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“Nothing in life is to be feared;  
it is only to be understood.”   

 

Maria Sklodowska Curie 
Two-time Nobel laureate and 

discoverer of  radium and polonium 
 
Now is the time to use our knowledge and wisdom 
to understand more, so that we may fear less.  



91 µSv/h x 8766 h/y = 798 mSv/y ~ natural HBRAs 



The basic problem of nuclear energy 
• People are afraid of nuclear power plants because we 

are still telling everyone that any radiation exposure 
they receive increases their risk of fatal cancer.  

• This is a 1950s antinuclear health scare, and it is false. 
• A low radiation dose or dose-rate stimulates adaptive 

protection systems, more than 150 genes in humans. 
• But high radiation inhibits or damages these systems. 
• For every exposure scenario, there is a dose threshold 

at which the health effects change from net benefit to 
net harm.  

• Longevity is best measure of health effect, not cancer 



Radiation dose-response model 



How did the LNT model happen? 
• Early geneticists (Muller) observed mutations in germ 

cells of fruit flies induced by very high dose-rate & dose 
• When the dose-rate and the dose are both very high, 

then mutation frequency is roughly proportional to dose  
• Caspari used “low” dose-rate 2.5 R/day x 21 d (52.5 R); 

observed a threshold; experimentals same as controls 
http://www.genetics.org/content/33/1/75.full.pdf+html?sid=cb861a39-fb63-48c4-bcbe-2433bb5c8d6a 

• Muller put aside Caspari’s evidence and proclaimed in 
his 1946 Nobel prize political lecture that there is ‘‘no 
escape from the conclusion that there is no threshold” 

• Genetics Panel of NAS BEAR Committee recommended 
in 1956 the LNT model to assess risk of genetic harm; 

        NCRP extended LNT model to assess risk of cancer in  
              normal somatic cells; they had no cancer evidence 



Calabrese on scientific misconduct of NAS 
in recommending LNT for risk assessment 



Failure of regulators to assess LNT model 
recommended by NAS prior to their acceptance 



Calabrese on NAS Genetics Panel scandal   



Japanese repeat fruit fly study 



Mutation frequency for controls =  0.0032  



Germ cell mutation frequency - 22.4 mGy/h  



Beneficial effects of low radiation 
Medical practitioners used radiation ~1900 to ~1960, to: 
• Eliminate metastases or slow cancer growth 
• Accelerate healing of wounds 
• Stop infections: gas gangrene, carbuncles and boils, 

sinus, inner ear, etc. 
• Treat arthritis and other inflammatory conditions 
• Treat swollen lymph glands 
• Cure pneumonia 
• Cure asthma 

with no apparent increase of cancer incidence 

 



Longevity is best measure of health effects 
• Radiation scare: an increased risk of cancer with dose 
• It is the ideal antinuclear scare because cancer is: very 

complex, many causes, confounding factors, uncertain, 
not well understood, difficult to predict, and we dread it 

• Best measure of health effects of radiation is longevity 
• Cameron: early radiologists, Nuclear Shipyard Workers 
• Calabrese-Baldwin: gamma radiation increases median 

life span of low-dose group by 10 to 30% over “controls” 
• Radiation stimulates the adaptive protection systems, 

which act against the enormous endogenous rate of cell 
damage and against the damage by all causes 
 



Mortality of 1338 British radiologists 1897-1957 
Smith and Doll 1981, Br J Radiology 54(639) 187-194 



Nuclear Shipyard Workers Study 
John Cameron, APS, Physics and Society, Oct 2001 



Blood system very sensitive 



Blood system response to chronic radiation 
• Fliedner et al. paper in Dose-Response Journal, Dec 2012 
• Reviewed histories of humans in 10 radiation accidents (including 

28,000 in Techa and 1,800 in Mayak) and studies on rats and dogs 
• Radiation effect is a function of dose-rate and total dose  
• Blood stem cells are usually very radiosensitive, but they tolerate 

and adapt to chronic radiation --- adapt better at lower dose rate. 
• Deliver clones of functioning cells; maintain a lifetime of service 
• Beagle dogs at 0.3 rad/day had same cancer rate as control dogs 
• ICRP standard 1934: a tolerance dose of 0.2 r/day or 50 rad/y is ok 
• Present-day ICRP recommendations (LNT & ALARA) not justified 



Continuous Co-60 irradiation of dogs 
0.3 cGy/d = 1100 mGy/year = 110 rad/year 
Blood counts of 0.3 cGy/d same as 0 cGy/d  
Fatal tumors of 0.3 cGy/d same as 0 cGy/d  





Median lifespan versus Co-60 radiation level 
Threshold for shorter lifespan ~ 700 mGy/year 





Radiotoxicity of inhaled 239PuO2 in beagle dogs 



Exposure 
Level 

Initial Lung 
Burden 
kBq/kg 

Lung Dose 
to Death 

cGy 

Age to 
Death 
days 

Normalized 
Lifespan 

50% mortality 

Controls 0 0 5150 1.00 

1 0.16 160 5316 1.03 

2 0.63 620 4526 0.88 

3 1.6 1300 3482 0.68 

4 3.7 2400 2421 0.47 

5 6.4 3500 1842 0.36 

6 14 4500 1122 0.22 

7 29 5900 807 0.16 



Median lifespan versus 239PuO2 lung burden 

Threshold 





PuO2 in beagle dog lungs 



PuO2 in beagle dog lungs: low-dose range 



Inhaled PuO2 in dogs, dose on log scale   



Threshold-NOAEL for radon-induced cancer 
• Raabe (2011): The average dose rate determines the cancer risk 
• Dose rate of inhaled 239PuO2 NOAEL = 60 cGy ÷ 12.5 year = 4.9 cGy/y 
• ICRP-115 (2010) gives 17 mSv/year as effective dose for 300 Bq/m3 of 

radon in homes with 0.4 equilibrium factor and 80% occupancy factor 
• Absorbed dose DT,R = E/(wR x wT); 17 mSv/y ÷ (20 x 0.12) = 7.1 mGy/y 
• Radon level of 300 x 4.9 ÷ 0.71 = 2000 Bq/m3 or 54 pCi/L is the radon 

NOAEL that corresponds to 4.9 cGy/year NOAEL of inhaled 239PuO2  
• EPA action level is 150 Bq/m3, which is 13 times below 2000 Bq/m3    
• Recommend radon limit of 1000 Bq/m3, which gives optimum benefit  
 



Inhaled radon in homes 



Brooks-2009: Summary of cancer frequency  
for inhaled beta-gamma emitting 90Sr, 144Ce, 91Y and 90Y 



Hiroshima atomic bomb survivor zones 



Radiation dose vs. distance from ground zero  



UNSCEAR 1958 Table VII 
Leukemia incidence for 1950–57 after exposure at Hiroshimaa 

c It has been noted (reference 15, 16) that almost all 
cases of leukemia in this zone occurred in patients 
who had severe radiation complaints, indicating 
that their doses were greater than 50 rem. 



Threshold level at ~ 50 rem (500 mSv) 
J-curve, not LNT model 



Results of one Sakamoto study  
Spontaneous lung metastasis vs. total-body dose  

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=An external file that holds a picture, illustration, etc.
Object name is hormes-05-26-g009.jpg [Object name is hormes-05-26-g009.jpg]&p=PMC3&id=2477707_hormes-05-26-g009.jpg�


Source – patient schema for half-body LDR 

15 cGy x 2/week x 5 weeks = 150 cGy 

“Observed the total removal of tumors in all regions of 
the body of a patient with advanced ovarian cancer.” 



HBI or TBI for non-Hodgkin’s lymphoma 



Shu-Zheng Liu and Jerry Cuttler in Mississauga 







LDR therapy for Hurthle cell carcinoma  



HB-LDI therapy; prophylaxis against cancer 
150 mGy x twice/week x 5 weeks = 1500 mGy 



Cancer death rate rises exponentially with age 
Cancer cells from where? 
Spontaneous DNA damage: 
free radicals, reactive oxygen 
species, thermal effects 
Why the increase? 
Protection systems age, i.e., 
immune system gets weaker 
Can we do something? 
Low radiation doses stimulate 
adaptive protection systems 





Ludwig Feinendegen et al. 
• Studies ignore spontaneous (endogenous) DNA damage rate 

• Endogenous rate is very high compared with radiation-induced rate 

• Average number of DNA alterations per average cell, per day 

Endogenous (mainly due to metabolic ROS): total ~ 106,  DSB ~ 10-1  

Radiation-induced (1 mGy/yr, γ background): total ~ 10-2, DSB ~ 10-4  

• Ratio of DNA alterations (endogenous/rad’n): total ~ 108,  DSB ~ 103  
___________ 
Adapted from Pollycove and Feinendegen 2003 



Ludwig Feinendegen et al. #2 
• Low doses of radiation up-regulate adaptive protection systems 
• Fast defences act immediately to remove toxins, repair molecules 

(DNA), remove/replace damaged cells and tissue, followed by … 
• Delayed defences of up-regulated adaptive systems (> 150 genes) 

that may last more than a year and protect against renewed toxic 
impacts from both radiation sources and non-radiation sources 

• Adaptive protections are highly stimulated by 150 mGy acute dose 
• Chronic or repetitive radiation initiates protection at lower level 
• Adaptive protections reduce risks        less cancer, extends life span 



Abscopal effect 54 days after HB LDI 



Fluoroscopy circa. 1930 



Canadian Breast Cancer Study 



Breast cancer mortality of TB patients 



Adaptive response  
Low radiation dose up-regulates cell repair capability  

Decreases risk of 4 Gy challenging dose  

Conditioning dose       Challenging dose 



Bone cancer threshold at 10 Gy (1000 rad) radium alpha radiation 
4133 identified radium dial painters in USA 



1000cGy threshold radium-induced bone cancer 



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.  



No link to any disease  



LDR cures gas gangrene infections 



Appearance of db/db mice at 90th week of age 
Irradiated diabetic mice are healthier and live longer 

Irradiated Group

Control Group



Tubiana: 5000 survivors of childhood cancer 

Threshold 



Residents ingested Mayak radioactive 
discharges into Techa River, in early 1950s.  
UNSCEAR recognized this as opportunity to  
estimate dose–effect of long-term irradiation.  

Mortality incidences from leukemia and 
cancer of CRS people did not exceed 
cancer incidences for exposed people 
without CRS and for Russia as a whole 

Threshold for CRS is an annual 
dose of 700 to 1000 mGy  

Effects of Mayak releases on residents 





Conclusions 
• Social concern about nuclear energy “safety” is caused by 

policy link of human-made radiation to a risk of cancer 

• Radiation scare of 1950s, to stop atom-bombs, continues  

• Authorities are ignoring beneficial effects of low doses 

• Will threshold model for radiation protection bring social 
acceptance of nuclear energy and radiation diagnostics? 

• The British radiologist study showed 1934 ICRP “tolerance 
dose” of 500 mGy/year is adequate for radiation protection 



Recommendations 
• Scientific societies should organize events to discuss 

radiation health benefits 
• Regulatory bodies and health organizations should 

examine the data and use The Scientific Method 
• Use a dose-response model that is based on data 
• Stop calculating radiation-induced cancer risk 
• Develop/implement public communication programs 
• Learn 3 lessons from Chernobyl and Fukushima: 

– Severe accidents result in low radiation dose-rate levels 
– Long-term evacuations are not appropriate when no risk 
– Emergency precautionary actions cause stress and deaths 

Raise radiation level threshold for evacuation 
from 20 to 700 mGy/year (2 to 70 rad/year) 
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