Why view these Radon slides?

x Protect your family’s health

x Learn how to do a radon test

x Understand the science |

x Learn about mitigation methods

x Be informed
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Introduction to Radon &
Radioactivity
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A Simple Model of an Atom

An atomis composeaf:

a Nucleusin the Centerof the Atom
whichis composeof:
o Protonsande Neutrons
Orbiting aroundthe Nucleusare:

» Electrons
Thepositivechargeof the protons
holdsthe negativelycharged
electronsn orbit

If the nucleus was the size of a baseball, the electrons, the size of
a dust particle, would be a hundred yards to a mile away !
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Radioactivity means an atom occasionally
gives off energy or a particle

Theenergyemission
IS calleda
radioactivedecay

Beta emission

Alpha Alpha particlehas
Srtisslien 2 proton’s& 2 neutrons

Radioactivedecaychangeshe proton
countof thenucleus

emission

/‘ CEmIE The numberof protons

Atomic Number

Atomic Weightis thetotal countof definesthe elementlead,bismuth,etc)

rotonsandneutrongan thenucleus ]
P © WPB slideshow




Penetrating Power of
Alpha - Beta — Gamma

Paper Book Concrete

An alphaparticleis 20 timesmoredamaging

But it travelstheleastdistance(only afewinches) ¢ \eg sideshow




Radioactive Elements are identified by:

the Energy - the Decay Rate
given off ( Half Life )

1 2 3 4
half life EURNES EURNES EURNES

- 2 0 B

50% 25% 12.5% 6.3%
remaining remaining remaining remaining

Half life is the amount of time required for

half the elementto decay.
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Half of the Uranium 238 has decayed away
since the earth was formed 4 billion years ago

Uranium238 (4 Billion yrs)
’ Thehalf life of

Radium226 (1620yrs) eachelement

IS listedin
’ thebrackets

Radon222 (3.8days)

g RadonDecayProduct#

Polonium218 (3 min) Polonium214( u sec
v . S
Bismuth214 (20 min

v
Lead210(20yrs)
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All the elements In the decay chain
of Uranium 238 are solid particles
except Radon

Radon Is a NOBLE GAS

Which means It does not
stick or cling to anything and It IS:

Naturally Occurring
Colorless, Odorless, Tasteless
and free to float through the soll

and up into our homes before

it decays into radon decay products
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Radon is measured in pCi/L units

Pico Is a Trillionth
Curie comes from Madame Curie

Madame Curie discovered
a gram of radium produce
37 billion decays per second

One PicoCurie or a trillionth
of a curie equals
2.22 decays per minute

A oneliter jar
with 4 pCi/L has:

10
radon
decays
per
minute
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How little 1s 4 pCi/LL 2

One Cubic
Inch Box

If 10 million molecules per
second was escaping, it would
take 1 million years to empty
this box

Only 2500radonatoms
areneededo reach
4 pCi/L In this
onecubicinch box

© WPB slideshow




Characteristics of Short Lived
Radon Decay Products (RDPs)

Polonium218 (3 min) & Polonium214( u se

\ 4 Bismuth214 (20 min

\

Lead214 (27 min)

Theyaresticky particles
Two Polonium’semit Alpha Particles

20 timesmoredangeroushanRadon

Measuredn unitsof WL (working level)
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Radon Decay Products released from
the decay of Radon are measured
In units of WL

Some RDPsescape
/\ to the outside
0.02WL 0.01WL

i N
About Y2the RDPs
0.04WL remain in the air

™

_——

SomeRDPsstick
to objects 4.0pCi/L

In the room
-

4.0 pCi/l producesabout 0.02WL in the air
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Health Affects
from Radon & Radon'becay
Products

K
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History of Radon

Undergroundninersweredying
from anunknownlung disease

Lung Canceffirst identified
In Europeamminers

Connectiommadebetween
Lung CancerandRDPs

Extremelyhigh radonfound
In Pennsylvanidaome(2700pCi/L)

BEIR VI saysaboutl8,500Americans
die eachyearfrom exposurdo radon
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The Radon Decay Products (RDP’s) produced by
radon are the primary health risk?

° Uﬁaotta:ched Most dangerous

Attachedto

solid objects No risk

Attached 2
to&AerqosoIs
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Alpha emissions from Radon and
Radon Decay Products damage Lung Cells

Doublestrand
DNA canbesplit by

An alpha analphaparticle
particle

striking the
cellcan A LungCaell
causdree struckby an
radicals alphaparticle
to be will:
formed Die or

in the :
cell Heal itself  or

fluid becomeCancerous
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This Is a micro-scope view of plastic that has
been struck multiple times by alpha particles
from radon and radon decay products

Photoby Dr. Jim Burkhart

Thiskind of
damages
whatyour

lungsreceive

from exposurdo
radon
and
radondecayproducts
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Radon risk is best determined by
actual people studies

Miner Studies

Scientistsbelievethe miner studiesprovide the best
determination of radon risk becauseof the number of miners
exposedo radon eventhough miners are mostly male
smokersexposedo other pollutants

CaseControl Studies

This is the besttype of study but expensivebecausat requires
a large carefully sampledgroup of lung cancerpatients
and a similar group who do not havelung cancer

Geographic Studies

Studying the lung cancerrate by areais not considereda good study
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1988 BEIR IV study of 22,190
miners with 360 Lung Cancers

Lifetime Expected Observed
average lung lung
pCi/L cancer cancer

0 17 21 No change
1-2 39 46 No change
2-5 19 41 Double
5-10 13 40 Triple
10-20 39 3.5times
36-96 66 Fourtimes

96-200 45 Ninetimes

Relative
Increase

Notice that lung cancerrates doubled when miners were
exposedo the equivalentof 2to 5 pCi/l over a lifetime
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‘94 Swedish Case Control Study.

1360Swedeswith lung cancer.
2847 Swedeswithout lung cancer

Averaged?27yearsof Lived-in Radon measurements
Lessthan 4 pCi/L average = no excessgung cancer
4to 10 pCi/L average = 30% increasedlung cancer
Greater than 10 pCi/L average = 80% increasedlung cancer
Sleepingwith windows open = no excessung cancer
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Lung Canceris theleadingcauseof Cancerdeaths

164,000 new cases of Lung Cancer in 2000.
There hasbeena dramatic increaseof Lung Cancerin Woman

Lung Cancersymptomsre sogeneralthat 75%of thetime
It hasspreadto other organsbythetimeit is detected

Only 15% of lung cancervictims survive 5 years

Radon causes Lung Cancer for 16,000 smokers
and 2500 non-smokers per year.

Radon is responsible for 22% of non-smoker lung cancer

2"d hand Smokecauses3000deaths/yr and Asbestos2000/yr

26% of the population smokes - 90% would like to quit but can’t
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Carcinogen Ratings

( demonstratedancercausing) asbestos
tobaccosmoke, benzene, RADON

( probablecancercausing) DDT,
alar, PCB,chewingtobaccocholesterol

( Inadequatevidence
saccharin

- ( limited animalevidence
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There are Four Factors necessary for
a “Class A” carcinogen rating and
Radon has all of them

x PhysicalModel of howit happens
(alphadamageo lung cells)
Animal studiesshowinganeffect
(animalsexposedo radonhada higherrateof lung cancer)
Occupationabr Residentiabtudies
(minerstudiesandcasecontrol studiesshowa connection)
Opportunitiedor exposure

(moretime spentindoorswith housesealedup)
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EPA has calculated how many many
people would die of lung cancer If:

260die out
of 1000

Numberof 120
peoplewho
would die of
lung cancer
If a1000
of them
wereexposed
to these
amountsof
radon

for alifetime 1.3 2 4 3 20 pCi/l

Averageradonconcentratiorovera lifetime

100

Non-Smoker’srisk B

Smoker’srisk W
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Comparison to other causes of Death

BEIR VI saysradonmay cause23% of

all nonsmokerdung cancers

AN

non-smokers

smokers

Drunk — padon . Fires  Airline crashes
driving Drowning
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Comparison of estimated deaths annually per
100,000 persons for different causes

Heart Attack

20 pCi/L in Home

Motor Vehicle Accident

4 pCi/L in Home

All Accidents in Home
Murder

Suicide

All Occupational Hazards
1.3 pCi/L in Home
Drownings

Poisons

Firearms Accidents

0 50 100 150

Jacobsen;1990,University of Michigan
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Sources of Radiation Exposure to
the U.S. Population

Radonexposuras basedn anaverage
Indoorexposureof 1.3 pCi/L

Medical X-Rays
 11%

___ Other
1%

~ Internal
11%

NuclearMedlcme
4%

ConsumeProducts
Cosmic Terrestrlal 3%

8% 8%

Radonis by far
thegreatest

singlesourceof
radiationto the
generabublic.
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These Organizations consider
Radon to be Dangerous

American Lung Association

American Medical Association

Environmental Protection Agency

National Academyof Sciences

US. SurgeonGeneral

American Cancer Society
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EPA and Surgeon General
recommend that everyone
test their home for radon

If your home
Is above 4 pCi/L, Fix It
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Radon Entry &
Behavior

Averageoutdoor
radonin theUS s
about0.4 pCi/L

Radium

What causes
radon to vary in
vacant & occupied houses

Averageindoor
radonin theUS s
aboutl.3 pCi/L

Uranium

© WPB slideshow




Radon gets inte our homes

In several ways

e -

Emanation
2-5%

Soil gas
85-97%

Diffusion
1-4%

L1
N N
Radiumin the Soill
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Warm air escapes out the top ofi our homes in
the heating season (stack effect)

/Kventa-ridge
;_//// A( < « roofventilator
¢ -

Heated

openings
Air P J

26+

Gaswater
N\ heater

/

’ Rising \ ~N

The escaping
warm air creates
negative house
pressure in the
lowest levell of
the house

TThe negative house
pressure araws in
raden laden soil gas
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A drafty house can still have radon

Drafty housesan Outdoor
havestrong air
L7

NegativePressure
whichinduces
soll gasentryas

well asoutdoorair

—/_’-/

Negative
house
pressure

Thereis no correlationbetweermouseageor

houseventilationlevelsandradonlevels |
© WPB slideshow




Indoor Radon Levels
depend on these factors:

Building
VentilationRate

Building to Soll
pressuralifference

[+
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There can be large variations
In radon levels in the soll

12,664

663

These were actual

radon levels
771194 measured in the

soil around a home
in NJ

89 | 100 © WPB slideshow




Houses act like
Soill Vacuum Cleaners Warmair

escapesutthe
top of thehouse

/ﬂ:nta—ridge Mechanical
1~ « roofventilator equipment
/ exhaustsir
f'
SO

Tight walls
keeps
pollutants
Inside

fising bathroom Mosthouses
heateda - downdraft haveno

alr rangeexhaust achanical
»

outdoorair
}centralvacuum

! i’ s supply
gaSV\;]aetZtr or Waterproofed )
T| \ *~ foundation

v\‘
\ ~
— oD,

canaldrain © WPB slideshow




Common household appliances can
cause negative pressures inside a home

Typical exhaust

Alir tight woodstove 30 cfm
Combustiormppliance 20— 70cfm
BathroomFan 25—-90cfm

ClothesDryer 100cfm
WoodFireplace 170cfm

Downdraftrangeexhaust 300—400cfm

cfmis airflow in cubicfeetperminute © WPB slideshow
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