Introduction
Lung cancer's very high associated mortality rate is even more tragic because a significant portion of

A PHYSICIAN'S GUIDE
TO RADON
This booklet on rodon hos
been developed for physicians
by the U.S. Environmental
Protection Agency in consultation
with the American Medical
Association (AMA). Its purpose is
to enlist physicians in the notion-

al effort to inform the American
public about the serious health
risk posed by indoor radon gos.

lung cancer is preventable. While smoking remains the number one cause of lung cancer, radon presents
a significant second risk facto r. That is why, in addition to encouraging patients to stop smoking, it is
important for physicians to inquire about and encourage patients to test for radon levels in their homes.
One way to do th is is fo r physicans to join those health care professionals and organizations who have
begun to include questions about t.he radon level in patients' homes on standardized patient history
forms.
Because the public views physicians as advisors on health and prevention of disease, physicians are in
a unique position to play a vital role in informing the public about the common and serious risk of
radon, and in educating their patients in testing procedures and remediation methods fo r correcting
elevated indoor radon levels, thereby helping to reduce the number of lung cancer deaths.
Free radon information materials (posters, pamphlets, videos) are available from your state radon
office (see page 16) to assist you in educating your patients about radon.
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Executive Summary
ACCORDING TO THE
OFFICE OF THE
SURGEON GENERAL:
Indoor radon gos is a serious
health problem in our notion that
con be addressed by individual
action. Unless people become
aware of the danger radon
poses, they will not act. Millions
of homes ore estimated to hove
elevated radon levels. Fortun·
otely, the solution to this problem
is stroight·forword. Like the hoz·

ards from smoking, the health
risks of radon con be reduced.

~on Causes Thousand~ of Preventable
Lung Cancer Deaths Each Year

Raclon is Easy lo Detect
and Reduce in a Home

Each year in the United States exposure to indoor
radon gas causes thousands of preventable lung cancer deaths. In fact. the Surgeon General has warned
that radon is the second leading cause of lung cancer
in the United States. Extensive epidemiological evidence rrom sLUdies of underground miners, complemented by animal data, indicates that radon causes
lung cancer in both smoke rs and nonsmokers,
although malignancy is especially likely to occur in
cigarette smokers. Exposure to both smoking and
radon greatly enhances the risk of lung cancer. The
carcinogenicity of radon is supported by a consensus
of opinion among national and international health
organizations. By informing-patients about the health
risk posed by raclon exposure and providing practical
advice about ration testing and mitigation, physicians
can have a tremenclous positive impact on lhe national effort to prevent radon-induced lung cancer.

The danger posed by radon can be detected rather
easily through inexpensive do-it-yourself testing or
through a trained radon contractor. Radon test kt!$
can be purchased by mail order or in hardware stores
and other retail outlets. Because of the serious health
ri s k posed by radon, the U.S. Environmental
Protection Agency (EPA) recommends that all homes
be tested for radon below the third noor.
If an elevated radon level is discovered in a home, 1t
can be corrected. It is recommended that a confirmed
radon leve l of 4 picocuries per liter (pCi/L) of air or
higher be reduced to decrease the risk of developing
lung cancer. The cost of radon mitigation in a typical
home ranges from about $500 to about $2,500. Your
state radon information office (see page 16) can provide general advice about radon testing and mitigation, as well as specific information about qualified
radon contractors in your state.
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RADON DEATHS
EACH YEAR
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·Radon is estimated lo cause about
14,000 deaths per year-however, this
number could range from 7,000 lo
30,000 deaths per year. The numbers
of deaths from other causes are taken
from the 1990 National Safety
Council reports.
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"Physicians are often the only science
professional know n to their patients and
are almost always a trusted source of
i,iformation about science in general and
health in particular. Raaon does increase
the risk of lung cancer, and physicians
have an obligation to educate their
patients about the health risk
associated w ith radon. "

5000

Jerod M. Loeb, Assistant Vice-President ror Science, Technology and
Public Health of the American Medical Association
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Airline Crashes

What is Radon?
Radon-222 is a radioactive gas released during the
natural decay of thorium and uranium, which are
common, naturally occurring elements found in varying amounts in rock and soil. Odorless, invisible, and
without taste, r adon canno1 be detected with the
human senses.

Racton-222 drcays into radioactive elements, two of
which- polonium-218 and polonium-214-emit alpha
particles, which are highly effective in damaging lung
tissues. These alpha-emit I ing radon decay products
have been implicated in a causal relationship with
lung cancer in humans.

Characteristics and Sources of Radon
Outdoors, where it is diluted to low concentrations
in the air, raclon poses signi ficantly less risk than
indoors. In the indoor air envi ronment, however.
radon can accumulate to significant levels. The magnitude of radon concentration indoors depends primarily on a building's construction and the amount of
radon in the underlying soil. The soil composition
under and around a house affects radon levels ancl
1he ease with which radon migrates toward a house.
Normal pressure differences between the house and
rhe soil can create a slight vacuum in the home that
can draw raclon gas from the soil into the building.
Radon gas can enter a home- from the soil through
cracks in concrete floors and walls, floor drains, sump
pumps, construction joinls, and tiny cracks or pores
i11 hollow-block walls. R.adon levels arc generally highest in basemems and ground filoor rooms that are in
contact with the soil. Factors such as the design, construction, and vemi lalion or the home affect the pathways and forces t hat can draw radon indoors.
Another sou rce of radon indoors may be air released
by well water during showering and other household
activities. Compared to radon ente ring the home
through soil, radon C'nlering the home through water
will in most cases be a small sou rce of risk.

HOW RADON
ENTERS YOUR HOUSE

A Cracks in concrete slobs
B Spaces behind brick veneer wells that
rest on uncapped hollow·block
foundation

C Pores and crocks in concrete blocks
D Floor·woll joints
E Exposed soil, as in a sump

F Weeping (droinl tile, if drained to open
sump
G Mortar joints
H loose fitting pipe penetrations

I OrPen tops of block walls

J Building materials such as some rocks

K Water (from some wells)

The Health Risk
How does Radon Induce Cancer?

What is the Evidence?

If inhaled, radon decay products (polonium-218 and
polonium-214, solid form) , unattached or attached to
the surface of aerosols, dusts , and smoke particles,
become deeply lodged or Lrapped in the lungs, where
they can radiate and penetrate the c:clls of mucous
me mbranes, bronchi, and other pulmonary tissues.
The ionizing raruation energy affecting the bronchial
e pithe lial cells is believed to initiate the process of
carcinogenesis. Although radon-related lw1g cancers
are mainly seen in the upper airways, radon increases
the incidence of all histological t)1>es of Jung cancer,
including small cell carcinoma, adcnorarcinoma, and
squamous cell carcinoma. Lung cancer clue lo inhalation or radon decay products constitutes the only
known ris k associated with radon. In studies done on
miners, variables such as age, du ration of exposure,
time s ince initiation of exposw-e, and especially th<'
use of tobacco have been found to inOuence in<iividual risk. In fact, the use of tobacco multiplies the risk
of radon-induced lung cancer enormously.

More is known about the health risk of radon exposw-e to humans than about most other human card11og<'ns. This knowledge is based 011 extensive epidemiolog1ral studies of thousands of underground
miners, carried out over more than 50 years worldwide, incl uding miners in the United States and
Canada. In addition to Lhe miner data, experimental
exposures of animals confirm that radon and its
decay products can cause lung cancer.
The research on lung cancer mortality in mine rs
exposed to radon progeny is substantial and consistent. Studies of thousands of mine rs, some with follow-up penods of 30 years and more, have been conducted in metal, fluorspar, shale, and uranium mines
in tlw l ' rtited States, Canada, Australia, China, and
Europe. These studies have consistently shown

an increase in lung cancer occ urre nce with
exposure to radon de cay products, despite differe11c<'S

in study populations and methodologies.

The miner studies producl'd some interesting findings.

• At equal cumulative exposurrs, low exposures in
thr range of EPA's 4 pCi/L action level over
longer periods produced greater lung cancer risk
than high exposures over short periods.
• Increased lung cancer risk with radon exposw·e
has been observed even after controlling for, or in
the absence of, other minl' exposures such as
asbestos, silica, diesel fum<'s, arsenic, chromium,
nickel, and ore dust.
• Increased lung cancer risk has been observed in
miners aL relatively low cumulative exposures in
the range of EPA's 4 pCi/L action level (Sevc
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Kunz, Tomasik et al, Health Physics 54(1) :27-46, 1988;
Mulles Wheeler et al, Proceedings o f International
Conf er ence on Occupat i on Radia ti o n Sa fety i n
Mining, Vol. I , Canadian Nuclear Associat ion; Radford
and St. Clair Re nar d, N ew England J ournal of
M r dfoine 3 10(23): 1485-1494 , 1984; Woodward, Roder
e l al, "Cancer Causes and Control" 2:2 l:3-220. 199 1).

• Nonsmoking miners ex posed to radon have been
observed to have an increased risk of lung cancer.

The fol{ou•i1tg table lists seMn of /he major epidem iological studies of undergroimd miners aucl
their reporled relal i1.'e risk coefficir>11fs.

Average
Exposure

Relative Risk
Coefficient

(WLM)0

(%/ WLMr

313

Thomas et al 1985

226

l.92
l.5

Ontario Uranium
Miners

40-90

0.5-1 3
1.4c

Muller 1984
NAS 1988

New Mexico Uranium
Miners

11 1.4

1.8

Samet et al. l 991

Swedish Iron Mine rs
(Malmberget)

81.4

3.6
1,4c

Radford & St. Clair Renard 1984
NAS 1988

Colorado Plateau
Uranium Miners

834

.45
06'

Thomas et al. 1985
NAS 1988

Eldorado (Beaverlodge)
Uranium Miners

20.2

3.28
2.6c

Howe et al. 1986
NAS 1988

382.2

0.9

Morrison et al. 1988

Study Population

Csech Uranium Miners

Newfoundland
Fluorospar Miners

Reference s

Sevc et al. l 988

· rhe rutceu relot,ve uslt coelt,ec,ent usod ,n EPA', m~ osseurn<1nl (I 3'./WLMI is •hot de11ved by rhe NAS BEIR IV mpo11 bosed on rheor onolys,, of srud,e, ol underground m1nof\
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a Working level month (WIM} is the
cumulative exposure equivalent to
one working level {WL) for a working
month ( 170 hours). A WL is any combination of short-lived radon dough ·
ters in one liter of air that will result in
the emission of 1.3 x 105 MeV of
potential alpha energy. A home
exposure of 4 pCi/L for 70 years
would approximately equal o cumulative exposure of 54 WIM {assuming
75% occupancy).
b The relative risk coefficient is the
fractional increase above the baseline
lung cancer incidence or mortality
rote per WIM . For example, the
Czech Uranium Miner demonstrated
o I. 92% increased lung cancer risk
for every WIM of exposure. Exposure
to 5 WLM would therefore increase
lung cancer risk by 9.6% over baseline.
c Estimate based on reanalysis of the
data by the NAS with the cooperation
of the principal investigators.

A detailed discussion of the strengths and weaknesses of the various miner studies can be found in
the EPA's TechnjcaJ Support Document for the 1992
Citizen's Guide to Radon, available from your state
radon office, or the BEIR IV Report (National
Academy of Sciences (NAS) 1988).
Animal experiments conducted in the United States
and France also have confirmed the carcinogenicity
of radon and have provided insight into the nature of
the exposure-response relationship, as well as the
modifying effects of the exposure rate. To date these
animal studies have produced several relevant findings.

• Health effects observed in animals exposed to
radon and radon decay products include lung carcinomas, pulmonary fibrosis, emphysema, and a
shortening of life-span (U.S. DOE/Office of
Energy Research 1988a).
• The incidence of respiratory tract tumors
increased with an increase in cumulative exposure and with a decrease in rate of exposure
(NAS 1988).
• Increased incidence of respiratory tract tumors
was observed in rats at cumulative exposures as
low as 20 WLM (NAS 1988).
• Exposme to ore dust or diesel fumes simultaneously with radon did not increase the incidence of
lung tumors above that produced by radon progeny exposures a lone (DOE/Office of Energy
Research 1988a).
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• Lifetime lung-tumor risk coefficients that have
been observed in animals are similar to the lifeti me lu ng-cancer risk coefficients observed in
human studies (DOE/Office of Energy Research
1988a).
• In a study of rats exposed to radon progeny and
uranium ore dust simultaneously, it was observed
that the risk of lung cancer was elevated at exposure levels similar to those found in homes. The
risk decreased in proportion to the decrease in
radon-progeny exposure (Cross et al. 1991).
In 1988, a panel of world experts convened by the
World Health Organization's International Agency for
Research on Cancer unanimously agreed that there is
sufficient evidence to conclude that radon causes
cancer in humans and in laboratory animals (lARC,
1988). Scientific committees assembled by the
National Academy of Sciences (NAS, 1988), the
International Commission on Radiological Protection
(ICRP, 1987), and the National Council on Radiation
Protection and Measurement (NCRP, 1984) also have
reviewed the available data and agreed that radon
exposure causes human ltmg cancer.
Recognizing that radon is a significant public health
risk, scientific and professional organizations such as
the American Me dical Association, the American
Lung Association, and the NaLional Medical
Association have developed programs to reduce the
health risks of radon. The National Institute for
Occupational Safety and Health (N IOSH) reviewed
the epidemiological data and recommended that the
annual radon progeny exposure limit for the mining
industry be lowered (NJOSH 1987).

Is Occupational Exposure to Radon
Comparable to Residential Exposure?
Because questions have been raised about the
appropriateness of using the epidemiological studies
of underground miners as a basis for estimating the
risk radon poses to the general population, the EPA
commissioned the National Academy of Sciences
(NAS) to investigate the diffe rence between underground miners and members of the general public in
the doses they receive per unit exposure due to
inhaled radon progeny.
Th e NAS report, published in 1991 (Nat.ional
Academy of Sciences, 1991 , Comparat,ive Dosimetry
of Radon in Mines and Homes. National Academy
Press, Washington , DC.), concluded that it is reasonable to extrapolate from the miner data to a residential situation, but that the effective dose per unit of
exposure for people in their homes is approximately
30 percent less than fo r the miners. In its analysis,
NAS considered variables such as the amount and
type of dust to which the radon decay particles would
attach, the breathing rate of wo rking miners compared to that of people at home, and the presence of
women and children in the homes.
EPA has adjusted its residential risk esLimates
accordingly. The result is still considerable- EPA now
estimates that approximately 14,000 lung can ce r
deaths in the Unit.eel States per year are due to residential radon exposures, with an uncertainty range of
7,000 to 30,000. As more data are gathered about residential radon exposures, the risk estimates may be
adjusted further. Enough data exists now, however, to
be able to say with certainty that thousands of prev e n table lung cance r de aths a nnua1ly in the

Unite d States are attributable to indoor re side ntial exposure to radon.
More information about residential exposure to
radon is needed to answer important questions about
radon's erfect on women and children-groups not.
included in the occupational studies of m iners.
Although chi ldren have bee n reported to be at
greater risk than adults of developing certain types of
cancer from radiation, currently there is no conclusive evide nce that radon exposure places children at
any greater risk. Some miner studies and animal studies indicate that for the same total exposure, a lower
exposure over a longer Lime is more hazardous than
short, high exposures. These findings increase concerns about residential radon ex posures.
Epidemiological case control studies are underway in
the U.S . ancl 811rope, lhf' poni ed n ~~u l ts of which
should enhance the understanding of the risk of residential exposure to radon.

What about Smoking and Radon Exposure?
Some people ask whether the lung cancer deaths
atLribut.ed to radon e xposure actually may be the
result or smoking. A 1989 study by resear chers from
the National Institute for Occupational Safety and
Health , the Centers for Disease Control, the Harvard
School o f Public llca lth, and the Unive rs ity of
Califomia at. Davis demonstrated a greatly increased
lung can cer risk in nonsmoking uranium miners
exposed to high radon concentrations: compared to
typical non-smoking populations, these miners had 9
LO 12 times the ris k of developing lung cancer
(R.oscoe et al, JAMA 262(5): 629-633, 1989).
Evidence from some of the epidemiological studies
of underground mine rs, primarily U.S. uranium min-
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risk of lung cancer; however, exposure to both
greatly enhances that risk.

ers, indicates that radon exposure and smoking may
have a synergistic relationship. Either smoking or
radon exposure can independently increase the
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If 1,000 people who smoked
were exposed to this level
over a lifetime...

Radon Level

.:!

If 1,000 people who never
smoked were exposed to this level
over a lifetime...

20 pCi/l
(7 40 Bq/ m')*

About l 35 people could get
lung cancer

Abou.t 8 people could get
lung cancer

10 pCi/L
(370 Bq/m 3)

About 71 people could get
lung cancer

About 4 people could get
lung cancer

8 pCi/l
(296 Bq/m')

About 57 people could get
lung cancer

About 3 people could get
lung cancer

4 pCi/L
(148 Bq/m3 )

About 29 people could get
lung cancer

About 2 people could get
lung cancer

2 pCi/l
(74 Bq/m')

About l 5 people could get
lung cancer

About l person could get
lung cancer

1.3 pCi/l
(48 . 1 Bq/m')

About 9 people could get
lung cancer

Less than l person could get
lung cancer

0 .4 pCi/L

About 3 people could get
lung cancer

Less than l person could get
lung cancer

(14.8 Bq/m')

* Bq/m 3 = Bequerel/meter 3
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The Solution
Why Should Every Home be Tested?

Radon Testing Methods

The EPA and t he U.S. Surgeon General recomme nd
testing all homes below the Lhird noor for radon . Data
gathered by the EPA national radon survey indicate
t hat elevated rad on levels are present in about six
m illio n h omes t hro ugho ut t he Unit ed Stat es . In
every state there are ho mes with dangerously high
radon levels. Because the radon concentration inside
a home is due to factors relating to it s structure and
geographic location , each individ ual home must be
tested to cletennine its r adon leve l. 1\vo adjacent
houses may have radically different radon levels. And
a ny ki nd of home can have elevated levels-ne w or
old, drafty or well-sealed, and basement or non-basement.

The quickest way Lo test for radon is with a s hortterm "do-it-yoursetr' radon test kit, available by mail
order and in many retail outlets or by hiring an EPA
q ua lified o r s t ate-certified rad on tester. Comm on
short-te rm Lest drNices a re charcoal canisters, alpha
t rack detectors, liquid scintillation detect.ors, electret
ion chambers, and continuous monitors. A short-term
testing device remains in the home for 2 to 90 days,
depending on the Lype of device. Because radon levels tend to vary from day-to-day and season -to-season , a long-term test is more likely than a short-term
test to measure the home's year-round average radon
level. If resulls are needed quickly, however, a shorLlcrm Lest followed by a second s hort-term test may
be used to dete rmine• the severity of the radon problem.
Long-te rm test dev ices, comparab le in cost to
devices fo r s hort-term testing, remain in the home for
more t han t hree mont hs. A long-term test is more
like ly Lo indicate th e ho me's year-round a verage
radon level than a s hort-Lenn test. Alpha track detectors and electret ion detectors are the most conunon
long-term lest devices.

How do You Obtain a ReJiable Test Result?
Although radon cannot be seen or smelled , with the
p roper equipment its presence is relatively easy Lo
detect
The EPA operates a voluntary Radon Measurement
Pro fi cie ncy ( RMP) Prog ram t hat e va luates radon
measurement companies and t he test services t hey
offer. EPA recommends that testing services be purchased from one of the organizations Listed by EPA or
certified by t he state. Most companies indicate U.S.
EPA or RMP approval o n the test kit box by displaying the phrase, "Meets EPA Requirements."
A list of radon measureme nt companies and individuals t he EPA has determine d Lo be "profici ent" can be
obtained from the Stat,e Radon Office. (See pagel6.)
A test kit obtained from a qualified company, if used
according to directio ns, s hould provid e accurate
results .
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!ladon Test Devices

To Test

Charroal canisters and liquid scintillation detectors contain
small quantities of artivated charcoal. Radon and its decay
products arc adsorbed onto the charcoal and m·e measured by
counting with a sodium iodide detector or a liquid scintillation rounter.
Alpha track detectors contain a small sheet of plastic that is
e.rposed for a period of one lo three months. Alpha particles
etrh the plastic as they strike it. These marks are then chemically treated and counted in the laboratory lo dete17nine the
mdon concentmlion.
Electret ion detectors contain an elertrostically charged
Te.flan disk. Ions genemted by the decay of radon strike and
reduce the sw:face IJOltage of the disk. By measuring the voltage
rrdurtion, 1/w radon roncentmtiou can bl' calculated.
Cunlinuous monitors are active devices which need power to
function. They require operation by trained testers and work
by continuously measuring and recording the amount ofmdo11
in the home.

Alpha Track
Detector

Charcoal Canister
Electret Ion

Detector

uring a short-term test, doors and windows are
closed 12 hours prior to testing and throughout the
testing period. (A short-term test lasting two or three
days should not be conducted during unusually
severe storms or periods of unusually high winds.)
The test kit is placed in the lowest lived-in level of the
home, at least 20 inches above the floor, in a room
that is used regularly, but not in the kitchen or bathroom where high humidity or the operation of an
exhaust fan could affect the validity of the test. At the
end of the test period, the kit is mailed to a laboratory
for analysis; results are mailed back in a few weeks.
In some cases, such as real estate transactions,
trained EPA-listed or state-certified contractors conduct the radon test. The EPA's pamphlet Home
Buyer's and Seller's Guide to Radon, which
addresses issues during real estate transactions, is
available from state radon offices.

INTERPRETING RADON TEST
RESULTS

A. If the short-term test result is -1 pCi/L or
higher, eonduct a follow-up test to confirm
the rPsulLs.

B. PoUow-up with either a long-term Lesl or a
second short-I crm test.
For a better understanding of the home's
year-round average radon level, take o long·
term test.
If results ore needed quickly, take o second
short·term test.
The higher the initial short-term result, the
more certain the homeowner con be to con·
duct a short-term rather than o long-term follow-up test. If the first short-term test result is
several times the action level-for example,
about 10 pCi/l or higher-o second shortterm test should be taken immediately.

C. If the long-term follow-op Lest result is 4
pCi/L or more. fix th1.> home.

If the homeowner followed up with a
second short-term test: the higher the
short term results, the more certain the
homeowner can be that the home should be
fixed. The homeowner should consider fixing
the home if the average of the fu"sL and second test is 4 pC'i/L or highf'r.

Basis for the 4 pCi/ LRadon "Action Level"
No radon level is conside red "safe." The risk of
developing lung cancer is direclly proportional Lo the
levels and duration of exposure Lo radon: the higher
the radon concentration , the higher the lung cancer
risk. The 4 pCi/L "Action Level" is based on current
mitigation technology. Today, mitigation technology
can almost always reduce high radon concentration
levels to below 4 pCi/L and to 2 pCi/L or below 70-80
percent of the Lime. The average radon level in homes
is about 1.25 pCi/L. Although Congress passed legislation in 1988 establishing a national goal that indoor
radon levels not exceed ambient outdoor radon levels
(0.2-0.7 pCi/L), this goal is not yet technologically
achievable.

Radon Reduction Methods
Radon in soil is drawn indoors by the differential
between Lhe relatively low air pressure in the house
and the higher air pressure in the soil. Therefore,
radon reduction strategies fall into two basic categories: those that prev<"nt the entry of radon gas into
Lhe horn<" , and those lhal auempL Lo remove the
radon once it has entered the home. In most situations, the first approach- preventing radon entry-is
the most effective.
Although sealing cracks and other openings in the
foundation is a basic ran of most approaches to
radon reduction, sealing alone is not recommended; it
is best done in conjunction with other mitigation
techniques to enhance their effectiveness.
The most popular radon mitigation technology is
called ··sub-slab depressurizatio11" or "s'ub-slab suction." The "sub-slab clcpressurizalio n" techniq110

removes radon-laden air from beneath the foundation
and vents it outside the home by installing a fan and
inserting a p ipe throug h the fou ndation into the
aggregate below, running it lo a point outside lhe
shell of the house. A similar technique, "sub-membrane depressurization," which is effective in buildings with earth-floored crawlspaces or basements,
uses a plastic barrier over the soil as a collection
cover. Another depressurization technique for preventing radon entry, "blockwall depressurization,"

TYPICAL RADON
MITIGATION

SYSTEM

EXHAUST

•

Radon Exhaust
Pipe {typically
hidden in closet or
between walls/.

System Failure
Warning Device

uses a fan and duct work to draw suction on the hollow interior cavities of a conc rete block wall. By
keeping the air pressure within the block wall lower
than the air pressure in the basement, the soil gas is
removed before it can enter the basement.
Reducing radon levels requires technical knowledge
and special skills. The EPA operates a Radon
Contractor Proficiency (RCP) Program that evaluates
radon reduction contractors. As with the Radon
Measurement Proficiency (RMP) Program, the 8PA
sends a list of RCP contractors to state radon offices
(see page 16). Selecting a radon contractor is much
like choosing a contractor for other home repairs; it
makes sense to get references and more than one
estimate. The average cost to correct a radon problem in a home is about $1,200, although it can range
from about $500 to about $2,500. A free copy of A
Consumer's Guide lo Radon Reduction is available
from state radon offices. People who choose to fix
their homes themselves should refer to the EPA's
technical guide, Radon Reduction Techniques for
Detached Houses, available from st.ate radon offices.
After the radon reduction procedw-e is complete,
the home should be retested. Most radon reduction
systems include a monitor that will aJert the homeowner if the system needs servicing.

Other Indoor Air Pollutants
Preventive Measures that can be
taken to reduce your exposure to
Indoor a ir pollutants include the
following:

Environmental Tobacco Smoke (ETS)
• Don't smoke around others, porticularly children .
• Every organization dealing with children should
have a smoking policy that effectively protects
children from ETS.
• In the work place, prohibit smoking indoors or
provide separately ventilated smoking areas.
• If smoking is permitted in restaurants and bars,
placement of smoking areas should be designated
lo minimize nonsmoker exposure.

Biological Air Pollutants
•
•
•
•

Provide adequate outdoor air ventilation .
Keep equipment water reservoirs clean .
Maintain relative humidity below 50 percent.
Eliminate standing water, wash bedding and soft
toys frequently in hot water.
• Vacuum carpets and upholstered furniture
regularly.

Volatile Organic Compounds (VOCs)
• Remove the source.
• Avoid use.
• Increase ventilation when using products.

Other Combustion Products
• Vent furnaces, water healers and clothes dryers to
the outdoors.
• Periodic professional inspections and maintenance
of major opplionces.
• Regularly clean fireplace and wood/cool stove
Hues.

Environmental Tobacco Smoke (ETS)
Th< LJ. S. Em·ironmental Pr otection Agency has
classified environmental tobacco smoke (ETS) as a
Group A (known human) carcinogen. EPA estimates
Lhal approximately :1,000 lung cancer deat hs in thC'
United States per year among nonsmokers are due to
ET S. The U.S. Surgeo n Genera l , the National
Resea r ch Counc il. and the National I nstitu t e ror
Occupational Safety a11d Health have all concluded
t hat passive smoking can cause' lung cancer in otherwise healthy adults who never smoked.
Children's lungs are even more susceptible to har mful effects from ETS. In in fants and young children up
to three years, exposu re to ETS causes an approximate doubling in t he incidence of pneumonia, bronchit is, and bronchiolilis. There is also strong eviclencE'
or increased midd le ea r effusion and reduced lung
runction and lung gro\vth. Several recent studies link
ETS with increased incidence and prevalence of asthma and increased severity of asthmatic symptoms in
children of mot hers who smoke heavily.
Environmental tobacco smoke is a complex mixture
or more than 4,000 chemicals found in both vapor and
part icle phases, many knO\,vn toxic and carcinogenic
agents. ETS consists of both "sidestr eam" smoke, the
emissi on from the burning end of t he dgarctLc, and
exhaled "mainstream smoke," the smoke inhal ed by
the active smoker.

Biological Air Pollutants

~er Combustion Products

Dust mites, molds, animal dander, and other biologicals a re found in some degree in every home and
workplace. High relative humidity is the primary factor encouraging biological agents to grow and be
released into the air. Biological agents are known to
cause three types of human diseases: infections,
where pathogens invade human tissues; hypersensitivi Ly diseases, where specific activation of the
immune system causes disease; and toxicoses, where
biologically produced chemical toxins cause direct
toxic effects.

A.side from ETS, the major combustion pollutantscarbon monoxide (CO), nitrogen dioxide (N02), and
sulfur dioxide (S02)- that may be present at harmfuJ
levels in the home or workplace stem chiefly from
malfunctioning or misusing healing devices. An additional source of exposure may be motor vehicle emissions as a result of a garage or loading dock located
near air intake vents. Symptoms may mimic influenza
and include fatigue , nausea, dizziness, headaches,
cognitive impairment, and tachycardia during the
heating season.
For more information on these and other indoor air
polJutants, call EPA's Indoor Air QuaUty Information
Clearinghouse (1-800-438-4318) for Indoor Air
Pollution: An Introduction for Health Professionals
and The Inside Story: A Gui.de lo Indoor Air

Volatile Organic Compounds (VOCs)
Volatile Organic Compounds (VOCs) are emitted as
vapors or gases at ordinary temperatures from a variety of sources. Many are toxic, including benzene,
carbon tetrachJoride, and formaldehyde. VOCs can be
found in paint, upholstery, spray cans, copy machine
toners, clothing, and other sources. Health effects
range from irritation of the eyes and respiratory system to kidney or liver damage, cancer, or birth
defects.
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Most Commonly Asked Questions About Radon

CiiJ Where does radon come from?
A. Radon is a naturally occurring gas that results
from the breakdown of uranium commonly found
in soil.

CiiJ Bow does radon enter my home?
A. Radon comes up through the soil and rocks
surrounding your home and seeps through
cracks in concrete walls and floors, floor drains,
sump pumps, joints, and hollow-block walls.

CiiJ llhy haven't I heard of the radon
danger until recently?

A. Radon has always existed. However, it was
not until the 1980s that dangerous radon levels
were found inside homes across the U.S.

CiiJ What are the health risks?
A. Radon is the second leading cause of lung
cancer.

C;;! Bow do I know if I have radon in
my home?

A. By testing with an EPA-listed or State-certified easy-to-use, inexpensive test kit as soon as
possible, or by hiring an EPA-listed or State-certified contractor to test your home for you.

CiiJ corrected?
HI have a radon problem, can it he
A. Yes. The use of trained personnel is recommended. State radon offices can recommend
qualified contractors. In some cases, the problem
can be treated by the homeowners if they have
experience with other kinds of home repair.

CiiJ Will my neighbor's radon measurement indicate whether or not I
have a radon problem?

A. No. Radon levels vary from house to house.
The only way to know if you have a radon problem is to conduct a test.

CiiJ How can I get a reliable radon
test kit?

A. Kits can be purchased through the mail or
from your local grocery or hardware store or
other retail outlets. Look for a test kit from a
company that is State-certified or EPA-listed.

State Radon Contacts
Alabama .............. ....... ..... ................ 800/582-1866
205/242-5315

Maine .............. ........ ..... .. ..... ..... ...... .. 800/232-0842
207/287-5676

Alaska .................. ........... ......... ... .... 800/478-4845
907/465-3018

Maryland ....... ..... ..... ....... ......... ........ 800/872-3666
410/63 1-3301

Arizona ... ......................................... 602/255-4845

Massachusetts ................................ 800/445-1255
413/586-7525

Pennsylvania .................. ................ 800/237-2366
717/783-3594
717/783-3595
Rhode Island .. .......... ......... ..... ....... .401/277-2438
South Carolina ....... ......... ........ ..... ..800/768-0362

Michigan ......................................... 517/335-8190

South Dakota ............. ............. ...... .800/438-3367
605/773-3351

Minnesota ..... ....... ......... ... ...... .... .. ... 800/798-9050
612/627-5012

Tennessee .... ...... .. ... .......... ......... .... .800/232-1139
615/532-0733
Texas .......................................... .... .512/834-6688

Connecticut .... ...... ... .. ..................... 203/566-3122

Mississippi .... ....... ....... .. ..... ....... ...... 800/626-7739
601/354-6657

Delaware .................. .. ..................... 800/554-4636
302/739-3028

Missouri .. .... ....... ..... ......... .... ....... .... 800/669-7236
314/751-6083

Vermont ....... ..... ................... ....... ... .800/640-0601
802/865-7730

DC ..... ......... ........ ..................... ......... 202/727-5728

Montana .... ........ .. ....... ... .......... .. ..... .406/444-3671

Florida .......................... ..... .............. 800/543-8279
904/488-1525

Nebraska .............................. ..... ...... 800/334-9491
402/471-2 168

Virginia ............................................ 800/468-0138
804/786-5932

Georgia ........ ... .... ......... ... ... .. ........... 800/745-0037
404/65 7-6534

Nevada ............................................ 702/687-5394

Washington ........... ............ ....... ....... 800/323-9727
206/753-4518

Hawaii ......... ..................... ............... 808/586-4700

New Hampshire .................. 800/852-3345 x4674
603/271-4674

West Virginia ... ............................... 800/922-1255
304/558-3526

Idaho ....... ..................... .... ........ .... ...800/445-8647
208/334-6584

New Jersey .......... .... .. .... .... ... ...... .. .. 800/648-0394
609/987-6396

Wisconsin ................. ......... ... ....... ... 608/267-4795

TI!inois .......................... ....... ............ 800/325-1245
217/786-7127

New Mexico ..... ....... ............ ... ... ... ..505/827-4300

Arkansas ..... ........... ......................... 501/661-2301
California .................. ..... ............... ..800/745-7236
916/324-2208
Colorado ......................................... 800/846-3986
303/692-305 7

Indiana ........... ...... ........ .............. ..... 800/272-9723
317/633-0150
Iowa ............................... .................. 800/383-5992
515/242-5992

Utah ........ ........... ............ ...... ...... ...... 801/538-6734

Wyoming .... ..................................... 800/458-5847
307/777-6015

New York ........................................ 800/458-1158
518/458-6451

Guam .................. ......... ... ............. .... 617/646-8863

North Carolina .. .... ............. ....... ..... 919/571-4 141

Virgin Islands .. ........ ... ........ .... ........ 800/468-0138

Puerto Rico ... .... .............................. 809/767-3563

North Dakota ................................. 701/221-5188

Kansas ........................ .... ........... ...... 913/296- 1561

Ohio ......... .. ...... ..................... ... .... .... 800/523-4439
614/644-2727

K ntucky ....................... ..................502/564-3700

Oklahoma ...................................... .405/271-5221

Louisiana ....... ..... .. ......... .. ...... ......... 800/256-2494
504/925-7042

Oregon ............................................ 503/731-4014

ational Radon Hotline
1800/SOS-RADO

Additional Information Sources and Suggested Reading List
The following rree materials are available front your
stat<' radon office.
• Red 1l('i 11.(J Rado11 Risk

• A Citi::<·11'.<; Guide to Rwio11 ( J.99:l Editio11):
T/1(• Guide tu ProtN·/i11u Yu,l!'Sr'({ cnLd four
Fa111i/.1Jfmm Rurlo11 (w •ctilabl<' in Spanish)
• Tffl111i('(1/ Support Dor·u1,w11t for the 199:.1
Citize11's G11i<ie to Radu11

• 1/nnw H11.11er's

(lll(i

Se[fr,,·;<; Guide to Ro<ion

• Rw/011 i II Schools
• Co11s11nwr'.<; Guide lo Radu11 Recluc·tio11
for additional indoor ,tir publications. call 8PA's
Indoor Air (~uality Information Clearinghouse

Suggested Reading List:
Cottncil on Scif'nlific A!Tairs. 1987. Am<'l'ican ~kcliu1l
Associal ion (AMA). Radon in llomcs ..Journal oft he
American Medical Assoeiat ion. 258:CiG8-G72.
Council on SC'iC'mific· Affairs. l m) 1. Health F:ffects or
Hadon Exposure. ArchivPs or 111\f'rnal Meclic:jrw.

I f>l: 67-I-G77.
Lubin ..J.M., Sanwl and WC'inlwrg. C. L!)!JO. Design Issue's
in Epidemiologk slll<li<·s or Indoor Exposure tn R11 ancl
Risk of Lung Cancer. H t>alth Physics. 59(G): 807-8 17.
Nati onal Aeadt•my of SciC'11(·es. I !)!) I. C:omparat jvt'
DosimN1-v of Radon in ~lin<'s and Homes. National
A<:C'dcmy Pr0ss, Washington. DC.

( 1-800-4:38-4:3 l8).
• The !11sid<' Story: A G11ide to !11<ioor rlir Qualify
• Indoor 1\ ir Pol/11/ion: J\11 !11troc/11rtio11for f-Jea/t/!
Profes.<;iol/l1/s

ational Aradp1ny of SciC'rwcs. lfJ88. Heall h Risk or
Radon and Otlwr lnt <-rnally DPposiLcd Alpha EmiltC'l's:
RErn I\'. National Acad(•nw Press, Washington, IX'.

• Secmal//011d Smoke

Rosco<'. H..J., ct :ii. 198!J. L1111g C'anc·0r Mortality Among
Non-Smoking lfranium Miners t::xposPcl lo Rad on
Da11gl1ters..Journal of the Am0rican MPdical
J\ssociation. 262(5): 62!)-G:3:1.

Your state radon
office has 0 1Iler
promotional
materials, including
rrcc posters, to
display in your of!ice.

Samet .•J.M., Stolwijk, J. and Rose, S. l99la. Summary:

--

Int Nnalional Workshop on Rc>siclent ia I Rn Epidt'miology.
Ht>ahh Phvsics, 60(2): 22:1-~27.
Sa111c1. ,JJ\l. and Hornung, R. 1990. Workshop on Indoor
Air Qualiiy: Review of rad on and Lung Cancer Risk. Rjsk
Analysjs, I 0( I): G5-75.
U.S. DOE/Office of EnPrgy Research, 1989. lnt crnaimw l
Workshop 011 Rcside>ntial Radon Epictf'miology:
Workshop Proccrd ings. Commission of European
Communitic>s, Radial io n ProLC'clion Program. C0Nf -

8H07 l 78.

