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Frequently Asked Questions (FAQs) about Radon

Radon is a radioactive element
Atomic Number 86

There are between 20 and 28 radio-isotopes of radon - 20 cited in the
chemical summary, 28 listed in the table of isotopes.

Sources: Condensed Chemical Dictionary, and Handbook of Chemistry
and Physics, 69th ed., CRC Press, Boca Raton, FL, 1988.

Three well known isotopes of radon are:

222

Rn called Radon; half-life 3.824 d
86 136
220

Rn called Thoron; half-life 55.6 s §
86 134 |
219

Rn called Actinon; half-life 3.96 s
86 133
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~ Toxic, colorless, odorless and radioactive noble
gas

> Denser than air

~ Naturally occurring radioactive gas
~ Ubiquitous in nature

~ Member of Uranium decay series

~ Direct decay product of Radium-226

~ Decays to daughter radioactive elements =
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URANIUM DECAY

= Uranium 238 “Parent’
= Protoactinium 234
= Uranium 234

= Thorium 230

= Radium 226

= Radon 222

= Polonium 218

= Lead 214

= Bismuth214

= Polonium 214

= Lead 210
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RADON DECAY

m 226Ra
m 222Rn...
= ...206PDb
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RADON PROGENY

“Radon Decay Products”

= Decay products of #22Rn
m Eight decay steps yield a, B & vy

m Electrically charged: attracted to surfaces
including particulate

s Can be inhaled and cause exposure
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Why is Radon important?

Radon is present everywhere, all around us.

Radon
cannot be seen with naked eye,
cannot be smelled,
cannot be aware easily of its presence .

Radon
becomes harmful to health at unacceptable
concentration levels.
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Harmful Radon Daughter Products

Reldor) 227 cdgcalys to el saries of four reldioziciive deeay orodtcis:
Polonitr 218 (rrelli=life 8.08 1))
Lezie] 214 (reli=life 26.9 1))
Slisritir) 274 (rreli=life 19.9 1))
Folonitrn 214 (relf=life 98,7 rmiicfo 9)

AlphapaticiESeveEntholgnicannorpEneatessKin ey ane
AOUT /O Uimes morne de IMaginathan GtIEFtYPE of Jomu]ng
radiation wnenrdepositeaintennally, ior examplerbyinnalation:
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US Radiation Exposure

Man Made
18%

Other Natural

Radiation
27%

NCRP9S
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Causes of Death

I I H =

Drunk Radon Falls  Drowning Fires
Accident: Facts 2002, Nationall Safety Councll
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Radon is 2"° leading cause of
lUng cancer

LEADING CAUSES OF
+& LUNG CANCER

lung cancer deaths a year, making radon the second leading cause of lung cancer, second only to cigarette smoke.
Courtesy of Environmental Protection Agency, USA
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How Radon Causes Lung Cancer

Inhalation of
Radon Decay
Products

Radiation Damage
to DNA

January 11, 2006: IAP 2006: 12.091 Session 2B:
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Radon Exposure - Effects

> More than half US
Radiation Exposure

Other Natural

\Radiation
27%

#1 cause of Lung Cancer -

Non-Smokers

#2 cause of Lung Cancer -
Smokers

20,000

21,000 Lung Cancer
Deaths per year in US - I
- Y Y -

Drunk Radon Falls Drowning Fires
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Occurs naturally by the decay of uranium in
rock and soll.

Uranium Is widely found in trace amounts In
solland rocks.

Radon in soil and rocks under and adjacent
to buildings, migrates through foundations,
cracks and small epenings and concentrates
Inside buildings:
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Bismuth Polonium
214 214
20 m 164 micro s

Polonium

Radon 218

: 222 3m
_ Radium 38d

Uranium 226
238 1620 y
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water) or Becquerel per meter cubed.
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Action Guide (4 pCi/L)

Consider Action (2 -4 pCi/L)
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Testing is the only way to know if
you and your family are at risk

T

T
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J




TESTING

Guarantees Proof
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s Radon is measured in picoCuries per liter of air
(pCi/L). While no level of radon exposure is
considered safe, EPA has set an action level at
4 pCi/L.

m |f radon test in a home shows levels at or above
4 pCi/L, the home should be fixed.
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Radon and RDP Sampling Methods

Radon and RDP Monitors
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Devices that measure a single average of the exposure are time integrating detectors.
These can be active (power operated) or passive (no electrical power needed). Passive
integrating-devices-are low costand simple to-operate.

Ex:-Activated charcoal canisters and alpha track detectors.

O

Continuous sampling measures the variation of radon and RDP levels over a period of
time such as half hourly, hourly or 4 hourly over a period of time.
Ex: Alpha scintillation, Pulse Ion Chamber, Silicon Surface Detector

O

This measurement involves collection of representative air sample over a short period
of time such-as 5 minutes. It is essentially an instantaneous measurement indicative of
the concentration level at the time of measurement for diagnostic purpose only.
Measurements are interpreted as relative indicators.

Ex: Continuous monitor

O

Same as grab sampling, but even faster to provide information for pre or post
mitigation. Diagnostics to locate suspected radon entry routes.
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Charcoal detectors

Charcoal detectors use activated carbon to adsorb radon gas by molecular
diffusion in the grains, where it decays into the short-lived RDPs. At the end of
the measurement period the detector is sent to a laboratory to measure the
gamma activity against a calibrated source.

Alpha track detectors

Alpha track detectors Typically consist of a small alpha sensitive plastic chip or
cellulose film. Record the alpha tracks from radon and RDPs from radon that
diffuses through-filter.The density of the tracks is proportional to the radon concentration.

Electret ion chambers

Electret ion chambers detect ions produced by the decay of radon and RDPs.
Radon diffuses into the chamber through filter. Radon decays to RDPs, and RDPs
continue to decay, all emitting alphas, betas and gamma rays. This radiation
causes ionization which is proportional to the radon concentration.

January 11, 2006 TAP 2006: 25
12.091 Session 2B: P. ILA




=

O

=|

A continuous radon monitor (CRM) is an electronic device
that measures the variation in radon levels over time.

Continuous radon monitor collects the radon by either pump
(active) or diffusion (passive). RDPs are filtered out. Alpha
particles from radon and its RDPs are counted.

CRMs are typically three types —
Alpha scintillation,
Pulse ion chamber,
Silicon surface barrier.

Web-Based &Networked Continuous Radon Monitoring in
Real Time with High Sensitivity

Ref: CRPA Bulletin Vol. 23 (2002) 9-11
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Continuous Radon Monitoring
in Real Time with High Sensitivity
Developed at the University of Guelph

for the Sudbury Neutrino Observatory.

P. Jagam and J.J. Simpson
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Estimated Approximate Sources
of Average Radon Concentrations

Outdoor Air 10
Building Materials 2
Soil Potential 55
Water Usage 04
TOTAL 67

Ref. Nazaroff and Nero: p23 Table 1.3
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Dosimetry

m C
m A
m E

narcoal: passive
pha Track: active and passive

ectret: filtered and unfiltered
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Courtesy of Environmental Protection Zone 1 .> 4 pCi/L
Agency; UsA EPA Map of Radon Zones| 7.0 B cin

Zone 3 <2 pCi/L

1 T | B s
=% : 5.
U1 :
‘@ e S _ s e Cl Zone 2

o X~ :

o Ny DN ! - O Zones

D ‘ * o) 1 -
g o T Zoe designation for Puerio Rieo & andsr dovelopment,
: ”»
AP B2 The purpose of e map 5 i assit Natoaal, Stass, and locel omanizations i arpet thelr
# Pt resouDas 400 b implement radon-mesisiant bulkding codss. This map is nol Higndbd b be used

ip celeaTing ¥ & home b & given zone should bo sed for radon. Homas with alevatad el
IMPOATANT : of radon have bogn fourd in & Biee zones. Al homas shouid ba 183 egardiess of

geogrEp docelion.




Nitp=//www.epa.gov/radon/zonemap:ntmi

» Zone 1 counties have a predicted average
indoor radon screening level greater than 4
pCi/L (pico curies per liter) (red zones)

» Zone 2 counties have a predicted average
indoor radon screening level between 2 and
4 pCi/L (orange zones)

»

Courtesy of Environmental Protection Agency, USA.
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Radon Potential of Massachusetts

Courtesy of Environmental Protection Agency, USA.
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EPA National Schools Radon
Survey

Conducted in 1990
927 schools randomly selected

About 1 In 5 schools have at least one room
>4 pCi/L

2.1 of all greund-contact classrooms >4
PCI/L (about: 73,000 classroems)
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Schedule

Normal Occupancy
Lab coordination
Testing Team Availability

Flexibility
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Town Schools Radon Testing 2003

School Test Dates Tests >=4 pCi/L Retests
Jabish Brook 1/6-8/03 52 0 0

High School 1/6-8/03 96 3 8

Chestnut Hill 1/21-23/03 91 0 0
Community

Swift River Elementary ~ 1/21-23/03 87 34 !

Cold Spring 1/27-29/03 33 0 0
Berkshire 1/27-29/03 9 0 0

Tadgell 1/27-29/03 43 1 0

Total 411 38 11 @

Courtesy of Environmental Protection Agency, USA.
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Swift River School - A

Room

A-3

A-11

A-12

Use Rn (pC1/L)

Classroom

Classroom

Classroom

Courtesy of Environmental Protection Agency, USA.
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Occupancy Factor

1 Year = 365 days x 24 hours = 8760 hours
1 School Year = 180 days x 6 hours = 1080 hours

10801/ 8760 = 0.12 = 12%
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VWeighted Average

A person is assumed to occupy various locations at
the following rates; Location 1- 25%, LLocation 2- 25%
& Location 3- 50%. Calculate the Average Exposure.
weight = Rn Conc.
Location 1 25% 9
Location 2 25% 8

Location 3 50% 6

Ave Conc
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Example 1

20 pCi/L at School

6 hours/school day

4 pCi/lL Average
EXposuUre
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Example 2

20 pCi/L at School

6 hours/school day School

41%

6 pCi/L Average

EXposure
Janua : : JAP2006: 12.091
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Example 3

2 pCi/L at School

6 hours/school day

3.6 pCi/L Average

EXposuUre
Janua , 2006: AR 20065 12.091
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Mechanical System Effect

Nursery Oct 5-11, 1990

b o

Saturday, Sunday &
Monday Holiday

===
e

T

30 min cycles

It is well understood that HVAC systems affect radon entry by providing dilution ventilation or influencing the pressure differential across the building

envelope. Most often, it is assumed that HVAC systems reduce indoor radon concentrations. In this slide, the usual assumption is wrong
This day care center, in a public school, contained a nursery where about 6 children less than 1 year of age slept. Note that the weekend, unoccupied
period had lower radon concentrations than the occupied period. The weekday peaks occurred on most days at around noontime. | believe that

the operation of kitchen rangetop ventilators in an adjacent wing are likely suspects in this mystery.
Courtesy of Environmental Protection Agency, USA




Weather Effect

STORAGE 2/22 - 2/26/96
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What Causes IThe Driving Force ?
Wind Effect

Barometric Pressure
Stack Effect - thermal bypasses
Combustion Effect

Mechanical Exhaust VVentilation

Janua . 2006: AP 2006: 12:091
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Mitigation Philosophy - General

Radon mitigation is a professional
level activity

EPA documents provides
appropriate general Guidance

Strict adherence to EPA guidance
should not replace common sense

Janua . 2006: AP 2006: 12:091
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Pressure Driven Flow

Relative Pressure

+
e o

- Janiz s =5 200,
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Occurrence Conclusions

Radon Is a serious health threat !

Elevated Radon Levels have been found in every
State !

Cannot predict which buildings are high

Test All Homes !

> Test All Schools !

Janua . 2006: AP 2006: 12:091
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Radon in drinking water

Health risks of Radon in drinking water

stomach cancer
caused by radon

containing water, 168 cancer deaths / year
11%

lung cancer
breathing in radon
released from
water, 89%

January 11, 2006: IAP 2006: 12.091 Session 2B:
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Radon in drinking water

http:/ /www.epa.gov/safewater/radon/fact.html

= Radon from tap water is a smaller source of radon
in indoor air.

= Only about 1-2 percent of radon in indoor air
comes from drinking water.

= However breathing radon released to air from
household water uses increases the risk of lung
cancer over the course of your lifetime.

January 11, 2006: IAP 2006: 12.091 Session 2B:
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Radon in drinking water

http:/ /www.epa.gov/safewater/radon/fact.html

s EPA is proposing new public health standards for
radon in drinking water. The proposal would provide
two options to States and community water systems for
reducing radon health risks in both drinking water and
indoor air quality, a unigue multimedia framework
authorized in the 1996 Amendments to the Safe Water
Drinking Water Act (SDWA). Information about the
proposed rule and information relating to the status of
the rule can be found
at: www.epa.gov/safewater/radon.html.
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Radon in drinking water ...

= Areport released September 15, 1998, by the National Academy of

Sciences is the most comprehensive accumulation of scientific
data on the public health risks of radon in drinking water. The
report was required by the Safe Drinking Water Act (SDWA). The
NAS report (BEIR VI) issued earlier this year confirmed that radon
is a serious public health threat. This report goes on to refine the
risks of radon in drinking water and confirms that there are
drinking water related cancer deaths, primarily due to lung
cancer. The report, in general, confirms earlier EPA scientific
conclusions and analyses for drinking water, and presents no
major changes to EPA's 1994 risk assessment.

The Office of Ground Water Drinking Water has posted the press
release of "Risk Assessment of Radon in Drinking Water"”. There
is also a link to NAS's Executive Summary on the report (with
initial EPA perspectives)

at: www.epa.gov/OGWDW/radon/nas.htmil.

BEIRVI Report: http://www.epa.gov/radon/beirvi.htmi
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Radon in drinking water ...

s SWDA Safe Drinking Water Act
x CWS Community Water Systems
x SCWS Small community water systems
using ground water or
ground + surface water
serving homes apartments trailer parks
s LCWS Large community water systems

January 11, 2006: IAP 2006: 12.091 Session 2B:
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Radon in drinking water

= Ingestion of drinking water containing radon
also presents a risk of internal organ
cancers, primarily stomach cancer.

= This risk is smaller than the risk of
developing lung cancer from radon released
to air from tap water.

= Based on a second 1999 NAS report on
radon in drinking water, EPA estimates

January 11, 2006: IAP 2006: 12.091 Session 2B:
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Radon in drinking water ...

s MCLG Maximum contaminant level goal

x MCL Maximum contaminant level

s AMCL Alternative maximum contaminant level
= MMM Multi media mitigation

January 11, 2006: IAP 2006: 12.091 Session 2B:
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Radon in drinking water ...

The enforceable MCL or AMCL would apply under the
following circumstances:

Small CWSs: Proposed regulatory expectation for systems
that serve 10,000 or fewer people

yes not needed AMCL: 4000
pCi/L*

>no yes** AMCL: 4000
pCi/L

* Small systems may elect to comply with the MCL of 300 pCi/L
** Small systems may elect to comply with the MCL of 300 pCi/L, instead of
developing a local MMM program.

January 11, 2006: IAP 2006: 12.091 Session 2B:
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Radon in drinking water ...

Large CWSs: Proposed compliance options for systems
that serve more than 10,000 people

Does State develop Does CWS develop CWS Complies with:
MMM program? local MMM program?

yes not needed AMCL: 4000 pCy/L*
no yes AMCL: 4000 pCi/L
no no MCL: 300 pCi/L

* Large systems may elect to comply with the MCL of 300 pCi/L

January 11, 2006: IAP 2006: 12.091 Session 2B:
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Radon Resistant New €Construction

Why should we build homes with radon- resistant
techniques?
They make homes safer from Radon!

These construction techniques, helprblock rademn
iirom: entermg the home. The occupanis waill
benetit firom: lower radon levels mi them new:
home:

They are easy to upgrade when there is a need to increase
the radon reduction.

eneitiziny 2006 AR 2006112209 | 57
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Radon Resistant New Construction

o They are Cost-Effective for Home Buyers

1S more cost-elicctive to mclude radon-resistant techniques
while buildimg a home, rather than mstalling a radon reduction
Systen i an existing home.

1 For Example:

Materials and 1abor costs for Radon-Resistant Techniques vs.
Retrofitting an Existing Home 1S

$350 - $500 vs. $800 - $2.500) (a 128% to. 400%) saving!)
1 They May Improve The Home's Energy-Efficiency

eneitiziny 2006 AR 2006112209 | JJ
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Based on the most recent analysis of annual home builder survey conducted by the National
Association of Home Builders (NAHB) Research Center

Single family detached homes built incorporating the radon-reducing features:

In 2001
65,000 single family detached homes ( 5.8% of 1,124,000 homes built)

30,000 single family detached homes (11.7% of 255,000 homes built in
zone 1)

Cumulative total since 1990

1,000,000 single family detached homes
600,000 single family detached homes built in zone 1

* These results exclude homes built on pier-style foundations

Ferneny 20062 [AP 2006 12091
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Radon

Testing

Short or Long Term

Every frequently occupied

area with ground contact

During occupied period

AP 2006: 12.094
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Summary

| talked about
Radon and radon daughter products (RDPs),
Radon potential map of USA
Radon potential map of Massachusetts
Radon testing
Radon monitors
Radon in drinking water
Radon in indoor and outdoor air
Radon resistant new construction
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“”” Internet key words

radon, radon progeny, decay chain
series, radon potential, radon daughter
products, radon detector, BEIR |V,

BEIR VI
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Health effects of exposure to radon

BEIR VI (Series)

http://www.epa.gov/radon/beirvi.html

Committee on Health Risks of Exposure to Radon,

Board on Radiation Effects Research, Commission on Life Sciences, National Research Council.
Washington, D.C. : National Academy Press, 1999.

ISBN: 0309056454
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Radon and its decay products in indoor air,
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