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ABOUT THIS RESEARGH

This story is based on the FRESH study, a community-engaged project led by the University of Kentucky College of Nursing and
funded by the National Institute of Environmental Health Sciences (RO1ES021502). FRESH stands for Freedom from Radon Expo-
sure and Smoking in the Home.

Radon and tobacco smoke exposure are the two leading causes of lung cancer. More than 220,000 new cases of lung cancer are
diagnosed each year in the United States and Kentucky leads the nation with the largest proportion of new cases each year.
People exposed to radon and tobacco smoke are 10 times more likely to be diagnosed with lung cancer than those who are not
exposed to both. So, while radon is dangerous to everyone, it is even more dangerous to people who also inhale tobacco smoke.

Our story introduces readers to the combined risks of radon and tobacco smoke through the experiences of a small family with an
asthmatic daughter. We also emphasize the importance of geology in understanding the origin and movement of radon, a com-
pletely natural radioactive gas, into buildings.

The good news is that many cases of lung cancer can be prevented by simply eliminating tobacco smoke and radon inside homes
and other buildings. During the FRESH study, we found that offering free radon and tobacco smoke test kits in healthcare settings
and providing personalized radon test results to each homeowner increases radon testing and mitigation. Our fictional family’s
behavior and actions as they seek to reduce radon levels within their home provides a general model that you can adapt and

follow in your own home.

Because radon gas cannot be seen, smelled, or tasted, it is essential to test your home and know your level.
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AH, YES! SECTOR
3884 15 RICH WITH
URANIUM, THORIUM, AND
RADIUM-THIS WILL GENERATE
A LOT OF RADONI THOSE
TROUBLESOME HUMANS
WON'T KNOW WHAT

HIT THEm... [

LEX, I'D
LIKE TO TAKE
A CLOSER LOOK
AT SECTOR
3884,

ABSOLUTELY,
DR. RAY-DON. PLEASE
STANDBY...

OOM IN
HERE?...THEY'RE
GETTING READY
TO DECAY! [2]

’ THEY NEED TO GET TO THE
“THERE |° . ” 6 SURFACE AND IN THE HOME WITHIN
THEY GO!” . THE NEXT FEW DAYS SO THOSE
1 3 . 1 PESKY HUMANS WILL BREATHE THEM
N IN BEFORE THEY DECAY AGAIN.

Radon is a naturally occurring radioactive gas that is produced during the breakdown of uranium, thorium, and radium within soil, rocks,
and water (NCEH, 2020).

During radioactive decay, unstable atoms change from one type of element into another (TPT, 2020).
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oy WE MUST
WATCH THEIR
A\ PROGRESS. D

SUCCESS!
RADON GAS
ENTERED THEIR
HOME! THEY CAN'T
ESCAPE!

Chemical elements make up everything around us. Most are stable (they do not change) and happy, while others are unstable and change over time.
These unstable elements, like uranium, thorium, and radium, are radioactive. Tiny particles and energy (“radiation”) fly out of radioactive elements,
causing them to change into a different element with different radioactive properties (ATSDR, 2012).

Radon levels naturally vary depending on where you live (geographic area) and the local geology. In Kentucky, you can check the estimated

radon values for your area at https://www.uky.edu/KGS/radon/ (KGS, 2020).
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MEANWHILE.... p=g- &

HAAAA, \
HAHAHA/
B\ HAAA/

HURRAY/
WE MADE

WHOAAA! IT'S
HAPPENING/

Once radon is produced, the gas moves through the soil, into the air and/or dissolves into water (US EPA, 2016a).
6] Radon enters all buildings, regardless of age or construction material, through openings and cracks in foundations, floors, walls, windows
or around pipes (US EPA, 2016a).




7 HEY GUYS- WELCOME N
LOOK WHO TO THE PARTY!

(T iS! 7] CARE TO JOIN

| SOMEONE
NEED HER
INHALER?

1..2...3!
BLOW THEM
ouT!

IT LOOKS LIKE
YOUR INHALER 15
ALMOST EMPTY. TLL GO |
TO THE PHARMACY
FIRST THING
TOMORROW.

M
U\
)3
&a‘

.

@%ﬁ

W77

T 4177/

!

7! Radon is a known cause of human lung cancer. There is no safe level of radon.



HELLO! I AM SUSAN SMART FROM THE
UNIVERSITY. WHILE YOU'RE WAITING, CAN
I TELL YOU ABOUT OUR RESEARCH ON
RADON AND TOBACCO
SMOKE IN HOMES? (8]

SURE! T'VE
NEVER HEARD
OF RADON...

RADON |5 A GAS
THAT YOU CAN'T SEE,
SMELL OR TASTE. AFTER
SMOKING, RADON 15 THE
2ZND LEADING CAUSE

OF LUNG CANCER. 1a1_/D\

IDIDN'T
KNOW RADON
COULD HURT

MY FAMILY!
N

DO YOU WANT
TO LEARN MORE
ABOUT OUR
STUDY?

AND KIT. TEST
WILL MEASURE
RADON WHILE KIT
WILL SEE HOW MUCH
TOBACCO SMOKE
15 IN YOUR
HOME. [10]

cooL!
ARE WE GOING
TO TAKE THEM

HOME?

a
(5% <
= 3
1 WY
(8]
DON'T
OPEN THEM
‘TIL YOU'RE HOME
AND READY TO
TEST!

#] Tobacco smoke and radon are the 2 leading causes of lung cancer, and exposure to both heightens the likelihood of getting the disease (Hahn et al., 2019).
o] The only way to know if you are being exposed to radon is to test for the gas using commercially available test kits or handheld electronic
monitors (US EPA, 2016a).
Passive nicotine samplers are typically only available through research studies and are not commercially available.



WELL, WELL,
WELL, WHO DO WE
HAVE HERE?

DIP YOU
GET MORE
GIFTS?

L
POT ANaY THE :

GROCERIES. /W /NS WE MET A RESEARCHER
. et P AT THE PHARMACY WHO'S

DOING RESEARCH ABOUT

RADON AND TOBACCO SMOKE

IN THE HOME. THIS IS TEST

AND KIT-THEY'RE GOING

TO HELP US.

HAl LOOK
WHO'S IN T
DRAWER/

NO,
WE JUST
NEED TO BE
PATIENT.

11] Radon absorbs onto dust and other particles such as tobacco smoke in buildings. This increases our risk of exposure (ATSDR, 2012).
*Anyone* can be exposed to radon - there is no safe level of radon exposure.



DO YOU I DON'T
SMELL THAT? SMELL ANY-
THAT SMOKY THING!

ODOR?

"~

AHHH. ..
THIS IS THE
LIFE!

T WANNA SUSAN SAID TOBACCO )
WATCH SMOKE CAN BE ESPECIALLY
CARTOONS! i DANGEROUS IF THERE 15 RADON

IN THE HOUSE. HONEY, I THINK
WE SHOULD USE THOSE KITS
IN THE DRAWER. [13]

HERE-SMELL THIS...

WE SHOULD HAVE ASKED
PEOPLE TO SMOKE OUTSIDE AT
TINA'S BIRTHDAY PARTY. THE TOBACCO
SMOKE |15 PROBABLY IRRITATING
TINA'S ASTHMA.

THEM! GREAT
IDEA!

ARE YOU
TWO READY

I FORGOT
YOU TWO WERE
IN HERE... [14]

Most radon exposure takes place at home (Miles, 2004).
.1 The short-term radon test kits will not expire as long as the plastic bag is not opened (First Alert, 2020).
151 When deploying test kits within the home, pick a regularly used room. Place the kit on a surface at least 20 inches above the floor, where it
will not be disturbed (US EPA, 2016a). Learn more at: https://standards.aarst.org/MAH-2019/index.html.



M1
SUPPOSED TO
BE SCARED?

IS SHE SO

L!KEITEI%N;FAME =
ANYMORE!? STRONG!?

WHEN
ARE THEY
LEAVING?

READY TO BE
PACKAGED AND
SENT TO THE
LAB! (171

NOT SOON
ENOUGH!

TEST IS GOING TO A LAB IN TEXAS,

SO WE KNOW HOW MUCH RADON 15 IN

OUR HOME. KIT WILL GO TO MARYLAND
TO SEE HOW MUCH SECONDHAND

SMOKE WE HAVE. [12]
BYE,
TEST! BYE,
KIT! HAVE A
SAFE TRIP!

é‘*

When testing for radon in your home, do not place the kit in hallways or closets, rooms with high humidity (kitchens, bathrooms), or near a draft (US

EPA, 2016a).
To learn more about selectinﬁ the best location to monitor tobacco exposure within your home, check out: http://www.shsmonitoring.org/ (JHU, 2020).
1] Exposure to secondhand smoke can be determined by measuring concentrations of air nicotine and other particles that can penetrate deep into the lungs

(JHU, 2020).
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Hl, THIS 1S SUSAN WITH THE
COLLEGE OF NURSING. 1 HAVE
YOUR RESULTS. YOUR RADON LEVEL
1S 6.1 PICOCURIES PER LITER. THIS 1S
ABOVE THE U5 EPA’S ACTION LEVEL
OF 4.0 PICOCURIES PER LITER. WE
SUGGEST THAT YOU MITIGATE
YOUR HOME. [14]

)

AFTER WE INHALE
RADON, IT CONTINUES
TO EMIT RADIATION AND
DECAYS INTO OTHER
HARMFUL ELEMENTS,
DAMAGING LUNG
TISSUE. [20]

A

THIS SOUNDS
EXPENSIVE. LET'S
JUST CALL UNCLE

JOSE. HE'S A

HANDYMAN.

WE RECOMMEND
YOU CALL A CERTIFIED
RADON MITIGATOR. THEY
ARE SPECIALLY TRAINED
TO INSTALL A MITIGATION
SYSTEM IN YOUR
HOME.

A\

\‘

pSST/ W
WHAT'S SHE ko
SAYING? L€

YOUR HOME ALSO
HAD A HIGH LEVEL OF
IR NICOTINE. THERE ARE
NO SAFE LEVELS OF
TOBACCO SMOKE. WE
URGE YOU TO MAKE A
“NO SMOKING” RULE
FOR YOUR HOME.

FROM NOW \
ON, NO SMOKING
IN OR CLOSE
TO THE HOUSE-
RIGHT?

S
MENTIONED A
FREE QUIT LINE AT
1—8OO~[Q2|.1J]IT-NOW,

The radioactivity of radon is measured in “picocuries”(pCi). If the radon level in your home is 4.0 pCi/L or greater, contact your local health
department or visit the KY Radon Program (KY DPH, 2017). Additional resources are also available at: https://www.uky.edu/breathe/ (UK-CON, 2020)

The lower the radon level in your home, the lower your family’s risk of developing lung cancer (US EPA, 2016b).
[21] If you, or someone you care about, wants to quit smoking, https://smokefree.gov/ can help (NCI, 2020)!

BOOOOO!




WOW! THAT RADON LEVEL IS PRETTY
HIGH. DON'T WORRY!. AS A CERTIFIED RADON
MITIGATION TECHNICIAN, I AM TRAINED TO
FIX YOUR RADON PROBLEM. [22Z]

MITIGATION

corti o
Radon rogram

1 SAW THE “NO SMOKING” SIGN IN THIS WAS
YOUR YARD-THAT'S GOOD! BREATHING NOT PART OF OUR
RADON |5 HARMFUL FOR EVERYONE MISSION/
BUT MORE RISKY WHEN ALSO
BREATHING TOBACCO SMOKE. 2
)

I'D LIKE
I WISH THAT VIS 8 p montter THROUGR TE
MITIGATION GUY " inspect OUS® o MITIGATION
WOULD STOP || rinnotes &€ PROCESS...
TALKING/ ) [23]

DR. RAY-DON
IS NOT GOING TO
BE HAPPY WHEN

HEY GUYS,
CHECK THIS
ouT!

[22] Always select a certified mitigation professional to help you reduce radon.
[23] The US EPA provides a “Consumer’s Guide to Radon Reduction” to help guide you through the process of fixing your home (US EPA, 2016b).




T TNAVSE

Hm BASED ON OUR
= /' MEASUREMENTS OVER THE
2)~ [ _PAST WEEK, THE RADON WAS
| 5.8 PICOCURIES PER LITER. WE
RECOMMEND YOU INSTALL A
“5UB SLAB” MITIGATION
SYSTEM. [24]

RADON
¥ MITIGATION|
o Tt S) SYSTEM
> L B

I'M ALMOST
DONE! THIS ROUND
PART IS THE FAN-IT
SUCKS RADON GAS FROM
BELOW YOUR HOME TO
THE OUTDOORS-RIGHT
ABOVE YOUR
ROOF. [25]

ALL DONE! T'LL
RETURN IN Z WEEKS
TO MAKE SURE THE

MITIGATION SYSTEM 1S
WORKING AS IT SHOULD.

JIWEEKS,

/ GREAT NEWS! THE \
MITIGATION SYSTEM 1S WORKING

‘ YOU'VE MADE
A GREAT INVESTMENT
IN YOUR FAMILY'S HEALTH.

BE SURE TO CHECK YOUR
RADON LEVELS EVERY

KEEP YOUR EYE ON THE
PRESSURE DEVICE IN THE
BASEMENT TO MAKE
SURE YOUR SYSTEM
15 WORKING
PROPERLY.

GREAT AND THE RADON LEVELS
IN YOUR LIVING ROOM WERE
LESS THAN Z PICOCURIES
PER LITER TODAY!

TWO YEARS. [26]
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BBBYYYEEEE!

[241 A “sub slab” radon mitigation system is the most common and usually the most reliable radon reduction method (US EPA, 2016b).
| NEVER turn the fan off - it must run continuously for the mitigation system to work correctly (US EPA, 2016b).
6] All mitigation systems need occasional maintenance; discuss your system’s requirements with a professional (US EPA, 2016b).



I RAN INTO
JULIE TODAY AT
THE GROCERY STORE.
SHE WANTS TO TALK TO
Us ABOUT TESTING
HER HOME FOR
RADON.

UNACCEPTABLE! WE
MUST DO BETTER! WE
NEED TO DEVELOP A
CAMPAIGN TO ATTRACT
NEW SMOKERS!

FEWER AND
FEWER PEOPLE
ARE SMOKING
TOBACCO, AND WE
KEEP LOSING
MONEY.

MEANWHILEZAN
PLACE, ANOTHER

T N
SIR, THE ' THEM UP ON
RADIUM ATOMS  \O A THE SCREEN,
IN SECTION 3782 PLEASE.
SHOULD START TO
PECAY ANY MINUTE
\ NOW.

&4




GAST OF CHARACGTERS

Mom

Loving, level-headed, and decisive:
her family’s well-being is her top
priority, and she leads by example

Dr. Ray-Don

Brilliant scientist, tactical
wizard, commander of radon
minions, and arch enemy of
the lungs

Susan Smart

Public health researcher and
advocate, passionate about
reducing environmental
risks for lung cancer,
community leader

'@ £
3

Tina

Bright, confident, and curious; loves
science and playing with Legos. She is
empathetic and has a gentle

personality

Yoy

itd

Radon Minions

Odorless, tasteless, and colorless,
radon minions cause widespread
destruction by inflicting damage to

DNA, cells, and/or tissue in

individuals. Minions are loyal to Dr.
Ray-Don and committed to causing

lung cancer

Test

Don't be fooled by his easy-going
nature: steadfast and
committed, he poses a serious
threat to the radon minions and
is determined to help defend
humans against radon

Dad

Smokey

Owner of the tobacco
company “Slick Synergy”.

An extravagant
mastermind, he is

desperate to revitalize the

tobacco industry and

increase cigarette sales

Kit

A Grey Band's worst
nightmare. Patient, spunky
and incredibly strong, she
hangs from high places,
looking for Grey Bands

Laid-back, protective and,
sometimes, a bit stubborn.
He is devoted to his family

Grey Bands

Loyal to Smokey, these
wisecracking jokesters

love to socialize and
hang out, but can also
display a mean streak

Radon Mitigation Expert

Expert in reducing radon
exposure in homes, friendly
and approachable, loves
problem-solving



GAST OF CHARAGTERS

CHEMICAL CHARACTERS

Uranium (U)

X Radium (Ra)>
Thorium (Th) @ Radium (Ra) C© R:d:)unln(;n?) @

Polonium (Po)~>

Radon (Rn) ‘ Radium (Ra) Polonium (Po)
@ Polonium (Po) @ Lead (Pb)

Legend

Lead (Pb Lead (Pb)> : h (Bi
e @ Bismuth (Bi) B (\@ - "Decaying into"
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