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What We Will Discuss

• What is Radon ?

• Why We Should Care

• Massachusetts Occurrence

• Applicable Radon experience 

• Mitigation strategies

• Quality Considerations
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What is Radon ?

• Naturally occurring radioactive gas

• Ubiquitous in nature

• Member of Uranium decay series

• Direct descendant of  Radium-226

• Produces other radioactive elements

• Canbe found in high concentrations indoors
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Why do we really care ?

• More than half US Radiation Exposure

• #1  cause of Lung Cancer - Non-Smokers

• #2  cause of Lung Cancer - Smokers

• 21,000 Lung Cancer Deaths per year in US

• Many Deaths are Preventable
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Causes of Death
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Radon in Massachusetts
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Radon in MassachusettsRadon in Massachusetts

• 1988 State/EPA Survey of 1650 homes

• 23.9%  were 4 pCi/L or more 

• 1.3% were 20 pCi/L or more

• Statewide Median value 1.9 pCi/L



W.J. Bell

Parameters Tested

• County
• Having a Basement
• Canister Placement
• Basement Floor or Wall Material
• Type of Heating System
• Age of Structure
• Using a Private Well
• Attic or Roof Insulation



W.J. Bell

Survey Conclusions

• All Counties have homes with elevated 
Radon  levels

• The risk is between 10% & 40%

• We Cannotpredict which homes are high

• Test All Homesbelow the third floor
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• RADON is a 
known
human 
carcinogen 

Bottom Line
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Radon Risk Reduction

� Test
• Fix
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Similarities

• Noble Gas
• Comes from Soil

• Pressure driven flow
• Mitigation system 

Discharge contains 
high radon

• Vapor
• Comes from Soil

• Pressure Driven Flow
• Mitigation system 

Discharge contains 
high radon

Radon VOC’s
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Differences

• No Chemical Hazard

• Easy to Measure

• Infinite Source

• Chemical Hazard

• Difficult to Measure

• Infinite Source ?

Radon VOC’s
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Radon Risk Reduction

• Test
� Fix
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ALARA Principle
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How Radon Enters

• Real Pathways
– Soil gas entry by pressure driven flow

– Private well water use

• Excuse Pathways
– Passive diffusion through materials
– Surface Emanation

– Natural gas, coal or consumer products
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Pressure Driven Flow
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Pressure Driven FlowPressure Driven Flow
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What Causes Driving Force

• Wind Effect

• Barometric Pressure

• Stack Effect - thermal bypasses

• Combustion Effect

• Mechanical Exhaust Ventilation
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Radon Mitigation Approaches

• HVAC - Ventilation / Dilution

• HVAC - Pressurization

• Active Soil Depressurization
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Reduce Radon by Treating Cause !Reduce Radon by Treating Cause !
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Active Soil DepressurizationActive Soil Depressurization
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Variations

• Drain Tile or Sump Depressurization

• Block Wall Depressurization

• Stone Wall Depressurization

• Sub-Membrane Depressurization
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Reference Documents

• Existing Low-Rise Residential Construction
– ASTM E2121-03

Single copies free from EPA
http://www.epa.gov/radon/pubs/index.html
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Reference Documents

• New Low-Rise Residential Construction
– ASTM E1465-06

Single copies free from EPA ???
http://www.epa.gov/radon/pubs/index.html
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Values in the Safety Culture

• Proactive Control

• Evaluation

• Planning

• Engineered Safeguards

• Human Factors Engineering

• Accountability
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The Good !
• Building Investigation

• Diagnostic Evaluation

• Quality Materials

• Quality Installation 

• Pipe Route Selection

• Fan Selection & Placement

• Effluent Management

• Labels & Warnings

• Results

Well
Done
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Results

Less than
2 pCi/L
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BadResults

• Failure to achieve goal

• Intermittent loss of control

• Increase in concentration

• Homeowner shuts system off

• Backdraft combustion appliance

• Perception - house not fixable
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BadFan Selection
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BadFan Placement
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Ugly Effluent Management
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Poor Membrane Installation
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Good Membrane Installation
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BadResults

• Failure to reduce Radon

• Intermittent loss of control

• Increase in Radon concentration

• Homeowner shuts system off

• Backdraft combustion appliance

• Perception - house not fixable
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Large Buildings

• Use & Occupancy issues

• Code issues

• Complicated structures

• HVAC

• Elevator shafts, industrial 

process, etc.
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Any Questions ?

William Bell
Massachusetts Dept of Public Health
23 Service Center
Northampton, MA 01060

(800) 723-6695

william.j.bell@state.ma.us
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Cross Section of  East Wall

���������	�


��
�����	�


������������



������������

 �
�����
�����

�������
���
���




W.J. Bell

Cross Section of  East Wall
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Cross Section of  East Wall
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Diagnostic Evaluation

• Pressure Field Extension 
Test

• Combustion appliance 
backdraft test (optional)

• Other
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Now it’s your turn !
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Percent of Homes > = 4 pCi/L  

Worcester 38 %
Essex 36 %
Middlesex 26 %
Bristol 23 %
Franklin, Hampshire 23 %
Berkshire 21 %
Norfolk 21 %
Barnstable 15 %
Plymouth 12 %
Hampden 11 %
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Conducting a Radon Test

• Short Term - 48 hours

• Closed house condition

• Lowest liveable area

• During heating season
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Classroom  Dec 21-23, 1989
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Weather Effect
cycle pCi/L

1 0.3
2 0.2
3 0.4
4 0.1
5 0.3
6 0.3
7 0.5
8 0.1
9 0.7

10 0.9
11 1
12 0.8
13 0.9

ART Room Jan 28-31 1991
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Conducting a Radon Test

• Short Term - 48 hours

• Closed house condition

• Lowest liveable area

• During heating season
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Nursery Oct 5-11, 1990
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Survey Conclusions

• All Counties have homes with elevated 
Radon  levels

• The risk is between 10% & 40%

• We Cannotpredict which homes are high

• Test All Homesbelow the third floor
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Percent of Homes > = 4 pCi/L  

Worcester 38 %
Essex 36 %
Middlesex 26 %
Bristol 23 %
Franklin, Hampshire 23 %
Berkshire 21 %
Norfolk 21 %
Barnstable 15 %
Plymouth 12 %
Hampden 11 %


