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Radiation Phobia

Oak Ridge National Laboratory 1947

Radiophobia is an obsessive fear of ionizing 
radiation, in particular, a fear of X-rays.

In the 1920s, the term was used to describe people 
who were afraid of radio broadcasting and receiving 
technology. 

In 1931, radiophobia was referred to in The Salt Lake 
Tribune as a "fear of loudspeakers.[

During the 1950s and 1960s, the Science Service 
associated the term with fear of gamma radiation 
and the medical use of x-rays.

Several American newspapers proposed that 
"radiophobia" could be attributed to the publication 
of information regarding the "genetic hazards" of 
exposure to ionising radiation by the National 
Academy of Sciences in 1956
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Fake News....Defined as all news other than  ....Defined as all news other than  

alternative fact          Definition

Not a fact; a lie or a falsehood

www.whitehouse.gov/precisionmedicine
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Typical radiation doses



Radiation Units and Dose
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Gray (Gy)     = amount of radiation absorbed in any material
1 Gy = 1 J/kg 1 Gy = 100 rad

Sievert (Sv) = estimates biological effect from the absorbed radiation
1 Sv = 1 J/kg equivalent 1 Sv = 100 rem

Radiation type Energy wR
(Q factor)

x-rays, gamma rays,
beta particles, muons

1

neutrons < 10 keV 5

protons > 2 MeV 2

alpha particles 20

Energy “deposited” in a kilogram of 
a substance by radiation

Absorbed dose weighted for the effect of 
different radiation types (wR)

Equivalent dose weighted for 
susceptibility to effect different tissues

Absorbed dose

Equivalent dose

Effective dose

Example: Mammogram; 2 view x 2 breasts
Absorbed dose:  4 x 1 = 4 mSv 
Effective dose: 4 x 0.12 ≈ 0.5 mSv

Mammogram exposure equivalent to whole-body dose of 0.5 mSv

Tissue weighting factor



Benefit versus Risk
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** The benefit should be greater than the risk **
Risk:Benefit:

- delayed health effect
- financial
- none

- to the health of the patient
- to the physician
- to the lawyers

Growth in CT scans
1980 - 2007 Does this represent a significant increased risk?

1980: 3.6 mSv 2007: 6.3 mSv
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Radiologist

Cardiologist

Publicity on Radiation Risks

Radiation dose < 1 mSv

DESPITE great strides in prevention and treatment, cancer 
rates remain stubbornly high and may soon surpass heart 
disease as the leading cause of death in the United States. 
Increasingly, we and many other experts believe that an 
important culprit may be our own medical practices: We 
are silently irradiating ourselves to death.
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Drowning Industrial
Accidents

Road
Accidents

Radiation

Publicity on Radiation Risks

Newspaper articles

Drowning Industrial
Accidents

Road
Accidents

Radiation

The estimated dose to the lung or stomach from a 
single full-body CT examination is 14–21 mGy, which 
corresponds to a dose region for which there is 
direct evidence of increased cancer mortality in 
atomic bomb survivors.
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Where does the estimate of 29,000 
cancers come from ?

It is based on Application of Linear No Threshold 
Hypothesis in BEIR VII Phase 2 Report

and
Risk estimates from radiation exposure for 

57,000,000 CT scans (in 2007)

“Although cancer risks from CT scans have not been demonstrated 
directly, radiation is one of the most extensively studied carcinogens, 
and there is direct evidence from studies of the Japanese atomic bomb 
survivors, nuclear workers, and patients receiving multiple diagnostic x-
rays that radiation doses of the magnitude delivered by several scans 
(50-100 mGy) can cause cancer”.
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100,000 
women 
aged 30

Single 
dose of 

100 mGy

Over their 
lifetime

Lifetime attributable risk (LAR)

LAR is the additional cancer risk above baseline and is based on sex of patient, 
magnitude of the single dose and age at time of exposure to radiation.

1.065%
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Calculating Your Radiation Risk

Why isn’t there a study directly linking medical 
imaging and cancer?

There are no studies that directly link cancer to the low 
dose radiation used in current medical imaging.

If I have cancer, can radiation from medical imaging 
make it worse?

Low dose exposure increases the risk of developing new 
cancer decades after exposure.

X



FAQs
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Politics on Radiation Risks 2015

WASHINGTON - Today, the U.S. Environmental 
Protection Agency (EPA), American Lung Association, and 
other partners are announcing a strategy for preventing 
3,200 lung cancer deaths annually by 2020 through radon 
exposure reduction strategies. Exposure to radioactive 
radon gas is the second leading cause of lung cancer in 
America. 

Radiation levels from radon Cancer mortality rates

November 10, 2015

Nuclear Energy and Health
JM Cuttler and M Pollycove
2009

222Rn from 238U220Rn from 232Th
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Politics on Radiation Risks 2017

The updated version of the document which in 
2007 said no levels of radiation exposure are 
safe now cites unnamed “radiation safety 
experts” as saying that “radiation exposures of 
5–10 rem (5,000–10,000 mrem or 50–100 mSv) 
usually result in no harmful health effects, 
because radiation below these levels is a minor 
contributor to our overall cancer risk.”

1U.S. Envtl. Prot. Agency, Communicating 
Radiation Risk, 16 (Sept. 2007) (“There is 
no known safe amount of radiation…the 
current body of scientific knowledge tells 
us this.”) available at:
https://www.epa.gov/radiation/pag-
public-communication-resources. 

From: Public Employees for 
Environmental Responsibility

September 2017

How much radiation 
exposure is “safe”?

Chest x-ray 
equivalent

Increased incidence 
of cancer

0 mrem1

0

0

10,000 mrem

5,000-10,000

Every 86th person 
would get a cancer 
from that exposure

0 mrem

0 mrem

0

Protective Action Guides

Scott Pruitt
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Science on Radiation Risks
Low doses of radiation could harm cardiovascular health
July 15, 2017

0.5 Gy  ≡

Ionizing radiation, such as x-rays, has a harmful effect on the cardio-
vascular system even at doses equivalent to recurrent CT imaging, a 
new study published in the International Journal of Radiation 
Biology suggests. 
It is known that populations exposed to ionizing radiation in medical 
or environmental settings have symptoms suggesting an increased 
risk of cardiovascular disease. However, this research study 
suggests that low exposure to doses of around 0.5 Gy (the 
equivalent of repeated CT scans) is associated with a significantly 
increased risk of cardiovascular damage, up to decades after 
exposure. 

Dr Soile Tapio and Dr Omid Azimzadeh of Helmholtz Zentrum 
München, German Research Center for Environmental 
Health, and colleagues studied how human coronary artery 
endothelial cells respond to a relatively low radiation dose of 
0.5 Gy and found several permanent alterations in the cells 
that had the potential to adversely affect their essential 
functions. Endothelial cells, which form the inner layer of 
blood vessels, were found to produce reduced amounts of 
nitric oxide, an essential molecule in several physiological 
processes including vascular contraction. Previously, high 
dose radiation (16 Gy) has been shown to persistently reduce 
levels of nitric oxide in the serum of mice, but this is the first 
study to indicate impaired nitric oxide signaling at much 
lower doses.
Cells damaged by low-dose radiation also produced increased 
amounts of reactive oxygen species (ROS), which are formed 
as a natural byproduct of normal oxygen metabolism and play 
an important role in cell signaling. Increased ROS can damage 
DNA and proteins.

5000 chest x-rays
50 – 100 CT scans
90,000,000 flight miles
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The BEIR Report: which data source and which model?

Biological Effects of Ionizing Radiation (BEIR) VII Phase 2 (2007) 

1. LNT

1. Linear No Threshold (LNT)
2. Threshold Model
3. Hormesis Model

2. Threshold

3. Hormesis

? A. Environmental radiation
B. Occupational radiation
C. Medical radiation
D. Atomic bomb survivors

Cancer Risk models at low dose

Experimental data sources

DATA       
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A. Environmental Radiation Studies for BEIR VII
- Populations living near nuclear facilities

“..no increased risk…with radiation exposure”
- Populations exposed to atomic bomb testing

“..some studies (4 out of 10) show some effect”
- High natural background regions (China and India)

“..did not find higher disease rates in geographical areas with high 
background levels..”

 Estimated cancer risk associated with the low 
level radiation exposure of 6.4 mSv / year

 20-year study in 125,079 subjects

 Excess Relative Risk:
ERR/Sv = -0.10 (-0.67 to 0.69)

 Conclusion: mortality of all cancers in Yangjiang 
was generally lower than that in control group, 
but not significant statistically.

Yangjiang, China, 1979-1995Tao et al, Zhonghua Yi Xue Za Zhi, 1999; 79: 487-492
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A.(cont) Most radioactive place in the world: Ramsar, Iran

Background radiation: 100-260 mSv / year due to 226Radium
No epidemiological evidence of adverse affects 

Residents demonstrate a marked increase in DNA repair capacity

Proposal: to relocate the inhabitants (2000) to a lower radioactive area!
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B. Occupational radiation studies for BEIR VII

US: 9 studies Canada:  1 study
UK: 6 studies France:    1 study 

Combined study population > 500,000 subjects with 30 - 40 years of follow-up

Cumulative dose levels: 30 - 60 mSv

Healthy worker effect:
“….in most cases, rates for all causes and all cancer mortality in the 
workers were substantially lower than the reference populations.”

“Because of uncertainty in occupational risk estimates….., the BEIR VII 
committee has concluded that the occupational studies are not suitable 
for the projection of population-based risks.”

Breast Cancer Mortality: Study of 67,979 women who worked with 
radiation in Nuclear Weapons facilities before 1980 (relative to women who 
were unmonitored in same facilities)
Expected mortality = 18,106 deaths; Observed mortality = 13,671 deaths 
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C. Medical Radiation Studies for BEIR VII
Focus is on therapeutic studies:
“…most of the information comes from studies of populations with medium to high doses”
Lung Cancer: 9 studies, 40,000 subjects average dose ~ 1 Gy
Breast cancer: 11 studies, 20,000 subjects average dose ~ 300 mGy

31,710 women treated between 1930 - 1952
40-year follow-up; age range 10-40 years

St
an

da
rd

iz
ed

 D
ea

th
 R

at
e 

/ 
10

6
/ 

yr

Dose (mSv)

Risk was statistically significant 
for all those who received more 
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irradiation during fluoroscopic 
examinations in patients being 
treated for Tuberculosis
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D. Atomic bomb survivor studies for BEIR VII

120,000 survivors:
93,000 present at time of bombings
27,000 from locale, but absent at time of the bombing

Monitored over 60 years and includes both sexes and all ages of 
exposure; mean dose = 200 mSv

Dose range 37,000 0 - 5 mSv
32,000 5 - 100 mSv
17,000 100 – 2000 mSv

This is the primary source of data for all LNT risk models used in BEIR VII

The probability that an A-bomb survivor will have a cancer caused by A-bomb radiation 
(excess lifetime risk) depends on the dose received, age at exposure, and sex.

The dose-response relationship appears to be linear, without any apparent threshold 
below which effects may not occur
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Linear No-threshold Model
 1930: fruit fly irradiation at 814 mGy/min to deliver > 30 Gy total dose

 Experiments showed increased genetic mutations in the radiated group

 Müller received a Nobel Prize for this work in 1946: he claimed data supported LNT model

 Müller stated that the LNT model was established for doses as low as 4 Gy (CT: ~8 mGy)

 In 1946, Caspari established a threshold dose-response model (at low dose rate)

 All studies acquired at dose rates ~ 3000 x average background radiation in US

 1956: LNT model was accepted as established scientific fact by BEAR I Committee
Siegel et al. Am J Clin Oncol, 2015
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The BEIR Report: so which theoretical model then?
Biological Effects of Ionizing Radiation (BEIR) VII Phase 2 (2007) 

1. LNT

1. Linear No Threshold (LNT) Model
2. Threshold Model
3. Hormesis Model

2. Threshold

3. Hormesis

?
No evidence to support the LNT model at 
imaging doses while much evidence 
supports the hormesis model. Low dose 
radiation stimulates repair and removal 
of radiogenic damage in excess of the 
immediate damage and thus provides 
enhanced protection, resulting in a 
reduction of damage below spontaneous 
levels.

In a comparison of a cohort of 100,000 radiologists with psychiatrists, the radiologists 
had lower death rates from all causes than the unexposed psychiatrists. The two 
professions had similar risks of cancer mortality overall. 

Japanese Survivor 
Data
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Conclusion on LNT model:

= a poor choice of animal model

Note: fruit flies are extremely radio-resistant. A dose of 40 Gy resulted in a 10% 
mutation rate whereas the same dose applied to humans would have resulted in 
100% death rate. 

• The use of the Linear No Threshold Model to estimate risk 
due to medical imaging levels of radiation is not supported 
by any scientific data and should be rejected.

• The LNT model ignores the biology of adaptive response to 
DNA damage that involves evolutionary-developed repair 
mechanisms, stimulated by low-level radiation.
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Hormesis? You can’t be serious…..

One drink a day

1 standard drink  
≡ 14 g alcohol

1.5 drinks/day 5.7 drinks/day

LNT ignores the spontaneous endogenous DNA 
damage rate that is repaired.

Single-strand breaks: 
Endogenous rate > 106 x background radiation rate
Double-strand breaks:
Endogenous rate > 103 x background radiation rate

Low dose radiation up-regulates adaptive protection 
systems and the effect may last more than a year“A little poison is good for you”
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Radiation doses for clinical imaging procedures

Radiation Dose (mSv)

Annual Background
Radiation (~3 mSv)

Lower limit for 
known effects
of radiation

Mammogram

Mammogram + tomosynthesis

MBI (8 mCi)

Chest X-ray

CT Screening Lung Cancer

Bone Densitometry

Chest CT

Myocardial Perfusion Scan

CT Abdomen / Pelvis

Virtual Colonscopy

PET/CT (FDG)

No reliable
data on effects 

of radiation

Radiation poisoning and death: 
1000 x background

Very Low Dose Low Dose

PET/MR (FDG)

40,000

II

0.05 Gy
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Disassociation of major organizations

The following organizations have clearly stated that the use of the LNT Hypothesis to 
compute the effects of small doses on large populations is inappropriate:

• International Commission on Radiological Protection

• American Association of Physicists in Medicine

• Health Physics Society

• Academie Nationale de Medecine, France

• National Council on Radiation Protection and Measurement

• United Nations Scientific Committee on Effects of Atomic 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”

Risks of medical imaging at effective doses below 50 mSv for single 
procedures or 100 mSv for multiple procedures over short time periods 
are too low to be detectable and may be nonexistent. Predictions of 
hypothetical cancer incidence and deaths in patient populations exposed 
to such low doses are highly speculative and should be discouraged.

These predictions are harmful because they lead to sensationalistic 
articles in the public media that cause some patients and parents to 
refuse medical imaging procedures, placing them at substantial risk by 
not receiving the clinical benefits of the prescribed procedures.

AAPM (2011) Position statement on radiation risks from medical imaging procedures. 
Policy Number PP 25-A, 2011. 



27

Question: So what needs to be done?   

“Studies demonstrate that 
children are not more 
radiosensitive than adults in 
the radiologic imaging dose 
range rendering dose reduction 
for children unjustifiable and 
counter-productive.”

Educate the public and regulators on the real risks of radiation:



Note the sample size required to identify an effect
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National Research Council (1995) Radiation Dose Reconstruction for Epidemiologic Uses 

(Natl. Acad. Press, Washington, DC).
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medical imaging

Sample size required to detect a significant increase in cancer mortality
Assumes lifetime follow-up

Example: To detect an increase in 
cancer from an exposure of 12 mSv 
would require a study of ~7,000,000 
subjects. 
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29

“In 1970 I realized that there was negligible 
risk from x-rays but many radiographs had 
poor image quality so that the risk from a 
false negative was significant.”

John Cameron

John Roderick Cameron
1922 - 2005
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Image Wisely: personalize the radiation dose 

Image Appropriately Image Appropriately 
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Take home message(s):

• Not necessarily because it causes cancer
• But because people fear it will cause cancer
• And where does this fear come from?

- inappropriate use of the BEIR risk models

We still need to reduce radiation dose from imaging procedures:

Consequences: Negative impact on patient care:

• Patients declining needed exams or procedures
• Physicians ordering alternate exams, which may be less 

accurate, more expensive, or require anesthesia

The LNT model is unsupported by data and should be abandoned

Paracelsus
1493-1541

Poison is in everything, 
and no thing is without 
poison. The dosage makes 
it either a poison or a 
remedy.
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For further information, 
you should consult the:

RADIATIONRADIATION RECIPE BOOK

Order from Amazon.com


