly stringent, based on the application of
LNT at doses far below where risks can actually be observed,

and that this had directly observable negative public health

consequences.9’72

Discussion

In the event of a large-scale domestic radiological dispersal
device (RDD) attack, nuclear power plant (NPP) release, or
an improvised nuclear detonation (IND), the long-term cleanup
challenges will likely have a larger impact on the surrounding
communities, cities, and regions, where factors other than
potential radiation exposure may become the driving force
behind the final cleanup levels. For example, psychosocial,
economic, and speed-of-recovery issues all affect the long-
term viability and survivability of the affected area. Risks asso-
ciated with moving an entire population on a temporary or
permanent basis may be higher than allowing some low-level
exposures from residual contamination. Nondestructive
cleanup technologies may prove to be too costly or applicable
to only small portions of the recovery effort. Overall costs
could become so expensive as to reduce the ability to protect
human health and the environment if there are limited
resources. Given the potential scope and urgency of the situa-
tion following an RDD/NPP/IND scenario, the preference to
work toward an acceptable cleanup level (radiation risk para-
digm) rather than having to raise a preliminary cleanup goal
(chemical risk paradigm) has many political, economic, and
societal benefits.

Both radiological and chemical risk paradigms warrant
equal consideration when making cleanup decisions. The radia-
tion risk paradigm was included in the Department of Home-
land Security guidance with USEPA and other federal
agencies’ concurrence. The chemical risk paradigm is routinely
used at USEPA superfund sites. Both employ risk-based meth-
ods and can lead to similar cleanup levels. However, risk is a
metric that cannot be measured; only radiation exposure or
radioactive surface contamination can be directly measured.
Using the USEPA PRG calculators to meet the CERCLA, risk
range suggests that the agency knows the risk with a much
greater certainty than is scientifically possible. These are based
on the LNT model and are inconsistent with the guidance from
UNSCEAR, HPS, World Health Organization, and many oth-
ers. They are tools that foment fear and uncertainty in the
affected communities. Instead, a dose-based cleanup approach
is more scientific and practical.

There is precedent for the USEPA to quickly change policy
based on SAB recommendations. In 1992, the USEPA SAB
changed its earlier 1988 recommendation from averaging the
radon risk estimates from BEIR IV and ICRP 50 to just using
those published in BEIR IV.'?® Recent findings from the
ongoing Life Span Study and other peer-reviewed articles as
late as 1990 were used to justify this change. This change to the
USEPA’s radon risk assessment policies is consistent with the
goal and objectives of the existing USEPA Scientific Integrity
Policy, which requires science to be the backbone of agency
decision making.'”®> Perhaps, findings or recommendations
from a new USEPA SAB review will serve to justify changes
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to the agency’s existing policies on the use of the LNT model in
LDDR radiation environments.

Conclusions

The USEPA is the lead federal agency responsible for protect-
ing human health and the environment from hazardous agents.
It carries out this mandate by applying scientific information
to promulgate regulations and policies that other federal agen-
cies (eg, NRC and DOE) and states incorporate into their
regulations or policies where appropriate or applicable. Thus,
the USEPA has a tremendous responsibility to ensure its
radiation regulations, policies, and guidance are scientifically
sound while providing adequate protection without placing an
unnecessary burden on the affected population or organiza-
tions subject to them. An objective and unbiased reliance on
scientific information to inform decision-making is an inte-
gral part of the agency’s scientific integrity policy. It sets the
foundation for objective discussions among all the affected
stakeholders (eg, public, industry, professional organizations,
international communities) for determining (1) what are
acceptable radiation regulations and policies associated with
determining cleanup levels following a large-scale radiologi-
cal or nuclear incident and (2) what risk assessment model
should be used to best represent the risks from LDDR radia-
tion environments when a residual low-level contaminated
environment becomes reality.

The scientific understanding of the effects of radiation expo-
sures has evolved since its discovery in the late 19th century.
The scientific information supporting the use of the LNT model
for LDDR radiation environments developed over that past 70
years but is mainly extrapolated from HDDR environments.
The application of the LNT model to determine health risks
has created a culture where a few clicks on a radiation dose rate
meter equate to cancer in the minds of the public. Society has
become so fearful of radiation that unnecessary steps are taken,
and other risks are accepted, to avoid even trivial radiation
exposures at all costs. This includes potentially life-saving
medical examinations, which is recognized as a problem by
the many scientific and professional organizations specializing
in radiation.

Since the Three Mile Island Nuclear Power Plant accident in
1979, the world has experienced several large-scale nuclear or
radiological accidents (eg, Chernobyl, 1986; Goiania, 1987;
Fukushima, 2011), affecting millions of people and contami-
nating millions of hectares of land. The 2011 Fukushima NPP
accident is the most recent radiological accident. The accident
itself caused no radiation-related deaths'”>; however, the eva-
cuation in response to the accident, combined with the
extended exclusion of area residents from their homes, has
increased mortality from various stress-related causes. The
elderly individuals are especially vulnerable to these
effects,'’®'”® and over 1600 people died as a result'” of the
response to the Fukushima accident. A retrospective evaluation
has concluded that the risk from the evacuation outweighed any
hypothetical risk of radiation exposure calculated using the

LNT model,"®*'® particularly among the elderly individu-
als,' the evacuation did not protect human health, and was
therefore unethical.**

Scientists and society continue to learn from these events by
questioning how we can strengthen our resilience, reduce the
time it takes to resume normal lifestyles, maintain economic
viability, and minimize adverse psychological effects. The sci-
entific literature is showing, and scientific organizations
acknowledge, that adverse health effects from LDDR radiation
exposures are not detectable and that there may be a threshold
or even a beneficial effect. These findings contradict the use of
LNT model-based predictions.

It is time for the USEPA to reconsider the use of the LNT
model in LDDR radiation environments in the regulatory pro-
cess, especially in the tools it has developed to determine
cleanup levels. Change does not occur quickly or easily within
government frameworks. It took decades of institutional inertia
to arrive at the current regulatory framework. The USEPA SAB
recommended “change in the agency culture, change in how
the agency works, and increased support for scientists and
managers in programs and regional offices responsible for sci-
ence integration”*®' to occur and thereby improve its regula-
tions and policies. Despite these recommendations by the EPA
SAB, there’s been no change in the agency’s posture or policy
associated with using the LNT model for risk assessment and
determining cleanup levels in LDDR environments, nor a
desire to have it reevaluated by the SAB for more than 20 years.

Objectively evaluating and incorporating the latest scientific
evidence on LDDR dose-response relationships for application
to the regulatory and policy-making process for risk assessment
purposes will (1) ensure science remains the foundation for its
decision making, (2) reduce the unnecessary burden of costly
cleanups, (3) provide a much needed platform to educate the
public on the risks or benefits from LDDR radiation exposures,
and (4) harmonize the agency’s policies with those recognized
by the rest of the radiation scientific community. A continued
resistance to conducting a comprehensive review of the latest
science regarding LNT-based policies will only diminish the
agency’s credibility and influence to protect human health and
the environment.
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SUMMARY:

The U.S. Nuclear Regulatory Commission (NRC) is denying three petitions for rulemaking (PRMs),
submitted by Dr. Carol S. Marcus, Mr. Mark L. Miller, Certified Health Physicist, and Dr. Mohan Doss, et al.
(collectively, the petitioners) in correspondence dated February 9, 2015, February 13, 2015, and February 24,
2015, respectively. The petitioners request that the NRC amend its regulations based on what they assert is
new science and evidence that contradicts the linear no-threshold (LNT) dose-effect model that serves as the
basis for the NRC's radiation protection regulations. The NRC docketed these petitions on February 20,
2015, February 27, 2015, and March 16, 2015, and assigned them Docket Numbers PRM-20-28, PRM-20-29,
and PRM-20-30, respectively. The NRC is denying the three petitions because they fail to present an
adequate basis supporting the request to discontinue use of the LNT model. The NRC has determined that
the LNT model continues to provide a sound regulatory basis for minimizing the risk of unnecessary
radiation exposure to both members of the public and radiation workers. Therefore, the NRC will maintain

the current dose limit requirements contained in its regulations. PUBLISHED DOCUMENT
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DATES:

The dockets for PRM-20-28, PRM-20-29, and PRM-20-30 are closed on August 17, 2021.

ADDRESSES:

Please refer to Docket ID NRC-2015-0057 when contacting the NRC about the availability of information for
this action. You may obtain publicly-available information related to this action by any of the following

methods:

m Federal Rulemaking Website: Go to https://www.regulations.gov (https://www.regulations.gov) and
search for Docket ID: NRC-2015-0057. Address questions about NRC dockets to Dawn Forder,
telephone: 301-415-3407, email: Dawn.Forder@nrc.gov (mailto:Dawn.Forder@nrc.gov). For technical
questions, contact individual listed in the FOR FURTHER INFORMATION CONTACT section of this
document.

m NRC's Agencywide Documents Access and Management System (ADAMS): You may obtain publicly-
available documents online in the ADAMS Public Documents collection at https://www.nrc.gov/
reading-rm/adams.html (https://www.nrc.gov/reading-rm/adams.html). To begin the search, select
“ADAMS Public Documents” and then select “Begin Web-based ADAMS Search.” For problems with
ADAMS, please contact the NRC's Public Document Room (PDR) reference staff at 1-800-397-4209,
301-415-4737, or by email to pdr.resource@nrc.gov (mailto:pdr.resource@nrc.gov). For the
convenience of the reader, a list of materials referenced in this document are provided in Section V,
“Availability of Documents.”

m Attention: The PDR, where you may examine and order copies of public documents, is currently closed.
You may submit your request to the PDR via email at pdr.resource@nrc.gov
(mailto:pdr.resource@nrc.gov) or call 1-800-397-4209 between 8:00 a.m. and 4:00 p.m. (EST),
Monday through Friday, except Federal holidays.

FOR FURTHER INFORMATION CONTACT:

Vanessa Cox, Office of Nuclear Material Safety and Safeguards, telephone: 301-415-8342; email:
Vanessa.Cox@nrc.gov (mailto:Vanessa.Cox@nrc.gov); U.S. Nuclear Regulatory Commission, Washington,
DC 20555-0001.

SUPPLEMENTARY INFORMATION:

I. The Petitions

Section 2.802 of title 10 of the Code of Federal Regulations (10 CFR), “Petition for rulemaking
—requirements for filing,” provides an opportunity for any interested person to petition the Commission to
issue, amend, or rescind any regulation in 10 CFR chapter I. By correspondence dated February 9, 2015,
February 13, 2015, and February 24, 2015, respectively, the NRC received three similar petitions from Dr.
Carol S. Marcus, Mark L. Miller, CHP, and Mohan Doss, Ph.D., et al.l'l The NRC published a notice of
docketing for the three petitions in the Federal Register on June 23, 2015 (80 FR 35870 (/citation/80-
FR-35870)), and requested public comment. The public comment period was initially set to close on
September 8, 2015, but was extended to November 19, 2015.[]

The petitioners request that the NRC amend 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20),
“Standards for Protection against Radiation,” to discontinue use of the LNT model as the primary scientific
basis for the agency's radiation protection standards. The petitioners' assertion is that the use of the LNT
model is no longer valid based on various scientific studies. In particular, the petitioners advance the concept
of radiation hormesis, which posits that low doses of ionizing radiation protect against the deleterious effects

of high doses of radiation and result in beneficial effects to humans. Therefore, the petitioners request that





the NRC amend its dose limits for occupational workers 1 and members of the public as follows:

m Maintain worker doses “at present levels, with allowance of up to 100 mSv (10 rem) effective dose per
year if the doses are chronic”;

m Remove the As Low As Is Reasonably Achievable (ALARA) principle entirely from the regulations,
because they claim that “it makes no sense to decrease radiation doses that are not only harmless but
may be hormetic”;

m Raise the public dose limits to be the same as the worker doses, because they claim that “these low doses
may be hormetic”; and

m “End differential doses to pregnant women, embryos and fetuses, and children under 18 years of age.”

Il. Background

In 1991, the NRC issued the 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20) final rule, which
established the current regulatory framework for the NRC's radiation protection regulations. 1 All NRC
licensees are subject to the NRC's radiation protection requirements set forth in 10 CFR part 20 (/select-
citation/2021/08/17/10-CFR-20). These requirements are designed to protect both members of the public
and occupational workers from harm that could be caused by a licensee's use of radioactive materials. In
accordance with § 20.1101, “Radiation protection programs,” each licensee “shall develop, document, and

implement a radiation protection program commensurate with the scope and extent of licensed activities.” [4]

The LNT model has been the underlying premise of much of the NRC's radiation protection regulations since
the late 1950s.151 The LNT model provides that ionizing radiation [®lis always considered harmful and that
there is no threshold below which an amount of radiation exposure to the human body is not harmful. The
LNT model further holds that biological damage caused by ionizing radiation (the cancer risk and adverse
hereditary effects) is directly proportional to the amount of radiation exposure to the human body (response
linearity). Thus, the higher the amount of radiation exposure, or dose,[”] the higher the likelihood that the
human receptor will suffer biological damage. The validity of the LNT model has been the subject of dispute
within the scientific community for decades.[®] The NRC's standards for protection against radiation, which
are contained in 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20), are underpinned by the LNT

model. These radiation protection standards provide requirements for—

m Dose limits for radiation workers and members of the public,
m Monitoring and labeling radioactive materials,
m Posting signs in and around radiation areas, and

m Reporting the theft or loss of radioactive material.

The petitioners do not dispute that high doses of radiation exposure are harmful to the human body. Instead,
their argument centers on low doses of radiation exposure, generally doses below 10 rem (100 mSv), the
effects of which are difficult to quantify. In this regard, the petitioners contend that there is a threshold
below which radiation exposure to the human body is not harmful. As described by the International
Commission on Radiological Protection (ICRP) in its Publication No. 99, “Low-dose extrapolation of
radiation-related cancer risk,” the threshold theory posits that “there is some threshold dose below which
there is either no radiation-related health detriment or a radiation-related health benefit that outweighs any
detriment. If the threshold was a universal value for all individuals and all tissues, a consequence of the
theory is that, at some point, a very low dose to any number of people would have no associated risk and

could be ignored.” [°]

The petitioners also advance a companion concept to the existence of a threshold, the radiation hormesis
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concept (hormesis), which provides that exposure of the human body to low and very low levels of ionizing

radiation is beneficial to the human body.

lll. Petitioners' Assertions

The petitioners request to amend NRC dose limits (dose limit for occupational workers; dose limit for
embryos, fetuses, and pregnant workers; and the dose limits for the public) as well as to remove the ALARA
principle for the NRC's regulations. The requested amendments to the regulations were supported by several
assertions made by the petitioners. The NRC reviewed each assertion separately, as outlined in this section

and followed by the NRC's response.

Petitioners' Assertion That LNT Is Not Justified by Current Science

The petitioners assert that current science does not justify the use of the LNT model and that there is a

threshold below which radiation exposure to the human body is not harmful.

NRC's Response

The NRC does not agree with the petitioners' assertion. Exposure to ionizing radiation is a known cancer risk
factor for humans. The LNT model assumes that, in the long term, biological damage caused by ionizing
radiation (i.e., cancer risk and adverse hereditary effects) is directly proportional to the dose. The NRC
acknowledges the difficulties inherent in determining the amount of damage to the human body caused by
low doses of radiation. The NRC, however, does not use the LNT model to assess the actual risk of low dose
radiation. Instead, the NRC uses the LNT model as the basis for a regulatory framework that meets the
“adequate protection” standard of the Atomic Energy Act of 1954, as amended (AEA). Furthermore, the LNT
model is applied so that the framework can be effectively implemented by an agency that regulates diverse
categories of licensees, from commercial nuclear power plants to individual industrial radiographers and
nuclear medical practices. The NRC's use of the LNT model as the basis for its radiation protection
regulations is premised upon the findings and recommendations of national and international authoritative

scientific bodies, such as the ICRP, that have expertise in the science of radiation protection.

The NRC issued the framework for its current 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20)
radiation protection regulations in 1991.[101 The NRC acknowledged the role of the national and international
authoritative scientific bodies in the 1991 final rule, stating that “[t]he [U.S. Atomic Energy Commission] and
the NRC have generally followed the basic radiation protection recommendations of the [ICRP] and its U.S.
counterpart, the National Council on Radiation Protection and Measurements (NCRP), in formulating basic
radiation protection standards.” The 1991 final rule explained that the NRC based its radiation protection
regulations upon three assumptions. The first assumption concerned the use of the LNT model, which was

described as follows:

The first assumption, the linear nonthreshold dose-effect relationship, implies that the potential health risk
is proportional to the dose received and that there is an incremental health risk associated with even very
small doses, even radiation doses much smaller than doses received from naturally occurring radiation
sources. These health risks, such as cancer, are termed stochastic because they are statistical in nature; i.e.,

for a given level of dose, not every person exposed would exhibit the effect.[!!]

The other two assumptions supporting the NRC's radiation [} protection requirements relate to stochastic
and nonstochastic effects. Stochastic risks or effects from exposure to radiation are primarily the long-term
potential for cancer induction and adverse hereditary effects, while deterministic or nonstochastic risks or

effects are those that can be directly correlated with exposure to high or relatively high doses of radiation,
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such as the formation of cataracts.['?1 The NRC's second assumption was that the severity of a stochastic
effect is independent of, or not related to, the amount of radiation dose received.['¥] The NRC's third
assumption was that there is an “apparent threshold; i.e., a dose level below which the [nonstochastic] effect

is unlikely to occur.” 1] Therefore, the LNT model only applies to stochastic effects.

In the 1991 final rule, the NRC stated that these “assumptions are necessary because it is generally
impossible to determine whether or not there are any increases in the incidence of disease at very low doses
and low dose rates, particularly in the range of doses to members of the general public resulting from NRC-
licensed activities.” [l The NRC further noted that there is “considerable uncertainty in the magnitude of the

risk at low doses and low dose rates.” [!8] The NRC concluded:

In the absence of convincing evidence that there is a dose threshold or that low levels of radiation are
beneficial, the Commission believes that the assumptions regarding a linear nonthreshold dose-effect model
for cancers and genetic effects and the existence of thresholds only for certain nonstochastic effects remain

appropriate for formulating radiation protection standards and planning radiation protection programs.[]

Thus, the NRC, as a regulator statutorily charged under the AEA 8l with protecting the public from
radiological harm, determined in 1991 that it was prudent to assume the validity of the LNT model because of
the considerable uncertainty with respect to the effect of low doses of radiation. The NRC's 1991 final rule
was premised, to a large extent, upon the recommendations of ICRP Publication 26, “Recommendations of
the International Commission on Radiological Protection” (1977), several of which, in turn, were premised
upon the LNT model.[**] The 1991 final rule also referenced the government-wide “Federal Radiation
Protection Guidance for Occupational Exposure,” signed by President Reagan in 1987, which was similarly

premised upon the ICRP Publication 26 recommendations.[2°]

The NRC's position remains unchanged from 1991. Convincing evidence has not yet demonstrated the
existence of a threshold below which there would be no stochastic effects from exposure to low radiation
doses. As such, the NRC's view is that the LNT model continues to provide a sound basis for a conservative

radiation protection regulatory framework that protects both the public and occupational workers.

Despite the various studies cited by the petitioners, uncertainty and lack of consensus persists in the
scientific community about the health effects of low doses of radiation. For example, the Health Physics
Society (HPS) has stated that “[h]ealth risks of radiation exposure can only be estimated with a reasonable
degree of scientific certainty at radiation levels that are orders of magnitude greater than limits established
by regulation for protection of the public.” (2l The HPS has further stated “that radiation protection
literature is filled with differing views as to the shape of the radiation dose-response curve at low doses and
dose rates.” [221 According to HPS, “[sJome data support a linear no-threshold model, whereas other data
support models that predict lower estimates of risk and perhaps even a threshold below which no detectable

radiation health risk exists.” [23]

Although there are studies and other scholarly papers that support the petitioners' assertions, there are also
studies and findings that support the continued use of the LNT model, including those by national and
international authoritative scientific advisory bodies. Those authoritative scientific advisory bodies that have
a specialty in the subject matter area of radiation protection include, domestically, the federally chartered
National Academy of Sciences (NAS) [2*1and NCRP,[2%] and, internationally, the ICRP and the International
Atomic Energy Agency (IAEA). All four of these bodies support the continued use of the LNT model. It has
been the longstanding practice of the NRC to generally place significant weight on the recommendations of

these authoritative scientific advisory bodies.[26]





NATIONAL AUTHORITATIVE SCIENTIFIC ADVISORY BODIES FAVORING CONTINUED USE OF LNT

In 2006, the NAS published its Biological Effects of lonizing Radiation (BEIR) VII report, “Health Risks
from Exposure to Low Levels of lonizing Radiation,” the seventh in a series of reports that concern the health
effects from low doses of radiation, and by extension, the appropriateness of the LNT model.[2] The report
was prepared by the Committee to Assess Health Risks from Exposure to Low Levels of lonizing [) Radiation
that was established by NAS for the purpose of advising “the U.S. government on the relationship between
exposure to ionizing radiation and human health.” [281 The BEIR V11 report focused on health effects from
low doses of radiation (below 10 rem or 100 mSv) [?°1and updated the findings of the previous report of low
dose radiation, the 1990 BEIR V.

The BEIR VII committee analyzed epidemiologic data and biological data, including a study of the survivors
of the Hiroshima and Nagasaki atomic bomb attacks and studies of cancer in children. The BEIR VII
committee found “that the preponderance of information indicates that there will be some risk, even at low
doses” and “that there is no compelling evidence to indicate a dose threshold below which the risk of tumor
induction is zero.” 3% The BEIR VII committee further found “[w]hen the complete body of research on this
question is considered, a consensus view emerges. This view says that the health risks of ionizing radiation,
although small at low doses, are a function of dose.” 311 The BEIR VII committee concluded that “current
scientific evidence is consistent with the hypothesis that there is a linear, no-threshold dose-response

relationship between exposure to ionizing radiation and the development of cancer in humans.” [32]

Following the publication of BEIR V, the NCRP updated its radiation protection recommendations in its
1993 report, NCRP Report No. 116, “Limitation of Exposure to lonizing Radiation.” Although the NCRP
acknowledged that it could not exclude the possibility of no health risk from low doses, the NCRP expressed

its reliance on the LNT model as the basis for several of its recommendations,

Based on the hypothesis that genetic effects and some cancers may result from damage to a single cell, the
Council assumes that, for radiation-protection purposes, the risk of stochastic effects is proportional to dose
without threshold, throughout the range of dose and dose rates of importance in routine radiation
protection. Furthermore, the probability of response (risk) is assumed, for radiation protection purposes, to

accumulate linearly with dose.[33]

In 2001, the NCRP published Report No. 136, “Evaluation of the Linear-Nonthreshold Dose-Response Model
for lonizing Radiation,” which reported the work of the NCRP's Scientific Committee 1-6. Scientific
Committee 1-6 was charged with reassessing “the weight of scientific evidence for and against the linear-
nonthreshold dose-response model, without reference to policy implications.” 31 The NCRP Report No. 136
explained that the existence of the LNT model for low radiation doses must be extrapolated from data
showing adverse health effects from high radiation doses and that there were differing sets of data that both
showed evidence for and against the LNT model. Nevertheless, the NCRP noted “that radiation imparts its
energy to living matter through a stochastic process, such that a single ionizing track has a finite probability
of depositing enough energy in traversing a cell to damage a critical molecular target within the cell, such as
DNA.” [33] After a comprehensive review of many studies, the NCRP concluded that “[a]lthough other dose-
response relationships for the mutagenic and carcinogenic effects of low-level radiation cannot be excluded,
no alternate dose-response relationship appears to be more plausible than the linear-nonthreshold model on

the basis of present scientific knowledge.” [3]

In a May 2017 article published in the “International Journal of Radiation Biology,” the NCRP's president,
Dr. John D. Boice, Jr., supports the continued use of the LNT model. Dr. Boice states that “[t]he LNT model,
at least at the current time, has been useful in radiation protection, e.g., a safety culture exists that
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encompasses the principle of ~as low as reasonably achievable' (ALARA) considering financial and societal
issues,” and in this context, notes that “worker exposures have dropped dramatically over the years.” [37]
Given that epidemiological studies may not demonstrate the validity of the LNT model for low doses (below
100 mSv), Dr. Boice further states that the use of the LNT model combined with the technical and
professional judgment of a competent regulator provides “a prudent basis for the practical purposes of
radiological protection.” [381 In his conclusion, Dr. Boice emphasized that the LNT model is not an
appropriate mechanism to assess radiological risk but is the most appropriate model currently available for a

system of radiological protection when coupled with the appropriate regulatory and technical judgment.[3°]

In a study funded by the NRC, the NCRP reevaluated the LNT model based on new studies completed since
the publication of NCRP Report No. 136 in June 2001. In April 2018, the NCRP released Commentary 27,
“Implications of Recent Epidemiologic Studies for the Linear-Nonthreshold Model and Radiation
Protection,” which provides a detailed assessment of currently available epidemiological evidence and
concludes that “the LNT model (with the steepness of the dose-response slope perhaps reduced by a DDREF
[dose and dose rate effectiveness factor] factor) should continue to be utilized for radiation protection
purposes.” [0 The Commentary explains that “[w]hile the LNT model is an assumption that likely cannot be
scientifically validated by radiobiologic or epidemiologic evidence in the low-dose range, the preponderance
of epidemiologic data is consistent with the LNT assumption, although there are a few notable exceptions.”
[l The Commentary concludes that the “current judgment by national and international scientific
committees is that no alternative dose-response relationship appears more pragmatic or prudent for
radiation protection purposes than the LNT model on the basis of available data, recognizing that the risk
[for doses] D) <100 mGy [<10 rad] is uncertain but small.” [4?]

INTERNATIONAL AUTHORITATIVE SCIENTIFIC ADVISORY BODIES FAVORING CONTINUED USE OF
LNT

The ICRP, in its Publication No. 99, “Low-dose Extrapolation of Radiation-related Cancer Risk,” stated that
“we are uncertain about the likelihood of a dose threshold, and that, in addition, if there should be a dose
threshold, we are uncertain about what dose level it would be.” [*31 The ICRP further stated that “the
mechanistic and experimental data discussed in this monograph tend to give weight to a non-threshold
model, as do the solid tumour data in the Japanese atomic bomb study.” [*4] The ICRP concluded that the
“LNT theory remains the most prudent risk model for the practical purposes of radiological protection.” [4%]
The ICRP reaffirmed this conclusion in its Publication No. 103, “The 2007 Recommendations of the
International Commission on Radiological Protection” (2007).[¢1 In Publication No. 103, the ICRP
acknowledged that the LNT model was not “universally accepted as a biological truth” and that the possibility
of a low-dose threshold could not be ruled out, but “because we do not actually know what level of risk is
associated with very-low-dose exposure, [the LNT model] is considered to be a prudent judgement for public
policy aimed at avoiding unnecessary risk from exposure.” [*71 While a 2005 joint French Academy of
Sciences and National Academy of Medicine review expressed “doubts on the validity of using LNT for
evaluating the carcinogenic risk of low doses,” this review noted that “[t]he LNT concept can be a useful

pragmatic tool for assessing rules in radioprotection for doses above 10 mSv [1 rem].” [48]

The IAEA, in its 1997 nuclear safety review (published in August 1998), stated that “some researchers have
interpreted experimental results and epidemiological findings as providing evidence that low doses of
radiation are much more harmful than the LNT hypothesis implies. A number of mechanisms have been
proposed by which this might occur, a recent example being the phenomenon of genomic instability.” [*°1 The
IAEA report concluded that “[flrom the evidence available at the present time, however, the LNT hypothesis
continues to seem the most radiobiologically defensible basis for radiation protection recommendations. It is

also a workable hypothesis that can underpin systems of regulation which, when applied reasonably, provide
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sound and sensible management of the risks from radiation.” % The current IAEA radiation safety
standards, Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards,
published in 2014, relies upon the LNT model, stating that the LNT model “is the working hypothesis on
which the IAEA's safety standards are based. It is not proven—indeed it is probably not provable—for low
doses and dose rates, but it is considered the most radiobiologically defensible assumption on which to base
safety standards.” [

COMMENTS OF FEDERAL AGENCIES

In addition to the findings of the national and international authoritative scientific advisory bodies, three
Federal agencies provided comments on the petitions and supported the continued use of the LNT model as
the basis for the NRC's radiation protection program. The three agencies are the National Cancer Institute

(NCI), National Institutes of Health, Department of Health and Human Services; National Institute for

Occupational Safety and Health (NIOSH), Centers for Disease Control and Prevention, Department of Health

and Human Services; and the Radiation Protection Division, Office of Air and Radiation, Environmental
Protection Agency (EPA). Furthermore, the NRC's Advisory Committee on the Medical Uses of Isotopes
(ACMUI) 521 recommends that the NRC continue to rely upon the LNT model.

NCI provided detailed comments during the 2015 public comment period for the petitions.[53] In response to

the petitioners' assertions that several epidemiologic studies showed that individuals exposed to higher doses

of radiation were less likely or no more likely to develop cancer than those who received lower doses of
radiation, NCI, in its comments, noted the limitations of such studies. NCI explained that “because
epidemiologic studies are observational and not controlled experiments, differences in risks in exposed and
unexposed may reflect differences in life style factors such as smoking and may not necessarily result from

radiation exposure.” ¥ In addition, NCI stated in its comments:

the petitions are selective in citing studies that appear to support hormesis (or a threshold) and omitting
mention of the many studies that provide evidence of a dose-response at low doses. In some cases, analyses
published many years ago are cited, when more recent analyses based on current follow-up of the same

populations, often with improved dose estimates, do not support their claims.[®]

In this regard, NCI, in its comments, provided several examples of such studies and the more recent follow-
up analyses that did not support the petitioners' assertions but provided “evidence of a dose-response at low

doses,” [l especially among children.

NIOSH also provided detailed comments during the 2015 public comment period.P'INIOSH, in its
comments, noted that the “lines of evidence given by the petitioners are not new and are fundamentally the
same as those rejected by the BEIR VII committee.” 381 NIOSH's comments are based, in part, upon a large
study of nuclear workers, completed in 2015, which found that even tiny doses slightly boost the risk of
leukemia (the study has been informally referred to as the international nuclear workers or [1 “INWORKS”
study).[5®1 This study included within its cohort over 308,000 nuclear industry workers from the United
States, the United Kingdom, and France.[8%1 The INWORKS study's authors stated that “[iJn summary, this
study provides strong evidence of an association between protracted low dose radiation exposure and

leukemia mortality.” [61
NIOSH, in its comments, further stated that its researchers and others

conducted meta-analyses of cancer risk from low-dose exposures in a variety of populations receiving

protracted exposure to external ionizing radiation [Jacob et al. 2009; Daniels and Schubauer-Berigan 2011].
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These meta-analyses concluded that there is a small but significant excess risk of solid cancer and leukemia,

respectively, at occupational doses received during a typical working lifetime [Walsh 2011].[62]

The NIOSH researchers and others also published two studies describing cancer risk among nuclear workers
at four Department of Energy sites and the Portsmouth Naval Shipyard. According to the NIOSH comments,
a pooled cohort study included nearly 120,000 nuclear workers from these five sites (these workers were also
included in the larger INWORKS study). The authors of the pooled cohort study found that the “excess
relative risk (ERR) was significantly associated with occupational radiation dose for all non-smoking related
cancers combined.” [83] NIOSH stated that “[t]hese findings suggest that the risk of these cancers rises by
0.7% and 2.0% (respectively) for every 10 millisieverts (mSv; 1 rem) increase in dose.” [B4INIOSH, in its
comments, stated that the LNT model presents “a reasonable framework for protecting workers from excess
risks associated with occupational exposure to ionizing radiation” [6®] and concluded with a recommendation

that the NRC retain the current radiation protection standards.[5¢!
Similarly, in its comments, EPA recommended that the NRC deny the petitions. EPA stated the following:

Within limitations imposed by statistical power, the available (and extensive) epidemiological data are
broadly consistent with a linear dose-response for radiation cancer risk at moderate and low doses.
Biophysical calculations and experiments demonstrate that a single track of ionizing radiation passing
through a cell produces complex damage sites in DNA, unique to radiation, the repair of which is error-
prone. Thus, no threshold for radiation-induced mutations is expected, and, indeed, none has been

observed.[67]

EPA, in its comments, referenced four epidemiological studies conducted after BEIR V11, including the
INWORKS study, two studies of “residents along the Techa River in Russia who were exposed to
radionuclides from the Mayak Plutonium Production Plant,” and a study of children who had received
computed tomography (CT) scans.[®8] The EPA stated that “[t]hese studies have shown increased risks of
leukemia and other cancers at doses and dose rates below those which LNT skeptics have maintained are
harmless—or even beneficial.” (%1 EPA, in its comments, referenced the findings of the various domestic and

international bodies, including the NAS and concluded,

[g]iven the continuing wide consensus on the use of LNT for regulatory purposes as well as the increasing
scientific confirmation of the LNT model, it would be unacceptable to the EPA to ignore the

recommendations of the NAS and other authoritative sources on this issue.[70]

EPA concluded that it could not endorse basing radiation protection on the petitioners' proposals, which it
» [71]

characterized as “poorly supported and highly speculative.
The ACMUI advises the NRC on policy and technical issues that arise in the regulation of the medical uses of
radioactive material in diagnosis and therapy. The ACMUI is a committee authorized under the FACA, which
regulates the formation and operation of advisory committees by Federal agencies. The ACMUI membership
includes health care professionals from various disciplines, who comment on changes to NRC regulations
and guidance; evaluate certain non-routine uses of radioactive material; provide technical assistance in
licensing, inspection, and enforcement cases; and bring key issues to the attention of the Commission for
appropriate action. Subsequent to the filing and docketing of the petitions, the ACMUI formed a
subcommittee to review and comment on the petitions. The ACMUI held a public teleconference meeting on
October 28, 2015, to vote on the subcommittee's draft report.l”?] The draft subcommittee report was
approved by the ACMUI and issued as final on that same date.l”3] The ACMUI report stated that determining





the “ “correct' dose-response model for radiation carcinogenesis remains an unsettled scientific question.”
(741 Although the report acknowledged that there “is a large, and growing, body of scientific literature as well
as mechanistic considerations” that question the accuracy of the LNT model, the ACMUI determined that
“very large-scale epidemiological studies with long-term follow-up would be needed to actually quantify any
such risks or benefits” and that “such studies may be logistically and financially prohibitive.” [”®] According to
the ACMUI report, “a mathematical extrapolation model remains the only practical approach to estimating
the presumed excess cancer risk from low-dose radiation.” Therefore, the “dose-response data derived from
epidemiological studies of human cohorts, such as the [1945 Hiroshima and Nagasaki atomic bombing]
survivors exposed to high-dose radiation, are largely consistent with an LNT model.” [/6] In making its
recommendation, the ACMUI stated that it “recommends that, for the time being and subject to
reconsideration as additional scientific evidence becomes available, the NRC continue to base the

formulation of radiation protection standards on the LNT model.” ['"]

CONCLUSION

Based upon the current state of science, the NRC concludes that the actual level of risk associated with low
doses of radiation remains uncertain and some studies, such as the INWORKS study, show there is at least
some risk from low doses of radiation. Moreover, the current state of science does not provide compelling
evidence of a threshold, as highlighted by the fact that no national or international authoritative scientific
advisory bodies have concluded that such evidence exists. Therefore, based upon the stated [J positions of the
aforementioned advisory bodies; the comments and recommendations of NCI, NIOSH, and the EPA; the
October 28, 2015, recommendation of the ACMUI; and its own professional and technical judgment, the
NRC has determined that the LNT model continues to provide a sound regulatory basis for minimizing the
risk of unnecessary radiation exposure to both members of the public and occupational workers.
Consequently, the NRC will retain the dose limits for occupational workers and members of the public in 10
CFR part 20 (/select-citation/2021/08/17/10-CFR-20) radiation protection regulations.

Petitioners' Assertion That Hormesis Disproves the LNT Model

The petitioners advance the concept of hormesis, “in which low levels of potentially stressful agents, such as
toxins, other chemicals, ionizing radiation, etc., protect against the deleterious effects that high levels of
these stressors produce and result in beneficial effects (e.g., lower cancer rates).” [’8] Thus, the petitioners
assert that low doses of radiation are beneficial to humans in that such doses may enhance the immune
response or DNA repair processes. The petitioners request that the NRC amend its regulations to raise the

dose limit for members of the public to be the same as the occupational dose limit.["°]

NRC's Response

There is scientific uncertainty and no compelling evidence as to whether the hormesis concept is valid for
application to radiation protection requirements. None of the national and international authoritative
scientific advisory bodies described above support the hormesis concept as a regulatory model for radiation
protection. Of note, the BEIR VII report produced by NAS included a strong conclusion against applying the

hormesis concept to radiation protection:

Although examples of apparent stimulatory or protective effects can be found in cellular and animal biology,
the preponderance of available experimental information does not support the contention that low levels of
ionizing radiation have a beneficial effect. The mechanism of any such possible effect remains obscure. At
this time, the assumption that any stimulatory hormetic effects from low doses of ionizing radiation will have
a significant health benefit to humans that exceeds potential detrimental effects from radiation exposure at

the same dose is unwarranted.[8°]
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Similarly, the NCRP has found that there is not strong support for the hormesis concept in the scientific
literature.[81 The NRC has determined that it is prudent to continue to rely upon the LNT model as a basis
for the NRC's radiation protection regulations. Consequently, the NRC will retain the dose limits for
occupational workers and members of the public in 10 CFR part 20 (/select-citation/2021/08/17/10-

CFR-20) radiation protection regulations.

Petitioners' Assertion That the NRC has a Conflict of Interest

The petitioners suggest a conflict of interest, because the NRC is one of the Federal agencies that funded the
development of the BEIR VII report by the NAS and has funded, and is funding, research by the NCRP.

NRC's Response

Sections 31.a and 161.c of the AEA authorize the NRC to enter into arrangements with organizations such as
the NAS and the NCRP. Specifically, section 31.a of the AEA authorizes the NRC to enter into arrangements,
with either public or private institutions or persons, for research and development and to expand theoretical
and practical knowledge in the various fields specified in section 31.a, including radiological health and
safety.[82] Additionally, section 161.c authorizes the NRC to “make such studies and investigations, obtain
such information . . . as the Commission may deem necessary or proper to assist it in exercising any authority
provided in [the AEA].” [83]

The petitioners merely allege a conflict of interest. The NRC did not influence or direct the findings of either
the NAS or the NCRP, and the NRC is not aware of any irregularities in the methods invoked by NAS or
NCRP technical experts who analyzed the data and prepared the respective reports. The petitioners did not
present any evidence to the contrary. Moreover, the petitioners did not demonstrate that the findings of
either the BEIR VII report or any of the various NCRP reports that were funded in part by the NRC are either
technically or scientifically unsound. The NRC will continue to review and consider recommendations on
radiation protection regulations provided by national and international authoritative scientific advisory

bodies.

Petitioners' Assertion That the Cost of Compliance With LNT-Based Regulations Is
Enormous

The petitioners assert that the cost of complying with LNT-based regulations is “enormous” and

“incalculable.”

NRC's Response

In 1991, the NRC issued the 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20) final rule, which
established the current regulatory framework for the NRC's radiation protection regulations. In issuing that
final rule, the Commission concluded that the rule “provides for a substantial increase in the overall
protection of the public health and safety and that the direct and indirect costs of its implementation are
justified in terms of the quantitative and qualitative benefits associated with the rule.” [84] Although the NRC
acknowledges the costs involved in complying with its regulations, the NRC continues to conclude that its
regulatory provisions that rely on LNT, such as the ALARA concept, remain both beneficial, in terms of the
health and safety benefits they provide to both members of the public and occupational workers, and are
cost-justified.[85] The petitioners have not provided any new information that would cause the NRC to revisit

its findings with respect to cost that it made in 1991.

Moreover, in the 1991 final rule, the Commission further noted that if it had determined that the rule was not

cost-justified, the Commission would have still issued the rule “because the changes made to part 20 also





amount to a redefinition of the level of adequate protection.” 6] “Adequate protection” is the NRC's
fundamental safety standard and is derived from various provisions of the AEA.[871 An “adequate protection”
[ finding means that the Commission or the NRC staff, if appropriate, has determined that a given
requirement is the minimum necessary for public health and safety. Applicable case law holds that “adequate
protection” findings are made without regard to cost. In this regard, the United States Court of Appeals,
District of Columbia Circuit stated that—

Section 182(a) of the Act commands the NRC to ensure that any use or production of nuclear materials
“provide[s] adequate protection to the health or safety of the public.” 42 U.S.C. 2232
(https://www.govinfo.gov/link/uscode/42/2232?type=usc&year=mostrecent&link-type=html)(a). In setting
or enforcing the standard of “adequate protection” that this section requires, the Commission may not
consider the economic costs of safety measures. The Commission must determine, regardless of costs, the
precautionary measures necessary to provide adequate protection to the public; the Commission then must

impose those measures, again regardless of costs, on all holders of or applicants for operating licenses.[88]

The NRC is mandated under the AEA to impose requirements that it determines to be necessary for adequate
protection of public health and safety regardless of cost. As set forth earlier in this document, the consensus
of the various international and domestic authoritative scientific advisory bodies, as well as the NCI, NIOSH,
and EPA, is that the LNT model should remain the basis for radiological protection regulations. Based upon
these external organizations' recommendations, the recommendation of the ACMUI, and the professional
and technical judgment of the NRC, those regulations that are based upon the LNT model remain necessary
for adequate protection. Therefore, the NRC will continue to use the LNT model as the basis for its current
radiation protection regulations in 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20).

IV. Public Comments on the Petition

On June 23, 2015, the NRC published in the Federal Register a notice of docketing of the three petitions,
and requested public comment with the comment period ending on September 8, 2015.[8%1 On August 21,
2015, the NRC extended the comment period to November 19, 2015, to allow more time for members of the
public to develop and submit their comments.[°%]1 The NRC received over 3,200 comment submissions, with
635 of those comment submissions being unique, including comments from certified health physicists,
nuclear medical professionals, other scientific professionals, scientific associations, Federal agencies, and

concerned citizens.

In determining the appropriate response to the petitions, the NRC carefully reviewed the public comments.
To simplify the analysis, the NRC grouped all comment letters into two main groups: Those that opposed the
petitions and those that supported them. A description of the comments in both groups and the NRC's

responses are provided as follows.

Comments Opposed to the Petitions

Comments: There were 535 unique comment submissions that opposed the petitioners' recommendation to
discontinue use of the LNT model as a basis for the NRC's radiation protection regulations. Some of these
commenters stated that the petitioners did not provide sufficient evidence to support changing the technical
basis regarding radiation exposure from the LNT model to the hormesis concept. One commenter stated that
the proposal to increase allowable public radiation doses to the same as those of nuclear industry workers
neglects the fact that the workers made a voluntary choice to work in the nuclear industry, and thus be
subject to accompanying exposure to radiation, whereas the general public did not make that choice. Another

commenter stated that the LNT model is satisfactory and that there is no substantial science upon which to
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base any change to the current 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20) public and
occupational dose limits. One commenter stated that no threshold exists because every organism's adaptive
response varies considerably, with the very young being the most vulnerable. Another commenter stated that
“the existing standard needs to be retained, or at least, retained unless and until an undeniable and clear
preponderance of the evidence indicates that the existing standard definitely should be replaced by some

specific alternative.”

Response: The NRC agrees that the petitions should be denied. The NRC's rationale is set forth earlier in this
document. Therefore, the NRC will not amend its radiation protection regulations in response to the

petitioners' requests.

Comments Supporting the Petitions

There were 100 unique comment submissions that agreed with the petitioners. These commenters provided
varied responses, and so to simplify the analysis and address each type of comment, the NRC grouped the
comments by subject and separated them into subject areas. A review of the comments and the NRC's

responses follow.

Comments Supporting the Petitions—General Comments; Assertions That NRC
Regulations Lead to Unjustified Fear of Radiation by Authorities and the Public

Comment: The NRC received several comments that expressed support for the petitions without providing a

specific rationale.

Response: These comments expressed support for the petitions in general terms and did not provide any
further rationale or explanation for why the petitions should be considered for rulemaking. Therefore, no
detailed response is being provided separate from the justification presented above for the NRC's denial of

the petitions.

Comment: The NRC received a comment that supports the petitions based on the commenter's experiences
working in the radiation protection field. The commenter concludes that, outside of individuals with
experience in a nuclear facility, most individuals do not have proper authority or experience to appropriately

determine proper radiation protection practices.

Response: The NRC interprets this comment to mean that those who lack experience working in a nuclear
facility cannot properly understand radiation protection principles. The NRC disagrees with this comment.
The NRC's radiation protection regulations, policies, and guidance are informed by operational experience,
the findings and recommendations of national and international authoritative scientific advisory bodies, and

academic and government research.

Comment: Several commenters expressed concern that the LNT model and the ALARA concept create an
unjustified fear of radiation exposure that could lead to authorities directing mass evacuations in the event of
a major nuclear incident. The commenters expressed concern that such a mass evacuation would result in

casualties, some of which may be caused by mass panic, and also result in significant socioeconomic costs.

Response: The NRC disagrees with this comment. The appropriate Federal, State, and local decision-makers
take many factors into account when deciding to recommend or order an evacuation, including the size and
nature of the incident and the potential impacts on affected communities. With [ respect to evacuation
decisions, the State and local authorities who make those decisions are not subject to the AEA or to the
NRC's ALARA requirement.
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Moreover, ALARA is an operating principle designed to minimize the potential stochastic effects of low levels
of ionizing radiation that members of the public and occupational workers may be exposed to as a result of
routine licensee activities. The long-term potential (in terms of years or even decades) for the induction of
cancer from these routine activities is the primary stochastic effect that the application of ALARA seeks to
minimize. In an emergency situation involving the release of radioactive material, the overriding concern

associated with evacuation decisions is to avert potential acute radiation exposure.

The NRC has concluded that the selection of a specific dose response model, LNT in this case, and the
ALARA concept, which is premised upon the LNT model, do not lead directly to an unjustified fear of
radiation, and thereby do not directly contribute to evacuation casualties and associated socioeconomic costs
after a nuclear incident. The NRC's rationale for continuing to use the LNT model as the basis for its
radiation protection regulations is set forth earlier in this document. The costs of mass evacuation scenarios

described by the commenters do not provide an adequate basis to discontinue the use of the LNT model.

Comment: One commenter asserted that “there may be cases where, in efforts to minimize even low
radiation exposure to workers and the public in the design, operation, and accident management of nuclear

facilities, we may actually increase the probability of much larger exposures from severe accidents.”

Response: The NRC disagrees with this comment. The operating experience of nuclear facilities has not

shown any relationship between severe accident risk and radiation protection practices.

Comment: Several commenters expressed concern that the public's fear of radiation exposure due to the
NRC's continued use of the LNT model could result in patients postponing or foregoing CT scans and other
diagnostic radiology procedures, thereby resulting in adverse medical consequences to the patient. Other
commenters asserted that the use of LNT in the medical field can inhibit lifesaving processes that require a
higher radiation dose than what is currently acceptable or can add to the cost of certain procedures, also

inhibiting patients from receiving important treatment.

Response: The NRC disagrees with this comment. Moreover, the NRC's regulations do not apply to the
decisions of a physician to prescribe a certain diagnostic or therapeutic modality to treat a patient. The
physician's recommendation and the patient's decision to undergo a CT scan are wholly informed by the
professional judgement of the medical provider and are therefore outside the scope of the NRC's regulatory
authority. The NRC does not regulate machine-generated radiation, which is the type generated by the use of
x-ray machines and CT devices. Machine-generated radiation is regulated by the states, and as such, any
application of the LNT model to the NRC's radiation protection requirements would not affect these medical

uses.

Moreover, current evidence demonstrates that the use of radiation producing devices in medical diagnostic
tests and therapies in the United States is increasing—all while LNT has been in place as the underlying
dose-response assumption for radiation protection. For example, the NCRP reported that the average
medical exposure in 2006 had increased substantially from the early 1980s, primarily due to the increased
use of CT, interventional fluoroscopy, and nuclear medicine.[°] With respect to CT, the NCRP stated that
“[tlechnological advances in CT and the ease of use of this technology have led to many clinical applications
that have increased the use of CT at a rate of 8 to 15% per year for the last 7 to 10 years [prior to 2006].” [92]
CT scanning further increased from 2006 to 2012.19%] The use of interventional fluoroscopy and nuclear
medicine have also similarly increased.[?l The commenters' claims that patients are postponing or foregoing
radiology procedures is not supported. These commenters did not present evidence to support the assertion

that the NRC's use of the LNT model results in adverse medical treatment consequences.





Comment: One commenter stated that the summary of the petitioners' position as described in the NRC's
June 23, 2015, notice of docketing (80 FR 35870 (/citation/80-FR-35870)), characterized the petitions
inaccurately, by stating that the petitioners wanted the NRC to amend the basis for radiation protection
under 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20) from the LNT model to the hormesis model.
The commenter expressed concerns that readers would be negatively biased against the petitions due to this

representation of the petitioners' position.

Response: The NRC disagrees with this comment. In her petition, Dr. Marcus requested that the NRC amend
its radiation protection regulations in 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20) to “take
radiation hormesis into account.” [9] Dr. Marcus then made several specific recommendations, including the
complete removal of ALARA from the NRC's radiation protection regulations; the end of “differential doses
to pregnant women; embryos and fetuses, and children under 18 years of age”; and an increase in radiation
dose limits to members of the public so that the public dose limit would be equal to the dose limits for
occupational workers. In her petition, Dr. Marcus states that the removal of ALARA is “not only harmless but
may be hormetic,” and in requesting that “[p]ublic doses should be raised to worker doses,” asked “[w]hy
deprive the public of the benefits of low dose radiation?” [°6] In addition, Dr. Marcus referenced studies
which she argued suggest that low doses of radiation decrease cancer rates and asserted “[h]Jormesis is a
perfectly good alternative explanation” for such results.[®”1 Similarly, in his petition, Mr. Miller reccommends
that “[p]ublic dose limits should be raised to match worker dose limits, as these low doses may be hormetic,”
and that “[IJow-dose limits for the public perpetuates radiophobia.” [°8] Moreover, in its June 23, 2015,
Federal Register notice of docketing, the NRC stated that the petitions were publicly-available and should
be consulted for additional information.[?®1 Thus, the NRC concludes that it accurately summarized the

petitions in its June 23, 2015, Federal Register notice of docketing.

Comment: One commenter stated that a public education system should be put in place to dispel fear of low-

level radiation.

Response: The NRC considers this comment to be outside the scope of the issues raised by the petitions,
because [ the establishment of a public education system to dispel fears of low-level radiation is not a
mission or responsibility of the NRC and is beyond the NRC's statutory authority. The NRC supports
communication efforts to accurately convey the radiological risks associated with any given regulated
activity. The NRC, through its communication efforts, engages stakeholders in order to foster transparency
and communication between the NRC and the public (e.g., through public meetings, public comment on

NRC rulemakings and guidance development, the NRC's public website, and the NRC's use of social media).

Comment: The NRC received several comments requesting that the NRC conduct research on topics raised

by the petition.

Response: The NRC disagrees with these comments. The comments requesting that the NRC engage in
additional research is outside the scope of the subject petitions. Other Federal agencies are charged with

conducting basic radiation research, such as the Department of Energy and the National Institutes of Health.

Comments Supporting the Petitions—Assertions That the LNT Model Lacks an Adequate
Scientific Basis

Comment: Several commenters questioned the scientific basis of the LNT model and asserted that it should

no longer be the premise of the NRC's radiological protection regulations.

Response: The NRC disagrees with these comments. The NRC's goal as a regulatory agency is to protect both
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the public and occupational workers from the radiological hazards associated with NRC-licensed material,
activities, and facilities. The NRC uses the LNT model to establish radiation protection measures that
quantify radiation exposure and set regulatory limits. The premise of the LNT model is that the long-term
biological damage caused by ionizing radiation (i.e., risk of cancer induction or adverse hereditary effects) is
directly proportional to the dose received by the human receptor. The LNT model provides for a
conservative, comprehensive radiation protection scheme that protects individuals in all population
categories (male, female, adult, child, and infant) and exposure ranges by reducing the risk from low-dose

radiation exposure.

As described earlier in this document, the consensus among various domestic and international authoritative
scientific advisory bodies and the three Federal agencies that submitted comments (NCI, NIOSH, and EPA)
is that the LNT model should remain the basis for the NRC's radiological protection regulations. Similarly,
the ACMUI recommends that the NRC continue to use the LNT model. Based upon the external
organizations' recommendations, the ACMUI's recommendation, and its own professional and technical
judgment, the NRC has determined that the LNT model continues to provide a sound basis for minimizing

the risk of unnecessary radiation exposure to both members of the public and occupational workers.

Comment: One commenter noted that multiplying the LNT-based risk coefficient by a population dose to
derive a hypothetical number of cancer deaths in no way shows, proves, or demonstrates that anyone is

getting cancer.

Response: The NRC disagrees with this comment. The petitions for rulemaking request that the NRC amend
10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20) to discontinue use of the LNT model as the
primary scientific basis for the agency's radiation protection standards. The NRC does not use the LNT

model for deterministic mortality projections.

Comment: One commenter noted that the LNT model is flawed, because it lacks timescale modeling to
account for the differences between getting a large dose over a long period of time as opposed to a large dose

in a short period of time.

Response: The NRC disagrees with this comment. The LNT model, as applied by the NRC in its licensing and
regulatory decisions, effectively addresses the potential health impacts of any given dose received either

acutely or chronically.

Human epidemiologic studies have established that there is an increased incidence of certain cancers
associated with radiation exposure at high doses and high dose rates (acute exposure). The principal source
of information for risk estimation is the Japanese survivors of the atomic bombing of Hiroshima and
Nagasaki in 1945, who were exposed to a range of doses at a high dose rate.l'°°l The NCRP defines high dose
rate as a dose rate above which recovery and repair processes are unable to ameliorate the radiation
damage.['91 Both the ICRP and NCRP estimate that the risk of death from radiation-induced cancer
resulting from an acute exposure is 10 x 1072 per Sv for a population of all ages.[1921 However, experimental
results in animals and other biological systems suggest that cancer induction from acute exposures at low
doses and involving low dose rates should be less than that observed after high doses involving high dose

rates.[103]

If the radiation dose is received chronically (i.e., over a long period of time), the biologic response differs
because much of the radiation damage is effectively and efficiently repaired.['° To account for this

difference in response to chronic low dose and low dose rate radiation exposure as compared to high dose





and high dose rate radiation exposure, the ICRP and NCRP recommend, and the NRC has adopted, adjusting
the risk of death from radiation exposure using a DDREF of two.['%%] The DDREF is assumed to apply
whenever the absorbed dose is less than 200 mSv (20 rem) and the dose rate is less than 100 mSv (10 rad)
per hour.['%8] Consequently, the risk coefficient for members of the public pertaining to low dose and low
dose rate radiation exposure is 5 x 1072 per Sv. This risk coefficient is further reduced to 4 x 1072 per Sv for
occupational workers because this population excludes both the very young and elderly who may be slightly
more sensitive to radiation-induced carcinogenesis.['°”] The risks of radiation exposure to occupational
workers are described further in Regulatory Guide (RG) 8.29, “Instruction Concerning Risks from
Occupational Radiation Exposure,” Revision 1 (1996).

Although the appropriate value of the DDREF may depend on the specific low or very low dose scenario,[108]
the use of a DDREF, particularly one with a high value, does not mean that there are no harmful health
effects from low and very low doses of radiation. The use of a DDREF also does not demonstrate the presence
of a threshold below which no permanent harmful effects will occur. The NRC staff concludes that the use of
[)a DDREF in its dose calculations aligns with the LNT model.

Comment: Several commenters observed that mammals evolved in an environment with a constant low dose
of radiation. One commenter noted that humans developed DNA repair mechanisms to compensate. This
commenter further stated that we experience far more DNA double strand breaks during mitotic cell division
than we do from exposure to background radiation. As the biological mechanisms deployed to repair DNA
damage caused by mitotic cell division are well documented, the commenter concludes that the rate of DNA
damage that we can accommodate is also documented. This commenter reasons that because the rate of

damage is substantially greater than zero, the LNT model cannot be correct.

Response: The NRC disagrees with this comment. There is substantial scientific uncertainty regarding the
ability of the human body's immune system, or other forms of adaptive response, to repair cells damaged by
ionizing radiation. According to the NCI comments, the available data does not show that any immune or
other adaptive response offsets the carcinogenic damage caused by a given dose of ionizing radiation.[10°]
NCI, in its comments, states that the “repair of [DNA] double strand breaks (DSBs) relies on a number of
pathways,” and that these pathways are “prone to errors,” which may result in cell mutations, a fraction of
which may lead to cancer.["01 NCI further notes that the petitioners, and by extension, the commenter, do
not reference data which shows that various cohorts subjected to “protracted radiation exposures” develop
“an increase in stable chromosome aberrations and other markers of biological damage in the peripheral
blood lymphocytes.” 121 NCI states that such chromosome aberrations may increase the risk of cancer, and
concluded that “there is little data to suggest a threshold in dose, or possible hormetic (beneficial) effects of

low-dose radiation exposure.” [112]

Comments Supporting the Petitions—Assertions That There Are No Observable Adverse
Effects From Background Radiation

Comment: Several commenters remarked that background levels of ionizing radiation, which vary
significantly around the world, have never been demonstrated to be a health hazard to humans. Some
commenters also noted that in regions of the world such as Brazil or India where background radiation levels
are higher than normal, epidemiological studies of large cohorts of subjects living in these areas did not
reveal excess cancers or diseases linked to radiation exposure. On this basis, these commenters conclude that

the LNT model is based on a premise that is not supported by evidence.

Response: The NRC disagrees with these comments. The NRC notes that, in general, the inability to observe

an effect does not mean that the effect has not occurred. These high background exposure studies are
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epidemiological in nature. They cannot be used as quantitative estimates of disease risk associated with the
radiation exposure levels found in the areas studied, because the studies lack sufficient quantifiable evidence
of the absence of cancer risk. As explained by NCI there are limitations associated with reliance on
epidemiological studies in any effort to invalidate the LNT model. NCI noted that “[c]ancer risks predicted by
the LNT model are likely to be small at low doses; so small as to be difficult to detect in the presence of large
numbers of cancers resulting from other causes.” [1** In this regard, NCI further stated that “because
epidemiologic studies are observational in nature and not controlled experiments, differences in risks in
exposed and unexposed [populations] may reflect differences in life style factors such as smoking and may

not necessarily result from radiation exposure.” [114]

In addition, the BEIR VII report prepared by NAS indicates that studies of populations exposed to natural
background radiation are limited in their ability to define risk of disease in relation to radiation dose. In
discussing four studies of populations exposed to natural background radiation, the BEIR VII Phase 2 report
states:

These studies did not find higher disease rates in geographic areas with high background levels of radiation
exposure compared to areas with lower background levels. However, these studies were ecologic in design
and utilized population-based measures of exposure rather than individual estimates of radiation dose. Thus,
they cannot provide any quantitative estimates of disease risk associated with the exposure levels found in

the areas studied.[!1%]

Also, the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) has recently
published a review of cancer risk due to low dose rate radiation from environmental sources.["'®] UNSCEAR
concluded that “the results of the studies of cancer risk due to radiation exposure at low dose rates from
environmental radiation do not provide strong evidence for materially lower risks per unit exposure than in
studies of high radiation doses and dose rates.” 11 In this regard, UNSCEAR noted that methodological
improvements in environmental studies are needed to overcome “low statistical power, dosimetric
uncertainties, imperfections in control of confounding, and any other biases” to include “under-
ascertainment of cases (deaths or diagnoses), inaccurate cancer diagnosis, imprecise dose assessment, and

residual confounding.” [118]

Therefore, no direct inferences about radiation effects can be drawn from studies where background
radiation levels are higher than normal.

Comments Supporting the Petitions—Objections to ALARA

Comment: One commenter asserted that current regulations are too restrictive and focus too heavily on
radiation protection, thus creating a system that emphasizes compliance with ALARA at the expense of
“basic lab safety,” such as somebody falling and hitting their head. The commenter posits that such accidents

are far more likely than receiving a “fatal radiation dose.”

Response: The NRC disagrees with this comment. The NRC interprets the commenter's use of the phrase

“basic lab safety” as meaning compliance with non-radiologic safety requirements. Non-radiologic safety

issues are the oversight responsibility of the Occupational Safety and Health Administration (OSHA) and

appropriate State and local government agencies. Licensees are required and expected to comply with both

applicable NRC requirements as well as those of OSHA and the pertinent State and local authorities.

Moreover, licensees demonstrate compliance with ALARA by such actions as establishing appropriate

procedures and engineering controls, providing the proper training [1and equipment, restricting access to [ Start Printed
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and work in concert with “basic lab safety,” rather than degrade it.

The ALARA definition and the associated regulatory requirement also involve the concept of reasonableness,
meaning that the licensee should make “every reasonable effort” to implement ALARA measures and should
use procedures and engineering controls based upon sound radiation protection principles to achieve
ALARA, to the “extent practical.” '] In addition, NRC guidance indicates that non-radiological hazards
should be considered in determining appropriate ALARA measures. For example, RG 8.8, “Information
Relevant to Ensuring That Occupational Radiation Exposures at Nuclear Power Stations Will Be as Low as Is
Reasonable Achievable,” states that “a comprehensive consideration of risks and benefits will include risks
from nonradiological hazards. An action taken to reduce radiation risks should not result in a significantly
larger risk from other hazards.” [1201 Similarly, RG 8.10, “Operating Philosophy for Maintaining Occupational
and Public Radiation Exposures as Low as Is Reasonably Achievable,” states that “the decision to implement
measures to reduce occupational radiation doses should be weighed against the risk of any other

occupational hazards in the workplace, to minimize the total risk to the worker's health and safety.” [121]

Finally, the commenter did not provide any support for the assertion that a licensee's compliance with
ALARA or other NRC requirements based upon the LNT model undermines or otherwise impedes a

licensee's ability to comply with non-radiologic safety requirements.

Comments: Several commenters objected to the use of the ALARA concept as a regulatory requirement by
the NRC. Many of these commenters asserted that the implementation of ALARA results in excessive costs to
licensees and as such, inhibits potential growth and innovation. Some commenters also asserted that ALARA
does not strike the appropriate balance between safety and economy. Virtually all of these commenters

requested the removal of the ALARA requirement in order to reduce costs.

Response: The NRC disagrees with these comments. The NRC regulations define ALARA as “making every
reasonable effort to maintain exposures to radiation as far below the dose limits in this part as is practical
consistent with the purpose for which the licensed activity is undertaken.” [1?21 ALARA takes into account the
following, in relation to the utilization of nuclear energy and licensed materials in the public interest: (1) The
state of technology, (2) the economics of improvements in relation to the state of technology, (3) the
economics of improvements in relation to benefits to the public health and safety, and (4) other societal and
socioeconomic considerations.[!23] The NRC requires that its licensees “use, to the extent practical,
procedures and engineering controls based upon sound radiation protection principles to achieve
occupational doses and doses to members of the public that are [ALARA].” 241 Furthermore, the NRC's 1991
rule stated that “the ALARA concept is intended to be an operating principle rather than an absolute
minimization of exposures.” [125]

The regulatory language of the ALARA definition sets out the considerations in making ALARA
determinations, several of which include the consideration of economic factors.['26] The NRC guidance states
that “ “[r]easonably achievable' is judged by considering the state of technology and the economics of
improvements in relation to all the benefits from these improvements.” 271 In general, the NRC determines
compliance with the ALARA requirement based on whether the licensee has incorporated measures to track
and, if necessary, to reduce exposures; not whether exposures and doses represent an absolute minimum or
whether the licensee has used all possible methods to reduce exposures. Furthermore, the level of effort
expended on radiation protection programs, including compliance with the ALARA concept, should reflect
the magnitude of the potential exposures—both the magnitude of average and maximum individual doses
and, in facilities with large numbers of employees, collective (population) doses.['28] Thus, the size of a

licensee's radiation protection program should be commensurate with the scope and extent of the licensed





activities. For example, a large organization, such as a nuclear power reactor licensee, would be expected to
have a considerably larger and more extensive radiation protection program than a smaller organization that

may maintain lower activity sealed sources.

In addition, ALARA is achieved by implementing such fundamental measures as effective planning, training
of the appropriate personnel, provision of appropriate equipment (e.g., dosimeters), controlling access to
radiation areas, installation of radiation monitoring systems, and preparing appropriate facility designs.[12°]
The regulated community has had decades of operational experience in implementing ALARA measures, and
it is likely that most costs of ALARA compliance have long since been optimized. Moreover, the NRC
considers many of these measures to be simply the implementation of sound operating practices. Finally,
other than their general assertions, the commenters have not provided any substantive evidence
demonstrating that the ALARA concept or the LNT model inhibits innovation or growth. The NRC has
determined that current ALARA requirements are consistent with the LNT model of radiation protection and

reasonably account for economic considerations.

Comments Supporting the Petitions—Assertion That the NRC Relies on the LNT Model as
a Result of Political Pressure or Bias

Comment: Several commenters stated that the LNT model continues to remain relevant as a regulatory

framework only because of political pressure or ideological or scientific bias.

Response: The NRC disagrees with this comment. The NRC is an independent regulatory agency that
establishes its radiation protection regulations based, in part, on the recommendations of domestic and
international authoritative scientific advisory bodies such as the ICRP, the NAS, and the NCRP. As described
previously in this document, three other Federal agencies and the ACMUI recommend that the LNT model
remain the basis for the NRC's radiation protection regulations. The commenters have not provided any
substantive support for their assertion that political pressure or bias is motivating the NRC to continue to
rely upon the LNT model. The NRC continues to conclude that, in the absence of convincing evidence that
there is a dose threshold or that low [1levels of radiation are beneficial, the LNT model remains a prudent

and conservative basis for the NRC's radiation protection regulations.

V. Availability of Documents

The following table provides information about materials referenced in this notification. The ADDRESSES
section of this notification provides additional information about how to access ADAMS.
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1987 /52-FR-2822).
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1991 ICRP Publication 60, “1990 Recommendations of the N/A.
International Commission on Radiological Protection”

2007 ICRP Publication No. 103, “The 2007 Recommendations of the N/A.
International Commission on Radiological Protection”

Other Reference Documents

July 1993 Health Physics Society, Position Statement PS008-2, “Uncertainty | N/A.
in Risk Assessment,” (Revised April 1995, February 2013)

2017 Dr. John D. Boice, Jr., “The linear nonthreshold (LNT) model as N/A.
used in radiation protection: An NCRP update,” International
ournal of Radiation Biology, Vol. 93, No. 10
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VI. Conclusion

The NRC reviewed the petitioners' requests, as well as public comments received on the petitions. For the
reasons cited in this document, the NRC is denying the three PRMs, specifically PRM-20-28, PRM-20-29,
and PRM-20-30, in their entirety. Given the current state of scientific knowledge, the NRC has determined
that the LNT model continues to be an appropriate basis for its radiation protection regulatory framework.
Thus, the NRC's current radiation protection regulations provide for the adequate protection of human
health and safety, and as such, changes to 10 CFR part 20 (/select-citation/2021/08/17/10-CFR-20) are not

warranted at this time.

Dated: August 11, 2021.

For the Nuclear Regulatory Commission.

Annette L. Vietti-Cook,





Secretary of the Commission.
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Summary

The U.S. Nuclear Regulatory Commission (NRC) is denying three petitions for rulemaking (PRMs), submitted by Dr.
Carol S. Marcus, Mr. Mark L. Miller, Certified Health Physicist, and Dr. Mohan Doss, et al. (collectively, the
petitioners) in correspondence dated February 9, 2015, February 13, 2015, and February 24, 2015, respectively. The
petitioners request that the NRC amend its regulations based on what they assert is new science and evidence that
contradicts the linear no-threshold (LNT) dose-effect model that serves as the basis for the NRC's radiation
protection regulations. The NRC docketed these petitions on February 20, 2015, February 27, 2015, and March 16,
2015, and assigned them Docket Numbers PRM-20-28, PRM-20-29, and PRM-20-30, respectively. The NRC is
denying the three petitions because they fail to present an adequate basis supporting the request to discontinue use
of the LNT model. The NRC has determined that the LNT model continues to provide a sound regulatory basis for
minimizing the risk of unnecessary radiation exposure to both members of the public and radiation workers.
Therefore, the NRC will maintain the current dose limit requirements contained in its regulations.

Dates

The dockets for PRM-20-28, PRM-20-29, and PRM-20-30 are closed on August 17, 2021.
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Please refer to Docket ID NRC-2015-0057 when contacting the NRC about the availability of information for this
action. You may obtain publicly-available information related to this action by any of the following methods:

¢ Federal Rulemaking Website: Go to https://www.regulations.gov and search for Docket ID: NRC-2015-0057.
Address questions about NRC dockets to Dawn Forder, telephone: 301-415-3407, email:
Dawn.Forder@nrc.gov. For technical questions, contact individual listed in the FOR FURTHER
INFORMATION CONTACT section of this document.

* NRC's Agencywide Documents Access and Management System (ADAMS): You may obtain publicly-available
documents online in the ADAMS Public Documents collection at https://www.nrc.gov/reading-rm/adams.html.
To begin the search, select “ADAMS Public Documents” and then select “Begin Web-based ADAMS Search.”
For problems with ADAMS, please contact the NRC's Public Document Room (PDR) reference staff at
1-800-397-4209, 301-415-4737, or by email to pdr.resource@nrc.gov. For the convenience of the reader, a list
of materials referenced in this document are provided in Section V, “Availability of Documents.”

¢ Attention: The PDR, where you may examine and order copies of public documents, is currently closed. You
may submit your request to the PDR via email at pdr.resource@nrc.gov or call 1-800-397-4209 between 8:00
a.m. and 4:00 p.m. (EST), Monday through Friday, except Federal holidays.

For Further Information Contact

Vanessa Cox, Office of Nuclear Material Safety and Safeguards, telephone: 301-415-8342; email:
Vanessa.Cox@nrc.gov; U.S. Nuclear Regulatory Commission, Washington, DC 20555-0001.

Supplementary Information

I. The Petitions

Section 2.802 of title 10 of the Code of Federal Regulations (10 CFR), “Petition for rulemaking—requirements for
filing,” provides an opportunity for any interested person to petition the Commission to issue, amend, or rescind any
regulation in 10 CFR chapter |. By correspondence dated February 9, 2015, February 13, 2015, and February 24,
2015, respectively, the NRC received three similar petitions from Dr. Carol S. Marcus, Mark L. Miller, CHP, and
Mohan Doss, Ph.D., et al. () The NRC published a notice of docketing for the three petitions in the Federal Register
on June 23, 2015 (80 FR 35870), and requested public comment. The public comment period was initially set to
close on September 8, 2015, but was extended to November 19, 2015. )

The petitioners request that the NRC amend 10 CFR part 20, “Standards for Protection against Radiation,” to
discontinue use of the LNT model as the primary scientific basis for the agency's radiation protection standards. The
petitioners' assertion is that the use of the LNT model is no longer valid based on various scientific studies. In
particular, the petitioners advance the concept of radiation hormesis, which posits that low doses of ionizing radiation
protect against the deleterious effects of high doses of radiation and result in beneficial effects to humans. Therefore,
the petitioners request that the NRC amend its dose limits for occupational workers (3) and members of the public as
follows:

¢ Maintain worker doses “at present levels, with allowance of up to 100 mSv (10 rem) effective dose per year if
the doses are chronic”;

* Remove the As Low As Is Reasonably Achievable (ALARA) principle entirely from the regulations, because
they claim that “it makes no sense to decrease radiation doses that are not only harmless but may be
hormetic”;

» Raise the public dose limits to be the same as the worker doses, because they claim that “these low doses
may be hormetic”; and

« “End differential doses to pregnant women, embryos and fetuses, and children under 18 years of age.”

II. Background

In 1991, the NRC issued the 10 CFR part 20 final rule, which established the current regulatory framework for the





NRC's radiation protection regulations. All NRC licensees are subject to the NRC's radiation protection requirements
set forth in 10 CFR part 20. These requirements are designed to protect both members of the public and
occupational workers from harm that could be caused by a licensee's use of radioactive materials. In accordance
with § 20.1101, “Radiation protection programs,” each licensee “shall develop, document, and implement a radiation
protection program commensurate with the scope and extent of licensed activities.” “)

The LNT model has been the underlying premise of much of the NRC's radiation protection regulations since the late
1950s. ) The LNT model provides that ionizing radiation ) is always considered harmful and that there is no
threshold below which an amount of radiation exposure to the human body is not harmful. The LNT model further
holds that biological damage caused by ionizing radiation (the cancer risk and adverse hereditary effects) is directly
proportional to the amount of radiation exposure to the human body (response linearity). Thus, the higher the amount
of radiation exposure, or dose, () the higher the likelihood that the human receptor will suffer biological damage. The
validity of the LNT model has been the subject of dispute within the scientific community for decades. ) The NRC's
standards for protection against radiation, which are contained in 10 CFR part 20, are underpinned by the LNT
model. These radiation protection standards provide requirements for—

¢ Dose limits for radiation workers and members of the public,
¢ Monitoring and labeling radioactive materials,

¢ Posting signs in and around radiation areas, and

¢ Reporting the theft or loss of radioactive material.

The petitioners do not dispute that high doses of radiation exposure are harmful to the human body. Instead, their
argument centers on low doses of radiation exposure, generally doses below 10 rem (100 mSv), the effects of which
are difficult to quantify. In this regard, the petitioners contend that there is a threshold below which radiation exposure
to the human body is not harmful. As described by the International Commission on Radiological Protection (ICRP) in
its Publication No. 99, “Low-dose extrapolation of radiation-related cancer risk,” the threshold theory posits that
“there is some threshold dose below which there is either no radiation-related health detriment or a radiation-related
health benefit that outweighs any detriment. If the threshold was a universal value for all individuals and all tissues, a
consequence of the theory is that, at some point, a very low dose to any number of people would have no associated
risk and could be ignored.” ©)

The petitioners also advance a companion concept to the existence of a threshold, the radiation hormesis concept
(hormesis), which provides that exposure of the human body to low and very low levels of ionizing radiation is
beneficial to the human body.

lll. Petitioners' Assertions

The petitioners request to amend NRC dose limits (dose limit for occupational workers; dose limit for embryos,
fetuses, and pregnant workers; and the dose limits for the public) as well as to remove the ALARA principle for the
NRC's regulations. The requested amendments to the regulations were supported by several assertions made by the
petitioners. The NRC reviewed each assertion separately, as outlined in this section and followed by the NRC's
response.

Petitioners' Assertion That LNT Is Not Justified by Current Science

The petitioners assert that current science does not justify the use of the LNT model and that there is a threshold
below which radiation exposure to the human body is not harmful.

NRC's Response

The NRC does not agree with the petitioners' assertion. Exposure to ionizing radiation is a known cancer risk factor
for humans. The LNT model assumes that, in the long term, biological damage caused by ionizing radiation (i.e.,
cancer risk and adverse hereditary effects) is directly proportional to the dose. The NRC acknowledges the difficulties
inherent in determining the amount of damage to the human body caused by low doses of radiation. The NRC,
however, does not use the LNT model to assess the actual risk of low dose radiation. Instead, the NRC uses the LNT
model as the basis for a regulatory framework that meets the “adequate protection” standard of the Atomic Energy
Act of 1954, as amended (AEA). Furthermore, the LNT model is applied so that the framework can be effectively





implemented by an agency that regulates diverse categories of licensees, from commercial nuclear power plants to
individual industrial radiographers and nuclear medical practices. The NRC's use of the LNT model as the basis for
its radiation protection regulations is premised upon the findings and recommendations of national and international
authoritative scientific bodies, such as the ICRP, that have expertise in the science of radiation protection.

The NRC issued the framework for its current 10 CFR part 20 radiation protection regulations in 1991. (1% The NRC
acknowledged the role of the national and international authoritative scientific bodies in the 1991 final rule, stating
that “[t]he [U.S. Atomic Energy Commission] and the NRC have generally followed the basic radiation protection
recommendations of the [ICRP] and its U.S. counterpart, the National Council on Radiation Protection and
Measurements (NCRP), in formulating basic radiation protection standards.” The 1991 final rule explained that the
NRC based its radiation protection regulations upon three assumptions. The first assumption concerned the use of
the LNT model, which was described as follows:

The first assumption, the linear nonthreshold dose-effect relationship, implies that the potential health risk is
proportional to the dose received and that there is an incremental health risk associated with even very small doses,
even radiation doses much smaller than doses received from naturally occurring radiation sources. These health
risks, such as cancer, are termed stochastic because they are statistical in nature; i.e., for a given level of dose, not
every person exposed would exhibit the effect. (1)

The other two assumptions supporting the NRC's radiation protection requirements relate to stochastic and
nonstochastic effects. Stochastic risks or effects from exposure to radiation are primarily the long-term potential for
cancer induction and adverse hereditary effects, while deterministic or nonstochastic risks or effects are those that
can be directly correlated with exposure to high or relatively high doses of radiation, such as the formation of
cataracts. (2 The NRC's second assumption was that the severity of a stochastic effect is independent of, or not
related to, the amount of radiation dose received. ('¥) The NRC's third assumption was that there is an “apparent
threshold; i.e., a dose level below which the [nonstochastic] effect is unlikely to occur.” (*4) Therefore, the LNT model
only applies to stochastic effects.

In the 1991 final rule, the NRC stated that these “assumptions are necessary because it is generally impossible to
determine whether or not there are any increases in the incidence of disease at very low doses and low dose rates,
particularly in the range of doses to members of the general public resulting from NRC-licensed activities.” (' The
NRC further noted that there is “considerable uncertainty in the magnitude of the risk at low doses and low dose
rates.” (18) The NRC concluded:

In the absence of convincing evidence that there is a dose threshold or that low levels of radiation are beneficial, the
Commission believes that the assumptions regarding a linear nonthreshold dose-effect model for cancers and
genetic effects and the existence of thresholds only for certain nonstochastic effects remain appropriate for
formulating radiation protection standards and planning radiation protection programs. (1)

Thus, the NRC, as a regulator statutorily charged under the AEA (18) with protecting the public from radiological
harm, determined in 1991 that it was prudent to assume the validity of the LNT model because of the considerable
uncertainty with respect to the effect of low doses of radiation. The NRC's 1991 final rule was premised, to a large
extent, upon the recommendations of ICRP Publication 26, “Recommendations of the International Commission on
Radiological Protection” (1977), several of which, in turn, were premised upon the LNT model. %) The 1991 final rule
also referenced the government-wide “Federal Radiation Protection Guidance for Occupational Exposure,” signed by
President Reagan in 1987, which was similarly premised upon the ICRP Publication 26 recommendations. (20

The NRC's position remains unchanged from 1991. Convincing evidence has not yet demonstrated the existence of
a threshold below which there would be no stochastic effects from exposure to low radiation doses. As such, the
NRC's view is that the LNT model continues to provide a sound basis for a conservative radiation protection
regulatory framework that protects both the public and occupational workers.

Despite the various studies cited by the petitioners, uncertainty and lack of consensus persists in the scientific
community about the health effects of low doses of radiation. For example, the Health Physics Society (HPS) has
stated that “[h]ealth risks of radiation exposure can only be estimated with a reasonable degree of scientific certainty
at radiation levels that are orders of magnitude greater than limits established by regulation for protection of the





public.” @) The HPS has further stated “that radiation protection literature is filled with differing views as to the shape
of the radiation dose-response curve at low doses and dose rates.” (?2) According to HPS, “[sJome data support a
linear no-threshold model, whereas other data support models that predict lower estimates of risk and perhaps even
a threshold below which no detectable radiation health risk exists.” (23)

Although there are studies and other scholarly papers that support the petitioners' assertions, there are also studies
and findings that support the continued use of the LNT model, including those by national and international
authoritative scientific advisory bodies. Those authoritative scientific advisory bodies that have a specialty in the
subject matter area of radiation protection include, domestically, the federally chartered National Academy of
Sciences (NAS) 24 and NCRP, % and, internationally, the ICRP and the International Atomic Energy Agency
(IAEA). All four of these bodies support the continued use of the LNT model. It has been the longstanding practice of
the NRC to generally place significant weight on the recommendations of these authoritative scientific advisory
bodies. (26)

National Authoritative Scientific Advisory Bodies Favoring Continued Use of LNT

In 2006, the NAS published its Biological Effects of lonizing Radiation (BEIR) VII report, “Health Risks from Exposure
to Low Levels of lonizing Radiation,” the seventh in a series of reports that concern the health effects from low doses
of radiation, and by extension, the appropriateness of the LNT model. (7) The report was prepared by the Committee
to Assess Health Risks from Exposure to Low Levels of lonizing Radiation that was established by NAS for the
purpose of advising “the U.S. government on the relationship between exposure to ionizing radiation and human
health.” %8 The BEIR VI report focused on health effects from low doses of radiation (below 10 rem or 100 mSv) (29
and updated the findings of the previous report of low dose radiation, the 1990 BEIR V.

The BEIR VII committee analyzed epidemiologic data and biological data, including a study of the survivors of the
Hiroshima and Nagasaki atomic bomb attacks and studies of cancer in children. The BEIR VIl committee found “that
the preponderance of information indicates that there will be some risk, even at low doses” and “that there is no
compelling evidence to indicate a dose threshold below which the risk of tumor induction is zero.” 3% The BEIR VII
committee further found “[w]hen the complete body of research on this question is considered, a consensus view
emerges. This view says that the health risks of ionizing radiation, although small at low doses, are a function of
dose.” 31 The BEIR VIl committee concluded that “current scientific evidence is consistent with the hypothesis that
there is a linear, no-threshold dose-response relationship between exposure to ionizing radiation and the
development of cancer in humans.” (2)

Following the publication of BEIR V, the NCRP updated its radiation protection recommendations in its 1993 report,
NCRP Report No. 116, “Limitation of Exposure to lonizing Radiation.” Although the NCRP acknowledged that it could
not exclude the possibility of no health risk from low doses, the NCRP expressed its reliance on the LNT model as
the basis for several of its recommendations,

Based on the hypothesis that genetic effects and some cancers may result from damage to a single cell, the Council
assumes that, for radiation-protection purposes, the risk of stochastic effects is proportional to dose without
threshold, throughout the range of dose and dose rates of importance in routine radiation protection. Furthermore,
the probability of response (risk) is assumed, for radiation protection purposes, to accumulate linearly with dose. (33)

In 2001, the NCRP published Report No. 136, “Evaluation of the Linear-Nonthreshold Dose-Response Model for
lonizing Radiation,” which reported the work of the NCRP's Scientific Committee 1-6. Scientific Committee 1-6 was
charged with reassessing “the weight of scientific evidence for and against the linear-nonthreshold dose-response
model, without reference to policy implications.” 34) The NCRP Report No. 136 explained that the existence of the
LNT model for low radiation doses must be extrapolated from data showing adverse health effects from high
radiation doses and that there were differing sets of data that both showed evidence for and against the LNT model.
Nevertheless, the NCRP noted “that radiation imparts its energy to living matter through a stochastic process, such
that a single ionizing track has a finite probability of depositing enough energy in traversing a cell to damage a critical
molecular target within the cell, such as DNA.” (3%) After a comprehensive review of many studies, the NCRP
concluded that “[a]lthough other dose-response relationships for the mutagenic and carcinogenic effects of low-level
radiation cannot be excluded, no alternate dose-response relationship appears to be more plausible than the linear-
nonthreshold model on the basis of present scientific knowledge.” (36)
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In a May 2017 article published in the “International Journal of Radiation Biology,” the NCRP's president, Dr. John D.
Boice, Jr., supports the continued use of the LNT model. Dr. Boice states that “[tlhe LNT model, at least at the
current time, has been useful in radiation protection, e.g., a safety culture exists that encompasses the principle of
‘as low as reasonably achievable' (ALARA) considering financial and societal issues,” and in this context, notes that
“worker exposures have dropped dramatically over the years.” 37) Given that epidemiological studies may not
demonstrate the validity of the LNT model for low doses (below 100 mSv), Dr. Boice further states that the use of the
LNT model combined with the technical and professional judgment of a competent regulator provides “a prudent
basis for the practical purposes of radiological protection.” (38 In his conclusion, Dr. Boice emphasized that the LNT
model is not an appropriate mechanism to assess radiological risk but is the most appropriate model currently
available for a system of radiological protection when coupled with the appropriate regulatory and technical
judgment. (39)

In a study funded by the NRC, the NCRP reevaluated the LNT model based on new studies completed since the
publication of NCRP Report No. 136 in June 2001. In April 2018, the NCRP released Commentary 27, “Implications
of Recent Epidemiologic Studies for the Linear-Nonthreshold Model and Radiation Protection,” which provides a
detailed assessment of currently available epidemiological evidence and concludes that “the LNT model (with the
steepness of the dose-response slope perhaps reduced by a DDREF [dose and dose rate effectiveness factor]
factor) should continue to be utilized for radiation protection purposes.” %) The Commentary explains that “[w]hile
the LNT model is an assumption that likely cannot be scientifically validated by radiobiologic or epidemiologic
evidence in the low-dose range, the preponderance of epidemiologic data is consistent with the LNT assumption,
although there are a few notable exceptions.” “') The Commentary concludes that the “current judgment by national
and international scientific committees is that no alternative dose-response relationship appears more pragmatic or
prudent for radiation protection purposes than the LNT model on the basis of available data, recognizing that the risk
[for doses] <100 mGy [<10 rad] is uncertain but small.” 42)

International Authoritative Scientific Advisory Bodies Favoring Continued Use of LNT

The ICRP, in its Publication No. 99, “Low-dose Extrapolation of Radiation-related Cancer Risk,” stated that “we are
uncertain about the likelihood of a dose threshold, and that, in addition, if there should be a dose threshold, we are
uncertain about what dose level it would be.” 3) The ICRP further stated that “the mechanistic and experimental
data discussed in this monograph tend to give weight to a non-threshold model, as do the solid tumour data in the
Japanese atomic bomb study.” “4) The ICRP concluded that the “LNT theory remains the most prudent risk model
for the practical purposes of radiological protection.” %) The ICRP reaffirmed this conclusion in its Publication No.
103, “The 2007 Recommendations of the International Commission on Radiological Protection” (2007). 46) In
Publication No. 103, the ICRP acknowledged that the LNT model was not “universally accepted as a biological truth”
and that the possibility of a low-dose threshold could not be ruled out, but “because we do not actually know what
level of risk is associated with very-low-dose exposure, [the LNT model] is considered to be a prudent judgement for
public policy aimed at avoiding unnecessary risk from exposure.” 47) While a 2005 joint French Academy of
Sciences and National Academy of Medicine review expressed “doubts on the validity of using LNT for evaluating the
carcinogenic risk of low doses,” this review noted that “[tlhe LNT concept can be a useful pragmatic tool for
assessing rules in radioprotection for doses above 10 mSv [1 rem].” (48)

The IAEA, in its 1997 nuclear safety review (published in August 1998), stated that “some researchers have
interpreted experimental results and epidemiological findings as providing evidence that low doses of radiation are
much more harmful than the LNT hypothesis implies. A number of mechanisms have been proposed by which this
might occur, a recent example being the phenomenon of genomic instability.” “%) The IAEA report concluded that
“[flrom the evidence available at the present time, however, the LNT hypothesis continues to seem the most
radiobiologically defensible basis for radiation protection recommendations. It is also a workable hypothesis that can
underpin systems of regulation which, when applied reasonably, provide sound and sensible management of the
risks from radiation.” (%) The current IAEA radiation safety standards, Radiation Protection and Safety of Radiation
Sources: International Basic Safety Standards, published in 2014, relies upon the LNT model, stating that the LNT
model “is the working hypothesis on which the IAEA's safety standards are based. It is not proven—indeed it is
probably not provable—for low doses and dose rates, but it is considered the most radiobiologically defensible
assumption on which to base safety standards.” ")
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Comments of Federal Agencies

In addition to the findings of the national and international authoritative scientific advisory bodies, three Federal
agencies provided comments on the petitions and supported the continued use of the LNT model as the basis for the
NRC's radiation protection program. The three agencies are the National Cancer Institute (NCI), National Institutes of
Health, Department of Health and Human Services; National Institute for Occupational Safety and Health (NIOSH),
Centers for Disease Control and Prevention, Department of Health and Human Services; and the Radiation
Protection Division, Office of Air and Radiation, Environmental Protection Agency (EPA). Furthermore, the NRC's
Advisory Committee on the Medical Uses of Isotopes (ACMUI) 52) recommends that the NRC continue to rely upon
the LNT model.

NCI provided detailed comments during the 2015 public comment period for the petitions. (3 In response to the
petitioners' assertions that several epidemiologic studies showed that individuals exposed to higher doses of
radiation were less likely or no more likely to develop cancer than those who received lower doses of radiation, NCI,
in its comments, noted the limitations of such studies. NCI explained that “because epidemiologic studies are
observational and not controlled experiments, differences in risks in exposed and unexposed may reflect differences
in life style factors such as smoking and may not necessarily result from radiation exposure.” (*) In addition, NCI
stated in its comments:

the petitions are selective in citing studies that appear to support hormesis (or a threshold) and omitting mention of
the many studies that provide evidence of a dose-response at low doses. In some cases, analyses published many
years ago are cited, when more recent analyses based on current follow-up of the same populations, often with
improved dose estimates, do not support their claims. (6%

In this regard, NCI, in its comments, provided several examples of such studies and the more recent follow-up
analyses that did not support the petitioners' assertions but provided “evidence of a dose-response at low doses,”
(56) especially among children.

NIOSH also provided detailed comments during the 2015 public comment period. ¢7) NIOSH, in its comments, noted
that the “lines of evidence given by the petitioners are not new and are fundamentally the same as those rejected by
the BEIR VII committee.” ®® NIOSH's comments are based, in part, upon a large study of nuclear workers,
completed in 2015, which found that even tiny doses slightly boost the risk of leukemia (the study has been
informally referred to as the international nuclear workers or “INWORKS” study). ®® This study included within its
cohort over 308,000 nuclear industry workers from the United States, the United Kingdom, and France. %) The
INWORKS study's authors stated that “[ijln summary, this study provides strong evidence of an association between
protracted low dose radiation exposure and leukemia mortality.” ©¢1)

NIOSH, in its comments, further stated that its researchers and others

conducted meta-analyses of cancer risk from low-dose exposures in a variety of populations receiving protracted
exposure to external ionizing radiation [Jacob et al. 2009; Daniels and Schubauer-Berigan 2011]. These meta-
analyses concluded that there is a small but significant excess risk of solid cancer and leukemia, respectively, at
occupational doses received during a typical working lifetime [Walsh 2011]. 62)

The NIOSH researchers and others also published two studies describing cancer risk among nuclear workers at four
Department of Energy sites and the Portsmouth Naval Shipyard. According to the NIOSH comments, a pooled cohort
study included nearly 120,000 nuclear workers from these five sites (these workers were also included in the larger
INWORKS study). The authors of the pooled cohort study found that the “excess relative risk (ERR) was significantly
associated with occupational radiation dose for all non-smoking related cancers combined.” (¢3) NIOSH stated that
“[tIhese findings suggest that the risk of these cancers rises by 0.7% and 2.0% (respectively) for every 10
millisieverts (mSv; 1 rem) increase in dose.” ®*) NIOSH, in its comments, stated that the LNT model presents “a
reasonable framework for protecting workers from excess risks associated with occupational exposure to ionizing

radiation” (6% and concluded with a recommendation that the NRC retain the current radiation protection standards.
(66)

Similarly, in its comments, EPA recommended that the NRC deny the petitions. EPA stated the following:





Within limitations imposed by statistical power, the available (and extensive) epidemiological data are broadly
consistent with a linear dose-response for radiation cancer risk at moderate and low doses. Biophysical calculations
and experiments demonstrate that a single track of ionizing radiation passing through a cell produces complex
damage sites in DNA, unique to radiation, the repair of which is error-prone. Thus, no threshold for radiation-induced
mutations is expected, and, indeed, none has been observed. (¢7)

EPA, in its comments, referenced four epidemiological studies conducted after BEIR VII, including the INWORKS
study, two studies of “residents along the Techa River in Russia who were exposed to radionuclides from the Mayak
Plutonium Production Plant,” and a study of children who had received computed tomography (CT) scans. 8 The
EPA stated that “[t]hese studies have shown increased risks of leukemia and other cancers at doses and dose rates
below those which LNT skeptics have maintained are harmless—or even beneficial.” (69 EPA, in its comments,
referenced the findings of the various domestic and international bodies, including the NAS and concluded,

[gliven the continuing wide consensus on the use of LNT for regulatory purposes as well as the increasing scientific
confirmation of the LNT model, it would be unacceptable to the EPA to ignore the recommendations of the NAS and
other authoritative sources on this issue. (/%

EPA concluded that it could not endorse basing radiation protection on the petitioners' proposals, which it
characterized as “poorly supported and highly speculative.” (/1)

The ACMUI advises the NRC on policy and technical issues that arise in the regulation of the medical uses of
radioactive material in diagnosis and therapy. The ACMUI is a committee authorized under the FACA, which
regulates the formation and operation of advisory committees by Federal agencies. The ACMUI membership
includes health care professionals from various disciplines, who comment on changes to NRC regulations and
guidance; evaluate certain non-routine uses of radioactive material; provide technical assistance in licensing,
inspection, and enforcement cases; and bring key issues to the attention of the Commission for appropriate action.
Subsequent to the filing and docketing of the petitions, the ACMUI formed a subcommittee to review and comment
on the petitions. The ACMUI held a public teleconference meeting on October 28, 2015, to vote on the
subcommittee's draft report. (/) The draft subcommittee report was approved by the ACMUI and issued as final on
that same date. ("3 The ACMUI report stated that determining the “correct' dose-response model for radiation
carcinogenesis remains an unsettled scientific question.” ("4 Although the report acknowledged that there “is a large,
and growing, body of scientific literature as well as mechanistic considerations” that question the accuracy of the LNT
model, the ACMUI determined that “very large-scale epidemiological studies with long-term follow-up would be
needed to actually quantify any such risks or benefits” and that “such studies may be logistically and financially
prohibitive.” ("> According to the ACMUI report, “a mathematical extrapolation model remains the only practical
approach to estimating the presumed excess cancer risk from low-dose radiation.” Therefore, the “dose-response
data derived from epidemiological studies of human cohorts, such as the [1945 Hiroshima and Nagasaki atomic
bombing] survivors exposed to high-dose radiation, are largely consistent with an LNT model.” 7®) In making its
recommendation, the ACMUI stated that it “recommends that, for the time being and subject to reconsideration as
additional scientific evidence becomes available, the NRC continue to base the formulation of radiation protection
standards on the LNT model.” (/")

Conclusion

Based upon the current state of science, the NRC concludes that the actual level of risk associated with low doses of
radiation remains uncertain and some studies, such as the INWORKS study, show there is at least some risk from
low doses of radiation. Moreover, the current state of science does not provide compelling evidence of a threshold,
as highlighted by the fact that no national or international authoritative scientific advisory bodies have concluded that
such evidence exists. Therefore, based upon the stated positions of the aforementioned advisory bodies; the
comments and recommendations of NCI, NIOSH, and the EPA; the October 28, 2015, recommendation of the
ACMUI; and its own professional and technical judgment, the NRC has determined that the LNT model continues to
provide a sound regulatory basis for minimizing the risk of unnecessary radiation exposure to both members of the
public and occupational workers. Consequently, the NRC will retain the dose limits for occupational workers and
members of the public in 10 CFR part 20 radiation protection regulations.

Petitioners' Assertion That Hormesis Disproves the LNT Model





The petitioners advance the concept of hormesis, “in which low levels of potentially stressful agents, such as toxins,
other chemicals, ionizing radiation, etc., protect against the deleterious effects that high levels of these stressors
produce and result in beneficial effects (e.g., lower cancer rates).” ("®) Thus, the petitioners assert that low doses of
radiation are beneficial to humans in that such doses may enhance the immune response or DNA repair processes.
The petitioners request that the NRC amend its regulations to raise the dose limit for members of the public to be the
same as the occupational dose limit. (79

NRC's Response

There is scientific uncertainty and no compelling evidence as to whether the hormesis concept is valid for application
to radiation protection requirements. None of the national and international authoritative scientific advisory bodies
described above support the hormesis concept as a regulatory model for radiation protection. Of note, the BEIR VII
report produced by NAS included a strong conclusion against applying the hormesis concept to radiation protection:

Although examples of apparent stimulatory or protective effects can be found in cellular and animal biology, the
preponderance of available experimental information does not support the contention that low levels of ionizing
radiation have a beneficial effect. The mechanism of any such possible effect remains obscure. At this time, the
assumption that any stimulatory hormetic effects from low doses of ionizing radiation will have a significant health
benefit to humans that exceeds potential detrimental effects from radiation exposure at the same dose is
unwarranted. €9

Similarly, the NCRP has found that there is not strong support for the hormesis concept in the scientific literature. &)

The NRC has determined that it is prudent to continue to rely upon the LNT model as a basis for the NRC's radiation
protection regulations. Consequently, the NRC will retain the dose limits for occupational workers and members of
the public in 10 CFR part 20 radiation protection regulations.

Petitioners' Assertion That the NRC has a Conflict of Interest

The petitioners suggest a conflict of interest, because the NRC is one of the Federal agencies that funded the
development of the BEIR VIl report by the NAS and has funded, and is funding, research by the NCRP.

NRC's Response

Sections 31.a and 161.c of the AEA authorize the NRC to enter into arrangements with organizations such as the
NAS and the NCRP. Specifically, section 31.a of the AEA authorizes the NRC to enter into arrangements, with either
public or private institutions or persons, for research and development and to expand theoretical and practical
knowledge in the various fields specified in section 31.a, including radiological health and safety. ¢2) Additionally,
section 161.c authorizes the NRC to “make such studies and investigations, obtain such information . . . as the
Commission may deem necessary or proper to assist it in exercising any authority provided in [the AEA].” (83)

The petitioners merely allege a conflict of interest. The NRC did not influence or direct the findings of either the NAS
or the NCRP, and the NRC is not aware of any irregularities in the methods invoked by NAS or NCRP technical
experts who analyzed the data and prepared the respective reports. The petitioners did not present any evidence to
the contrary. Moreover, the petitioners did not demonstrate that the findings of either the BEIR VII report or any of the
various NCRP reports that were funded in part by the NRC are either technically or scientifically unsound. The NRC
will continue to review and consider recommendations on radiation protection regulations provided by national and
international authoritative scientific advisory bodies.

Petitioners' Assertion That the Cost of Compliance With LNT-Based Regulations Is Enormous
The petitioners assert that the cost of complying with LNT-based regulations is “enormous” and “incalculable.”
NRC's Response

In 1991, the NRC issued the 10 CFR part 20 final rule, which established the current regulatory framework for the
NRC's radiation protection regulations. In issuing that final rule, the Commission concluded that the rule “provides for
a substantial increase in the overall protection of the public health and safety and that the direct and indirect costs of
its implementation are justified in terms of the quantitative and qualitative benefits associated with the rule.” &4
Although the NRC acknowledges the costs involved in complying with its regulations, the NRC continues to conclude





that its regulatory provisions that rely on LNT, such as the ALARA concept, remain both beneficial, in terms of the
health and safety benefits they provide to both members of the public and occupational workers, and are cost-
justified. 85 The petitioners have not provided any new information that would cause the NRC to revisit its findings
with respect to cost that it made in 1991.

Moreover, in the 1991 final rule, the Commission further noted that if it had determined that the rule was not cost-
justified, the Commission would have still issued the rule “because the changes made to part 20 also amount to a
redefinition of the level of adequate protection.” (88) “Adequate protection” is the NRC's fundamental safety standard
and is derived from various provisions of the AEA. 7) An “adequate protection” finding means that the Commission
or the NRC staff, if appropriate, has determined that a given requirement is the minimum necessary for public health
and safety. Applicable case law holds that “adequate protection” findings are made without regard to cost. In this
regard, the United States Court of Appeals, District of Columbia Circuit stated that—

Section 182(a) of the Act commands the NRC to ensure that any use or production of nuclear materials “provide[s]
adequate protection to the health or safety of the public.” 42 U.S.C. 2232(a). In setting or enforcing the standard of
“adequate protection” that this section requires, the Commission may not consider the economic costs of safety
measures. The Commission must determine, regardless of costs, the precautionary measures necessary to provide
adequate protection to the public; the Commission then must impose those measures, again regardless of costs, on
all holders of or applicants for operating licenses. (8

The NRC is mandated under the AEA to impose requirements that it determines to be necessary for adequate
protection of public health and safety regardless of cost. As set forth earlier in this document, the consensus of the
various international and domestic authoritative scientific advisory bodies, as well as the NCI, NIOSH, and EPA, is
that the LNT model should remain the basis for radiological protection regulations. Based upon these external
organizations' recommendations, the recommendation of the ACMUI, and the professional and technical judgment of
the NRC, those regulations that are based upon the LNT model remain necessary for adequate protection.
Therefore, the NRC will continue to use the LNT model as the basis for its current radiation protection regulations in
10 CFR part 20.

IV. Public Comments on the Petition

On June 23, 2015, the NRC published in the Federal Register a notice of docketing of the three petitions, and
requested public comment with the comment period ending on September 8, 2015. 89 On August 21, 2015, the NRC
extended the comment period to November 19, 2015, to allow more time for members of the public to develop and
submit their comments. (®®) The NRC received over 3,200 comment submissions, with 635 of those comment
submissions being unique, including comments from certified health physicists, nuclear medical professionals, other
scientific professionals, scientific associations, Federal agencies, and concerned citizens.

In determining the appropriate response to the petitions, the NRC carefully reviewed the public comments. To
simplify the analysis, the NRC grouped all comment letters into two main groups: Those that opposed the petitions
and those that supported them. A description of the comments in both groups and the NRC's responses are provided
as follows.

Comments Opposed to the Petitions

Comments: There were 535 unique comment submissions that opposed the petitioners' recommendation to
discontinue use of the LNT model as a basis for the NRC's radiation protection regulations. Some of these
commenters stated that the petitioners did not provide sufficient evidence to support changing the technical basis
regarding radiation exposure from the LNT model to the hormesis concept. One commenter stated that the proposal
to increase allowable public radiation doses to the same as those of nuclear industry workers neglects the fact that
the workers made a voluntary choice to work in the nuclear industry, and thus be subject to accompanying exposure
to radiation, whereas the general public did not make that choice. Another commenter stated that the LNT model is
satisfactory and that there is no substantial science upon which to base any change to the current 10 CFR part 20
public and occupational dose limits. One commenter stated that no threshold exists because every organism's
adaptive response varies considerably, with the very young being the most vulnerable. Another commenter stated
that “the existing standard needs to be retained, or at least, retained unless and until an undeniable and clear





preponderance of the evidence indicates that the existing standard definitely should be replaced by some specific
alternative.”

Response: The NRC agrees that the petitions should be denied. The NRC's rationale is set forth earlier in this
document. Therefore, the NRC will not amend its radiation protection regulations in response to the petitioners'
requests.

Comments Supporting the Petitions

There were 100 unique comment submissions that agreed with the petitioners. These commenters provided varied
responses, and so to simplify the analysis and address each type of comment, the NRC grouped the comments by
subject and separated them into subject areas. A review of the comments and the NRC's responses follow.

Comments Supporting the Petitions—General Comments; Assertions That NRC Regulations Lead to Unjustified
Fear of Radiation by Authorities and the Public

Comment: The NRC received several comments that expressed support for the petitions without providing a specific
rationale.

Response: These comments expressed support for the petitions in general terms and did not provide any further
rationale or explanation for why the petitions should be considered for rulemaking. Therefore, no detailed response is
being provided separate from the justification presented above for the NRC's denial of the petitions.

Comment: The NRC received a comment that supports the petitions based on the commenter's experiences working
in the radiation protection field. The commenter concludes that, outside of individuals with experience in a nuclear
facility, most individuals do not have proper authority or experience to appropriately determine proper radiation
protection practices.

Response: The NRC interprets this comment to mean that those who lack experience working in a nuclear facility
cannot properly understand radiation protection principles. The NRC disagrees with this comment. The NRC's
radiation protection regulations, policies, and guidance are informed by operational experience, the findings and
recommendations of national and international authoritative scientific advisory bodies, and academic and
government research.

Comment: Several commenters expressed concern that the LNT model and the ALARA concept create an unjustified
fear of radiation exposure that could lead to authorities directing mass evacuations in the event of a major nuclear
incident. The commenters expressed concern that such a mass evacuation would result in casualties, some of which
may be caused by mass panic, and also result in significant socioeconomic costs.

Response: The NRC disagrees with this comment. The appropriate Federal, State, and local decision-makers take
many factors into account when deciding to recommend or order an evacuation, including the size and nature of the
incident and the potential impacts on affected communities. With respect to evacuation decisions, the State and local
authorities who make those decisions are not subject to the AEA or to the NRC's ALARA requirement.

Moreover, ALARA is an operating principle designed to minimize the potential stochastic effects of low levels of
ionizing radiation that members of the public and occupational workers may be exposed to as a result of routine
licensee activities. The long-term potential (in terms of years or even decades) for the induction of cancer from these
routine activities is the primary stochastic effect that the application of ALARA seeks to minimize. In an emergency
situation involving the release of radioactive material, the overriding concern associated with evacuation decisions is
to avert potential acute radiation exposure.

The NRC has concluded that the selection of a specific dose response model, LNT in this case, and the ALARA
concept, which is premised upon the LNT model, do not lead directly to an unjustified fear of radiation, and thereby
do not directly contribute to evacuation casualties and associated socioeconomic costs after a nuclear incident. The
NRC's rationale for continuing to use the LNT model as the basis for its radiation protection regulations is set forth
earlier in this document. The costs of mass evacuation scenarios described by the commenters do not provide an
adequate basis to discontinue the use of the LNT model.

Comment: One commenter asserted that “there may be cases where, in efforts to minimize even low radiation





exposure to workers and the public in the design, operation, and accident management of nuclear facilities, we may
actually increase the probability of much larger exposures from severe accidents.”

Response: The NRC disagrees with this comment. The operating experience of nuclear facilities has not shown any
relationship between severe accident risk and radiation protection practices.

Comment: Several commenters expressed concern that the public's fear of radiation exposure due to the NRC's
continued use of the LNT model could result in patients postponing or foregoing CT scans and other diagnostic
radiology procedures, thereby resulting in adverse medical consequences to the patient. Other commenters asserted
that the use of LNT in the medical field can inhibit lifesaving processes that require a higher radiation dose than what
is currently acceptable or can add to the cost of certain procedures, also inhibiting patients from receiving important
treatment.

Response: The NRC disagrees with this comment. Moreover, the NRC's regulations do not apply to the decisions of
a physician to prescribe a certain diagnostic or therapeutic modality to treat a patient. The physician's
recommendation and the patient's decision to undergo a CT scan are wholly informed by the professional judgement
of the medical provider and are therefore outside the scope of the NRC's regulatory authority. The NRC does not
regulate machine-generated radiation, which is the type generated by the use of x-ray machines and CT devices.
Machine-generated radiation is regulated by the states, and as such, any application of the LNT model to the NRC's
radiation protection requirements would not affect these medical uses.

Moreover, current evidence demonstrates that the use of radiation producing devices in medical diagnostic tests and
therapies in the United States is increasing—all while LNT has been in place as the underlying dose-response
assumption for radiation protection. For example, the NCRP reported that the average medical exposure in 2006 had
increased substantially from the early 1980s, primarily due to the increased use of CT, interventional fluoroscopy, and
nuclear medicine. ") With respect to CT, the NCRP stated that “[tlechnological advances in CT and the ease of use
of this technology have led to many clinical applications that have increased the use of CT at a rate of 8 to 15% per
year for the last 7 to 10 years [prior to 2006].” ®2) CT scanning further increased from 2006 to 2012. (3 The use of
interventional fluoroscopy and nuclear medicine have also similarly increased. (®*) The commenters' claims that
patients are postponing or foregoing radiology procedures is not supported. These commenters did not present
evidence to support the assertion that the NRC's use of the LNT model results in adverse medical treatment
consequences.

Comment: One commenter stated that the summary of the petitioners' position as described in the NRC's June 23,
2015, notice of docketing (80 FR 35870), characterized the petitions inaccurately, by stating that the petitioners
wanted the NRC to amend the basis for radiation protection under 10 CFR part 20 from the LNT model to the
hormesis model. The commenter expressed concerns that readers would be negatively biased against the petitions
due to this representation of the petitioners' position.

Response: The NRC disagrees with this comment. In her petition, Dr. Marcus requested that the NRC amend its
radiation protection regulations in 10 CFR part 20 to “take radiation hormesis into account.” (%) Dr. Marcus then
made several specific recommendations, including the complete removal of ALARA from the NRC's radiation
protection regulations; the end of “differential doses to pregnant women; embryos and fetuses, and children under 18
years of age”; and an increase in radiation dose limits to members of the public so that the public dose limit would be
equal to the dose limits for occupational workers. In her petition, Dr. Marcus states that the removal of ALARA is “not
only harmless but may be hormetic,” and in requesting that “[p]Jublic doses should be raised to worker doses,” asked
“[w]hy deprive the public of the benefits of low dose radiation?” () In addition, Dr. Marcus referenced studies which
she argued suggest that low doses of radiation decrease cancer rates and asserted “[h]Jormesis is a perfectly good
alternative explanation” for such results. (¥7) Similarly, in his petition, Mr. Miller recommends that “[p]ublic dose limits
should be raised to match worker dose limits, as these low doses may be hormetic,” and that “[ljow-dose limits for
the public perpetuates radiophobia.” (%) Moreover, in its June 23, 2015, Federal Register notice of docketing, the
NRC stated that the petitions were publicly-available and should be consulted for additional information. (°®) Thus, the
NRC concludes that it accurately summarized the petitions in its June 23, 2015, Federal Register notice of docketing.

Comment: One commenter stated that a public education system should be put in place to dispel fear of low-level
radiation.





Response: The NRC considers this comment to be outside the scope of the issues raised by the petitions, because
the establishment of a public education system to dispel fears of low-level radiation is not a mission or responsibility
of the NRC and is beyond the NRC's statutory authority. The NRC supports communication efforts to accurately
convey the radiological risks associated with any given regulated activity. The NRC, through its communication
efforts, engages stakeholders in order to foster transparency and communication between the NRC and the public
(e.g., through public meetings, public comment on NRC rulemakings and guidance development, the NRC's public
website, and the NRC's use of social media).

Comment: The NRC received several comments requesting that the NRC conduct research on topics raised by the
petition.

Response: The NRC disagrees with these comments. The comments requesting that the NRC engage in additional
research is outside the scope of the subject petitions. Other Federal agencies are charged with conducting basic
radiation research, such as the Department of Energy and the National Institutes of Health.

Comments Supporting the Petitions—Assertions That the LNT Model Lacks an Adequate Scientific Basis

Comment: Several commenters questioned the scientific basis of the LNT model and asserted that it should no
longer be the premise of the NRC's radiological protection regulations.

Response: The NRC disagrees with these comments. The NRC's goal as a regulatory agency is to protect both the
public and occupational workers from the radiological hazards associated with NRC-licensed material, activities, and
facilities. The NRC uses the LNT model to establish radiation protection measures that quantify radiation exposure
and set regulatory limits. The premise of the LNT model is that the long-term biological damage caused by ionizing
radiation (i.e., risk of cancer induction or adverse hereditary effects) is directly proportional to the dose received by
the human receptor. The LNT model provides for a conservative, comprehensive radiation protection scheme that
protects individuals in all population categories (male, female, adult, child, and infant) and exposure ranges by
reducing the risk from low-dose radiation exposure.

As described earlier in this document, the consensus among various domestic and international authoritative
scientific advisory bodies and the three Federal agencies that submitted comments (NCI, NIOSH, and EPA) is that
the LNT model should remain the basis for the NRC's radiological protection regulations. Similarly, the ACMUI
recommends that the NRC continue to use the LNT model. Based upon the external organizations'
recommendations, the ACMUI's recommendation, and its own professional and technical judgment, the NRC has
determined that the LNT model continues to provide a sound basis for minimizing the risk of unnecessary radiation
exposure to both members of the public and occupational workers.

Comment: One commenter noted that multiplying the LNT-based risk coefficient by a population dose to derive a
hypothetical number of cancer deaths in no way shows, proves, or demonstrates that anyone is getting cancer.

Response: The NRC disagrees with this comment. The petitions for rulemaking request that the NRC amend 10 CFR
part 20 to discontinue use of the LNT model as the primary scientific basis for the agency's radiation protection
standards. The NRC does not use the LNT model for deterministic mortality projections.

Comment: One commenter noted that the LNT model is flawed, because it lacks timescale modeling to account for
the differences between getting a large dose over a long period of time as opposed to a large dose in a short period
of time.

Response: The NRC disagrees with this comment. The LNT model, as applied by the NRC in its licensing and
regulatory decisions, effectively addresses the potential health impacts of any given dose received either acutely or
chronically.

Human epidemiologic studies have established that there is an increased incidence of certain cancers associated
with radiation exposure at high doses and high dose rates (acute exposure). The principal source of information for
risk estimation is the Japanese survivors of the atomic bombing of Hiroshima and Nagasaki in 1945, who were
exposed to a range of doses at a high dose rate. (%0 The NCRP defines high dose rate as a dose rate above which
recovery and repair processes are unable to ameliorate the radiation damage. ('°") Both the ICRP and NCRP
estimate that the risk of death from radiation-induced cancer resulting from an acute exposure is 10 x 10 *2 per Sv for





a population of all ages. (192 However, experimental results in animals and other biological systems suggest that

cancer induction from acute exposures at low doses and involving low dose rates should be less than that observed
after high doses involving high dose rates. (103)

If the radiation dose is received chronically (i.e., over a long period of time), the biologic response differs because
much of the radiation damage is effectively and efficiently repaired. (%) To account for this difference in response to
chronic low dose and low dose rate radiation exposure as compared to high dose and high dose rate radiation
exposure, the ICRP and NCRP recommend, and the NRC has adopted, adjusting the risk of death from radiation
exposure using a DDREF of two. (195 The DDREF is assumed to apply whenever the absorbed dose is less than 200
mSv (20 rem) and the dose rate is less than 100 mSv (10 rad) per hour. (%) Consequently, the risk coefficient for
members of the public pertaining to low dose and low dose rate radiation exposure is 5 x 10 2 per Sv. This risk
coefficient is further reduced to 4 x 10 -2 per Sv for occupational workers because this population excludes both the
very young and elderly who may be slightly more sensitive to radiation-induced carcinogenesis. (197) The risks of
radiation exposure to occupational workers are described further in Regulatory Guide (RG) 8.29, “Instruction
Concerning Risks from Occupational Radiation Exposure,” Revision 1 (1996).

Although the appropriate value of the DDREF may depend on the specific low or very low dose scenario, (1%8) the use
of a DDREF, particularly one with a high value, does not mean that there are no harmful health effects from low and
very low doses of radiation. The use of a DDREF also does not demonstrate the presence of a threshold below
which no permanent harmful effects will occur. The NRC staff concludes that the use of a DDREF in its dose
calculations aligns with the LNT model.

Comment: Several commenters observed that mammals evolved in an environment with a constant low dose of
radiation. One commenter noted that humans developed DNA repair mechanisms to compensate. This commenter
further stated that we experience far more DNA double strand breaks during mitotic cell division than we do from
exposure to background radiation. As the biological mechanisms deployed to repair DNA damage caused by mitotic
cell division are well documented, the commenter concludes that the rate of DNA damage that we can accommodate
is also documented. This commenter reasons that because the rate of damage is substantially greater than zero, the
LNT model cannot be correct.

Response: The NRC disagrees with this comment. There is substantial scientific uncertainty regarding the ability of
the human body's immune system, or other forms of adaptive response, to repair cells damaged by ionizing
radiation. According to the NCI comments, the available data does not show that any immune or other adaptive
response offsets the carcinogenic damage caused by a given dose of ionizing radiation. (1% NCI, in its comments,
states that the “repair of [DNA] double strand breaks (DSBs) relies on a number of pathways,” and that these
pathways are “prone to errors,” which may result in cell mutations, a fraction of which may lead to cancer. (1'% NCI
further notes that the petitioners, and by extension, the commenter, do not reference data which shows that various
cohorts subjected to “protracted radiation exposures” develop “an increase in stable chromosome aberrations and
other markers of biological damage in the peripheral blood lymphocytes.” (") NCI states that such chromosome
aberrations may increase the risk of cancer, and concluded that “there is little data to suggest a threshold in dose, or
possible hormetic (beneficial) effects of low-dose radiation exposure.” (112)

Comments Supporting the Petitions—Assertions That There Are No Observable Adverse Effects From Background
Radiation

Comment: Several commenters remarked that background levels of ionizing radiation, which vary significantly
around the world, have never been demonstrated to be a health hazard to humans. Some commenters also noted
that in regions of the world such as Brazil or India where background radiation levels are higher than normal,
epidemiological studies of large cohorts of subjects living in these areas did not reveal excess cancers or diseases
linked to radiation exposure. On this basis, these commenters conclude that the LNT model is based on a premise
that is not supported by evidence.

Response: The NRC disagrees with these comments. The NRC notes that, in general, the inability to observe an
effect does not mean that the effect has not occurred. These high background exposure studies are epidemiological
in nature. They cannot be used as quantitative estimates of disease risk associated with the radiation exposure
levels found in the areas studied, because the studies lack sufficient quantifiable evidence of the absence of cancer





risk. As explained by NCI there are limitations associated with reliance on epidemiological studies in any effort to
invalidate the LNT model. NCI noted that “[c]ancer risks predicted by the LNT model are likely to be small at low
doses; so small as to be difficult to detect in the presence of large numbers of cancers resulting from other causes.”
(13)|n this regard, NCI further stated that “because epidemiologic studies are observational in nature and not
controlled experiments, differences in risks in exposed and unexposed [populations] may reflect differences in life
style factors such as smoking and may not necessarily result from radiation exposure.” (114)

In addition, the BEIR VII report prepared by NAS indicates that studies of populations exposed to natural background
radiation are limited in their ability to define risk of disease in relation to radiation dose. In discussing four studies of
populations exposed to natural background radiation, the BEIR VIl Phase 2 report states:

These studies did not find higher disease rates in geographic areas with high background levels of radiation
exposure compared to areas with lower background levels. However, these studies were ecologic in design and
utilized population-based measures of exposure rather than individual estimates of radiation dose. Thus, they cannot

provide any quantitative estimates of disease risk associated with the exposure levels found in the areas studied.
(115)

Also, the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) has recently published
a review of cancer risk due to low dose rate radiation from environmental sources. ('8 UNSCEAR concluded that
“the results of the studies of cancer risk due to radiation exposure at low dose rates from environmental radiation do
not provide strong evidence for materially lower risks per unit exposure than in studies of high radiation doses and
dose rates.” (""7) In this regard, UNSCEAR noted that methodological improvements in environmental studies are
needed to overcome “low statistical power, dosimetric uncertainties, imperfections in control of confounding, and any
other biases” to include “under-ascertainment of cases (deaths or diagnoses), inaccurate cancer diagnosis,
imprecise dose assessment, and residual confounding.” (118)

Therefore, no direct inferences about radiation effects can be drawn from studies where background radiation levels
are higher than normal.

Comments Supporting the Petitions—Objections to ALARA

Comment: One commenter asserted that current regulations are too restrictive and focus too heavily on radiation
protection, thus creating a system that emphasizes compliance with ALARA at the expense of “basic lab safety,”
such as somebody falling and hitting their head. The commenter posits that such accidents are far more likely than
receiving a “fatal radiation dose.”

Response: The NRC disagrees with this comment. The NRC interprets the commenter's use of the phrase “basic lab
safety” as meaning compliance with non-radiologic safety requirements. Non-radiologic safety issues are the
oversight responsibility of the Occupational Safety and Health Administration (OSHA) and appropriate State and
local government agencies. Licensees are required and expected to comply with both applicable NRC requirements
as well as those of OSHA and the pertinent State and local authorities. Moreover, licensees demonstrate compliance
with ALARA by such actions as establishing appropriate procedures and engineering controls, providing the proper
training and equipment, restricting access to radiation areas, and ensuring appropriate facility design. Therefore,
ALARA practices should complement and work in concert with “basic lab safety,” rather than degrade it.

The ALARA definition and the associated regulatory requirement also involve the concept of reasonableness,
meaning that the licensee should make “every reasonable effort” to implement ALARA measures and should use
procedures and engineering controls based upon sound radiation protection principles to achieve ALARA, to the
“extent practical.” ("9 In addition, NRC guidance indicates that non-radiological hazards should be considered in
determining appropriate ALARA measures. For example, RG 8.8, “Information Relevant to Ensuring That
Occupational Radiation Exposures at Nuclear Power Stations Will Be as Low as Is Reasonable Achievable,” states
that “a comprehensive consideration of risks and benefits will include risks from nonradiological hazards. An action
taken to reduce radiation risks should not result in a significantly larger risk from other hazards.” (129 Similarly, RG
8.10, “Operating Philosophy for Maintaining Occupational and Public Radiation Exposures as Low as Is Reasonably
Achievable,” states that “the decision to implement measures to reduce occupational radiation doses should be
weighed against the risk of any other occupational hazards in the workplace, to minimize the total risk to the worker's





health and safety.” (121)

Finally, the commenter did not provide any support for the assertion that a licensee's compliance with ALARA or
other NRC requirements based upon the LNT model undermines or otherwise impedes a licensee's ability to comply
with non-radiologic safety requirements.

Comments: Several commenters objected to the use of the ALARA concept as a regulatory requirement by the NRC.
Many of these commenters asserted that the implementation of ALARA results in excessive costs to licensees and
as such, inhibits potential growth and innovation. Some commenters also asserted that ALARA does not strike the
appropriate balance between safety and economy. Virtually all of these commenters requested the removal of the
ALARA requirement in order to reduce costs.

Response: The NRC disagrees with these comments. The NRC regulations define ALARA as “making every
reasonable effort to maintain exposures to radiation as far below the dose limits in this part as is practical consistent
with the purpose for which the licensed activity is undertaken.” (122) ALARA takes into account the following, in
relation to the utilization of nuclear energy and licensed materials in the public interest: (1) The state of technology,
(2) the economics of improvements in relation to the state of technology, (3) the economics of improvements in
relation to benefits to the public health and safety, and (4) other societal and socioeconomic considerations. (2% The
NRC requires that its licensees “use, to the extent practical, procedures and engineering controls based upon sound
radiation protection principles to achieve occupational doses and doses to members of the public that are [ALARA].”
(124) Furthermore, the NRC's 1991 rule stated that “the ALARA concept is intended to be an operating principle rather

than an absolute minimization of exposures.” (125

The regulatory language of the ALARA definition sets out the considerations in making ALARA determinations,
several of which include the consideration of economic factors. ('26) The NRC guidance states that “ *[rleasonably
achievable' is judged by considering the state of technology and the economics of improvements in relation to all the
benefits from these improvements.” (127) In general, the NRC determines compliance with the ALARA requirement
based on whether the licensee has incorporated measures to track and, if necessary, to reduce exposures; not
whether exposures and doses represent an absolute minimum or whether the licensee has used all possible
methods to reduce exposures. Furthermore, the level of effort expended on radiation protection programs, including
compliance with the ALARA concept, should reflect the magnitude of the potential exposures—both the magnitude of
average and maximum individual doses and, in facilities with large numbers of employees, collective (population)
doses. (128) Thus, the size of a licensee's radiation protection program should be commensurate with the scope and
extent of the licensed activities. For example, a large organization, such as a nuclear power reactor licensee, would
be expected to have a considerably larger and more extensive radiation protection program than a smaller
organization that may maintain lower activity sealed sources.

In addition, ALARA is achieved by implementing such fundamental measures as effective planning, training of the
appropriate personnel, provision of appropriate equipment (e.g., dosimeters), controlling access to radiation areas,
installation of radiation monitoring systems, and preparing appropriate facility designs. ('2%) The regulated community
has had decades of operational experience in implementing ALARA measures, and it is likely that most costs of
ALARA compliance have long since been optimized. Moreover, the NRC considers many of these measures to be
simply the implementation of sound operating practices. Finally, other than their general assertions, the commenters
have not provided any substantive evidence demonstrating that the ALARA concept or the LNT model inhibits
innovation or growth. The NRC has determined that current ALARA requirements are consistent with the LNT model
of radiation protection and reasonably account for economic considerations.

Comments Supporting the Petitions—Assertion That the NRC Relies on the LNT Model as a Result of Political
Pressure or Bias

Comment: Several commenters stated that the LNT model continues to remain relevant as a regulatory framework
only because of political pressure or ideological or scientific bias.

Response: The NRC disagrees with this comment. The NRC is an independent regulatory agency that establishes its
radiation protection regulations based, in part, on the recommendations of domestic and international authoritative
scientific advisory bodies such as the ICRP, the NAS, and the NCRP. As described previously in this document, three





other Federal agencies and the ACMUI recommend that the LNT model remain the basis for the NRC's radiation
protection regulations. The commenters have not provided any substantive support for their assertion that political
pressure or bias is motivating the NRC to continue to rely upon the LNT model. The NRC continues to conclude that,
in the absence of convincing evidence that there is a dose threshold or that low levels of radiation are beneficial, the
LNT model remains a prudent and conservative basis for the NRC's radiation protection regulations.

V. Availability of Documents

The following table provides information about materials referenced in this notification. The ADDRESSES section of
this notification provides additional information about how to access ADAMS.
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The NRC reviewed the petitioners' requests, as well as public comments received on the petitions. For the reasons
cited in this document, the NRC is denying the three PRMs, specifically PRM-20-28, PRM-20-29, and PRM-20-30, in
their entirety. Given the current state of scientific knowledge, the NRC has determined that the LNT model continues
to be an appropriate basis for its radiation protection regulatory framework. Thus, the NRC's current radiation
protection regulations provide for the adequate protection of human health and safety, and as such, changes to 10
CFR part 20 are not warranted at this time.

Dated: August 11, 2021.
For the Nuclear Regulatory Commission.

Annette L. Vietti-Cook,

Secretary of the Commission.
[FR Doc. 2021-17475 Filed 8-16-21; 8:45 am]
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() Dr. Doss was the first of several signatories on the February 24, 2015, correspondence. The correspondence
identified the signatories as members or associate members of Scientists for Accurate Radiation Information (SARI).
There is no indication in the February 24, 2015, correspondence that SARI, as an organization, formally endorsed
the petition from Dr. Doss, et al.

(2) 80 FR 50804-05; August 21, 2015.
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this document.
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4) 10 CFR 20.1101(a).

©) The Atomic Energy Act of 1954 assigned the Atomic Energy Commission (AEC) the functions of both encouraging
the use of nuclear power and regulating its safety. The AEC was the predecessor agency to the NRC.

) The terms “ionizing radiation” and “radiation” are used interchangeably in this document.
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living tissue as a result of radiation exposure.” NRC Glossary, Definition of Dose, https://www.nrc.gov/reading-
rm/basic-ref/glossary/dose.html.
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issue of the linear no-threshold model of radiation carcinogenesis versus a hormetic model versus an alternative

model remains highly controversial and really engenders very strong emotions from folks on different sides of the
question.” ACMUI, Official Transcript of Proceedings (October 28, 2015), at 18-19.

©) |CRP, “Low-dose extrapolation of radiation-related cancer risk,” Pub. No. 99 (2005), at 38.

(10) 56 FR 23360; May 21, 1991. Under current NRC regulations, each NRC licensee must ensure that its operations
do not exceed, for each member of the public, a total effective dose limit of 0.1 rem (1 mSv) in a calendar year. §
20.1301(a)(1). For occupational workers, the primary annual dose limit, per licensee, is a total effective dose
equivalent of 5 rems (50 mSv). § 20.1201(a)(1)(i).

M d.

(12) The NRC defines the term “stochastic effects” as meaning “health effects that occur randomly and for which the
probability of the effect occurring, rather than its severity, is assumed to be a linear function of dose without
threshold. Hereditary effects and cancer incidence are examples of stochastic effects.” § 20.1003. The NRC defines
the term “nonstochastic effects” as meaning “health effects, the severity of which varies with the dose and for which a

threshold is believed to exist. Radiation-induced cataract formation is an example of a nonstochastic effect (also
called a deterministic effect).” Id.

(13) 56 FR 23360.
4 q.
(19 |qd.

(1) |q.

(7) |d., at 23360-61.
(18) 42 U.S.C. 2011 et seq.

(19) 56 FR at 23360. In its Publication 26, the ICRP states “[flor radiation protection purposes it is necessary to make
certain simplifying assumptions. One such basic assumption underlying the Commission's recommendations is that,
regarding stochastic effects, there is, within the range of exposure conditions usually encountered in radiation work,

a linear relationship without threshold between dose and the probability of an effect.” ICRP Pub. No. 26.

(20) 56 FR at 23360. The “Federal Radiation Protection Guidance for Occupational Exposure” concerned the
protection of workers from ionizing radiation and was published in the Federal Register on January 27, 1987 (52 FR
2822). The guidance was prepared by the Environmental Protection Agency, the NRC, and several other Federal





agencies having an agency program or function that involved the use of radioactive material. The guidance stated
“[w]e have considered these [ICRP] recommendations, among others, and believe that it is appropriate to adopt the
general features of the ICRP approach in radiation protection guidance to Federal agencies for occupational
exposure;” and “[blased on extensive but incomplete scientific evidence, it is prudent to assume that at low levels of
exposure the risk of incurring either cancer or hereditary effects is linearly related to the dose received in the relevant
tissue.” 52 FR at 2824.

(21) Position Statement of the Health Physics Society (HPS), PS008-2, “Uncertainty in Risk Assessment,” Adopted
July 1993, Revised April 1995, February 2013.

(22) HPS PS-008-2 at 2.

23) 1d.

(24) The NAS “is a private, non-profit society of distinguished scholars. Established by an Act of Congress . . . the
NAS is charged with providing independent, objective advice to the nation on matters related to science and
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research.” http://www.nasonline.org/about-nas/mission/.

(25 The NCRP is a private, non-profit corporation whose mission is “to formulate and widely disseminate information,
guidance and recommendations on radiation protection and measurements which represent the consensus of
leading scientific thinking.” http://ncrponline.org/about/mission/.

(26) E.g., 56 FR at 23360.

(27) NAS, “Health Risks from Exposure to Low Levels of lonizing Radiation, BEIR VII—Phase 2” (2006) (NAS BEIR
VIl). The BEIR VII report may be viewed online at https://www.nap.edu/catalog/11340/health-risks-from-exposure-to-
low-levels-of-ionizing-radiation. The NRC was one of several Federal agencies that provided funding to NAS for the
BEIR VII study.

(28) |d., at vii.

(29) In its report, the BEIR VII committee “defined low dose as doses in the range of near zero up to about 100 mSv
(0.1 Sv) of low-[linear energy transfer] radiation.” NAS BEIR VIl at 2. The NCRP has considered a “very low dose” to
be a dose below 1 rem or 10 mSv. NCRP, “Implications of Recent Epidemiologic Studies for the Linear Nonthreshold
Model and Radiation Protection,” Commentary 27 (April 24, 2018), at 66.

(30 NAS BEIR VII at 10.
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32) |d., at 323.

(33) NCRP, “Limitation of Exposure to lonizing Radiation,” Report No. 116 (1993), at 10 (emphasis in the original).

(34) NCRP, “Evaluation of the Linear-Nonthreshold Dose-Response Model for lonizing Radiation,” Report No. 136
(2001), at 1.

(3%) 1d., at 208.

(36) 1d., at 7. See also id., at 48-49 (The NCRP also stated “[t]herefore, if radiation-induced cancer results directly
from the induction of mutations involved in the oncogenic pathway, the data reported do not support the existence of
a threshold.”); and id., at 77 (The NCRP also noted that “the majority of studies report linear dose-response
relationships in the lower dose range with the coefficient being quite similar to the alpha coefficient of the in vitro
linear-quadratic dose-response curves.”).

(37) J. Boice, Jr., “The linear nonthreshold (LNT) model as used in radiation protection: An NCRP update,”
International Journal of Radiation Biology, Vol. 93, No. 10 (2017), at 1080 (Boice).
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(40) NCRP, “Implications of Recent Epidemiologic Studies for the Linear Nonthreshold Model and Radiation
Protection,” Commentary 27 (April 24, 2018), at 139. The acronym “DDREF” refers to the dose and dose-rate
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This section of the FEDERAL REGISTER
contains notices to the public of the proposed
issuance of rules and regulations. The
purpose of these notices is to give interested
persons an opportunity to participate in the
rule making prior to the adoption of the final
rules.

NUCLEAR REGULATORY
COMMISSION

10 CFR Part 20

[Docket No. PRM-20-28, PRM-20-29, and
PRM-20-30; NRC—-2015-0057]

Linear No-Threshold Model and
Standards for Protection Against
Radiation

AGENCY: Nuclear Regulatory
Commission.

ACTION: Petition for rulemaking; denial.

SUMMARY: The U.S. Nuclear Regulatory
Commission (NRC) is denying three
petitions for rulemaking (PRMs),
submitted by Dr. Carol S. Marcus, Mr.
Mark L. Miller, Certified Health
Physicist, and Dr. Mohan Doss, et al.
(collectively, the petitioners) in
correspondence dated February 9, 2015,
February 13, 2015, and February 24,
2015, respectively. The petitioners
request that the NRC amend its
regulations based on what they assert is
new science and evidence that
contradicts the linear no-threshold
(LNT) dose-effect model that serves as
the basis for the NRC’s radiation
protection regulations. The NRC
docketed these petitions on February 20,
2015, February 27, 2015, and March 16,
2015, and assigned them Docket
Numbers PRM-20-28, PRM-20-29, and
PRM-20-30, respectively. The NRC is
denying the three petitions because they
fail to present an adequate basis
supporting the request to discontinue
use of the LNT model. The NRC has
determined that the LNT model
continues to provide a sound regulatory
basis for minimizing the risk of
unnecessary radiation exposure to both
members of the public and radiation
workers. Therefore, the NRC will
maintain the current dose limit
requirements contained in its
regulations.

DATES: The dockets for PRM—-20-28,
PRM-20-29, and PRM-20-30 are closed
on August 17, 2021.

ADDRESSES: Please refer to Docket ID
NRC-2015-0057 when contacting the
NRC about the availability of
information for this action. You may
obtain publicly-available information
related to this action by any of the
following methods:

e Federal Rulemaking Website: Go to
https://www.regulations.gov and search
for Docket ID: NRC—-2015-0057. Address
questions about NRC dockets to Dawn
Forder, telephone: 301-415-3407,
email: Dawn.Forder@nrc.gov. For
technical questions, contact individual
listed in the FOR FURTHER INFORMATION
CONTACT section of this document.

e NRC’s Agencywide Documents
Access and Management System
(ADAMS): You may obtain publicly-
available documents online in the
ADAMS Public Documents collection at
https://www.nrc.gov/reading-rm/
adams.html. To begin the search, select
“ADAMS Public Documents” and then
select “Begin Web-based ADAMS
Search.” For problems with ADAMS,
please contact the NRC’s Public
Document Room (PDR) reference staff at
1-800-397-4209, 301-415-4737, or by
email to pdr.resource@nrc.gov. For the
convenience of the reader, a list of
materials referenced in this document
are provided in Section V, “Availability
of Documents.”

o Attention: The PDR, where you may
examine and order copies of public
documents, is currently closed. You
may submit your request to the PDR via
email at pdr.resource@nrc.gov or call 1—-
800-397—-4209 between 8:00 a.m. and
4:00 p.m. (EST), Monday through
Friday, except Federal holidays.

FOR FURTHER INFORMATION CONTACT:
Vanessa Cox, Office of Nuclear Material
Safety and Safeguards, telephone: 301—
415-8342; email: Vanessa.Cox@nrc.gov;
U.S. Nuclear Regulatory Commission,
Washington, DC 20555—0001.
SUPPLEMENTARY INFORMATION:

I. The Petitions

Section 2.802 of title 10 of the Code
of Federal Regulations (10 CFR),
“Petition for rulemaking—requirements
for filing,” provides an opportunity for
any interested person to petition the
Commission to issue, amend, or rescind
any regulation in 10 CFR chapter I. By
correspondence dated February 9, 2015,
February 13, 2015, and February 24,
2015, respectively, the NRC received
three similar petitions from Dr. Carol S.

Marcus, Mark L. Miller, CHP, and
Mohan Doss, Ph.D., et al.1 The NRC
published a notice of docketing for the
three petitions in the Federal Register
on June 23, 2015 (80 FR 35870), and
requested public comment. The public
comment period was initially set to
close on September 8, 2015, but was
extended to November 19, 2015.2

The petitioners request that the NRC
amend 10 CFR part 20, ““Standards for
Protection against Radiation,” to
discontinue use of the LNT model as the
primary scientific basis for the agency’s
radiation protection standards. The
petitioners’ assertion is that the use of
the LNT model is no longer valid based
on various scientific studies. In
particular, the petitioners advance the
concept of radiation hormesis, which
posits that low doses of ionizing
radiation protect against the deleterious
effects of high doses of radiation and
result in beneficial effects to humans.
Therefore, the petitioners request that
the NRC amend its dose limits for
occupational workers 3 and members of
the public as follows:

e Maintain worker doses “‘at present
levels, with allowance of up to 100 mSv
(10 rem) effective dose per year if the
doses are chronic”;

e Remove the As Low As Is
Reasonably Achievable (ALARA)
principle entirely from the regulations,
because they claim that ““it makes no
sense to decrease radiation doses that
are not only harmless but may be
hormetic”’;

¢ Raise the public dose limits to be
the same as the worker doses, because
they claim that “these low doses may be
hormetic”’; and

e “End differential doses to pregnant
women, embryos and fetuses, and
children under 18 years of age.”

II. Background

In 1991, the NRC issued the 10 CFR
part 20 final rule, which established the
current regulatory framework for the
NRC'’s radiation protection regulations.

1Dr. Doss was the first of several signatories on
the February 24, 2015, correspondence. The
correspondence identified the signatories as
members or associate members of Scientists for
Accurate Radiation Information (SARI). There is no
indication in the February 24, 2015,
correspondence that SARI, as an organization,
formally endorsed the petition from Dr. Doss, et al.

280 FR 50804—-05; August 21, 2015.

3.The terms “occupational worker,” “radiation
worker,” “nuclear worker,” and “worker”” are used
interchangeably in this document.



https://www.nrc.gov/reading-rm/adams.html

https://www.nrc.gov/reading-rm/adams.html

https://www.regulations.gov

mailto:pdr.resource@nrc.gov

mailto:pdr.resource@nrc.gov

mailto:Dawn.Forder@nrc.gov

mailto:Vanessa.Cox@nrc.gov



45924

Federal Register/Vol. 86, No. 156/ Tuesday, August 17, 2021/Proposed Rules

All NRC licensees are subject to the
NRC’s radiation protection requirements
set forth in 10 CFR part 20. These
requirements are designed to protect
both members of the public and
occupational workers from harm that
could be caused by a licensee’s use of
radioactive materials. In accordance
with §20.1101, ‘“Radiation protection
programs,” each licensee ‘‘shall
develop, document, and implement a
radiation protection program
commensurate with the scope and
extent of licensed activities.” ¢

The LNT model has been the
underlying premise of much of the
NRC’s radiation protection regulations
since the late 1950s.5 The LNT model
provides that ionizing radiation ¢ is
always considered harmful and that
there is no threshold below which an
amount of radiation exposure to the
human body is not harmful. The LNT
model further holds that biological
damage caused by ionizing radiation
(the cancer risk and adverse hereditary
effects) is directly proportional to the
amount of radiation exposure to the
human body (response linearity). Thus,
the higher the amount of radiation
exposure, or dose,? the higher the
likelihood that the human receptor will
suffer biological damage. The validity of
the LNT model has been the subject of
dispute within the scientific community
for decades.? The NRC’s standards for
protection against radiation, which are
contained in 10 CFR part 20, are
underpinned by the LNT model. These
radiation protection standards provide
requirements for—

¢ Dose limits for radiation workers
and members of the public,

¢ Monitoring and labeling radioactive
materials,

¢ Posting signs in and around
radiation areas, and

¢ Reporting the theft or loss of
radioactive material.

410 CFR 20.1101(a).

5The Atomic Energy Act of 1954 assigned the
Atomic Energy Commission (AEC) the functions of
both encouraging the use of nuclear power and
regulating its safety. The AEC was the predecessor
agency to the NRC.

6 The terms “ionizing radiation” and “‘radiation”
are used interchangeably in this document.

7 “The biological dose or dose equivalent, given
in rems or sieverts (Sv), is a measure of the
biological damage to living tissue as a result of
radiation exposure.” NRC Glossary, Definition of
Dose, https://www.nrc.gov/reading-rm/basic-ref/
glossary/dose.html.

8 For example, in the October 2015 ACMUI
teleconference, Dr. Zanzonico noted that “[w]e all
recognize that the issue of the linear no-threshold
model of radiation carcinogenesis versus a hormetic
model versus an alternative model remains highly
controversial and really engenders very strong
emotions from folks on different sides of the
question.” ACMUI, Official Transcript of
Proceedings (October 28, 2015), at 18-19.

The petitioners do not dispute that
high doses of radiation exposure are
harmful to the human body. Instead,
their argument centers on low doses of
radiation exposure, generally doses
below 10 rem (100 mSv), the effects of
which are difficult to quantify. In this
regard, the petitioners contend that
there is a threshold below which
radiation exposure to the human body is
not harmful. As described by the
International Commission on
Radiological Protection (ICRP) in its
Publication No. 99, “Low-dose
extrapolation of radiation-related cancer
risk,” the threshold theory posits that
“there is some threshold dose below
which there is either no radiation-
related health detriment or a radiation-
related health benefit that outweighs
any detriment. If the threshold was a
universal value for all individuals and
all tissues, a consequence of the theory
is that, at some point, a very low dose
to any number of people would have no
associated risk and could be ignored.” ©

The petitioners also advance a
companion concept to the existence of
a threshold, the radiation hormesis
concept (hormesis), which provides that
exposure of the human body to low and
very low levels of ionizing radiation is
beneficial to the human body.

III. Petitioners’ Assertions

The petitioners request to amend NRC
dose limits (dose limit for occupational
workers; dose limit for embryos, fetuses,
and pregnant workers; and the dose
limits for the public) as well as to
remove the ALARA principle for the
NRC'’s regulations. The requested
amendments to the regulations were
supported by several assertions made by
the petitioners. The NRC reviewed each
assertion separately, as outlined in this
section and followed by the NRC’s
response.

Petitioners’ Assertion That LNT Is Not
Justified by Current Science

The petitioners assert that current
science does not justify the use of the
LNT model and that there is a threshold
below which radiation exposure to the
human body is not harmful.

NRC’s Response

The NRC does not agree with the
petitioners’ assertion. Exposure to
ionizing radiation is a known cancer
risk factor for humans. The LNT model
assumes that, in the long term,
biological damage caused by ionizing
radiation (i.e., cancer risk and adverse
hereditary effects) is directly

9ICRP, “Low-dose extrapolation of radiation-
related cancer risk,” Pub. No. 99 (2005), at 38.

proportional to the dose. The NRC
acknowledges the difficulties inherent
in determining the amount of damage to
the human body caused by low doses of
radiation. The NRC, however, does not
use the LNT model to assess the actual
risk of low dose radiation. Instead, the
NRC uses the LNT model as the basis for
a regulatory framework that meets the
“adequate protection” standard of the
Atomic Energy Act of 1954, as amended
(AEA). Furthermore, the LNT model is
applied so that the framework can be
effectively implemented by an agency
that regulates diverse categories of
licensees, from commercial nuclear
power plants to individual industrial
radiographers and nuclear medical
practices. The NRC’s use of the LNT
model as the basis for its radiation
protection regulations is premised upon
the findings and recommendations of
national and international authoritative
scientific bodies, such as the ICRP, that
have expertise in the science of
radiation protection.

The NRC issued the framework for its
current 10 CFR part 20 radiation
protection regulations in 1991.1° The
NRC acknowledged the role of the
national and international authoritative
scientific bodies in the 1991 final rule,
stating that “[tlhe [U.S. Atomic Energy
Commission] and the NRC have
generally followed the basic radiation
protection recommendations of the
[ICRP] and its U.S. counterpart, the
National Council on Radiation
Protection and Measurements (NCRP),
in formulating basic radiation protection
standards.” The 1991 final rule
explained that the NRC based its
radiation protection regulations upon
three assumptions. The first assumption
concerned the use of the LNT model,
which was described as follows:

The first assumption, the linear
nonthreshold dose-effect relationship,
implies that the potential health risk is
proportional to the dose received and that
there is an incremental health risk associated
with even very small doses, even radiation
doses much smaller than doses received from
naturally occurring radiation sources. These
health risks, such as cancer, are termed
stochastic because they are statistical in
nature; i.e., for a given level of dose, not
every person exposed would exhibit the
effect.1?

The other two assumptions
supporting the NRC’s radiation

1056 FR 23360; May 21, 1991. Under current NRC
regulations, each NRC licensee must ensure that its
operations do not exceed, for each member of the
public, a total effective dose limit of 0.1 rem (1
mSv) in a calendar year. § 20.1301(a)(1). For
occupational workers, the primary annual dose
limit, per licensee, is a total effective dose
equivalent of 5 rems (50 mSv). § 20.1201(a)(1)().

1d.
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protection requirements relate to
stochastic and nonstochastic effects.
Stochastic risks or effects from exposure
to radiation are primarily the long-term
potential for cancer induction and
adverse hereditary effects, while
deterministic or nonstochastic risks or
effects are those that can be directly
correlated with exposure to high or
relatively high doses of radiation, such
as the formation of cataracts.’2 The
NRC'’s second assumption was that the
severity of a stochastic effect is
independent of, or not related to, the
amount of radiation dose received.13
The NRC’s third assumption was that
there is an “apparent threshold; i.e., a
dose level below which the
[nonstochastic] effect is unlikely to
occur.”’ 14 Therefore, the LNT model
only applies to stochastic effects.

In the 1991 final rule, the NRC stated
that these ““assumptions are necessary
because it is generally impossible to
determine whether or not there are any
increases in the incidence of disease at
very low doses and low dose rates,
particularly in the range of doses to
members of the general public resulting
from NRC-licensed activities.” 15 The
NRC further noted that there is
“considerable uncertainty in the
magnitude of the risk at low doses and
low dose rates.” 16 The NRC concluded:

In the absence of convincing evidence that
there is a dose threshold or that low levels
of radiation are beneficial, the Commission
believes that the assumptions regarding a
linear nonthreshold dose-effect model for
cancers and genetic effects and the existence
of thresholds only for certain nonstochastic
effects remain appropriate for formulating
radiation protection standards and planning
radiation protection programs.?”

Thus, the NRC, as a regulator
statutorily charged under the AEA 18
with protecting the public from
radiological harm, determined in 1991
that it was prudent to assume the
validity of the LNT model because of
the considerable uncertainty with
respect to the effect of low doses of

12 The NRC defines the term “‘stochastic effects”
as meaning “health effects that occur randomly and
for which the probability of the effect occurring,
rather than its severity, is assumed to be a linear
function of dose without threshold. Hereditary
effects and cancer incidence are examples of
stochastic effects.” § 20.1003. The NRC defines the
term ‘“‘nonstochastic effects”” as meaning “health
effects, the severity of which varies with the dose
and for which a threshold is believed to exist.
Radiation-induced cataract formation is an example
of a nonstochastic effect (also called a deterministic
effect).” Id.

1356 FR 23360.

14[d.

15]d.

16 Id.

17Id., at 23360-61.

1842 U.S.C. 2011 et seq.

radiation. The NRC’s 1991 final rule was
premised, to a large extent, upon the
recommendations of ICRP Publication
26, “Recommendations of the
International Commission on
Radiological Protection” (1977), several
of which, in turn, were premised upon
the LNT model.1® The 1991 final rule
also referenced the government-wide
“Federal Radiation Protection Guidance
for Occupational Exposure,” signed by
President Reagan in 1987, which was
similarly premised upon the ICRP
Publication 26 recommendations.20

The NRC'’s position remains
unchanged from 1991. Convincing
evidence has not yet demonstrated the
existence of a threshold below which
there would be no stochastic effects
from exposure to low radiation doses.
As such, the NRC’s view is that the LNT
model continues to provide a sound
basis for a conservative radiation
protection regulatory framework that
protects both the public and
occupational workers.

Despite the various studies cited by
the petitioners, uncertainty and lack of
consensus persists in the scientific
community about the health effects of
low doses of radiation. For example, the
Health Physics Society (HPS) has stated
that “[h]ealth risks of radiation exposure
can only be estimated with a reasonable
degree of scientific certainty at radiation
levels that are orders of magnitude
greater than limits established by
regulation for protection of the
public.”” 21 The HPS has further stated
“‘that radiation protection literature is
filled with differing views as to the

1956 FR at 23360. In its Publication 26, the ICRP
states “[f]or radiation protection purposes it is
necessary to make certain simplifying assumptions.
One such basic assumption underlying the
Commission’s recommendations is that, regarding
stochastic effects, there is, within the range of
exposure conditions usually encountered in
radiation work, a linear relationship without
threshold between dose and the probability of an
effect.” ICRP Pub. No. 26.

2056 FR at 23360. The “Federal Radiation
Protection Guidance for Occupational Exposure”
concerned the protection of workers from ionizing
radiation and was published in the Federal Register
on January 27, 1987 (52 FR 2822). The guidance
was prepared by the Environmental Protection
Agency, the NRC, and several other Federal
agencies having an agency program or function that
involved the use of radioactive material. The
guidance stated “[w]e have considered these [ICRP]
recommendations, among others, and believe that it
is appropriate to adopt the general features of the
ICRP approach in radiation protection guidance to
Federal agencies for occupational exposure;” and
“[blased on extensive but incomplete scientific
evidence, it is prudent to assume that at low levels
of exposure the risk of incurring either cancer or
hereditary effects is linearly related to the dose
received in the relevant tissue.” 52 FR at 2824.

21Position Statement of the Health Physics
Society (HPS), PS008-2, “Uncertainty in Risk
Assessment,” Adopted July 1993, Revised April
1995, February 2013.

shape of the radiation dose-response
curve at low doses and dose rates.” 22
According to HPS, “[s]lome data support
a linear no-threshold model, whereas
other data support models that predict
lower estimates of risk and perhaps
even a threshold below which no
detectable radiation health risk
exists.”” 23

Although there are studies and other
scholarly papers that support the
petitioners’ assertions, there are also
studies and findings that support the
continued use of the LNT model,
including those by national and
international authoritative scientific
advisory bodies. Those authoritative
scientific advisory bodies that have a
specialty in the subject matter area of
radiation protection include,
domestically, the federally chartered
National Academy of Sciences (NAS) 24
and NCRP,25 and, internationally, the
ICRP and the International Atomic
Energy Agency (IAEA). All four of these
bodies support the continued use of the
LNT model. It has been the longstanding
practice of the NRC to generally place
significant weight on the
recommendations of these authoritative
scientific advisory bodies.26

National Authoritative Scientific
Advisory Bodies Favoring Continued
Use of LNT

In 2006, the NAS published its
Biological Effects of Ionizing Radiation
(BEIR) VII report, “‘Health Risks from
Exposure to Low Levels of Ionizing
Radiation,” the seventh in a series of
reports that concern the health effects
from low doses of radiation, and by
extension, the appropriateness of the
LNT model.2? The report was prepared
by the Committee to Assess Health Risks
from Exposure to Low Levels of Ionizing

22HPS PS—008-2 at 2.

23 ]d.

24 The NAS ““is a private, non-profit society of
distinguished scholars. Established by an Act of
Congress . . . the NAS is charged with providing
independent, objective advice to the nation on
matters related to science and technology. Scientists
are elected by their peers to membership in the
NAS for outstanding contributions to research.”
http://www.nasonline.org/about-nas/mission/.

25 The NCRP is a private, non-profit corporation
whose mission is “to formulate and widely
disseminate information, guidance and
recommendations on radiation protection and
measurements which represent the consensus of
leading scientific thinking.”” http://ncrponline.org/
about/mission/.

26 F.g., 56 FR at 23360.

27NAS, ““Health Risks from Exposure to Low
Levels of Ionizing Radiation, BEIR VII—Phase 2”
(2006) (NAS BEIR VII). The BEIR VII report may be
viewed online at https://www.nap.edu/catalog/
11340/health-risks-from-exposure-to-low-levels-of-
ionizing-radiation. The NRC was one of several
Federal agencies that provided funding to NAS for
the BEIR VII study.
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Radiation that was established by NAS
for the purpose of advising “the U.S.
government on the relationship between
exposure to ionizing radiation and
human health.” 28 The BEIR VII report
focused on health effects from low doses
of radiation (below 10 rem or 100

mSv) 29 and updated the findings of the
previous report of low dose radiation,
the 1990 BEIR V.

The BEIR VII committee analyzed
epidemiologic data and biological data,
including a study of the survivors of the
Hiroshima and Nagasaki atomic bomb
attacks and studies of cancer in
children. The BEIR VII committee found
“that the preponderance of information
indicates that there will be some risk,
even at low doses’ and “‘that there is no
compelling evidence to indicate a dose
threshold below which the risk of tumor
induction is zero.” 3¢ The BEIR VII
committee further found “[w]hen the
complete body of research on this
question is considered, a consensus
view emerges. This view says that the
health risks of ionizing radiation,
although small at low doses, are a
function of dose.”” 31 The BEIR VII
committee concluded that “current
scientific evidence is consistent with
the hypothesis that there is a linear, no-
threshold dose-response relationship
between exposure to ionizing radiation
and the development of cancer in
humans.” 32

Following the publication of BEIR V,
the NCRP updated its radiation
protection recommendations in its 1993
report, NCRP Report No. 116,
“Limitation of Exposure to Ionizing
Radiation.” Although the NCRP
acknowledged that it could not exclude
the possibility of no health risk from
low doses, the NCRP expressed its
reliance on the LNT model as the basis
for several of its recommendations,

Based on the hypothesis that genetic effects
and some cancers may result from damage to
a single cell, the Council assumes that, for
radiation-protection purposes, the risk of
stochastic effects is proportional to dose
without threshold, throughout the range of
dose and dose rates of importance in routine
radiation protection. Furthermore, the
probability of response (risk) is assumed, for

28 Id.,, at vii.

291n its report, the BEIR VII committee ““‘defined
low dose as doses in the range of near zero up to
about 100 mSv (0.1 Sv) of low-[linear energy
transfer] radiation.” NAS BEIR VII at 2. The NCRP
has considered a “very low dose” to be a dose
below 1 rem or 10 mSv. NCRP, “Implications of
Recent Epidemiologic Studies for the Linear
Nonthreshold Model and Radiation Protection,”
Commentary 27 (April 24, 2018), at 66.

30NAS BEIR VII at 10.

31]d.

32]d., at 323.

radiation protection purposes, to accumulate
linearly with dose.33

In 2001, the NCRP published Report
No. 136, “Evaluation of the Linear-
Nonthreshold Dose-Response Model for
Ionizing Radiation,” which reported the
work of the NCRP’s Scientific
Committee 1-6. Scientific Committee 1—-
6 was charged with reassessing ‘‘the
weight of scientific evidence for and
against the linear-nonthreshold dose-
response model, without reference to
policy implications.” 3¢ The NCRP
Report No. 136 explained that the
existence of the LNT model for low
radiation doses must be extrapolated
from data showing adverse health
effects from high radiation doses and
that there were differing sets of data that
both showed evidence for and against
the LNT model. Nevertheless, the NCRP
noted ‘“‘that radiation imparts its energy
to living matter through a stochastic
process, such that a single ionizing track
has a finite probability of depositing
enough energy in traversing a cell to
damage a critical molecular target
within the cell, such as DNA.” 35 After
a comprehensive review of many
studies, the NCRP concluded that
“[a]lthough other dose-response
relationships for the mutagenic and
carcinogenic effects of low-level
radiation cannot be excluded, no
alternate dose-response relationship
appears to be more plausible than the
linear-nonthreshold model on the basis
of present scientific knowledge.” 36

In a May 2017 article published in the
“International Journal of Radiation
Biology,” the NCRP’s president, Dr.
John D. Boice, Jr., supports the
continued use of the LNT model. Dr.
Boice states that “[tlhe LNT model, at
least at the current time, has been useful
in radiation protection, e.g., a safety
culture exists that encompasses the
principle of ‘as low as reasonably
achievable’ (ALARA) considering
financial and societal issues,” and in
this context, notes that “worker
exposures have dropped dramatically

33NCRP, “Limitation of Exposure to Ionizing
Radiation,” Report No. 116 (1993), at 10 (emphasis
in the original).

34NCRP, “Evaluation of the Linear-Nonthreshold
Dose-Response Model for Ionizing Radiation,”
Report No. 136 (2001), at 1.

35]d., at 208.

36 Id., at 7. See also id., at 48—49 (The NCRP also
stated “[t]herefore, if radiation-induced cancer
results directly from the induction of mutations
involved in the oncogenic pathway, the data
reported do not support the existence of a
threshold.”); and id., at 77 (The NCRP also noted
that “the majority of studies report linear dose-
response relationships in the lower dose range with
the coefficient being quite similar to the alpha
coefficient of the in vitro linear-quadratic dose-
response curves.”’).

over the years.” 37 Given that
epidemiological studies may not
demonstrate the validity of the LNT
model for low doses (below 100 mSv),
Dr. Boice further states that the use of
the LNT model combined with the
technical and professional judgment of
a competent regulator provides “a
prudent basis for the practical purposes
of radiological protection.” 38 In his
conclusion, Dr. Boice emphasized that
the LNT model is not an appropriate
mechanism to assess radiological risk
but is the most appropriate model
currently available for a system of
radiological protection when coupled
with the appropriate regulatory and
technical judgment.39

In a study funded by the NRGC, the
NCRP reevaluated the LNT model based
on new studies completed since the
publication of NCRP Report No. 136 in
June 2001. In April 2018, the NCRP
released Commentary 27, “Implications
of Recent Epidemiologic Studies for the
Linear-Nonthreshold Model and
Radiation Protection,” which provides a
detailed assessment of currently
available epidemiological evidence and
concludes that ‘“the LNT model (with
the steepness of the dose-response slope
perhaps reduced by a DDREF [dose and
dose rate effectiveness factor] factor)
should continue to be utilized for
radiation protection purposes.” 40 The
Commentary explains that “[w]hile the
LNT model is an assumption that likely
cannot be scientifically validated by
radiobiologic or epidemiologic evidence
in the low-dose range, the
preponderance of epidemiologic data is
consistent with the LNT assumption,
although there are a few notable
exceptions.” 41 The Commentary
concludes that the “current judgment by
national and international scientific
committees is that no alternative dose-
response relationship appears more
pragmatic or prudent for radiation
protection purposes than the LNT
model on the basis of available data,
recognizing that the risk [for doses]

37]. Boice, Jr., “The linear nonthreshold (LNT)
model as used in radiation protection: An NCRP
update,” International Journal of Radiation Biology,
Vol. 93, No. 10 (2017), at 1080 (Boice).

38]d.

39]d., at 1089.

40NCRP, “Implications of Recent Epidemiologic
Studies for the Linear Nonthreshold Model and
Radiation Protection,” Commentary 27 (April 24,
2018), at 139. The acronym “DDREF”’ refers to the
dose and dose-rate effectiveness factor, and is used
to extrapolate the risk of cancer induction from high
doses received acutely, and thus measurable, to
those low doses, which cannot be measured and are
the focus of the LNT model. Id., at 20 22—-23, and
34.

41[d., at 140.
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<100 mGy [<10 rad] is uncertain but
small.” 42

International Authoritative Scientific
Advisory Bodies Favoring Continued
Use of LNT

The ICRP, in its Publication No. 99,
“Low-dose Extrapolation of Radiation-
related Cancer Risk,” stated that “we are
uncertain about the likelihood of a dose
threshold, and that, in addition, if there
should be a dose threshold, we are
uncertain about what dose level it
would be.” 43 The ICRP further stated
that “the mechanistic and experimental
data discussed in this monograph tend
to give weight to a non-threshold model,
as do the solid tumour data in the
Japanese atomic bomb study.” ¢ The
ICRP concluded that the “LNT theory
remains the most prudent risk model for
the practical purposes of radiological
protection.” 45 The ICRP reaffirmed this
conclusion in its Publication No. 103,
“The 2007 Recommendations of the
International Commission on
Radiological Protection” (2007).46 In
Publication No. 103, the ICRP
acknowledged that the LNT model was
not “universally accepted as a biological
truth” and that the possibility of a low-
dose threshold could not be ruled out,
but “because we do not actually know
what level of risk is associated with
very-low-dose exposure, [the LNT
model] is considered to be a prudent
judgement for public policy aimed at
avoiding unnecessary risk from
exposure.” 47 While a 2005 joint French
Academy of Sciences and National
Academy of Medicine review expressed
“doubts on the validity of using LNT for
evaluating the carcinogenic risk of low
doses,” this review noted that “[t]he
LNT concept can be a useful pragmatic
tool for assessing rules in
radioprotection for doses above 10 mSv
[1 rem].” 48

The IAEA, in its 1997 nuclear safety
review (published in August 1998),
stated that “some researchers have
interpreted experimental results and
epidemiological findings as providing
evidence that low doses of radiation are
much more harmful than the LNT
hypothesis implies. A number of

42]d.

43CRP, “Low-dose Extrapolation of Radiation-
related Cancer Risk,” Pub. No. 99 (2005), at 108.

44]d.

45]d., at 113.

46 JCRP, “The 2007 Recommendations of the
International Commission on Radiological
Protection,” Pub. No. 103 (2007), at 36 and 38, 65—
67.

47]d., at A178 and A180.

48 Academy of Sciences and National Academy of
Medicine (France), “Dose-Effect Relationships and
Estimation of the Carcinogenic Effects of Low Doses
of Ionizing Radiation” (2005), at 5.

mechanisms have been proposed by
which this might occur, a recent
example being the phenomenon of
genomic instability.” 4° The IAEA report
concluded that “[flrom the evidence
available at the present time, however,
the LNT hypothesis continues to seem
the most radiobiologically defensible
basis for radiation protection
recommendations. It is also a workable
hypothesis that can underpin systems of
regulation which, when applied
reasonably, provide sound and sensible
management of the risks from
radiation.” 50 The current IAEA
radiation safety standards, Radiation
Protection and Safety of Radiation
Sources: International Basic Safety
Standards, published in 2014, relies
upon the LNT model, stating that the
LNT model “is the working hypothesis
on which the IAEA’s safety standards
are based. It is not proven—indeed it is
probably not provable—for low doses
and dose rates, but it is considered the
most radiobiologically defensible
assumption on which to base safety
standards.” 51

Comments of Federal Agencies

In addition to the findings of the
national and international authoritative
scientific advisory bodies, three Federal
agencies provided comments on the
petitions and supported the continued
use of the LNT model as the basis for
the NRC’s radiation protection program.
The three agencies are the National
Cancer Institute (NCI), National
Institutes of Health, Department of
Health and Human Services; National
Institute for Occupational Safety and
Health (NIOSH), Centers for Disease
Control and Prevention, Department of
Health and Human Services; and the
Radiation Protection Division, Office of
Air and Radiation, Environmental
Protection Agency (EPA). Furthermore,
the NRC’s Advisory Committee on the
Medical Uses of Isotopes (ACMUI) 52
recommends that the NRC continue to
rely upon the LNT model.

NCI provided detailed comments
during the 2015 public comment period

49JAEA, “Measures to Strengthen International
Co-Operation in Nuclear, Radiation and Waste
Safety, Nuclear Safety Review for the Year 1997”
(August 1998), Attachment at 32.

50 Id.

51JAEA, “Radiation Protection and Safety of
Radiation Sources: International Basic Safety
Standards, General Safety Requirements Part 3”
(2014), at 401.

52 The ACMUI is an official advisory body to the
NRC established in accordance with the Federal
Advisory Committee Act (FACA), 5 U.S.C. App. 2.
The ACMUI advises the NRC on policy and
technical issues that arise in the regulation of the
medical uses of radioactive material in diagnosis
and therapy.

for the petitions.®3 In response to the
petitioners’ assertions that several
epidemiologic studies showed that
individuals exposed to higher doses of
radiation were less likely or no more
likely to develop cancer than those who
received lower doses of radiation, NCI,
in its comments, noted the limitations of
such studies. NCI explained that
“because epidemiologic studies are
observational and not controlled
experiments, differences in risks in
exposed and unexposed may reflect
differences in life style factors such as
smoking and may not necessarily result
from radiation exposure.” 54 In addition,
NCI stated in its comments:

the petitions are selective in citing studies
that appear to support hormesis (or a
threshold) and omitting mention of the many
studies that provide evidence of a dose-
response at low doses. In some cases,
analyses published many years ago are cited,
when more recent analyses based on current
follow-up of the same populations, often
with improved dose estimates, do not
support their claims.5°

In this regard, NCI, in its comments,
provided several examples of such
studies and the more recent follow-up
analyses that did not support the
petitioners’ assertions but provided
“evidence of a dose-response at low
doses,” 56 especially among children.

NIOSH also provided detailed
comments during the 2015 public
comment period.5” NIOSH, in its
comments, noted that the “lines of
evidence given by the petitioners are not
new and are fundamentally the same as
those rejected by the BEIR VII
committee.” 38 NIOSH’s comments are
based, in part, upon a large study of
nuclear workers, completed in 2015,
which found that even tiny doses
slightly boost the risk of leukemia (the
study has been informally referred to as
the international nuclear workers or

53NCIL, A. Berrington de Gonzalez, et al.,
“Contribution to Nuclear Regulatory Commission
(NRC) comments on petitions on linear no-
threshold model and standards for protection
against radiation”” (November 19, 2015) (NCI 2015).
The specific component of NCI that provided the
comments was the Radiation Epidemiology Branch,
Division of Cancer Epidemiology and Genetics.

54 [d. at 1. See also Boice at 1089 (‘“All models
are wrong, but some are useful for radiation
protection. LNT is an assumption. It is unlikely to
be scientifically validated in the low-dose domain,
and not by epidemiology”).

55NCI 2015, at 1.

56 Id., at 2.

57NIOSH, S. Toye, ‘“Comments of the National
Institute for Occupational Safety and Health on the
Nuclear Regulatory Commission Notice of
Docketing and Request for Comment on Linear No-
Threshold Model and Standards for Protection
Against Radiation,” September 11, 2015 (NIOSH
2015).

58 ]d., at 2.
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“INWORKS” study).59 This study
included within its cohort over 308,000
nuclear industry workers from the
United States, the United Kingdom, and
France.5¢ The INWORKS study’s
authors stated that “[iln summary, this
study provides strong evidence of an
association between protracted low dose
radiation exposure and leukemia
mortality.” 61

NIOSH, in its comments, further
stated that its researchers and others

conducted meta-analyses of cancer risk from
low-dose exposures in a variety of
populations receiving protracted exposure to
external ionizing radiation [Jacob et al. 2009;
Daniels and Schubauer-Berigan 2011]. These
meta-analyses concluded that there is a small
but significant excess risk of solid cancer and
leukemia, respectively, at occupational doses
received during a typical working lifetime
[Walsh 2011].62

The NIOSH researchers and others
also published two studies describing
cancer risk among nuclear workers at
four Department of Energy sites and the
Portsmouth Naval Shipyard. According
to the NIOSH comments, a pooled
cohort study included nearly 120,000
nuclear workers from these five sites
(these workers were also included in the
larger INWORKS study). The authors of
the pooled cohort study found that the
“excess relative risk (ERR) was
significantly associated with
occupational radiation dose for all non-
smoking related cancers combined.” 63
NIOSH stated that “[t]hese findings
suggest that the risk of these cancers
rises by 0.7% and 2.0% (respectively)
for every 10 millisieverts (mSv; 1 rem)
increase in dose.”” 64 NIOSH, in its
comments, stated that the LNT model
presents ‘“‘a reasonable framework for
protecting workers from excess risks
associated with occupational exposure
to ionizing radiation” 65 and concluded
with a recommendation that the NRC
retain the current radiation protection
standards.®6

Similarly, in its comments, EPA
recommended that the NRC deny the
petitions. EPA stated the following:

59K. Leuraud et al., “Ionising Radiation and Risk
of Death from Leukaemia and Lymphoma in
Radiation-monitored Workers (INWORKS): An
International Cohort Study, Lancet Haematology,
Vol. 2” (June 2015).

60]d., at 278.

61]d., at 280.

62NIOSH 2015, at 2.

63 d., at 2-3.

64]d., at 3. The NRC’s general public and
occupational dose limits are 1 mSv (0.1 rem) and
0.05 Sv (5 rem), respectively. See § 20.1201(a)(1)
(occupational dose limit) and § 20.1301(a)(1)
(public dose limit).

65 NIOSH 2015, at 3.

66 Id., at 6.

Within limitations imposed by statistical
power, the available (and extensive)
epidemiological data are broadly consistent
with a linear dose-response for radiation
cancer risk at moderate and low doses.
Biophysical calculations and experiments
demonstrate that a single track of ionizing
radiation passing through a cell produces
complex damage sites in DNA, unique to
radiation, the repair of which is error-prone.
Thus, no threshold for radiation-induced
mutations is expected, and, indeed, none has
been observed.67

EPA, in its comments, referenced four
epidemiological studies conducted after
BEIR VII, including the INWORKS
study, two studies of “residents along
the Techa River in Russia who were
exposed to radionuclides from the
Mayak Plutonium Production Plant,”
and a study of children who had
received computed tomography (CT)
scans.®8 The EPA stated that “[t]hese
studies have shown increased risks of
leukemia and other cancers at doses and
dose rates below those which LNT
skeptics have maintained are
harmless—or even beneficial.” 69 EPA,
in its comments, referenced the findings
of the various domestic and
international bodies, including the NAS
and concluded,

[gliven the continuing wide consensus on the
use of LNT for regulatory purposes as well

as the increasing scientific confirmation of
the LNT model, it would be unacceptable to
the EPA to ignore the recommendations of
the NAS and other authoritative sources on
this issue.7®

EPA concluded that it could not
endorse basing radiation protection on
the petitioners’ proposals, which it
characterized as “poorly supported and
highly speculative.” 71

The ACMUI advises the NRC on
policy and technical issues that arise in
the regulation of the medical uses of
radioactive material in diagnosis and
therapy. The ACMUI is a committee
authorized under the FACA, which
regulates the formation and operation of
advisory committees by Federal
agencies. The ACMUI membership
includes health care professionals from
various disciplines, who comment on
changes to NRC regulations and
guidance; evaluate certain non-routine
uses of radioactive material; provide
technical assistance in licensing,
inspection, and enforcement cases; and
bring key issues to the attention of the
Commission for appropriate action.

67EPA, J. Edwards, “Comments on Linear No-
Threshold Model and Standards for Protection
Against Radiation” (October 7, 2015), at 1.

68 ]d,

69 Id.

701d., at 2.

71]d.

Subsequent to the filing and docketing
of the petitions, the ACMUI formed a
subcommittee to review and comment
on the petitions. The ACMUI held a
public teleconference meeting on
October 28, 2015, to vote on the
subcommittee’s draft report.”2 The draft
subcommittee report was approved by
the ACMUI and issued as final on that
same date.”3 The ACMUI report stated
that determining the “ ‘correct’ dose-
response model for radiation
carcinogenesis remains an unsettled
scientific question.” 74 Although the
report acknowledged that there “is a
large, and growing, body of scientific
literature as well as mechanistic
considerations” that question the
accuracy of the LNT model, the ACMUI
determined that “very large-scale
epidemiological studies with long-term
follow-up would be needed to actually
quantify any such risks or benefits”” and
that “such studies may be logistically
and financially prohibitive.” 75
According to the ACMUI report, “‘a
mathematical extrapolation model
remains the only practical approach to
estimating the presumed excess cancer
risk from low-dose radiation.”
Therefore, the “dose-response data
derived from epidemiological studies of
human cohorts, such as the [1945
Hiroshima and Nagasaki atomic
bombing] survivors exposed to high-
dose radiation, are largely consistent
with an LNT model.” 76 In making its
recommendation, the ACMUI stated that
it “recommends that, for the time being
and subject to reconsideration as
additional scientific evidence becomes
available, the NRC continue to base the
formulation of radiation protection
standards on the LNT model.” 77

Conclusion

Based upon the current state of
science, the NRC concludes that the
actual level of risk associated with low
doses of radiation remains uncertain
and some studies, such as the
INWORKS study, show there is at least
some risk from low doses of radiation.
Moreover, the current state of science
does not provide compelling evidence
of a threshold, as highlighted by the fact
that no national or international
authoritative scientific advisory bodies
have concluded that such evidence
exists. Therefore, based upon the stated

72 The meeting notice for the October 28, 2015,
meeting was published in the Federal Register on
September 8, 2015 (80 FR 53896).

73 ACMUI, “Final Report on the Hormesis/Linear
No-Threshold Petitions” (October 28, 2015), at 1.

741d.

751d., at 1-2.

761d., at 2.

771d., at 1.
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positions of the aforementioned
advisory bodies; the comments and
recommendations of NCI, NIOSH, and
the EPA; the October 28, 2015,
recommendation of the ACMUI; and its
own professional and technical
judgment, the NRC has determined that
the LNT model continues to provide a
sound regulatory basis for minimizing
the risk of unnecessary radiation
exposure to both members of the public
and occupational workers.
Consequently, the NRC will retain the
dose limits for occupational workers
and members of the public in 10 CFR
part 20 radiation protection regulations.

Petitioners’ Assertion That Hormesis
Disproves the LNT Model

The petitioners advance the concept
of hormesis, “in which low levels of
potentially stressful agents, such as
toxins, other chemicals, ionizing
radiation, etc., protect against the
deleterious effects that high levels of
these stressors produce and result in
beneficial effects (e.g., lower cancer
rates).” 78 Thus, the petitioners assert
that low doses of radiation are beneficial
to humans in that such doses may
enhance the immune response or DNA
repair processes. The petitioners request
that the NRC amend its regulations to
raise the dose limit for members of the
public to be the same as the
occupational dose limit.”9

NRC’s Response

There is scientific uncertainty and no
compelling evidence as to whether the
hormesis concept is valid for
application to radiation protection
requirements. None of the national and
international authoritative scientific
advisory bodies described above
support the hormesis concept as a
regulatory model for radiation
protection. Of note, the BEIR VII report
produced by NAS included a strong
conclusion against applying the
hormesis concept to radiation
protection:

Although examples of apparent stimulatory
or protective effects can be found in cellular
and animal biology, the preponderance of
available experimental information does not
support the contention that low levels of
ionizing radiation have a beneficial effect.
The mechanism of any such possible effect
remains obscure. At this time, the
assumption that any stimulatory hormetic
effects from low doses of ionizing radiation
will have a significant health benefit to
humans that exceeds potential detrimental

78 Marcus petition (PRM-20-28), at 1-2.
791d., at 7 (“Why deprive the public of the
benefits of low dose radiation?”’).

effects from radiation exposure at the same
dose is unwarranted.80

Similarly, the NCRP has found that
there is not strong support for the
hormesis concept in the scientific
literature.8? The NRC has determined
that it is prudent to continue to rely
upon the LNT model as a basis for the
NRC'’s radiation protection regulations.
Consequently, the NRC will retain the
dose limits for occupational workers
and members of the public in 10 CFR
part 20 radiation protection regulations.

Petitioners’ Assertion That the NRC has
a Conflict of Interest

The petitioners suggest a conflict of
interest, because the NRC is one of the
Federal agencies that funded the
development of the BEIR VII report by
the NAS and has funded, and is
funding, research by the NCRP.

NRC’s Response

Sections 31.a and 161.c of the AEA
authorize the NRC to enter into
arrangements with organizations such as
the NAS and the NCRP. Specifically,
section 31.a of the AEA authorizes the
NRC to enter into arrangements, with
either public or private institutions or
persons, for research and development
and to expand theoretical and practical
knowledge in the various fields
specified in section 31.a, including
radiological health and safety.82
Additionally, section 161.c authorizes
the NRC to “make such studies and
investigations, obtain such information

. . as the Commission may deem
necessary or proper to assist it in
exercising any authority provided in
[the AEA].” 83

The petitioners merely allege a
conflict of interest. The NRC did not
influence or direct the findings of either
the NAS or the NCRP, and the NRC is
not aware of any irregularities in the
methods invoked by NAS or NCRP
technical experts who analyzed the data
and prepared the respective reports. The
petitioners did not present any evidence
to the contrary. Moreover, the
petitioners did not demonstrate that the
findings of either the BEIR VII report or
any of the various NCRP reports that
were funded in part by the NRC are
either technically or scientifically
unsound. The NRC will continue to
review and consider recommendations
on radiation protection regulations

80 NAS BEIR VII, at 315.

81 NCRP Report No. 136, at 196; see also NCI
2015, at 3 (“there is little data to suggest a threshold
in dose, or possible hormetic (beneficial) effects of
low-dose radiation exposure”).

8242 U.S.C. 2051(a).

8342 U.S.C. 2201(c).

provided by national and international
authoritative scientific advisory bodies.

Petitioners’ Assertion That the Cost of
Compliance With LNT-Based
Regulations Is Enormous

The petitioners assert that the cost of
complying with LNT-based regulations
is “enormous” and “‘incalculable.”

NRC’s Response

In 1991, the NRC issued the 10 CFR
part 20 final rule, which established the
current regulatory framework for the
NRC’s radiation protection regulations.
In issuing that final rule, the
Commission concluded that the rule
“provides for a substantial increase in
the overall protection of the public
health and safety and that the direct and
indirect costs of its implementation are
justified in terms of the quantitative and
qualitative benefits associated with the
rule.” 8¢ Although the NRC
acknowledges the costs involved in
complying with its regulations, the NRC
continues to conclude that its regulatory
provisions that rely on LNT, such as the
ALARA concept, remain both beneficial,
in terms of the health and safety benefits
they provide to both members of the
public and occupational workers, and
are cost-justified.8> The petitioners have
not provided any new information that
would cause the NRC to revisit its
findings with respect to cost that it
made in 1991.

Moreover, in the 1991 final rule, the
Commission further noted that if it had
determined that the rule was not cost-
justified, the Commission would have
still issued the rule “because the
changes made to part 20 also amount to
a redefinition of the level of adequate
protection.” 86 “Adequate protection” is
the NRC’s fundamental safety standard
and is derived from various provisions
of the AEA.87 An “adequate protection”

8456 FR at 23389.

85 The NRC regulations define ALARA as
“making every reasonable effort to maintain
exposures to radiation as far below the dose limits
in this part as is practical consistent with the
purpose for which the licensed activity is
undertaken.” §20.1003. Those individuals and
entities that hold NRC licenses are required, ‘“to the
extent practical,” to incorporate ALARA into their
procedures and engineering controls in accordance
with §20.1101(b). The NRC’s Regulatory Guide (RG)
8.10, “Operating Philosophy for Maintaining
Occupational and Public Radiation Exposures As
Low As Is Reasonably Achievable,” Rev. 2 (August
2016), provides guidance to NRC licensees on
complying with the ALARA requirement. Other
NRC regulatory guides provide additional ALARA
guidance to licensees in specific categories, e.g., RG
8.8 (power reactor licensees) and RG 8.18 (medical
licensees).

8656 FR at 23389.

87 E.g., Section 182a. of the AEA, with respect to
reactor applications, requires the Commission to

Continued
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finding means that the Commission or
the NRC staff, if appropriate, has
determined that a given requirement is
the minimum necessary for public
health and safety. Applicable case law
holds that “adequate protection”
findings are made without regard to
cost. In this regard, the United States
Court of Appeals, District of Columbia
Circuit stated that—

Section 182(a) of the Act commands the
NRC to ensure that any use or production of
nuclear materials “provide[s] adequate
protection to the health or safety of the
public.” 42 U.S.C. 2232(a). In setting or
enforcing the standard of “adequate
protection” that this section requires, the
Commission may not consider the economic
costs of safety measures. The Commission
must determine, regardless of costs, the
precautionary measures necessary to provide
adequate protection to the public; the
Commission then must impose those
measures, again regardless of costs, on all
holders of or applicants for operating
licenses.88

The NRC is mandated under the AEA
to impose requirements that it
determines to be necessary for adequate
protection of public health and safety
regardless of cost. As set forth earlier in
this document, the consensus of the
various international and domestic
authoritative scientific advisory bodies,
as well as the NCI, NIOSH, and EPA, is
that the LNT model should remain the
basis for radiological protection
regulations. Based upon these external
organizations’ recommendations, the
recommendation of the ACMUI, and the
professional and technical judgment of
the NRC, those regulations that are
based upon the LNT model remain
necessary for adequate protection.
Therefore, the NRC will continue to use
the LNT model as the basis for its
current radiation protection regulations
in 10 CFR part 20.

IV. Public Comments on the Petition

On June 23, 2015, the NRC published
in the Federal Register a notice of
docketing of the three petitions, and
requested public comment with the
comment period ending on September
8,2015.89 On August 21, 2015, the NRC
extended the comment period to
November 19, 2015, to allow more time
for members of the public to develop
and submit their comments.?¢ The NRC
received over 3,200 comment

find that “the utilization or production of special
nuclear material will be in accord with the common
defense and security and will provide adequate
protection to the health and safety of the public.”
42 U.S.C. 2232(a).

88 Union of Concerned Scientists v. NRC, 824 F.2d
108, 114 (D.C. Cir. 1987).

8980 FR 35870.

9080 FR 50804.

submissions, with 635 of those
comment submissions being unique,
including comments from certified
health physicists, nuclear medical
professionals, other scientific
professionals, scientific associations,
Federal agencies, and concerned
citizens.

In determining the appropriate
response to the petitions, the NRC
carefully reviewed the public
comments. To simplify the analysis, the
NRC grouped all comment letters into
two main groups: Those that opposed
the petitions and those that supported
them. A description of the comments in
both groups and the NRC’s responses
are provided as follows.

Comments Opposed to the Petitions

Comments: There were 535 unique
comment submissions that opposed the
petitioners’ recommendation to
discontinue use of the LNT model as a
basis for the NRC’s radiation protection
regulations. Some of these commenters
stated that the petitioners did not
provide sufficient evidence to support
changing the technical basis regarding
radiation exposure from the LNT model
to the hormesis concept. One
commenter stated that the proposal to
increase allowable public radiation
doses to the same as those of nuclear
industry workers neglects the fact that
the workers made a voluntary choice to
work in the nuclear industry, and thus
be subject to accompanying exposure to
radiation, whereas the general public
did not make that choice. Another
commenter stated that the LNT model is
satisfactory and that there is no
substantial science upon which to base
any change to the current 10 CFR part
20 public and occupational dose limits.
One commenter stated that no threshold
exists because every organism’s
adaptive response varies considerably,
with the very young being the most
vulnerable. Another commenter stated
that “the existing standard needs to be
retained, or at least, retained unless and
until an undeniable and clear
preponderance of the evidence indicates
that the existing standard definitely
should be replaced by some specific
alternative.”

Response: The NRC agrees that the
petitions should be denied. The NRC’s
rationale is set forth earlier in this
document. Therefore, the NRC will not
amend its radiation protection
regulations in response to the
petitioners’ requests.

Comments Supporting the Petitions

There were 100 unique comment
submissions that agreed with the
petitioners. These commenters provided

varied responses, and so to simplify the
analysis and address each type of
comment, the NRC grouped the
comments by subject and separated
them into subject areas. A review of the
comments and the NRC’s responses
follow.

Comments Supporting the Petitions—
General Comments; Assertions That
NRC Regulations Lead to Unjustified
Fear of Radiation by Authorities and the
Public

Comment: The NRC received several
comments that expressed support for
the petitions without providing a
specific rationale.

Response: These comments expressed
support for the petitions in general
terms and did not provide any further
rationale or explanation for why the
petitions should be considered for
rulemaking. Therefore, no detailed
response is being provided separate
from the justification presented above
for the NRC’s denial of the petitions.

Comment: The NRC received a
comment that supports the petitions
based on the commenter’s experiences
working in the radiation protection
field. The commenter concludes that,
outside of individuals with experience
in a nuclear facility, most individuals
do not have proper authority or
experience to appropriately determine
proper radiation protection practices.

Response: The NRC interprets this
comment to mean that those who lack
experience working in a nuclear facility
cannot properly understand radiation
protection principles. The NRC
disagrees with this comment. The NRC’s
radiation protection regulations,
policies, and guidance are informed by
operational experience, the findings and
recommendations of national and
international authoritative scientific
advisory bodies, and academic and
government research.

Comment: Several commenters
expressed concern that the LNT model
and the ALARA concept create an
unjustified fear of radiation exposure
that could lead to authorities directing
mass evacuations in the event of a major
nuclear incident. The commenters
expressed concern that such a mass
evacuation would result in casualties,
some of which may be caused by mass
panic, and also result in significant
socioeconomic costs.

Response: The NRC disagrees with
this comment. The appropriate Federal,
State, and local decision-makers take
many factors into account when
deciding to recommend or order an
evacuation, including the size and
nature of the incident and the potential
impacts on affected communities. With
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respect to evacuation decisions, the
State and local authorities who make
those decisions are not subject to the
AEA or to the NRC’s ALARA
requirement.

Moreover, ALARA is an operating
principle designed to minimize the
potential stochastic effects of low levels
of ionizing radiation that members of
the public and occupational workers
may be exposed to as a result of routine
licensee activities. The long-term
potential (in terms of years or even
decades) for the induction of cancer
from these routine activities is the
primary stochastic effect that the
application of ALARA seeks to
minimize. In an emergency situation
involving the release of radioactive
material, the overriding concern
associated with evacuation decisions is
to avert potential acute radiation
exposure.

The NRC has concluded that the
selection of a specific dose response
model, LNT in this case, and the
ALARA concept, which is premised
upon the LNT model, do not lead
directly to an unjustified fear of
radiation, and thereby do not directly
contribute to evacuation casualties and
associated socioeconomic costs after a
nuclear incident. The NRC’s rationale
for continuing to use the LNT model as
the basis for its radiation protection
regulations is set forth earlier in this
document. The costs of mass evacuation
scenarios described by the commenters
do not provide an adequate basis to
discontinue the use of the LNT model.

Comment: One commenter asserted
that “there may be cases where, in
efforts to minimize even low radiation
exposure to workers and the public in
the design, operation, and accident
management of nuclear facilities, we
may actually increase the probability of
much larger exposures from severe
accidents.”

Response: The NRC disagrees with
this comment. The operating experience
of nuclear facilities has not shown any
relationship between severe accident
risk and radiation protection practices.

Comment: Several commenters
expressed concern that the public’s fear
of radiation exposure due to the NRC’s
continued use of the LNT model could
result in patients postponing or
foregoing CT scans and other diagnostic
radiology procedures, thereby resulting
in adverse medical consequences to the
patient. Other commenters asserted that
the use of LNT in the medical field can
inhibit lifesaving processes that require
a higher radiation dose than what is
currently acceptable or can add to the
cost of certain procedures, also

inhibiting patients from receiving
important treatment.

Response: The NRC disagrees with
this comment. Moreover, the NRC’s
regulations do not apply to the
decisions of a physician to prescribe a
certain diagnostic or therapeutic
modality to treat a patient. The
physician’s recommendation and the
patient’s decision to undergo a CT scan
are wholly informed by the professional
judgement of the medical provider and
are therefore outside the scope of the
NRC’s regulatory authority. The NRC
does not regulate machine-generated
radiation, which is the type generated
by the use of x-ray machines and CT
devices. Machine-generated radiation is
regulated by the states, and as such, any
application of the LNT model to the
NRC’s radiation protection requirements
would not affect these medical uses.

Moreover, current evidence
demonstrates that the use of radiation
producing devices in medical diagnostic
tests and therapies in the United States
is increasing—all while LNT has been in
place as the underlying dose-response
assumption for radiation protection. For
example, the NCRP reported that the
average medical exposure in 2006 had
increased substantially from the early
1980s, primarily due to the increased
use of CT, interventional fluoroscopy,
and nuclear medicine.?* With respect to
CT, the NCRP stated that
“[tlechnological advances in CT and the
ease of use of this technology have led
to many clinical applications that have
increased the use of CT at a rate of 8 to
15% per year for the last 7 to 10 years
[prior to 2006].” 92 CT scanning further
increased from 2006 to 2012.93 The use
of interventional fluoroscopy and
nuclear medicine have also similarly
increased.?* The commenters’ claims
that patients are postponing or foregoing
radiology procedures is not supported.
These commenters did not present
evidence to support the assertion that
the NRC’s use of the LNT model results
in adverse medical treatment
CONSeqUEnces.

Comment: One commenter stated that
the summary of the petitioners’ position

91 NCRP, “Ionizing Radiation Exposure of the
Population of the United States,”” Report No. 160
(2009), at 5.

92 [d., at 85 (alteration added).

93 Fred A. Mettler, MD, Professor Emeritus and
Clinical Professor, Department of Radiology, Mew
Mexico School of Medicine, presentation entitled
“Dose, Benefit, Risk and Safety” at the 2018 Annual
Meeting of the NCRP (March 5, 2018). Dr. Mettler’s
presentation is expected to be published in the
Health Physics Journal in 2019.

94]d., at 117 (the number of procedures in
radiographic fluoroscopy increased by 54%
between 2002 and 2005) and at 195 (5% annual
growth in the number of nuclear-medicine
procedures between 1995 and 2005).

as described in the NRC’s June 23, 2015,
notice of docketing (80 FR 35870),
characterized the petitions inaccurately,
by stating that the petitioners wanted
the NRC to amend the basis for radiation
protection under 10 CFR part 20 from
the LNT model to the hormesis model.
The commenter expressed concerns that
readers would be negatively biased
against the petitions due to this
representation of the petitioners’
position.

Response: The NRC disagrees with
this comment. In her petition, Dr.
Marcus requested that the NRC amend
its radiation protection regulations in 10
CFR part 20 to “take radiation hormesis
into account.” 95 Dr. Marcus then made
several specific recommendations,
including the complete removal of
ALARA from the NRC’s radiation
protection regulations; the end of
“differential doses to pregnant women;
embryos and fetuses, and children
under 18 years of age”’; and an increase
in radiation dose limits to members of
the public so that the public dose limit
would be equal to the dose limits for
occupational workers. In her petition,
Dr. Marcus states that the removal of
ALARA is “not only harmless but may
be hormetic,” and in requesting that
“[plublic doses should be raised to
worker doses,” asked “[w]hy deprive
the public of the benefits of low dose
radiation?”’ 96 In addition, Dr. Marcus
referenced studies which she argued
suggest that low doses of radiation
decrease cancer rates and asserted
“[hlormesis is a perfectly good
alternative explanation” for such
results.9” Similarly, in his petition, Mr.
Miller recommends that “[plublic dose
limits should be raised to match worker
dose limits, as these low doses may be
hormetic,” and that “[IJow-dose limits
for the public perpetuates
radiophobia.” 98 Moreover, in its June
23, 2015, Federal Register notice of
docketing, the NRC stated that the
petitions were publicly-available and
should be consulted for additional
information.®® Thus, the NRC concludes
that it accurately summarized the
petitions in its June 23, 2015, Federal
Register notice of docketing.

Comment: One commenter stated that
a public education system should be put
in place to dispel fear of low-level
radiation.

Response: The NRC considers this
comment to be outside the scope of the
issues raised by the petitions, because

95 Marcus petition (PRM-20-28), at 7.
96 [d.

971d., at 4.

98 Miller petition (PRM-20-29), at 6-7.
9980 FR, at 35872.
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the establishment of a public education
system to dispel fears of low-level
radiation is not a mission or
responsibility of the NRC and is beyond
the NRC’s statutory authority. The NRC
supports communication efforts to
accurately convey the radiological risks
associated with any given regulated
activity. The NRC, through its
communication efforts, engages
stakeholders in order to foster
transparency and communication
between the NRC and the public (e.g.,
through public meetings, public
comment on NRC rulemakings and
guidance development, the NRC’s
public website, and the NRC’s use of
social media).

Comment: The NRC received several
comments requesting that the NRC
conduct research on topics raised by the
petition.

Response: The NRC disagrees with
these comments. The comments
requesting that the NRC engage in
additional research is outside the scope
of the subject petitions. Other Federal
agencies are charged with conducting
basic radiation research, such as the
Department of Energy and the National
Institutes of Health.

Comments Supporting the Petitions—
Assertions That the LNT Model Lacks
an Adequate Scientific Basis

Comment: Several commenters
questioned the scientific basis of the
LNT model and asserted that it should
no longer be the premise of the NRC’s
radiological protection regulations.

Response: The NRC disagrees with
these comments. The NRC’s goal as a
regulatory agency is to protect both the
public and occupational workers from
the radiological hazards associated with
NRC-licensed material, activities, and
facilities. The NRC uses the LNT model
to establish radiation protection
measures that quantify radiation
exposure and set regulatory limits. The
premise of the LNT model is that the
long-term biological damage caused by
ionizing radiation (i.e., risk of cancer
induction or adverse hereditary effects)
is directly proportional to the dose
received by the human receptor. The
LNT model provides for a conservative,
comprehensive radiation protection
scheme that protects individuals in all
population categories (male, female,
adult, child, and infant) and exposure
ranges by reducing the risk from low-
dose radiation exposure.

As described earlier in this document,
the consensus among various domestic
and international authoritative scientific
advisory bodies and the three Federal
agencies that submitted comments (NCI,
NIOSH, and EPA) is that the LNT model

should remain the basis for the NRC’s
radiological protection regulations.
Similarly, the ACMUI recommends that
the NRC continue to use the LNT model.
Based upon the external organizations’
recommendations, the ACMUI’s
recommendation, and its own
professional and technical judgment,
the NRC has determined that the LNT
model continues to provide a sound
basis for minimizing the risk of
unnecessary radiation exposure to both
members of the public and occupational
workers.

Comment: One commenter noted that
multiplying the LNT-based risk
coefficient by a population dose to
derive a hypothetical number of cancer
deaths in no way shows, proves, or
demonstrates that anyone is getting
cancer.

Response: The NRC disagrees with
this comment. The petitions for
rulemaking request that the NRC amend
10 CFR part 20 to discontinue use of the
LNT model as the primary scientific
basis for the agency’s radiation
protection standards. The NRC does not
use the LNT model for deterministic
mortality projections.

Comment: One commenter noted that
the LNT model is flawed, because it
lacks timescale modeling to account for
the differences between getting a large
dose over a long period of time as
opposed to a large dose in a short period
of time.

Response: The NRC disagrees with
this comment. The LNT model, as
applied by the NRC in its licensing and
regulatory decisions, effectively
addresses the potential health impacts
of any given dose received either
acutely or chronically.

Human epidemiologic studies have
established that there is an increased
incidence of certain cancers associated
with radiation exposure at high doses
and high dose rates (acute exposure).
The principal source of information for
risk estimation is the Japanese survivors
of the atomic bombing of Hiroshima and
Nagasaki in 1945, who were exposed to
a range of doses at a high dose rate.100
The NCRP defines high dose rate as a
dose rate above which recovery and
repair processes are unable to
ameliorate the radiation damage.10?
Both the ICRP and NCRP estimate that
the risk of death from radiation-induced
cancer resulting from an acute exposure
is 10 x 10-2 per Sv for a population of
all ages.192 However, experimental

100NAS BEIR VII, at 6.

101 NCRP Report No. 116, at 60.

102 JCRP, “1990 Recommendation of the
International Commission on Radiological
Protection,” Pub. No. 60 (1991), at 22; NCRP Report
No. 116, at 29.

results in animals and other biological
systems suggest that cancer induction
from acute exposures at low doses and
involving low dose rates should be less
than that observed after high doses
involving high dose rates.103

If the radiation dose is received
chronically (i.e., over a long period of
time), the biologic response differs
because much of the radiation damage
is effectively and efficiently repaired.104
To account for this difference in
response to chronic low dose and low
dose rate radiation exposure as
compared to high dose and high dose
rate radiation exposure, the ICRP and
NCRP recommend, and the NRC has
adopted, adjusting the risk of death from
radiation exposure using a DDREF of
two.105 The DDREF is assumed to apply
whenever the absorbed dose is less than
200 mSv (20 rem) and the dose rate is
less than 100 mSv (10 rad) per hour.106
Consequently, the risk coefficient for
members of the public pertaining to low
dose and low dose rate radiation
exposure is 5 x 10-2 per Sv. This risk
coefficient is further reduced to 4 x 102
per Sv for occupational workers because
this population excludes both the very
young and elderly who may be slightly
more sensitive to radiation-induced
carcinogenesis.107 The risks of radiation
exposure to occupational workers are
described further in Regulatory Guide
(RG) 8.29, “Instruction Concerning
Risks from Occupational Radiation
Exposure,” Revision 1 (1996).

Although the appropriate value of the
DDREF may depend on the specific low
or very low dose scenario,1°8 the use of
a DDREF, particularly one with a high
value, does not mean that there are no
harmful health effects from low and
very low doses of radiation. The use of
a DDREF also does not demonstrate the
presence of a threshold below which no
permanent harmful effects will occur.
The NRC staff concludes that the use of

103 JCRP Pub. No. 60, at 111.

104 UNSCEAR, “Non-stochastic effects of
irradiation,” Report to the General Assembly,
ANNEXJ (1982) at 575.

105 JCRP Pub. No. 103, at 53; ICRP Pub. No. 60,
at 18; NCRP Report No. 116, at 29. Although the
NRC has not formally adopted a DDREF in
regulation, it has relied upon a DDREF in computer
modeling. E.g., NUREG-2161, “Consequence Study
of a Beyond-Design-Basis Earthquake Affecting the
Spent Fuel Pool for a U.S. Mark I Boiling Water
Reactor,” (September 2014) at 195 (incorporating
DDREF into computer modeling for offsite
consequences of a postulated spent fuel pool
accident).

106 JCRP Pub. No. 60, at 19; NCRP Report No. 116,
at 60.

107 JCRP Pub. No. 60, at 22; NCRP Report No. 116,
at 29.

108 For example, a DDREF value of “1” (no dose
and dose rate effect) is used for certain tissues such
as the thyroid and a higher value (e.g., a “2” ora
“3”) is used for other, less radio-sensitive tissues.
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a DDREF in its dose calculations aligns
with the LNT model.

Comment: Several commenters
observed that mammals evolved in an
environment with a constant low dose
of radiation. One commenter noted that
humans developed DNA repair
mechanisms to compensate. This
commenter further stated that we
experience far more DNA double strand
breaks during mitotic cell division than
we do from exposure to background
radiation. As the biological mechanisms
deployed to repair DNA damage caused
by mitotic cell division are well
documented, the commenter concludes
that the rate of DNA damage that we can
accommodate is also documented. This
commenter reasons that because the rate
of damage is substantially greater than
zero, the LNT model cannot be correct.

Response: The NRC disagrees with
this comment. There is substantial
scientific uncertainty regarding the
ability of the human body’s immune
system, or other forms of adaptive
response, to repair cells damaged by
ionizing radiation. According to the NCI
comments, the available data does not
show that any immune or other adaptive
response offsets the carcinogenic
damage caused by a given dose of
ionizing radiation.109 NCI, in its
comments, states that the “repair of
[DNA] double strand breaks (DSBs)
relies on a number of pathways,” and
that these pathways are “prone to
errors,” which may result in cell
mutations, a fraction of which may lead
to cancer.110 NCI further notes that the
petitioners, and by extension, the
commenter, do not reference data which
shows that various cohorts subjected to
“protracted radiation exposures”
develop ““an increase in stable
chromosome aberrations and other
markers of biological damage in the
peripheral blood lymphocytes.” 111 NCI
states that such chromosome aberrations
may increase the risk of cancer, and
concluded that “there is little data to
suggest a threshold in dose, or possible
hormetic (beneficial) effects of low-dose
radiation exposure.” 112

Comments Supporting the Petitions—
Assertions That There Are No
Observable Adverse Effects From
Background Radiation

Comment: Several commenters
remarked that background levels of
ionizing radiation, which vary
significantly around the world, have
never been demonstrated to be a health

109NCI 2015, at 3.

110 [d, (alteration added).
111 Id'

112 Id‘

hazard to humans. Some commenters
also noted that in regions of the world
such as Brazil or India where
background radiation levels are higher
than normal, epidemiological studies of
large cohorts of subjects living in these
areas did not reveal excess cancers or
diseases linked to radiation exposure.
On this basis, these commenters
conclude that the LNT model is based
on a premise that is not supported by
evidence.

Response: The NRC disagrees with
these comments. The NRC notes that, in
general, the inability to observe an effect
does not mean that the effect has not
occurred. These high background
exposure studies are epidemiological in
nature. They cannot be used as
quantitative estimates of disease risk
associated with the radiation exposure
levels found in the areas studied,
because the studies lack sufficient
quantifiable evidence of the absence of
cancer risk. As explained by NCI there
are limitations associated with reliance
on epidemiological studies in any effort
to invalidate the LNT model. NCI noted
that “[c]ancer risks predicted by the
LNT model are likely to be small at low
doses; so small as to be difficult to
detect in the presence of large numbers
of cancers resulting from other
causes.” 113 In this regard, NCI further
stated that ““because epidemiologic
studies are observational in nature and
not controlled experiments, differences
in risks in exposed and unexposed
[populations] may reflect differences in
life style factors such as smoking and
may not necessarily result from
radiation exposure.” 114

In addition, the BEIR VII report
prepared by NAS indicates that studies
of populations exposed to natural
background radiation are limited in
their ability to define risk of disease in
relation to radiation dose. In discussing
four studies of populations exposed to
natural background radiation, the BEIR
VII Phase 2 report states:

These studies did not find higher disease
rates in geographic areas with high
background levels of radiation exposure
compared to areas with lower background
levels. However, these studies were ecologic
in design and utilized population-based
measures of exposure rather than individual
estimates of radiation dose. Thus, they
cannot provide any quantitative estimates of
disease risk associated with the exposure
levels found in the areas studied.11®

Also, the United Nations Scientific
Committee on the Effects of Atomic
Radiation (UNSCEAR) has recently

13][d., at 1.
114Id'
115 NAS BEIR VII, at 228.

published a review of cancer risk due to
low dose rate radiation from
environmental sources.?16 UNSCEAR
concluded that “the results of the
studies of cancer risk due to radiation
exposure at low dose rates from
environmental radiation do not provide
strong evidence for materially lower
risks per unit exposure than in studies
of high radiation doses and dose

rates.” 117 In this regard, UNSCEAR
noted that methodological
improvements in environmental studies
are needed to overcome ‘“‘low statistical
power, dosimetric uncertainties,
imperfections in control of confounding,
and any other biases” to include
“under-ascertainment of cases (deaths
or diagnoses), inaccurate cancer
diagnosis, imprecise dose assessment,
and residual confounding.”” 118

Therefore, no direct inferences about
radiation effects can be drawn from
studies where background radiation
levels are higher than normal.

Comments Supporting the Petitions—
Objections to ALARA

Comment: One commenter asserted
that current regulations are too
restrictive and focus too heavily on
radiation protection, thus creating a
system that emphasizes compliance
with ALARA at the expense of “basic
lab safety,” such as somebody falling
and hitting their head. The commenter
posits that such accidents are far more
likely than receiving a ‘““fatal radiation
dose.”

Response: The NRC disagrees with
this comment. The NRC interprets the
commenter’s use of the phrase “basic
lab safety”” as meaning compliance with
non-radiologic safety requirements.
Non-radiologic safety issues are the
oversight responsibility of the
Occupational Safety and Health
Administration (OSHA) and appropriate
State and local government agencies.
Licensees are required and expected to
comply with both applicable NRC
requirements as well as those of OSHA
and the pertinent State and local
authorities. Moreover, licensees
demonstrate compliance with ALARA
by such actions as establishing
appropriate procedures and engineering
controls, providing the proper training

116 UNSCEAR, ““Sources, Effects and Risks of
Tonizing Radiation, Annex B: Epidemiological
studies of cancer risk due to low-dose-rate radiation
from environmental sources,”” Report to the General
Assembly with Scientific Annexes (2017)
(UNSCEAR 2017 Report, Ann. B).

117UNSCEAR 2017 Report, Ann. B, at 153.

118]d., at 155.
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and equipment, restricting access to
radiation areas, and ensuring
appropriate facility design. Therefore,
ALARA practices should complement
and work in concert with “basic lab
safety,” rather than degrade it.

The ALARA definition and the
associated regulatory requirement also
involve the concept of reasonableness,
meaning that the licensee should make
“every reasonable effort” to implement
ALARA measures and should use
procedures and engineering controls
based upon sound radiation protection
principles to achieve ALARA, to the
“extent practical.” 119 In addition, NRC
guidance indicates that non-radiological
hazards should be considered in
determining appropriate ALARA
measures. For example, RG 8.8,
“Information Relevant to Ensuring That
Occupational Radiation Exposures at
Nuclear Power Stations Will Be as Low
as Is Reasonable Achievable,” states that
““a comprehensive consideration of risks
and benefits will include risks from
nonradiological hazards. An action
taken to reduce radiation risks should
not result in a significantly larger risk
from other hazards.”” 120 Similarly, RG
8.10, “Operating Philosophy for
Maintaining Occupational and Public
Radiation Exposures as Low as Is
Reasonably Achievable,” states that ‘‘the
decision to implement measures to
reduce occupational radiation doses
should be weighed against the risk of
any other occupational hazards in the
workplace, to minimize the total risk to
the worker’s health and safety.” 121

Finally, the commenter did not
provide any support for the assertion
that a licensee’s compliance with
ALARA or other NRC requirements
based upon the LNT model undermines
or otherwise impedes a licensee’s ability
to comply with non-radiologic safety
requirements.

Comments: Several commenters
objected to the use of the ALARA
concept as a regulatory requirement by
the NRC. Many of these commenters
asserted that the implementation of
ALARA results in excessive costs to
licensees and as such, inhibits potential
growth and innovation. Some
commenters also asserted that ALARA
does not strike the appropriate balance
between safety and economy. Virtually
all of these commenters requested the
removal of the ALARA requirement in
order to reduce costs.

Response: The NRC disagrees with
these comments. The NRC regulations
define ALARA as “making every

11910 CFR 20.1003 and 10 CFR 20.1101(b).
120RG 8.8, Rev. 3, at 2.
121RG 8.10, Rev. 2, at 5.

reasonable effort to maintain exposures
to radiation as far below the dose limits
in this part as is practical consistent
with the purpose for which the licensed
activity is undertaken.” 122 ALARA
takes into account the following, in
relation to the utilization of nuclear
energy and licensed materials in the
public interest: (1) The state of
technology, (2) the economics of
improvements in relation to the state of
technology, (3) the economics of
improvements in relation to benefits to
the public health and safety, and (4)
other societal and socioeconomic
considerations.’23 The NRC requires
that its licensees ‘““use, to the extent
practical, procedures and engineering
controls based upon sound radiation
protection principles to achieve
occupational doses and doses to
members of the public that are
[ALARA].” 124 Furthermore, the NRC’s
1991 rule stated that “the ALARA
concept is intended to be an operating
principle rather than an absolute
minimization of exposures.” 125

The regulatory language of the
ALARA definition sets out the
considerations in making ALARA
determinations, several of which
include the consideration of economic
factors.126 The NRC guidance states that
“‘[r]easonably achievable’ is judged by
considering the state of technology and
the economics of improvements in
relation to all the benefits from these
improvements.” 127 In general, the NRC
determines compliance with the
ALARA requirement based on whether
the licensee has incorporated measures
to track and, if necessary, to reduce
exposures; not whether exposures and
doses represent an absolute minimum or
whether the licensee has used all
possible methods to reduce exposures.
Furthermore, the level of effort
expended on radiation protection
programs, including compliance with
the ALARA concept, should reflect the
magnitude of the potential exposures—
both the magnitude of average and
maximum individual doses and, in
facilities with large numbers of
employees, collective (population)
doses.128 Thus, the size of a licensee’s
radiation protection program should be

12210 CFR 20.1003.

123 Id'

12410 CFR 20.1101(b).

12556 FR at 23366.

126 10 CFR 20.1003 (“the economics of
improvements in relation to the state of
technology,” “the economics of improvements in
relation to benefits to the public health and safety,”
and “‘other societal and socioeconomic
considerations”’).

127RG 8.8, Rev. 3, at 2.

128 Id.

commensurate with the scope and
extent of the licensed activities. For
example, a large organization, such as a
nuclear power reactor licensee, would
be expected to have a considerably
larger and more extensive radiation
protection program than a smaller
organization that may maintain lower
activity sealed sources.

In addition, ALARA is achieved by
implementing such fundamental
measures as effective planning, training
of the appropriate personnel, provision
of appropriate equipment (e.g.,
dosimeters), controlling access to
radiation areas, installation of radiation
monitoring systems, and preparing
appropriate facility designs.129 The
regulated community has had decades
of operational experience in
implementing ALARA measures, and it
is likely that most costs of ALARA
compliance have long since been
optimized. Moreover, the NRC considers
many of these measures to be simply the
implementation of sound operating
practices. Finally, other than their
general assertions, the commenters have
not provided any substantive evidence
demonstrating that the ALARA concept
or the LNT model inhibits innovation or
growth. The NRC has determined that
current ALARA requirements are
consistent with the LNT model of
radiation protection and reasonably
account for economic considerations.

Comments Supporting the Petitions—
Assertion That the NRC Relies on the
LNT Model as a Result of Political
Pressure or Bias

Comment: Several commenters stated
that the LNT model continues to remain
relevant as a regulatory framework only
because of political pressure or
ideological or scientific bias.

Response: The NRC disagrees with
this comment. The NRC is an
independent regulatory agency that
establishes its radiation protection
regulations based, in part, on the
recommendations of domestic and
international authoritative scientific
advisory bodies such as the ICRP, the
NAS, and the NCRP. As described
previously in this document, three other
Federal agencies and the ACMUI
recommend that the LNT model remain
the basis for the NRC’s radiation
protection regulations. The commenters
have not provided any substantive
support for their assertion that political
pressure or bias is motivating the NRC
to continue to rely upon the LNT model.
The NRC continues to conclude that, in
the absence of convincing evidence that
there is a dose threshold or that low

129RG 8.10, Rev. 2, at 5; see also RG 8.8, Rev. 3.
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levels of radiation are beneficial, the
LNT model remains a prudent and
conservative basis for the NRC’s
radiation protection regulations.

V. Availability of Documents

The following table provides
information about materials referenced

in this notification. The ADDRESSES
section of this notification provides
additional information about how to
access ADAMS.

Date

Document

ADAMS accession No. or Federal
Register citation

Submitted Petitions

February 9, 2015 .....ccooeiiiiieiieees Petition for Rulemaking (PRM—20-28) .........ccccsvviminireeneneeeneeeeneens ML15051A503.
February 13, 2015 Petition for Rulemaking (PRM—-20-29) .... ML15057A349.
February 24, 2015 Petition for Rulemaking (PRM—20-30) ........cccceeciiiiiiiiniieciee e, ML15075A200.
Federal Register Notifications
June 23, 2015 ..o 10 CFR part 20—Linear no-Threshold Model and Standards for Pro- | 80 FR 35870.
tection Against Radiation—Notice of Docketing and Request for
Comment (PRM-20-28, PRM-20-29, and PRM—-20-30).
August 21, 2015 ... 10 CFR part 20—Linear no-Threshold Model and Standards for Pro- | 80 FR 50804.
tection Against Radiation—Notice of Docketing and Request for
Comment; Extension of Comment Period (PRM-20-28, PRM-20—
29, and PRM-20-30).
September 8, 2015 .. Advisory Committee on the Medical Uses of Isotopes: Meeting Notice | 80 FR 53896.
May 21, 1991 ..o, 10 CFR part 20, “Radiation Protection,” Advance Notice of Proposed | 56 FR 23360.
Rulemaking; Request for Comments.
January 27, 1987 ....cccovviiiiiieees Federal Radiation Protection Guidance for Occupational Exposure .... | 52 FR 2822.
Federal Regulations
1991 10 CFR part 20, “Standards for Protection Against Radiation” ............ N/A.
2006 ... NAS BEIR VII, “Health Risks from Exposure to Low Levels of lon- | N/A.
izing Radiation”.
1946 e U.S. Code: Title 42, Chapter 23, “Development and Control of Atomic | N/A.
Energy”.
National and International Publications
2005 .. ICRP Publication 99, “Low-dose Extrapolation of Radiation-related | N/A.
Cancer Risk”.
1977 e ICRP Publication 26, “Recommendations of the International Com- | N/A.
mission on Radiological Protection”.
1993 NCRP Report No. 116, “Limitation of Exposure to lonizing Radiation” | N/A.
2007 o NCRP Report No. 136, “Evaluation of the Linear-Nonthreshold Dose- | N/A.
Response Model for lonizing Radiation”.
2005 i Academy of Sciences and National Academy of Medicine (France), | N/A.
“Dose-Effect Relationships and Estimation of the Carcinogenic Ef-
fects of Low Doses of lonizing Radiation”.
August 1998 ........cccovviiiieieeeee IAEA, “Measures to Strengthen International Co-Operation in Nu- | N/A.
clear, Radiation and Waste Safety, Nuclear Safety Review for the
Year 1997”.
2014 o IAEA, “Radiation Protection and Safety of Radiation Sources: Inter- | N/A.
national Basic Safety Standards, General Safety Requirements
Part 3”.
April 24, 2018 ..o NCRP Commentary 27, “Implications of Recent Epidemiologic Stud- | N/A.
ies for the Linear Nonthreshold Model and Radiation Protection”.
2009 .. NCRP Report No. 160, “lonizing Radiation Exposure of the Popu- | N/A.
lation of the United States”.
1991 ICRP Publication 60, “1990 Recommendations of the International | N/A.
Commission on Radiological Protection”.
2007 e ICRP Publication No. 103, “The 2007 Recommendations of the Inter- | N/A.
national Commission on Radiological Protection”.
Other Reference Documents
July 1993 .o Health Physics Society, Position Statement PS008-2, “Uncertainty in | N/A.
Risk Assessment,” (Revised April 1995, February 2013).
2017 Dr. John D. Boice, Jr., “The linear nonthreshold (LNT) model as used | N/A.
in radiation protection: An NCRP update,” International ournal of
Radiation Biology, Vol. 93, No. 10.
June 2015 ... K. Leuraud et al., “lonising Radiation and Risk of Death from | N/A.
Leukaemia and Lymphoma in Radiation-monitored Workers
(INWORKS): An International Cohort Study, Lancet Haematology,
Vol. 2.
October 28, 2015 ......ccccceevevrcicennn. ACMUI, “Final Report on the Hormesis/Linear No-Threshold Peti- | ML15310A418.

tions”.
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ADAMS accession No. or Federal
Date Document Register citation
August 2016 ......ccoeieeiiiiie e RG 8.10, “Operating Philosophy for Maintaining Occupational and | ML16105A136.
Public Radiation Exposures As Low As Is Reasonably Achievable,”
Rev. 2.
June 1978 ... RG 8.8, “Information Relevant to Ensuring that Occupational Radi- | MLO03739549.
ation Exposures at Nuclear Power Stations Will Be as Low as Is
Reasonably Achievable,” Rev. 3.
September 2014 .......cccoooiiiiiieeen. NUREG-2161, “Consequence Study of a Beyond-Design-Basis | ML14255A365.
Earthquake Affecting the Spent Fuel Pool for a U.S. Mark | Boiling
Water Reactor”.
2017 oo UNSCEAR, “Sources, Effects and Risks of lonizing Radiation, Annex | N/A.
B: Epidemiological studies of cancer risk due to low-dose-rate radi-
ation from environmental sources”.
1996 .. RG 8.29, “Instruction Concerning Risks from Occupational Radiation | MLO03739438.
Exposure” Rev. 1.

VI. Conclusion

The NRC reviewed the petitioners’
requests, as well as public comments
received on the petitions. For the
reasons cited in this document, the NRC
is denying the three PRMs, specifically
PRM-20-28, PRM—-20-29, and PRM-20-
30, in their entirety. Given the current
state of scientific knowledge, the NRC
has determined that the LNT model
continues to be an appropriate basis for
its radiation protection regulatory
framework. Thus, the NRC’s current
radiation protection regulations provide
for the adequate protection of human
health and safety, and as such, changes
to 10 CFR part 20 are not warranted at
this time.

Dated: August 11, 2021.

For the Nuclear Regulatory Commission.
Annette L. Vietti-Cook,
Secretary of the Commission.
[FR Doc. 2021-17475 Filed 8—16-21; 8:45 am]
BILLING CODE 7590-01-P

DEPARTMENT OF HOMELAND
SECURITY

Coast Guard

33 CFR Part 110
[Docket Number USCG-2020-0216]
RIN 1625-AA01

Anchorage Grounds; Cape Fear River
Approach, North Carolina

AGENCY: Coast Guard, Department of
Homeland Security (DHS).

ACTION: Notice of proposed rulemaking.

SUMMARY: The Coast Guard is proposing
to amend the anchorage regulations for
Lockwoods Folly Inlet, NC, and adjacent
waters, by establishing a new offshore
anchorage and relocating and amending
the existing explosives anchorage. The
purpose of this proposed rule is to

improve navigation and public safety by
accommodating recent and anticipated
future growth in cargo vessel traffic and
vessel size that call on Military Ocean
Terminal Sunny Point and the Port of
Wilmington, NC. We invite your
comments on this proposed rulemaking.

DATES: Comments and related material
must be received by the Coast Guard on
or before October 18, 2021.

ADDRESSES: You may submit comments
identified by docket number USCG—
2020-0216 using the Federal
eRulemaking Portal at https://
www.regulations.gov. See the ‘“Public
Participation and Request for
Comments” portion of the
SUPPLEMENTARY INFORMATION section for
further instructions on submitting
comments.

FOR FURTHER INFORMATION CONTACT: If
you have questions about this proposed
rulemaking, call or email Marine
Science Technician Chief (MSTC)
Joshua O’Rourke, Sector North Carolina,
U.S. Coast Guard; telephone (910) 772—

2227, email Joshua.P.Orourke@uscg.mil;

or Mr. Jerry Barnes, Waterways
Management Branch, Fifth Coast Guard
District, U.S. Coast Guard; telephone
(757) 398—6230, email Jerry.R.Barnes@
uscg.mil.

SUPPLEMENTARY INFORMATION:
1. Table of Abbreviations

BOEM Bureau of Ocean Energy
Management

CFR Code of Federal Regulations

DHS Department of Homeland Security

FR Federal Register

NM Nautical Miles

U.S.C. United States Code

II. Background, Purpose, and Legal
Basis

On May 8, 2020, the Coast Guard
published a notice of inquiry in the
Federal Register (85 FR 27343) to solicit
public comments on whether we should
initiate a rulemaking to establish an

anchorage ground offshore in the
approaches to the Cape Fear River, NC,
and to increase the size and relocate the
existing Lockwoods Folly Inlet
explosives anchorage. We received two
comment letters in response, both
endorsing a rulemaking to amend the
anchorage regulations as described. The
Coast Guard is now moving forward
with this proposed rulemaking.

The Cape Fear River supports a
diverse marine transportation system
which includes Military Ocean
Terminal Sunny Point, North Carolina
State Port of Wilmington, and several oil
terminals and bulk-handling facilities
for cement, asphalt products, molasses,
liquid chemicals, sulfur, fertilizers and
liquid sugar. Military Ocean Terminal
Sunny Point is a Department of Defense
facility that stores and ships
ammunition, dangerous cargo and
explosives for United States forces
worldwide. A federal navigation project
provides for a channel 44 feet deep from
the ocean to a point just south of
Southport, NC, and 42 feet to the Lower
Anchorage Basin and Turning Basin at
Wilmington, NC. In support of
continued port growth and growth in
both size and volume of vessel traffic,
the U.S. Army Corps of Engineers is
considering the need for major channel
depth, width, and alignment changes.
These include deepening the existing
federal navigation channel to the Port of
Wilmington, extending the ocean
entrance channel farther offshore, and
widening channels in the Cape Fear
River where needed.

At the same time, the demand for
offshore wind energy is increasing.
Plummeting costs, technological
advancements, increasing demand and
great economic potential have combined
to make offshore wind a promising
avenue for adding to a diversified
national energy portfolio. In 2018, the
Bureau of Ocean Energy Management
(BOEM) developed and sought feedback
on a Proposed Path Forward for Future
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Well, that was a little longer than what | was going to say, but I'd be happy to speak with you and
share a bit more. So, if you had any time this week or next or later and had specific questions or
comments, I'd be glad to talk (I can talk faster than | can type!).

With best wishes,

John

PS: Here are 3 generations of JDBs

On Thu, Apr 14, 2022 at 1:22 PM Nicole Martinez <nmarti3(@clemson.edu> wrote:
Hi John,

Great workshop last week! I continue to be inspired and thrilled to get to see first-hand the
amazing work that goes into the MPS. Even more to get to contribute in my small way.

But, I'm sure you saw the Calabrese videos were released recently -- it's worse than I thought as
even the minor concessions don't seem to have been considered. It's pretty upsetting if I'm being
honest. (At the same time, and to be fair I can't even make myself sit through a video.) We spoke
briefly about the videos and potential response at the EPA FGR-16 team meeting, and at the least |
know that a paper or statement or communications plan will be prepared, but I wanted to reach out
to you and see if there is anything I could do to help with what you are working on, etc. I'm kind
of at aloss... Sorry if I'm adding to the noise on this issue!

All the best,
Nicole
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