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Outline



 Radon is a radioactive gas that is naturally-occurring derived from 
uranium decay in the soil/rock;  it percolates up from ground and 
becomes trapped indoors

 Colorless, odorless and tasteless

 When radon undergoes radioactive decay, the radon daughter 
particles are not gases and attached to particles that are deposited 
in the lung causing DNA damage to normal cells

 Radon daughters eventually decay to lead (stable)

 A major known cause of lung cancer, second to smoking

 #1 cause of lung cancer in non-smokers

 Only inhalation is a risk

 Does not penetrate the skin

 Smoking and radon interact to increase risk further (synergistic)

 EPA estimates between 18,000 and 22,000 lung cancer deaths related 
to radon every year in the U.S.
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Overview: What is Radon?



 About 80% of all radiation is from natural sources

 About 20% of all radiation from man-made sources, especially 
medical diagnostic procedures

 The average person receives a higher dose of radiation from 
the radon levels in their home than from their combined 
exposure to all other radiation sources
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Effective radon (Rn - 222) Content of Soils

Soils Range of Emanation 

Coefficient

Crushed rocks 0.005 – 0.40

Soil 0.03 – 0.55

Soil 0.22 – 0.32 13 % to 20 % of dry weight

Sand 0.06 – 0.18

Sandy loam 0.10 – 0.36

Silty loam 0.18 – 0.40

Heavy loam 0.17 – 0.23

Clay 0.18 – 0.40

Soil 0.09 – 0.10 Dried at 105°C for 24 h

Uranium ore 0.06 – 26 Saturated with water

Crushed Uranium ore 0.055 – 0.55 Saturated with water

Tailings from Uranium plant 0.067 – 0.072 Dried at 110° C

Source: Nazaroff et al., 1988
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High levels of radon in all 88 counties in Ohio
Radon zones at www.epa.gov



Cancer is a disease where the cells in an organ 
of our body become sick and grow uncontrollably.

 Our bodies are made up of different 
organs

 Each organ has a different function

 Each organ is made up of cells

 Some cancer-causing chemicals 
can cause cancer in some cells and 
organs but not all cells and organs

 Our cells and organs know how to 
fight the effects of those chemicals 
that may cause cancer



What Controls the Function of Cells?

 Our cells are controlled by genes (DNA) which 
are housed in the nucleus

 Each cell has a specific function, for example 
making insulin or digesting foods



Cancer develops through accumulated genetic events

Normal Cells Preneoplastic Lesion Malignant Clone Clinical cancerInitiated Cells

Multistage Carcinogenesis

Genetic damage

Failure to repair DNA or undergo cell death

Gene Damage

Carcinogens made
inside the body

Mistakes of normal
cell processes

Carcinogens from
outside the body

Radon
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DNA Damage

Brown et al., Cancer Discovery 2016



What Happens When a Cell Becomes 
Cancerous?
 Normal cells grow, 

divide and die of old age

 Cancer cells grow uncontrollably 
and push away normal cells in 
our organs 

 There is no place for the good cells 
to work, or for the organs to 
function

 The cells living around the cancer 
cell makes proteins that promote 
the growth of the cancer

 The cancer cells may even help 
destroy the normal cells or make 
them non-functional (e.g. invasion, 
muscle-wasting)

Cancer Cell Division

Normal

Cell Death

Damaged

Cell

Normal Cell Division



When Cells Do Not Divide Correctly, 
Mutant Cells Are Created 

Lung Cancer
First 

Mutation
Fourth or 

More Mutation
Third

Mutation

Second

Mutation

Normal 

Cell



Cancer happens when there is an imbalance 
between protection and harm in our cells 

• DNA damage

• Cancer cell survival 

advantage

• Excretion

• DNA repair

• Cell death
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Hallmarks of Cancer

Hanahan D and Weinberg RA, Cell, 2011



 Dose-response

 How much radon is in your home/workplace in the areas 
where you occupy

 The amount of time you spend in your home/workplace

 Smoking adds to the risk and there is a synergy (higher 
risk than if just adding the 2 risks of smoking and radon 
together)

 EPA action levels

 4.0 picocuries per liter (pCi/L) of air is a minimum level 
recommended to take some action to reduce potential 
exposures

 Hitting action levels do not mean guarantee to get lung 
cancer

 WHO action levels

 Lower than EPA:  2.7 pCi/L (100 Bq/m3)
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How Does Radiation from Radon Cause Cancer?



Lung Cancer is the #1 Cancer killer for both men and women in the U.S. 

(and worldwide)!



1. First-hand smoking (about 140,000 new 
cases per year in the U.S.)

2. Radon (about 21,000 new cases per year)

3. Second-hand smoking (about 3,000 new 
cases per year)

4. Other types of radiation (cancer radiotherapy, 
atomic bomb, CT scans)

5. Asbestos

6. Some metals in the workplace

7. Diesel Exhaust

8. Air pollution
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Lung Cancer Risk Factors
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Time lag from smoking fits multi-stage carcinogenesis model
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Lung Cancer Rates And Causes

Total Smokers
Non-
Smokers

Total Lung 
Cancers 164,000 140,000 24,000

Smoking-
related lung 
cancer 140,000 140,000 3,000

Radon 21,000 18,000 3,000
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What EPA Says About Non-Smokers And Radon 
Risk
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What EPA Says About Smokers and Radon Risk
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100 Bq/m3 = 2.7 pCi/L 
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 Serious public health problem for lung 
cancer

 Second leading cause of lung cancer 
second to smoking

 Presented models to estimated excess 
number of lung cancers due to radon

 15,400 or 21,800 cases due to 
radon

 Uncertainty – 3,000 to 33,000

 1 in 8 ever-smokers with lung 
cancer is due to radon

 1 in 4 never-smoker with lung 
cancer is due to radon

 Risk increases with chronic exposure 
rather than higher short term exposures

 Risk decreases with time since exposure
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 21,100 (13.4%) of 157,400 lung 
cancer deaths in 1995 due to 
radon

 Recommended action level is 4 
picocurie/liter by EPA 

 No threshold model

 Would reduce deaths by 
25%

 The estimated risks from 
lifetime exposure at the 4 
pCi/L action level are: 2.3% 
(all), 4.1% (smokers), and 
0.73% (never smokers)

 Radon and smoking are 
synergistic

 Relative risks: never-
smokers>smokers
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 A safe level of radon gas is no radon gas

 Lung cancer risk increases with higher exposure

 EPA:  “Any radon exposure has some risk of causing 
lung cancer.  The lower the radon level in your 
home/workplace, the lower the individual’s risk of lung 
cancer”.

 The national average of outside radon levels is 0.4 pCi/L 
(depending on geographic location, as high as 0.75 
pCi/L)

 National Academy of Sciences estimates outdoor radon 
levels cause approximately 800 of the 21,000 radon 
induced lung cancer deaths in the U.S. each year

 Risk of lung cancer rises 16% per 2.7 pCi/L increase in 
radon exposure
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What is the right Radon action level?



 Radon Act 51 passed by Congress set the natural 
outdoor level of radon gas (0.4 pCi/L) as the target radon 
level for indoor radon levels

 Unfortunately, 2/3rds of homes exceed this level!

 EPA was tasked with setting practical guidelines and 
recommendations

 Action level set at 4 pCi/L

 This does not imply a level below 4 pCi/L is considered 
acceptable

 It is estimated that reduction of radon levels to below 2.0 
pCi/L nationwide would likely reduce the yearly lung 
cancer deaths attributable to radon by 50%

 Even with the action level of 2.0 pCi/L, the cancer risk 
would still be hundreds of times greater than the risks 
allowed for carcinogens in our food and water!
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What is the right Radon action level?



 While no level of radon gas is completely safe, we must 
balance the benefits and costs to find our own 
“acceptable/feasible” levels

 In accordance with World Health Organization (WHO) 
guidelines, we recommend action at 2.7 pCi/L to reduce 
radon gas in homes/workplaces

 Periodic testing is recommended as radon levels may 
change or increase over time

 Adjustments may be needed to test and reduce radon 
from buildings where individuals/families spend long 
periods of time

 Radon testing and removal are NOT required under 
State of Ohio or local municipality laws

 It is up to the individual to take action for testing!

 Save Lives- let’s get to testing!
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OSU-CCC Stance on Radon



 Ohio’s Radon Line 1-800-523-4439

 WHO Handbook on Indoor Radon

 EPA Fix it helpline:  1-800-644-6999  
(https://sosradon.org)
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Resources



Thank You
To learn more about Ohio State’s cancer 
program, please visit cancer.osu.edu or 

follow us in social media:
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