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What is Radiation?

http://emfguide.itu.int/emfguide.html
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Radiation Discovery 
• 1896 – Henri 
Becquerel 
discovers 
radioactivity in 
uranium salts

• 1898 – Marie 
Curie describes 
radiation from 
thorium, 
polonium and 
radium

• 1903 – Ernst
Rutherford discovers 
radon and defines 
radiation as beams 
of helium nuclei



Radon = -particle radiation

FOUR  alpha particles 
are emitted per atom 
of decaying radon



Seeing the Invisible
• Radon is odourless 
and colourless. 

• Alpha particle 
tracks can be seen
using a few tricks



Presentation of Dr. Aaron Goodarzi for 2017 CARST annual meeting.
Permission to use this presentation for any other web-based content should be directed to A.Goodarzi@ucalgary.ca

Ernest Rutherford
• Ernest Rutherford 
(McGill University –
TEAM CANADA!) first 
characterised radon as 
“the radium 
emanation”
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Wilhelm Hueper
In 1942, Wilhelm C. Hueper, concluded 
that radon gas caused lung cancers 
that killed >50% of all European miners 
within 10-20 years of employment. 

He issued unheeded warnings 
worldwide, including Canada, 
but was blocked from further 

work in this area by the 
Manhattan Project.
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The Atomic Bombings
The atomic bombings at end of WWII 
were the first large population cases 
of ionizing radiation exposure.

Increased risk of solid 
cancer versus dose for 
atomic bomb survivors
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Radon Cancer Therapy
• In the 1950-60’s, in Canada, 
radon was being examined 
as a type of radiotherapy. 

Later abandoned…
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Elliot Lake Miners
• The first major link 

between radon 
and lung cancer 
was observed in 

Canada, in 1950-
70s Elliot Lake 

Uranium Miners.

By 1974, the Ontario Royal Commission on the Health 
and Safety of Workers in Mines found that Elliot Lake 
uranium miners were experiencing twice as many lung 
cancers as expected.
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Stanley Watras
• Dec. 14, 1984, at the new 

Limerick nuclear power 
plant in Montgomery 
County, Pennsylvania, 

employee Stanley J. Watras, 
set off the radiation 
monitoring devices.

The Watras house tested at 
an astounding 

99,900 Bq/m3 of radon.

The discovery of residential radon spurred U.S. 
government agencies to take action. 
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WHO handbook on indoor Radon, 2009

• UN study concluded 
relative risk of lung 
cancer increases ~16% 
for every 100 Bq/m3. 

100 Bq/m3 = one 
hundred particles 
of alpha radiation 
emitted every 
second per cubic 
metre of air

Radon: a leading cause of lung cancer
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Radiation doses are measured with 
three different units. The easiest way 
to conceptualize them is to think of 
Sir Isaac Newton under his apple tree.

Units of Radiation

Becquerel (Bq)

An absolute 
measure of 

radioactivity. 

Equivalent to 1 
radioactive 

disintegration 
(particle 

emission) per 
second

Gray (Gy)

The dose of 
radiation 

absorbed by 
the ‘object’. 

Equivalent to 1 
joule of 

energy per 
kilogram

Sievert (Sv)

The dose 
absorbed by 
a body which 
has an effect. 

Can be 
same as 

Gray.
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Radiation Dosages
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It’s also all about our DNA

All our DNA is found in our 2 copies 
(one from mom, one from dad) 

of 23 unique chromosomes.



DNA Breaks
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Life, Mutation or Death?
Outcome 

depends on 
IR dose

250 mSv IR = 5-10 DSB/cell 
(significant  increase in risk of cancer)

2,500 mSv IR = 50-100 DSB/cell 
(radiation poisoning, cancer >95% sure)

25,000 mSv IR = 500-1000 DSB/cell 
(death is inevitable)

25 mSv IR = 0.5-1 DSB/cell  
(low risk of cancer, +1% to lifetime risk)

DSBsDNA
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DNA damage is usually repaired 
by our cells correctly. 

However, errors are made... 

 DNA damage =  error = 
genetic mutation = cancer

A = normal cell
B = cancer cell

DNA damage = Mutation
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Low LINEAR ENERGY TRANSFER (LET) IR

High LINEAR ENERGY TRANSFER (LET) IR

High versus Low LET

Resulting damage to DNA is more 
widely spaced, and is 
comparatively ‘easier’ to repair

Resulting damage to DNA is 
clustered together, and is much 
more challenging to repair 
accurately.
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-particles = clustered DNA damage

The CLUSTERING of DNA damage can impact the accuracy 
of DNA repair substantially.

During interphase, our 
chromosomes largely 
exist within independent 
‘territories’, but do overlap 
to a degree.

Relatively straight-
forward rejoining

Low LET IR
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-particles = Clustered DNA damage

The CLUSTERING of DNA damage can impact the accuracy 
of DNA repair substantially.

High LET IR

Severe fragmentation and 
proximity of breaks from 
multiple chromosomes 
makes accurate re-joining 
difficult
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Radiation Exposure

• As a society, we have never been exposed to more 
sources of ionizing radiation than we are today. 

• Radon remains the single greatest exposure source.

http://www.bbc.co.uk/schools/gcsebitesize/science/add_aqa/atoms_radiation/nuclearradiationrev1.shtml
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Radon: a leading cause of lung cancer

In Canada: 1,000-4,000 new lung 
cancer/year are caused directly 
by radon inhalation.

• ~3,200 Canadian deaths/yr
• ~21,000 American deaths/yr



Between 2013 and 2016, we tested 
radon levels in 2,382 homes across 
Southern Alberta

Calgary
Okotoks
High River
De Winton
Redwood Meadows
Chestermere
Airdrie
Cochrane
Bragg Creek
Canmore

All tests were 
conducted for 
>90 days 
between 
Oct-April. 

Radon Gas in Southern Alberta 
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Alpha track radon detectors were purchased by “citizen 
scientists” i.e. members of the public willing to participate in the 
study. Care was taken to inform user how to place them properly.

Radon Gas in Southern Alberta 
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Radon Gas in Southern Alberta 

From: Stanley FKT, Zarezadeh S, Dumais C, Dumais K, MacQueen R, Clement F, Goodarzi AA. A comprehensive survey of household radon 
gas levels and risk factors in Southern Alberta. Canadian Medical Association Journal Open. 2017; Vol.5(1) E255-E264    



12.4% of homes are 
over 200 Bq/m3 = 
about 57,500 homes 
or roughly 150,000 
residents.

No areas examined 
have 100% homes 
below the maximum 
acceptable 
guideline. Therefore, 
no ‘safe’ areas.

From: Stanley FKT, Zarezadeh S, 
Dumais C, Dumais K, MacQueen R, 
Clement F, Goodarzi AA. A 
comprehensive survey of household 
radon gas levels and risk factors in 
Southern Alberta. Canadian Medical 
Association Journal Open. 2017; 
Vol.5(1) E255-E264    



<200 Bq/m3 200-599 
Bq/m3

>600 Bq/m3 n

HC - Calgary 92% 8% 0% 86

S. Alberta 87% 12% 1% 2382

• The percentage over the 200 Bq/m3 level is 50% higher than previously 
estimated

• Based on 2016 figures that’s an additional 50,000 people

• 200 Bq/m3 leads to a 32% increased relative risk of lung cancer 

Our Study vs the Health Canada Study

Radon Gas in Southern Alberta 

From: Stanley FKT, Zarezadeh S, Dumais C, Dumais K, MacQueen R, Clement F, Goodarzi AA. A comprehensive survey of household radon 
gas levels and risk factors in Southern Alberta. Canadian Medical Association Journal Open. 2017; Vol.5(1) E255-E264    



What attribute of 21st century Alberta 
building practices can account for this?

1. Larger floor plans
2. Increasing concrete shrink
3. Taller homes (thermal stack effect)
4. More efficient insulation

Ave. Radon in 
homes built prior 

to 1992 
= 108 Bq/m3

(n = 1,134)

Ave. Radon in 
homes built on or 

after 1992 
= 142 Bq/m3

(n = 995)

31.5% increase

Radon Gas in Southern Alberta 

From: Stanley FKT, Zarezadeh
S, Dumais C, Dumais K, 
MacQueen R, Clement F, 
Goodarzi AA. A comprehensive 
survey of household radon gas 
levels and risk factors in 
Southern Alberta. Canadian 
Medical Association Journal 
Open. 2017; Vol.5(1) E255-E264    



Our houses are just a 
lot BIGGER now than 
they were in the past.

Radon Gas in Southern Alberta 

From: Stanley FKT, Zarezadeh S, Dumais C, Dumais K, MacQueen R, Clement F, Goodarzi AA. A comprehensive survey of household radon 
gas levels and risk factors in Southern Alberta. Canadian Medical Association Journal Open. 2017; Vol.5(1) E255-E264    



LARGER FLOOR PLANS MEAN 
LARGER FOUNDATION SLABS 

Concrete shrinks by a fixed 
percentage per square foot, with 
larger slabs shrinking more and 

producing LARGER GAPS between 
the slab/wall.

Larger gaps = larger space for 
radon entry.

Made worse if joint design for 
sealing slab/wall join points do not 

accept movement. 

Radon Gas in Southern Alberta 
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CONCRETE IS SHRINKING MORE 
NOW THAN IN THE PAST

Good quality aggregates for 
concrete are increasingly scarce, 
and the use of recycled concrete 

with admixtures (such as fly ash or 
blast furnace slag) is on the rise.

Compared to most of the 20th

century, concrete used today is 
shrinking more per area, hence 
producing ever larger slab/wall 

gaps that permit MORE RADON to 
enter the building. 

Radon Gas in Southern Alberta 
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Our houses are also a lot TALLER now than they were 
in the past.

Chances are, if you have a 
‘newer’ home, it has a 2-storey 
foyer and/or vaulted rooms 
and/or +10ft ceilings.

Radon Gas in Southern Alberta 
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AS WE MAKE OUR 
HOMES ENERGY 

EFFICIENT, WE ARE 
TRAPPING THE AIR

Energy-efficient home 
retrofits are designed to 

create an AIR SEAL to 
reduce heat loss through 

walls and the roof. 

This is great, but unless a 
compensatory ventilation 
system is coupled with the 

install, it is essentially a 
radon concentrator.

Radon Gas in Southern Alberta 
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Radon Gas in Southern Alberta 

From: Stanley FKT, Zarezadeh S, Dumais C, Dumais K, MacQueen R, Clement F, Goodarzi AA. A comprehensive survey of household radon 
gas levels and risk factors in Southern Alberta. Canadian Medical Association Journal Open. 2017; Vol.5(1) E255-E264    



Health Economic Consequences

• 2,150 lung cancer cases in Alberta annually and 
16% (350) are attributed to radon

• Direct costs paid by the Alberta healthcare system 
$24,055/person

• Studies indicate that indirect costs are as much as 
direct costs

• Factoring this, total Alberta costs of radon-induced
lung cancer are estimated to be at least $17 
million/year

From: Stanley FKT, Zarezadeh S, Dumais C, Dumais K, MacQueen R, Clement F, Goodarzi AA. A comprehensive survey of household radon 
gas levels and risk factors in Southern Alberta. Canadian Medical Association Journal Open. 2017; Vol.5(1) E255-E264    



• Less 
awareness in 
lower income 
brackets

• Cost of tests

• Cost of 
Mitigation

• Lack of 
legislation for 
rental 
property Source: Indiana Business Research Center, using Behavioral Risk Factor Surveillance 

System data from the Colorado Department of Public Health and Environment 

Health Economic Consequences

A public health issue that hurts 
the poor the most 
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Health Economic Consequences

• In Alberta, an estimated 28,140 people will be 
diagnosed with cancer in 2030, 
• 17,000 in 2015

• the rapidly growing and aging population will 
cause this drastic jump

• WHO suggests prevention as the most cost-
effective, long-term strategy for controlling 
cancer
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Radon Gas in Southern Alberta 

4 in 8 Calgary homes over the WHO radon limit of 100 Bq/m3

1 in 8 homes over 200 Bq/m3, carrying a 32% increase in lung cancer risk

Readings range from 0 – >3,000 Bq/m3, no reliable ‘safe’ areas

Mitigation is effective
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