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Transmission of 
Energy via

Particles
or 
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What is radiation?
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Presenter Notes
Presentation Notes
https://nuclearsafety.gc.ca/eng/resources/fact-sheets/natural-background-radiation.cfm
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Nuclear Power 
(<0.1%)Human Body

(5%)

Cosmic
(5%)

Consumer Products
(2%)

The average 
American receives a 
radiation dose of 620 
millirem per year.

Sources of average radiation dose 
in the US

Presenter Notes
Presentation Notes
Source: National Council on Radiation Protection and Measurement Report 160 (2006)


Chart1

		Medical (51%)

		Rocks, Soil and Radon (37%)

		Cosmic (5%)

		Human Body (5%)

		Consumer Products (2%)

		Nuclear Power (<0.1%)



Sales

0.51

0.37

0.05

0.05

0.02

0.001



Sheet1

				Sales

		Medical (51%)		51%

		Rocks, Soil and Radon (37%)		37%

		Cosmic (5%)		5%

		Human Body (5%)		5%

		Consumer Products (2%)		2%

		Nuclear Power (<0.1%)		0.1%

				To resize chart data range, drag lower right corner of range.







American Nuclear Society  

Electromagnetic Spectrum
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Presenter Notes
Presentation Notes
Image source – NASA: https://science.nasa.gov/ems/01_intro/
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Radiation detected

• Radiation detected on hands of Los Alamos National Lab workers 
who did not work with radioactive material.

• Investigation revealed workers played racquetball

• “Natural radioactivity collection by racquetballs” Investigation 
report HSE 84-4, May 1984 LANL, Los Alamos, NM
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Any ideas?
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Uranium decay

Radon gas is produced 
by the decay of 
naturally occurring 
uranium in soil and 
water

Presenter Notes
Presentation Notes
http://www.home-air-purifier-expert.com/radon.html.  EPA document and slides from Deb Thrall, radiation presentation
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What is radon?

• Radon is a colorless, odorless, tasteless and invisible “noble” 
gas 

• Radioactive gas
• Gas moves through rock and soil into atmosphere
• Radon can “collect” in enclosed spaces
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Radon decay products
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Collecting radioactive particles
from the air
1) Vacuum cleaner with coffee filter or medical gauze

2) Bouncing Racquetballs – Source: The Physics 
Teacher, “Radioactiveball” Vol. 30, January 1992

3) Air filter from air purifier

https://pubs.aip.org/aapt/pte/article-abstract/30/1/16/270766/Radioactiveball?redirectedFrom=PDF
https://pubs.aip.org/aapt/pte/article-abstract/30/1/16/270766/Radioactiveball?redirectedFrom=PDF
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Activity
Materials Needed:
1) Timer
2) Electricity
3) Vacuum cleaner
4) Filter paper, coffee filter, medical gauze, etc. Note: keep 

in sealed plastic bag or envelope until ready to use
5) Radiation detector – pancake probe or scalar preferred
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Activity
Experiment
1) Use radiation detector to assess background radiation
2) Remove filter from envelope/bag and check for 
radioactivity 
3) Place filter paper over vacuum inlet hose
4) Run vacuum for at least 5 minutes (note time)
5) Turn off vacuum and remove filter paper – observe 
particle dirt/dust on filter
6) Use radiation detector to assess radiation level
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Activity

Data/Observations
1) Record initial radiation level
2) Take 1 minute readings every 5-10 minutes, record data
3) Describe observations
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Experimental challenges
1) Radon levels vary over time and season
2) High humidity can reduce radon levels thus reducing decay 

product collection
3) The best collection areas for radon gas and decay products are 

sub-level or ground level.  Upper floors tend to have lower radon 
concentrations. 
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Presenter Notes
Presentation Notes
PSU Radiation Science and Engineering Center, Gamma spectrum of air filter 
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Pennsylvania radon in homes
Question
The Radon problem in 
homes was discovered by 
“accident” when a nuclear 
power plant worker set off 
radiation detector alarms.
• True
• False
• ANSWER
• True

Presenter Notes
Presentation Notes
https://www.americanscientist.org/article/risks-and-benefits-of-radiation. https://www.mcall.com/news/local/mc-pa-radon-professor-history-20150127-story.html. https://www.wallingfordpahomes.com/blog/2015/01/pennsylvanias-role-in-the-discovery-of-radon-dangers/https://www.wallingfordpahomes.com/blog/2015/01/pennsylvanias-role-in-the-discovery-of-radon-dangers/
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Presenter Notes
Presentation Notes
The Geological story of Pennsylvania DCNR
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Over 40% of Pennsylvania homes have radon levels 
above the action limit (4 pCi/l)



American Nuclear Society  

21

Presenter Notes
Presentation Notes
Source: https://www.epa.gov/radon/epa-map-radon-zones
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Health risks
• The world Health organization and EPA have identified Radon 

Gas as the leading cause of lung cancer for non-smokers

• https://www.epa.gov/radon/health-risk-radon

• Watras house - 2,700 Pico-curies/liter

• EPA – recommends <4 Pico-curie/liter

Presenter Notes
Presentation Notes
The world Health organization and EPA have identified Radon Gas as the leading cause of lung cancer for non-smokers

https://www.epa.gov/radon/health-risk-radon
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Question

If Radon gas decayed directly into a non-radioactive element 
we would not be as concerned about radon in 
homes/buildings.
True False
ANSWER
True
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Health risks final question
The health effects of Radon gas 
are really due to the solid 
radioactive decay particles
True
False
Solid radioactive decay products 
that stay in the lungs are the 
health hazard

Presenter Notes
Presentation Notes
Image credit: http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/radon.htmlEPA Citizen’s guide to radon
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When is National Radon Action Month?
When is Radon Action Week?

• January is National Radon Action Month. The aim of National Radon Action Month is 
to increase the public's awareness of radon, promote radon testing and mitigation, 
and advance the use of radon-resistant new construction practices.

• Radon Action Week is the third week in October. Some communities might observe 
Radon Action Week with other indoor air quality topics during the remaining weeks in 
October.

• You can use any of the materials on our Radon Media Resources Webpage to 
spread awareness about the health risks of radon through your social network and 
educate others.

Presenter Notes
Presentation Notes
https://www.epa.gov/radon/what-national-radon-action-month-when-radon-action-weekhttps://www.epa.gov/radon/radon-schools

https://www.epa.gov/radon/radon-media-resources-partners-and-stakeholders
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Question

What is the main way that radon gas gets into the home?
• Through cracks, gaps and openings in the ground floor 

and walls of the home
• Through open windows
• By emissions from Granite countertops and consumer 

products
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Radon entry points

• Soil and well water
• Chimney effect
• Negative pressure
• Ventilation/Exhaust 

fans
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Radon testing and variation
Question
Which type of test would 
provide a better estimate 
of radon concentration in 
the home?
Short-term test 
Long-term test

• Day/night variation
• Seasonal variation
• Weather

Presenter Notes
Presentation Notes
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/radiation/radon-reduction-guide-canadians-health-canada-2013.html
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Mitigation strategies
• Watras House – test case 
• Prevent gas from entering home
• Seal exterior and penetrations, cracks, etc. – retested and 

determined – not successful
• Sub-slab suction system collects gas before it enters the home 

– vented at the ground
• Gas – re-entrained (re-entered)
• Recommend Vent gas above roof

Presenter Notes
Presentation Notes
EPA Citizen’s guide to radon
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Mitigation strategies

• Seal walls, penetrations, 
cracks, etc.

• Sub-slab suction system 
collects gas before it enters 
the home

• Vent gas above roof
• Discuss down-draft

Presenter Notes
Presentation Notes
EPA Citizen’s guide to radon
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Radon and Smoking – 
significantly increases 
risk

Protect family by Testing?

Testing is the first step, 
but if levels are above 4 
pCi/l then you need to 
take action

“Deadly” radon gas

Presenter Notes
Presentation Notes
CDC and EPA radon publicationshttps://www.cdc.gov/radon/radon-facts.html
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Radon test kits
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Uranium-238 Decay Chain

214Pb

218Po
186 s

226Ra
1600 y

222Rn
3.8 d

230Th
75.4 ky

234U
245 ky

234Pa
6.7 h

234Th
24.1 d

238U
4.47 Gy

214Bi
19.9 m

214Po
164 µs

210Pb
22.3 y

210Bi
5.01 d

210Po
138.4 d

206Pb218At
1.6 s

218Rn
35 ms

210Tl
1.3 m

206Hg
8.2 m

206Tl
4.2 m



American Nuclear Society  

37

Radon decay products
37

Presenter Notes
Presentation Notes
https://www.epa.gov/sites/production/files/2018-12/documents/radon-22-decay-chain.pdfhttps://www.epa.gov/radtown/radtown-radon-teacher-informationNote: Bi-210, Po-214 and Pb-210 are not labeled correctly in the octagon shape – the labels are correct
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Have you had your home tested for radon?
38

Presenter Notes
Presentation Notes
https://homeinspectionform.com/every-home-inspection-include-radon/
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