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COMPARATIVE DOSIMETRY OF RADON
IN MINES AND HOMES: AN OVERVIEW
OF THE NAS REPORT

by: Jonathan M. Samet, M.D.
Department of Medicine,
and New Mexico Tumor Registry
University of New Mexico Medical Cancer
Albuquerque, NM 87131

ABSTRACT

The findings of the recent report by a Naticnal Academy of
Sciences panel on raden dosimetry are reviewed. The commitctee was
charged with comparing exposure-dose relatlions for the circumsctances of
exXposures in mines and homes. The community first obtained data on tha
various parameters included in dosimetric lung medels and then selected
values that it judged to be best supported by the available evidancs.
Dosimecric modeling was used to calculate the ratic of exposure to radon
progeny to dose of alpha energy delivered to targac cslls for various
scenarios. The committee’'s modaling shows that exposure to raden
progeny in homes delivers a somewhat lower dosa to target cells chan
exposure {n mines; this pactern was found for Lnfants, children, men,
and women.

The work described in this paper was not funded by the U.S.
Environmencal Protection Agency and therefore the contents do not
necessarily reflect the views of the Agency and no official endorsecment
should be inferred.



INTRODUCTION

Radon, an inert gas, ls a naturally occurring decay product of
radium-226, the fifth daughter of uranium-238. Radon decays with a
half-1ife of 3.82 days into a series of solid, short-lived progeny; two
of these progeny, pelonium-218 and polonium-214, emit alpha particles.
When radon progeny are inhaled and these alpha emissions occur within
the lungs, the cells lining the airways may be injured and damage to the
genetic material of the cells may lead to the development of cancer.

Radon has been linkad to excess cases of lung cancer in
underground minars sincs the early decades of the twentleth cencury.
Epidemiologic evidence on radon and lung cancer, as well as ocher
diseases i{s now available from about 20 different groups of underground
miners (1,2). Many of these studies include information on the miners’
exposura to radon progeny and provide estimates of the quanctitative
relation between exposure to progeny and lung cancer risk (2,3); the
range of excess relative risk coefficiencs, describing the increment in
risk per unit of exposure is remarkably narrow in view of the differing
methodologies of these studies (2).

As information on air quality in indoor environments was collectad
during the last 20 years, it quickly became evidanct that raden is
ubiquitous indoors and that concentrations vary widely and may be as
high as lavels in underground mines in some homes. The well-documented
and causal associlation of radon with lung cancer in underground miners
appropriately raised concern that radon exposurs might also cause lung
cancer in the general population. The risk of Iindoor radon has been
primarily assessed by using risk assessment approaches that extend the
risks found {n the studies of miners to cthe general populacion. Risk
models that can be usad for this purposs have been developed by
committees of the National Council on Radiation Protection and
Measurements (NCRP) (4), the International Commission on Radiological
Protecction (3) (1987), and the National Academy of Sciences (Blological
Effects of Ionizing Radlacion (BEIR) IV Alpha Committee) (1).

Extzapolation of ths lung cancer risks in underground miners to
the general population is subject to uncertaintiess related to the
differences batweean the physical environments of homes and mines, the
circumsctances and temporal pattarns of exposure in the two environments,
and potentially significant biological diffsrences betwaen miners and
the general population (Table 1). A number of these factors may affect
the relation betwaen exposurs to radon progeny and the dose of
alpha-particle energy delivered to target cells in the tracheobronchial
epithelium; these factors include the activity-aerosol size distributicn
of the progeny, the ventilation pattsrm of the exposed person, the
morphomatry of the lung, the pattern of deposition and the rate of
clearance of deposited progeny, and the thickness of the mucous laver
lining the airvays,

The activity-aercsol size distribution refers to the physical size
discribucion of tha particles containing cthe alpha activity., The cerm
"unattached fraction" has historically been applied to progeny existing
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as ions, molecules, or small clusters; the "attached fraction”
designatas progeny attached to ambient particles (6). Using newer
methods for characterizing activity-aerosol size distributions, the
unattached fraction has been identified as ultrafine particles in the
size range of 0.5 to 3.0 nm (6). Typically, minas hava higher aevosol
concentrations cthan homes and the unactached fraction would be expected
to be higher in homes than i{n mines. Because of differing sources of
particles in the two environments, aeroscl size distributions could alse
plausibly differ between homes and mines.

The physical work involved in underground mining would be expected
to increase thes amount of air inhaled in comparison with the generally
sedencary activities of time spent ac home., The greater minuce
ventilation of miners would result in a higher proportion of the [(nhaled
air passing through the oral route, in comparison with ventilation
during typical activitiaes in residences. The physical characteristics
of tha lungs of underground miners, almost all adult males, diffar
significantly from those of infants, children and thickness of the
epithelial layer could also plausibly differ, comparing miners with the
general population, because of the chronic irritacion by dust and fumes
in the mines.

Methods are available for charactarizing the effacts of these
factors on the relation between exposura to radon progeny and the dose
of alpha energy delivered to target cells in the respiratory tract.
Using models of the respiratory tract, the dose to target cells in the
raspiratory epithelium can be estimated for the circumstances of
exposure in the mining and indoor environments. One of the
racommendations of the 1988 BEIR IV Report (1) was that "Further studies
of dosimectric modeling in the indoor envirconment and in mines are
necessary to determine the comparabilicy of risks per WLM [working level
month] {n domestic environments and underground mines". The BEIR IV
Report had included a qualitative assessment of the dosimecry of progeny
{in homes and in mines, but formal modeling was not carried out.

Consaquently, the U.S. Environmental Protection Agency asked the
National Research Council to conduct a study addressing the comparative
dosimetry of radon progeny in homes and in mines. This paper reviews
the findings of cthe recently published report of the committes (Panel on
Dosimecric Assumptions Affecting che Application of Radon Risk
Estimaces). The panel was constituted with the broad expertisa,
covering radon measurement and aercsel physics, dosimecry, lung blology,
epidemioleogy, pathology, and risk assessment, needed for this cask.

TAE COMMITTEE'S APPROACH

To address the charge of undertaking further dosimetric modeling,
the committee obtained data on the various paramecers included in
dosimectric lung models that contributed to uncartalnty in assessing the
risk of indoor raden. The committee not only reviewed the literacure,
but obtained recent and unpublished i{nformation from several
investigacors involved in relevant research. After completing this
review, the committee selected values for parametars in dosimetric
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modals that it judged to be best supportsd by the available evidence.
The committee then utilized a dogsimetric model, developed in part by the
Task Group of the International Commission for Radiological Protectionm,
to compare exposurs-dose rslations for exposure to radon progeny in
homes and in mines. While the report provides the exposure-dose
figures, the committes expressed its principal findings as a ratio,
termed K in the BEIR IV report (1). K, a unitless measurs, representcs
the quotiant of the dose of alpha energy delivered per unit of exposure
in a home to the dose per unit exposurs for & male miner exposed {n a
mine. If the K factor exceeds unity, the delivered dose per unit
exposure i{s greater indcors whersas if it i{s less than unity, the
delivered dose per unit exposure is less indoors.

Factors other than lung dosimetry of radon progeny also {ntroduce
uncertainty in extrapolating risks from the studies of undarground
miners to tha general population. The committee briefly reviewed the
evidence on cigarectts smoking, tissue damage, oge at exposure, sex, and
exposure pattarn. These sources of uncertainty were considered in a
qualitative rather than a quantitative fashion.

THE COMMITTIEE'S FINDINGS

The committase selected ssveral different sets of exposure
conditions in homes and in mines (Table 2,3). The mining environrcent
{ncludes the areas of active mining, the haulage drifts, and leas active
and dusty areas such as lunch rooms. In some analyses, the values for
active mining and haulage vays were averaged to represent typical
conditions. Separate microenvironments considered in the home included
the living room and the bedroom. Parameters for the living room and the
bedroom were averaged to represent a typical scenario for the home. The
effacts of cooking and cigarettes smoking on radon progeny aerosol
charactearistics were also considered. While the contrasc between the
home and mining environments was somewhat variable across the scenarios,

homes were charactaerized as having gresater unattached fractions and
amallar narricles, Hicher averags minute valumee ware assumed far tha
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aining environment (Table 2,3).

The committee also examined uncertainties associated with ocher
assumptions in the dosimetric model. Doses to basal and secratory cells
in the tracheobronchial epithelium wers calculated saparately, because
all cypes of cells with the potential to divide were considered tc be
potancial progenitor cells for lung cancer. The committee also compared
the consequences of considering: lobar and segmental bronchi rather than
all bronchi as the target; radon progeny as insoluble or partially
soluble in the epithelium; of breaching through the oral or nasal route
exclusively; of varying tha thickness of the mucus lining cha epithelium
and the rate of mucociliary clearance; and cellular hyperplasia lecading
to chickening or injury causing cthinning of the epithelium.

Across the wide range of exposure conditions and exposed persons
considered by che committse, most values of K wers below unity (Tabla
4), For both secrstory and basal cells, K values indicated lesser doses
of alpha energy per unit exposure, comparing exposures of infants,



children, men and women in homes with exposurss of male miners
underground. While the highest values of X ware calculated for
childran, the values for children did not exceed unity, suggesting chat
children exposed to radon progeny are not at greater risk for lung
cancer on a dosimetric basis.

The committee explored the sensitivity of the K factors to
underlying assumptions in the dosimectric model. The general pattern of
the findings was comparable for secretory and basal cells. The K
factors remained below unity regardless of whether the radon progeny
were assumed to be insoluble or partially soluble in the epithelium.

The K factor was also not changed subgtancially with the assumption that
lobar and segmental bronchi{, rather than all bronchi, are the targec,
Assumptions regarding breathing route also had little impact., After the
committes had complated its principal analysis, new data becama
available suggesting that recent higher values for nasal deposition
reportad by Cheng et al., (7) might be preferable te lower values from
the 1969 report of Ceorge and Breslin (8); octher new evidence suggested
that a values of 0.15 um should be used for aercsol size in the haulage
drifts, Inclusion of these two modifications of the committee’s
preferred parameter values in the dosimetric model rsduced the values of
K by about 20 percent.

The committee did not attempt to reach quantitative conclusions
concerning sources of uncercainty not directly addressed by the
dosimetric modeling. It noted the paucity of data on such factors as
cigarette smoking, age at exposure and particularly che effect of
exposure during childhood, and exposure pattern. The evidence on these
factors received detailed review in the BEIR IV report (1) and the
presant committee did not reach any new conclusions on these sources of
uncertainty. The committse also commented on the potantial effects of
the miners’ exposuras to dust and fumes while underground. Increased
¢sll turnover associated with these exposures may have increased the
risk of radon exposure for the miners.

SUMMARY

The Panel on Dosimetric Assumptions Affecting the Application of
Radon Risk Estimates comprehensively reviewed the comparative dosizecry
of radon progeny in homes and in minea. The committee’s modeling shows
that exposure to radon progeny in homes delivers a somewhat lower dose
to target cells chan exposure in mines; this pattern was found for
{nfants, children, men, and women. This finding was not sensgitive to
specific underlying assuzmptions in the committee’'s modeling, Assuming
that cancer risk i3 proportional to dose of alpha energy delivered by
radon progeny, cthe committee’'s analyses suggests that direcc
excrapolation of risks from the mining to the homs envirsrzent zay
overestimats the nuzbers of radon-caused cancers.
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TABLE 1. POTENTIALLY IMPORTANT DIFFERENCES BETWEEN PCPOSURE T0
RADON IN THE MINING AND HOME ENVIRONMENTS

_ Physical Tactors

Aerosol characteristics: Greater concentrations Ln mines;
differing size disctridbuctions

Attached/unattached fracctions: Graater unattached fraction {(n
homes

Bquilibrium of radon/decay products: Highly variable in hormes and
mines

Accivity Factors

Amount of ventilation: Probably greater for working miners than
for persons indoors

Pattern of wventilation: Patterns of oral/masal breathing not

charactarized, but mining possibly associated with greater oral
breathing

Blological Factors

Age: Miners havae been axposed during adulthood; entire spectrum
of ages exposed indoors

Gender: Miners studied have been exclusively male; both sexes
exposad indoors

Exposure patterm: Miners exposed for varisble intervals during
adulthood; exposurs (s lifsleng for the population

Cigarette smoking: The majority of the miners studied hava been
smokers; only a minority of U.S. adults are currencly smokers

*Taken from Table 1-2 in referencs (6).
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TABLE 2. ASSUMPTIONS FOR EXPOSURE ECENARIOS‘ASBUMED
FOR MINES AND HOMES

~ SUMMARY OF RADON PROGENY AEROSOL CHARACTERISTICS ASSUMED 1O
REPRESENT EXPOSURE CONDITIONS IN MINES AND HOMES

Exposurs Scenario !P AMD of Room AMD of Aerosocl
Aeroscl (um) in respiratory
tract (um)
dine
Mining 0.00S 0.25 0.5
Haulage drifcs 0.03 0.25 0.5
Lunch room 0.08 0.25 0.5
Living Room
Normal 0.08 0.15 0.3
Smoker - average 0.03 0.25 0.5
- during smoking 0.01 0.25 0.5
Cooking/vacuuming 0.05 0.02/0.15* 0.02/0.3
(15%/80%) (15%/80%)
Bedzoom
Normal 0.08 0.15 0.3
High 0.16 0.15 0.3

*Based on Tables 3-1 and 3-2 in refersnce 6.

*The raden progeny aerosol produced by cooking/vacuuming has
three size modas; 5% of potentlal alpha energy is unactached,
158 has an AMD of 0,02 m, and 80% has an AMD of 0.13 ua.

The 0.02 um AMD mode i{s hydrophobic and does not increase in
size within the respiratory tract.
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TABLE 3. ASSUMPTIONS FOR EXPOSURE §CENARIOS ASSUMED
=+- %7 POR MINES AND HOMES

LEVELS OF PHYSICAL EXERTION AND AVERAGE MINUTE VOLUMES
ASSUMED FOR UNDERGROUND MINERS AND FOR ADULTS IN THE HOME

Expesure Scenario Level of Exertion Average Up
(licers/min)
Man Woman

Underground Mine

Mining 258 heavy work/75% light work 31 -
Haulage way 1008 light wezk 25 .-
Lunch room 508 light work/50% rest 17 -
Home-Living Room
Normal and smoker 508 light work/S0% rest 17 14
Coocking/vacuuming 738 light work/258 rest 21 17

Home-Bedroon
Normal and high 1008 sleep 748 3.3

*Based on Tables 3.1 and 3-2 in reference 6.
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TABLE 4. SUMMARY OF K FACTORS FOR BRONCHIAL DOSE CALCULATED FOR
NORMAL PECPLE IN THE GENERAL ENVIRONHE%F RELATIVE
TO HEALTHY UNDERGROUND MINERS

K Factor for Target Cells

Subject Catagory Secratory Basal
Infant, age 1 menth 0.74 0.64
Child, age 1 year - 1.00 0.87
Child, age 5-10 years 0.83 0.72
Femala 0.72 0.62
Male 0.76 Q.66

*raken from Table 5-1 in reference 6,
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LUNG CANCER IN RATS EXPOSED TO RADON/RADON PROGENY
F. T. Cross and G. E. Dagle
Pacific Northwest Laboratory, P. 0. Box 999, Richland, WA 99352

The 1ifespan effects of inhaled radon/radon progeny were studied in male
Wistar rats. Lung tumors were the principal biclogical effects observed,
consisting primarily of pulmonary adenomas, bronchioloalveolar carcinomas,
papillary adenocarcinomas, epidermoid carcinomas, and adenosquamous
carcinomas. Four variables appeared to influence the tumorigenic potential of
radon progeny in the experiments: 1) radon-progeny cumulative exposure; 2)
radon-progeny exposure rate; 3) radon-progeny unattached fraction; and, 4)
radon-progeny disequilibrium. Tumorigenic potential increased with:
1)increase in WLM-exposure until 1ifespan-shortening reversed the trend; 2)
decrease in radon-progeny exposure rate; and 3) increase in radon-progeny
unattached fragtion and disequilibrium. The experimentally derived lung cancer
risk of 300/10° animals/WLM was similar to the BEIR 1V estimate of 350/10
humans/WLM.  The similarities in the human and animal data presently outweigh
the differences between them, and suggests the animal model may be useful for
studying pulmonary carcinogenic risk in humans.

Planned presentation at The 1991 International Symposium on Radon and Radon
Reduction Technology, U. S. Environmental Protection Agency, Philadelphia, PA,
April 2-5, 1991.

Work supported by U. S. Department of Energy under DE-ACO-76RLO 1830

Further information regarding this topic may be found in:

Cross, F.T. <Zvidence of Lung Cancer Risk from Animal Studies. In:
Proceedings of the Twenty-fourth Annual Meeting of the National Council
on Radiation Protection and Measurement. March 30-31, 1988. pp. 129-140.
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STARTLING RADON RISK COMPARISONS

by: JoAnne D. Martin
DMA-RADTECH, INC.
1011 Brookside Road, Suite 155
P.0. Box 3026
Allentown, PA 18106

ABSTRACT

It has long been known that radon causes lung cancer in
humans. Radon, in fact, has been called the greatest environmental
health threat facing the nation. Despite the fact that people in
the United States generally have a great fear of radiation, their
attitude toward radon risk has been one of apathy. Traditional
radon risk comparison data have, to say the least, been uninspired
as well as unmotivating to the public. This study, using publicly-
available data, compares radon risk to other pollutants, diseases
and health issues that do concern and motivate the public. These
health data have been assembled together in a dramatic tabulation,
making the radon risk clearly evident and tangible. Results of a
nationwide risk opinion survey will also be discussed.
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INTRODUCTION

Radiation from nuclear power is perceived by many in the U.S.
to be the greatest health risk we face.* Billions of dollars are
spent every year on sunscreens to protect us from natural solar
radiation. The EPA, the U.S. Surgeon General, NIOSH, The American
Lung Association, The American Cancer Society, The World Health
Organization, Consumers Union, The National Research Council’s
Committee On The Bioclogical Effects Of Ionizing Radiation, and The
American Medical Association concur that radon in homes and work

places is dangerous.

Why, then, is the public so apathetic toward the risk from
radon exposure? Public perceptions range from "We don’t have radon
around here," to "If radon were a significant health threat,...it
would be in the news a lot more than it is." Health Physics Society
policy-makers have said that radon is not a serious health risk
(but neglect to add, "compared to smoking").

Traditional presentations of radon risk data have not
motivated the public. Scientific professionals have difficultly
communicating technical concepts to the public simply because their
style of providing information (logic-based, thinking) is different
from how most people gather information and make decisions
(emotion-based, feeling). It has been demonstrated that an
audience will believe a charismatic, entertaining presentation,
whether the information is correct or not (1).

Since the public is not motivated simply by being presented
with radon risk information, as has been proven by EPA
experience (2), another communication approach is needed. The
problem lies not with the quantity of radon risk information
presented to the public, but with the quality or relevance of the
information.

This study compares the health risks of radon exposure, not to
smoking (which provides a perceived beneficial feeling to the
smoker), and not to lung x-rays (which people cannot relate to
personal risk of death), but to health risks that the public does

care about.

Several preliminary statements regarding this study’s data
must be made:

1. The risk data cited are from publicly-available documents
and information services. These data, however, have now

*Risk table courtesy Porter Consultants, Inc., Ardmore, PA.
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been arranged into a format that the public understands.

2. It is assumed that the BEIR IV/ICRP/EPA radon risk data
are correct. Leading scientists have developed these risk
estimates based on a linear no-threshold dose/response
relationship, which is admittedly conservative. I must,
and do, believe that these scientists know what they are
doing.

3. I have not generated any raw risk data or conducted any
epidemiological studies. I have only interpreted the
already available information.

4. The radon risk estimates assume that lung cancer is the
only cause of death. No other potential/possible organ
cancers are considered.

HEALTH EFFECTS

RADON KILLS 21,000 AMERICANS (MAYBE AS MANY AS 40,000) EVERY
YEAR (3). RADON KILLS 50-100 PEOPLE EVERY DAY, WHICH IS ABOUT 1
PERSON EVERY 20 MINUTES. ’

This figure is based upon EPA averaging of the BEIR IV and
ICRP 50 models, the average residential radon exposure,

and a 240 million U.S. population. It also includes a risk of
360 deaths per one million person-WLM, which represents an
age-averaged rate for the general population using lifetable
and U.S. vital statistics information. It is assumed that

the person spends 75% of the day in the radon environment.
World-wide risk figures are, of course, much higher.

RADON IN WATER KILLS AT LEAST FOUR AMERICANS EVERY DAY. WATERBORNE
RADON MAY CAUSE MORE CANCER DEATHS THAN ALL OTHER DRINKING WATER
CONTAMINANTS COMBINED (4,5).

EPA estimates that between 1000 and 1800 people in the U.S.
die of lung cancer each year as the result of radon
contamination of well water. EPA also estimates that at least
eight million people may have undesirably high radon levels in
their water supply.

RADON KILLS MORE AMERICANS EACH YEAR THAN THE AIDS VIRUS
(i.e., 19,161 DEATHS)(6). UNLIKE AIDS, WHICH CAN ONLY BE
TRANSMITTED BY BODILY FLUIDS,** RADON CAN KILL ANYBODY.

AIDS is a disease that has this country panicked. Most areas
have state and Federally-funded AIDS task forces, and Congress
recently appropriated a three-billion dollar research and
treatment package. Because of grass-roots activism,

AIDS has gone from being unknown and controversial to a

**Telephone conversation, AIDS Hotline, 1989 data.
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household word, yet AIDS doesn’t kill as many people annually
as does radon.

HUNDREDS OF THOUSANDS OF AMERICANS LIVING IN HOUSES THAT HAVE HIGH
RADON LEVELS RECEIVE AS LARGE AN EXPOSURE OF RADIATION YEARLY AS
THOSE PEOPLE LIVING IN THE VICINITY OF THE CHERNOBYL NUCLEAR POWER
PLANT DID IN 1986, THE YEAR OF THE DISASTER (7).

COMMERCIAL NUCLEAR POWER HAS NEVER KILLED ONE MEMBER OF THE U.S.
PUBLIC, YET MILLIONS OF DOLLARS ARE SPENT EVERY YEAR TO PROTECT THE
PUBLIC "JUST IN CASE".

Despite widespread fear of nuclear power and radiation, few
have discussed the fact that radon exposures produce higher
doses than all nuclear plants, and in fact, produce higher
doses than dreaded nuclear accidents. Clearly, there is a
cost-effectiveness problem here. In fact, if the strict
regulations covering nuclear power plants were applied to the
famous Watras house, the spending of up to 9.8 million dollars
would have been justified by law to eliminate the risk in that
one home (7).

THE EPA CONSIDERS INDOOR RADON TO BE CNE OF THE MOST SERIOQUS
ENVIROCNMENTAL CARCINOGENS TO WHICH THE PUBLIC IS EXPOSED (3).

RADON KILLS THOUSANDS MORE AMERICANS EVERY YEAR THAN LEAD, PCB'S,
DIOXINS, AND ASBESTOS COMBINED (ASBESTOS, 189 DEATHS; LEAD PAINT, 7
DEATHS; PCB’S AND DIOXINS, NO HUMAN DEATHS EVER CONFIRMED)

(3,8). *ww

USING ORANGE DYE NUMBER 19 IN LIPSTICK IS BANNED BECAUSE IT HAS A
ONE IN 19 BILLION CHANCE OF CAUSING CANCER, BUT THREE OF EVERY 100

PEOPLE EXPOSED TO RADON AT EPA’S ACTION LEVEL WILL DIE OF LUNG
CANCER (7).

Radon is a Group A carcinogen, which means that there are
human data proving it causes lung cancer in people. Only a
few other carcinogens such as asbestos, tenzene, and vinyl
chloride are proven to kill humans. Group B carcinogens have
produced cancer in laboratory animals, and include dioxins,
PCB’'s and chlordane. Group C carcinogens have limited animal
data. Only Group A carcinogens have been shown to cause
cancer in humans. -

Congress has, in the past, directed EPA to requlate toxic and
cancer-causing substances (e.g., The Toxic Substances Control
Act), and has given EPA authority to set maximum permissible
concentrations; thus, there is a precedent for EPA to
establish maximum contaminant levels.

***Telephone conversation, National Center for Health Statistics,
1987 data.
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Even the lowest estimates of the risk make radon’s
radicactivity the biggest killer among environmental hazards.
The lifetime risk of dying of radon-related lung cancer dwarfs
the lethal risks of typical exposures to asbestos, pesticides
like ethylene dibromide, and air pollutants like benzene (7).

IT IS ESTIMATED THAT ALMOST AS MANY AMERICANS DIE FROM RADON EACH
YEAR AS FROM DRUG-OVERDOSE INCIDENTS (i.e., 24,000), (9,
extrapolated to entire population) YET THE PRESIDENT HAS DECLARED A
"WAR ON DRUGS", AND THE ADMINISTRATION IS SPENDING BILLIONS OF
DOLLARS ON THE "TERRIBLE DRUG PROBLEM".

There is no doubt that drugs are a severe problem, leading to
robbery, murder, and other crimes. Drug abuse directly or
indirectly affects a large number of people. It must be kept
in mind, however, that only one billion of those "drug war
dollars" would go a long way toward abating the entire
population’s radon risk.

RADON KILLS ABOUT AS MANY AMERICANS EVERY YEAR AS DRUNK DRIVING
(i.e., 25,000 DEATHS), YET DRUNK DRIVING IS A CRIMINAL OFFENSE. #

RADON KILLS MORE AMERICANS EVERY YEAR THAN HANDGUNS
(i.e., 17,000 DEATHS, INCLUDING ACCIDENTS AND CRIMES). ##

Drunk driving and firearm accidents are considered especially
heinous by activists because they are preventable. MADD and
other organizations mount huge campaigns to prevent these
deaths, yet little public or private funding is available to
help prevent radon-related deaths, which are also preventable
Parents and schools are aloowed to subject children to this
cancer-causing substance daily without penalty.

COSTsS

A LUNG CANCER PATIENT COSTS AMERICAN SOCIETY THREE THOUSAND DOLLARS
A DAY (MINIMUM) IN MEDICAL EXPENSES ALONE, FOR A TOTAL OF 50 TO

60 THOUSAND DOLLARS UNTIL HE/SHE DIES. ADDED TO THIS IS THE COST
TO SOCIETY OF REDUCED OQOUTPUT, SICK LEAVE, ETC. OF ALMOST 100,000
DOLLARS PER CASE. THIS AMOUNTS TO AROUND 2.6 BILLION DOLLARS SPENT
EVERY YEAR ON THE RADON VICTIMS WHO DIE (10). ###

ON THE OTHER HAND, THE COSTS TO AMERICAN SOCIETY TO REDUCE RADON TO
ACCEPTABLE LEVELS IN ALL EXISTING HOMES IS MUCH LESS THAN THE COST
TO SOCIETY FOR SUCH PROGRAMS AS SMOKE DETECTORS AND SEAT BELTS

#Telephone conversation, Mothers Against Drunk Driving Hotline
representative, 1989 data.

##Risk table courtesy Porter Consultants, Inc., Ardmore, PA.
###Telephone conversation, Blue Cross/Blue Shield representative.



(i.e., RADON, $15,000-47,000 PER LIFE SAVED; SEAT BELTS AND SMOKE
DETECTORS, $250-600,000 PER LIFE SAVED; OTHER ENVIRONMENTAL
PROGRAMS, $500,000-7,000,000 PER LIFE SAVED) (11,12).

A Health Physics Society policy-maker suggested that public
money spent on radon would be better spent on feeding starving
Africans or housing the homeless. This may be true, but it is
also naive, as is telling a child to finish his/her dinner
because there are starving children in the world. Just as
that child’s unfinished food would not be used to feed
starving children, money that could have been spent on radon
is not going to be spent where it "gets the most bang for the
buck." No, that money will be spent on a different
environmental health hazard that has not killed as many people
as radon. Radon is a relatively inexpensive health threat to
test for and remediate. Certainly, spending money to test for
and remediate radon is a better "deal" than all of this
country‘s other radiation protection programs.

GOVERNMENT ACTION

THE INDOOR RADON ABATEMENT ACT SET A NATIONAL GOAL TO REDUCE INDOOR
RADON LEVELS, BUT NO REGULATORY LIMIT. DESPITE WIDESPREAD
AVAILABILITY OF TESTING AND MITIGATION SERVICES, LESS THAN 3% OF
HOMES, LESS THAN 1% OF WORKPLACES, AND FEW SCHOOLS HAVE BEEN

TESTED (12) BECAUSE THERE ARE NO REQUIREMENTS OR INCENTIVES TO DO
S0.

The EPA, OSHA, and most states have refused to enforce maximum
permissible levels for radon. EPA was directed to set maximum
limits for radon in water by 1987, but has yet to do so. Many
states still deny that buildings in their state have elevated
radon levels and are a health risk. Those states that do have
requlatory programs often decrease the amount of testing and
mitigation, due to the high cost burden to radon companies to
fully subsidize the state program, something that is
unprecedented for a public health issue of this magnitude.

IN SWEDEN, ONLY WHEN THE NATIONAL GOVERNMENT BECAME INVOLVED BY
SETTING REGULATIONS AND MAXIMUM LIMITS, DID THE MASS MEDIA AND
POLITICIANS SHOW INCREASED INTEREST IN THEIR RADON PROBLEM. NOW
53% OF EXISTING HIGH RADON HOMES HAVE BEEN REMEDIATED, AND AN
IMPRESSIVE 95% OF NEWLY BUILT HOUSES ARE BELOW THE REGULATED
LIMITS (13).

Other major countries of the world are moving to aggressively
address the radon issue through regulation. The Atomic Energy
Control Board in Canada has set annual exposure limits for
radon, for both occupational exposures and the public (14).
Under the Euratom Treaty, the Commission of the European
Communities has recommended maximum indoor radon levels for



its member states. Ireland, Germany, and the United Kingdom
have all adopted strict regulatory limits. Only the U.S. lags
behind in developing an ambitious program to deal with radon
exposures. Other industrialized nations are willing to face

- the issue head-on and take regqulatory action.

PUBLIC OPINION SURVEY RESULTS

As part of the study, I wanted to test public perception of
radon when given a few of the above-mentioned statistics. A survey
form was developed (Figures 1-2) that asked individuals to rank
various health risks in order from 1 (most deaths per year) to 12
(fewest deaths per year). So as not to bias the individual’s
perception, some attributes of radon were then listed as those from
a new environmental health threat called TOXICA, which was stated
to:

Kill more Americans each year than the AIDS virus;

Be naturally occurring and found in homes, schools and work

places;

Kill one American every 20 minutes;

Kill more Americans every year than asbestos, lead, dioxins

and PCB's combined;

Be easily abated or removed for the same cost to society as

installing smoke detectors in all homes.

Individuals were then asked to re-rank the risks, this time
including TOXICA. The true rankings and number of deaths per year
are shown in Figure 2. A set of yes-no questions was also asked,
which included:

The Federal government should spend more money on TOXICA than

on AIDS. (yes-no)

The Federal government should requlate maximum allowable

levels of TOXICA. (yes-no)
The Federal government should require all homes, schools and
workplaces to be tested for TOXICA levels. (yes-no)

The survey was distributed to 100 each of: state radiation
officials, randomly selected radon companies nationwide, people in
Indiana, people in Eastern Pennsylvania, and medical doctors in
Eastern Pennsylvania.

The results of this survey are shown in Figures 3-6. The
overall response rate was 7.6%, with state radiation officials as
the highest respondents (17%). A large majority ranked TOXICA as
one of the top three health threats, while very few people ranked
radon in the top three (Figure 3). Although no one ranked radon as
the number one threat, 17% overall ranked TOXICA as number one
(Figure 4). Several state radiation officials realized that radon
and TOXICA were one and the same, and noted this on their surveys.
A majority of the "public" (i.e., excluding radon companies and
state officials) ranked radon as one of the three least significant



health threats, while few respondents ranked TOXICA in the last
three (Figure 5).

A strong majority of all respondents felt that more Federal
funds should be spent on TOXICA than on AIDS, maximum regqulatory
levels should be set for TOXICA, and testing should be required by
the Federal government (Figure 6). Conclusion: TOXICA is
perceived as a significant health threat, while radon is not.

More extensive research is now proposed, including:

1. Using a larger sample number, and cross-section the U.S.,
in order to better approximate overall public perception.

2. Gauging the response when the TOXICA name for the
contaminant is changed to something more innocuous.

3. Effect on perception of natural or man-made risks.

4. Determining public response to funding considerations. Do
attitudes change if homeowners have to pay for TOXICA, or
if other government programs must be cut in order to fund
a TOXICA program?

5. What different communication styles are most effective?
In what way should information be presented in order to
generate public awareness?

SUMMARY

Radon poses a greater health risk than any other environmental
pollutant. While Federal agencies have been tip-toeing around the
issue (so as not to overly alarm the public), more people in the
U.S. die each year from radon than from most other "scary" risks,
including the AIDS virus. A public opinion survey shows that radon
by another name is thought to be dangerous. A key point to note is
that people also feel that the government would take the necessary

—as

steps to protect them if radon were really dangerous.

A new approach to informing the public is necessary; perhaps a
little fear would prompt some action. Should not the public be
concerned (upset/disturbed) if an American dies every 20 minutes
from a preventable disease?

Regqulation is needed. The U.S. lags far behind other leading
industrialized nations in addressing the radon issue. From a cost
effectiveness standpoint, a fraction of the money currently spent
to protect the public from possible nuclear power plant accidents
would save many more lives if spent on solving the radon problem.

It is hoped that this study’s information will be used for
public information, to influence government policy and spending,
and to inform those in medical and other health related fields.

If the information is shocking, if it makes people feel
uncomfortable, so much the better. A spark of controversy may wake
people up and make them pay attention to this serious health issue.
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This is side one. Please hegin on this side.
SURVEY/QUESTIONNAIRE

We aic constanily Sueag pombarded with infonmation reparaing health threars, Every day we read about acid cun, high blood pressure
assaplt pilles, aleohol, deunk deiving and the ike. How doces this atlect the way we think? We re wying to lind out. This survey s beine
SCHLO Yo s (Rt obastudy winchos atempting o deternnme how signiicant new inlormation acts w change an imdividual s opiion. Y our
answers will be ased o help anthience legisbitonand government policy. The survey is divided o two parts. Part One on s page,
1 ohists 12 ditrerent health and eovironmental dangers. You are ashed o rmank, in the order you behieve 1s mmiost unpontant, e Sersiess
‘ ol cach threat, (1 causes the maost deuaths, 12 the least). On the reverse side s a sinvlar hst, This onc. however, umagmes that a new cn-

vitonmenc theeat, TOXICA, has been discovered, You are agam bemy asked 1o rate the relatve danger ot cach thread, tis tme mchughye
TOXTCA oy them

Please rank these esks | throueh 12 according w your percepuons of deaths per year i the United Sates (41 = most deaths per yean

FEANDGUNS LEAD ASBESTOS
Al VIRLS 1CIES —_— DIOXINS =
DR UG A BUSTE DRUNK DRIVING SMOKING
IRADN NUCTEAR POWER ALCOHOL

Phease check sone Ieehines elow:

heliove that the Federal Government should spend more money on chimmating atl ol the environmientil and heahh
only the top three SIX ninc none . :

danuers Lisied above

L betiese thae the Federal Government should regubiate maxunum allowable levels of all of the environmental and healih
only the op three six nine nonc

dangers hiswed above

I beheve that the Federal Government should requere sl citizens to parucipate in safety programs designed w ehimmiug these
environmentil and health hazands from homes, schools and workplaces, Yes No

Please o s torm over and complewe thie other side.

When vou hive completed this survey, pleasc Told w so that the Envicommentail Risk Survey adidress is showme. Staple the
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This is Side Two. Please begin on Side One.
Part Two: How does the introduction of new information affect your attitude about deaths per year?

A new environmental threat has been discovered, The Environmental Protection Agency has numed it TOXICA. Inless
than a year, 1t has been discovered that TOXICA:

---Kills more Americans cach ycur thun the AIDS virus;

---Is nautrally occurring (not man-madce), and is found in homes, schools and workplaces;

---Kills one Ainerican every 20 minutes;

---Kills more Amcricans every ycar thun Asbestos, Lead, Dioxins, and PCB's combined;

---Can be casily abated or removed lor about the saune cost Lo society as installing smoke detectors in

all homes.

Pleasc re-rank these risks 1 through 13 according 10 your perception of deaths per year in the United States (#1 = most deaths

per year). Remember 1o utke the environmental threat TOXICA into account in your deliberitions.

HANDGUNS 8 17,000 ,esp 10, « 3 DIOXINS _13 0
AIDS VIRUS 7 19,000 pepy 12 0 RADON [(6) 5* 21,000
DRUG ABUSE _4_24,000 DRUNKDRIVING _ 3 25,000 'ASBESTOS — 2 189
TOXICA (3) 6% NUCLEARPOWER 11 1 ALCOHOL 2 __ 100,000

SMOKING 1 120,000

Please cheek your feclings below:

I believe thut the Federal Government should spend morc money on eliminating all of the environmental and health
dangers lisied above only the op three six ninc nonc

[ helieve that the Federal Government should regulute maximum allowable levels of all of the environmental and health
dangers listed above only the top three six nine none

| believe that the Federal Government shouid require all citizens to participate in safety programs designed to climinace these

cnvironmental and health hazaras from homes, schools and workplaces. Yes No
I believe the Federal Government should spend more moncy on TOXICA thanon AIDS. Yes _ No—0—.
[ believe the Federal Guvernment should regulate maximum allowable levels of TOXICA. Yes —— No .

I heheve the Federal Government shoukd require all homes, schools and workplaces 1o be ested for TOXICA levels.
Yes ——— No

|—""_|
NO POSTAGE

NECESSARY
IFMAILED |
IN THE

BUSINESS REPLY MAIL UNITED STATES |

FIRST.CLASS MAIL PERMIT NO. 0085 COOPERSBURG, PA

POSTAGE viiLL BE PAID BY ADDRESSEE

Environmental Survey
P.O.Box 288
Coopersburg, PA 18036-9990
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EXPANDED AND UPGRADED TESTS OF THE LINEAR-NO THRESHOLD THEORY FOR
RADON-INDUCED LUNG CANCER

By: Bemnard L. Cohen
University of Pittsburgh
Pittsburgh, PA 15260

ABSTRACT

BEIR-IV gives lung cancer risks vs. radon exposure, R, for smokers and non-smokers.
Summing these over the population gives the mortality rate, m, as a function of R and S, the
fraction of the population that smokes. From data on R and S, m(BEIR) can be calculated for
each state and compared with observed values, m(obs). Their ratio, m(BEIR)/m(obs), increases
rapidly with increasing R, indicating that the R-dependence of m(BEIR) is much too strong; in
fact, if this R-dependence is reduced to zero, a large discrepancy remains. All attempts to
explain the discrepancy fail, and it is shown to apply to all other recognized theories.

Using counties rather than states gives 20 times as many recognized data points, but is
limited by the lack of smoking information. Multiple regression is used involving 17 potential
socioeconomic confounding factors. The slope of m vs. R is negative, a sharp discrepancy with
the predicted strong positive slope. Data are stratified and segmented in over a hundred
different ways, but the large discrepancy is always found.

The limitations of this county study due to the fact that it is an "ecological study” are
investigated. It is shown that they are not nearly strong enough to explain the discrepancy.
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A. A MATHEMATICALLY RIGOROUS TEST OF THE BEIR-IV AND OTHER RISK
ESTIMATES

Table 2-4 of the BEIR-IV Report gives the risk of lung cancer to smokers, r,, and to non-
smokers, r,, as
(1a)
r;=a,+b R’ (1b)
’.=aa+ban
where R’ is their annual radon exposure, and as, a,, b, and b, are constants. The number of
deaths expected in a state each year, N, and N,, is obtained by summing (1) over all persons in
the state, p smokers and q non-smokers, which gives

>R
Ns =pa,+p b:(-__') =pa,*p b!R
N,=qa,+gb (=X )=qa, +qb,R
q

where R is the average radon exposure, assumed here to be equal for smokers and non-smokers.
The state mortality rate, m, is the total number of deaths per year divided by the population,

N,+N, pa,;+qa, pb,+qb,
m= = -

R
_ _ P+q  p+q  p+q
or in terms of the fraction of the population that smokes, S = p/(p + @)

m=S8a +(1-S)a, +(Sb +(1-5)b,]R

Averaged over each person’s lifetime, the annual risk is the lifetime risk, given in Table
2-4, divided by the life expectancy given on p. 55 of BEIR-IV, which yields (in units of 10”y™)
as=178, ay=15.9, bg=17.8, by=1.75 for males. and ag=76.7, ay=7.9, bs=8.4, by=0.87 for
females. with R measured in units of R,=37 Bq m” (= 1.0 pCi L") = 0.2 WLM y' (WLM
= working level months).

Values of S for each state are available from the Bureau of Census 1985 Current
Population Survey of 114,000 persons, and mean radon levels for each state are available from
the University of Pittsburgh Data File. Thus, values of m, m(BEIR-1V), can be calculated for
each state. These can then be compared with the actual (observed) age-adjusted lung cancer
rates, m(obs), for which we use the EPA compilation for 1970-1979. For purposes of
discussion, we consider fits of m(BEIR-IV) and m(obs) vs R to

@)

(3a)
m=a+bR
and their ratios vs. R to
(3b)
m(BEIR-IV) =A+BR
m(obs)



where a. b, A and B are adjustable constants.

The ratio m(BEIR-IV)/m(obs) plotted vs the mean radon level, R, has a positive slope
B differing from zero by 7.7 and 7.8 SD for males and females respectively. This means that
the positive slope of m vs R given by the theory is far too strong. To break the problem into
its components, a plot of m(BEIR-IV) vs R is fit by a line with slope, b, given by b = 3.8 +
1.9 for males and 2.5 + 0.77 for females, while a plot of m(obs) vs R is fit by a line with
negative slope, b = -9.8 + 2.1 for males and -2.6 + 0.6 for females.

In principle, at least, our derivation of (2) was by rigorous mathematics and therefore
not subject to the problems in epidemiological studies. In fact our treatment is basically a simple
application of "the scientific method": a theory makes a prediction which is tested by
observation; if they do not agree, the theory must be modified or abandoned.

In practice, there are several "loose ends” that must be considered. The principal one
1s migration--correcting for this changes the slope B from 0.30+0.039 (1 SD) to 0.28+0.040
~ for males, and from 0.64+0.082 to 0.595+0.082 for females. If the retirement states FL, CA,

and AZ are removed from the data base, B becomes 0.28 +0.042 for males and 0.56+0.092 for
females. Correcting for migration does very little to reduce the discrepancy.

Other loose ends are validity of the data which has been treated elsewhere, and which
will be finally settled by the National Radon Survey; use of 1970-79 lung cancer statistics with
1985 statistics on smoking, while BEIR-IV risks are based on 1981-84 lung cancer data, which
will be largely settled when more recent lung cancer statistics become available; and assuming
average radon exposure is the same for smokers and non-smokers, which is corrected for
elsewhere.

We conclude that the discrepancy with BEIR-IV is real and very large. Itis shown that
this discrepancy is not appréciably reduced by using other risk estimates, or by considering
effects of potential confounding socioeconomic factors (pcf).

B. MULTIPLE REGRESSION ANALYSIS OF DATA ON U.S. COUNTIES

There is a great advantage in using counties rather than states in this type of study since
data are available on 913 counties vs. only 47 states (excluding AZ. CA, FL). This allows
inclusion of many more pcf and gives much better statistical certainty. It has the disadvantage
that data are not available on smoking frequency by counties, so the "mathematically rigorous”
test cannot be made. But smoking in the state, S', is used as a pcf; hopefully the socioeconomic
pef will largely represent the variations within the state.

In multiple regression, we seek the best fit to

4)
m=a+bR+c,F +¢,Fy+...+¢,F ) +c S’
where F|, F,,----, F,; are the values of 17 selected socioeconomic pcf, and a, b, ¢; are constants
determined by fitting the data. With 913 sets of data. 20 constants is not excessive for high
statistical significance.

[n fitting the data, §' is the most important variable and c, is positive as expected.
However, the values of b in (4) are quite insensitive to whether or not §' is included: -1.59 +
0.37 vs. -1.63 = 0.39 for males. and -0.62 + 0.13 vs. -0.67 + 0.13 for females. This
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indicates that the other pcf act as surrogates for smoking. Since smoking is well known to be
the most important factor in causing lung cancer, this suggests that the number and variety of
pef is sufficient to act as surrogates for any other pcf that has not been included.

The most important aspect of the above is the values of b which differ from the BEIR-IV
prediction (corrected for migration) +4.5 for males and +1:1 for females by 16 and 13 standard
deviations respectively. This is a tremendous discrepancy between theory and observation.

Extensive studies were made of effects of stratifying the data into sub-groups. Data were
stratified into quintiles on the basis of each of the socioeconomic pef in turn and a complete
multiple regression analysis was done on each quintile. For these (17 pcf x § quintiles x 2
sexes=) 170 analyses, 94% had negative values of b and the largest positive b was less than
30% of the BEIR prediction. The average value of b was-1.18 for males and -0.56 for females.
For the 5 quintles generated by stratifying on a single pcf, in all cases the average b was
negative, and never smaller than-0.88 for males and -0.40 for females. The slope b is negative
if we confine our attention only to the big city counties or only to the most rural counties, only
to the highest income or only to the lowest income counties, only to counties with the oldest
median age or only to the counties with the youngest median age, etc., etc.

When the data are stratified on geography, a substantial change results: the average
value of b for all geographic areas is reduced to zero. That is, the negative slopes are explained
by a systematic negative relationship between m and R for the regions of the nation. This
relationship cannot be explained by smoking patterns, and no other explanation is easy to
concoct. It might be due only to chance, since there are only 7 regions, in which case this
regional correlation is not significant. But even a zero value of b represents a very large
discrepancy with. theory.

In the remainder of this study, stratification on geography was retained. Finer
stratification on geography was tried by analyzing the data separately or each of the 18 states
in which we have data on at least 20 counties. (The number of pcf must be dramatically reduced
for this.) The average values of b were -0.11 for males and -0.46 for females.

Double stratification was tried by stratifying the data for each national region on the basis
of each important socioeconomic pef in turn. The b values averaged over strata and regions for
each of these stratifications was essentiaily the same as those obtained from stratification by
regions only.

As a check on the validity of our radon data, similar studies were carried out using data
from the EPA surveys in the 22 states for which they were available. It was assumed that
exposures were 0.5 times basement measurements. The slopes b for the entire data set and for
individual states were essentially the same as those obtained by analyzing our data for the same
22 states.

In summary, we find a gross and statistically undisputable discrepancy between the
predictions of BEIR-IV and observed lung cancer rates in U.S. counties: the theory predicts a
substantial increase in lung cancer mortality with increasing radon exposure, while observations
corrected for smoking and a wide variety of potential socioeconomic confounding factors
indicates a decrease, or after allowance for a systematic geographical effect which is not
understandable. a null dependence.

N
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s PROBLEMS ARISING FROM THE FACT THAT OUR STUDY OF COUNTIES IS
AN ECOLOGICAL STUDY

Our study of counties outlined in Sec. B is what epidemiologists call an "ecological
study,"” and there is a large literature on the hazards and shortcomings of ecological studies.
One such problem is that an ecological study of large groups of people ignores the fact that only
small sub-groups may be at risk--effectively the wrong people are being studied--but it has been
shown that this problem does not apply to a linear-no threshold theory. The other normally cited
problem is that ecological studies are especially susceptible to confounding relationships. We
consider that problem here.

We assume that Eq. (2) is the true relationship, and consider the degree to which an
ecological study based on Eq. (4) fails to give the correct result. In order to understand what
cam be expected from such an ecological study, consider the average value of m, m, for all
counties with a given value of R, say R,. This can be calculated by use of (2). If S is not
correlated with R, the distribution of S-values for those counties is the same as the distribution
for all counties whence,

&)

m(R))=[Sa +(1-S)a,]+[bS+b (1-S)]R,
where S is the national average value for S, which is known. Since this relationship is valid for
each value of R,, the best fit to all of the data would depend on R in accordance with (5) with
the variable R replacing R,. Thus. b would be
(6)

b=bS+b (1-5)
Since b, and b, are known from the theory and S is known, determining b from an ecological
study and application of (6) gives a test of the theory. Note that even a simple regression of m
on R gives the correct value of b if there is no correlation between R and S.

If there is 3 strong correlation between R and S, this is no longer valid. For example,
if we consider b, > > b, (actually b, = 10b,) and S=K/R, according to (2), there is no
dependence of m on R, whence an ecological study with simple regression of m on R would give
zero slope, a large discrepancy with (6). This discrepancy would be reduced by a multiple
regression of m on R and S, but clearly (4) is not a good representation of (2) with S=k/R, so
there would still be a substantial discrepancy.

[f one examines the literature on the hazards of ecological studies due to confounding,
one finds that they always arise from this type of correlation. Typically the examples given are
based on concocted data involving 3 to 5 data points with these correlations built in. With so
few data points, such correlations can anse by chance -- there is nothing wrong with these
examples. However, when there are many hundreds of data points, the possibility of strong
chance correlations becomes vanishingly small. They can only arise from causes that can
hopetully be traced down and evaluated. That is the situation we have here. We will consider
what correlations between R and S are credible. and we will evaluate their etfects quantitatively,
using data for males. Since we assume that (2) is the true relationship, we must have values of
S for each county. We derive these by use of models which incorporate variable correlations
between R and S. We use (2) with these S-values to calculate m for each county, and use that
calculated value (rather than the observed value) of m in our regression analysis. We then
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investigate the degree to which the b-value obtained from the regression analysis compares with
that for no correlation between R and S. These calculations are done with our 913 county data
file using the R and socioeconomic pcf--but not the observed m or S'--for each county.

Our first model, which includes our estimate of the realistic situation, derived from our
other studies, involves the following effects:

(1)  Urban areas have more smoking and hence about 20% more lung cancer than

rural areas, but urban houses have about 25% lower radon levels.

(2) Houses of smokers have about 10% lower radon levels than houses of non-

smokers.

€)) It is believed that X% of lung cancer is due to air poilution, and areas with high

air pollution have about 30% lower radon levels than areas of low air pollution.
EPA estimates as a national average X=1.5%, but we take X=25% for smokers
and 75% for non-smokers in order to have an appreciable effect. This effect is
treated as an add-on, independent of R, S, or m.

The mathematics is complicated by including four groups, rural and urban smokers and
non-smokers, rather than two (smokers and non-smokers) as in the derivation of (2), but the
calculation is straightforward. We call the numerical estimates given above the "index values."
With no correlations, b=4.59; with index values, b=3.92; with 2, 4, 6, and 10 times the index
values b=3.08, 1.70, 0.82, and -0.06 respectively.

We conclude that the realistic effects we have introduced reduce the positive value of b
predicted by the theory by only 15%. In order to reduce b to zero, which is the maximum
observed value, all of these effects would have to be 10 times larger than we know them to be.

There could be other confounding effects, but after years of study, we have found none
that are comparable to these, let alone 10 times stronger.

Our second model, run on our file for states, explores the effect of an unrealistically
strong direct correlation between R and S, given by

0]

§=0.4-0.2r/N

where r is the ranking of the state by radon level, R, and N is the total number of states. The
constants reflect the fact that smoking frequencies for states are all in the range 0.2 to 0.4 for
males. We use (7) to calculate m, which is then used in the regression analyses.

With this very strong negative correlation between R and S, a single regression of m on
R gives a very negative slope, b=-9.1. But a double regression on R and S, fitting the data to

m=a+bR+cS
gives b=+3.2. If we let S be the same for all states, there is no correlation between R and S
and either single or double regression gives b=+4.3.
We see that even this highly unrealistically strong correlation between R and S removes
only a small fraction of our discrepancy.



SUMMARY

A plot of lung cancer mortality rate, m, vs. radon exposure, R, for various states or
counties shows a strong tendency to decrease with increasing R whereas theories lead one to
expect a substantal increase with increasing R. The discrepancy in slope of the best fit line is
many orders of magnitude. Our purpose is to try to understand this discrepancy.

The BEIR-IV theory gives risks to individuals, differing for smokers and non-smokers.
When these are summed over the population, one obtains predictions of the lung cancer mortality
rates as a function of R and §, the fraction of the population that smokes. Since R and S are
known for each state, the theory can be tested directly on those data. It fails drastically; the
dependence on S is not nearly strong enough to change the dependence on R from strongly
positive to strongly negative. In principle, at least, this study is mathematically rigorous. and
hence not subject to the normal problems of epidemiology. It is shown that any theory which
gives a risk to individuals increasing with R, and with smoking as the only other variable,
encounters this same discrepancy with observation. All known theories fit this description.

An alternative test is to use data for counties, which has the advantage of 20 times as
many data points, but the disadvantage of being an ecological study because smoking data are
not available for counties. The problem is treated by muitiple regression analysis involving 17
socioeconomic potential confounding factors (pcf). The result gives a slope of m vs. R with
negative slope differing from the substantial positive slope predicted by BEIR-IV by 15 S.D.
The data are stratified in various ways, but similar discrepancies are found for all individual
subsets of the data. The validity of the data is tested by comparing with similar analyses of EPA
data, and good agreement is found.

Since this is an ecological study, the problems ascribed to ecological studies are
examined, and it is shown that the only ones applicable here would be due to correlations
between R and S. From other studies, there is substantial information about such correlations.
but when this information is applied, the discrepancy is reduced by only 15%, and all effects
would have to be 10 times larger to remove the discrepancy. Even an unrealistically strong
direct correlation between R and S removes only one-third of the discrepancy.

If this discrepancy between theory and observation cannot be explained, the only rational
alternative is to abandon the linear-no threshold theory, recognizing that it grossly over-estimates
the cancer risk from low level radiation.
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ESTIMATING RADON LEVELS FROM Po-210 IN GLASS

by : J. Cornelis*, H. Vanmarcke**, C., Landsheere* and
A. Poffijn*
* Nuclear Physics Laboratory, State University of Gent
Proeftuinstraat 86, B-9000 Gent, Belgium
** Radiation Protection, Nuclear Research Center,
S.C.K./C.E.N.
Boeretang 200, B-2400 Mol, Belgium

ABSTRACT

The o=-decay of Po-210 may become a useful indicator of the radon
exposure during the last decades. The uncertainties associated with this
technique were studied both experimentally and theoretically.

The depth distribution of absorbed Pb-214 and Pb=-210 in glass is
calculated using -the theory of Lindhard for low energy heavy ioms. It is
found that 29.8 Z of the absorbed Po-214 reappears at the glass surface
after g-decay. The surface layer in which the decay products are absorbed
is less than 100 nm. Measurements of the a=-activity of Po-214 show that
cleaning the glass once removes 857 of the deposited activity.

Room model calculations indicate that the ratio of the Po-210 surface
activity to the radon air activity 1is about equally dependent on the
deposition constant of the unattached decay products and on the attachment
rate. The presence of aerosol sources, for instance, lowers the surface
activity by a factor of two. Experimental investigations prove this
finding.

INTRODUCTION

Lively in 1987 (1) and Samuelsson in 1988 (2) put up the idea of using
the a-activity of Po-210, absorbed in vitreous glass, to determine the long
term radon exposure in the living environment. The technique may be used as
a retrospective exposure measure, for instance, in epidemiological studies.

The parameters influencing the absorbed and deposited Po-210 activity
are indicated in figure 1. A fraction of the airbone Po-218, Pb-214,
Bi-214, Po-214 and Pb=-210 deposits on macroscopic surfaces. Half of the
deposited activity recoils into the surface, upon a=-decay, forming a thin
absorbed laver. Subsequent a~-decay makes a fraction of the absorbed
activity to reappear at the surface. Household cleaning largely wipes away



the deposited activity. The values of the transfer probabilities will be

assessed in the next sections.
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Figure 1. Decay-product deposition and absorption =zechanisms
and associated transfer probabilicies.
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DEPTH DISTRIBUTION OF Pb-214 AND Pb-210

The theory of Lindhard (3) provides a framework to determine the range
of low energy heavy ions in amorphous media. Two recoil nuclei have to be
considered, Pb-214 with a recoil energy of 112 keV and Pb-210 with a recoil
energy of 146 keV. The details of the calculation are beyond the scope of
this paper. They are published in dutch by Landsheere (4). A description in
english is available on request.

The depth distributions of Pb=214 and Pb-210 are shown in figure 2.
The full line and the broken line are calculated from Pb-214 and Pb-210
nuclei deposited on the surface of vitreous glass and recoiling into the
glass.

The dot and dash line is the depth distribution of Pb=-210 from Po-214
absorbed in the glass. The diffusion of the radon decay products in glass
is negligable so that Pb-214 and Po-214 have the same distributicn just as
Pb~210 and Po-210. The depth distribution of Po=-210 will always be a
mixture of the two Pb-210 lines. The contribution of each line depends on
the values of the transfer probabilities of the room model (see figure 2).

100 1 ! l I | | 1 |
Y 214 218
—~ W\ — Pb (a-DECAY OF DEPOSITED Po) |
o
- 214
- N m——— 210p, (4-DECAY OF DEPOSITED ° ' 'Pol |-
v %
oz \
214
by NN e 2105, (4-DECAY OF ABSORBED °' 'Po) =
2
2 »
B
(&}
< — -
Q
m p——
O P
[+ "
o
E p——
&
5
= =] S =
N
- b
- ~
e
g o - """--.________
0 I T ] T T T T
0 10 20 30 40 50 60 70 20 90

DEPTH (10 °m)

Figure 2. The penetration depth distributions of Pb-214 from decaying
Po-218 deposited on the surface and of Pb-210 from deposited
Po-214 and from absorbed Po-214,
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The probability for recoiling Pb-210 to reappear at the surface of the
glass is calculated from the depth distribution of absorbed Pb=214. The

resulting probability is 29.87.

CLEANING EFFECTS ON DEPOSITED DECAY PRODUCTS

An experimental arrangement was setup to investigate wether cleaning
removes the deposited activity (see figure 3). A radon chamber of 1 m?® was
filled with radon laden air having a relative humidity of 507%. NaCl aerosol
was produced with an atomiser and supplied to the chamber at least 4 hours
before performing a measurement.

RADON LUCAS AEROSOL CONDENSATION
SOURCE CELL GENERATOR NUCLEUS COUNTER
50% HUMIDITY ? 10g/1 Na Cl ?

RADON CHAMBER 1 m3

RADON CONCENTRATION 180-300 kBq/m3

ATTACHMENT RATE 6-500 B~

RESISTOR WIRE
FILTER OR 43.5 W
GLASS SHEET

l

SAMPLING CIRCUIT (FILTER)
PLATE-OUT (GLASS SHEET)

Figure 3. Experimencal setup.



The aerosol concentration was measured with a condensation nucleus counter.
Turbulence was standardised with a resistor wire dissipating continuously
43,5 W in the radon chamber. A glass sheet was exposed until steadv state
activities for the shortlived decay products were reached. The Po-218 and
Po-214 g-activity of the glass sheet was measured outside the radon chamber
for 20 min. Then the glass was cleaned with a cloth containing alcohol and
the remaining Po-214 was registered.

Cleaning removes activity from the glass. The number of counts if no
cleaning would have taken place was obtained from a filter measurement. The
details of the procedure are given by Cornelis (5). The non-wiped fraction
is shown in figure 4 as a function of the attachment rate. The indicated
error is one standard deviation. The attachment rate was calculated from
the particle concentration using the formula of Bricard (6). The diameter
distribution was measured a few times with an electrostatic classifier.
About 357 of the activity remains on the glass after cleaning. The scatter
at high attachment rates is due to counting statistics caused by low
plate-out. The lines are the calculated ratios of the absorbed activity to
the total activity (absorbed + deposited). They are assessed from the room
model using two sets of deposition constants for the wunattached decay
products. The dashed line was calculated with the same value for the three
shortlived decay products (1l 1/h, 11 1/h, 11 1/h). Recent experiments (7)
indicate that the unattached deposition constant of Po-218 has a higher
value than the one of Pb-214. Different values were taken to calculate the
full line (11 l/h, 5.5 1/h, 5.5 1/h). A higher deposition constant for
Po-218 gives less deviation between theory and experiment (see figure 4),.

Cleaning the glass once doesn't remove all of the deposited activity.
From the difference between the experimental and the theoretical values
(see figure 4) it is concluded that about 152 of the deposited activity

remains on the glass.
CALCULATION OF THE Po-210 SURFACE ACTIVITY

The fraction of the Po-210 activity remaining on vitreous glass
depends on the values of the parameters of the room model. Most of the
variabilicy is due to the deposition constant of the unattached decay
products and due to the attachment rate. The surface activity of Po-210 is
given in table | assuming a radon air activity of | Bq/m® during 50 years.
During this period the following conditions are assumed to be present on an
average,

- Ventilation rate 1.0 1l/h.

- Surface to volume ratio 3 1/m (a typical value for a furnished room).

- 157 of the deposited activity is not cleaned away.

- Deposition constant of the unattached decay products 10 1/h or 20 l/h or
30 1/h. The same value is taken for all of the decay products.

- Deposition constant of the attached decay products is 1/100 of the
deposition constant of the unattached decay products.

- Attachment rate 20 1/h or 40 1/h or 100 l/h.
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Figure 4. The remaining Po-214 activity after cleaning the glass sheet with
a cloth containing alcohol versus the attachment rate. The lines
are calculated from the room model using two sets of deposition
constants for the unattached decay products. Only the absorbed
fraction is assumed to withstand cleaning.

The surface activity of Po-210 is only 3 to 137 of the radom air activity.
The attachment rate and the deposition constant are about equally
important. The lower and the higher values of the attachment rate are
typical for rooms without and with aerosol sources. The surface activity is
about a factor of two lower if aerosol sources are present in the room.

Turbulence influences the deposition constant. The presence of a convection
heater near the vitreous glass, for instance, will enhance the surface

deposition.,



These considerations indicate that an accurate determination of the
cumulated radon activity involves an estimation of the time averaged
* attachment rate and cof the time averaged deposition constant of the

unattached decay products.

TABLE 1. THE DEPOSITED AND ABSORBED SURFACE ACTIVITIES OF Po-214 AND Po-210
ASSUMING A RADON AIR CONCENTRATION OF | Bq/m® DURING 50 YEARS

Without cleaning With regular
u cleaning
X A Deposited  Absorbed Deposited Absorbed Absorbed +
d 157 deposited
Po=-214 Po-214 Po-210 Po-210 Po-210
1/h 1/h Bq/m? Bq/w? Bq/m? Bq/m? Bq/m?
20 10 0.12 0.04 0.07 0.07 0.08
20 20 0.16 0.06 0.09 0.10 0.11
20 30 0.18 0.08 0.10 0.11 0.13
40 10 0.08 0.03 0.05 0.05 0.06
40 20 0.13 0.05 0.08 0.08 0.09
40 30 0.15 0.06 0.09 0.09 0.10
100 10 0.05 0.01 0.04 0.03 0.03
100 2 0.09 0.03 0.06 0.05 0.06
100 30 0.11 0.04 0.07 0.06 0.07
DISCUSSION

The depth distributions of Pb-214 and Pb-210 in glass were calculated
from recoiling surface activity and from recoiling Pb-210 already absorbed
in the glass, using the theory of Lindhard (3) (see figure 2). Diffusion of
the radon decay products in glass is negligable so that Pb-210 and Po-210
have the same distribution. In practice the depth distribution of Po-210 is
composed of the ¢two Pb-210 distributions. The importance of each
distribution depends mainly on the aerosol and plate-out conditions in the
Toom.

The probability for absorbed Po-214 to reappear at the surface of the glass
upon a-decay is 29.8%.

The absorbed decay products are found in a thin layer of less than
100 nm, see figure 2. It should be investigated if decades of household
cleaning doesn't remove this layer.
Another problem arises when the vitreous glass is not regularly cleaned.
Dust will cover the glass so that a fraction of the recoil nuclei will be
stopped in the dust and will be wiped away when the glass is eventually

cleaned,
These considerations indicate the need for some tedious experimental work.

&\



Experimental investigations indicate that 157 of the deposite:
activity remains on the surface of vitreous glass when cleaned once with a
cloth containing alcohol. This mav be due to radon decay products formin
chemical bonds to the glass or to deposition of the decay products int

microcracks present on the surface of glass.
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AMERICAN LUNG ASSOCIATION'S RADON PUBLIC INFORMATION PROGRAM

by: Leyla Erk McCurdy
American Lung Association
1726 M Street, NW, Suite 902
Washington, DC 20036-4502

ABSTRACT

The American Lung Association (ALA), the nation's oldest
voluntary health organization, is dedicated to the conquest of lung
disease and the promotion of lung health. The objective of the ALA
Radon Public Information Program is to reduce public exposure to
elevated indoor radon levels through an implementation of
grassroots-based radon public awareness campaigns. The program
which is funded by a grant from the U.S. Environmental Protection
Agency, was initiated in December 1989 and the first phase which
includes 22 local American Lung Associations will continue until
May, 1991. In September 1990, the program was expanded to 40 local
ALA's, in order to implement more public information programs
during National Radon Action Week, October 14-20, 1990. Activities
implemented by the local ALAs include distribution of free or
reduced radon kits; elementary and secondary school programs; media
meetings; TV news series, talk shows, feature stories; radio PSA's
and talk shows; articles and feature stories in the print media:
conferences; workshops:; displays at fairs and other exhibitions:
distribution of radon fact sheets through libraries and utility
company mailings; video distribution through video chains and
libraries. The local Lung Associations also serve as local
promoters for the EPA/Advertising Council Radon Public Service
Announcement Campaign. This paper will describe the American Lung
Association's activities in communicating the radon health risk to
the public and will discuss the initial results of the program.

This paper has been reviewed in accordance with the U.S.
Environmental Protection Agency's peer and administrative review
policies and approved for presentation and publication.
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AMERICAN LUNG ASSOCIATION'S RADON PUBLIC INFORMATION PROGRAM

NTRODUCTION

The American Lung Association (ALA), the nations oldest
voluntary health organization, is dedicated to the conquest of lung
disease and the promotion of lung health. Utilizing the scientific
expertise of the American Thoracic Society, the organization's
medical section, for decades ALA has been pursuing its mission of
prevention and control of lung disease through educaticn, advocacy
and research.

The American Lung Association is a unique naticnal voluntary
health agency. It is one organization and many organizations at
the same time. In addition to the National Association, ALA
consists of a network of 131 affiliated local American Lung
Associations distributed throughout the United States. With the
inclusion of small branch offices, the total number of Lung
Associations is 267. Each Lung Association is responsible for
implementing programs in the territory they serve. This way they
are able to tailor the programs for the particular needs of their
community. Since the local Lung Association officials are also
members of the community which they serve, they not only understand
the needs of the people in their area, they also know how to
communicate with them. This unique organizational structure of the
American Lung Association, which makes it possible to implement
programs at the grass-roots level, is one of the key factors for
a successful risk communication.

RADON PUBLIC EDUCATION PROGRAM

As air pellution became recognized as a threat to lung health,
ALA took a leadership role in informing the public about the
adverse health effects associated with air pollution in both the
outdoor and indoor environments. Since the mid 1980's, when indoor
radon exposure emerged as a serious health risk issue for the
general public, ALA has placed particular emphasis on developing
public information materials and activities related to radon. Many
of the local Lung Associations have become sources of information
for their communities about radon, it's detection and reduction.
In many instances the local press and the broadcast media have
relied on the expertise of the 1local Lung Associations in
communicating the radon risk to their readers and viewers.

In December 1989, ALA, with funding support from the U.S.
Environmental Protection Agency (EPA), initiated a program to
develcop and implement a grass-roots radon public awareness campaign
in order to reduce public exposure to elevated indoor radon levels.
Lung Associations were requested to submit proposals for public
information programs which would be most effective in their
territory to alert the public to the health hazards associated with
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elevated indoor radon exposures and to encourage public action for
testing and mitigation. 22 Lung Associations were awarded grants
to implement local radon public awareness campaigns.

A list of these American Lung Associations is given in Figure
X

The geographic distribution of the States where these Lung
Associations are located is shown in Figure II.

The program was initiated in December 1989 and will continue
until May 1, 1991. Since the program is not completed yet, only
initial results are available at this time.

Although each of the Lung Association programs are unique in
their implementation, there are several common threads: Five Lung
Associations are implementing school education programs. ALA of
Maine and ALA of Southeastern Massachusetts have targeted high
school students. Norfolk Country-Newton Lung Association (MA) and
ALA of Essex County (MA) have concentrated on fifth grade students,
whereas ALA of Mid-Ohio is educating seventh grade students.

ALA of Chicago (IL), ALA of Southwest Indiana and ALA of
Northeast Indiana have completed very successful campaigns, where
a TV-series on raden was accompanied by radon test kit distribution
to the public.

Two Lung Associations, ALA of North Dakota and ALA of
Philadelphia and Montgomery County (PA) have chosen to request the
cooperation of the utility companies in order to reach their target
groups. In these areas radon information was inserted with the
monthly utility bills.

Almost all the Lung Associations have distributed radon
testing kits and/or radon information pamphlets and have set up
displays at fairs, exhibiticns or shopping malls. They have also
made presentations on radon for community groups and professional
organizations. Each Lung Association has put a particular emphasis
on the media component of the public information campaign. They
have sent press releases and public service announcements to the
media, written letters to the editors, and they have contacted
their television.and radio stations for possible programs on radon.
As a result of these efforts many newspaper articles were printed,
Lung Association spokespersons appeared on television and radio
talk shows and several television stations aired radon news
stories.

The Lung Associations also serve as the local promoters for
the EPA - Advertising Council radon campaign which was launched in
October 1989 in 29 states and later was expanded to 33 states.
This is a multimedia campaign with television, radio and print
public service announcements, billboards, transit cards and direct
mail brochures. Lung Associations have contacted their local radio
and TV stations, print media, local transit authorities and
billboard companies to promote the radon public service
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announcements. The efforts of the Lung Associations at the local
level are effective in enhancing the impact of the Advertising
Council's national radon campaign.

During October 14-20, 1990 which was designated as National
Radon Action Week by the U.S. Congress, the American Lung
Association's radon public information preogram was expanded to 40
Lung Associations, with additional funding from U.S. EPA.

Figure III lists the Lung Associations which joined the ALA
radeon public information program during National Radon Action Week.

The geographic distribution of the states where these Lung
Associations are located is shown in Figure IV.

Using National Radon Action Week as a "hook", the Lung
Associations were successful in reaching the public through their
local print and electronic media and through other communication
channels such as radon displays at malls, fairs, and public
buildings; radon education programs for community groups;
elementary school programs and direct mail campaigns. Lung
Associations also made radon test kits available to the public at
a discounted price by working closely with radon test kit
manufacturers. For example, about 15,000 radon test kits were sold
just in the Philadelphia area during the month of October, with the
cooperation of a local department store chain.

CONCLUSION

Initial results of the ALA Radon Public Information Program
indicate that grass-roots public education is one of the crucial
components for radon risk communication. A significant reduction
in radon risk through increased public awareness, testing and
mitigation can be achieved by the collective impact of effective
programs by Federal and State Agenc1es, participation by the
scientific community and a x.r.'hyOu::.l.ve: radon testing and mitlgat*u..
industry in addition to local public education programs of the type
implemented by the American Lung Association.
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ALA of Atlanta

ALA of Chicago

ALA of Idaho

ALA of Southwest Indiana

ALA of Northeast Indiana

ALA of Iowa

ALA of Kansas

ALA of Maine

ALA of Essex County, Massachusetts

Norfolk County-Newton Lung Association, Massachusetts
ALA of Southeastern Massachusetts

ALA of Southeast Michigan

ALA of Michigan

ALA of Hennepin County, Minnesota

ALA of Mid-Ohio

ALA of Montana

ALA of North Dakota

ALA of Delaware and Chester Counties, Pennsylvania
ALA of Lancaster and Berks Counties, PA

ALA of Philadelphia and Montgomery Counties, Pennsylvania
ALA of Tennessee

ALA of Virginia

FIGURE I: American Lung Associations (ALA) participating in the
Radon Public Information Program
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ALA of Arkansas

ALA of the Valley Lode Counties, CA
ALA of Los Angeles County, CA

ALA of Delaware

ALA of Illinois

ALA of Central Illinois

ALA of North Central Illinois

ALA of Western Massachusetts

ALA of Minnesota

ALA of Eastern Missouri

ALA of Western New York

ALA of New York State

ALA of Green Country Oklahoma

ALA of Central Pennsylvania

The Rhode Island Lung Association
ALA of Virginia - Blue Ridge Region

ALA of West Virginia

FIGURE III: American Lung Associations (ALA) which joined the
Radon Public Information Program during
Radon Action Week



WASHBATON
oREgR | |
SOUTH DANDTA WISOONSN
PVCAING
. MESRASKA
) COLORADO —
l?k.)
L )
MEW MBECO %
i ASSa.
| Tenas B ASEsE
LA
0
O¢
&
- mmo

FIGURE 1V: States where ALAs implementing Radon Action Week Activities are located




DEVELOPING A COMMUNITY RADON OUTREACH PROGRAM: -1l

A MODEL FOR STATEWIDE IMPLEMENTATION

by: M. Jeana Phelps, M.Ed., RT(R)
Radon Program, Radiation Control Branch
Division of Community Safety
Kentucky Cabinet for Human Resources
Frankfort, Kentucky 40621

ABSTRACT

Apathy, lack of consumer interest or urgency to test for
tadon is one of the most serious public health challenges facing
:he U.S. Environmental Protection Agency and State agencies.

This paper presents a model approach to overcoming public
.pathy through a community based radon outreach program. The
wodel is based on a community network established in Western
Kentucky and two others under development in Jefferson and
'ayette Counties. The model includes community assessment
iethods for identifying key volunteers, local radon concerns, and
availability of resources. It also discusses the initiation and
oordination of a successful implementation. The paper serves as
ntroductory guidance for state agencies wanting to enlist
community support in promoting radon testing of all schools and
*~uildings and follow-up actions to reduce elevated levels.

*Tn th;s paper the term group will be used to refer to
yrganizations, associations, or agencies.

b
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INTRODUCTION

Research released by the U.S. Environmental Protection Agency
indicates that homeowners do not over-react or panic after
receiving information on radon (2,3). Rather, there is a great
apathy about radon as evidenced by the small percentage (5%
estimated) of homes that have been tested nationwide. Of the
five percent who have tested, many do not mitigate (2). Only
seven percent of those with results between 4-20 pCi/l had their
homes mitigated with a retest confirming success (2).

Consumer apathy in regard to radon indicates that the risks
associated with radon are either not being properly communicated
or the risk message is not understood. Risk communication
studies indicate that consumer apathy results from a combination
of these factors; use of ineffective communication media and lack
of consumer internalization and adoption of the message (2,3).

Focus testing of the radon message ‘on randomly selected
populations, indicates that the communicated message must be
prescriptive, personal, and simple (2,3) (Table 1).

TABLE 1: KEYS TO EFFECTIVE RADON COMMUNICATION

Make message prescriptive rather than informative.
Eliminate unnecessary information.

Simplify testing and mitigation guidelines.

Personalize radon risks.

Overcome denial of health risks by comparing radon risks to
other common risks.

Discuss risks to special populations (smokers and children).
Emphasize low cost, easy testing and availability of proven
effective mitigation methods.:

® e

A community outreach approach allows for specific targeting
of a message to the audience, making the message more relevant to

those hearing it (2,3).

Complex messages such as those dealing with radon health risk
can be more effectively conveyed through personal contact or
through a respected community leader who also brings a sense of
legitimacy to the message (2,3).

In the Iowa Radon Public Awareness Survey (1990) of 588
randomly selected households, mest respondents interviewed
(88.6%) had heard about radon and provided correct responses to a
number of questions designed to assess their knowledge about
radon. However, the results indicated that the public may know
about radon, but they do not believe they know very much. Only
sixty-nine people (11.7%) felt they were fairly or very
knowledgeable about radon. Almost two-thirds (65.6%) indicated
that they do not know much about radon. These findings further
reinforce the need to communicate radon health risk to the public.
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The Maryland Radon Risk Communication Research Study (1988)
found the greatest public change with respect to radon awareness,
knowledge, attitudes, and testing behavior occurred when people
were exposed to a combination of radon information sources: e.g.,
news media (national and local stations), unsolicited mailings,
and community outreach activities. The use of informal
communication channels appeared to be an important element in
explaining risk (3).

The importance of community outreach in motivating the public
to change their behavior is also well illustrated in the efforts
of the American Lung Association (anti-smoking), National Highway
Traffic Safety Administration (seat-belt restraints), and the
National Cancer Institute (early diagnosis through self
examinations; i.e., skin and breast). From these examples, it
becomes evident that community "grassroots" advocacy or action
groups capable of networking at the national, state, and local
level are essential in influencing consumer attitudes and
behavior in regard to testing for radon and mitigating.

OVERVIEW OF PROGRAM DEVELOPMENT

The Kentucky Radon Outreach Program began about 1985-1986, in
response to telephone inquiries from the public. With the
release of the 1987-1988, statewide residential radon survey,
outreach activities were expanded to include radon public
awareness programs, a three day radon education program, and
dissemination of the U.S. EPA's radon literature. These early
activities were usually initiated as a result of public need or
request.

Today, the Kentucky Radon Outreach Program consists of a
multitude of diverse and dynamic activities. Instead of waiting
to respond, or be reactive, the outreach program takes a
controlled active approach to disseminating the radon message.
By networking with groups, the radon program is able to extend
its limited staff and resources across the state.

The radon outreach program is guided by three basic
attitudes. These being:

e Recognize every person (contact/telephone inquiry) as a
potential public communicator about radon.

e Accept people where you find them and start from there
to build a working relationship.

e Make use of most peoples' willingness to help.

These are realistic attitudes, since anyone who attempts to
solicit assistance from public and private groups, will soon
learn that radon is not a "priority" for everyone. To build
effective liaisons, one must be flexible and willing to
negotiate. This is especially important when attempting to
establish outreach activities with school officials, home
builders, real estate agents, and others who are often on the
front "firing line" in regard to radon issues.
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Community outreach activities organized through groups, by
nature, generally reach a specific target audience and have
definite measurable objectives (Table 2). Activities for such
groups are often time and content limited; i.e., a radon
awareness program, one-time literature dissemination, etc.
Although community outreach through specific groups is critical
to taking the radon message to the public, these groups do not
have the individual capability of addressing community radon
issues. Such issues which encompass schools, daycares, real
estate, new construction, testing availability and a myriad of
others, must involve community leaders and citizens. To bridge
this gap, the radon community action (advisory) committee concept
was established. These committees, consisting of community
leaders, can with assistance from the state radon agency,
coordinate a community-wide response to radon. Therefore, the
Kentucky Radon Outreach model is based on both group specific
activities and community action committee initiatives.

COMMUNITY QUTREACH - GROUP SPECIFIC

Getting started was simple and consisted of four major steps:

1. Determining purpose of radon outreach
2. Listing objectives and sub-tasks

3. Implementing action (work plan)

4. Tracking, analyzing, and evaluating progress

The specific activities involved in each of the major steps
are presented in Table 2. The following represents experiences
and insights gained through this process.

LESSONS LEARNED-GROUP SPECIFIC OUTREACH

The scope of any state's radon outreach program is ultimately
dependent upon the amount of time radon staff can devote to
outreach. Staff time is probably more important than project
funding or resources. Staff time is necessary for making the
initial group contact, negotiating the plan of work (outreach
program), and providing ongoing attention and support to "keep
the program on track". Radon staff must also take the lead in
evaluating outreach effectiveness and apply this information to
future program development.

Experience has shown that more staff time is required when
working with purely volunteer groups as compared to groups with
salaried staff. Commitment of staff time to a specific group
outreach program seemed to be reduced once the initial meeting
was conducted and a plan of work (outreach activities) agreed
upon. The plan of work, which lists the objectives and
sub-tasks, serves as a very important blueprint for periodic
tracking and evaluation. (Appendix A)
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Step 1: Determine Purpose

P 3

The purpose of the radon outreach program is to promote radon awareness activities that provide citizen’s of the

Commonwealth with information about radon, its risks, testing and mitigation strategies to the extent that they
can make informed decisions about radon in regard to their health and well being.

Step 2: List Objectives/Sub-Tasks to reach goals
Considerations
® Budget 1
® Stall
® Other on-going publicinformation

activities
® Timelines (Flexible/Negoitable)

—

Step 3: Establish tracking and

evaluation measures
Considerations
@ Plan of work should serve as tracking guide
® Prepare a written summary of progress

Establish community outreach programs through intermediaries (organizations/associations)

who impact special interest qroups

Identify the organizations/associations

Identify Key Contacts

Prepare for first meeting

-know the organizations goals, mission, philosophy, etc.

-know if any radon networking has occurred at the national level. ie: American Medical Associations
position on radon, National PTA resolutions, etc.

-Find out, if possible, what interest they may have in radon.

-Be very clear about the desired assistance being sought from the organization. (ideal work plan)
Telephone the contact and arrange for a meeting.

Prepare a meeling agenda.

Meet with contact, introduce the radon program and networking expectations. Negotiate, revise plan
Set timelines. (Provide contact with literature)

Follow-up meeting with thank you letter and a revised plan of work.

Implement plan of work. (Provide on-going support, assistance, reminders, etc.)

Establish community radon action committees in designated high potential radon regions or

communities

Determine regions (in Kentucky, the four regions with the highest incidence of elevated radon levels
were selected Jefferson, Warren, Fayette, Somerset).

Identify key contacts representing the diverse sectors of the community to serve. (Look to established
radon outreach groups)

Solicit a key contact to serve as commitlee chairperson.

Assist chairperson in organizing committee, selecting members, etc.

Provide committee with support and resources needed to identify and respond to their community's

needs (Radon staff responsible for providing information about state)

Detrmine timeline intervals for tracking progress and evaluation of the program. Do so with
input from organization contact. (Review plan on a pre-determined schedule)

-Tracking progress provides for the quick identification and correction of problems that might
otherwise delay progress

Table 2: STEPS IN ESTABLISHING GROUP SPECIFIC RADON OUTREACH PROGRAMS
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IMPLEMENTING GROUP SPECIFIC OUTREACH

After identifying target groups, the next task is to identify
key contacts. State radon staff should find out as much about
the group as possible before preparing a plan of work and making
contact. Such information includes organizational structure,
mission and goals, and how radon intersects with these. These
facts should be used to determine the best approach and message
to use when communicating with the group. The first meeting is
crucial; be prepared to take the following items:

e Meeting agenda-outlining goals/activities between
gstate agency and group (tentative work plan)

Fact sheet about radon and the state radon program.
State residential survey findings.

Resource pamphlets

Group specific information (Radon ian Schools Pamphlet,
etc).

While preparing the preliminary plan of work, list sub-tasks, and
get timelines with measurable milestones. Also, determine who
will be responsible for the activities listed. To keep radon
outreach programs on track, the state radon staff must serve as
the "spark plug" taking the initiative to provide reminders to
group contacts as needed. Staff also must provide support,
assistance, and always a THANK YOU.

Evaluation of each project includes a periodic status report
or summary, and a final overview upon completion of the project,
with a copy going to all participants. A post-project group
meeting allows review and provides an opportunity to discuss
future outreach activities.

A matrix tracking schedule is being considered as one way to
keep all staff informed about the progress of each outreach
program and to serve as a reminder to take action. (Refer to
Appendix A)

BUDGET

Radon outreach programs require sufficient funding for staff,
and resources; such as printing of U.S. EPA pamphlets/handouts,
travel, postage, and long distance telephone calls. Outreach
requires dedicated staff time and unless this is available,
effective outreach programs may not evolve.

In Kentucky, outreach activities are being funded by the U.S.

EPA State Indoor Radon Grant and state match under the public
information category.

Y



RESULTS

From 1989 to the present, the Kentucky Radon Program has
established many contacts that have resulted in community radon
outreach programs. Some of these are highlighted in Appendix D.
Examples of specific group outreach plans are included as
Appendix E (Rural Electric Cooperative Outreach) and Appendix F
(Jefferson County School District/PTA Outreach).

UNRESOLVED ISSUES

The unresolved issues that seem to be most important relate
to the following:

e How to measure outreach program effectiveness and how to
apply this knowledge to future program development.

e How to determine if programs are cost effective.

e How to negotiate and network with groups who refuse to
acknowledge radon as a serious health threat.

The most important unresolved issue recognized was the actual
limitations of group specific radon outreach programs to be a
mobilizing force within local regions or communities. This issue
is being met by the second objective of the Kentucky Outreach
Model; that being, to establish community radon action committees
in designated high potential radon regions or communities.

INTRODUCTION-COMMUNITY RADON ACTION COMMITTEE

Community radon action committees are a part of the state
radon program's outreach plan. Community radon action committees
consist of members who can identify with the diverse radon issues
facing the community, whereas, group specific radon outreach
programs are more concerned with radon issues facing its
membership. Active members of "group" specific outreach programs
are valuable resources, as are elected leaders, public health
officials, and other "very visible" community representatives.
These individuals should be invited to serve on radon action
committees.

GETTING STARTED-ORGANIZING COMMUNITY RADON ACTION COMMITTEES

A decision was made to organize four community radon action
committees during 1990-1991. Because many group specific radon
awareness activities were already being conducted in potentially
high radon areas of the state, these areas became the ideal
setting to locate action committees.

Once the state locations were selected, radon staff began to
identify an organization or individual to take charge of calling
a committee together. This responsibility fits best with an
agency that is already empowered to respond to the health and
well being of the community.
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Possible committee organizers may be identified from such
groups as local health, American Lung, American Cancer, extension
gservice and rural electric cooperatives.

The Warren County Radon Action Committee was organized by a
home economics extension agent from the Warren County Cooperative
Extension office. The Louisville-Jefferson County committee was
organized by the Deputy Director of Environmental Health,
Louisville-Jefferson County Health Department. The committees'
success in addressing radon will not only be contingent upon the
commitment of the chairperscn and state staff, but also on the
strength of the selected members and their community visibility.

DEVELOPING A COMMITTEE PROPOSAL

The radon program staff and selected chairperson usually work
together to draft an initial committee proposal (Table 4), select
committee members, and plan the first meeting (Refer to committee
letter, Appendix G).

The sample outline found in Table 2 can be used as a planning
guide when organizing a radon action committee. 1In Warren
County, faculty from the Center for Mathematics, Science, and
Environmental Education, Western Kentucky University, assisted
the county agent in planning the meeting. The radon staff
supplied state survey data, technical resource manuals, and
evidence of local radon issues reported to the state office.
Since not all committee members begin with a common background in
radon and related issues, it is important to provide an
introduction to radon at the first meeting. Once the committee
is organized and begins to identify and address community radon
issues, the chairpersons' role becomes critical to maintaining
committee momentum in meeting the stated goals. As in the Warren
County committee, the chairperson has appointed sub-committees to
complete specific assignments and report back to the group.
Appendix G illustrates a meeting follow-up and reminder letter.

The outline in Table 4, provides details about the
Louisville-Jefferson County (task force) community action
committee.

LESSONS LEARNED

Organizing and implementing community radon action committees
requires a time commitment and seems to naturally follow group
specific outreach awareness activities. If a committee is formed
in an area where there has been very little radon awareness;:
then, this becomes an initial goal of the committee.

Community Radon Action Committees cannot take the place of
state enforced radon regqulations (which Kentucky currently does
not have); however, these committees can serve as an impetus to
the development of such regulations. Also, since these
committees consist of community leaders, they may serve as allies
in demanding state action regarding radon.
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LOUISVILLE-JEFFERSON COUNTY
RADON TASK FORCE
A LOCAL INITIATIVE PROPOSAL

LOCAL ACTIVITY PROPOSAL

If the issues surrounding radon are to be addressed in an orderly and consistent manner, it is
impartant that Louisville and Jefferson County develop a local mechanism to piot a course which will
deal with the issues before they become emotionally charged. A time limited task force similar to
the AIDS task force is proposed for this purpose.

The mission of the task force would be to evaluate and make recommendations for action in each of
the following areas:

1. Identify of the extent of problem within Louisville and
Jefferson County to include a review of public education efforts and
the need for additional education/awareness.

2. Review of current processes for testing and mitigation. Such review
would include a determination of the need for professional
certification of persons conducting testing and mitigating.

3 Establish procedures necessary for the prevention of radon problems in new
construction.
q, Determine policy for handling of test results. This includes public dissemination of

information that indicates high potential areas and disclosure of testing information
at the time of property sale or transfer.

In order to get maximum value from the task force, broad-based representation is necessary.
Representation from the following agencies/groups is proposed:

County Government Am. Industrial Hygiene Assoc.
City Government Cooperative Extension Service
Health Department Mortgage Lenders Association
Parent Teacher Associations Ky. Hospital Association
Boards of Education Jeff. Co. Medical Society
American Lung Association American Cancer Network
Realtors Association Ky. Radon Association
Homebuilders Association Louisville Bar Association
Regional Radon Training Center Louisville Gas & Electric

Plumbers Association

Task force members would be invited by the Director of the Jefferson County Department of Health.
Staff support for the task force would be provided by the Health Department, the Radiation Control
Branch and solicited from other participating groups. In January 1991, the Radiation Control Branch
(Radon Program) is sponsoring a radon awareness training session in Jefferson County. Ideally, the
task force could be appointed and have had at least one organizational meeting prior ta that
training session.

Itis anticipated that the task force would function for approximately 18 months. At the termination
of the project, a final report would be prepared and submitted to the County Judge, Mayor and
Board of Health.

Table 4
Louisville Jefferson County Task Force
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SUMMARY

Taking action to test and mitigate structures becomes a
complex issue when the structures are schools, public/state
buildings, daycares, places of employment, property for sale,
water sources, etc. When radon is present in these structures,
the lines of responsibility sometimes become obscure. Radon,
then becomes a community problem not unlike AIDS, Drugs, etc.,
that must be faced by those involved in the community; its:
citizens, and those empowered with public policy decision
making. In Kentucky, the use of community outreach programs and
community action committees has proven to be an invaluable
resource in taking the radon message to citizens. These programs
have been, and will continue to be, used, developed, and refined
in order to meet the Commonwealths' need for radon information

and technical assistance.
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1990 Plan of UWork

fippendix A

Extension Service and Kentucky Radon Program

Timeline Person Activity/Task Status (®* Pending)
Oct/MNov Jeana Starter—Kit Radon literature Accomplished
1990 Rick to all Districts
Dec 5, 1990 Jeana Present overview of Radon Program to Accomplished
Area Directors, UK-Good Bain
Dec 1990 Jeana Prepare innovative EPA Grant proposal Draft prepared submitted to
Dwight to provide training to 4~-H Youth EPA by Dec 12th deadline.
Leaders and members. Grant year ®pward notification in Spring
Nov 91 - Oct 92 1991.
ASAP Jeana Application to Velma Koostra for Accomplished
State Honemaker's meeting - Scheduled to speak May 17,
Radon Presentation 1991
"Need to work with Sandra
Proffitt on Presentation.
ASAP Jeana Contact Joan Martin, WKU Center for EPA ok'd use of SIRG grant
Math, Science, Env. Edu. regarding funds to be transferred from
development of a Radon Leader's Amer. Lung Project for use in
Guide for use by cooperative Project.
extension agents. Talked with Joan 1-7-91 and
will follow-up with letter of
Proposal,
Jeana, Joan, Sue *Will need to review project proposal
Bill, others? and then to schedule a project org.
meeting.
Spring 91 Jeana Provide radon training video to UK *SIRG funds to pay for video
Dept. of Ag Conmunications and to
the 14 CO-OP Ext. Districts.
Ongoing Jeana Radon Awareness through local %Explore further with Sue and
Agriculture radio broadcasts. Bill
March-April Jeana & Determine feasibility of utilizing *¥As we develop KET production
designated cooperative extension agents as
KET Staff on-site school facilities during
KET-radon statewide broadcast.
Ongoing Jeana Renew radon literature to districts Upon request
Ongoing Jeana/Regional Provide conprehensive-technical *eed to explore waiving

Radon Training
Center

radon training to agents.

85
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LOCAL HEALTH AGENCIES PARENT-TEACHERS ASSOCIATION Appendix B

CHAMBER OF COMMERCE COUNTY EXTENTION AGENTS

REAL ESTATE AGENTS/BROKERS HOME BUILDERS

STATE REALESTATE COMMISSION PLUMBING AND AIR CONDITIONING
CHURCH GROUPS EDUCATOR'S

PHYSICIANS >HEALTH PROVIDERS ELECTED QFFICIALS

BANKERS LIBRARY RESQURCES

BOY-GIRL SCOUTS HABITAT FOR HUMANITY

STATE & PRIVATE SCHOOL OFFICIALS AMERICAN LUNG

CANCER SOCIETY HEALTH ASSOCIATIONS & AUXILLARIES
HOSPITAL VOLUNTEER GROUPS DAYCARE OPERATORS

FRATERNAL & CIVIC ORGANICATIONS HOMEMAKERS

LOCAL EMPLOYERS NEIGHBORHOOD ASSOCIATIONS

BUILDING INSPECTORS/MANAGERS

2.

10.

g

12.

APPENDIXB. SUGGESTED CONTACTS FOR COMMUNITY OUTREACH

Appendix C

TIPS FOR SELECTING ORGANIZATIONS, AGENCIES OR
ASSOCIATIONS FOR RADON OUTREACH

Choose organizations, agencies, or individuals who can reach and influence the desired target
audience.

Involve representatives from the organizations early in the planning process.
Set realistic timelines and deadlines.

Allow organizations to personalize and adopt the presented work plan.

Ask what they need; i.e., training, resources, support, etc.

Help them take responsibility for their activities - but don‘t do it for them.

Provide them with additional local, regional, and national contacts or linkages that they will
perceive as valuable for their angoing activities.

Provide them with information about the radon program and other information, in ready to use
form.

Don't overwhelm them with information, give clear simple messages.
Track progress and make adjustments as necessary.
Provide support, thank you's, and ot! :r forms of recognition.

Provide written follow-up after the first planning meeting to document tracking and evaluation
progress. :

Adapted from "Steps for Involving Intermediaries in Your Program.” Making Heaith
Communication Programs Work. U.S. Department of Health and Human Services, Public Health
Service, National Institute of Health and Office of Cancer Communications, National Cancer
Institute, NIH Publications No. 89-1493, Bethesda, MA 1989.
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Appendix D

KENTUCKY COMMUNITY RADON OUTREACH PROGRAM
AN OVERVIEW (1990-1991)

Organization/Association

Kentucky Library Association

Housing Authority of Kentucky

American Lung Association of Ky

Local Heaith Departments

Home Builders Association of Ky

Jefferson County Medical Society

Kentucky Medical Association

University of Kentucky School of Engineering

QOutreach Activities

® “Starter” Package of Radon

Literature sent to 120
public/private libraries. (1991)

Radon Awareness Program
at Fall State Meeting. (1990)

Endorse radon program
activities.

Provide radon literature

through agency netwaorks.

Assist Salt-River Rural Electric
Co-Op in radon testing campaign.
(1991-1992)

Distribute radon literature.
Respond to telephone inquiries.
Attend radon training.

Assign code committee to review
EPA's pre-construction radon resistant
building techniques.

Radon article in state journal. (1991)
Radon booth at builder’s annual
meeting. (1990-1991)

Sponsor radon awareness program at
State meeting. (1991)

Publish radon article in Society
Journal. (1990)

Plan to provide a radon “starter kit”
to all doctars to place in reception
room. (1991-1992 - statewide)
Endorse radon program initiatives.
Network to Auxillary and to other
county associations.

Endorse the radon program initiatives
by resolution. (1989-1990)

Sponsor radon awareness in annual
continuing education. (1990)

*(Starter package includes 25 Citizen's Guides to Radon, What it is and what to do

about it (1986), Radon Reduction Methods, A Homeowner's Guide (Third Edition).

U.S. EPA, RCP and RMP L ist for the State, State Survey Map. )
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Organizations/Association

Kentucky Kiwanis

Salt River Rural Electric

Rural Electric Co-Op Association

Ky Home Mortgage Association

Ky Parent Teachers Association

Ky Cooperative Extension Service

Jefferson County Parent Teachers Association

District 3 PTA (Warren County)

23

Appendix D

Outreach Activities

Radon awareness programs -
Frankfort and Louisville. (1991)

Publish radon article in magazine.
Sponsor radon awareness programs
for all employees through safety
program. (1990)

Provide radon awareness booth at
summer festival in Bardstown. (1990)
Provide radon literature in display
rack. (On-going)

Sponsor radon testing service for Co-
op members. (On-going)

Sponsor radon awareness at
statewide member service meeting.
Publish radon article in statewide
newletter.

Sponsor radon awareness for
association members.

Endorse Ky Radon Program initiatives.
Publish radon information in
Quarterly Association Bulletin.
Sponsor radon awareness program at
State Convention and Spring Leader
Training.

Sponsor PTA State and National radon
resolution.

Provide radon literature “starter kit’
to 120 service areas for distribution.
Sponsor radon awareness for district
managers.

Support networking at the local level.
Plan to educate all 4-H Youth.

Coordinate in conjunction with District
Superintendents’ Office, a radon
awareness program far all Principals.
Individual schools will then be
empowered to host radon awareness
pragram for parents and staff.

Sponsor radon awareness at Fall
Planning Conference. (1990)



Organizations/Association

Louisville Gas/Electric

Kentucky Certified Radiation
Operators

Ky Real Estate Commission

Ky Vocational Education

g 4
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Qutreach Activities

Utility 8ill Radon Insert sent
to 317,000 residents, businesses.(1990)

Radon articles about testing

and mitigation published in

statewide radiation newsletter. Sentto 5,000
radiation certified operators.

Provide fifteen radon awareness programs
statewide to licensees of the commission.
(SIRG Grant, 1990)

Sponsor three day radon training for building
trade, construction faculty. (SIRG Grant, 1990)
Faculty to infuse radon information into
existing curriculum. (On-going)



Appendix |
SUGGESTIONS
FOR
RURAL ELECTRIC COOPERATIVE COMMUNITY AWARENESS

. Place radon literature in lobby display racks

A Citizen's Gude to Radon (OPA-86-004, August 1986)

Radon Reduction Methods, A Homeowner's Guide (RD-681, July 1989)
List of EPA proficient testers (RMP)

List of EPA proficient mitigators (RCP)

(All above are available upon request from radon program)

. Publicradon information in utility bill insert

Rgge; to sample published by Louisville Gas & Electric Company (January
1990

. Publish radon article in rural electric magazine
. Host a radon awareness education program

Invite members, employees, and the public to attend a radon program
(speakers provided by radon program)

Invite local school officials to provide radon test data about school testing
. Consider providing radon test kits to service members

Enter into an agreement with an EPA approved radon laboratory.

Cooperative provides order forms to members. Member orders kit

directiy from company. viemoer receives test results directly from the company.
Cooperative receives some percentage of cost for each kit. (refer to handout)

. Consider conducting radon tests on any home receiving an energy efficient
‘tight home' installation from the cooperative

Explore legal liability
Decide on approach
Develop a plan of action to protect the cooperative and citizen(s).

. Join forces with other community leaders to host a community radon
testing campaign

Local Medical Society Cooperative Extension Agents (Ag & Home Ec)

Lung Association Local Health Department
Daycare Operators Local Government Officials
PTA/Schools Cancer Network Volunteers
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Audience

Co-op Extention Agents
lHHome Ecomonics,
Agricullu;e, Youth

Citizens in Home
Community

COOPERATIVE EXTENSION TO COMMUNITY
RADON COMMUNICATION OUTREACH PROGRAM

Type of Communication

Technical-Informational
Resource-Supportive
Motivational

Informational (Awareness)
Technical (Advisor or Referral)
Motivational

Messaqge

Radon Update
Testing Protocols
Mitigation techniques
Resources available
Encourage all agents
to test their homes
and to take action

if elevated levels are
found.

Radon threatin

Local Community
Facts about radon
How to test for radon
How to Mitigate a
home to reduce radon
levels

Who is qualified to
test and/or mitigate
Which tests are EPA
Approved

Encourage all citizens
to test their homes for
radon and to take
action if elevated levels
are found.

Appendix E

Method

Distribute Radon
literature to all
agents through UK
Communication
Channels

Invite all agents

to attend one of
the four regional
radon workshops in
Jan-Feb 1991

Establish support
Network between
individuval agents and
radon program staff.

Conduct Community
radon awareness
workshops

Speak at Civic
association meetings
Provide radon
literature in Extension
Office.

Host local radon
testing campaigns
Host radon mitigation
demonstration project
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Audience

Homemakers Clubs
Members

Youlh Crganization
Members

Type of Communication

Informational (Awareness)
Motivational

Informational (Awareness)
Motivational

‘Who is

Message

Radon threatin local
community

Facts about radon
How to test for radon
How to mitigate a
home to reduce radon
levels.

ualified to
test and/or mitigate
Which tests are EPA
approved

Encourage all home-
makers to test their
homes for radon and to
take action if elevated
levels are found.

"

]

Appendix E

Method

Host radon awareness
program at local
homemakers clubs

Ask homemakers clubs
to promote radon
testing in the
community.

Provide radon
literature to home-
makers

Host radon awareness
programs for Youth
Clubs

Ask youth to
encourage their
parents to test for
radon

Assist youth in
developing
community radon
projects.



Appendix F

JEFFERSON COUNTY SCHOOL DISTRICT
AND
RADON PROGRAM

1. Work cooperatively to establish a radon comunication outreach program
through the school to parents, staff, and students.

2. Promote the Jefferson County School District radon testing project and the

communication outreach program as a model for other school districts in the
state and the nation.

MODEL COMMUNICATION OUTREACH

Audience
School Administrators  Building Maintenance Personnel

Teachers Ancillary School Staff
Parents Parent-Teachers Association

Students

Message

Long-term exposure to elevated levels of rdon gas is associated with increased
risk of developing lung cancer.

Testing for radon gas is easy and mitigation methods are effective.

All homeowners should test their homes. Schools, daycares, public and commerical
buildings should also be tested.

If elevated levels are discovered, action should be taken to reduce the levels.
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Audience

School Administrators
Building Maintenance
Personnel

Teachers
Ancillary School Staff

Parent-Teacher's
Association

Parents

Students

Appendix F

RADON COMMUNICATION OUTREACH PROGRAM THROUGH SCHOOLS

Type of Communication

Technical/Support
and Motivational

informational and
Motivational

Informational and
Motivational

Informational and
Motivational

Informational and
Motivational

Message

- Testing Protocols

- Decision process
after testing

- Mitigation strategies

- Technical assistance

- Public disclosure

- Encourage them to
test their homes

-Levels of radon in
school, by room

- Mitigation strategy

- Encourage them to
test their homes

- Levels of radon in

school, by room

- Mitigation strategy

- PTA can help school
administrators to
reach parents with
radon information

- Encourage them to
test their homes

-Levels of radonin
school, by room

-Mitigation strategy

- Encourage them to
test their homes

- Facts about radon
and indoor air quality

- How to improve air
O 3

Method

Kentucky Educational
Television-Radon in
Schoaols Broadcast
Spring/Fall 1991

- Dissemination of

informational literature
-Presentations through the
Kentucky Education
Association

- Presentation at State
and District Meetings
and Workshops

- Assistance to individual
schools/districts

- PTA host Radon Awareness
Program

-PTA distribute radon info
to parents

- Host testing campaigns

- District/School/PTA
sponsored radon awareness
programs

- Distribution of radon
literature through PTA/
District office

- American Lung Association
lesson on radon in
“Growing Healthy”
creiCUlta,,



Appendix G

HESMDEST INSTRULTION REPLY TO.
ALRILULTURAL EXPERIMENT STATION
COUPERATIVE EXTENSION SERVICE

November 16, 1990

Dear Warren County Radon Action Committee Member:

This letter is to serve both as a notice of the next committee meeting
and as a summary of what has been done so far, partly in an effort to keep
absent committee members informed.

January 15, 1991 at 9:30-11:00 a.m. has been set for the next meeting
which will be at the Warren County Extension Office,

At the first meeting on October 15, Jeana Phelps from the Kentucky Radon
Program out of Frankfort was with us giving us an update on the radon situa-
tion nationwide as well as in Kentucky. She distributed packets of litera-
ture, a bumper sticker and a RADON tee-shirt.

Joan Martin and Terry Wilson from WKU distributed radon test kits made
available by the American Lung Association. It has been agreed that people
may obtain these kits for a $2.00 donaticn to the American Lung Assoclation.
The Warren County Extension Office obtained S00 of the kits from Joan for
distribution to Homemaker Club members and others who may want them.

The rest of the meeting consisted of members getting acquainted with
each other and finding ocut what our interessts and concerns were regarding
raden.

At the November .6 meeting, we continued getting acquainted, as we had
some new committee members, and began discussing our mission statement and
possible goals which we might wish to accomplish.

A sub-committee was formed to congeal our ideas and suggestions inte a
format which can be presented at the January 15 meeting for the entire
committee’'s consideration. Serving on this committae are Terry Wilson as
chairman, Joan Martin, Elaine Simmons and Bill Meinhardt.

(over)

Page

Also enclosed is a committee membership list so all members will know
who 1s involved and to what extent. If you know of others who are interssted

in serving on this committee, please feel free to tell them about the next
meeting, or let me know and I will send them a notice.

Thank you very much for your interest and participation. We have a big

joiy to do, but with ceordinaticn and working together we should be able to
accomplish our goal.

1

Sincerely, c?ﬁ
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OCCUPATIONATL, SAFETY DURING RADON MTITIGATION
FIELD EXPERIENCE AND SUR MONTITORING RESULTS

Jean-Claude F. Dehmel, CHP

S. Cohen & Associates, Inc.,

MclLean, VA 20101

Peter Nowlan

R.F. Simon Company, Inc.

Barto, PA 19504

Eugene Fisher

U.S. Environmental Protection Agency
Office of Radiation Programs
Washington, DC. 20460

ABSTRACT

The U.S. Environmental Protection Agency (EPA) has initiated
a radon mitigation project in homes located in Montclair, West
Orange, and Glen Ridge, New Jersey. In these communities,
numerous properties are contaminated with radium tailings which
were initially introduced around homes as backfill and used as

construction materials. In these homes, ambient radon
concentrations are well above the 4 pCi/L EPA guideline. In
support of radon mitigation activities, a comprehensive

occupational health and safety (H&S) monitoring program has been
implemented to assess working conditions. H&S activities include
monitoring airborne concentrations for radon, asbestos, organic
vapors, radiocactivity, and total suspended particulates, and
radiation exposures and loose surface alpha contamination levels.

Survey results indicate that all exposures are well within
occupational radiation protection standards and OSHA criteria.
Survey measurement results have been observed to vary depending
upon existing conditions and type of on-going mitigation work.
Typically, average radon levels vary from 0.4 to 32.5 pCi/L;
radiation exposure rates range from 6 to 460 uR/h; surface
contamination is generally below detection limits of 9 to 17
dpm/100 cm?; long-lived radionuclides concentrations are <6.8 X
10-13 yci/mL; asbestos fiber concentrations vary from <0.002 to
0.016 fibers/cm3; total suspended particulates personnel exposure
limits vary from <0.01 to 0.65 mg/m3; and organic vapors
concentrations range from <0.36 to 13 ppm-TWA for compounds
typically found in caulking compounds and PVC cements.

The work described in this paper was not funded by the U.S.
Environmental Protection Agency and, therefore, the contents do
not necessarily reflect the views of the Agency and no official
endorsement should be inferred.
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INTRODUCTION

The installation of radon mitigation systems involves
potential exposures to different types of occupaticnal hazards.
Such hazards include exposure to radon and to those routinely
experienced in light construction and building trades, e.g., home
remodeling and improvement. 1In the context of this project,
radiological occupational hazards, in addition to radon, include
exposures to elevated ambient radiation levels due to the
presence of soils contaminated with such radionuclides as Ra-226,
U-238, and Th=-232, and their decay products. Possible exposure
pathways include ambient radiation, airborne radionuclides (radon

gas, radon daughters, and resuspended particulates), and the
presence of radioactive contamination (in soils and as loose
surface). The installation of radon mitigation systems (e.g.,

subslab) requires that holes be drilled into concrete floors and
foundation walls in order to tap soil gases and also necessitates
the removal of some soils. Such activities have the potential to
increase exposures and cause the spread of contamination.

The following presents and summarizes health and safety
(H&S) monitoring data and results obtained during the course of
radon mitigation activities conducted in 17 homes (1, 2). H&S
activities include monitoring airborne concentrations for radon,
asbestos fibers, organic vapors, long-lived nuclide particulates,
and total suspended particulates/dusts (TSP), radiation exposure
rates, and loose surface alpha contamination levels.

&S MONTTORING ULTS

SOTI. RADTONUCLIDE CONCENTRATIONS

In these communities, numerous properties are contaminated
with radium tailings which were initially introduced around homes
as a backfill and used as construction materials. The tailings
originated from the extraction and purification process of radium
from uranium bearing ores to produce luminous paints. Tailings
and contaminated soils were discarded in adjacent properties and
used by nearby communities. Previous characterization studies
indicate that surface and subsurface Ra-226 concentrations are on
the order of 1,500 and 4,500 pCi/g, respectively (3). The range
of Th-232 concentration is approximately the same as radium. The
concentrations of U-238 and U-234 are lower, with the highest

concentration being reported at 310 pCi/g.

In support of the field work, several soil samples were
taken and analyzed for the presence of U-238, Ra-226, Th-232, and
K-40. The analyses were performed by GelLi gamma spectroscopy.
The results of such analyses are shown below (Table 1).
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The data indicate that none of the soil sample concentrations
approach the results of earlier characterizations. For the
radionuclides considered here, the maximum soil concentrations
are 27 pCi/g for U-238, 59 pCi/g for Ra-226, and 5.9 pCi/g for
Th-232. Background concentrations of these radionuclides in
Northern New Jersey soils are typically <1.0 pCi/g. The presence
of naturally occurring K-40 was determined for the purpose of
providing additional information with which to assess the
response of portable radiation survey meters. Past experience
has shown that since the concentration of K-40 in soil varies,
the detection of elevated exposures rates could be interpreted as
radium contamination, especially when Ra-226 is present at lower
concentrations. Soil sample analyses confirm that K-40
concentrations vary by a factor of two, from 7.0 to 15.0 pCi/g.

SURFACE CONTAMINATION

The presence of surface contamination was monitcored by
conducting smear surveys and by scanning areas with portable
alpha 2ZnS(Ag) survey meters. Typically 10 to 20 smears were
taken in each home whenever contaminated soils were expocsed. The
number of smears taken and their survey locations were based on

TABLE 1. MAXIMUM SOIL RADIONUCLIDE CONCENTRATIONS

Residence Radionuclide concentrations* - pci/g
ID No. U-238 Ra-226 Th-232 K=40
1 A-211 4.4 18.0 2.9 1.0
153 C-315 <l.0 1.4 1.6 13.0
30 F=-142 8.1 ‘9.2 1.8 9.4
32 F-143 12.0 16.0 2« 7.0
6 J-242 4.2 4.6 21 9.7
8 J-243 9.4 10.0 2.0 9.2
21 L-321 <1.0 151 5.9 15.0
26 L-322 2.2 1 = 1.6 10.0
53 N-163 <0.5 2.9 0.8 8.8
56 N-164 2.4 s e 8 2ai2 13.0
64 N-166 27.0 35.0 2.6 5.2
66 N-167 24.0 59.0 1.6 9.2
26 V=173 21.0 40.0 16 9.7
28 V=174 <2.0 Bl T 2ol 110
37 V=178 13.0 67 1.9 7.3

¥ Soil sample analyses performed by GeLi gamma Spectroscopy-
Concentrations results are expressed for dry weights.
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the results of direct reading radiation survey meters and the
type of intrusive activities being conducted. All smears wers
counted for five minutes using a bench-top alpha ZnS(Ag) counte:i
in order to resolve the maximum contamination limit of 20 dpm/100
cm?. The results of such analyses are shown below (Table 2).
The data indicate that all results, except for a few, are belov
the maximum contamination limit.

In a few instances, smear results were found to hover about
the limit of 20 dpm/100 cm?2. When those smears were recounted,
typically 2 to 3 later hours, all results fell within the
instrumentation’s lower limit of detection, indicating that the
initial activity was due to radon decay preoducts. This
conclusion was also confirmed by submitting such smears to more
rigorous laboratory analyses.

TABLE 2. TYPICAL ALPHA SURFACE CONTAMINATION LEVELS

Surface contamination levels* - dpm/100 cm2

Results at or Results. above
Residence below the lower the lower limit
ID No. limit of detecticn of detection
1 A=-211 <11.9
2 A-212 < 9.4
145 C=312 £12.2
153 C-315 12,2
30 F=-142 <1l1.9
32 F-143 <11.9
6 J-242 < 9.4
8 J=-2413 < 9.4
21 L-321 <13.2 15.3
26 L=-322 <13.2
53 N-163 €13.32
56 N-164 <17.1
64 N-166 <11.9
66 N=-167 <1l4.1
26 V-173 < 9.4
28 V=174 <11.9
37 v-178 <10.4 13.1 = 25.0

* Analyses were performed by gross alpha counting using a
ZnS(Ag) counter/ratemeter. Contamination results are for
smears or wipes taken over an area of 100 cm2, ca 4" x 4".
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RADIATION EXPOSURE RATES

Ambient radiation exposure levels were monitored in all work
areas, including basements, lowest ground floors, crawl spaces,
and outdoor areas requiring access or where work was being
performed. Measurements were made using portable NaI(Tl)
micro-R-meters. Survey measurement points included ambient areas
at one meter above the floor or ground, and on contact with
floors, foundation walls, and soil. The results of such surveys
are shown below (Table 3). The data indicate that ambient
exposure rates vary greatly, typically up to 10 times above the
ambient background level of 8 to 9 uR/hr. Any measurement
results in excess of twice background is generally considered to
be anomalous. Contact radiation levels were shown to vary even
more significantly, ranging from about 15 to 460 uR/hr. In terms
of characterizing radiation doses, ambient radiation levels are
more representative of personnel exposures than contact
measurements. Exposures to higher contact radiation levels, when
they did occur, were of relatively brief durations.

RADON CONCENTRATIONS

Radon concentration levels were measured using continuous
radon monitoring equipment. Radon levels were printed hourly
during the course of the work. All general work areas and zones
were ventilated using portable ventilation systems and vacuum
cleaners, respectively. Ventilation systems introduced fresh air
from the outside and vacuum cleaner exhausts were discharged
outdoors. Radon monitoring results are shown below (Table 4).
The data 1indicate that average and maximum ambient radon
concentration levels were typically less than 5 pCi/L and as high
as 66 pCi/L, respectively. In one instance, basement radon
levels shot up to 66.1 pCi/L over a four hour period in spite of
the on-going active ventilation. This sudden radon excursion was
corrected by pressurizing the basement instead.

LONG-LIVED PARTICULATE RADIONUCLIDES

Air samples were taken to assess ambient airborne
radionuclide concentrations whenever intrusive work or sampling
activities were in progress. Monitoring involved taking air
samples through 47 mm glass fiber filters. Sample durations
typically reflected the length of on-going work activities, up to
9 hours per day, and a nominal sampling flow rate of 40 LPM. All
filters were counted for ten minutes using a bench-top alpha
ZnS(Ag) counter in order to resolve the concentration limit of
4.4 E-12 uCi/mL for total gross alpha.
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TABLE 3. AMBIENT AND CONTACT RADIATION EXPOSURE RATES

Range of radiation exposure rates* - uR/hr.

Ambient radiation Contact radiation

Residence exposure rates at exposure rates on

ID No. waist height (1 m.) ground and floor
1 A-211 10 = 25 10 - 32
2 A-212 7 - 20 7 - 32
145 C-312 10 - 190 11 - 460
153 C=315 Il. = 17 14 - 26
30 F-142 10 - 90 11 - 150
32 F-143 13 = 75 12 - 200
2 J-241 8 - 20 8 - 34
6 J-242 9 - 23 9 - 36
8 J-243 6= 212 7 - 18
21 L-321 7T = 11 8 - 13
26 L-322 7 - 12 9 - 14
27 L-527 7 - 12 7 = 15
53 N-163 8 - 13 9 - 14
56 N-164 10 - 15 10 - 30
64 N-166 15 - 80 13 = 240
66 N-167 20 - 50 15 - 100
26 V=173 8 - 18 9 = 28
28 V=174 8 - 60 8 = 140
37 V-178 10 - 34 10 - 40

* Measurements taken using a portable NaI(Tl) micro-R survey
meter. Results represent range of exposures rates routinely
observed in basements or lowest floor levels, and outdoors
in areas such as sidewalks, yards, and drive and walkways.

The filters were counted again, typically 2 to 3 hours later, to
discern the presence of long-lived radionuclides from radon decay
products. The results of such sampling surveys are shown belcw
(Table 5). The data indicate that airborne concentrations were
typically below the instrumentation’s lower limit of detection,
about <6.8 E-13 uCi/mL. This conclusion was also confirmed Dby
subsequently subjecting air sample filters to more rigorous
laboratory analyses.



TABLE 4. RANGE OF RADON CONCENTRATION LEVELS

Typical radon concentration levels* - pcCi/L.

Residence
ID No. Average Low High
1 A-211 1.0 0.4 17
2 A-212 1.0 0.1 2.4
145 C-312 2.7 2.4 39
153 C=315 0.4 0.4 1.2
30 F-142 4.3 2.8 7.2
32 F-143 . 0.4 2.7
6 J-242 0.9 0.3 1.8
8 J=-243 0.7 0.3 1.7
21 L—-321 2.7 1.0 11.8
26 L-322 0.6 0.1 1.2
53 N-163 1.9 0.1 4.7
56 N-164 1.7 0.1 23.4
64 N-166 32.5 2.8 66.1
66 N-167 1.2 0.9 3.5
26 V=173 3.4 1.1 91
28 V=174 2.3 1.0 2.6
37 V=178 1.3 0.9 1.7

* Measurements taken using portable Femto-Tech Model R210F
radon monitors equipped with continuous data recorders.
Results were printed out hourly to monitor levels. Radon
concentrations represent ambient levels in basements or lowest
ground floors measured with on-going active ventilation.

TOTAL SUSPENDED PARTICULATES (TSP)

Some work activities, such as drilling, grinding, etc, have
the potential to generate airborne suspended particulates (TSP).
The air sampling program and system described above were also
used to assess the presence of TSP in the work environment. All
filters were pre-weighed before being used and then weighed again
when sampling was completed. Both weighings were performed using
a laboratory micro-balance. The associated airborne dust
concentrations are shown in above (Table 5). The data indicate
that all results are below the OSHA limit of 10 mg/m3 (4). The
highest and lowest measurable TSP concentrations observed were
0.65 and 0.04 mg/m3, respectively.
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TABLE 5. GROSS ALPHA AIRBORNE RADIONUCLIDE AND TOTAL SUSPENDED
PARTICULATE CONCENTRATIONS

Airborne concentrations*

Residence Gross alpha Suspended
ID No. Sampling concentrations Particulates
time (hr.) (uCi/mL) & (mg/m3) #

1l A-211 6.9 <4.0E-13 0.17

2 A-212 7.9 <5.2E-13 0.26
145 C-312 8.5 <6.5E-13 no data
153 €=315 6.7 <2.4E-13 <0.03

30 F-142 7:1 <6.8E-13 <0.01

32 F-143 7.7 £5,5E=13 0.18

6 J=-242 6.9 <2.1E-13 <0.03

8 J-243 5.2 <1.5E-12 <0.03

21 L-321 8.0 <4.7E-13 0.15

26 L=-322 6.5 <4.3E-13 0.15

53 N-163 7.7 <4.8E-13 0.16

56 N-164 8.5 ., <3.9E-13 <0.02

64 N-166 8.8 “<4.8E=13 0.04

66 N-167 8.3 <3.8E-13 0.20

26 V=173 9.0 <4.5E-13 0.65

28 V-174 8.0 <1.9E-13 <0.02

37 v-178 8.9 <3.2E-13 0.09

¥ Measurements taken using a portable sampling pump and 47 mm
glass fiber filters. Sampling flow rate is typically 40 LPM.
Air concentrations represent ambient levels in basements
or lowest floors measured with on-going active ventilaticn.
Sampling times represent typical duration of intrusive
work which could result in the generation of elevated
airborne suspended dust and radioactivity concentrations.

A single filter was used to simultaneously assess the presence
of both long-lived particulate nuclides and total dust.

& Filter samples were analyzed first for gross alpha activity
using a ZnS(Ag) alpha scaler at the work site and then
subjected to laboratory GeLi gamma spectroscopic analyses.

# Filters were pre-weighed before being used and weighed again
after sampling was completed. Both weighings were performed
using a micro-balance under laboratory conditions.
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FIBER (ASBESTOS) CONCENTRATIONS

Since the work was performed in homes which are known to
have asbestos containing materials (ACM), air samples were taken
to determine the presence of airborne fibers in all work areas.
Samples were taken by drawing air through a 25 mm open cassette
with a mixed cellulose ester filter (MCE). The selected sampling
and analytical methods were based on OSHA approved methods (NIOSH

7400 - Phase Contrast Microscopy) (5). Sampling durations and
flow rates were adjusted to reflect the constraints of the NIOSH
procedure for total fiber loadings. The airborne ~ fiber

‘concentrations are shown below (Table 6). The data indicate that
all results are below the OSHA limit of 0.2 fiber/cm3, 8-hr TWA
(4). It should be noted that PCM resolves all fibers with a
specific aspect ratio (length and diameter), whether they are
asbestos or not. In order to assess the presence of asbestos
fibers, one sample with the highest fiber density (43.3 f/mm2)
was subjected to further analysis (transmission electron
microscopy - TEM) (6). The results revealed that a fewer number
of non-asbestos fibers were measured (14.4 f/mm2). Such fibers
were identified to be gypsum, cellulose, and material containing
calcium.

ORGANIC VAPOR CONCENTRATICNS

The installation of radon mitigation systems require the use
of caulking and sealing compounds, sealing foams, and PVC pipe
cements. As these compounds are applied, and during the curing
process, organic vapors are released in the work environment. In
order to assess personnel exposures to such chemical compounds,
organic vapor monitor (passive diffusion) were worn Dby
individuals involved in applying caulks, sealants, and PVC
cements. The monitors were worn for the duration of these
activities since such functions are typically of short duration
(2 to 4 hours). The monitors were supplied and analyzed by 3M
(7). The organic vapor concentration results are shown below
(Table 7). The selection of organic compounds to be analyzed by
JM was based on the information contained in the MSDS supplied
with such commercial products. The organic vapor concentration
results represent exposure levels in all work areas routinely
accessed to support the installation of radon mitigation systems.
The data indicate that for the selected compounds, ambient
concentrations were well below the OSHA permissible exposure
limits and ACGIH threshold limit wvalues (4, 8). The highest
observed organic vapor concentrations was due to methyl ethyl
ketone (MEK), at 13 ppm. The corresponding 8-hour TWA limit is
200 ppm.



TABLE 6. FIBERS (ASBESTOS) CONCENTRATION LEVELS

Airborne fibers concentration levels* - f/cm3

Residence

ID No. fibers/cm3 fibers/mm2
1 A-211 <0.005 127
2 A-212 <0.005 10.2
13 A-112 <0.005 16.6
120 c-311 <0.005 331
153 C-315 <0.005 28.0
14 E-121 0.012 62.4
26 F-173 <0.005 29.3
30 F-142 0.007 19.1
32 F-143 0.016 43.3 PCM dataé&
32 F-143 <0.003 14.0 TEM data&
6 J-242 <0.005 19.1
8 J-243 <0.006 30.6
21 L-321 <0.005 0.0
26 L-322 0.011 28.0
27 L-S27 <0.005 30.6
25 M-251 0.007 25.5
46 N-161 <0.002 0.0
53 N-163 <0.005 8.9
56 N-164 0.007 282
58 N-168 0.007 33.1
§4 N-165§ <0.008 1247
66 N=167 <0.005 34.4
33 R-341 0.006 31.8
55 R-343 <0.005 2442
26 V=173 0.008 29.3
28 V-174 0.012 24.2
35 V=177 <0.005 15.3
37 V-178 <0.005 1%.5

* Fiber concentrations represent ambient levels in basements or
lowest floor levels measured with on-going active ventilaticn.
Measurements were taken using a portable sampling pump and 25
mm MCE filters in open face cassettes. MCE filters were
analyzed by NIOSH method 7400 - Phase Contrast Microscopy (5).

& One sample, 32 F-143, was also analyzed via transmission
electron microscopy (TEM) using U.S. EPA Level II Method (6).
Analysis was performed following the results of the PCM
analysis. The same sample was used for the TEM analysis.
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TABLE 7. ORGANIC VAPOR MONITOR CONCENTRATION LEVELS
Typical organic vapor concentrations* - ppm
Residence Work Organic Vapor TWAS
ID No. activity compounds concentrations limit
53 N-163 Sealing & MEK < 1.00 200
caulking Toluene < 0.84 100
Xylene < 0.66 100
64 N-166 PVvC MEK 13.0
cementing Cyclohexanone 0.53 25
66 N-167 PVC MEK 6.55
cementing Toluene < 0.43
Cyclohexanone < 0.49
66 N-167 Sealing & Toluene < 0.56
caulking Perchloro-
ethylene < 0.36 25
P. Glycol
mono methyl
ethyl acetate < 0.46 s5#
37 v-178 Sealing & Acetone < 2.30 75
caulking MEK < 1.83
Xylene < 1l.21

* Measurements taken using 3M Model 3510 passive diffusion
organic vapor monitors issued to personnel. Selection of

organic compounds was based on information provided in MSDS
supplied with commercial products routinely used in radon
mitigation. Organic vapor concentrations represent exposure
levels in all work areas routinely accessed to support the

installaticn of radon mitigation systems with on-going active
ventilation in the lowest ground floors and normal ventilation

in the remaining upper floors. .
& TWA limits reflect OSHA permissible exposure limits (PEL) (4).
# Based on ACGIH threshold limit values (TLV) (8).
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CONC ONS R NDATIONS

CONCLUSIONS

The results shown above indicate that all personnel
exposures were well within recognized radiation protection
standards as well as project administrative limits. The adopted
radiation exposure limit for this project was set at 500 mrem,
same as for the general public, as opposed to 5,000 mrem for
occupationally exposed radiation workers. Furthermore, an action
level of 100 mrem was established for the purpose of assessing
on-going work activities and associated radiation exposures.
Dosimetry results from radiation badges (TLDs) revealed that
monthly exposures were below the TLD’s response level of 10 mrem
for X and gamma rays (9). Personnel radon expcsures were
monitored by using alpha track etch detectors (ATDs) (10). ATD
radon concentration results ranged from 0.3 to 5.2 pCi/L.
Cumulative radon exposures ranged from 30 to 104 pCi-days/L for
one month monitoring periods. Exposures to airborne long-lived
particulate radionuclides, total suspended solids, asbestos
fibers, and organic vapors were well within the applicable OSHA
permissible exposure limits.

RECOMMENDATIONS

The H&S monitoring results revealed that by adopting simple
protective measures, personnel exposures can be maintained well
below occupational standards and, in some instances, at the
threshold of measurement detection limits. Some of the applied
protective measures include working in well ventilated areas,
judicious use of 1local exhaust ventilation at the socurce of
contaminants, application of dust suppression techniques, use of
the functional sections of a mitigation system to minimize radon
exposures and resuspended particulates while completing its
installation, use of containment methods to minimize the spread
of contaminants, and restricting personnel traffic in work areas.
The use of monitoring equipment has shown to be also helpful in
the detection of trends in ambient radiation exposure rates and
levels of contaminants. Routine surveillance of all work
activities has also allowed the timely detection of potentially
problematic situations. The radon concentration excursion and
interpretation of radon decay products to alpha surface
contamination were two such examples. In both instances, simple
monitoring and measurement techniques were applied to identify
and correct the situation. Excluding the presence of
contaminated soils, these H&S monitoring results indicate that
such protective measures and monitoring methods can also be
applied in the installation of radon mitigation systems under

conventional conditions.
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Key Technology, Inc., P.O. Box 562
Jonestown, PA 17083
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ABSTRACT

Numerous studies have evaluated the combined effects of cigarette smoke and in-
halation of radon decay products on the risk of lung cancer to smokers. In 1988 the
National Academy of Sciences concluded that the risk of lung cancer is about 10 times
greater for smokers than for nonsmokers at the same Working Level exposures. How-
ever, very little attention has been given to the effects of passive cigarette smoke and
radon decay product exposures to nonsmokers. Preliminary studies (presented by the
authors at the annual conference of the American Association of Radon Scientists and
Technologists - Oct. 4 - 6, 1990) showed that even a single cigarette drastically increased
the Working Level exposures in homes. Consequently, a cigarette smoker not only in-
creases his/her own risk, but may also increase the risk te all occupants of the same dwell-
ing due to an increase in Working Level exposures.

This paper presents the results of additional measurements to evaluate the effects of
typical cigarette smoking patterns in a home. The study simulated the smoking habit of
approximately a one pack a day smoker. Continuous measurements were made on radon
gas levels, Working Levels, and corresponding equilibrium ratios. Working Levels were
found to increase rapidly after lighting of cigarettes and to remain elevated for several
hours. Cigarette smoke provides a significant source of aerosols for attachment of radon
decay products in homes. Furthermore, the airborne particles from cigarette smoke
remain in the air for many hours after the visible smoke has dissipated. Consequently, the
increase in Working Levels and equilibrium ratios persists long after the smoking stops.
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Since the risk of exposure to radon decay products is also significantly affected by
the fraction of unattached polonium-218, then additional studies are recommended to
evaluate unattached fractions, as well as aerosol concentrations and particle size distribu-
tions. This paper confirms the potential risks to nonsmokers from increases in Working
Levels due to passive smoke in homes and points to needs for further studies to document
other risk factors.

INTRODUCTION

The connection between exposure to radon decay products and subsequent lung can-
cers in uranium miners has been studied since the early 1950's. Continuing studies of
uranium miners in the United States, Czechoslovakia, Sweden, and Canada have con-
firmed that uranium miners develop more lung cancers than other types of miners or the
general population according to a 1984 report by the National Committee on Radiation
Protection and Measurements (1). These studies indicate that about 10 additional lung can-
~ cers occur per year for each Working Level Month (WLM) exposure to one million per-
~ sons. The 1988 report of the Committee on the Biological Effects of Ionizing Radiation
~ (BEIR 1V) concluded that lifetime exposures to radon decay products could result in an
additional 350 lung cancer deaths for each million person WLM (2). The Environmental
Protection Agency estimates that 20,000 lung cancer deaths a year may be caused by ex-
posures to radon decay products in homes (3).

The connection between cigarette smoking and lung cancer is also well docu-
mented. Kabat (4) shows that, among lung cancer deaths in five countries, 83 - 94% are
due to cigarette smoking by men and 57 - 80% by women. In the United States the Sur-
geon General reported 106,000 lung cancer deaths among smokers in 1986. The National
Academy of Sciences (5) also evaluated the risk to nonsmokers from passive exposure to
tobacco smoke, usually from a smoking spouse. This study found an increase in risk of
about 34% compared to nonsmokers without exposure to tobacco smoke. Cigarette smok-
ing is clearly the primary cause of lung cancer in the U.S.

Since radon decay products are also clearly a cause of lung cancer, the question
arises on how these two causes may combine. BEIR IV concluded that smokers have
about 10 times greater risk than nonsmokers for the same WLM exposures. This study
determined that the combined effect of cigarette smoke and radon decay products is syner-
gistic. The two effects combine multiplicatively rather than additively. This means the
combined effects are worse than the sum of the two risks alone. Recognizing that
cigarette smoke drastically increases the radon lung cancer risk to smokers also raises ques-
tions about the combined effects on nonsmokers who are passively exposed to environmen-
tal tobacco smoke.
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EFFECT OF CIGARETTE SMOKE ON INDOOR AIR

A review of studies done by A.C. George (1) indicates that even one cigarette will
profoundly increase the concentration of airborne particles. In fact, any human activity
will increase the particle concentration several fold over the normal quiescent value. The
fumes from cooking, burning of candles or incense, spraying of aerosols, ultrasonic
humidifiers, or other similar activities will also increase the concentration of particles in
air (1). Conversely, air conditioning or air cleaning systems that remove particulates by
filtration or electrostatic precipitation will reduce indoor aerosol concentrations. For ex-
ample, Moeller (6) indicates that a fan to circulate the air plus a positive ion generator will
reduce aerosols and the airborne concentration of radon decay products by 90 to 95 per-
cent. The lowest concentration of airborne particles likely to exist in homes is in the or-
der of 1,000 to 10,000 particles per cubic centimeter.

Any activity that changes aerosol concentrations will also affect the equilibrium
ratio between radon gas and radon decay product concentrations. The quantity of decay
products in the air and the equilibrium ratio go up as the aerosol concentration goes up.
This is because airborne radon decay products are mostly attached to aerosols. Decay
products that do not attach to aerosols (the unattached fraction) tend to quickly plateout on
walls and other surfaces and are removed from the air. As the aerosol concentration goes
up, there are more particles for attachment of radon decay products which then remain in
the air longer that those that are unattached.

The quantity of radon decay products in the air is normally measured in terms of
Working Levels. Working Levels are commonly measured by collecting airborne dust and
associated radon decay products on a filter and measuring the collective alpha particle
emissions. Consequently, for a given radon concentration, the measured Working Levels
tend to increase with increasing aerosol concentrations and increasing equilibrium ratios,
both of which are likely to increase with the introduction of cigarette smoke into the air as
noted above. Since Working Levels are the primary measure of exposure to radon decay
products and corresponding lung cancer risk, anything that affects Working Levels may
also affect estimates of lung cancer risk. Therefore, increases in Working Levels due to
cigarette smoke could increase risk of lung cancer for any concentration of radon.

EFFECT OF CIGARETTE SMOKE ON WORKING LEVELS

Initial studies of the effect of cigarette smoke on Working Levels were conducted
by Eric Geiger at Radon QC in 1988 (7). A single cigarette was burned in a radon cham-
ber while Working Levels were measured hourly. The Working Levels were found to in-
crease significantly while the radon gas concentration remained about the same. These
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observations confirmed the work of other investigators. Namely, cigarette smoke in-
creases aerosol concentrations and Working Levels. Discussion of these observations
among the authors in the spring of 1990, however, led to several questions. First of all,
what do we know about levels of cigarette smoke and Working Levels in homes?
Secondly, what is known about the lung cancer risk to occupants in homes where the
Working Levels are affected by cigarette smoke?

Numerous studies are reported that evaluate the combined effects of cigarette
smoke and exposure to radon decay products in terms of risk to the smoker. However,
little research has been done that considers the effects on nonsmoking occupants of homes
due to increased Working Levels attributed to cigarette smoke.

PURPOSE OF THIS STUDY

This paper has three purposes. One is to highlight the fact that cigarette smoking
may increase the lung cancer risk from exposure to radon decay products for all occupants
of a smoker's home. The second is to present preliminary findings on Working Level
measurements related to cigarette smoke in a radon chamber and in typical homes.
Thirdly, this paper identifies several needs for further research to answer questions about
risks to all occupants related to cigarette smoking in the home or other buildings.

MEASUREMENT TECHNIQUES

This paper presents the results of four sets of measurements. One study was con-
ducted in a radon chamber at Radon QC, two studies were done in the basements of typi-
cal homes; one in Nazareth, PA and the other in Bethlehem, PA., a final study was done
in the living room of a home in Rockville, MD.

Radon Chamber - The study was conducted in the Red Chamber at Radon QC.
This chamber has the highest radon levels of the three chambers available for radon and
radon decay product calibrations at Radon QC. The Red Chamber is a walk-in room
about five feet by nine feet with an eight-foot ceiling. It is equipped with calibration ports
and a viewing window. This chamber normally runs at radon levels from 200 to 600
pCi/L. The radon and decay product levels are constantly monitored with a continuous
radon monitor, continuous working level meter, and an alpha spectrometer. The chamber
is operated at slight negative pressure and cigarette smoke was drawn in through one of
the calibration ports.
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Nazareth House - This is a 50 year old wood frame house with a full basement.
The basement is approximately 31 feet by 26 feet with concrete walls and a concrete floor.
One comer of the basement, about 19 feet by 12 feet, is partitioned off leaving an open
L-shaped area where the experiment was conducted. No one in this house smoked
cigarettes. '

Bethlehem House - This is a one year old house with an open basement area of
about 43 feet by 15 feet. The basement has concrete floors and walls. A person in this
house is a heavy smoker.

Rockyille House - This is a two story colonial all masonry house (cinder block and
brick) on a concrete slab without a basement. The experiment was conducted in the living
room, which is about 15 feet by 20 feet. The living room is connected by an open
archway to an adjoining dining room. The open area of the two rooms is about 15 feet by
35 feet. Entrances to both rooms were closed with bifold doors.

INSTRUMENTATION

In each study measurements of radon gas and radon decay products were made
hourly. Working Level measurements were made with an Eberline model WLM-1A.
This detector draws an air sample through a filter at a flow rate of 0.10 to 0.18
liters/minute. Alpha particle emissions from the aerosols trapped on the filter are
measured with a silicon diffused junction alpha detector. Both radon (radon-222) and
thoron (radon-220) decay products are measured. The thoron contribution is estimated by
observing the decay rate after the sampler is shut off. Equilibrium between radon and
decay products was calculated assuming that only radon-222 was measured. Accuracy of
this detector is related to the sampling time, calibration of the flow rate, and calibration of
counting efficiency.

Radon gas samples were measured with an Eberline model RGM-3 continuous
radon monitor. Air is drawn at 6 liters/minute through a filter to remove particulates
before counting alpha emissions with a zinc sulfide phosphor. This instrument will
measure alpha emissions from both radon and thoron. However, the 56 second half-life of
thoron should prevent very much getting into the detector. We caiculated the
radon/decay product equilibrium assuming that all the alpha emissions came from radon-
222,

Since both the radon gas and decay product monitors are used primarily for deter-
mining levels in the radon chambers at Radon QC, these instruments are intercalibrated
quarterly with the Environmental Measurements Laboratory (EML) of the Department of
Energy.
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CIGARETTE SMOKE

Cigarette smoke was introduced into each room by lighting a 100 mm filtered
cigarette and allowing it to burn in a cup or ashtray. The cigarettes were not smoked by
anyone, but simply allowed to burn by themselves. The cigarettes required about 10
minutes to burn. The burning cigarettes were placed about three feet from an outside wall
and were about 12 to 15 feet from the measuring instruments. In the Nazareth and Beth-
lehem houses a single cigarette was burned each 24 hours. In the Rockville house an
attempt was made to simulate a typical smoking pattern of a one pack a day smoker.
Approximately two packs of cigarettes were burned in this house between a Friday night
and Sunday night of the experiment.

RESULTS

RADON CHAMBER STUDY

. The data on the effect of cigarette smoke in the Red Chamber at Radon QC are

- shown in Figure 1 and Table 1. Two readings collected before introducing cigarette
smoke into the chamber showed radon at about 310 pCi/L and Working Levels at about
0.4. This gave an equilibrium of about 14%. After burning one cigarette, the Working
Levels went up to 2.2 and the equilibrium went up to 71%. These increases took about
four hours due to the time needed for ingrowth of decay products to reach a new equi-
librium. The increases also persisted for many hours, such that even 24 hours later the
Working Level was still at 1.14 (more than double the original level) and the equilibrium
was at 24% (nearly double the initial level), The burning of a second cigarette caused the

Working Levels to move up to about 2.4 and stay there for several hours,

The main observation from this radon chamber study was that the smoke from a
single cigarette drastically increased the concentration of radon decay products in the air as
measured by Working Levels. Furthermore, the increased levels persisted for more than
24 hours, long after any visible evidence of cigarette smoke was gone. Two factors could
account for these observations. One is that the radon chamber has a relatively low ventila-
tion rate. Secondly, the air in this chamber is relatively low in aerosol concentration as
indicated by the low percent equilibrium before starting the experiment. Since both of
these factors could be substantially different in typical homes, the next part of the study
was to repeat the cigarette experiment in homes.
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NAZARETH HOUSE

The data gathered on the effects of passive smoke in this house are shown in
Figure 2 and Table 2. As observed in the radon chamber, after a cigarette was burned the
Working Levels and percent equilibrium both increased for several hours. After about six
hours both of these effects began decreasing. Presumably these decreases are due to dilu-
tion from the normal ventilation in the basement area. Two other observations were noted
in this house. One was the normal diurnal variation in radon gas concentrations. The
other was that the percent equilibrium increased substantially in the six hours before the
burning of a cigarette. This would indicate that some other source of aerosol was intro-
duced into the basement air prior to the cigarette experiment. Since this increase occurred
between 9 a.m. and 3 p.m., it follows the typical pattern related to normal daytime ac-
tivities in a home, although we cannot attribute a specific cause to the increase.

The Working Level monitor in this house also recorded an 8% contribution of
thoron decay products to the Working Level measurements. This would account for per-
cent equilibrium values greater than 100%. This observation confirms a 1988 report by
the NCRP which notes that indoor air can have significant amounts of the thoron decay
product, lead-212 (4).

BETHLEHEM HOUSE

Two cigarettes were burned in the basement of this house at a 24 hour interval as
noted in Figure 3 and Table 3. After the first cigarette, both the Working Levels and the
percent equilibrium increased as noted in the Nazareth House. However, the Working
Levels began decreasing within three hours. The percent equilibrium continued to in-
crease for six hours. After burning a second cigarette on the next day the Working Levels
dropped, although there was a general increase in the percent equilibrium. The decrease
in Working Levels may be attributed to the decrease of radon concentration by a factor of
two in the twelve hours following the cigarette burning.

This house also had a 13% contribution from thoron decay products to the Work-
ing Level measurements. Therefore, the lowest equilibrium value was 62%. Several
times the equilibrium ratio went over 100%. The data in Table 3 (Continued) show that
during the night of July 3-4, 1990, the equilibrium went up to 121%. We cannot account
for this increase, although it would appear to be related to an increase in aerosol concentra-
tion. The overall high levels of percent equilibrium in this home could be due to regular
cigarette smoking by an occupant. Since the percent equilibrium began increasing after 6
p.m., the increase could be due to smoking in the early evening hours.
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ROCKVILLE HOUSE

The first observation of note in this house is that the radon gas levels varied widely
during the 65 hours of the study, as shown in Figure 4 and Table 4. Initial levels of about
8 pCi/L at midday on Friday, January 11, 1991, rose to a high of about 22 pCi\L on Satur-
day morning and gradually decreased again to about 2.1 pCi\L on Sunday afternoon. We
believe this ten-fold variation in radon levels was likely due to changes in weather condi-
tions. On Friday mormning a new wet snow fell on already snowcovered and frozen
ground. The wet snow then changed to heavy rain during the day on Friday, while the
outdoor temperatures increased from about 30 up to 40 degrees Fahrenheit. The clouds
cleared on Saturday with cooler temperatures and sunshine through Sunday.

The wide variation in radon levels during this experiment also serve to highlight
two other factors regarding radon measurements. One is that any readings taken during
the day on Friday would have shown unusually high radon levels that are probably not
typical for this house. This is another indication that short term measurements of a few
hours, or even 24 hours, may give radon levels that are not representative of average con-
ditions. The other factor has to do with how well charcoal canisters measure radon when
the levels vary widely during the exposure period. Eight open-face charcoal canisters
were placed in pairs around the living room for 72 hours to measure radon during the
same time as the continuous radon monitor. The two canisters next to the continuous
monitor gave an average reading of 4.4 pCi/L compared to an average of hourly readings
of 7.69 pCi/L. Apparently, the canisters were affected more by the radon levels at 2 to 4
pCi/L during the last 24 hours of exposure than the levels of 8 to 20 pCi/L during the first
day of exposure. Another observation of note also was that the six canisters placed nearer
to the outside walls of the living room gave readings of 12 to 27 percent higher than the
canisters near the inside wall next to the continuous monitor. Therefore, placement of
canisters can also affect the readings substantially.

The times and the number of cigarettes burned are given in Table 4. We began
lighting cigarettes on Friday evening to represent smoking after dinner and during the eve-
ning such as might occur while watching television. One or two cigarettes were lighted in
the morning as typical of someone having a cigarette after breakfast. No other cigarettes
were burmed during the day on Saturday. Eight cigarettes were burned between 7:15 pm
and 9:15 pm that night. On Sunday, six cigarettes were burned near noontime and
another ten that evening to conclude the experiment. At most times, two cigarettes were
burned at the same time to represent two people smoking together.

As in the other homes, both the Working Levels and the percent equilibrium in-
creased significantly following the burning of each cigarette. These parameters remained



elevated for three to six hours after each group of cigarettes. The effects persisted longer
when more cigarettes were lighted in a short time, such as was done in the evenings
during this study. The percent equilibrium values varied from a low of about 20 up to a
high of about 70 after the introduction of cigarette smoke into the air. The lowest equi-
librium values occurred in the morning hours around five or six am. The Working Level
values also increased after each cigarette lighting even though the radon levels were falling
for most of the study after midnight on Friday.

DISCUSSION AND CONCLUSIONS

Both the radon chamber experiment at Radon QC and the measurements in the base-
ments and living areas of typical homes showed that cigarette smoke leads to a significant
increase in Working Levels and percent equilibrium. To the extent that Working Levels
are an indicator of health risk from exposure to radon decay products, the increases ob-
served in this study raise important questions about the increased risk to nonsmokers due
to the presence of passive cigarette smoke. Most studies have focused on the increased
risk to smokers related to combined effects of cigarette smoke and radon decay products.
We suggest that further studies also consider the possibility of increased risk to non-
smokers in the home of a smoker. The risk to occupants of a home with radon at EPA's
guideline level of 4 pCi/l could be quite different in the home of a smoker in comparison
to a home with no smokers.

The question also arises about the increased risk to smokers. Since cigarette smoke
significantly increases Working Levels and percent equilibrium, then wherever a person is
smoking these parameters are affected. That is to say that smokers create an environment
around them of increased Working Levels wherever they are. Therefore, smokers not
only inhale cigarette smoke, with corresponding risks, but also they inhale an atmosphere
of increased radon decay product concentrations at the same time. Perhaps this is a con-
tributing factor to the increased risk of lung cancer to smokers.

For those who conduct Working Level measurements, these studies also indicate
that technicians making such measurements should not smoke. Otherwise, the Working
Level readings may reflect smoking habits of the technician, or other occupants of a
home, rather than natural Working Levels. These studies also highlighted the need to con-
sider other sources of lung cancer risk in homes, namely the contribution from thoron
decay products.

The work described in this paper was not funded by the U.S. Environ-

mental Protection Agency and therefore the contents do not necessarily
reflect the views of the Agency and no official endorsement should be inferred.
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NEEDS FOR FURTHER STUDY

These studies were intended to demonstrate that passive cigarette smoke affects
home occupant's exposures to radon (and thoron) decay products. We understand that in-
creases in aerosol concentration may also reduce the unattached fraction of polonium-218
and that may reduce the intake and retention of decay product alpha energy. We did not
measure unattached fractions. We also did not measure aerosol concentrations or particle
size distribution. For a better assessment of potential health risks from passive smoke fur-
ther studies should consider measurements of home ventilation rates, aerosol concentra-
tion, particle size distribution, and unattached fractions, as well as radon gas concentra-
tion, Working Levels, and percent equilibrium.
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TABLE 1. EFFECT OF PASSIVE SMOKE ON WORKING LEVELS -
RED CHAMBER - RADON QC

Time Radon Daughters Radon Gas Equilibrium
WL pCi/L %
5/18/90 0600 0.45 304 15
0700 0.44 317 14
0705 Bumed One Cigarette®
0800 0.57 318 18
0900 1.34 323 41
1000 2.02 319 63
1100 2.23 314 71
1200 213 320 67
1300 2.17 328 66
1400 2.14 322 66
1500 2.10 328 64
1600 2.11 382 55
1700 2.14 374 57
1800 2.14 376 57
1800 2.14 378 57
2000 2.14 432 50
2100 2.09 455 46
2200 2.01 457 44
2300 1.90 455 42
2400 1.78 457 39
5/19/90 0100 1.67 457 37
0200 1.58 465 34
0300 1.48 469 32
0400 1.39 473 29
0500 1.30 476 27
0600 1.22 479 25
0700 1.14 473 24
0705 Burned One Cigarette®
0800 1.13 409 28
0800 1.52 397 38
1000 2.92 398 48
1100 2.11 410 51
1200 2.23 423 53
1300 2.34 442 53
1400 242 440 55
1500 242 450 54
1600 2.45 451 54

* Marlbora 100 Filter Cigarette



TABLE 2. EFFECT OF PASSIVE SMOKE ON WORKING LEVELS -
NAZARETH HOUSE

Time Radon Daughters Radon Gas Equilibrium
WL pCi/L %
6/19/30 0930 0.021 7.43 28
1030 0.050 8.87 56
1130 0.058 7.01 82
1230 0.058 6.13 95
1330 0.053 6.24 85
1430 0.054 5.48 99
1530 0.050 6.86 73
1530 Burned One Cigarette®
1630 0.054 6.59 82
1730 0.063 6.66 95
1830 0.069 6.72 103
1930 0.057 7.77 73
2030 0.061 8.61 7
2130 0.066 8.74 76
2230 0.067 9.59 70
2330 0.071 10.13 70
6/20/90 0030 0.066 10.16 65
0130 0.066 9.66 68
0230 0.060 9.74 62
0330 0.057 9.66 59
0430 0.052 9.24 56
0530 0.049 9.24 53
0630 0.049 8.70 56
073¢ 0.050 8.33 60
0830 0.050 7.77 64
0930 0.047 7.48 63
1030 0.046 7.40 62
1130 0.047 6.70 70
1230 0.046 6.24 74
1330 0.045 6.07 74
1430 0.046 5.69 81
1530 0.030 5.74 52

* Maribaro 100 Filter Cigarette
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TABLE 3. EFFECT OF PASSIVE SMOKE ON WORKING LEVELS -
BETHLEHEM HOUSE

Time Radon Daughters Radon Gas Equilibrium
WL pCi/L %
7/11/90 0537 0.044 5.17 85
0637 0.044 5.56 79
0737 0.046 5.66 81
0837 0.047 6.16 76
0837 Burned One Cigarette®
0937 0.048 6.26 77
1037 0.050 5.99 83
1137 0.049 5.14 95
1237 0.045 4.80 94
1337 0.045 4.67 96
1437 0.045 4.48 100
1837 0.045 4.48 100
1637 0.045 4.76 95
1737 0.049 5.14 94
1837 0.048 5.35 S0
1937 0.048 5.20 92
2037 0.051 5.40 94
2137 0.052 6.64 78
2237 0.051 6.57 78
2337 0.053 6.64 80
7/2/90 0037 0.053 6.80 78
0137 0.052 7.00 74
0237 0.050 7.40 68
0337 0.050 7.06 71
0437 0.050 7.42 67
0537 0.050 7.31 68
0637 0.048 7.46 64
0737 0.050 7.41 67
0737 Burned One Cigarette®
0837 0.048 7.30 66
0937 0.042 6.81 62
1037 0.041 6.13 67
1137 0.041 5.48 75
1237 0.038 5.30 72
1337 0.038 5.16 74
1437 0.037 4.84 76
1637 0.039 4.64 B84
1637 - 0.035 4.59 76
1737 0.035 4.47 78

* Mariboro 100 Filter Cigarette
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TABLE 4. EFFECT OF PASSIVE SMOKE ON WORKING LEVELS -
ROCKVILLE HOUSE

Time  Radon Daughters Radon Gas Equilibrium Cigarettes™®
WL pCi/L % Burned
1/11/91

1600 0.016 8.10 20

1700 0.016 7.83 20

1800 0.016 7.64 21

1900 0.017 9.00 19

2000 0.026 10.3 25 1
2100 0.044 11.0 40 3
2200 0.061 13.1 47 3
2300 0.074 14.9 50

2400 0.077 17.5 44

1/12/91

0100 0.076 21.0 36

0200 0.073 22.2 33

0300 0.057 22.0 26

0400 0.044 22.1 20

0500 0.044 21.5 20

0600 0.043 20.0 22

0700 0.042 17.5 24

0800 0.048 14.7 33 2
0900 0.057 12.9 44

1000 0.055 11.3 48

1100 0.048 10.2 47

1200 0.036 9.40 39

1300 0.028 9.20 31

1400 0.025 8.45 34

1500 0.026 7.99 33

1600 0.027 7.84 35

1700 0.026 7.75 33

1800 0.023 7.85 239

1900 0.027 7.97 33 3
2000 0.034 7.50 45 3
2100 0.035 7.00 52 2
2200 0.033 6.49 51

2300 0.030 5.42 56

2400 0.028 4.83 58

* Winston 100 Filter Cigarette
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