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Basic Safety Requirements for a NPP

• Control power (fission)
• Cool fuel, also long-term
• Contain radioactivity
• Monitor important plant 

variables









Sources of Radiation in the United States
2006 vs 1980s



Mortality of 1338 British Radiologists 1897-1976

Smith and Doll Study published 1981



Origin of Tolerance Dose
In September 1924, at a meeting of the American Roentgen 

Ray Society, Arthur Mutscheller was the first person to 
recommend this “tolerance” dose rate for radiation 
workers, a dose rate that could be tolerated indefinitely 
(Inkret et al 1995).

The level was 0.2 roentgen (R) per day in 1931, based on 
applying a factor of 1/100 to the commonly accepted 
average erythema dose of 600 R, to be spread over one 
month (30 days).

• This level is equivalent to 680 mSv/year.



Calabrese 2009, ICRP’s Road to Linearity 
Tolerance dose - safe level to avoid radiation harm: 0.2 r/d in 1931 

(erythema = 600 r x 1%/30 d = 0.2 roentgen/day = 680 mSv/year 

Three drivers for change from ‘safe level’ to low-dose linearity 
– Theory of eugenics (geneticists very keen to protect human population gene pool)
– Muller’s 1927 Science paper on radiation-induced mutations in fruit flies; dose > 2.7 Gy!
– Fallout radiation scare, promoted by renowned scientists to stop the nuclear arms race 

By 1955 ICRP policy changed (Muller Nobel Prize, political activities)
– Rejected permissible dose concept 
– Adopted concept of cancer and genetic risks, kept small compared to other risks in life  
– Believed that radiation-induced DNA damage is cumulative (no repair) and harmful and 

linearly proportional to dose, down to zero dose
– “Since no radiation level higher than natural background can be regarded as absolutely 

‘safe,’ the problem is to choose a practical level that, in the light of present knowledge, 
involves negligible risk.”

As Low As Reasonably Achievable (ALARA)



Hiroshima-Nagasaki Life Span Study

0.5-1.0



LNT Assumption



Lauriston Taylor in 1980

• The founder and former president of the NCRPM 
denounced using the LNT model to calculate 
annual deaths from x-ray diagnoses: 

• “These are deeply immoral uses of our scientific 
heritage.” 

• “No one has been identifiably injured by radiation 
while working within the first numerical standards 
set by the ICRP in 1934.” 

• 0.1 roentgen/day or 340 mGy/year





Daniel Billen in Radiation Research 1990
DNA is not as structurally stable as once thought

Natural background of lesions: thermal and oxidative insult

Cells have mechanisms to bypass or repair these lesions

• Spontaneous DNA alteration rate = 2 x 105/cell/day

• Radiation-induced DNA alterations: 10-100 per cell/cGy

1 mGy/y radiation level < 3 x 10-2 DNA alteration/cell/day

This is > 6 million times lower than spontaneous rate!!!

So radiation is not a significant cause of cancer.

We’ve known this for more than 20 years!!!



LNT Assumption (dose on log scale)



Cancer death rate rises exponentially with age

Main cancer cause 
is spontaneous
DNA damage due 
to free radicals, 
reactive oxygen 
species



Radiation Hormesis

Organisms are stressed:  physical, 
chemical, biological, radiation

Organisms adapt to stress
Radiation modulates organism’s

defenses
 

Low radiation dose/dose-rate 
reduces cancer incidence 
because it stimulates:

• prevention of DNA damage 
• repair of DNA damage 
• removal of damaged cells 

and removal of cancer cells
High radiation dose/level has 

opposite effects



Bone cancer threshold at 10 Gy or 1000 rad 
of radium alpha radiation

4133 Identified Radium Dial Painters in USA





Dose-Rate vs. Lifespan (Otto Raabe)



Radon Exposure Study Disproves the LNT Hypothesis

Greatest natural radiation exposure is 
radon gas from uranium activity

Cohen tested the LNT model, as used, 
and clearly disproved it; lung cancer 
mortality lower where radon higher

Lung cancer higher where radon is lower
than the average of 1.7 pCi/L

Instead of discarding LNT assumption, 
objection raised (ecological study). 
This is not relevant to testing model

Authorities still accept LNT assumption



Model for Spontaneous DNA mutations

Pollycove-Feinendegen, BELLE, Feb 2003, pg 2-21



Radiation Hormesis - Stimulation of Defences

Low dose stimulates defences: 
to prevent, repair & remove  
spontaneous DNA alterations 
due to thermal and oxidative 
processes (leakage of ROS)

 

Spontaneous DNA damage rate is 
~10 million times greater than 
radiation DNA damage rate

x10 increase background radiation 
gives ~20% lower mutation rate



Japanese research: Applications of low doses

• Prevent cancer (DNA repair, cell apoptosis)
• Cure cancer (immune system stimulation)
• Treat diabetes, hypertension
• Delay aging, rejuvenate cells
• Relieve pain (arthritis, gout, cancer, etc.)
• Moderate stress (enzyme release)
• Cure infections (gas gangrene, skin)
• Enhance HDI tumor cell killing
• Enhance performance of chemotherapy



Appearance of db/db mice at 
90th week of age



Mutation Frequency in Fruit Flies: Japanese vs. Muller



http://www.sciencedaily.com/releases/2011/09/110920163320.htm
No Safe Level of Radiation Exposure? Researcher Points to Suppression 

of Evidence On Radiation Effects by Nobel Laureate
ScienceDaily (Sep. 20, 2011) — University of Massachusetts Amherst 

environmental toxicologist Edward Calabrese, whose career 
research shows that low doses of some chemicals and radiation are 
benign or even helpful, says he has uncovered evidence that one of 
the fathers of radiation genetics, Nobel Prize winner Hermann Muller 
knowingly lied when he claimed in 1946 that there is no safe level of 
radiation exposure.

Calabrese's interpretation of this history is supported by letters and 
other materials he has retrieved, many from formerly classified files. 
Published findings in three articles, in scientific journals

http://www.sciencedaily.com/releases/2011/09/110920163320.htm


Matthew Meselson a graduate student in Pauling's lab at Caltech, had 
neglected his lab duties to organize scientists against atmospheric 
nuclear testing. 

Linus Pauling told him a story.  A man asked Socrates:
What is the best job for an old man? 'Politics,' Socrates responded. 
And for a young man? 'Science.' 

Meselson took Socrates' advice: in 1958, studied replication of DNA. 
Later in life, campaigned against chemical and biological weapons. 

Pauling likewise, first winning the Nobel Prize in Chemistry in 1953, 
and later becoming science's most prominent activist against 
nuclear weapons testing, a movement which led to the 1963 ban 
on above-ground testing and Pauling's Nobel Peace prize. 

Socrates on Science and Politics
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PuO2 in Beagle Dog Lungs



Gas gangrene infection



Nasal Radium Irradiation
US CDC estimate: up to 2,600,000 children received NRI from 1945-1961 as a standard 
medical practice to shrink adenoids.  Typical Navy protocol: four 10 minute irradiations 2-4 
weeks apart. Contact gamma dose = 2000 rad (20 Gy); 1 cm depth dose = 206 rad (2 Gy) 
Beta dose 68 rad (0.7 Gy) from each applicator. Excess lymphoid tissue at Eustachian tube 
openings tended to prevent pressure equalization, aggravation middle ear problems. 



Radiation and Children
• Children of atomic bomb survivors in Japan; no genetic effects, 

i.e. No increase in congenital abnormalities, mortality (childhood 
cancers) chromosome aberrations or mutations in genes

• Study of 14,351 infants after radiotherapy for skin abnormality 
revealed total of 17 thyroid cancer deaths

• Evaluation of 7 major studies by Ron et al. 1995 (58,000 exposed 
and 61,000 non-exposed children): “many issues are unresolved 
because of insufficient data.”

• Includes 10,834 children who received x-ray therapy for ringworm 
in scalp; 60 thyroid cancers, but pituitary gland irradiation cause?

• Screening Chernobyl children, 1992-2002, revealed 4000 thyroid 
cancers; 15 of treated patients died. 

• Local incidences does not correlate with I-131 deposition levels
• Natural occurrence of thyroid cancer is very high.  Can we really 

link radioiodine or other radiation exposures to thyroid cancer?



Radioiodine and Cancer Incidence/Mortality
For > 60 years, radioiodine is first-line therapy for hyperthyroidism
On-going concerns about the risk of cancer led to 7417-patient study
Demonstrated decrease in cancer incidence (0.83, 95% CI = 0.77-0.90) 

and mortality (0.90, CI = 0.82-0.98).
“The decrease in overall cancer incidence and mortality in those treated 

for hyperthyroidism with radioiodine is reassuring.” 
The very large I-131 dose given to the patients is remarkable 
Mean total body dose of 54 mGy; mean thyroid dose of 308 Gy. 
Two studies, Sweden and Massachusetts, confirmed no cancer increase

Franklyn JA, Maisonneuve P, Sheppard M et al. “Cancer Incidence 
and Mortality after Radioiodine Treatment for Hyperthyroidism: a 
Population-based Study”. The Lancet 353:2111-2115 (1999)





Second Malignant Neoplasms
5000 childhood cancer survivors after 29 y (average)



Fluoroscopy for TB



Canadian Breast Cancer Study







ARS Patients: 134 workers; Deaths: 28; Recovered: 106





Shu-Zheng Liu and Jerry Cuttler at CVH







HB-LDI Therapy for Hurthle Cell Carcinoma



HB-LDI Therapy 1500 mGy prophylaxis against cancer



Sakamoto, et. al.  J Jpn Soc Ther Radiol Oncol 9:161-175, 1997

LOW DOSE IRRADIATION OF HALF BODY (HBI) OR TOTAL BODY 
(TBI) OF PATIENTS WITH NON-HODGKIN’S LYMPHOMA



Sakamoto, et. al.  J Jpn Soc Ther Radiol Oncol 9:161-175, 1997

Patients in both groups received chemotherapy and localized tumor high-dose radiation.
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COMPARISON OF LOW-DOSE IRRADIATION OF
HALF BODY (HBI) OR TOTAL BODY (TBI) OF PATIENTS 

WITH NON-HODGKIN’S LYMPHOMA



Takai Y, Yamada S, Nemoto K, et. al. (1992)

CT (computerized tomographic) scan of upper nasal cavity before and after half body irradiation (HBI). 
Nasal tumor, though outside HBI field, disappeared after low-dose HBI.

RAPID REGRESSION OF NON-HODGKIN’S LYMPHOMA 
TUMORS IN RESPONSE TO LOW-DOSE HBI OR TBI





Ron Mitchel paper at PBNC 2006

Summary implications for radiation protection system
• Conceptual basis for present system appears to be incorrect
• Belief that the current system and the LNT assumption are 

precautionary appears to be incorrect 
• Concept of dose additivity appears to be incorrect
• Effective dose (Sv) and the weighting factors appear to be invalid
• There may be no constant and appropriate value of DDREF for 

radiological protection dosimetry
• Use of dose as a predictor of risk needs to be re-examined
• Use of dose limits as a means to limit risk needs to be re-evaluated





Conclusions
• Nuclear energy is blocked by antinuclear activists 

who communicate myths about cancer

• Radiation scare is not debunked by anyone, and 
there is no outrage from professionals

• Nuclear regulations are overprotective and very 
costly in dollars and time

• Chernobyl victims suffered not from cancer, but 
from “vegetative vascular dystonia” (depression)

“psychosis of fear”



• Based on human data:
- single whole-body dose of 150 mSv is safe
- continuous exposure of 700 mSv/y is safe
- both dose exposures are also beneficial

• Radioiodine not significant cause of cancer
• Total-body low-dose radiation therapy can 

prevent cancers and eliminate metastases
• DNA damage rate for 1 mSv/y > 6 million times 

lower than spontaneous DNA damage rate 



All physicians are carefully taught 
that any amount of ionizing radiation, 
down to zero dose, brings a risk of 
fatal cancer -- the LNT Hypothesis.

Error of Omission:  Book does not
mention radiation hormesis.  It totally 
ignores  the enormous amount of 
scientific data, e.g. UNSCEAR 1994, 
Addendum B (192 papers) showing 
that low doses and low dose rate 
radiation provide beneficial health 
effects (decreased cancer mortality). 

Also see British Journal of Radiology, 
“Mortality from cancer and all causes 
among British radiologists”  by Smith 
and Doll, 1981



“Willful blindness” to radiobiological facts
• caused enormous suffering, “vegetative vascular dystonia” 

(post-traumatic stress syndrome) in populations exposed 
to low dose radiation (200 k Chernobyl clean-up workers, 
90,000 Fukushima evacuees)

• impaired patients’ access to CT scans, nuclear medicine 
and low dose x-ray treatments for diagnosis and treatment 
of serious illnesses

• created barriers, delays and enormous costs for nuclear 
energy projects – a sustainable, affordable source of clean 
energy 



Radiation Exposures of 18,846 Plant Workers
2011 March 11 to November 30

Workers vs  Dose since Mar 11

139                100 to 150 mSv
23                150 to 200 mSv
3                200 to 250 mSv
6 309 to 678 mSv

171 total, more than 100 mSv
Compare 678 mSv with TBI LDI therapy:
150 mGy x 2/wk x 5 wk = 1500 mGy



Radiation Stimulates Biological Defences

As High As Reasonably Safe (AHARS)





Radiation Protection Activity



Recommendations
• Scientific societies should organize events 

to discuss radiation and health
• Regulatory bodies and health organization 

should examine the scientific evidence
• Stop regulating harmless radiation sources
• Develop public communication programs
• Stop calculating nuclear safety cancer risk
• Raise radiation level for evacuation from 

20 to 1000 mSv/year



Z. Jaworowski  “Radiation Risk and Ethics”
Physics Today, Sep 1999, p 24-29

“The established world-wide practice of 
protecting people from radiation costs 
hundreds of billions of dollars a year 
and may well determine the world’s 
future energy system.  But is it right?”



Cuttler, Tubiana, Pollycove and Sakamoto
Ottawa, Nov 1999 
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