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Rulemaking.Comments@nrc.gov.      
 
October 30, 2015 
 
Secretary 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 
 
ATTN: Federal Rulemaking and Adjudications Staff 
 
Docket ID NRC-2015-0057 
 
Re. “Linear No-Threshold Model and Standards for Protection Against Radiation” 
 
On June 23, 2015, the U.S. Nuclear Regulatory Commission (NRC) requested public 
comment on three petitions for rulemaking [Federal Register Volume 80, Number 162; 
Friday, August 21, 2015; Proposed Rules; Page 50805] 
 
Dear Secretary, 
 
Following are comments on three petitions for rulemaking, submitted by Mohan Doss, 
Carol S. Marcus, and Mark L. Miller, that urge the NRC to amend its “Standards for 
Protection Against Radiation,” changing the basis of those regulations from the 
linear no-threshold model of radiation protection to the “hormesis” theory which 
suggests that a little radiation is good for health and acts like a vaccination.  
 
I object to any official consideration of “hormesis” and urge the NRC to formally 
and permanently reject it because the theory has been explicitly repudiated by the 
National Academies of Science (NAS).1 Dr. Peter Crane, a former NRC Counsel for 
Special Projects, recently made the point this way: “[T]he National Academies of 
Science, along with the rest of mainstream scientific authority, regard hormesis 
as wholly without merit.”2 
 
In 2005, the National Academies’ 7th book-length report on the Biological Effects 
of Ionizing Radiation, BEIR-VII, concluded that any exposure, regardless of how 
small, can induce cancer.3 The Committee concluded that the current 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."4 The NAS panel that produced BEIR-VII “could not 
ignore the current body of scientific studies that are now recognizing harmful and 
hitherto unpredicted effects at very low doses of radiation.”5  
 
That same year, a study published in Radiation Research and reported in the 
journal Science was said to be “the latest blow to the [hormesis] notion that 
there is a threshold of exposure to radiation below which there is no health 

                                                           
1 “Study: No Radiation Level Safe,” AP, June 29, 2005. 
2 Peter Crane, “A disputed notion,” letters, New York Times, Sept. 29, 2015. 
3 Matthew Wald, “With New Date, a Debate on Low-Level Radiation,” New York Times, 
July 19, 2005. 
4 E. Cardis, et al, “The 15-Country Collaborative Study of Cancer Risk among 
Radiation Workers in the Nuclear Industry: Estimates of Radiation-Related Cancer,” 
Radiation Research, Vol. 167, No. 4 (Apr., 2007), pp. 396-416, 414. 
5 Cindy Folkers, “U.S. Radiation Panel: No Radiation Dose Safe,” Nuclear Monitor, 
No. 632, July 15, 2005. 
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threat (and there might even be a benefit).”6 Lynn Anspaugh, at the University of 
Utah, Salt Lake City, called the study’s results “a setback for those who hope for 
a relaxation of the standards.”7 
 
As the journal Science reported in 1999, “Billions of dollars are at stake. 
Stricter standards could increase the amount that agencies and industries must 
spend to clean up radioactive waste and protect workers.”8 
 
The nuclear industry has long pushed for weaker radiation exposure limits and 
regulation of looser radioactive emissions. In 2002 Roger Clarke, President of the 
International Commission on Radiological Protection (ICRP), warned in the Bulletin 
of the Atomic Scientists, “Some people think that too much money is being spent to 
achieve low[er] levels of residual contamination.” They want, “a threshold in the 
dose-response relationship in order to reduce the expenditure.”9 Saving the 
industry and the national laboratories the cost of protecting workers and the 
public from their radioactive pollution must be considered the purpose of the 
petitioners’ request. 
 
This year a landmark international study reported in The Lancet Haematology 
“provides strong evidence of positive associations between protracted low-dose 
radiation exposure and leukemia.”10 As reported in Nature, “The finding … scuppers 
the popular idea [i.e. hormesis] that there might be a threshold dose below which 
radiation is harmless -- and provides scientists with some hard numbers to 
quantify the risks of everyday exposures.”11 
 
Contrary to the petitioners’ recommendation, the NRC should adopt the 1990 recom-
mendation of the International Commission on Radiological Protection and drastic-
ally reduce the maximum allowable radiation dose for nuclear industry workers, 
medical personnel, and others exposed in their work and the public. That 1990 
recommendation was that the annual limit be cut to 20 milliSieverts per year from 
50.12 Allowable doses to the general public should likewise be cut to 1 

                                                           
6 Richard Stone, “Epidemiology: Russian Cancer Study Adds to the Indictment of Low-
Dose Radiation,” Science, Vol. 310, Issue 5750, Nov. 11, 2005; reference to 
Radiation Research, Nov. 2005. 
7 Ibid. 
8 Joycelyn Kaiser, “NRC Pulled Into Radiation Risk Brawl, Science, Vol. 285, July 
9, 1999, p. 177. 
9 LeRoy Moore, “Lowering the Bar,” Bulletin of the Atomic Scientists, May/June 
2002, p. 36 
10 The Lancet, “Ionising radiation and risk of death from leukaemia and lymphoma in 
radiation-monitored workers (INWORKS): an international cohort study,” Vol. 2, No. 
7, July 2015; <http://www.thelancet.com/journals/lanhae/article/PIIS2352-
3026(15)00094-0/abstract> 
11 Alison Abbott, “Researchers pin down risks of low-dose radiation,” Nature, June 
30, 2015, <http://www.nature.com/news/researchers-pin-down-risks-of-low-dose-
radiation-1.17876>; referencing “Ionizing radiation and risk of death from 
leukemia and lymphoma in radiation-monitored workers: an international cohort 
study,” The Lancet Haematology, Volume 2, No. 7, e276–e281, July 2015, published 
Online: 21 June 2015. 
12 Ian Fairle & Marvin Resnikoff, “No dose too low,” Bulletin of the Atomic 
Scientists, Nov/Dec. 1997, p. 50; Matthew Wald, “International Panel Urges Cut In 
Allowable Radiation Dose,” New York Times, June 23, 1990, p. A1.  
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milliSievert per year from 5. The ICRP’s 1990 recommendations have never been 
adopted by the United States, while most other countries have done so13  
 
Between 1977 and 1990, scientists tripled their estimate of the damage inflicted 
by a given dose of radiation.14 A 1992 study published in the American Journal of 
Industrial Medicine found that nuclear weapons plant workers exposed to small 
doses were four to eight times more likely to contract cancer than previously 
estimated.15 And in 2012, a wide-ranging analysis of 46 peer-reviewed studies 
published in Biological Reviews found that even the very lowest background levels 
of radiation exposure are harmful to health and have statistically significant 
negative effects on DNA.16 
 
Consequently, emissions of radioactive xenon, krypton, iodine-131, strontium, and 
tritium, etc., from operating nuclear reactors are believed by scientists, re-
searchers and other observers to be the cause of childhood leukemia, cancer and 
other illnesses among people living nearby. Scores of studies have found health 
effects, especially childhood leukemia, to be associated with living with chronic 
low-doses of radioactive emissions from nearby nuclear power plant (NPP) opera-
tions. “Age at exposure is important: Studies have found that, in most cases, the 
younger a person is at exposure, the higher the risk of cancer,” according to the 
Bulletin of the Atomic Scientists.17 
 
In 2004, the British government’s Committee Examining Radiation Risks of Internal 
Emitters reported that low-level radiation from nuclear reactors may be up to 10 
times more hazardous when ingested or inhaled than previously estimated. Two com-
mittee members issued an even more alarming “minority report” that said inhaled 
radioactive particles could lodge in the body of a fetus and do 100 times more 
damage that experts believe.18 In 1991, a federally mandated study published in the 
Journal of the American Medical Association found that low doses of radiation 
caused up to 10 times as much cancer as previously expected. The study tracked 
8,318 employees of the Oak Ridge National Laboratory in Tennessee over 40 years, 
and “found unexpectedly high rates of leukemia deaths, and an overall cancer death 
risk related to radiation dose that is 10 times higher than has been seen in 

                                                           
13 Richard Stone, “Epidemiology: Russian Cancer Study Adds to the Indictment of 
Low-Dose Radiation,” Science, Vol. 310, Issue 5750, Nov. 11, 2005; reference to 
Radiation Research, Nov. 2005. 
14 Ibid. 
15 “Researcher discovers great radiation risk,” AP, Milwaukee Journal, Dec. 9, 
1992. 
16 Anders Moller, Timothy Mousseau, “The effects of natural variation in background 
radioactivity on humans, animals and other organisms,” Biological Reviews, Vol. 
88, Issue 1, pp. 226–254, Feb. 2013, <http://onlinelibrary. 
wiley.com/doi/10.1111/j.1469-185X.2012.00249.x/abstract> 
Vol. 88, Issue 1, pp. 226–254, Feb. 2013. 
17 “The low-dose phenomenon: How bystander effects, genomic instability, and 
adaptive responses could transform cancer-risk models”, 
Bulletin of the Atomic Scientists, Vol. 68, Issue 3, May 30, 2013. 
<http://thebulletin.org/2012/may/low-dose-phenomenon-how-bystander-effects-
genomic-instability-and-adaptive-responses-could> 
18 Jenny Booth, “Nuclear plant radiation may be 10 times previous estimates,” 
(London) Times Online, Oct. 20, 2004; Ian Sample and Owen Bowcott, Guardian, 
“Danger of nuclear plant discharges underrated,” Oct. 21, 2004. 
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atomic bomb blast survivors.”19 The findings immediately called into question 
existing standards intended to protect workers. 
 
In 2012, French researchers reported in the International Journal of Cancer a 
clear correlation between elevated rates of acute leukemia (AL) in children and 
the nearness of the kids’ residences to operating reactors. “The results suggest a 
possible excess risk of AL in the close vicinity of French NPPs [nuclear power 
plants] in 2002–2007,”20 the authors reported. This study by a team from three 
major scientific institutes revealed a doubling of childhood acute leukemia 
incidence, up to 2.2 times normal, among children under age five. 
 
This nationwide case–control study included the 2,753 cases of AL diagnosed in 
mainland France from 2002 to 2007, and 30,000 contemporaneous population controls. 
The children’s last addresses were geo-coded and located around France’s 19 
nuclear power stations which include 54 reactors. “Overall, the findings call for 
investigation for potential risk factors related to the vicinity of NPPs,” the 
authors said. Noting that they could see no environmental factor that could 
produce the excess cancers other than living in the plume of radioactive gaseous 
emissions from operating reactors, the study did not establish a causal 
connection. 
 
Also published in 2007 was the E. Cardis, et al, which analyzed 407,391 nuclear 
industry workers from 15 countries, monitored individually for external radiation 
and 5.2 million person-years of follow-up. Reported in Radiation Research, it was 
“the largest analytical epidemiological study of the effects of low-dose 
protracted exposures to ionizing radiation to date,” in which “A significant 
association was seen between radiation dose and all-cause mortality.”21 This study 
found “evidence for an increased risk of mortality from all cancers excluding 
leukemia with increasing radiation dose.22 
 
Additionally in 2007 was the German Childhood Cancer Registry published the 
findings of the Epidemiological Case Control Study of Childhood Cancer and Nuclear 
Power Plants (the “KiKK” study). The results of this 25-year-long study “Childhood 
Cancer in the Vicinity of Nuclear Power Plants in Germany,”23 were published in 
both the International Journal of Cancer and the European Journal of Cancer in 
2008. Cases, as defined in the study, were “all the children under 5 years of age 
diagnosed with a malignant disease between 1980 and 2003 who lived in the study 

                                                           
19 Janny Scott, “Radiation risks may be more than believed,” The Paducah Sun via 
Los Angeles Times, March 20, 1991; Dr. Steve Wing, Journal of the American Medical 
Association, Mar. 20, 1991. 
20 Claire Sermage-Faure1, Dominique Laurier, Stéphanie Goujon-Bellec, Michel 
Chartier, Aurélie Guyot-Goubin1, Jérémie Rudant, Denis Hémon, and Jacqueline 
Clave, “Childhood leukemia around French nuclear power plants, the Geocap study, 
2002-2007”, International Journal of Cancer, Feb. 28, 2012. 
<http://onlinelibrary.wiley.com/doi/10.1002/ijc.27425/abstract> 
21 E. Cardis, et al, “The 15-Country Collaborative Study of Cancer Risk among 
Radiation Workers in the Nuclear Industry: Estimates of Radiation-Related Cancer,” 
Radiation Research, Vol. 167, No. 4 (Apr., 2007), pp. 396-416, 396. 
22 Ibid, 409 
23 Peter Kaatsch, Claudia Spix, Irene Jung, and Maria Blettner, “Childhood Leukemia 
in the Vicinity of Nuclear Power Plants in Germany,” Oct. 17, 2008.   
<http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2696975/> 
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region at the time of diagnosis and whose cases were notified to the German 
Childhood Cancer Registry.” 24 
 
The authors note: “The question the recent study sets out to answer was whether 
children with cancer lived, on average, closer to an NPP than randomly selected 
healthy control children. … In the KiKK study, as in the preceding studies, an 
increased risk of leukemia was observed for children under the age of 5 years who 
live within 5 km of an NPP.” Overall, “An association was found between the 
nearness of residence to nuclear power plants and the risk of leukemia (593 cases, 
1766 controls). Within the 5-km zone, the OR [Odds Ratio] for the development of 
leukemia in children under 5 years of age was 2.19, compared to the rest of the 
region, and this elevation of the OR was statistically significant.”25 
 
In addition to higher incidences of cancers, this long-term study found even 
stronger associations with proximity to operating reactors than all previous 
studies. The authors concluded: ”Many factors may conceivably cause leukemia, 
possibly operating in combination, and these factors may be present to a greater 
extent in the vicinity of German nuclear power plants.”26 
 
 
Similar leukemia spikes have been found around nuclear reactors by US researchers 
led by Peter J. Baker at the Medical University of South Carolina.27 This meta-
analysis, published in European Journal of Cancer Care, combined and statistically 
analyzed 17 previous research papers on childhood leukemia covering 136 reactor 
sites in the UK, Canada, France, the US, Germany, Japan, and Spain. According to 
Baker et al the incidence of leukemia in children under age nine living close to 
reactors -- compared to rates elsewhere -- showed an increase of 14 percent to 21 
percent, while death rates from the disease were raised by 5 percent to 24 
percent, depending on proximity to the reactors. Death rates for children up to 
age 9 were elevated between 5 percent and 24 percent, depending on their proximity 
to the reactors. Leukemia incidence was increased by 14-to-21 percent in children 
up to age 9, and 7-to-10 percent for those up to age 25. While the study does not 
support a hypothesis to explain the excess, childhood exposure and parental 
exposure to radioactive emissions were named as possible causes of these cancers 
and premature deaths. 
 
In 1990, a two-year government study found a marked increase in leukemia deaths 
among people living near Northern State Power Co.’s (NSP) Prairie Island nuclear 
power station in SE Minnesota. The “significantly high” incidence of leukemia 
deaths appeared among Prairie Island area residents between the ages of 40 and 59, 
the National Cancer Institute report said. The leukemia risk rate for people aged 
40 to 59 in Goodhue County, Minn. and Pierce County, Wis., near the reactor, was 
141 percent higher than in other counties. Before the reactor opened in 1973, the 
risk was 17 percent lower.28 

                                                           
24 Kaatsch, Spix, Jung, Blettner, “Childhood Leukemia in the Vicinity of Nuclear 
Power Plants in Germany,” Deutsches Ärzteblatt International, 2008; 105(42): 725–
32 <http://www.aerzteblatt.de/pdf.asp?id=62000> 
25 Ibid. 
26 Ibid. 
27 Peter J. Baker, “Meta-analysis of standardized incidence and mortality rates of 
childhood leukemia in proximity to nuclear facilities,” European Journal of Cancer 
Care, Vol. 16, Issue 4, July 2007, pp. 355–363.  
<www.blackwell-synergy.com/doi/abs/10.1111/j.1365-2354.2007.00679.x> 
28 Philip Brasher, AP, “Study finds no link between nuclear plants, cancer deaths: 
But leukemia deaths near Prairie Island plant high in older age group,” St. Paul 
Pioneer Press, Sept. 20, 1990. 
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According to the Jan/Feb. 2002 Archives of Environmental Health local infant 
mortality and childhood cancer rates dropped dramatically following the closure of 
eight US nuclear reactors. The research -- by Mangano, Gould, Sternglass, Sherman, 
Brown, and McDonnell -- into infant mortality rates showed a 17.4 percent drop in 
infant mortality in the two years following the reactors’ closure in counties 
lying up to 40 miles downwind of nuclear reactors.29 New York State Assemblyman 
Richard Brodsky said of this study, “We finally have peer-reviewed accurate data 
attaching nuclear power reactors to death and injury in the host communities.” 
 
According to an earlier study in the spring 2000 edition of Environmental 
Epidemiology and Toxicology, infant mortality rates around five US nuclear power 
reactors dropped almost immediately after the reactors were closed. This report by 
Mangano, et al, found that from 1985 to 1996, average infant death rates dropped 
6.4 percent every two years. But in areas surrounding five reactors shut down 
between 1987 and 1995 (Genoa, near LaCrosse, Wisc., closed in 1987; Rancho Seco, 
outside Sacramento, and Fort St. Vrain in Colo., both closed in 1989; Trojan, by 
Portland, Oregon, shut in 1992; Millstone in Conn., closed in 1995), infant death 
rates dropped an average of 18 percent in the first two years. Additional research 
at Maine Yankee and Big Rock Point in Michigan, both shuttered in 1997, showed 
that infant death rates fell 33.4 percent and 54.1 percent, respectively.30 
 
Dr. Arjun Makhijani, President of the Institute for Energy and Environmental 
Research, has reported: “From the beginning of the nuclear era until 1989, 
radiation doses from radioactive materials inhaled or ingested by workers were not 
calculated or included in worker dose records. Large numbers of workers have 
received information about their radiation exposures which systematically 
understates their actual exposures.”31 By 1999 (see below), the US government would 
finally admit that radiation exposures endured by nuclear weapons workers had made 
them sick, contrary to decades of repeated assurances that the doses were 
harmless.32 

In 1989, a new estimate quadrupled the risk of cancer from low dose radiation 
exposures. The National Research Council’s BEIR-V report declared that the risk is 
three-and-a-half to five times as high as those in preceding BEIR studies.33 The 
new estimate indicated "a much greater danger" of mental retardation among babies 
exposed in the womb to radiation. The new standard increases the number of people 
expected to get cancer from radiation accidents like the 1979 Three Mile Island 
and 1986 Chernobyl disasters. This calculation should have forced regulatory 
bodies like the NRC to reduce the maximum exposure allowed for workers in the 

                                                           
29 Joseph J. Mangano, Jay M. Gould, Ernest J. Sternglass, Janette D. Sherman, Jerry 
Brown, William McDonnell, “Infant Death and Childhood Cancer Reductions after 
Nuclear Plant Closing in the United States,” Archives Of Environmental Health, 
Vol. 57, No.1; Jan.-Feb. 2002, p. 23. 
<http://www.insp.mx/biblio/alerta/al0302/08.pdf> 
30 Harvey Wasserman, “No Nukes Equals Better Health,” The Nation, Jan. 29, 2001, 
p7; and Danielle Knight, “Infant mortality rates drop around five reactors after 
reactors closed,” Mother Jones, May 4, 2000. 
31 Arjun Makhijani and Bernard Franke, “Worker Radiation Dose Records Deeply 
Flawed,” Science for Democratic Action, Nov. 1997. 
32 “U.S. Acknowledges Radiation Killed Weapons Workers - Ends Decades of Denials - 
Compensation Is Possible for Survivors of Cancer Victims Who Worked on Bombs,” New 
York Times, Jan. 29, 2000; New York Times, July 15, 1999, p. A1; “Radiation health 
effects understated, study shows,” Minneapolis Star Tribune, July 25, 1995. 
33 Philip Hilts, “Higher Cancer Risk Found in Low-Level Radiation,” New York Times, 
Dec. 20, 1989, p. A1. 
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nuclear industry and hospitals. The maximum amount of radiation that nuclear 
reactors are allowed to emit in gases and liquids should also have been reduced. 

According to research by Dr. Alice Stewart, workers exposed to small “allowable” 
doses of radiation are four to eight times more likely to develop cancer than 
previous estimates suggested. In 1990, Dr. Stewart, whose 1976 government study 
found elevated cancer rates among U.S. nuclear weapons workers, reviewed her 
earlier statistics, which lead to the new conclusions.34 

A long-delayed radiation injury called “delayed mutation effect” was discovered 
independently by two groups of scientists in 1992.35 The findings “may eventually 
lead to more stringent standards”; and “if the work is confirmed, estimates of the 
health risks of radiation may have to be revised upward.”36 Eric Wright at the 
British Medical Research Council, Radiobiology Unit, Oxford, and John Little at 
the Harvard Univ. School of Public Health, both found that some cells that survive 
radioactive assault appear normal, but produce abnormalities several cell 
divisions later. “This could have implications for the eventual rise of leukemias 
and other cancers long after exposure to radiation,” Dr. Wright said.37 

In 1999, the federal government admitted that radiation exposures previously 
considered “safe” caused cancers among workers at nuclear weapons facilities.38 
This finding was repeated in January 2000, when the United States ended decades of 
officially denying that worker exposures were causing ill health at nuclear 
weapons production facilities. The admission was part of the government's most 
comprehensive review ever of studies of worker health. Almost 600,000 people had 
worked in the nuclear weapons complex since 1945, the report said, and it named 22 
categories of cancer presumed to have been caused by chronic low-doses of 
workplace radiation, “most of them fatal.” Some of the cancers listed were bone, 
bladder, prostate, kidney, salivary gland, lung, leukemias, and lymphomas.39 

These studies, dozens of others like them, and the National Academies’ BEIR VII 
conclusions should move the NRC to dismiss the petitioners’ position and instead 
robustly strengthen radiation protection regulations, as recommended by the ICRP 
and the European Committee on Radiation Risk, particularly with respect to infants 
and children. 
  
I urge you to accept the “no threshold” position of the National Academies of 
Science and reject the petitioners’ attempt to increase the public’s allowable 
exposure to ionizing radiation. 
 
Respectfully, 
 
 
______________________  
JOHN M. LaFORGE 
CO-DIRECTOR, NUKEWATCH 
740A ROUND LAKE ROAD 
LUCK, WI 54853 

                                                           
34 New York Times, Dec. 8, 1992; Alice Stewart & George Kneale, American Journal of 
Industrial Medicine, March 1992. 
35 Warren Leary, “British and US Researchers Find a New Form of Radiation Injury,” 
New York Times, Feb. 20, 1992, p. A12; & Nature, Feb. 20, 1992. 
36 Ibid. 
37 Ibid. 
38 New York Times, July 15, 1999, p. A1 
39 New York Times, Jan. 29, 2000. 
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