
Radon: A literature search for answers 

These bullets provide a quick overview of the article for the time-crunched readers: 

• Estimates of radon induced cancers in residential homeowners were extrapolated from 

heavily exposed miners 

• Several research papers have suggested that this is a critical issue of uncertainty 

• Short term (5 to 7 day) measurements of radon were reported to have a 90% 

uncertainty (charcoal detectors) and a 40% uncertainty for alpha track detectors 

• Reliable data requires that radon be measured with several detectors for 5 to 10 

weeks(charcoal) or 3 months (alpha track) 

• Actionable limits were set at 200 Bq/m3 

• The progeny (daughters) of radon do cause cancer, although the extent to which that 

occurs in residential settings is questionable 

• Successful mitigation either increased ventilation rates (HRV), or involved a 3-inch hole 

drilled into the basement floor and the air below the floor evacuated (fan) to the 

outside 

 

Where does radon come from? 

Uranium is found in rock structures such as granite. The ore is more radioactive than elemental uranium. 

Radon is an unstable, short-lived gas product generated by the decay of uranium. As the first decay 

product in this series is long lived, there is a continuous supply of radon. Radon breaks down into two 

daughter products, and these are known carcinogens. Radon exists in equilibrium with its daughter 

products. That equilibrium varies depending on environmental and physical factors. The decay is 

associated with alpha particles, and so ingestion and inhalation are the two primary routes of entry.  

Alpha radiation can produce a greater biological effect than either beta or gamma radiation. (4) 

Note: In this article, the term Radon will be used to include Radon progeny (daughters) Polonium -218 

and Polonium -214 and the alpha particles associated with its decay. 

What data provides evidence that Radon causes lung cancer? 

Research on miners that were heavily exposed concluded that Radon was directly associated with lung 

cancer. One study involving 65000 workers found that 40% of the 2700 lung cancers were caused by the 

daughter products. (11). In another research project, there was a synergistic relationship found with 

cigarette smoking, diesel exhausts, mineral fibers, and minerals from ores. The results for these 

contaminants showed the synergistic effect was multiplicative, or additive. The relationship was 

strongest for cigarette smoke. (6) More recent research on miners exposed to lower doses of radon 

supported the conclusion that radon exposure increases the risk of developing lung cancer. 



How does radon interact with the human body? 

When a single cell undergoes a dramatic change, it is the start of a multi-step process until it grows into 

an abnormal tissue.  That single cell communicates the change to adjacent cells in the tissue. That tissue 

now grows at a faster rate than neighbouring tissue and forms a lump. This lump can be referred to as a 

neoplasm (tumor) and can be benign or malignant. Alpha radiation targets bronchial epithelial cells, 

basal or secretory. (9) 

Known Steps:  

1) With radon, the critical change in the cell occurs when an alpha particle traverses the cell. 

2) The subsequent release of energy (radiation) causes electrons in cellular atoms to be ejected, 

giving rise to secondary particles (free radicals) in the cell. 

3) Molecular oxygen has 2 unpaired electrons that readily reacts with the secondary particles (free 

radicals) increasing the likelihood that molecules like DNA will be damaged. 

4) Deletions and translocations are favored by alpha radiation. These may activate oncogenes that 

are expressed as dominant. Only one copy needs to be affected for it to be expressed. 

5) Suppressor genes are present that can undo this damage. These genes act recessively. Both 

have to be made inactive by damage to DNA. Alpha ionization favors large deletions, but 

requiring both strands to be affected makes this a low frequency event. Errors in DNA 

replication however will increase the frequency. (9) 

 

Unknown next steps:  There is some evidence to support the following hypotheses (9) 

Genes that give the genome stability are affected; self-repair inhibited  

Genetic predisposition to cancer acts synergistically with the damage caused 

The cell cycle (G1 to G2) is affected so the time when chromosomes are most vulnerable increases 

There is a failure to remove damaged cells by apoptosis 

Cell proliferation is necessary for cancer induction. This is promoted 

How common is cell traversal in targeted cells in the bronchial epithelial? 

 

“That is the situation for exposure to alpha particles from radon progeny in a domestic environment 
where it is unlikely that any cell at risk in the bronchial epithelium is traversed by more than 1 alpha 
particle in a lifetime” (9) 

 

Is there direct evidence that low radon levels in houses cause lung cancer? 



The evidence to support this was extrapolated from research data conducted on heavily 

exposed miners, or on lab animals exposed to high radon concentrations. This has been 

characterized as “a critical issue of uncertainty” by one study (13) and “a substantial source of 

uncertainty in the assessment of the risk of indoor radon” by another. (5). Some organizations 

stated that while no one study can support a causal link, multiple studies have and should be 

accepted (4). 

One research group explained why direct evidence gathering would be unsuccessful at low radon 

concentrations typically found in residential homes. The data would have large confidence intervals (11) 

and could not support a single hypothesis showing causal link. As a result, “most studies have had to 

assume that the lung cancer risk due to exposure to indoor radon is close to that observed among 

miners, because of a lack of appropriate data.” (13). The adage, err on the side of caution, would seem 

to apply. 

How are radon levels measured? 

Radon concentrations cannot be measured with a Geiger counter as the concentrations are too diffuse.  

They can be measured by absorption in a Charcoal Canister, reduction of ion charge in an Electret Ion 

Chamber or by Alpha Track Detectors.  All require that they be sent to a lab for analysis. More expensive 

continuous monitors can be used, and it is suggested that they be used by a trained technician.   

In one study of 1800 homes, annual radon concentrations were determined. The study set out to see 

how reliable single and multiple radon measurements were.  It was found that at the 90% confidence 

level, estimates for annual radon concentrations have a 90% uncertainty for charcoal detectors and 50% 

uncertainty for alpha track detectors.  They suggested that to obtain reliable data, three or four carbon 

detectors should be used for a period of 5 to 10 weeks, or a single alpha track detector should be used 

for 3 months. (8) 

Acceptable levels of radon in Canadian residential homes have been set at 200 Bq/m3 .  A Health Canada 

survey stated that 95% of Ontario homes were below that level, and 93% of homes across Canada were 

below that value. (4) 

In comparison, heavily exposed American miners in the 1967 had work levels most frequently in the 

range of 9250 to 18500 Bq/m3 . (3). With greater awareness, and improved engineering controls (ex. 

ventilation), the areas generally travelled by Canadian miners in 2010 had radon levels of 100 Bq/m3 

although some high source areas reached 100,000 Bq/m3.  (4)  

What mitigation techniques can remove radon from household environments? 

Radon accumulates in basements and crawl spaces. It enters through cracks, and holes in the basement 

floor. The success in removing radon was measured by a research team that examined these mitigation 

methods.  (2) They were: 

a)  Sealing cracks with polyurethane(less successful) 

b)  Constructing a sump hole, sealing it and removing or adding air to that space (successful)  



c) Increasing the number of air exchanges using an HRV system (successful).  

 

Summary: 

By studying animals and humans exposed to high radon concentrations, the effects of radon on health 

are well known. Bronchial cells exposed to radon may progress to the formation of a tumor. While many 

of the many steps between initial contact with a cell and the ultimate formation of a malignant tumor 

are understood, there are still missing parts to that puzzle. 

Extrapolation of lung cancer rates where radon concentrations are very high to the much lower 

residential concentrations is problematic. Cell transversals that are common in environments with high 

concentrations are being used to predict lung cancer rates at residential concentrations where cell 

transversals are rare. (9).  Despite these reservations, to err on the side of caution would still seem 

prudent. If radon levels are found to be higher than outside air, then steps should be taken to re-fresh 

that air. 

To begin, careful measurement using multiple monitors over a 3-month period are recommended. 

Measurements at shorter intervals with fewer monitors are considerably less accurate. Surveys 

conducted indicate that well over 90% of houses will require no further action. Once it is established 

that radon levels are greater than 200 Bq/m3 , increased air exchanges or installation of a system to 

evacuate the soil below a basement floor have been effective.  
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