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" FOREWORD

Research reported here and elsewhere has 1ncreasmgly pomted to a ma}or
problem faced by the U.S: Environmental Protectlon Agency and other
enwronmental regulatory agencies, namely, that there is a w1despread d1ffere nce
between the level of risks percelved by the pubhc and those determmed by v
profe ssional risk analysts Some nsks are percelved by the pubhc as bemg much -
' WOrse than analysts beheve they ‘are; other nsks are largely 1gnored by the pubhc
even though analysts believe them to be of ma_]or 1mportance Radon is an ‘
example of the latter type of nsk Rlsk analyses conducted by the Natlonal
Acaclemy of Sciences and EPA have concluded that the rlsks from radon arel o -
very hlgh and it appears likely that they are as hlgh or hlgher than for any |
other pollutant not yet substantlally controlled by EPA. Yet the research
reported here strongly argues that the public is domg comparatlvely llttle in
termis,of actually remediati‘ng‘ their homes to reduce the rlsks they are exposed -
to. .

This study reports on the relative effectiveness of a broad range of
possible'strategies for reducing radon risks uﬁ, the :public, w1th particular- |

emphas1s on two approaches information and awareness c'arnpaigns to

encourage testlng and remediation by the general publ1c and prov1s10n of radon |




information at time ‘of home salel, The conclusions that the authors reach as to
the relative likehihood of success of these two 'appro.aches in actually reducing -
exposure to radon raise important puialic policy questioﬁs. What should be the
role of government in encouraging the pubiiq to také actions that are in their
own self-interest, but which they do not perceive to be of sufficient imporiance‘
to bother doing so? Should the government make tésting mandatory? If so, for
whom, and who should be informed of the results? Should remdia_t‘ion be
mandatory or voluntary? Although the authors do not take positions on all
these issues, their re;search certainlj; raise all these quéstions. How these
questions are answered is very important not only for ppblic polfcy but also for.
the 20,000 or so Americans that the risk analysts now belie\{é die prematureiy
every year from exposure ‘to radon. If this Report provjdés a ba‘sis‘for raising
these issues and provide:s~ infqrmation to. allow the reader to assess the relative

merits of the principal alternatives, it will have done its job.

Alan Carlin

Office of Policy, Planning and Evaluation
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Cha_pter ’1

Introduction and Executive Summary

1 1.1. Introduction: _The Radon Risk Communic‘ation;Problem

The Enwronmental Protection Agency (1986a) has estimated
that between 5,000 and 20, OOO lung cancer deaths per year in thej
- United States can be attnbuted_ ,t‘? exposure to radon,gas. : Altbough
'this level of nsk is two to three orders of magm‘tude—greater than .
many risks that g‘enerate'publie concern and ﬂaat.are' regulated by .
federai agencies, efforts to increase public 'eoneem about radon, to
promote radon testiling; and to encourage a‘pproptiate ‘protective
responses to radon have thus far been‘disa‘ppointing o |
.The d1fﬁculty in commumcatmg radon risk and promoting radon
mltlgatmn may be partly because radon has many nsk characten‘;tics -

that typlcally lead people to underest_lmate or to dismiss the nsk The .

‘followmg list summarizes the majior nsk charactenstms that appear to

govern radon risk perception:

1. " The objective probability of the risk (between 1 and 5% chance
~ of lung cancer for a lifetime exposure to 4 picocuries per liter of
- radon according to the EPA (19863)) is below the level where _
people understand the risk and respond appropriately L
(Kahneman and Tversky, 1979 Schulze McClelland, and Coursey .
1986) : . -

2. There are no perceptual cues or reminders to alert people to the
+presence of the risk (McClelland, Schulze, and Hurd 1989) since
radon is colorless, odorless and tasteless. .




3. The risk is natural as opposed to technological and there is no
“villain" to whom one can easily assign blame or responsibility
(Baum, Fleming, and Davidson, 1983; Kunreuther, Ginsberg,
Miller, Sagi, Slovic, Borkin, and Katz, 1978). .

4. People's experience with the risk is typically benign (Schulze,
McClelland, and Coursey, 1986) in the sense that they have lived
in their homes many years without experiencing any loss due to
radon). :

5. The effect of the risk is far removed from the initial exposure
(radon-induced lung cancer takes many years to develop and
displays no early symptoms).

6. Deaths due to the risk are undramatic, occur singly, and are
impossible to unequivocally relate to the risk. ‘

7. Exposure to the risk is voluntary in the sense that people choose
where they want to live and which home to buy (although only
those who purchased homes since radon began receiving public
attention in 1986 can possibly have accepted the risk knowingly).

8. The ﬁsk is not the same for everyone bﬁt varies in complex
ways depending on several dimensions (e.g., geographic location,
soil type, house structure, occupant behavior).

Studies of radon risk perception have geherally_conﬁrmed the
expectation of lack of concern for radon risk. For example, Sahdman,
Weinstein, and Klotz (1987) found the most common fesponse to
radon to be one of apathy and disinterest, and Johnsoﬁ and ﬂLuken
(1987) reported that the perceived risk of their respondents tended -
to understate the measured" objective risk by orders of magnitudé_. On
a more optimistic noté, Smith, Desvousges, Fisher, and Johnson
(1988) reported some success in communicating radon risk‘, ﬁriding
that respondents did adjust their Subjéétive vrisk perception 1n thé

right direction after receiving test results. For a review of these and

many other radon studies, see Sjéberg (1989).




It has also been suggested for a wide variety of nsks (Adler and
P1ttle 1984; Welnstexn 1987) and for radon 1n particular (Wemstem
'Klotz, and Sandman, 1989) that mass media information and
awareness campaigns rnay be unsuccessful in promoting approp'riate |

| protective responses to. risk. Th.ls report includes the ﬁrst evaluatlon

‘of such a campaign among the general public for radon and we wnll
quantify the degree of success of the campaign in promotmg radon
m1’d gation and discuss 1mpl1cat10ns for public pohcy concermng radon
and related risks. ' ’ ' S

ThlS report is orgamzed ‘as follows The following three sectxons .
of -this chapter provide an executive summary. The first sectmn ’

. provides a brief overview of the empirical ﬁn_dings from two studies: .

' (a) an evaluation of the effectiveness‘(in'terms of ultimate mitigation
rates) for an intensive radon information and awareness campaign
conducted in the Washington, D. C area and (b) a survey of recent
home buyers in Boulder. County Colorado. The next section prov1des a
conceptual, non-quantltatlve summary of the ﬁndmgs and prov1des a

.framework for charactenzmg the radon mitigation process that
explalns at least partially, our empu‘ical results and leads naturally to :
several key recommendatmns The final section h1gh11ghts our | :
recommendatmns for an effectlve radon mltigatlon program

Chapter 2 provides a detailed descnptlon of our evaluation of the .
intensive radon mformahon and awareness campmgn It also presents

a model that predicts Wthh homeowners will cornplete effectwe
radon mltlgatlon actions. Chapter 3 prov1des a detailed descr1pt10n of |

the survey of recent home buyers. At 1ssue is the proportlon of newly

: purchased homes that have been tested for radon at or before the time - e




of the sale and whether eifective mitigation actidns were taken as a
function of radon test results and other charactensucs of the real
estate transaction. Chapter 4 surveys the legal context for radon
mitigation programs con51stent.with our recommendations which
might be instituted or mandated by government. Finally, Chapter 5
presents our conclusions in greater detail and reietes them to the

empirical findings and the legal context.
1.2. Empirical Findings

This report evaluates altérnative strategies for motivating people
to test for radon gas in their homes and to mitigate if appropriate. A |
review of the literarure.oh risk communication and motivating self-
protective behavior suggests that traditional information and |
awareness programs (such as advertising campalgns and pubhc service
announcements) are likely to fail When they are targeted at the general
population. To test this hypothesis we sent a mail survey to 920
households that had purchased radon test kits as part of an intensive
information and awareness campaign in the Washington, D.C. area (see
Chapter 2). Over 100,000 test kits were purchased as a result of this
campaign. Although we estimate that about 33,000 homes in this area
exceed the EPA action level for radon by a factor of five or more (had a
radon reading: of 20 picocuries per liter or higher), the survey results
indicate that only 1.2% of this group have taken convincing remedial
action as a result of the campaign. In addition, only abour a third of

the homes in this 1.2% group conducted a post-mitigation retest to

confirm that mitigation had been effective. These homeowners were




~ sent reprints of two EE;A documents, "A Citizen's Guide to )Radon"i o
'(EPA, 1986a) and "Radon Reduction Methods: A Homeowner's Guidef' : |
- (EPA, 1986b). Unfortunately, our results suggest that these pamphletsv
lmay have encouraged people to try their own remedial measures '
rather than seek the assistance of a professional contractor. These
home remedies (e.g., opening basement windows, sealmg foundat‘lon '
crac‘ks)rwere ’gene‘rally less effectiv;e and Were not followed by
retestmg to venfy theu' effectrveness in splte of clear warnings given -
that single hm1ted remed1a1 measures are likely to be 1neffect1ve
' In contrast, a telephone survey of 303 home buyers in Boulde,r
County, Colorado found that over 40% of recently purchased homes |
| were tested for radon gas at the time of home sale and that this
testlng was often motivated by mformatmn provided by the realtor (see
Chapter 3). Even though no intensive information and awareness |
‘campaign has been conducted in Colorado and there are currently no
state laws »ir_i_effect concerning radon, ‘54% of tested homes in our
samtple that had radon levels above the EPA action level underwent A
mitigation (W1th 87% of those completing follow-up test1ng) as part of
the home sale transactlon These results suggest that a radon o
1nformat10n and awareness program targeted at the pomt of home
sale, when the transactlon context provides a strong economlc
incentive to repalr any problems a home mlght have, could be highly
effective in companson to mformatlon targeted at the general ~
| populatmn
- EPA is currently hrmted to supportmg 1nformat10n and

awareness through. suph means as its "Citizen's Guide” and "Radonl .

Reduction” pamphlets. Our study, stxggests'that these materials
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re.quire substantial revision and that new materials specifically
targeted at realtors and homebuyers would be highly desirable,

-eéspecially in concert with mandatory disclosure.k
1.3. Conceptual Summary

Successful mitigation of a radon problem',by a homeowner
typically requires transition throrrgh the stages of buying a test Kkit,
performing the test and sending'it to the testing laboratory for
analysis, receiving the test results recogmzmg a potential problem,
performing longer-term follow—up testing, conflrmmg a definite radon
problem, taking remedial action, and fmally retesting to confirm
mitigation effectlveness If a homeowner fails at any of these steps
effective mitigation will not be achieved. ThlS implies that almost any
general information and awareness program, no matter how effectively
it is conducted, will fail to achieve a Iarge reduction in populatlon
exposure to radon because there are so many opportunities for the
homeowner to drop out of the process.

The first and most :mportant bottleneck is getting people to
purchase the test kits. Although the absolute number of test kits
purchased in-the Washington, D. C. campaign was impressive, it stﬂl
was a small proportion of the households that ought to have tested.
Those who did purchase test kits were, compared to the general
population, better educated, had higher incomes, owned more
expensive homes, and more often had children It may be very

difficult for a general information and awareness campaign to reach

the larger population which does not have these charactenstlcs




s

Another major bottleneck is that When re51dents were notlfxed of hlgh '
" radon levels they often falled to take action or they took action that
was meffectwe It appears that the current radon brochures sent to
‘the residents may have inadvertently misled them to believe that -
opening a window or sealing a few cracks would be effective in
 reducing radon levels greater than 20 pCi/l. | |
| It is easy to suggest a number. of improvements that might
achleve appremable increases in transmon rates. at each stage of the
nntJ gatmn process. For example brochures almed at those with h1gh _
radon levels could be rewritten with more ‘specific m1t1gatlon
recommendatlons Also the. testmg cornpany could follow the |
example of survey researchers and send reminders as a follow—up to
the initial test results If. major unprovements were made at all t’he |
; steps it might be poss1ble to 1rnprove the effecnve nntlgatwn rate five-
fold so that the general campaign nnght at least be cost effective y
However the initial bottleneck of gettmg enough people to part1c1pate
would still likely remain. o
The results for presenting radon information at the time of
home sale are more encouraging. This suggests that a program
focuised at time of home sale 'might be appreciably more effective than
a general awareness carnpaign. Probably the mOSt ‘effective strategy
would ‘be to require through regulation that all homes ‘be tested at o
t1me of sale and the test results be dlsclosed to all interested partles
If regulatlon is not feasible, we recommend a program ‘aimed at . _
"realtors, lenders, and others mvolvec_l, in home sale transactions. "J[‘his
,would require a revised brochure‘ and an information campaign |

tailored for realtors and home buyers. The effectiveness of such a
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program would be higher b}lt slow because of t_he'time it takes for the
housing stock to change ownership. However, in the long term it
probably wonld end un being much more effective than an information
and awareness campaign axmed at the general populatlon | |

Our results are generally consistent with expenence from
attempts to motivate people to take protective action with respect to.
other risks. For example, general awareness and information
campaigns to get people to wear seat belts have generally been
ineffective in increasing volnntary use of seat belts. As a ‘consequence,
more and more jurisdictions, both in the United States and elsewhere,
are turmng to regulated, mandatory use of seat belts ’I‘here is nothmg
in the literature nor in our data that suggests any othex solution for
radon will be ultimately as effective. ‘ |

In summary, our recommendation for increasing effective radon
mitigation is (a);develop information and awareness materials to be
distributed, perhaps by realtors or lkending agencies, to home buyers at
time of house purchase, and/or (b) reduire radon testing andl
disclosure of information about potential radon hazards at time of

home purchase. This recommendation is detailed in the next section.
1.4. Recommendation

This study attempts to integrate three often disparate
viewpoints - psychology, economics and law -- within the context of

addressing radon pollutlon Based on the results detailed in the

following chapters, we believe it is possible to combine these three




dlsC1phnes to devise an effectlve strategy to address radon o |
contamination in homes. 7 o

From a psychological perspectlve the main policy v‘(1uest1"on is
under what clrcumstances (if any) will people respond to warnings
about radon. This study shows that geneéral information campaigns,
- when used alone, fail to accomplish radon re'du'ctiori but that radon
inf(>rrnation provided at a key point in time, during the home sale
transactlon gets the attent10n necessary to mitigate radon levels. 7
Stuvdy results also indicate that soc1al dlffusmn of radon 1nformat10n to
the pubhc through realtors, employers mortgage bankers and
' contractors may be effectlve ’

From an economic perspective, we have determmed that
general information campalgns alone do not appear to be cost
effective. Econom1c incentives, on the other hand, can encourage o

‘protectlve behavior but require consumers to be aware of the 'problem'

in order to be effective, the 1ncentives must be founded on 1nformat1on .

and awareness. Additionally; incentive programs must be carefully
desxgned to avoid mefﬁc1ency or b1as Also the potent1a1 cost to the
federal government can be a major problem: w1th incentives.. ‘

B From a legal perspective, éither incentives or regulation may
provide an avenuerfor‘ addressing the radon problem. ‘As‘poirnted‘ out :
above,‘ incentives can be' costly and inefficient. It also ‘may be difficult
for the federal government to "police" mcentives such as tax credits to
ensure that they are put to their intended use. General regulatory

strategies can suffer the same defects as incentive strategles

. Nevertheless, our research suggests that effectlve regulations can be

N formulated by usmg the results of this study to desxgn a regulatory ,
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strategy aimed at the home sale transaction. This strategy would
require mandatory disclosure of radon level at time of home sale |
A home sale transaction strategy has certain drawbacks. First, 1t

cannot address all radon contamination because it does not cover all

dwelling units. For example, people who rent rather thgn own would
- not be affected by this strategy, dthouéh the owners of their dwellings
would be.  Second, it is a rel'atively slow approach. Because only about
5% of all homes are sold each year it might take as long as 14 years to
reach one half of all the vcurren'tly,.existiug homes. Third, it may be
inequitable. Its costs may fall hardest on the current owner/seller of
the home who may be required to test and mitigate é condition that he
did not create nor to which he contributed. - )

However, the home 'sale transaction regulatory strategy exploits
a key event - the decision to purchase a home - to focus the attention
of the home sale participants (e. g., buyer, seller mortgage banker,
realtor) on the potential health effects of radon contammation During
the home sales transaction, buyers and sellers are focused on the |
condition of the home. Buyers are anxious to learn as much as poss1ble \
about the property. Sellers are hkely to commit resources to correct
any perceived. defects.

The home sales transaction strategy requlres that before the
closing, radon tests be conducted, and their results obtained and
disclosed, to all participants in the home sale transaction. It takes
advantage of the psychological principles outlined in this report by -
providing information about radon levels in a timely fashion ﬁsuch that
protective behavior is framed as part of a high profile, single deciSion

that covers a long time span. It also uses existing channels of social
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communication to disperse information about rac»lonA by involving | |
mortgage bankers' and realtors in dissenﬁhatihg radoh'information.
| .V'the home sales transaction strategy also is economically |
efﬁ.cieht. Because the burdens of testing, disclosure, and mitigation
‘are imposed .ui:)on the participants to the home -sale transactiorl, the
federal government ‘will not be forced to‘\proyide testing services or
| off:set costs vof re-mediation. Since the buyer, réaltor, and lmortgage_
banker have a strong self-interest in learning about radon, the strate'gy
J is to a large extent self—pohcmg Addltionally, because the strategy
does not require mitigation, it Wﬂl allow the buyer and seller to
negouate for remediation of radon pollutmn, if necessary. Evidence
suggests that the ,result of such negotiations will almost ’always be to
remediate rather than compensate the buyer‘for accepting the risk,
Thus, free market economic forces shape the ultxmate resolu’uon of v
the radon problem | |
In order to 1mp1ement this strategr the Congress must enact‘
leglslatmn empowering a federal agency such as the Environmental
~ Protection Agency to promulgate regulatlo_ns requrrmg radon testmg
and disclosure of test resu.lts durihg the home sale .transaction.' .Som_e'
| of the potehtial legal impediments to'such legislation are reviewed in ‘
Chapter 4. Traditionally," the federal govemmer_lthas not intruded into
- home sale transactions, although it has enacted at least one law
requiring disclosure of certam closmg costs in home sales financed by ‘

""federally related mortgages
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'Chavpt'er 2 :

Evaluation of an Intensuve Radon Information and
Awareness Campaign

2.0. ‘Chapter Summary

This study analyzes the effepﬁvenéss of a mass rﬁedia radon
information and testing campaigﬁ conducted in the_ Wéshingtdn, D. C.
area in the Winter of 1988. Although an impressi\‘re' number of test kits
(approximately 100,000) were sold, the ultimate mitigation’rates
resulting from the campaign were extrefnely low. Analyses show that
low mitigation rates cannot be explained by pos.tuléting that people's
responses to radon are insensitive to the level of objecti(re risk, but
instead are due to charactensﬁcs of the protectlve response requ1red :
to reduce radon risk. Radon may be thought of as one of a family of
intractable risks mth risk responsel profiles that make them
particularly difficult for people to manage and remediate. Traditional
information campaigns for sﬁch risks are likely to fail; instead they
may require regulatory, strategies or programs tha't provide éctive

guidance and assistance throughout the remediation process.




2.1. Introduction

Ny The hterature on radon risk perceptlon and the part1cular

d1ff1cu1t1es of communicating the nsks of radon exposure are bneﬂy
summarized in Chapter 1. Although the 1mportance of these risk
perceptlon issues is recognized, the focus in this’ study is on radon N
: m1t1gat10n The respondents in this study have at least partlally |
- overcome the perceptual obstacles detailed above to make a voluntary" :
decision to test for radon and have received the radon test ‘res'ults for
their home The findings reported'helow detail their behavioral
responses to recewmg these test results | h -

Our discussion of these responses w111 focus on three major
issues. First, it has been s‘uggested for a Wlde. vanety of risks (Adler |
~ and Pittle, 1984; Weinstein, 1987) and for radon in particular
(Weinstein, Klotz, and Sandman, 1989) that mass media mformatlon "
‘ and awareness campalgns may be unsuccessful in promoting v
‘appropriate protective responses to risk._} This study represents the
first evaluation of such a campaign among the general public for radon, ‘{\.
and we will quantify the degree of success of the campaign in KiA -
promoting radon mltlgatlon and discuss implications for pubhc poh(:y |
,conce rning radon and related risks. '
o Second, glven a populatmn of people who have tested for radon
we will examine. what varlables pred1ct who among them w111 mltlgate
~and who will not. Of special mterest is the relatlonshlp between radon
level and mitigation. Johnson and Luken (1987) reported m1t1gat10n |

' to be independent of exposure Ievel, whereas Ackerman (1988) found
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probability of mitigating to increasé with increasing initiél radon
reading. A third study conducted by Weinstein, Klotz, and |
Sandman (1989) concluded that mitigation depends not on the |
precise radon level, but only on whether this level is above or below
the EPA "action level" of 4 picocuriés per liter (pCi/l). Because we had
available a database of '55,380 r,e'tufned test kits, the present study is
the first to be able to‘over‘sample high radon levels and should provide
greater statistical power for examining the felationship between radon
level and mitigation behavior than previous studiés.

Finally, we will build on the results of the firsf two analyseé to
analyze the mitigation process and develop a profile of characteristics
of the protective r‘esponse‘to radon (and related risks) which we feeli
governs mitigation responses just as the risk characteristics listed in
Chapter 1 appear to govern ﬁsk percéption responses. |

It should be emphasized that the respondénts to this study were
not recruited to participate in a radon study, but were contacted onl;f
after receiving their voluntérily requested test results and having on
average nine months to make mitigatioh-décisions. They faced a reai'
risk from radon and made actual mitigation decisions concerning their

own homes.

2.2. The Washington, D. C. Radon Campaign

The Washington, D. C. information and testing campaign
constitutes the largest and most successful mass media campaign for
radon to date and likely represents the best result that can be

achieved from a campaign of this type. The campaign was a
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cooperatrve effort between WJLA—TV a Washmgton D C. telemsxon -
station,.Safeway foodstores, and A1r Chek Inc., a North Carohna '

-company that sells and analyzes radon test klts (charcoal camsters)

= Dunng the campaign (conducted in January and February of 1988)

radon test kits could be purchased at 125 Safeway stores at a 50% .
discount ($4. 75 selling price) or by usmg a dlSCOUl’lt mail coupon that :
appe.ared in a full- page one-shot ad in the Washlngton Post. In . |
addltlon the usual postage and processing fees requlred to obtain test
results were walved by Air Chek Th15 promotional offer was featured
=durmg a consumer affairs news .se’grnent‘_called "Radon Watch"l,‘ on
WJLA-TV, which began with a three-part series on January 2 and
ended w1th a second three- part series the week of February 15.
ﬂ'Accordmg to the A C. N1elson company, WJLA-TV reaches about 1 5.
million households in Washington, D. C., Vlrguua and Maryland The ‘
total number of test kits sold during the campalgn was approxlmately ‘
100,000, representmg about 6. 5% of the target populatmn This level

~of palrt1c1pat1on is extremely h.lgh for a media campalgn almed at the |

| general populatmn However, as we shall descnbe below, purchasmg a

- ‘test kit only rarely results in. eventual protectlon against radon risk.
Along with their radon test results reported in plcocunes per
liter, all those who returned test kits to A1r Chek received a two-page
letter The letter bneﬂy explamed their test results and made
suggestions for follow-up action Wthh generally corresponded to
those in the EPA publication "A Citizen's-Guide to Radon” (EPA
1986a). Those with readmgs above 4 pCi/1 received addltlonal
information that varied dependlng on Wthh of three mtervals their -

test results fell into. Those w1th readmgs between 4 and 20 pC1/ 1
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were sent a reprint of the "Citizen's Guide." The Citizen's Guide is a
'16-page pamphlet thaé gives basic information about radon and radon
detection and makes suggestions for protective action which vary -
according to radon level. Those with readings between 20 and 50
pCi/1 were sent the Citizen's Guide as well as a second EPA pu‘blication
titled "Radon Reduction Methods: A Homeowrer's Guide" (EPA,
1986b). The "Homeowner's Guide" is a 24-page 'pamphlet which
describes and compares nine basic techniqueS for radon reduction,
ranging from inexpensive natural ,‘-ventilation to more costly rhethods
such as forced ventilation and sub-slab suction. Tfiese with readings
greater than 50 pCi/ 1 received a letter urging an immediate retest
accompamed by a free retest kit. The interval hrmts of 4 and 20 pCi/ 1
correspond to the limits of 1nterva_ls for Which the EPA recommends
different actions in their Citizen's Guide. The interval limit of 50 pCi/l

was chosen by Air Chek as part of their standard testing procedure.

2.3. Survey Methodology

2.3.1. Sample Design

In November and December of 1988 we conducted a mail survey
of a sample of participants in the Washington, D. C.‘ area campaign.
The sampling frame consisted of all radon test kits returned to Air
Chek for processing heving scrial numbers in a particular range which
identified them as coming from program participants. There were

55,830 such kits.
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Percentage

2.2 06

420  20-50  >50
pCl/I

Fig 2.1. Percentage of the population of Air Chek test k1ts
falhng into each radon level category -

Figure 2.1 shows the ‘pfopo:rti_on of the pdpulation of test kits -
falling'into each'of the four radon levei intervals described above. The
d1str1but10n of radon test results 1s of course very skewed with over -

70% of the readmgs less than 4 pCl/l and only about 3% greater than

20 pC1/1 A simple random sample from this’ popula’uon of test klts

would _c-learly yield few kits with hlghfradon levels. fI'hus, a stratified
sampling design was used to ensure adequate numbers of obs'erva\tioris
- to aJlew separate estimates of i'hitigation rates at each radon,level. ‘We
randomly sampled 250 test kits from each of the four inteﬁfals defined
above. After removing duplicates (many households purchased mc're
than one test*kvit) and commercial and gavemment' addresses, 'We:tlad
the tdistribution of households shown in Table 2.1. ‘There was a'

' greater loss of usable addresses at the higher radon levels because for
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. Table 2.1. Distribution of Houéeholds
in Sample by Radon Level

Radon level . Households
(pCi/1)

those levels we were sampling a much laigef proportion of the |
population (g.g., Qvei' 75% of the test kits with radon levels greater
than 50 pCi/l) and duplicates were therefofe more frequ;:ntly
encountered. Surveys were mailed to all remaining 920 good‘

addresses.

3.2. Survey Design and Implementation

The survey was prepareng according to the Total Design Method
described by Dillman (1978) and was mailed and collected by the ‘

testing company, Air Chek. Recent research has indicated that
prepaying respondents increases response rates (Berk, Mathiowetz, -
Ward, and White, 1988). So, in addition td the ‘stan‘dard'reminders '

commonly used to increase response rates, we included a two dollar
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bill in the initial malhng The cover letter explalned that the money
was bemg given to help compensate part1c1pants for thelr time and.
' efforts in filling out the survey. This approach y1elded a response rate
of just over 77%. The response rate did not vary by radon level

The survey quesﬁonnmre was a twelve page booklet contalmng
59 questions, although only 36 questlons apphed to all respondents. -
| The questlonnalre assessed respondent’s general expenence with -
radon and asked questlons about their radon test their test results,-
and thexr reactions to the test results In addltlon ‘respondents who
' 1nd1(*ated they had taken actmn to reduce their radon levels were
:asked detailed questlons about their mltxgatlon expenence mcludlng
wh1ch spec1ﬁc reductlon methods they used who actually did the |
‘mmpanon work, how much money they spent on mrtlgatlon and . S |
whether they had performed a retest to conff’lrm .m1t1gatlon success.
The ‘Questionnaire also ’included the standard sociodenlographic
questions as well as a feW questlons about charactensbcs of thelr
home and their behav10r toward other risks (smokmg and weanng
seatbelts). A facsimile of the survey mstrument used in this study s -
presented in Appendlx I, including results for each questlon by radon

level category.

273.23.. Cha;acteristics of the Population

Before proceedmg to our analyses of the survey it is worth
descnbmg here several characteristics of the population of people who
returned test kits to Air Chek., The results bélow are estimates based

on sample data that have been Welghted to correct for the
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oversampling of higher radon levels described abové. Results showed
the population to be highly educated (62% achievihg at least a four-
year college degree) and relatively wealthy (76%‘ having :an annual
“household income before taxes of more than $40,000). The |
overwhelming majority of people (94%) own their own homes, and
82.8% of all residences are éiﬁgle-family detached homes. The
average age of the population is 47, and 62% are male. -

Like virtually all research on radon to date, the population of
testers is clearly more educated and wéalthiet‘ﬂilan average and almost
exclusively own their own homes. "Also, test kits are more ﬁkely to be
sent in by a malé than a female. This survey does not address how
peoplé with low incomes, people with limited education, or people

who rent rather than own respond to radon.

2.4. Evaluation of the Washington, D. C. Area Campaign

2.4.1. The Pathway to Mitigation

The ultimate goal of any radon risk communication program is to
get those households in need of mitigation to mitigaite. Therefore our -
evaluation of the Washington, D. C. campaign will be based on
estimating what percentage of households in the target populatioﬁ _
with maximum radon readings above the EPA action level of 4 pCi/l
mitigated as ‘a result of the campaign.! To estimate ‘the ultimate |

! There is quite a bit of controversy over what level of radon
indicates an unequivocal "need for mitigation." The Environmental
Defense Fund, for example, claims the EPA action level is too high and
recommends indoor radon levels be reduced to the level of outdoor
background radiation (0.2 pCi/l) (Yuhnke, Silbergeld, and Caswell,
1987). Others claim the EPA has greatly overestimated the risk and
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mitigation rate we iwi]l,estimate the p‘ércentage of fhe target
' populaition surviving at various identifiable stages along the patﬁWay to
. s7uccpssfg1_lmifigation. This will also allow us. to cbmparé tr‘ansit.ién _ |
rates between stages to idcnﬁfy 't'h_ose stages that may ‘be~especialiy
troublesome for a radon car'npai‘ghr. ' | o
Figure 2.2 illustrates the uncer'tain,'vniultistage -p'ath]way: to
mi‘tigation.‘,(:learly ho'useholdvsv in thé targe’é populaition tha_t need
mu'tigaiﬁon can drop out of the pathway short of success at sevver:a.'l' ,
different stages. Stage 1 is the purchavsev of one Qi'.’more 'rz‘a.ddnht:,és‘t‘
: ki.ts at barticipating Safeway st.01.'és. If éﬁ household does not\purc’ha“se -
a test kit, then it will no’t mitigate as a result of this campalgn |
"al,thou'gh mitigatiori. may occur through oth_ér routes not associated .
with this particular risk communication effort. | o
| Stage 2 is actually cohducting”the ra.don‘test., Many people may
purchase a tést kit but not actually COIllduCtV:‘ the te'st.' Or, they may

- recommend no action at any level until further epidemiological studies
have been completed (Cole, 1990). In our campaign evaluation we oo
~ have chosen to define those households with readings greater than the -

- EPA action level as "needing mitigation" because of the widespread |
~adoption of this level as a standard by state agencies, testing
companies, mitigation contractors, realtors, and homeowners.
(Although EPA did not originally intend the action level to be
interpreted as a standard, it has become one in practice, largely o
because no other is available. It may not in general be possible for risk E
communicators to communicate precise risk levels without them
being interpreted as standards by the public.) In any case, as shown in
Fig. 2.3, ultimate mitigation rates are very low at all radon levels. Our

“evaluation of the effectiveness of the campaign is therefore relatively
insensitive to the precise definition of "need for mitigation." '

In addition, we have made the simplifying assumption that the -
level indicating a need for mitigation is the same for all households,
which may not be the case. For example, people who spend little time

- in their basements might have less of a need to mitigate a given == =
basement level reading than people who spend more time in their .

‘basements. : S ' ‘
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Population of Households
Needing Mitigation

1

Buy Test Kit | - " Stage 1
'
Perform Test : Stage 72 |
'
Claimed Mit.ig’ation Stage 3
'
Credible Mitigation B ‘Stage 4
y |
Confirméd Mitigationt ' ‘ -v _Stage 5

Fig. 2.2. The pathway to radon mitigation conceptualized as a
multistage process. This pathway is simplified in the sense that each
Stage may have several substages and stages may, during actual
implementation, be cycled through several times. . For example,
current EPA recommendations recommend longer-term testing after
an initial short-term test for test results between 4 and 20 pCi/l.

Place the kit in the basement but forget to send it to the testing
company for meas'uremént of the radon level. Our operational
definition of f'perfomiing the test" is returning a test kit to Air Chek
for evaluation, | , | ) )

The final three stages encompass'the process of carrying out

Some mitigating action or actions once a high radon test result has
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been received from the testing company In our survey there were |

- several possible operational defmmons of Imugatmn The sunplest

- definition is to use responses to the quest10n "Have you taken action
to re.duce radon levels in the home which you tested?" An affirmative
r,esponse to this q-uestion constitutes Stage 3 (clairhed mitigation) in
our analysis. : | . -

1 However there are: problems w1th acceptlng self-reports of
mitigfatlon First, there may be a social desmabﬂlty effect. People may .
have been embarrassed to. adnut to the testing company who sent

‘them their results that they had taken no action to reduce their radon ’. |
level Second, people may have taken actlons that are legltlmate but
ineffective: efforts to reduce their radon level.: For example many
respondents in our survey reported attemptmg to reduce radon levels
by leavmg the1r doors and windows open more frequently We : 7
N therefore added another stage to the mitigation. pathway If someone .
‘ m1t1gated effectwely, it is reasonable to expect them to respond w1th a
dollar amount greater than zero to the question; About how much
have you spent on radon reduction?," and to be able to 1dent1fy' the o
specific category of reduction method that was used (e.g., sealing,
ventilation" filtering pressurlzation) from a list of pOssible options
" This 1s our operannal definition of Stage 4 (cred1ble mitlgatron)
Finally, attemptmg n11t1gat10n in a credrble manner is not the
final stage in ensunng protectlon against radon risk. To verify tha1
mmganon ‘has been successful, a post- m1t1gat10n retest should be |
| performed. An affirmative answer to the question, "Have you had your -

home retested for radon since completing your radon reduction
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efforts?," is therefore our operational definition of Stage 5 (confirmed
mitigation). '

The next section details how we arrived at estimatee of the
transition rates between the stages on the pathway to mitigation for‘
each raoon level category. However, it should ﬁrst be noted that for a
Amultistage process such as the hlitigation pathway we have described
only a relatively small proportion of the population will survive.to the
final stage. For example, even if the tranéitioh rates for each of the |
five stages wereabout 50%, then the ﬁnél proportion reaching Stage 5
would be only about 3%. If the transition rates were about 85%, an
unreasonably high expectation. jche ultimate confirmed mitigation rate
would still be only about 44%. Because these’ observati_ons led us to
expect a very low ultimate confirmed mitigation rete, we tried to make
assumptions, when necessary, which would err on the side of favoring

the effectiveness of the program.

2.4.2. Estimation of Transition Rates and Population Proportions
2.4.2.1. Number of Households Needing Mitigatjon '

First we need to estimate the total number of households in the
population targeted by the Washington, D. C. area campaign. | |
According to the A. C. Nielson Co., the viewing area of television
_station WJLA contains approkirhately 1.5 millionv‘ households. Although
- census data for the Washihgton, D. C. and Baltimore metropolitan areas

indicates the total number of households to be approximately 1.9
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rrulhon we will use the conservative estlmate of 1. 5 million

households that could potentlally have partrc1pated in the program .
Our sample of testers consisted pnmanly of residents of smlgle-' ;

family, detached homes' (90. 9%) Although radon is not necessanly |

just a problem of single- farmly homes, 1t is more hkely to be a problem "

for such res1dences than it is for mu1t1 unit condominiums or
apartrnent buildings and residents of single-family homes are more

_hkely to have the authority to implement effective nntigatmg actions.

It therefore seems reasonable to restnct our ana_ly51s to only the ’
population of smgle-famﬂy homes in the target area. From census data |
“the average proportlon: of smgle-famﬂy homes in the Washmgton,

D. C./‘Balltimore area 1s approydmately 62.2%. We therefore reduce‘ our
'orig;inal estimate of ‘1.5"million households to 933,630 .rsingle-famiily )
'homes | I B |

Fmally. in order to determme how many of these homes need
" mitigation, we must estlmate_ the proportion that fall into each radon
level category. We know the proportion of radon test kits returned to
Air Chek which fell into each category. However, these proportions
might underestima_te the actual proportions beCause many households .
may have purchased more than one test kit and placed them‘inv -
different areas of their homes (for example, one in the basement to
get a maximum reading and.,one in an upstairs bedroom to get a'.
xrﬁnimum reading). We also have available a self-report of radon level
from réspondents to the survey. However simply using self—reports
m1ght also underestlmate the actual proportions in each category due
. to people s tendency to underreport their true radon reading (see

Section 2.6). In the followmg analysis we chose, as the best avallable ,
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indicator of whether a household needs to mitigate, the maximum
radon reading obtained from any test kit. 2 We attempted to estimate |
this from our survéy by using the maximum radon level for the ~
household repdrted by either thé respondent (for any test results they
received) or by Air Chek (fdr the test kit selected in the sample). 3
Weighted estimates‘ 4 of the population proportions for each radon
level are shown in Table 2.2.5 The estimated number of househplds
needing mitigatioh (having a maximum radon level above 4 pCi/l) is

381,714 (40.88%)).

2.4.2.2. Percentage of Households Purchasing Test Kits

Next we need to estimate the percentage of households needing

mitigation who purchased test kits from Air Chek. The test serial

2 The substantive conclusions of the campaign evaluation are in
fact the same no matter which measure of radon level (the Air-Chek
reading, the self-report, or the maximum available) is adopted.

S Eighty-eight percent of our respondents reported obtaining a
basement-level reading, so their test results generally represent the
maximum reading likely to be obtained in the home. - '

4 The weightirig adjusts for the oversampling of higher radon
levels as described in Section 2.3.1. ' : i

category. It should be noted, however, that our estimated proportions -
for the two highest radon level categories are not appreciably different
from the proportions in the population of test kits (see Section 2.3.1).
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Table 2.2. Estimated Households in Target
‘ Population by Radon Level ’

Maximum radon R | , Estimated houséholdS -
level (pCi/1l) , Percentage - = - in population

<4 . 59.12% ‘ 551,916"

420 . 37.38% 38958

20-50  277% 25894

>50 - omsw 6,862

Total 100.00% 933,630

. nuinbers indicate that approximately IO0,0bd iést kits {veije “sold_ as _
‘part of this particular campaign. We }m_ust ﬁrs.t'r'educe this‘ eSﬁriiate of -
total hoﬁseholds purchasing to 90,900 sﬁ;gle-fanﬁly homes, | | |
fep.res,enting the 90.9% of ‘our sa'mple_.y6 ‘I-)Iowever.'survey résponé.es '
indicate that*oh average each hoﬁsehold pﬁfchased 1.5 'f.est kits. 'Thus o
we need to divide the 90,900 homes by 1.5 to obtain the estimate of -
approximately v60,600 single-familf homes pgrchasihg test k-i'ts.'7

- 8There was a slight tendency for tests with lower radon levels to :
. be more likely to come from non-single-family homes. Thus the
90.9% estimate of the percentage of single-family homes from our
sample is reduced to 82.8% when weighted to account for .
oversampling of higher radon levels. Using the 90.9% estimate might
overestimate the number of testers and therefore make the program

. appear slightly more effective. ' ' 3 \

71t is possible that peoplé who refui‘ned test kits were more

likely to have purchased more than one test kit, in which case the
- estimate of 60,600 homes would underestimate the true number of
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Dividing 60,600 by the number of single family homes in the target
population yields an estimated transition rate of 6.5% of households
purchasing test kits. Only 24,811 of the 381,714 houses needing

mitigation reached this stage.

2.4.2.3. Percentage of Households Actually Testing

. We ﬁust now estimate the percentage of househblds that
actually conducted the radon test giyén they purchased a test kit. -We
begin vﬁth the 55,830 test kits retuméd to Air Chek for evaluation.
Multiplying this ‘number‘ by 90.9% reduces the estimate of single-
family homes actually testing to 50,750. The weighted estimate from
the survey responses of 1.5 test kits per household does apply tb the
population of refurned test kits.8 Thus the estimate of the transition
rate from purchasing (Stage 1) to tesﬁng (Stage 2) 1s 33,833/60,600 =
55.8%. © Only 13,845 of the 381,714 homes neéd;ng mitigation
tested. | |

households purchasing test kits. This is not a serious problem,
however, because we do have a firmer estimate of the number of
households testing. Thus, changing the estimate of households
purchasing (Stage 1) would not affect the estimate of the overall
transition rate from the population to Stage 2. :

8 There was a slight trend for households with higher radon
levels to report having purchased more test kits. If this is indeed the
case, then using a common estimate of number of kits purchased
would slightly overestimate the number of households with high radon
levels who purchased kits and actually tested. Again, this error would
be on the side of making the program appear slightly more effective.

° Air Chek reports that they typically receive for analysis a much
higher proportion of the test kits which they sell (over 90%).
Apparently many of the people responding to the campaign are
purchasing radon test kits on impulse and these people are much less |
likely to actually perform the test than people who purchase on their
own initiative. .
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.2.4.2.4. Percentage of Households Mitigaiting o

‘Finally, we can estimate from our survey reSponses for each
‘ radon level category, the proportion of testmg households that'went
on to mitigate. Table 2.3 shows these proportions for each of the ’
three mitigatlon stages we ‘have defined: claimed credible and
conﬁrmed The proportion of households clairmng mitigatton
mcreases dramatlcally with radon level, going from 11. 9% for the 4 20
pCi/l category to 52.5% for the >50 pCi/l category We test the |
. reliability of thlS relationship in Section 2.5. |

The proportion of testers who rmtlgfited in our study, even by
the very liberal standards we used to define the "claimed rmtigation
category, is quite low compared to the results of two previous studles.
Weinstein, Sandman, and Roberts (1988) for example. reported the ﬁ‘
tmitlgation rate for a population of 123 New Jersey homeowners to be
62% even for radon readings as low as 4-8 pCi/l (these were living
room readings as opposed to basement readmgs and therefore may
not represent maximum radon readmgs) Also, Ackerman (1988]
reported miugatmn rates a high as 38% at 12.5 pCi/l and 62% at
50 pCi/l for a population of testers in a’suburb of Stockholrn Sweden.
The major difference between these two studies and the present one
appears to be the amount of outside help received by testers from a
governmental agency. In the New Jersey study, participants rece’ived
free testing and advice from the New Jersey Departr,nent' of 3
Environmental Protection's confirmatory radon monitoring program.
' In the Stockholm study, tests were conducted by the local health
department for a fee of $65 and those with a hlgh radon readmg v
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Table 2.3. Proportion of Sample Households Mitigating
by Radon Level

Maximum radon

TN T T T T T T S i e e i (o e e s e e " i - ————————

. level (pCi/1) Claimed Credible Confirmed
<4 4.7% 2.7% 0.0%
420 11.9% 5.5% 1.8%
20-50 43.4% 32.0% 10.3%
>50 52.5% 40.4% 19.6%

received free retesting and mitigation advice from the department. In
our study, participants received printed infqrmatioré produced by Air
Chek and the Environmental Protection Agency, but had no personal
contact with EPA or ahy bther government agehcy or mitigation firm
unless they had initiated the contact. Apparentl’yy mitigation rates for
homeowners who test on their own iniﬁaﬁve end receive only vminimal‘
assistance from outside agencies during the testing and mitigation
process are especially low. ‘

The decrease in the pjoporuon of households mitigating in a
credible way and confirming mitigation success illustrate the |
importance of defining "mitigation” carefully. For example, for the 4-
20 pCi/l category, only 46% of those claiming mitigation reported |
spending money on nntlgatlon and could report the specific mmgatlon
method that was used and only 15. 3% of those claiming' mitigation |

reported retesting after mitigating.
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Although the three mitigation categories we have deﬁned‘ are not
neceesarﬂy (but often may be) seﬁarate_stages for each individUal, they
can be ahalyzed as separate stagés in the mitigation process for the
‘population as a whole. Of Tthe‘ 13,845 homes in the target population
which needed mitigaticm and actually tested‘ only 2043 (14 8%)

‘claimed they had ‘mitigated, only 1093 (7.9%) mitigated "cred1bly

~and, only 376 (2.7%) retested to conﬁrm mitigation success.

2.4.3. 'Céimpaign Evaluation

Figure 2 3 summanzes our evaluation of the Washmgton, D C .Y S
campaign and mcludes absolute population estlmates and transmon :
rates for each stage in the mitigation pathway and for each radon level -

category. As expected the ultimate confirmed mitigation rates are

. very low. This is an inevitable consequence of any multistage process

in which one or more transition rates may be low. Of the 381, 714
© single-family homes'm the target population which needed mitlgcttion,}
~only 376 remain at the final stage of the process. This Vyields an.
cvelraH confirmed. mitigation rate of just under .1%. The cvefall rate of
1% improvles only to .29% if the "credible” deﬁniticn of mitigation is
considered sufficient and cnly to .54% if the "claimed" defiiiition of
mitigation is considered sufﬁcxent Even for the highest radon level ,
category, >50 pC1/ 1, the ultimate- confirmed mitigation rate is only
-.7%, and this improves only to about 2% for theliberal» "claimed" -
definition of mitigation. i | |

The transition rate going from tlie population of houeeholds to |

purch‘aSin‘g a test kit was 6.5% for this program, which is a‘veijy
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»50 pCi/l
551,916 348,958 | 25,894 6,862
le.S% 16.5% 6.5% , l 6.5%
N .
: . _ ) Bought
35,824 : 22,650 1681 445 test kit
55.8% 55.8% | 55.8% 55.8%
\ 4 o 4 , . 2 v g
20,000 1 12,646 938 ' 249 . Returned.
‘ , . test kit
4.7% 11.9% 43.4% 52.5% |
v . \ A . v \4 ‘ ,
: Claimed
940 1505 | 407 13 1 _ mitigation
57% | 46% C 1 73.7% 77%
\ 4 v \ & h 4 | v :
' ‘ l , Credible
536 692 300, . 101 mitigation
48.4%
Confirmbed
mitigation

Ultimate confirmed
mitigation rate

376 Single-Family Homes

Fig. 2.3. Summary evaluation of the Washingtoh, D. C. canipaigri
showing population estimates and transition rates for each stage in the
mitigation pathway, by radon level category.
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impressive part1c1pat10n rate for ‘a mass: medxa campaign axmed at the
general public. However thlS means that, for example out of the :
6 862 homes with extreme radon levels (>50 pCi/l), only 445
purchased a test kit. The vast ma_]onty of homes with extreme levels
therefore remained undetected Even so, if this 6. 5% of the
population were now protected agamst radon risk as a result of the |
campalgn the Washington, D. C. program might be considered a
success. The subsequent transmon'rates,‘.however. demonstrate that
this is not the case Only just over half of those who huy‘ a test kit
actually return it for processing. Only about half of those who get test-
~results in the hlghest categones take even simple m1t1gat10n actmns
such as opemng wmdows more often Overall even for the highest
- radon level categones from 20 to 60% of the popula’uon drops out of
the mitigation process at Aeach of several stages.‘ Clearly, protectmg |
. oneself from radon risk is a long and difficult process for many people, '
ancil‘ only a very few stick with it to the very end.- .
Oof particular concern are the tran‘sition rates after pur(:hasmg a :

test kit for the 4-20)'pCi/  group. VOnly 11.9% of those receiving test -
results in this range even claim to nnugate, only 46% of those who
claim to mltlgate do so in a credible fashion, and only a thu'd of those v |
who rmugate cred1b1y do a confirmatory retest. Considering that over
90% of all households which need mitigation fall into this category,_
these rates are alarrmngly low. | ) |

" Even given these low transmon rates, however the mghest ‘
absolute estimated .number of households mitigating fall into the 4f20
pCt/l category. This is because the base population to Which.these

transition rates apply is so much larger than the base populations for
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the higher categories. Taken a step further, the cétegofy with the
largest base rate is <4 pCi/l. We esﬁmated that 940 households in this
category claimed to have mitigated, ‘yielding the rather paradoxical
result that fully one-third of alllthoAse who claim to mitigate do not
even need to mitigate at all according to EPA gui'delinesl.10 It is an
inevitable cohsequéncé of screening for low-probabihty events (1n this
case, very high radon levels) that the absolute num'b‘ers taking action
in the rare categories, where action ;is most needed, vﬁll ‘be relatively
low, and that the absolute number§ taking action in more frequent |
categories, where action is leés, critical, will be relativeiy high.

In constructing the esﬁméted transition rates and propoftions
above we tried to make assrumptions‘ that would be favorable to the
evaluation of information and testing programs for radoh. However,
this was not always possible. It is, in fact, prbbable that, although the
campaign we studied represents a vstate-of-the4art mass_media public
information effort for radon, more localized public information |
campaigns would be somewhat more effective. . In fact, a rhdre
localized and effective radon information campaign has been |
conducted in Frederick, M.aryland by Désvousges, Smith, and Rink
(1988). This effort integrated media messages with a community

outreach program which included presentations to community

10 It would be a mistake to conclude that all those who mitigate
after receiving test results less than 4 pCi/l are acting irradonally,
although some may be. First, a reading of 3.9 pCi/l, for example, does
not represent substantially lower risk than a reading of 4.1 pCi/l. Also,
the EPA action level may still represent a substantial risk of lung
cancer (between 1 and 5%) over a 70-year lifetime. Finally, these
people may feel they are taking preventive measures against the
development of a radon problem in the future.
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orgamzatmns placement of posters at various commumty locations, -
"and a "radon awareness week," and achieved a testlng rate in
Fredenck of about 15% However if we replace the 3.6% testmg rate :
from our study with the 15% testmg rate from the Frederick
‘ campaign in our multlstage analysrs our ultlrnate conﬁrmed mitigation
3 'rate 1ncreases only from .1% to 42% : 7
It is also possible that more rmtrgation may occur in the future as o
a result of the Washington, D. C. campalgn especrally glven the advice
in the EPA Citizen's Guide to the effect that levels between 4 and 20
pCl/l require action only 'within a few years "1 Qur respondents
typlcally had about 9 months between the time they tested and the |
: time we contacted them to fill out the survey. However on the survey
we asked respondents the spemﬁc month and year in which they ﬁrst
‘tested their home for radon. There was, in fact, substantlal vanablhty
in the answers to t.hlS questlon a few people ev1dent1y had conducted N
a non-Air Chek test long before the campaign, and others clearly
waited several months after buyrng the1r Air Chek test kit to perform
the test andl send it in. If in fact the proportion of those mltrgatmg is
increasing over time, the length of time passed since the1r first test
should be a reliable predictor of whether or not they mmgated We
tested this predictor in the context of the full mitigation model

11 Although it is true that for test results in this range the nsk
does not increase substantially over a wait of a few years, our results
suggest that advising people to take action only within a few years is a
misguided risk communication message. Given the multistage nature
of the mitigation process, if people don't take action to protect: ‘
themselves from radon immediately, they are unlikely to do so at all
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developed in Section 2.5 and found it to be nonsigmﬁcant t=- 04
n.s.). |

Although we have no evidence that mitigation is increasing over
time, it is possible that people are'waiting for the results of
confirmatory retests, as is recommended in the Citlzen s Guide before
proceeding with mltigatlon However, only 19% of those in the 4-20 |
PCi/l category (which comprises 90% of households which need to
mitigate) who did not claim to have mitigated stated that they had
performed or were conducting a follow-up test. Also, only 46% of
those in the >50-pCi/1 category who did not claim to mitigate had
conducted a follow-up test, even though all of these people had
received a free retest kit from Air Chek. Even 1f all of these people
went on to eventually cla1m mltlgatlon in the 4-20 pCi/l category, for
example, the ultimate conﬁrmed rmtxgatmn rate would increase only
from .07% to about .2%. |

Still another possibility is that there may be many people who
wanted to mitigate but were unable to find qualified contractors, to do
the work. However, in our sample, those who mitigated and used a__
contractor gave a mean rating of 3.8 on a 1 to 7 scale to the question,‘
How difficult was it to ﬁnd a trustworthy radon reduction contra‘ctor‘>
Finding a radon contractor is clearly not extremely easy, but nelther is
it extremely dtfﬁcult Although at least some future mitigation will
occur, given the ease with which people tend to forget about radon
we view extensive future m1tigation attributable to this campaxgn as
h1ghly unlikely. ‘ , '

A final concern to our anélysis is that our estimate of the

transition rate between the population needing mitigation and those
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, buymg test kltS may be too low. For example our estimate of the _
number of households needmg mmgatlon undoubtedly mcludes some
hous eholds that tested and rmtlgated on their own or through other
sources. Also many of the Safeway stores participating in the |

,.campa1gn sold all of the1r test kits. Although some of this excess
demand was met through a newspaper ad, it is possible that there
- were many people who Wanted to buy a test kit but couldnt However,

~even if our estimate of the transition rate to buymg a test kit were too

low by an order of magmtude the ultxmate confirmed mitigation rate
for those homes needing mmgatlon Would only be 1%. Our conclusion

- concerning the 1neffect1veness of the campalgn is relat1vely msens1tive ‘

to the prec1se esnmates we have descrlbed |

~ The extremely low ultunate mltlgation rates resultlng from the

Washington, D. C. area campaxgn provide conv1ncmg ev1dence that not

only this particular campaign was ineffective but that any radon

~ campaign targeted at the general populahon Whlf‘h relies only on
._1nformat10n awareness, and voluntary testing is hkely to fail. At the
very least, the hkely credible mitigation resultmg from tlns program
has been so small as to suggest that such programs may be a very .
expenswe way for somety to achieve radon mitigation.

Although many factors likely contnbute to this result, the major :
one appears to be the multistage nature of the radon rmtlgatlon |
process, which requires many varied actions be performed over a long -
period of tune and prov1des opportunities to drop out at any of several
-stages. The majonty of people 51mply do not make 1t all the way to the

end {or even to the rmddle) of this complex process by themselves
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This result also raises Seﬁous questions for public policy
concerning radon. If information and awareness campaigns including
economic incentives do not achieve reasonable levels of mitigation, the
options for public policy are limited. One solution would be to adopt a
mandatory radon testing and mitigation law similar to many recent -
state laws Wthh require the use of seatbelts and child-restraint
devices in automobiles. A second solution would be to require radon
disclosure at a particular point in time during which radon testing and
mitigation might be eésier than usual, during which there may be |
strong preexisting incentives for making a home risk-free, and during
which people would be available to provide homeowners actlve
guidance throughout the mitigation process, as part of their
professional respons1b111t1es The t1me of home sale fits this
description quite well. In a survey study conducted in Boulder,
Colorado (see Chapter 3) we found that the ultlmate credible '
mitigation rate for a subpopulatlon of people who had recently gone
through the process of buylng a home was over 21%. This high
ultimate mitigation rate was found in an:area in which radon has ’
received little media attention and there eﬁcist no state laws
concerning radon.disclos,ure, and in a sample with maximum radon
readings below 20 pCi/l. In contrast, the ultimate credible mitigation
rate found in the target populatlon for the Washmgton D.-C. campaign
(for the comparable 4 to 20 pCi/l category) was only .07%. Results
also showed that realtors and employers had played a 51gmﬁcant role
in helping people get through the testing process. Although
mitigation rate estimates for the general populatmn and a subset of

that population are not strictly comparable, these results at least
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f suggest that the time-of-home-sale strategy might prove quitée |
successful in the long term as homes are bought and sold or

refinanced.
25. A Model of Radon Mitigation‘
2.5.1. Mmgatlon Depengent Vangbl

- Given the very low ultimate rmtlgatlon rates We have descnbed
- for the Washlngton, D. C. radon campaign, it is of prime importance
for the developmentv;of future risk .eOmmunic,ation,programs for~radon |
to identify what factors those who do nnﬁgate have in comumion. ‘Using
_various expenenhal psycholog1cal and socxodemographic vanables .
denved from the survey. as predlctors we therefore present ‘below.a ',
" model which predxcts whether or not a person WhO tested and :
responded to our survey subsequently mitigated.

However, as descnbed in Sectmn 2.4. 1, there are several
possible ways of defining whether a given household has mmgated or
not. We therefore tested ! ;hree separate models, cOrresponding to'the "

_"clmmed " "cred1ble " and "conﬁrmed" categones of m1t1gatlon we
described above, in an hierarchical fashion That is. our first model
-predicts, for all 714 respondents, who among them claimed to take -
some mitigating action or actions and who did not.’ Our second mo'del
predicts, for only’ those 192 respondents who clalmed mitigation, who
mitigated in a cred1b1e fashion and who did not. And, our th1rd model
- predicts, for only those 136 respondents who mitigated cred1b1y.‘ who

confirmed mitigation success with a retest and who did not. It should
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be noted that, although the'ult»irnate,‘mitigation rates projected for the
target population of the campaign were quite low, the proportion of |
people in our sample who mitigatedeas quite high since we
oversampled the higher radon level categories (see Section 2.3.1).
The mitigation rates in our sample were 27% claiming mitigation,
19% mitigating credibly, and 7.4% confirming mitigation.

Since our dependent variable is categorical, there are potential .
problems with the error structure using an ordinary least squares
(OLS) analysis. We therefore perfor-med both OLS and logit analyses
for all three modéels. However smce the results as to which
predictors were nnportant were identical from the two analyses (e.g.,
see Table 2. 4) and OLS parameters are easier to interpret, we will

focus on the results of the’ OLS analysis in our discussion.

2.5.2. Potential Predictors of Mitigation

We had several variables avallable from our survey Wthh were
candidates for predlctors of mmgatlon and we included fourteen of
them in the model of claimed mitigation and added one other in the
models of credible and confirmed mitigation. These' predictor
| variables are described below in the foHovdné conceptual groups:
objective risk, subjective perception of risk, lcharacteri'stilcs of the
individual, ‘characteristics of the nome, individual's behavior for other
risks, and experience with the risk. ‘

Of course, the objective risk, the rad;)n level measured by a
household's Air Chek test, is expected to be an important predictor of

mitigation. In our model we used the maximuni radon level for the
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household reported by either the respondent (for any test results they ,
recewed) or by Air Chek (for the test kit selected in the sample), as
we chd for the rmt1gat10n pathway analysis in Section 2.4.2.1.12 Also
since radon readings varied over three orders of magmtude we used

~ the loganthm of this ‘maximum radon-level in our model to correct for
positive skewness (Judd and McClelland, 1989). .

' A common finding in the nsk perceptlon hterature is that

: people s actions are often based more on what they. perce1ve the. level
of risk to be than on the true level of object1ve nsk Two radon

- studies, Johnson and Luken (1987) and Weinstem Sandman and
Roberts (1988), in fact found “perceived seriousness of the risk" to be
a si D‘mﬁcant predlctor of mlugation In\our study we did not attempt
to obtam a pre-mitigation measure of subject1ve risk since we did not
contact our respondents until after their mitigation decision had been |
made. However, we did ask them to state.their degree of confidence
in the accuracy of their test result. We included their ‘_respo‘nses tov |
this question in the model, although vit cetﬁdnly represents lonly one of
many components that people likely use in developing subjective risk .

estimates.

12 There are potential problems with accepting self-reports of
radon test results in determining the maximum radon level, since
people may be subject to reporting errors, especially given the typical
nine-month lag between receiving the test result and responding to
the survey. However, as shown in Section 2.6, if people do err they
tend to underestimate, not overestimate, the true test result. ' And, in
any case, we would expect their actions to be based on what they
‘thought the true radon reading was, if this in fact differed from the
true reading. - Also, the substantive conclus1ons of the 'model are the
same whether the Air Chek level or the. self-reported level or the
maximum is used as the dependent measure. : o
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Mitigation choices may vary as a function of several
sociodemographic characteristics of the individual. For example,
older respondents may be less likely to mitigate because their risk is
much more heavily determmed by their pnor rather than future
exposure to radon. Or, people with h1gher incomes might be more
likely to mitigate simply because they are in a better position to pay 7
the expenses incurred by mitigation. Although"we do not have speciﬁe
hypotheses about the effects of these variables on mitigation, we
examine gender,-age, number of children, education, and income as
predictors in our model. .

It is also pos51ble that characteristics of the home, not just of the
individual, may have an effect.on mitigation behavior. We therefore
included a categoncal variable mdlcatmg type of home (single- famlly»
detached versus any other type) and the value of the home as
predictors in the model. Because home values are unrestricted on the
upper end of the scale, reaching into the millions of dollars, we used
the logarithm of the reported market value of the home in the model
to correct for positive skewness |

There may also be general personahty factors in people s risk
responses that play a part in radon mitigatlon. some people may
simply be more risk averse than others for many different kinds of
risks. We therefore included two behavioral measures of responses to
other risks in our model which We thought might represent proxy
variables for risk aversion: whether or not the respondent generally
wears a seat belt and whether or not the respondent smokes

Experience with the risk may have an important influence on

the decision to mitigate. "'As a crude measure of benign experience
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with radon, we mcluded in the model the number of years the
respondent had lived in the reS1dence which they tested. People may -
also draw upon experience gained through others in responding to
radon risk. We therefore included two cornposite variables in the.
.modeldto try to captufe i‘espondent’s expoSure to radon information
and advice. The "media inﬂdence" variable tepfesents whether and
how often people saw, for example TV news shows or public service -
‘announcements about radon radon brochures in pubhc places, radon :
1nformahon in ut111ty b111 mserts and commumty presentatlons on
‘radon. The "social influence" varlable represents whether and how |
often people discussed radon with famlly members, nelghbors real

| estate agents, ‘and others. | L |

| .For the credible and conflrmed mitigation models we mcluded
another predictor, namely, who performed the radon reduction
measures on the home. We expect that those who claim to mitigate |
mxg_ht be more'likely to do so credlbly and to retest afterward if they
hire: a professional to perform the work rather than doing it \

‘ themselves. This variable was coded‘ -1 if mitigation was conducted by

the respondent and +1 if conducted by a private contractor.

' 2.5.3. Results

2.5,3.1. Clajrned Mi'tigation Model '

Table 2.4 gives the partial’ regressmn coefficients their
assoc1ated t statistics, and PRE (the proportlonal reductlon in error
achieved by adding that predictor variable last, also known as the

~
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Variable

Dependent Variable

Claimed mitigation
(1 =yes, -1 = no)

Predictor Variables

Coqstant

Log maximum radon level . C o O.3G%ss .139
(7.96) (094)

Confidence in test accuracy . : . L l 3440 001
(1-7 scale) ‘ . (2.80) {-009)

Gender ) . _ Y . b -2.724 .013
(1 = female, -1 = male) - (-2.90) (.o1)
Age (years) C X -1.03 . .002
. . : . {-75) - {---)

Number of children living 0002

‘ 35 K
at home _ L - (20 {---}

Education i 67 .0008
{1-10 scale) o (.686) (---)

Income -.72 ' 001
(1-11 scale) , . (--47) (--j)

Type of home : . i . ' -.24 h .0001
(1 = single fam., -1 = other) ) . (.44) {---}

Log home value .79 .001
‘ {1.21) o {9

Respondent is smoker . . . 43 .0003
(1 =no, -1 = yes) , . . (.30
Respondent wears seatbelt . ; . 009
(1 =no, -1 = yes) ‘ (-.26)
Years lived in home . . : . -.21
) (-.48)
Media influence . X ‘ X -2.31* - .01
(1-16 scale) - (-.046 (-1.79) {.002)

Personal influence ' . . T 5 10%ees 016
(1-12 scale} ' e ‘ (.027)

2 Logit results appear below the OLS results in parent.héses.
*p<.05 **p <.01 ***p <.001 ****p<.0001"




coeff1c1ent of partial determination; see Judd and McClelland (1989))

for both the OLS and log1t13 analyses of claimed rmt1gatlon 14 In

- 1nterpret1ng these values it should be remembered that the statistical.

tests are for partial regression coefﬁments That is, the test asks
‘whether the glven variable rehably explams a portlon of the vanatl_on , |
in mitigation behavior after controih'ng for all the other variables ‘
included in the model. VWithv’covariat‘ion_a'mong the 'predictor variables
this can produce co‘nservative conclusions about the importance of a '
variable Note that apprommately 27% of the variation in the coded |
'clanned mmgann variable is accounted for by the model ThlS is
substantlal for a model of this type, especxally grven that the
dependent vanable is binary.. . . —

As expected log maximum radon level is a h1gh1y sigmﬁcant |
prechctor of m1t1gat10n (t = 9.35, p_ < .0001). Thls is eon51stent’,w1th
the findings of Ackerman (1988). Moreover, the effect is '
comparatwely large, reducing 13 9% of the vanance even after
controlling for all the other predrctors in the model For a vanable

» that predicts actual behawor ona bmary chmensxon several months in

‘ - the future, this is an unpresswe result. The strength of the linear

13 The logit results were obtained uSmg the LOGIST procedure
in SAS (see "SUGI Supplemental Library User's Guide," Version 5
edition, 1986, SAS Institute, Inc., Cary, North Carolina, pp. 269- 294)

14 The number of respondents represented in this model is 558,
not the total sample of 714, because 158 respondents were deleted
' due to missing data on one or more of the 14 independent variables.
Deleting the three variables with the highest number of missing values -
(income, home value, and education) resulted in 87 more respondents
" being included in the model, but this did not change the substantive
conclusions concerning any of the predictors. We therefore feel
Justlﬁed in presenting the full model with 14 predictors.
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relationship between mitigation and log radon level in this study
suggests that the failure of JOh’nson‘ and Luken (1987) to find such a
result in their study was simply due to their lack of opportunity to - |
oversample high radon levels. | |

~ Our result is harder to reconcile, however, ﬁm the conclusions
of Weinstein, Klotz, and Sandman (1989). In their study of New
Jersey homeowners, they reported a sxgmﬁcant but modest-31zed
linear relatlonshlp between "future remediaﬁon plans" and radon level.
However when they dichotomized. the radon level variable into a
crude measure of whether or n_ot the test result was above or below
the EPA action level of 4 pCi/l, they found the correlation between
mitigation and radon level to increase substantially. They conclude'd' '
that there was a modest felationship between 6bjective risk and
remediation plans, but ﬂ:l.’at thlS correlation was “entirely due to the
distinction of being above or below the gﬁidance level of 4 pCi/l." We
regard this result as puzzling, since dichotomizing a continuous
predictor usually produces a loss in statistical power if the standard
distributional asssumption of normality holds true. ‘We retested our.
full model of claimed mitigation replaéixfg log radon level with the
same dichotomized predictor used by Weinstein, Klotz, and Sandman
and found the dichotomized predictor to still be hlghly mgmfmant but
to be less significant than the continuous predlctor and to explain a
much lower proportion of the variance (t = 4.2, p < .0001, PRE =
.042). Because Weinstein, Klotz, and Sandman removed pe'ople‘wh(') |
had already mitigated from théir,ana_lysis of "future remediation plans,"
they likely had an abnormally large proportion of people in their

remaining sample with very high radon levels who did not intend to
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mitigate. These "outliers" may have We_akened their ability to‘ detect a

stronger linear rlelationship between mitigation and radon levei in '

their data In short, we believe we have clear evidence from our

sample that the proportion of those rmtigating systematically 1ncreases
as radon level increases above 4 pCi/l ' _

We turn now to a consideration of which predictors of mxtigation' |
explain vanation over and above the contribution of the objective risk
level. 'Conﬁdence in the accuracy of radon tests was a reliable 7
predictor, With those having more confidence being more: hkely to
- mitigate. This verifies the contribution of subjective interpretations of
risk in predicting behavior and also suggests that some people ma*y be -
~using lack of confidence in the accuracy of radon tests as an excuse to
- drop out of the mitigation process |

Among the socmdemographic vanables age, number of. children .
living at home education, and income had mconsequential effects in
our model This, however illustrates an interesting point, since .-
models which predict perceived risk from radon typically find, f01

example, that perceived risk decreases with age and increases for
households with chﬂdren (Sjoberg 1989) Clearly mitigation behavior
disprlays a different pattem of important predictors than perceived
risk. |

Gender, hoWever was a signiﬁcant predictor in‘our model, mth
women being less hkely to mitigate than men. . This result is in direct
contrast with both previous surveys on radon (Sjoberg 1989) and on
other risks, such as nuclear energy (Kasperson Berk, Pijawka Sharaf,
and Wood 1980) and industrial hazards (Stallen and Tomas, 1988)

which have found women to be rnore, concerned than men about risk.:
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However, since our model ptedicts mitigation b ehavior and hot
concern, it is possible that women in our study were still more\
concerned even though they were less 11kely to take protectwe action.
In fact, this result may not indicate a gender difference at all, but _
simply reflect the fact that many women have less money to spend on
radon mitigation than men or have less experience doing the kinds of
household repairs that radon mitigation requires. In any case,
although gender was a reliable predictor in our model, it's impact was
relatively small (I_’RE = .013). - ‘ | '
| Type of house ahd iog of home value vfrere not signifieant
predictors in our model, although there may not have been sufficient
variation in house type in our sample to test its effect adequately. The |
- two variables measuring hehavior for other risks '(wearin'g' seatbelts and
smoking) were also nonsignificant, although again thefe may not have
been sufficient variation on these dimensions in our sa1np1e. In their
study of Maine households, which essentially oversampled smokers,
Johnson and Luken (1987) found smokers to be sxgmﬁcantly less
likely to mitigate.

Years lived in home was not a signliﬁcant predictor of mitigation
in our study, although it was in Johnson and Luken's study (those who
had been in their homes longer were less likely to mitiéate). The
composite media influence variable was significant, with people having
more media contact about radon being_ less likely to mitigate. Also, the
composite personal influence variable uras sighiﬁcant, with people
having more discussions concerning radon with others being more
likely to mitigate. Of course, these latter two variables are difficult to

interpret due to the causal ambiguity inherent in a cross-sectional
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survey of tl’us type. For example, the counterintuitive result for media g
‘inﬂuence‘might be explained by'postulatirlg that people who have, o |
mitigated no longer need to attend to or seek out radon inforr‘riatioh '
frorn media sources or that people who m1t1gate for some reason are

also people who spend less time watching telewsion And, the process B
of mitigating is just‘ as likely to promote discussions with others about

radon as such discussions are to promote mitigation.
2.5.3.2. Credible Mitigation 'Model

The credible mitlgatlon model pred1cts for those who clalmed
to m1t1gate ‘who among thern mitigated credibly (reported spendlng
lkmon( ey and could identify the spec1ﬁc reduction method used) and
who d1d not. The modehng .procedurev was identical to that descnbed‘
for the claimed mitigation model. Only 152 of the 192 respondents
who claimed mitigation were included in the model vdue to missing :
data on one or more of the 15 predictors.‘ The full modellaccounted |
" for 13.7% of the variance in the coded credible mitigation variable. .

Log radon level was <0t sigmficaht 1n this rriodel t=1.14,p =
.26, n. s., , PRE = "01) and in fact only two of the 151 predictors were
_ significant.’ The gender difference found in ‘the claimed m1t1gat10n v
model was also sigmﬁcant in this model in the same direction (-—1 =
-.23, t =-2. 5 D < 05) but was again a relatlvely small effect (PRE =
.04). In our study women were less likely to claim m1t1gat1on and, 1f
they did claim to mitigate, were less likely to do so credibly. ‘Smokers
were also less hkely to nnugate credibly in this model (b_i = 29 1; =

2.07, p < .05). In our study smokers although not 51gn1ﬁcant1y less
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likely to claim mitigation, were less likely fo mitigete credibly, given
that they had claimed to mitigate.

Surpﬁsingly, those who hired a private oontraotor to do the
mitigation work were not reliably more likely to have mitigated
credibly in this model (t = -0.44, g\= .66, n. s.). However, our
definition of credible rnitigation was quite liberal and included all |
those who reported spending any money on nntigation, even as little
as $5 or $10. It is possible that those Who.‘mitigated by themselves
tended to choose low-cost, uncertain m1t1gat1on methods such as
palntmg and sealing, whereas those who employed a contractor
tended to choose higher-cost, more reliable m1tigatlon methods such
as forced ventilation, pressurization, or soil suctlon To mvestxgate
this idea we retested our credible mitigation model using a stricter
definition of credible mitigation: in this revised model only those who
reported spending more than $50 were considered to have fnitigated
credibly. Given this revision those who hired a contractor were 7
significantly more likely to have mitigated credibly than those who did
not (Qi = 0.28,1=2.7, p < .01, PRE = .052). Although this afgument is
somewhat circular, it illustrates an important point: people either hire
a contractor and spend a lot of money on a reliable reductioh method
or they do not hire a contractor and spend very little money on a less
reliable feduction method. People generally do not imp’lement the

most effective mitigation techniques on their own.
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2.5.3.3. Confirmed Mitigation Model

“The" confirmed mlngatlon model predlcts for those Who -
m1t1gated credibly, who among them retested to confirm rmt1gat10n
success and who did not. The .'modehng procedure was id’enticalto -
those described.abo.ve. Only 111 of the 136re,spondents who A
~ mitigated creclibly were included in the model due to missing data 'onr
one or more of the 15 predictors. The full model accounted for 42%
_of the variance in the coded confirmed - ‘mitigation trariable ' |
Lop radon level was not s1gn1f1cant in this model t= 1 67, p_ =
-.098, n. s.), although it did account for 3% of the variance after

controlling for the other predictors In fact only a single predlctor in

" this model, who performed the mitlgauon work, was sigmﬁcant at the C

.05 level. Those who hired a private contractor were more hkely to
retest after nntlgatlon than those who did not (b = .45t =4.27, g <

.0001). [‘hls was a strong effect reducmg the vanance by 15% even
after controlhng for the effects of the other predlctors Ev1dently
people simply do not generally retest after they have mltlgated unless 7
 the mitigation was performed by a professmnal contractor This

indicates a faﬂure of EPAs message about retesting.

2.5.4. Conclusions

Cle.arly radon level was the most 1mportant predictor of clalmed
mitigation in our model, and the chance that a household will nntlgate
increases. systematlcally as radon level increases above 4 pC1/l The

strength of this relahonshlp between mitigation and radon level also .

- suggests that low mitigation rates cannot be explamed simply by
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postulating that people's protective respohses to radon are insensitive
to the level of objective risk. However, radon le{rel did not predict
who among thosé who initially did something to mitigate would do so
most effectively and completeiy. ' .

Who performed the mitigation work was clearly the most.
important predictof of who would mitigate credibly and who would
confirm mitigation with a retest, for those who had claimed to
mitigate. People who mitigated by themsglves were mbre likely to
choose low-cost, less-effective mi!;igatibn methods and were less likely
to retest after mitigating than tﬁo‘se who employed a professional
contractor. Apparently very few people make it all the way through
the mitigation pathWay without ilelp. ‘ |

After controlling for the ‘effects of radon lex{gl, 5elief in test
accuracy, and who did the mlitigatioh'w_ork, none of the other
predictor categories, including characteristics 6f individuals,
characteristics of homes, proxies for general risky behavior, and
experience with the risk, were able to account for a substantial portion
of the variation in mitigation behaﬁor (although certain specific
predictors such as gender and smoking sometimes had feliéble,

- though small, effects). This was especially true for the final two stages |
in the mitigation pathway. One is left with the impression that

protecting oneself from radon is simply a very difficult task. |

2.6. Accuracy in Self-reports of Radon Level

Thus far we have characterized the radon mitigation process as a

long and diffficult one. We have also been able to document several
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major steps along the pathway to successful mitigation at which people
drop out: failure to.‘return’a test kit once it has been purchased, faiiure .
to choose effectiw}e- rnitigation methods, and failure to retest after |
mitigating Hotvever 'eac‘h 6f these stages likely encompasses rnanyv'
(perhaps dozens of) smaller stages which our survey was unable to .
document. For example simply ' retuming a test k1t for evaluation
‘involves following instructions to set up the test correcﬂy, getting the ‘:
proper exposure, resealing the .container proi)erly several (days l-ater,r
mailing the test'back to Air Chek, and attending to and interpreting .
the results. "Mitigation” might .involve seeking information froin
‘seve:fal sourcesrby phone or mail, asking many different people for
advme gomg through the entlre testing process all over again once or
twice, doing some bankmg and accounting and making several tnps
to the hardware store. v

‘One of the,se "rnicrostages”'we' do have‘inf'ormation on is people's
ability to remember their radon level eorrectly If people do not
remember or if they misremember their radon level they might drop
out of the mitigation process because they mistakenly think their level
is safe, or may perhapSfmiﬁgate unnecessarily if they mistakenlyj think
- their radon level is high; ,Te investigate this question we tested -
whether the difference between pedple’s self-reports of their initial
radon level and the radon level reported to them by the testing

com pany was 51gmﬁcantly diﬁ'erent from zero. Because we only had

- access to one test kit reading from Air Chek for each i'espondent, and

many reSpondents reported using more than one test kit, we included

in the model only those 499 respondents who reported using one test




kit. Of these 499 respondents, 125 (25.5%) were unable to state their |
radon test results in picocnrtes per liter on the survey.

For those 374 respondents who did report a radon level, the
mean difference score was signiﬁcantly less than zero (mean = -2.39
pCi/l, t = -3.5, p < .001, PRE = .03), indicating a reliable tendency fot
self-reports to underrepresent true radon readings. However, this
simple interpretation is misleading, which can be seen from the
pattern of the errors assomated w1th the model Flgure 2.4 displays a
plot of self-reporting error versus Air Chek radon level for the 374
respondents in the model. Clearly, the typical person did not
underreport his or her radon level by 2.39 pCi/l. Instead many
people knew their radon level exactly, or nearly so. However, if they -
did make an error, it was'likely to be an underreporting error, and the
pattern of errors is markedly heteroskedashc That is, the size of the
errors increases as the true radon level increases

Of course, we dont know if _remembenng an incorrect ;adon ,
level makes people less likely to mljtigate or if those who do not
mitigate are less likely to_remember their radon level correctly.
However, this analysis at least‘raises the bnssibiﬁty that some pepple _
may not be mitigating simply because they misremember their radon
level. In fact, of the 21 respondents in our survey who
underrepresented their true radon reading by 25 pCi/1 or more, not a
single one mitigated credibly. This is a goo'd'illustration of how an
error at one small, simple stage along the nnt1gat10n pathway can lead

people to drop out of the process.
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Fig. 2.4. Self-repor’ung error versus Air Chek radon level for
respondents who reported using one test kit and who reported their
radon level in picocuries per liter.

2.7. Conclusion - -

We have presented several kinds of evidence that ;adqn is a,
particularly intractable risk in the sense of being difficult to manage
- and manipulate and being resistant to well-meaning efforts at |
_reduction. A radon testihg and information campaign aimed at the

ge;ner-al public was shown to result in very low ultimate mitigation
rates. Many of those who claimed to initigate did»not do so in an
effectlve way Those who received professxonal help dunng the
- mitigation pr ocess, however were much more hkely to mltlgate
credibly and to conﬁrrn that their mitigation efforts had succeeded.
Only just over half of those who purchased radon test kits even
returned them for analysis, and many of those who did test could not

recall their radon readmg or recalled it 1ncorrectly
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Although characteristics of radon risk such as benign experience
and lack of perceptual cues (see Chapter 1) ﬁkeiy play a significant
role, the major determinants of low mitigation rates appear to be
instead characteristics of the protective responSes required to reduce
the risk frorn radon, which in general are complicated and difficult.

It has been suggested that people would be more concerned about
radon if it had an 1dentiﬁable odor such as that which is added to
natural gas. Similarly, many more people would likely act to reduce
radon levels if rnitigation were as s_imple as putting on a seatbelt.

It is also interesting to cons”ider two home risks with soluti‘on.s
that have very high adoption rates. These are crime and fire. It has
been estimated that about 40% of households have purchased seeurity
devices such as bars, special locks, and burglar alarms to prevent
crime (Dubow, McCabe, and Kaplan, 1979) and about 60% of
households (in areas where they are not required by law) have
installed smoke detectors (Jensen, Tome, and Darby, 1989). |
Admittedly, these risks are very different from radon in some ways, for
example, they are often highlighted on the evening news, they are
dramatic and perhaps "dread" nsks and many people nnght receive
economic incentives (lower insurance premiums) to take protectlve
action. Still, it is likely that one contributing factor to these high |
adoption rates is that the protective behaviors required are relativelyr
simple, known, one-time behaviors. In the case ef fire, for .example,
you need only buy a smoke detector from the hardware store, install it
like you did your ceiling lights, and put in battenes like you d1d for
your tape recorder. Although this task ‘may be more dnfﬁcult for some

people than for others, years of protection can .be gained from a single
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afternoon‘éefforf. In contrast, there is simply no way to reliably
reduce one's risk from radon that taites'_iess }than‘ several weeks.
| Protectiﬁg Qheself frém radon is a long, difﬁcult; rﬁultistage,
- multifaceted, technical, rnu:ltriperson,r multiskill, recursive process.
The following list details sreveral c"h‘a;"actexjisticgs of the pfotective |
reponse 1E:o radon which we feel govern rado}l mitiga'tion‘behavior just.

as the risk characteristics we presented in Chapter 1 appear to govern

radon risk perception:

1. Mitigation takes a.long time, often "several‘months or longer, to
complete. ~ o . ,

2, Mitigation is a multistage proce'ss,‘ with successful completion of

' one stage necessary for completion of subsequent stages; people
 may drop out partway through the process at any of several
points. « - o :

3. Parts of the process, eSpecially‘ testing, are very technical,
unfami]iar, and not easily understood. | .

4. Except for extreme radon levels, there is little time pressure to
complete the mitigation process. . : :

5. Radon mitigation is a multiperson activity, requiring contact and
often coordination with testing company employees and -
contractors and perhsps seeking information from neighbors,
government employees, employers, or realtors.

6. Radon mitigation requires a wide variety of skills and qualities (for
example, interpersonal skills, patience, persistence, home repair -
skills, ability to interpret technical information) which may not
often occur together in a single household. ‘

7. All of the effort and expense for a lifetime of protecﬁoh occurs up’
- front. : ' .

8. The testing pfocess is recursive, requiring the same procedures
to be performed as many as three or four different times.
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It is no surprise that many people do not make it all the way through
the mitigation pathway when the necessary protectlve responses are
characterized in this way.

Other risks which share mahy Jof these protective response
characteristics may also prove to be 'extremely difficult for people to
deal with and protect themselves from without help.' Sueh a lislt of
intractable risks might include, for example, asbestos fibers from
building materials, lead in .drin‘kirl‘g water, contamination of wells by
‘toxic, chemicals in groundwater, vapors from urea- formaldehyde foam
used for insulation, and a host of other 1ndoor air pollutants
Traditional mformation and awareness campaigns are unlikely to be an
effective public policy for such nsks They miay instead require
regulation or the recrultment of professmnal‘s'who can provide Ipeople

with active guidance and personal assistance.
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Chapter 3

An Evaluation of Radon Testlng and Mmgatlon at Tnme
of Home Sale

3., Introduction

Given the low overall effectiveness of an information and
‘awareness program targeted at the general population, as shown in the |
previous chapter, this chapter presents a'study which explores the'
potential effectiveness of targeting radon info'rmation and/or |
regulation at the point of 'home sale Since single- famﬁy homes. are
sold about every ten years on the average this approach cannot yleld
an nnmedlate solution to the radon problem. However, if 1nd1v1dual
or 1nst1tut10nal behavmr in the settmg of the home sale frequently
leads to testmg and mitigation, thrs approach might prov1de an-
effective long run solutton

Thus, the purpose of the study reported in this chapter is to
‘ concluct a telephone survey of recent home buyers in Boulder County, ,
~ Colorado to determineif testing at the time of home sale has become '
'common practice and if such testlng leads to mitigation. It should he _
noted that no extensrve information and awareness campaign has been

conducted in the State of Colorado, so any testing that occurs is

| motivated by generally available radon information. For example, news

stories indicating that Colorado has the highest percentage of homes " 7
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across the nation vtolating the EPA guideline for radon have appeared
in both-newspapers and on television. If substantial mitigation is
already occurring in Boulder County, and we can determine the
underlying causes, that result would suggest that the point of home
sale is an effective time to attempt to encourage further testing and
mitigation in other areas. |
The research presented here is based on a sample of 303 homes

for which telephone 1nterv1ews were completed Because the
frequencies of testing and mitigation by home buyers and sellers were
unknown, it was our view that it would be unwise to expend a large
amount of money sampling for wnat might be low frequency events
(i.e., testing and mitigation), For example, had we sampled the
general population rather than people vlrho had tested for radon in the
study reported in the previous chapter, less than 10% of the sample
would have been of interest (i.e., purchased test kits and possibly
mitigated as a result of the program) Fortunately, in our study we
found that 44.6% of a sample of recent home buyers in Boulder County
had obtained radon test results prior to closing on their new home.
Home sales in and of themselves appear to motivate testing. |

The rest of the chapter is organized as follows. Section 3.2
describes the design of the telephone snrvey, while Section 3.3
presents the sampling plan. Sections 3.4 and 3.5 give descriptive
results and present our data analysis, respectively, while Section 3.6

contains our conclusions and recommendations.
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3.2. Survey Design

The survey instrulnent used in this field study is reproduéed'in
Appendix II, along with suxnmary results for each question. Where
; appropnate results are prowded for both those who tested and those
who did not. The survey was de51gned to be adxmmstered over the
.telephone by 1nterv1ewers who were not knowledgeable about radon
and to take no more than 10 or 15 mmutes to complete.
“The 1nterv1ewers were mstructed to speak only to the property
| owner whose name we had obtamed or to a co- owner of the property
<Respondents were then screened to conﬁrm that they had recently
purchased property in Boulder County and that thlS property was their |
primary place of resrdence Respondents were read a short statement |
that stated that the survey concerned radon gas, that it would take '
about 15 minutes to complete and that all responses would be

completely conf1dent1al The interviewers were prov1ded with th1 ee

. additional statements to read if the respondent resisted or wanted to

know how theywere chosen. Respondents with questions about the
~survey or problems were given the name vand telephone number of one
of the investigators. - | | | | |
All.respondents were asked 23 questions, and 34 additional ‘
questions were asked of some respondents to collect more detailed
information concerning those whose homes had been tested for radon.
The questions were selected to Vprovide‘ information on three |

interrelated areas:
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1. What percentage of recently sold homes are tested for _
radon and what percentage of these homes make it through the -
entire mitigation process (especially in comparison to the
corresponding percentages obtained in the information and
testing campaign detailed in Chapter 2)? y

2. What is the story behind why radon tests at time of home sale
occur and how does radon affect the sale negotiation process?

3. What differences are there between people whose homes are
tested and people whose homes are not tested at time of sale?

The survey questions were organiééd irito six sections. The first
section was a general introducfbr‘y section designed to gather some
information on -respondents' ,\e:éperience with radon pﬁor ‘to ﬁhding
their new hbme. Tﬁe second section was designed to determine if and
when a radon test occurred and to ask detailed questions about how
and why the test was done for those whose homes were tested. ‘(Since
pretesting led us to éxpect that people might have difficulty reporting
the results of the radon test in picocuries péi— liter, respondents were
prompted with the phrase ‘remember that the EPA action level is 4
picocuries per liter" and were asked to rate the test result on a 5-
point scale ranging from "very low"‘/to "very high" if they could not
report the exact resuit.) The third section asks if and when any
attempt was made to reduce the radon level and also asks detailed
questions about how and why thé reduction éffort was conducted for
those homes that underwent ﬁﬁﬁgation. The fourth section asks
specific questions concerning how radon enters into and affects the
sales transaction for those whose homes were tested and documents
the types of clauses concerning radon that are presently being added

to sales contracts in Boulder County. The fifth section asks general .
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que:stions ‘concerning transactions and the negotiating process in
order .to assess what effect, dif any, radon may have on other, nl‘ore -
| general, aspects of the sales process such as length of time to reach an

agreement and ﬁnal negotiated sales price. Also, one aspect of the |
‘transaction process, v;heﬂler a realtor was employedand, if 'sd, what
~advice the realtor ga\?e the buyer about radon, was assessed to |
determine how it might affect the likelihood of a test being cond'uc‘ted.v“
 The final section covers the standard demographic mformatmn as well
as- some addltlonal demographlc mformatlon of special relevance for
‘ radon. A few questlons are de51gned to determine whether the
respondent has a general tendency to engage in risky behaviors ‘such
~ as not wearing a seat belt when dnvmg Also, respondents are ask ed
whether they work for IBM because of IBM's radon program, which
requires testing and mitigation to below 4 pCi/l for errlployees 1n
order for them to participate in the company's housing buyback
pregrarn in the event they are transferred away from Boulder. IBM
employees aretherefore ina \.rerydifferent situation than non-IBM
~employees with respect to the op’uons open to them concermng
radon, and may need to be analyzed separately .

In addition, the fact that many real estate agents in the Boulder |

County area are knowledgeahle about radon ,may'be partially due to |
.their having to deal w1th IBM employees as eustomers. The “presence
of such a major company with a very strict radon policy may .therefdre.
: ‘be influencing radon testing and mitigation behavior in Boulder Codnty
~ even for non-1BM employeés. Testing and mitigation rates at time vdf
home sale in Boulder County'might'be somewhat elevated in |

cornparison to communities in which no major employer witha radon
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policy exists. However, these rates are surely ’lower than for many
communities in Pennsylvania and New Jersey in which realtors havé
been involved with radon for several years and in which réaltor o |
associations have adopted radon policies. And, in any case, the rates

in Boulder C‘ounty, which have b-éven motivated by pﬂvéte market a
interests, are surely minimum estimates of what could be achieved
with a government-sponsored risk communicatibn strategy at time of .

home sale.
3.3. Sample Design

The samplirig plan was based o‘n‘inclusive lisvts of individﬁals who
had recently boﬁght homgé in Boulder County.. (it should be noted that
we attempted to contact all of the homes recently bought in Boulder o
County during a spAeciﬁc period of time; and therefore our sample
included the entire population of interest, not a smaller randomly |
chosen subset of that population.) The lists of names were taken from 7
a local newspaper which publishes all Boulder County prbperty sales
on a weekly basis and provides the ,broperty buyer's name and the
address of the purchaséd property. Buyers of coxﬁrhercial property
and apartment buildings were deleted from the lists. Directory
assistance was used to obtain phone numbers for each person on the
lists. Overall one-third of the names were deleted from the }ists
because they had bought commercial property rather than”residential,
they did not yet have a phone number, they had an unlisted phone
number, they were not qualified to participate in the survey, or their

phone numbers turned out to be wrong or disconnected.
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An initial administration of the survey took ﬁiace in December of
1988. The goal of this first admihistration was to obtain a pilot Sairlpie
to determine’if colléction of a larger sample would be useful. -A list of
:7195 p»édple with good télephone nﬁmbers who had purchased homes
from Septerﬁber to November of 1988 was prepared as outlined above,
and 100 Qf these 195 calls were succéssfully- completed. 15 |
A second adrhinistratiqn of the identical Sutvey was conducted in
February of 1990 to increase the sample size and response rate of the
initial pilot survey. 16 All of the 95 pebple who did not complete the .
~ ‘s‘urve'y in its initial administ'ra‘tionVWere tried again, énd 51 of tﬁese 95
people compl'eted. the sUﬁey at. ﬁlis time. 'Iﬁ addition, a list of 301
new names of people with good telephone numbérs who had o
| pufchased‘homes between December of 1988 and early February of -
1989 was p'.rep’ared, and '.153 of these people completed the 's‘ﬁrvey.v,
Data fvromAboth- of theSe administrations is. éomb‘inéd in the |
results and analyses to be presented below. Oxl/era}l,l; 303 survéys Werc;

-~ completed from lists corifaining 496 new home buyers for Wh'ich'go;od' "

15 In this initial sample an attempt was made to oversample areas
of Boulder County in which we expected to find more IBM employees,
since we wanted to ensure adequate numbers of IBM employees in the
sample to investigate the impact of IBM's radon policy. However, the
percentage of IBM employees did not vary between the area which was
oversampled and the other areas of Boulder County (10% versus 13%,
respectively). We therefore did not analyze data from these areas
separately and also did not oversample any areas in the second '
administration of the survey. : S

, 16 The only changes made to the survey were (1) changing the
phrasé "new home" to "present home” because over a year had passed
since the first administration and (2) including a new screening
question which identified people who had moved again since the
winter of 1988-1989. ' ‘ ’
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telephone numbers could be located.’yielding an overall response rate

of 61.1%. We have no theoretical reason to expect that those we were

unable to locate a telephone number for should differ from
respondents in any way. We did, Ilowever. expect that those who
refused to answer the survey Whe_rr contacted might differ signiﬁcantly
from respondents, perhaps having a lower testing rate. We therefore

asked these people a single simple qﬁestion, Was YOpr present home

tested for radon before the sale closed? Of the 80'people who ‘v\rere

contacted and refused to complete the survey, 66 did answer th1s one ~ |
. question. The testing rate before closmg for this group of refusals was '
27.2%, significantly lower than the rate for respondents. We assess
the impact of this lower te’sting.rate for nonrespondents in Section
3.5. o |

Since the sampling plan described above resulted in three

distinct samples ‘(homes- in the initial sample contacted in Decerhber
of 1988, homes in the initial sample contacted in February of 1990, |
and homes in the second sample eontacted in February of 1990), we
compared these samples on several key variables to determine if there :
- were any major differences. There was little difference between the B
three samples on whether or not they ernployed a realtor (for all three
samples between 77 and 83% ernployed a realtor) but there was some
difference in the percentage of testers mth test results greater than 4
pCi/l or "above average" (between 16 and 29% for all three samples).
"The testing rate before closing for the second sam;ale (50:7%) was
higher than for the original sample (39%), indicatihg that testirlg rates
at time of home sale may be increasing over time. In additioh, the

testing rate after closing for people in the original sample who were'
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- contacted in February of 1989 (19. 6%) was higher than that for people
in the original sample who were contacted in December of 1988, '
which likely reflects the fact that those in the former sample simply

had another year in which to conduct tests.

3.4. Descriptive Results

A facsimile survey is presented in Appendix II which includes -
the number of responses and the overall descriptlve results either
| means or frequenmes as appropnate, for each survey question When
the companson is useful, separate results are also reported for those |
respondents whose homes were tested (either before or after thf, sale
| closed) versus those whose homes were not tested. We shall bneﬂy
discuss some of the highhghts of these results below. Those
respondents whose homes were tested will be referred to as "testers"
and those whose homes were not tested will be referred to as

"nontesters” in the followlng discussmn

3.4.1. Introducto Juest=ns

Responses indicate that 98% of those surveyed had at least
heard of the radon problem. Overall over half of the‘:respOndent'* ﬁrst
heard about radon more than 1 year ago. Testers were shghtly more |
likely to have first heard about radon more than one year ago and
slightly more hkely to have first heard about radon before they began -
- their most recent home search, indicating that knowledge about radon
_prio_r to buying a home may help people in making appropriate choices

concerning radon at time of home purchase. Question 3 documents
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the large variance and bimodahty in people's attitudes toward ,radon:
one-fifth of the respondents indicated that it Was "not at all important”
to them to buy a home wﬁ_h a safe radon level, whereasl. another one-
fourth of the respondents indioated that it was "very important."
Responses to question 6 indicate that there is little difference in the -
generl home buying experience of testers versus nontesters, with
about 60% of each group having purchased a home once before. Not

surprisingly, testers rated the importance of buying a home with a safe

radon level higher than nontesters (means 5.3 vs. 3.1) and were ‘mtlc‘h '

more likely (47.3% vs. 22%) to have had their previous home tested
for radon. Evidently those who have experience with radon testing in
one real estate transaction do tend to make: testing part of their next

real estate transaction.

3.4.2. Radon Testing

Overall 154 of 303 respondents (50.8%) indicated that their

new home had been tested for radon. Twenty six (8.6%) of these tests

took place before the buyer first looked at the home, 109 (36%) of the
tests took place before the sale closed (and typically after negotia'tions
had begun), and 19 of the tests (6. 3%) took place after the clos1ng

The buyer was the most hkely person to have first requested the test -

(67.5% of the time) and to have paid for the test (51.3% of the time),
but many other categories of people, including sellers, realtors.
contractors, employers, and'bank‘erslare represented in the responses
to these questions. The radon test was conducted by a profess1onal

(either a realtor, building contractor or radon testing firm) 48% of
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the time. Of t_ne 154 testers, 73 of them were able to state their test

' results precisely in picocuries per liter, and almost all testers could at
least describe the test results in such terms as "low," "about average,”

or "high." Of the 73 test results stated in picocuries per hter the

mean result was 4 2 pC1/ 1, the lowest result was 0.2 pCi/l, and the
h1ghest result was 18.0 pCi/ 1 Of the 81 test results not stated in
picocuries per hter 64 2% were descnbed as "low" or "very low,"

14.8% were descnbed as "average "and 7. 4% were described as, ‘

- "high." In the analysis that follows, both numeric and descr1pt1ve test
results are combined' into a sihgle measure, whether or not the test
result was below or above vthe EPA action guideline of 4 picocuries per N
liter. Descriptive results were fit into this frameWork by assuming

very low," "low," and "average" results to be less than or equal to 4

pCi/l and "high" and "very h1gh" results to be greater than 4 pCi/ L

- Testers seemed to have a relatively high degree of confidence.that f L
their test results were aeeurate,' rating their conﬁdenee, on average, at -

5.5 on a 1 to 7 scale.

3.4.3. Radon ‘Mitigation

Twenty four respondents of _th'e: 154 ‘who tested indicated that
somie attempt at mitigation Aha:d .been,made (answered yes to the
question, Was any attempt made to reduce the radon level in your new
: home before the sale closed'?) and 14 of them were able to state
exactly how much money had been spent on the m1t1gat10n effort.

Overall, 16 of the 31 testers with test results greater than 4 pCi/lor a

"high" result claimed to mitigate, and for 14 of these 16 the success of




the mitigation effort had been evaluated by a retest. Again, over half of
the time the work involving radon was performed by profess1onals
The maximum post-mitigation test result reported was 5.0 pCi/l and
the mean was 2.8 pCi/l, mdicating that the mitigatlon eﬁ'orts ‘were

generally effective

3.4.4. Radon Transactions and Negotiation

Only 2 of the 154 testers (1;3%) reported that they hadk ‘
negotiated a reduction in thé sale oﬁce of their r1ew home "speciﬁcally
because of concern about radon or because of radon test results.” One
of the major concerns, from a public health perspective, about a risk
communication at time of home sale strategy without enforced |
mitigation is the potential for new homeowners to accept ntonetary
compensation in place of mitigating the radon hazard, which would
simply leave sellers poorer and result in no‘reductiort tn radon risk for
the buyer. Based on our survey results, it appears that people simply
do not, or at least only extremely rarely, resolve a radon problem with
a seller by accepting a prlce reduction in_ place of mltlgation before

closing.
About 40% of the testers reported that there was a clause ’

concerning radon in the final sales contract for their home. Of these
contracts with a radon clause, 90.2% of the time the clause stated that
the sale was contingent on a radon test 52.5% of the time the clause
stated that the seller must reduce the radon level if found to be

unsatisfactory, and 52.5% of the time the clause stated that the home
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must meet a specific radon level (16 contracts used the EPA action
level of 4 pCi/1 and one used 20 pCi/l). |
~ Another concern about the time of home sale s_trategy.kis that
seliers, who are often still living in 'a home during negotiations, might
~ be motivated to leave their Windows open more often or m some other
_ Way sabotage the radon test results in order to save money or to speed
negotiations along. In our survey, however, buyers mdlcated a hlgh
level of confidence that their test results were accurate. In addltmn
there was httle difference in the percentage of homes falling into the
>4 pCi/l category dependmg on whether or not the home was
occupied by someone else wh11e the test was belng conducted (25 3% :
versus 18.6%) and this d1fference was not significant in a sunple
model which used whether or not the home was occupled dunng
testing to predict radon level category (t = O. 9, n.s.). Although our
study does not entirely rule out the pOSS1b1hty that some sabotagxng of .
| radon tests by owners is gomg on, it does indicate that the size of such :

an effect must be rather small.

3.4.5. General Transactions and Negotiatign

Overall the mean number of weeks it took to close the home sale
- 'was 6 4 and the mean number of offers submltted by the buyers was
1.7. The overall mean sale pnce of the homes was $118,118. The -
mean sale price was higher for tested ($127, 180) versus nontested
(s108, 912) homes, 1nd1cat1ng a tendency for more expenswe homes
to be more hkely to be tested, but the existence of a radon test result

had no measurable effect on aspects of the sales transaction such as
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time to ciose, number of offers and counteroffers, and final negotiated |
sale price. Any effect radoﬁ may be having on these variabies is likely .
overshadowed by other effects--time of honl1e sale therefore appears to
be a context in which the .trouble and expense associated Wlth radon
may be able to be framed as very smé.ll. | | |

Overall 79.3% of the buyers employed ‘the‘ services of a realtor,
and 43.7% of these realtors gave some kind of information or advice
about rad‘on to the buyer. Testers Were more likely to have employed a
realtor (84.2% vs. 74.1%) and were subs’;antialIy more likely to have
employed a realtor who gave them information 6n radon (57.5% vs. |
26.9%) than nsntesfcers. In general, many realtors in Boulder County
are doing a good job of informing clients about radon and of motivating -
radon testing at time of home sale. They are not, however, effectiw}ely
promoting radon mitigation. Out of 31 homes in this study which
were tested and received a test result greater than 4 pCi/l, 15 did not
claim to mitigate. All 15 had employed the services ofa realtor 1t is
possible that realtors may be taking respon51b1hty for testing since it is -
relatively inexpensive but do not want to take respon51b1hty for ‘
promoting mitigation because it is rather expenswe. and they do not
want to be held liable for imposing costs on a seller without a legal
basis for their action. Another possibility is tl;xat realtors are simply
subject to the same lack of concern over radon levels below 20 pCi/l as
other people are, and see no need to ensure that ‘mitiga’don occurs.
Most likely of all, realtors probably do not know exactly what they
should be doing about radon mitigation in order to best serve 'their
clients. In any case, it is clear that there is a great need for EPA

informational materials directed at realto,rs‘whi_clf_x encourage them to
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take an act1ve role in promoting tesung and seerng that radon '

mltlgatron occurs, when appropnate at the t1me of home sale."

3.4.6. Characteristics of the Respondents .

Overall 63.8% of the respondents were maie. The mearn age‘ of

the respondehts Aw"as 37.4, and the "typical" household ‘had 1 Chilc'l, 2
~ adults, and only very rarely an adult over the age of 65. As a group the
respon‘dents‘ were very highly educated ‘with the rnedian'educaﬁonal :
level being"'corripleted college’ The median’ household annual 7
~ income was in the $50,000 to $59,999 range. None of these variables
differed substantially between the testmg/nontestmg groups Also,
overall 11% of the respondents indicated they were smokers and 9%
indicated that they did not generally wear a ‘seat belt when travelmg by -
aut«omoblle The percentage of smokers did not vary between
| testing/nontesting group, but nontesters were shghtly more 11kely to
'not wear a seat belt than testers. In general, time of home sale
appears to be a context in Which fndividual differences in -

’ dernographm charactenst1cs (e.g., ‘age) and tendencies toward rlsky

behavior (e. g., smoking) that are commonly correlated Wlth att1tudes
: “and behaviors toward . radon may often be overridden by other factors.
- The one deniographic variable \mth a vrnarke'd difference between
testing/ nontestihg group- was whether or \not'the respondeht was.
employed by IBM: 17% of testers but only 6.2% of nontesters stated
that they were currently IBM employees. The effect of the hlgh
~ testing and mitigation rates of the subpopulatiOn of IBM eniployees-on

our overall analysis are discussed in the next section.
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3.5. Data Analysis and Discussion

Throughout this report we have emphasized that the process of
protecting oneself from the risk associated with radon gas is a long
and difficult one, with many opportumtles to drop out at different
stages along the way. The eﬁ'ectlveness of a nsk communication
program or strategy for radon is perhaps best measured by the number
of people the program is able to keep involved in the process ds the
stages progress from initial intere.et and concefn to testing to
interpretation of test results to mitigation and finally to confirmatory
retesting. In order to interpret the data froni this suﬁey (just as we
did for the survey data in Chapter 2) we will therefore concentrate on
how many people are .retéined at each of the various stages, ‘given the
time-of-home-sale context. Ai

Although it is difficult to compare the overall relative ‘success of
the Washington, D. C. information and awareness campaign (which was
aimed at the general public) and the Boulder County, Colorado study
(which focused on the behavior of a subpopulation of people who had
recently purchased homes and which measured preéxistihg behavior,
not responses to a risk communicétion campaign), we can document
the testing rate already occurring in absence. of regulation by |
government at time of home sale and we can directly compare the
relative effectiveness of each context in promoting mlt1gat10n and
confirmatory retesting. That is, given that a test has been conducted,
either within the home sale context (Boulder study) or outside of the

home sale context (Washington, D. C. study), we can difectly compare
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the subsequent ‘mitigation and retesting rates. From Chapter 2, the
transition rate in thevpopulation exposed to the information and -
' testing campaign, for all radon levels greater than 4 pCi/l, from testing
through mitigation to credible mitigation to confirrnatory retesting |
was 14.8% X 53.5% X 34.4% = 2.7%. For radon levels between 4 and
20 pC1/1 the transition rate from test1ng to conﬁrmatory retestmg was
even lower 11. 9% X 46% X 33.3% = 1.8%. 'We now turn our

attentmn to presentlng the cornparable trans1t10n rates from the
~ Boulder, Colorado study o

A chart of the pathway to mitigation for all 303 respondents 1n \
the Boulder Colorado study is presented valg 3.1. Only those homes '
- which were tested before closing are mcluded in the testlng stage of
this chart and the following charts (although 19 homes tested for :
radon after closing, these tests cannot be unequlvocally related to the :
home‘ sale transactmn). Those 26 homes which were tested before .
the evehtual buyer first looked at them are included in the charts,
since, !although they cannot be _re_lated-to characteristics of the buyer,
they are still a result of the home'. sale tran's'action.‘ Overall, 135 out of
~ the 303 original homes were "tes‘ted for radon before clbsihg. -'l‘he
testing rate of 44.6% for this Isubpopulation of home buyers is about 12
times higher than that for the' general population'in the Washington, l'
D. C. study. Twenty-eight of the test results were higher than the EPA
action level of 4 pCi/l. Of these 28 homes, 15 (53.6%) claimed -
mitigation. Although we don't have a measure of "credible” mitigation
as we did for the Washington, D. C. study, we do have thersame
measure of "confirmed mitigation,” whether or not a confirmatory'

retest was performed after the rnitigation effort, so we can compute
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e

303 Homes ﬂ : -

'

Tested before closing| 135 (44.6%)

> 4 pcill 28 (20.7%) <= 4 pcil |97 (71.9%)

v B v

Claimed Mitigation 15 (5'6.3%') Claimed Mitigation 5 (5.2%)

I _

Confirmed Mitigation| 13  (86.7%) |~ nfirmed Mitigation| 3 (60%)

Fig. 3.1. Radon mitigation pathway for all 303 home buyers, by
radon level category. (The percentages for partitioning by radon level
category do not sum to 100 because 10 respondents could not report
or estimate their radon level.)

L

the same transition rate from testing to confirmed rnitigation. Of the )
15 homes which claimed mitigation, 13 (86.7%) were retested to
confirm that the mitigation effort had been successful. V’I‘he overall
transition rate from testing to confirmed miﬁgation for the Boulder
sample of new home buyers wés therefore 53.6% X 86.7% = 46.5%. '
Compared to the compz;lrable 2.7% transition rate calculated above for
the Washington, D. C. study, the 46.5% transition rate is a véi'y
impressive result, even'if it does apply only to a subpopulation of new
home buyers (whiéh typically makes up about 5% of the 'g-en‘efal

population each year). It is more ir_npressivé when one considers that
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the radon test results from the Boulder Study all Afell intothe 4-’26

- pCi/l category since we were unable’ to oversample h1gh radon levels,

and the 46.5% transition rate might therefore be more comparable to

the even lower trans1t10n rate of 1.8% from the 4-20 pCi/l category in
the Washington, D. C. study. These participation rates are very high .iri
comparison with those commonly found in all types of risk |
communication campaigns directed at the general public: we have’
clearly succeeded in identifying a subpopulation'in which rad'on

testing rates are high and in Wmch people more often remain in the
process until protectlon agamst the risk posed by radon is assured.

It is possxble that these unpresswe testmg and m1t1gat10n lates
are be1ng driven solely by the. behavior of IBM employees who, as we
have descnbed face a strong economic mcen’uve to test and mmgate ‘
for radon To address this issue we present in Fig. ‘3.2 a nutlgatlon 4
pathway 1dent1ca1 to that in Fig. 3.1, except that all 35 IBM employees
have been removed The testing rate decreases only from 44.6% to
40.7% when all IBM employees are removed. The transmon from
testmg to claimed m1t1gat10n for test results greater than 4 pC1/]l

, decreases slightly more, from 53 6% to 40. 9%, but remains quite high
The transition from claimed nntlgatlon to conﬁrmed mitigation is

identical. It is true that testing and mitigation rates for employees
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- 268 Homes - |

'

. Tested before closing| 109 (40.7%)
> 4 pcill | 22 (20.2%) <= 4 pcill |77 (70.6%)

v - v

Claimed Mitigation 9 (40.9%) Claimed Mitigation 2 (2.6%)

b - v

Confirmed Mitigation| 8 (88.9%) [confirmed. Mitigation| 2 (100%)

Fig. 3.2. Radon mitigation pathway for all non-IBM home buyers,
by radon level category. {The percentages for partitioning by radon
level category do not sum to 100 because 10 respondents could not
report or estimate their radon level.)

facing a strong’,economic incentive from thejf employers to test and
'mitigate their new homes for radon are u’hcénimonly high -- but the
testing and mitigation rates for anyone purchasihg a new home are
also quite highl However, IBM's radon p'rogrém may be having an
indirect effect on the radon testing behavibr of home bdyers and
sellers in the Boulder Coﬁnty ar.éa at large, due to its impact on
realtors who must often sell to IBM employees. Realtors in Boulder |
County may therefore be somewhaf more likely to disseminate radon
information than those in comihunities that have no employer with a

radon program -- but there are still many realtors in Boulder County
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who don't generally inform their clients about radon. . The high testing
and mitigation fates currently being achieved in Boulder County surely
are great underestimates of the potential that could be achiev’ed‘frox‘n a
radon disclosure at time of home sale strategy implemented_by
government. : » v

' Anothei' concefn to our estirhates of testing and mitigation lrates
for the Boulder ‘study is the possibility that testing rates for
nonrespondents could be significantly lower than testing.rat{e's for |
rthose who completed the survey. To investigate this possibility, |
' .durihg the second. adrhinistration of the survey in February of 1989
we asked those ‘people who were contacted but refused to part1c1pate .
in the survey to answer one simple quesnon namely, Was your present
home tested for radon before the sale closed? Sixty-six of 80 people
answered this question, and the testing rate for these people was |
27.2%. Although half of our nonreépoudente were not‘re'fusals, but
simply peopie we were unable to contact, we will aesume that this
lower testing rate applies to all 189 nonrespondents We can then
'construct a worst -case testing rate for all 492 homes on our survey
lists; representmg all homes sold in Boulder County from September
of 1988 to early Febmary 1989 for which a good telephone number
was avaﬂaﬁ}e.’ The estimated testing rate foi' all 492 homes is 37.9%,
ohly,G.?% lower than the t'esting rate for the 303 reepondents and
still uncommonly high, even for a eubpopulation of the general '
population. Although we were unable to assess mitigation rates for
‘non“respondents, we have no reason to expect them to be’substantially

lower than the rates for respondents.
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The obvious disadfzantaée of the tirne-qf-_home-sale approach to
promoting radon testing and effective radon mitigation is that it is a
long-term solution and would take years to reach a lot of people, as
homes are slowly, but inevitably, bought and spld at the rate of about
5% per year. In fact, if one takes the testing rate of 44.6% for
respondents to the Boulder, Cblorado study and multiplies it.by 5%,
the result is a testmg rate of 2.2% of the general populatlon of Boulder
County testing in a glven year, roughly equivalent to the testing rate
found for the general population which was the target of the
Wahington, D. C informatlon and testmg campaign. |

However, there are several reasons to expect a tlrne-of-home-
sale strategy to be more successful in promoting effective radon
mitigation in the long term than an information and awareness A
strategr.' First of all, the testing and mitigation rates'ac,hieved by the
Washington, D. C. campaign were the result of an intensive, well-
organized mass nredia risk communication campaign. In contrast, the
testing and mitigation rates found for the Boulder study have occurred "
in the absence of any radon risk communicatmn campaign of any sort
in the Boulder County area -- surely it represents the bare minimum
that could be achieved by a policy which aims risk communication
materials at realtors and lenders and promotes or mandates‘ disclosnre
of radon test results at time of home sale A second advantage to the
time-of-home-sale strategy is that 1t targets homes rather than people
-- even people who are hlghly re51stant to radon testing or show a |
great lack of concern for the risk may eventually face a situation in
wh1ch they become protected from radon (perhaps by buying a house

that has already been tested and mitigated or by facing an economic
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incentive from an employer or lender). Third, there is every reason to
expect participation rates for an information and awareness strategy to
decrease over the years, since each year the people _'rnost llikely to
paritcipate are recruited leaving a more Tesistant population for the
ne:rt year In contrast the rate at which homes are sold remains |
relatrvely constant year in and year out, and those who test and |
mitigate are not dxfferent from those who don't. Fourth, there may be
a celhng on the testing rate that can be achleved in the general |
. population. Areas in New Jersey and Pennsylvama which have elevated
radon levels and which have been in the news for- years and in which
there are helpful state programs which promote testing are haying -
‘ trouble achieving testing rates rnuchfhig'her than 40%. The tirne-of-
horne-sale strategy would not be subject to such a ceiling'effect " Fifth,
radon testmg and mltlgatlon in the home sale context is more hkely to
be conducted by professmnals probably because the cost in this -
context can be framed as small, and is therefore more hkely to be |
complete and effective. Finally, the transition rates after testing are
markedly low in the general population (Washing'to‘n,’D. C. study): only
- 14.8% of those with test vresults'above4 bCi/I even claim to mitigate, |
o'nly'about half of those who claim to mitigate do so credibly. and'only
about a third of tllose who rnitigate credibly conduct a confirmatory
retest ngh transition rates at these stages may s1mply be '
unachievable in the general population -- but they are achlevable glven ,
the ass1stance provided by professionals and the pressures to resolve a
radon problem Wthh occur in the time- of-home sale context

"We shall now turn to a closer examination of’ two factorsvwhich

appear to be related to high testing and "mitigation rates in this study:
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‘ 35 Homes

v

Tested before closing 25 (71.4%)
> 4 peill 6 (24%) <= 4 pcill 19 (76%)

v v

Claimed Mitigation | § (100%) | Claimed Mitigation | 3 (15.8%)

L | ]

Confirmed Mitigation| 5 (83.3%) Confirmed Mitigation| 1 (33%)

Fig. 3.3. Radon mitigation pathway for 35 IBM employees, by
radon level category. o -

employment by IBM and hiring the services of a realtor who is
knowledgeable about radon. In order to gain more insight into these
factors we have separated the 303 respondents into thfee different
groups and constructed tl‘lree separate charts of the ‘pathway to
mitigation. Figure 3.3 displays a chart for the 35 respondents who
work for IBM. The homes of 25 of the 35 were tésted, 6 of which
tested abqve 4 pCi/l, all 6 of which mitigated. The IBM pblicy pf

requiring tests and mitigation if above 4 pCi/l for employees to
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88 Homes

Tested before closing| 60 (68:2%)

> 4 peill | 15 (26.8%) <= 4 pcill a1 (73.2%)
Claimed Mitigation | 6 (40%) Claimed Mitigation 1 ‘(2‘_4%)‘

Sy

Confirmed Mitigation 6',(100‘%) Confirmed Mitigation| 1. (100%’)'

. Fig. 3.4. Radon mitigation pathway for 88 home buyers who
‘employed a realtor who gave them radon information, by radon level
category. (The percentages for partitioning by radon level category do
not sum to 100 because 4 respondents could not report or estimate '
their radon level.) . o .

i)artjcipate in their housing buyback program is clearly very effective.
Figure 3.4 c'harts.the pathway for 88 non-IBM homes whose
bﬁyérs employed a realtor who gave them some information about
radoh. The Atestiyn‘g rate (68.2%) is quite high, ihdicatiné that realtors
are helping to motivate radon tesﬁing. The mitigation rate for those -
with tests above 4 pCi/l (40%) is good comparéd to ratesvanleng tﬁe,
' general population but clearly there is room for hnprovehieqt - |
several pteople whose realtors gave them advice aﬁout radon did not go

on to mitigate levels above 4 pCi/l




180 Homes

Tested before closing| 30 (27.8%)
> 4 pcill | d 7 (14%) <= 4 pci/l 37 (74%)

v | | v

Claimed Mitigation. 3 (42.9%) Claimed Mitigation 1 (2.7%)

¢ |

Confirmed Mitigation| 2 (66.7%)

Confirmed ‘Mitigation ‘1 (100%)

Fig. 3.5. Radon mitigation pathway for 180 home buyers who did
not receive radon information from either a realtor or employer, by
radon level category. (The percentages for partitioning by radon level
category do not sum to 100 because 6 respondents could not report or
estimate their radon level.)

Figure 3.5 t:harts the pathway fot the remaining 180 homes for
which the respondents did not receive information from either IBM Qf
a realtor. The testing rate for these people (27 8%) is much lower |
than for the first two groups, but still much h1gher than that of the
general population. These 180 people seem to have not received’
much of the advantage which ‘the other 123 people gained by being in
the time-of-home-sale context. |

In fact, what 12 of the 15 people in this study whose homes
tested above 4 pCi/l before the sale closed and were subsequently

mitigated have in common is personal contact with a professional,
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&ho is knowledgeable about radon, who knows what to do if the h*euse
has é radon problem “and who in many instances may be taking sc»me
of the respon51b1hty for making decisions about radon off the ‘
shoulders of the buyer. This, more than any other charactens"uc of the
time-of-home-sale context, is most hkely responsible for the Ahlgh

participation rates we have described.

3.6. Conclusion

In contrast to ouf conclusions from the previeus chapter,
proﬁsion of radon information at time of sale to hohle buyers appeérs
to be vefy effective in inducing both testing- end miﬁgation In fact, an
;mformatmn and awareness program utilizing realtors as the pnmary
supphers of 1nformat1on might well make an information only
approach attractive for single family homes if one is willing to accept
the lengthy delay in resolving the ‘rado'n problem aesociated with the
slow turnover rate of the hoﬁsing ‘ma;ket. This approach would
certainly be cost effective, and the development of better information.
- by EPA for use by realtors would be highly desirable. However it
should be remembered that, in the group motlvated by realtor
information, 68.2% tested their new homes and of those with "high"
radon levels (>4 pCi/ 1) 40% mitigated. Thus, the overall rai_:e of |
mitigation was about 27%. This overall rate ef miﬁgatioh, though far
better than that obtained from a general information and awareness
program, clearly leaves roém for improvement.

Two approaches may work to impi‘ove mitigation rates at the '
time of home sale. First, radon testihg and/or mitigation could be |

required at time of home sale, which ﬁrould likely yield mitigation |
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rates .similar to those for IBM employees. Second, better information

could be made\ available to realtors either for voluntary use or for use as

part of local mandatory disclosure at time of home sale.
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- Chapter4

Legal Strategies for Addressin'g Radon.‘Disclosu'r‘e at
Time of Real Estate Transfer

4.1. Introduction

- Radon is a uniéue environmental contaminant that is difficult to
control through traditional pollution control laws and regulations.
Because it is naturally occurrin‘g.and ubiquitous, it cannot be
céntroiled' effectively at a "point sogrce" like many air iind water

pdlltxtants. Since radon contamination generally is not the direct -
result of any harmful, negligent, or other behévior on the part of a
person or organization, it cannot be minimized through arpermit
mechanism or an enforcement program.‘ Even though the level of ‘
radon coritamination may be indirectly affected by human acﬁﬁty (e.g.,
housing design and construction), the natural origins of the gas
prevent shifting the cost ‘<;f radon contamin’atibn toa c,lass.of persons
who caused the haﬁn, becausé no such class of personé exists. |
Nonetheless, certain legal strategies, combined with an effective
information and awarenress‘program, should be usefui in encouragiﬁg
individuals to take pfotective measures to minimize their 4exposure to’
radon vcontaminat‘ion. B ,
Many different radon legal strategies are currehﬂy being

practiced by both the federal and many state governments, inclufimg

information and awareness programs, incentive programs, and

#
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regulatory. programs isee. eg EPA, 1987). Our focus in this chapter,
however, will be to address legal issues concerning the strategy for
radon disclosure at time of reai estate transfer, Which the research we
have detailed in Chapters 2 and 3 suggests‘ will prove to be the most
effective strategy for prornoting radon mitigation in the long term.
The remainder of the chapter is organizeii as follows. Section
7.2 will provide an overview of current federal radon strategies in
order to develop the context in which future strategies must be
con51dered Section 7.3 summarizes those state programs which are
relevant to the time-of-real- estate-transfer strategy and may therefore
serve as models for similar federal strategies Section 7.4 then
discusses in detail the legal issues surrounding irnplementation of

such a strategy at the federal level.

4.2. Current Federal Strategies Addressing Radon Issues

Congress has not at this time provided the United States
Enwronmental Protection Agency with regulatory power over naturally
occurnng radon, nor has it adopted incentives such as tax credits or
deductions, to encourage radon mitigation and testing. Congress,
however, has required EPA to undertake radon studies and provide
information and technical aid to states in the Radon Gas and Indoor
Air Quality Research Act of 1986, Pub. L. No. 99-499, 8§ 401-4(55,‘100
Stat. 1758-59 (1986) ("Radon/IndoorAir Research Act"), and the
Radon Pollution Control Act of 1988 Pub. L. No. 100-551, 102 Stat
2755 (1988) ("RPCA"). Based on these two laws, the current federal

strategies for controlling radon can be divided into two groups: (a)
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stﬁdying the radon problem and (b) providing information, technology, |

and other aid to states to assist them in developing radon programs.

4.2.1. Federal Laws

As its name suggests, the Radon/ Indoor Air Research' Act creates
a program to study and assess the indoor radon problem. The Act
| requires EPA to establish a research program on radon gas and indoor
air quality designed to gather data and information to contribute to the
‘understanding‘of health problerhs associated with the existence of air
pollutants in the indoor environment to coordinate state, federal,
’local and private research and to assess appropriate federal
government actions to mitigate the environmental and health nsks
associated with all indoor air pollution, including radon. The . ‘
Radon/Indoor Air Research Act specifies the requirements of 'this‘ 7
research program, which include research,efforts to identify, |
- characterize, and monitor sources and levels of indoor air pollution
including radon, control technologies and other mitigation measures,
demonstration programs and information drssermnatlon This Act
specifically states that Congress has not yet authonzed EPA to carry
out a regulatory program

Like the Radon/Indoor Air Research Act the Radon Pollution
Control Act does not authorize or create a regulatory program. It is
' more comprehensrve than the Radon/Indoor A1r Research Act and
contains several interesting provisions du'ectly aimed at state
programs. For example, it prov1des grant assistance to the states to : |

set up radon prograrns and requires EPA to develop and implement
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activities to assiststate radon programs. Additionally, this law sets a
national goal for the level of acceptable radon in buildings, requires
the EPA to update and republish 1ts "Citizen's-Guide to Radon" (EPA,
1986a), and orders EPA to develop model construction techmques
and standards for controlling radon. A more complete description of .
the Radon Pollution Control Act and other federal laws appears in
Appendix III.

4.2.2. Federal Programs

4.2.2.1. Revising EPA's Citizen's Guide to Radon

The RPCA requires EPA to revise its Citizen's Guide to Radon to
include information regardlng a series of "action levels" indicating the
health risk associated with different levels of radon exposure. Certain

“other information" must be prov1ded as well, including a discussion of
the increased health risk assomated with the exposure of potentlally
sensitive populations to different levels of radon, the 1ncreased health
risk associated with radon exposure and risk taking behav10r (e.g.,
smoking), the cost and technological feasibility of reducing radon
concentrations, the relationship between short-term and long-term
testing techniques and measurements and action levels, and data on
outdoor radon levels arouncl the nation. Through the RPCA, Congress
also set a national long-term goal to lower indoor radon levels to the
same level as ambient air. | ' |

Obviously, Congress is very concerned about the health‘effects of
long-term exposure to radon gas. lApparently it feels tha‘t information

about these health effects was not clearly conveyed in EPA's current

’
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Citizen's Guide. In fact, the House Report explains why Congréés
. mandated the additional information in the Guide: '
The legislative requirement to update the Citizen's Guide is .
principally based upon the Committee's concern that the public
is interpreting radon levels as safe if they fall below EPA's action
level of 4 picocuries per liter. The EPA guidance document
currently advises that "follow-up measures are probably not
required" if screening measurements are less than 4 picocuries
per liter. In addition EPA states that "[e]xposures in this range
are considered above average for residential structures." The -
Committee believes that many people have misinterpreted EPA's
‘designated action level and the statements in the current ,
citizen's guide as meaning that there is little or no risk from
radon levels below 4 picocuries per litér (H.R. 1047, 100th -
Cong., 2d Sess. 12, 1988).- . . :
Congress' i'equired changes and'ratiohale are signiﬁcant and may
imp‘avct other strategies for at least be,reasons,' First, they suggest
' that EPA's current "action level” of 4 picocuries per lifer will be
adjusted downward, i.e., made rnofe str‘ingent‘.‘ 'Although‘Congr‘eSs did
‘not establish a mandatory radon level, its mandate for a .continuously
decreasing 'long-term national goal is likely to be adopted by states,
local governments, and others involved in radon mitigation. Thus, ifa
radon c’ontamination problem is ,discovéred in the future and the
decision is made to correct it, more complete, and probably more
complex and expensive, mitigation and remediation methods may
likely be required to reach this continually decreasing level. Second,
the House Report indicates that Congress favors a health-based radon
standard over a technology-based one. Accordingly, mitigation
methods and techniques will be forced to progress toward this ever
decreasing long-term radon goal. This type of "technology forcing"

may mean that costly and complex remediation and fnitigation
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techniques must be employed, at least until. reasonably pnced

mitigation technology can achleve the lowered radon levels.

4.2.2.2. Model Building Codes and Standards

The RPCA also requires that EPA develop medel construction
standards and techniques for controlling radon levels in new buildings
by June 1, 1990. To the n'_1aximum extent possible, EPA is required to
- consult with organizations involved in establishing national building
standards and techniques in order to develop these standards The
Act does not require states to adopt these model building codes and
standards, but it does instruct EPA to give preference for grant
assistance to states that have made reasonable efforts to ensure ﬂte
adoption of these' standards. _

While not requiring.that state and local governments adopt tnese
building standards, by withholding funding from states that do not -
make "reasonable efforts" to 'adopt them, Congress has sent a clear
signal that it expects the standards to be adopted Thus, Congress has
sent the message to the states that making new buildings radon-proof

should be a high priority.

4.3. Current State Real Estate Transfer Strategies

Two complementary real estate transfer strategies have been
considered or adopted by some states: (a) contract notification, which
can be a general warning of the radon ‘threa‘t, a required disclosure of |
previous test results to prospective buyers, or the requirexnent of

radon testing prior to the final execution of a contract: and (b)
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contra-ct"nulliﬁcation or new ‘owne;; reimbursement fo.r remedial costs-
when prior notiﬁcagltionvwa's not given. Florida, Maine, New York, New
Jersey, and Rhode Island have considered legislation' that would |
requireﬂ warnings or disclosures to prospective real estate buyers,
rénters,‘ or lessees. To date, only New. Jersey, Florida, and Rhode
Island have passed isuch leg,islati‘obn. ;Ihe state of Mame has conside;ed
: Vlegisvlatiovn that would allow the bujfer to nullify a real estate contrac’t:if
notification of a radon problem is not provided. The New York state
legislatui'e debated ‘the question -of ‘~reimbur'sexi1ent .td new»,‘owners for
‘radon remediation if previous owhgrs or realtors failed to aisclose a |
radon problem. No state has yet adopted such legislation. The next
few Sectié'ns provide detailedr information for some of ﬁaese h-state

programs.

4.3.1, - Florida -

As of January 1, 1989, Florida requires notification of the
potential radon threat in at least one real estate document. The

notification must read as follows:

RADON GAS: Radon is a naturally occurring radioactive gas-that,
when it has accumulated in a building in sufficient quantities,
may present health risks to persons who are exposed to it over
time. Levels of radon that exceed federal and state guidelines
have been found in buildings in Florida. Additional information
regarding radon and radon testing may be obtained from your
local county public health unit. : '
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4.3.2. Rhode Island

Rhode Island passed a law in June 1988 requiring that, among
other things, by January 1, 1989, all real estate contracts must contain
the following language ' ' N

Radon has been determined to exist in the state of Rhode Island

Testing for the presence of radon in residential real estate prior
to purchase is advisable. :

4.3.3. New Jersey

New Jersey law requires 'that "[iln the case of a prospective sale
of a bu11d1ng which has been tested for radon gas and radon progeny,
the seller shall provide the buyer, at the time of the contract of sale is
entered into, Wlﬂ’l a copy of the results of that test and evidence of any
subsequent mitigation or treatment, and any prcspective buyer who
contracté for the testing shall have the nght to receive the results of
that testing." In reaction to thi‘s law, New Jersey realtors have
incorporated testing provisions into the real estate transaction. . They
require the seller to test before the sale, and the buyer to test
immediately after the sale. If remediation Work is needed, it is funded
out of an escrow account set up by the seller and buyer before closing.
A pending state bill (S. B. 2964) would r require the completlon of

radon tests as a cond1t10n of real estate transfer.
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. 4.3.4. Maine

’I‘he state of Maine proposed but did not pass notiﬁcation

legislation for certain real estate documents. The proposed Mame

noﬁce (L. D. 552) was wntten as follows

Naturally occurring radon gas may pose a health hazard in
residential dwellings. Testing services are available from the
Department of Human Services, Public Health Laboratory,
Statehouse Station #11, Augusta, Maine 04333. '

This pr-oposed _legislation was deSigned to warn Maine -'residen‘ts of
possible radon health risks and to establislq penalties for real estate
agents and home sellers neglecting to inform buyers of the notice;

A second bill, the Radon Gas Liabﬂity Act. (L D. 965), was
introduced to the Maine State House of Representatives in 1987 but
also did not pass. One proposal in this bill would have rendered any
real estate contract null if radon tests revealed concentrauons greater '- |
than 4 pCi/l in the bu1ld1ng being con51dered for sale and if the

pur( haser mshed to nulh.fy the contract as a result.

4.3.5. New York

A maJor piece of leglslatlon proposed in 1988 is still pendmg in -
the state of New York. Assembly Bill 10293 would amend Article 20
and Sections 600-602 of the New York real property law to mclude a

radon disclosure notice. The notice would appear on all re31dent1al

property contracts and would read as follows
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RADON DISCLOSURE. NOTICE

Radon is an odorless and colorless radioactive gas identified as a
leading cause of lung cancer. It may be released naturally in the -
ground in locations throughout New York State. Radon can seep
into homes and accumulate to dangerous levels. The buyer
should be aware that indoor radon levels can be determined by
proper testing and, where necessary, remedial steps can be
taken to correct the problem. These steps may include sealing
the foundation or ventilating the basement. The parties to this
contract may negotiate concerning the allocation of the costs of
detecting and correcting any identified hazardous radon gas
problem. For further information on radon contamination,
contact federal, state or local health or environmental agencies.

In cases in which such notice is "m)»t prdvided. New York'§ proposed .
legislation would make sellers liable to buyers for the 'reas'oh_able costs
of radon detection and remediation occurring'withih one yéar of the
date of property transfer. Moreover, another proposal in New York .
would allow the nullification of éu'iy new real estate contracts when a |

home tests above 4 pCi/l.

4.4. ~Radon Disclosure at Time of Real Estate Transfer

In this section we set forfh the radon control strategy wé believe
offers the most promise for promoting-effective mitigation: mandatory |
radon testing and disclosure during real eétaf:e transactions. We will
discuss the advantages and disadv:antages of this strategy based on thé |
following six criteria: ‘

1. effectiveness -- whether the strategy can achieve the goal of
lowering exposure to radon;

2. cost -- whether governmental resources are associated with
implementation of the strategy:;
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3. . equity -- whether the strategy distributes the costs fairly among
mdividuals affected by it; v

4. legality -- whether the strategy conflicts with other principles of -
law, such as constitutional law (see Appendix IV for a detailed
analysis of federal constitutional issues);

5. federalism -- whether the strategy affects the relationship
between the states and the federal government; and

6.  enforceability - whether the strategy can ‘be policed to ensure its
efﬁcacy :

The time- of-real estate-transaction regulatory approach is a
flexible, multifaceted, yet powerful strategy under which the
government can require or recommend varying degrees of disclosure,
testing. or mitigation including (a) ge‘nera.'l disclosure of the‘potentia} ‘
of radon gas and its effects, (b) specific disclosure regarding known
levels of radon gas, (c) recommended or re(juired testing for radon '
contamination, (d) recommended or reqmred mitigation, if .
appropriate, or (e) voiding of the purchase and sale. v

To analyze this strategy, we divide real estate transactions into
five categories and subdivide one category, home sales, into

chronological subcategories. The ﬁve categones are as follows:

1. ‘a sale of a residence or building; .

2. alease of a residence or building;

3. a financing action after the rental, or home or bmldlng sale such
as a home equrty loan, improvement loan, or second mortga ge

4. issuance of a building permlt for modification of existing or new
structures; and

- 5. issuance of a final "cert1ﬁcate of occupancy" or a final mspec tion
for new structures, ; :




The sale situation will be discussed at length. Because the steps
involved in leasing, financing, and issuance of a certificate of o
occupancy are analogous to steos in the salel process, these categories
will be discussed \only briefly. |

Before examming these spec1f1c strategies, however some
general observations can be made about intervention during the real
estate transfer process. Assurmng that the‘information disclosed at
the stages suggested below is accurate and that the partles involved in ,
the real estate transaction comprehend the information, such
strategies can be very effective in ultimately reducing nationwide
exposure to harmful radon levels. The strategies could have a broad
impact because the vast majority of building and homes are eventually
bought and sold through the services of rea_l estate agents, inSpectors,
and mortgage institutions. The strategies may also be considered
optimal from an economic perspective, because affected parties are
allowed to bargain freely about the economic and health risks of radon
exposure. Although the strategies have the advantage of low costs for
the regulatory agency, certain nontrivial costs for testing and
paperwork would be imposed on sellers, realtors, and mortgage
bankers. |

The notable adva_ntage of these real estate transaction strategies
is that during the sale process, buyer, seller, and the supporting
financial iustitutions (e.g., mortgage companies) have a heightened
awareness of risks to property and will be motivated to obtain and- |
disseminate accurate information and/or to undertake remediation.

Also, real estate transaction strategies provide an appropriate vehicle
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for 1.ranslatmcr health risks into economic terms in a way that may
encourage mitigation that would not otherwise occur.

The effectiveness of real estate transaction strategies might,
~however, be hampered by certain factors. For example, success would
depend on the avallab1hty of reliable test methods. Radon has become

a national issue only recently, and testing and mitlgation methods have -
not been fully developed The fast pace of most real estate
'.transactions requires accurate short-term test methods that may not
yet be available. Perhaps more importantly, a safe level for exposure

to radon has not yet been estabhshed Congress only recently declared
ita national goal to reduce indoor radon levels to the same levels as
‘ambient a1r (see Appendix III). Without an agreed upon level of safety,'
it is extremely difficult to determine an "appropriate level for .
mitigation or to determine the real devaluation properly attributable to
- a radon problem. This uncertainty might disrupt real estate

- transactions,- with or without required disc:losure, testing, or
mitigation, although the evidence presented in Chapter 3‘ suggests this
is unlikely. ‘The success of these strategies also may depend on the
deve:lopment of cert_ification criteria for radon teSting and mitigation |
co'rn.panies The assurance of minimum qualiﬁcations of those invblved
in the radon service industry is crucial to prowde confidence about the
information exchanged in the real estate negotlatlon process.

The place at which the federal govemment might most
appropriately intervene in the real estate transaction process is in the
second mortgage market, when mortgages are resold to financial
institutions which are often located in a different state than the |

original lender and therefore naturally fall under federal jurisdiction,
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although intervention at other points may also be feasible. However,
any federal intervention in the real estate transacﬁon pfocess must be
measured agairist the potential constitutional concerns (e.'g., tenth .
amendment) that might arise in the event these strategies are
federally implemented (see Appendix IV). With these gehei‘al |
observations in mind, the ;—)oténtial strategies and their inerits can be

examined.

4.4.1. Sale of a Home or Building

The sale of a home or a building is perhaps the most opportune
time to implement a real éstate iranséctibn strategy. For purposes of
analyzing this approéch In greater detail, we have divided the sale into
five periods: (a) the pre-sale period, during which the buyer generally
reviews homes with the realtor; (b) the negotia’tiyon period, durihg
which the buyer’ and seller discusé, and agree upon, the terms of a
sale; (c) the contract signing and inspection period, during which the
buyer signs the purchase contract, seeks financing, inspects the
seller's premises, and generally gathers information about the

.property; (d) the final inspection and the closihg, when the buyer
inspects the premises immediately before élosing. and closes on the
premises; and (e) the post-closing péﬁod, at which time the buyer

purchases the propért:y and takes possession.

4.4.1.1. Pre-sale Period : : Lo

During the pré—sale peﬁod, a buyer generaﬂy "goeé to the
market" by contacting a real estate agent. The buyer and agent
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preview buildings or hornes so the buyer can select potential premises
for purchaée) While it is probably inappropriate to require realtors to E
conduct testing or mitigation, requiring the real estate ‘agent to “

- provide information with respect to radon levels,j testing, and/ or
mitigation at this point might be an effective disclosure approach. (As '
described in Chapter 3, many realtors are already taking it upon
theinselves to disclose radon information to their clients.) The teal
estate agent would bear the burden'of determining if the property had |
ever been tested, and if so, the results of the test. A realtor nnght' be
subject to suit upon breachiné the obligation to inforrn of disclose.

While imposing such a condition upon real estate agents'rnay 2
seem burdensome it is not unreasonable Realtors act as agents for o/
the seller and generally are farmliar with the commumty They occupy
a position of trust with respect to both the seller and buyer, who rely
upon their expertise. Furtherrnore. realtors: have ereated a database
containing detailed infofmation about sale prooerties called the
Mu].tiple Listing System (MLS). Thus, an appropriate notation in the
MLS system could inform all realtors that a parcel of property contains
radon or has not yet been tested. Disclosufe at this early Stage allows
the buyer to learn about radon and to consider whether to accept the
risks associated with long-term exposure. : - '

Disclosure by realtors has other advantages It is cost- effectwe
for the government because the real estate agents are shouldenng the
expenses related to the dlsclosure requlrements ThlS strategy also |
puts disclosure in a context that the seller and buyer can understand‘
radon becomes assoc1ated d1rect1y with the sale and purchase of a

home or building. It is not difficult to enforce, because disclosure ean
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be determined by reviewing any written materials given to the buyer
by the real estate agent, or by asking} about oral v‘varnings‘ pfovided by
the realtor. This approach is felativeiy comprehensive becaﬁse the
majority of property sales involve a realtor, allowing a wide audiencé to.
be reached. Realtors may add a disclosure clause to the standard
purchase contract for homes in order to fulfill this disclosure
requirement, they may prepére a séparate infpfmation booklet on
radon, or they may use "safe harbor" forms.17 . |

The major disadvantage of this -trategy is the burden it places
upon real estate égents. Depéndiﬁg on the type and extent of | ‘
disclosure required, it may forcg rea}tors to require sellers to conduct
a radon test, or mitigate, before a building or homé* is listed for sale.
More importantly, if the buyer later discove'rs. high radon levels, this
strategy could create liability for réaltors who, in good faith, relied
upon assertions by the seller that fadon was not a problem at the
premises. Some of these inequities can be cured by requiring or
recommending that the realtor provide only a'g'enefi'c or standardized
written notice to the buyer: (although evidence siiggests it may be
important that a test be required). Such a notice could staté simply
that r:adon is a colorless, odorless gas that may cause luﬁg’ cancer, and
that it may be appropriate to test propefty for rédon contamination.
Two states (Rhode Island and Florida) have enacted such general

radon notices for real estate transactions {see Sections 7.3‘.1 and

17By using safe harbor forms, which set out a checklist of
potential hazards for which real estate agents must inspect, realtors
can be more confident that they have fulfilled their disclosure
obligations and protect themselves from liability.
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-7.3.‘2) . Such a noﬁcemight lead the buyer to engage in the nee'essary =
'self--protective behavior. The seller, knowing that the buyer is to ‘
receive such a general disclosure, is more likély to test the home or
~ building and conduct remedial action befere attempting to sell it. |
Such a pre-sale disclosure strategy could be ‘ver‘y effective in
encburégingwidespreed mitigation because most real estate -
transactions involve a real estate agent This strategy would .
‘ significantly increase the d1str1but10n of information to buyers who .
-have the biggest 1n_cent1ve to evaluate it carefully. Dehvery of this
information persbnally and drirectly by a real estate agent also woﬁld
incr'eaee seller and buyer awareness. Also, real estate agehts would
themselves have an incentive to learn about radon so that they ceh
, adﬁse their clients and so that the radon issue does not ngeatly
inteffere with the sales process. And, disclosure at this el‘arly“stage in
. the sale process still allows substantial time for further inquiry, |

testing, evaluation, or mitigation.

4.4.1.2. Negotiation Period

/ The negotiation peried generally involves three parties: the .
seller, the bﬁyer, and a realtor. During this period, the:buyer_ has‘ '
tentativeiy decided to purchase the premises and approaches the -
| seuer with an offer to buy. Generally,l rnegotiat,ions ensue over the
tefms of the sale, including the purchase price, time of closing, and

other conditions and contingencies. At the end of the negotiétion

period, seller and buyei' agree on the terms of purchase.




The negotiation period is the most obvious period in which the
radon disclosure/testing strategy may be rutilized, because it is during
this period that seller and buyer are evaluating all of the factors |

relevant to the sale. Seller and buyer are assigning a'monetary value to

such factors and making decisions about them. During the negotiation .

- period, the radon contamination would likvely be quantified by the
seller and buyer with respect to the purchase price of the premises.
Thus, the final agreement would reflect the diminution in the value of
the premises because of the radon problem.

There rnay be one potential drawback to disclosure without
required mitigation at any point in the sale process. Assuming the
buyer untierstands the risks assbciated‘with e:éposure to radon,
allowing the seller and buyer to negotiate about the radon levels meaus
that the buyer may accept a trade-off by willingly purchasmg a radon-
infested home for a lower cost despite the potential health effects of
long-term exposure to radon. If the aim of any radon strategy is to
encourage self-protective behavior and correct radon cohtamination,
then disclosure without required mitigation may not reach this goal.
However, the evidence presented in Chapter 2 suggests that ,
mitigation is nearly always the option cﬁosen. Alternatively, forced
mitigation at the time of sele is problematic. First, it requires that ‘
some level of mitigation be agreed upon by selle;' and buyer or set by
the government. Second, if the government sets a required mitigation
level, it could reduce the market value of the prermses to such an
extent that the seller can argue that the property was |
unconstitutionally taken without just compensation (see Appendix IV

for a discussion of the takings issue).
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’ The real estate negotiations process is one of the most effective
times during the home sale process for encouragmg or requiring
disclosure, testing, or mitigation, because the parUes are focusing on
~ the economic aspects of the transactlon are highly motivated to obtain
detailed mformatlon about the building or home, yet still have time, 1f
necessary, to undertake additional testing or evaluation or mitigation.
During this stage, mforrnatlon about any radon contammatmn can be:
readily translated into concrete economic terms and can become
another factor in negotiations over the price. And in the event that
testmg is incomplete or uncertain, the parties can add contlngen(,y

clauses or allocate future potent1a1 hablhtles

4.4.1.3( Contract Signing and Inspection Period

The contract srgnmg and inspection period begms when the
contract for sale is signed and the buyer begins the search for
v ﬁnancmg the sale, and it ends after the buyer has gathered
inférmation about the prennses and conducted a building or home -
inspection before closing. Thus, this period mainly involves the buyfer,
the financial institution providing the mortgage, and the individuals |
who gather facts and conduct various inspection services for the buyer
(e.g., home or building inspector).

The mortgage process aiso is one of the most effecttve avenues
for r«=qu1red or recommended testmg or disclosure. Because financial
institutions have a strong interest in protecting the market value of .

collateral as a cond1t10n of the mortgage mortgagees may prov1de
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radon information to the mor'tgago‘rlsr Or require mortgagors to certify
that radon levels are within a certain range and/or to test for radon

and take remedial action, 1f appropriate. Becat‘Jse\most home purchase -
contracts contain a contingency clause permitting the buyer to void

the contract without penalty in the event that a mortgage cannot be
procured, a home buyer discbVering radon contanlination W(A)uld‘not be
Penalized for failing to procure a mortgage because of a radon problem.
A seller who lost a home or building sale bECause‘ of radon would be ,
encouraged to mitigate the problem in order to increase the sales : !‘
potential of the b.uilding or home.' : .

Involving financial institutions in a strategy to increase
disclosure, testing, and mitigation may be the most powerful methoél
of intervening in the vast number of real estaté transécﬁon$. Because - .
obtaining the mortgage is typically the "make or break" point of a
building or home sale, both seller and buyer have strong incentives to
compfy with whatever the morfgagee requires. More importantly, the |
purely economic interest of the mortgagee in properly evaluat_ing the : i
value of the property and in preventing subsequent devaluations (such |
as the latent discovery of high radon levels) would motivate financial .
institutions to ensure that comprehensivé'and accurate information

was disclosed. An additional benefit also may be that the collective

18 For example, the federal government could require that all R
federally financed mortgagors be provided an information booklet
explaining the impact of radon contamination and notifying them that
mortgagees may consider test results (or lack of them) and mitigation
efforts as a factor in setting the terms of the mortgage. A similar
disclosure and booklet scheme is currently used by the federal
government with regard to real estate settlement costs. (See the Real
Estate Procedures Act of 1974, 12 U.S.C. 2601, 2604(a), (c).).
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economic weight of mortgage institutions,creates larger incentives for
accurate testing, mnova’uons in rmtigation methods, more thorough
1nfor mation dissemination, and better assessrnents of health risks.

Generic or standardized disclosure. by the persons who conduct

home or building inspection services may have a positive effect.

Arguably, it is somewhat late in the sale process to begin testing or

mitigation beCause the purchase contract has been signed and the sale
process is almost complete. For example. while conducting the home

inspection, the inspector can ask the buyer whether there has been

. any attempt to assess radon contammation Inspectors can also inform

buyers of structural and/or other characteristics of the premises that
indicate a potential radon problem, such as a completely underground
cellar that creates a negative pressure likely to draw radon into the :
home, or granite or other geological forrnations ‘upon which the

premises are built. The maJor drawbacks of this strategy are analogous

“to the drawbacks of using realtors as disclosure agents, i.e., it may be

unduly burdensome and prov1de the basis for potential liability.

‘ Additionally, home inspec%ors may not be trained to detect and assess

potential'radon risk factors and thus may provide incomplete,

- inaccurate, or false information.

The effectiveness of requlnng radon consultation to be’ included
in the 1nspection process would depend largely on the training and
qualiﬁcations of the 1nspectors Nonetheless because inspectors are
generally hired by-the buyer, the buyer would have an incentive to
con.duct a thorough exammation, which the buyer could then carefully '
evaluate. This strategy could provide an effective double-check on any

information provided by the seller. And, because .inspections‘ are

107




routine for virtually all home and building sales, ‘this strategy could
reach the vast number of homes and buildings,invoived in real estate

transactions.

4.4.1.4. Final Inspection and Closing Period

The final inspection and closing period includes the final "walk-
through" immediately before closing and the closing ceremony itself,
in which the appropriate documents.are executed and, if necessary,
attested to. The major actors during this period are the seller, the ,
buyer, and their attorneys. |

Again, as discussed with respect to the contract _signirié and
inspection period, the sel}er's disclosure to the b'uyer is probably not
an appropriate strategy at this stage. Mandatqry or recommended
testing or mitigation probably is not feasible. One potential strategy,
which is a type of disclosure, could be to place a warranty or warning
into the deed. The warranty, grven by the seller to the buyer could
state that, to the best of the seller's knowledge the premises are not
contaminated with radon. It could state that the seller has tested the
premises and list the date ef the test, the level of radon discovered,
and the company that conducted the te‘s't. The'warning, placed in the
.deed, could contain the same. statements as fhe warranty or it could
contain a generic disclosure statement about the risks of radon These
warnings or warranties could prov1de the buyer with a strong cause of
action against the seller 1f they proved false. Moreover, a warmng in
the deed would notify any future purchaser of the radon-related

conditions. Thus, the next buyers lawyer, examining a deed, would
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alert the buyer about radon. Whlle the use of warnings or warrantres
would not be an effective strategr for the present parties to the
negotiations (because bargaining at this point is essentially fim‘shed),
such prowsrons could be an effective tool for informmg future buyers of
- the propertys radon risk. With th1s long- term view in mind, this

strategy could be uniquely effective.

L 4.4.1.5. Post-closing Period

The post-closing period begins' when the closing is completed
and continues until the premlses is sold again. The buyer now the.
propertys owner, is the only 1nd1v1dual dlrectly connected with tlhe
premises.

D1sclosure mandatory or recommended testing, and other

strategies would not be effective in altering behavior that has occurred
in the past. Nonetheless empowering the buyer/owner to recover -
costs of mitigation and/or testing from the seller 1f the buyer/owner
drscovers high radon levels after taking possess1on may be a strategy to
employ dunng this period. |

‘This strategy has many potennal dxsadvantages It probably
depends on litigation, which is expensive, uncertain, and time
consummg it may be difficult to prove that the seller falsified test
results or conducted an inadequate radon survey, because radon levels _
ﬂuctuate dramatically over time. There is also no guarantee that any
amount recovered by the buyer/owner would be spent on radon

‘rmtlgauon Nonetheless the major advantage of this approach centers (

on its potentlal deterrent effect. Because it severely pun1shes the
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seller's failure to determine and/or disclose radon levels, sellers will
be more likely to carry out required or recommended radon testing

and disclose the results.

4.4.2. Lease of a Residence or Building

The same approaches presented above involving the séle of a
home or building could be applied in the context of negotieting a lease.
For exaniple the government could require or recommend disclostu'e‘
by a realtor, insertion of a "radon clause” in the lease agreement or
condition ﬁnancmg on testing and/ or Imtlgatlon Particularly because
leasing of commercial bulldtngs is pervasive, this avenue for
addressirig the radon threat should be considered an important -
supplemental strategy. |

. The main distinction between the lease si_tnaﬁon and the sale
situation is that (depending of course on the term of the lease) the
parties may have less of an interest in testing, dtsclosure, and/or |
mitigation, because they may be only thinking of the short-term
economic consequences of tl:}e transaction. On the other hand, . ’
because the lessor and lessee have an ongoing relationship through the
end of the term (and, by the exercise of options, perhaos beyond), the
time pressures inherent in the sale negotlatlons context may be
partially removed. For example, compared to a buyer, a lessee could
more easily agree to condition the amount of the rent on the results of
long-term or periodic testing for radon contamination. Lessees also
could obtain a clause providing that expenses for mitigation are \

deducted from the rent. As with sales, the success of this strategy
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would depend in great part on the qualjty of information available to |
the parties and their own economic,evarluation_ of the health risks

involved.

4.4.3. Financing Action after the H'ome or Building Sale

Another point at which a redon strategy could be implemented ,
- is during a financing actlon after the home or building has already -
been sold, e.g., when the buyer apphes for a home equity loan, a home
1mprovement loan or a second mortgage The analysis outlined above .
with regard to mortgages would apply in these situations as well. At
this stage, a strategy of recommended or requlred testing, disclosure,
and_/ or mitigation could be effective in encouragmg owners to reduce
their exposure to radon. The unique! advantage of this strategy, of
course, is that it reaches buildings and homes not involved in sale or
transfer. Even thongh only at small percentage of buildings or homes .
~may be affected by this strategy, it is a logical complement to the

transaction- based approach discussed above.

4.4.4. Issuance of a Building Permit

State and local laws generally require that building‘permits be
obtained for new structures and for certain modifications of existing
buildings or homes. It is at this point that building code and other
structural requirements’ minimi'ztng radon exposure could be imposed.',
For exetmple, building plans could be evaluated for ventilation systems, .
structure of underground areas, floor construction, and weatherization

. techiniques. The soon to be drafted model building eode (see
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Appendix III), which states are encouraged but not requxred to adopt,
provides national leadership for this strategy.

Because construction cannot legally proceed without a perrmt
the owner may face "red tagging" delay, and poss1b1e fines for ‘
attempting to circumvent the permit system. Thus, restrictions on
building permits would be an effective technique for eosuring that at
least new and modified structures are radon safe if not radon proof.

The primary advantage to such a strategy is that it is prevent1ve
in nature. It would be relatively easy to enforce, because radon
Iitigation measures would s1mp1y become another design
requirement for architects and contractors. The social costs of such a
policy also would be low for those houses which need mitigation .
because, at least for new structures, no radon problem yet exists and
no costly post-construction remediation would be required. However,

considering that the large majority of houses do not require

mitigation, the social costs of the policy may be high in the sense that

costs must be imposed on many homes which have low radon levels in -

order to find the homes which have high radon levels.

The main disadvantage to permit requirements is that it may be

difficult to achieve concensus concerning the app_ropriate building
code requirements. And, because structural destgn, though important,
is only one element that determines potential radon exposure levels,
this strategy canno. address or anticipate the largely natural causes of

contamination (i.e., the geologic composition of the area).
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4.4.5. Issuance of a Final Certiﬁcate of Occupancv

Requirements for d1sclosure or for testing or m1t1gat1ng radon
contamination levels could also be imposed during the 1ssuance of a
final certificate of occupancy ora ﬁnal inspection for new structures
As discussed above with respect to the final inspection dunng the sale
process, this stage is probably not an appropriate time to impose a
~ primary radon strategy Particularly with regard to new structures,
because the certificate of occupancy and ﬁnal inspection occur after .
the completion of des1gn and corstruction, the flexibility of an owner
to 1espond to new requirements is lumtecl and the costs may be hlgh
'On the other hand actual radon exposure levels may not be
ascertamable until after a structure is completed If such a strategy
accounts for these latent problems, then requiring testing and/or
mitigation prior to 'occupancy could be a very effective secondary

strategy for enforcing exposure goals.

-4.4.6. Mandatory Testing or Mitigation of Public Buildings

The radon disclosure during real estate transaction strategies'
outhned above if properly 1mp1emented will address the majonty of
radon problems in homes, ‘and a large number of radon contamination
problems in buildings. Because these real estate strategies hinge upon
property- transfer however they will not be successful in addressmg
premises which are not generally sold leased or otherwise

transferred. Also, the real estate strategy may be inappropriate for
vtransfers involving state or federal governmental entities because

applying the approach to a governmental body may be inappropriate-as
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a matter of law. Thus, there is a cétegory of "public buildings" which
would require application of a differen;: strategy as a supplement to a
real estate strategy. This section focuses on one category of public
buildings: governmental or quasi-governmental structures.19 .

A potential federal strategy applicable to governmental or quasi-
governmental facilities could involve the mapdatory testing and
disclosure of results to the occupants of thése buildihgs. Mandatory
mitigation is a second option aligned with this strategy. - ‘

Mandatory‘testjng of governmentél and quasi-governmental
facilities would depeﬁd largely ‘upon intra- and intergovernmental
cooperation. Mandatory testing of these premises is easier to
administer than mandatory tésting of privately owned, 'operéted,. and
occupied property because the governmeht can easily carry out the
testing on its own property, or exerf: its will to require testing. For
example, because there are no private parties involved, a facility which
is oWned or operated by a state government can be tested easily if the
state legislature requires testing of public buildings. For a structure

leased or occupied by a goVernmen{:al entity, the government can

19A public building includes the following three categories of real
property: (a) governmental or quasi-governmental structures, the
majority of which are buildings owned, operated, or occupied by the
federal or state government and containing federal or state
government facilities, especially offices; (b) public accommodation
facilities, which are facilities used by members of the public, or open
to members of the public, such as d museum, library, sports arena, or
concert hall; and (c) "special population" facilities, such as hospitals,
mental institutions, schools, day care centers, or prisons.
This section of the report does not address public accommodation
facilities or special population facilities. Although strategies applicable
to these two types of public buildings should be analyzed, they are
outside the scope of this report.
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exert its bargai‘ning power to include in its lease a clause regarding

testing.

By restnctmg testing. to governmental or qua51 governmental

facilities, the federal government would not impose financial, legal or

other inequities or ‘burdens on private citizens. A mandatory testmg
program would demonstrate the government s commitment to the
senousness of the radon problem, and would serve as a model for
~ citizens to follow. Thus, testmg by the government could be a valuable
public relations tool.
‘ But testing ‘alone may not be sufficient. Testmg w1thout

mitigation uncovers radon contammatlon vnthout resolvmg it.
However, disclosure of the test results may motwate the bu11d1ng
occuparnts to demand rmt1gat10n and follow-up testmg and may
encourage others to demand testing and d1sclosure

The potentlal cost of requ1nng testing is the major dtsadvantage'
of this strategy. But required public testing may be a necessary cost to
increase citizen confidence in government declaratlons of the radon
threat, and to demonstrate that the radon problem requires prompt
action and the government is prepared to take such actron In fact |
without an investment in public testmg the federal government rnay
undermjne the value of thetr other radon mvestrnents by sending an
ambivalent message to citizens. In addition, mandatory public testing
guarantees that the federal government will learn the full extent of 1ts
port1on of the radon problem.

Requ1red mitigation of radon contammatmn can be combined .
~ with the mandatory testing requlrement Though the costs of

mandatory mitigation are high, the ‘potential benefits are great Fu'st
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mandatory mitigation would establish the federal government as the
leader on radon remediation. Second the occupatlonal health threat
Would be reduced or ehmmated thus protectmg workers Third,
required mitigation could inspire private mitigation. Fourth,
mandatory mitigation allows thegovernment to test new remediation
techniques. |

Aside from cost, the disruption caused by nﬁtigation
construction is the only other serious disadvantage of this strategy.
Required mitigation also is sure to attract publicity, increasing the
likelihood that mitigation targer levels adopted for governmental and
qua51-governmental buildings will then be apphed to private buildings.
Thus, pubhc mitigation efforts may eventually compel the government

to establish defined levels of .acceptable radon exposure.
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- Chapter_S.

Conclusnon An Evaluatlon of Strategies for Promotin g
Effective Radon Mmgatlon |

5.1. Introduction

" The purpose of this study has béen to evaluate thé e/ffectiveness
of alternative strategies for motwatmg people to test for radon gas in
| the1r homes and to mltigate if necessary, and we have conducted
surveys which evaluate, two of these strategies: (a) a traditional
information an"d awareness strategy’ aimed at the general public and(b)
a str ategy which discloses radon mforrnatlon (and perhaps requlres
testing) at the time of home sale. A rev1ew of the hterature on risk
communication and motivating self-protectlve behavxor suggests that -
traditional information and awareness programs will likely fa11 When
they are targeted at the general population. To test this conclusron ,
from the literature we sen.t a mail survey to 920 households which had
purchased radon test kits as parf of an intensive information and |
awareness campaign in ‘the Washington, D.C. area (see Chapter 2).
Although we estimate that about 33,000 homes in this area exceed the
federal guldelme by a factor of five or more (had a radon reading of 20

pC1/1 or higher), the survey results indicate that only 1 2% of this

' group have taken convincing remedial action as a result of the

| campalgn Those few horneowners who tested were sent reprints of

two EPA documents, "A Citizen's Guide to Radon" (EPA, 1986a) and
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"Radon Reduction Methods: A Homeowner's Guide" (EPA, 1986b).

Unfortunately, our results suggest that these pamphlets may have
encouraged people to try their own reme'dial measures rather than
employ a professional contractor. These home remedies (e.g., opening
basement windows more oftenl were not followéd by retesting to
verify their effectiveness in spite of clear warnings given that single
limited remedial measures are likely to be ineffective,

In contrast, a telephone survey of 303 home buyers in Boulder |
County, Colorado found that over 40% of recently purchased homes
were tested for radon gas at the time of home sale and that this
testing was often motivated by information prov1ded by the realtor (see
Chapter 3). Even though no intensive information and awareness
campaign had been conducted in Colorado and there are currently no
state laws in effect concerning radon, 54% of' tested homes in our
sample which had radon levels above the EPA action level underwent
mitigation (with 87% of those completing follow-up testing) as part of
the home sale transaction. These results suggest that a radon
information and awareness program targeted at the point of home
sale, when the transaction context provides a strong economic 'ﬁ
incentive to repair any problems a home might have, could be highly
effective in comparison to information targeted at the general
population. Since several approaches for mandating disclosure of
radon levels at the time of home sale appear to be available to the
federal government (see Chapter 4), a regulatory approach may be the
most effective available strategy. .

EPA is currently limited to supporting information and

awareness through such means as its "Citizen's Guide" and "Radon
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Reduction" pamphlets. Our stuoy suggests that these mate‘rialsv
require substantial reﬁsion and that new materials specifically

- targeted at realtors 'and,homé buyers would be highly desirable, -
especially in concert with mandato;j disclosure. o

| The remainder of this chapter discusses three potential radon
strategies: - | ' |

1. Information and Awafonéss: Programs or strategiés whose

primary purpose is to inform property owners or occupants of
the potential problems of radon gas in buildings. '

2. Economic Incentives: Programs or strategies using financial
inducements to motivate owners or occupants-to take personal
action against radon. “

3. Regulation: Programs or strategies which involve setting rules,
standards, and procedural guidelines to make responsible

parties take action against radon. -

- 5.2. Information and Awareness

A large amount’of ‘research has been conducted on risk
~communication and on motivating Vlself-vprotective ‘boh.avior. Although
there are still large gaps in our understanding of many issues, there
are some substantive conclusions that yield recommendations for
radon riék communication. | | ‘ | |

First, it must ‘oe recognized that different people define risk in
different ways. For example, experts comlnohly judge risk in terms of o
probabilities and losses, whereas laypeople commonly have a much
broader definition of risk which includes such factol's' as whether the
risk is controllable or uncontrollable, voluntary or involuntary; natural

or technological, or known to science or unknown. Different people
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also have different goals concerning risks and dre interested in
different information. For éx&nple, risk managers are usually
concerned with the aggregate risk to a large population, whereas
laypeople want to know what they should do, individually, to protect
themselves and their family‘. _

Second, pedple commdnly havé great difficulty when judging
probabilities, making predictions, coplng with uncertainty and in
general, thinking intuitively about risk. They typically rely on
judgmental heuristics which can lead to systematic biases and errors
in judgment. For example, pedplé often judge the frequency of an
event by its availability, that is, the éase with Which examples of the
event can be imagined or recalled. For a risk Which lacks perceptual
~ reminders, for which prior experience is benign, and for which deaths
occur singly and in isolation, such as radon, a\;ailability is low and the
risk i§ commonly underestimated. People also generally fail to
understand the limits of their knowledge. For example, people often
erroneously believe they can exert control dver events that are in fact
random and they often display too much cdnﬁdence in their ‘abil'ity to
estimate uncertain quantities. | |

Third, naive beliefs concerning risky évenfs tend to be very
unstable, especially when the risk 1s new and unfamiliar. Such behefs
can often be easily mampulated by seemingly subtle differences in the
way in which risk components such as outcomes and probabilities are
framed. For example, I_Jeople dislike Suffeﬁng losses more than they
like receiving gains and may take different actions depending on

which perspective they are encouraged to adopt.
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A- Fourth, people have the most difficulty when judging very low
probability risks (for example, less than 1%). The distribution’ of
people's decisions for low probability rislts is commonly bimodal, with 7
one mode at or near a level indicating ‘no concern for the risk and a
second m.ode at a level indicating overconcern for the risk.

‘A radon risk communication p‘rogram' must take into account
what is known about how people define risks, how they judge risks,
how they respond to alternate frammgs of risk, and how they 1nterpret
probabilistic mformation However, it should be ,noted that radon has -
a profile of characteristics that Would be expected to lead people to
‘underestunate its associated nsk or even to dismiss it entirely, which
will make an mformation ‘and awareness approach very difficult. ’l‘he
risk is objectively below the level at which people commonly respond
accurately, the consequences of the risk are far removed from the .
exposure.pand deaths related to the risk occur in isolation and are
impossib‘le to relate directly to the hazard. Also, radon is a naturally '
occurring risk for which no one can be ‘blamed' and people's prior |
) experience with the risk is overwhelmingly benign. Since radon is |
colorless and odorless ‘there are no perceptual reminders to alert
people to the presence of the risk. Finally, the risk Varles Widely
depending on time of year, geographical location, behavxor patterns,
and other factors, making it difficult, if not impossible, for people to |
assess their risk very accurately. ‘ | | h

Although the test to determine the risk from radon is relatively
quick and inexpensive, several other charactenstics of the radon
testlng and mitigation process are likely to discourage appropriate

~ protective responses. For example, there is little time urgency for
o
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conducting the test, and the results‘of the test can only bring bad
news compared to the status Quo. Also, interpi'etation of the test
results is subJective and open to question and people are likely to
view remediation as costly and difficult Due to the techmcal nature of
radon testing and mitigation, most people will be forced to rely on the
opinions and advice of others. In fact, 'to‘ ensure protection against
radon people must engage in a long‘ drawn out, cornplicated series of
behaviors with the opportunity to drop out at each step along the way.

Finally, several charactenstics of the current soc1a1 context have

implications for the radon problem People are now being bombarded |

by information concerning a large number of low probability risks, and

the radon issue may not be a very high priority foi' many people. Also,
the same factors that lead. to apathy on the pari; of individuals rnake
the radon problem uninteresting for the meiss media and uniikely to be
consistently in the news. In addition, unlike mosi environmental
risks, radon is largely under the control of individua_l homeewnere,
and risk communication must reach down to this level. 4

A large amount of re.search in such domains as health, natural
hazards, crime prevention, injury prevention,. and energy conservation
has been conducted on ways of encouraging and ‘motivating self-
protective behavior. Although researchers are only beginning to
explore commonalities among these different domains experience
with real risk communication programs has yielded a variety of
recommendations applicable to radon risk communication.

The major result of this exnerience is that, despite an
overwhelming general interest in self-protection on the part of both

professionals and the public, it is enormously difficuit to get SPecific
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~ people to perform specific behaviors in spe;:iﬁc sjtuatiohs. Well-
| intentioned, common sense suggestions are often ineffécti\?e', and
simply dispe’fsing information and increasing knowledge is usually |
‘insufficient to motivate people to act. Also, people's behavior seéms to
be largely goverhed by short-term consequences, and i;hey é;e very
reluctant to accept definite costs in the present to prevent indefinite
harm in thé future. Ehially, self-efficacy, that is, a person's beliefs
concerning his or her ability to perfdrm an action and its chances for
success, .appears to be a very irnporta}nt~ determinant of protective
béhaviof -- attenfion musf be baid not only to generating concern
about a risk but to prowding’easy solutions that individuals can be
confident.of handling themselves. | | |
Traditional informaﬁon and awareness campaigns and fear-
- arousing appeals have proi(en‘ to be generally ineffective, in and of |
themselves, in motivating people to act. ’thfe are, however, two
appréaehes tobommunic’aﬂng risk that éppear to be relét'ively' |
prbmising. The first approach uses knoWledgé from decision theory'
to communicate or frame risks in an effective manner. For example,
we have. experimented with comxﬁunicating a low-prébabihty risk as
an i.ﬁtegraﬁon over time where vpeople'- can act to protect themselves.
from the risk for a long period of time. The results of the experiment
show that framing a protecti\}e behavior as »a single decision that
covers a long span of time results in more accurate, more consistent,
~ and less variable responses to risk. The second approach, soéial B A
diffusion, applies knowledge gained from the study of how new
information is commonly diffused through a social systerh; A typical |

program first identifies social referent groups and preexisﬁng
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channels of communication and then identifies and activates
innovators and opinion leaders and seeks their help in dispersing |
information to other members of the system. ‘ Such social diffusion .‘
programs have already been shown to be rnore successful than
traditional information campalgns in several domams
Risk communication for radon might therefore most proﬁtably
focus on framing simpler, easier, longer-lasting'protective responses
and communicating this information through preexisting social
networks and institutions. However there are severe limitations to a
communication-only approach First, there are prachcal hmlts on any
- communication effort: not everyone wﬂl be reached and not everyone
will be persuaded to act appropriately. Second there are cogmtlve
limits on people's ability to judge low-probablhty risks, and highly
accurate judgments and precisely appropriate reslponse;s would be |
difficult to achieve without regulation. :I‘hird there are attentional
limits: it may prove difficult to encourage busy people who have many
other concerns and Who face many hazards in addition to radon to
maintain interest and concern during the long process of testing and
mitigation. Fmally there are limits to our ability to frame problems |
and solutions m real-life contexts. In conclusion, consistent both with
the available liierature and with the new research presented here,
such purely voluntary programs alone are likely to be ineffective forl
promoting effective Tadon mitigation. However, risk information and

awareness remains a necessary component in the application of either

incentives or regulation.
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5.3. Incentives

Incentive programs have the generai advantages of giving poli‘cy'
makers a more direct mﬂuence on the radon ‘fpro‘blem than an’
information and awéfeness carnpaign.' One program might involve
government subsidized testing and/or miﬁgaﬁon services. This
strategy can defer or'elirnméte costs for low income homeowners or
' owners in areas with exceptionally high radon levels. The .
disadvantage of tkns strategy is itsy narrow feeus and potential cost.
Moreover, it ra1ses questions, from a legal standpomt of government
liabil ity. whenever it results in damage to a home or building, or fails to
reduce radon levels. | | v ‘

Another possible strategy would be a system of tax credlts such
as those used to encourage the use of solar energy in the late 1970's.
These miight include income tax credits for fadon, testing and
mitigation. Radon miﬁgation work might also be exempted from
property tax assessment, or sales tax rebates rnight be given on radon
remediation related purchases. AlSo included in this category could be
government sponsored low-interest or interest-free loans for
mitigation. 7 | N | | |

There are advantages and disadvéntages to these incentive
strategies. Tax credits or tax deductions are primarily options offering
~ equitable financial relief to home purchasers who were probabiy not
‘aware whether the building or heme they bought)had,‘a radon problem.
.On the other hénd,' tax relief limits collectable government revenues,
and it distributes some of the cbsﬁ of nﬁtigaﬁon to people who do not

have a radon problem.
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An example of a tax credlt approach is the Energy Tax Act of
1978 which -amended the U.S. tax code to give tax credits for energy
conservation and renewable energy source expenditures. For energy
conservation this allowed a-deduction. of 15% per year (on
expenditures up to $2000) and for renewable energy a deductlon of
30% on the first $2000, and 20% on purchases between $2000 and
$10,000 per year. At the same time 17 states Passed legislation to
exempt solar energy installations from property tax assessment. While
there is little data on the effectiveness of individual state efforts,
results on the federal tax credit program are available (Carpenter et
al., 1981). It was found that while 90% of the homeowners were ,
familiar with the tax credits, only 30% took advantage of them, and
only 1% would not have made the improvements without tax credits.
This includes both the conservation and the renewable resource
credits. If one disaggregates these statistics it appears that the
conservation tax credit has had httle effect while the renewable |
€nergy credit has had a posﬁwe effect on the demand for solar space
and water heating. One explanation for the weak showing of energy
conservation credits relative to the solar energy credit might be that -
solar energy equ1pment appears to be very high profile and "high
tech," while energy conservation measures (which are often more cost

effective) are not. That is, many people were drawn to solar

- equipment because of its novelty. Conservation measures, on the other

hand, are somewhat "run of the mill" (the neighbors are more

impressed with solar panels than new window caulking). Therefore,

we would expect this type of credit to increase the use of high-tech, .
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| high-visibility mitigation techniques at the ekpens‘e of vmore sirnple, '
inexpensive methods o |
Low-mterest and interest-free loans for rmt1gat10n also d1str1bute
costs to somety, but they are potentially costly for the government.
They rnay also encourage "gold plated” mitigation efforts and it may
also be difficult to ensure that lkoan money is expended on actual radon
mitigation. Further, these lo,ans may not be accessible to low income
homeownefs. Economic incentives alone may result in very high ‘
direct costs to government with no guarantee that those costs wﬂl
necessarily pto‘dube the inténded resuit. For this feason :‘tncentives by |
themselves are not, from an economic standpovint' well suited to the |
present radon problem. Finally, we must seriously question whether
or not these incentives are worth- the cost unless they are used in

concert with other programs (i.e., information or regulatlon).
5.4. Regulation

In some respects the radon problem, in a traditional sense, is
difficult to regulate. If standards for acceptahle radon levels were.
mandated it would be up tb the government to police these standards,
‘which would be a very costly process. Further, there is an equity issue
in imposing standards which make individuals bear mitigation costs,
for a substance which occurs naturally but uneve'nly. |

| Sweden has enacted the most ambitious regulatory approach to
radon so far. Based on health studies, the naﬁonal government set'
'radon exposure standards in 1980'for' radon cencent:rations‘Within the -

home and required all homes above a certain level to mitigate. New
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buildings were also required to meet standards in specified building |
codes. The national government had the legal power to condemn 5
property or withhold necessary permits to those who did not comply. - |

Despite such measures, Swedens' programs have met with little

success.

Most of the responsibilities for promoting and monitoring
testing and mitigation practices were decentralized to the municipal
governments, which often had limited resources to devote to the

problem. Little in the way of information was provided to homeownsrs | .

who often received only a single-page list of mitigation alternatives"és
guidance. The Swedish government relied heavily 'upon indivi'dual
voluntary testing and did little to motivate homeowners to test and
mitigate. | ‘ |

With the‘éstablishment of nat_ibnal standards in 1980, Sweden
had hoped to have mitigated most of the homes thh high radon

concentrations by now. However, their standards have met with little
more compliance than EPA's voluntary action levels. As a result,

Sweden's regulatory solution to the radon problem (which did not |

commit the necessary resources to enforcement) cannot be viewed as
a success. o v |
In our view, a bétter r'egulatory» strategy would be to focus on
action at the time of home or proper;cy sales. Such policies include , !
mandatory disclosure of radsn based on testing at time of sale or a
standard applied at time of home sale. In addition to}‘sa‘les, other real
estate regulatory strategies may be ‘applied during leasing, home or
building financing, building permit issuancé, and inspection. Also,

+ mandatory testing and mitigation of public buildings would, though
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costly, reduqe risk to public employees, and increase citizen
confidence in government concern about radon, which in turn might
increase private action. | ) -
A final suggested regulatory 'strategy is the d‘evelopmentlof \
model building codes for radon. Such codes are uéuaﬂy quickly
adopted nationwide and would focus ‘attention on the radon issue. ' '
Arhong these opti,oris, the most appealing from our perspective -
is rnandatbry testing and dis'closure at time of Home sale. However,
this approach must be combined with an information and awareness
‘strategy also applied at time of héme' sale. We discuss this approach )

below. |
5.5. Recommendation

This study has aftempted to integrate three oftén disparate
viewpoints - psychology, écor_lomics, ‘and law -- Vwithin the context of
addressing radon polluti'on.\ Based on the results we have obfained, we
believe‘ it is possible to combine these three disciplines to devise an 7
effective strategy to address radon contamination in homxes.“

From a psychological perspective the main policy Question is
under what circumstances (if any) will péople respond to warnings
about radon. This study has shown that general information
campaigns, when used alone, fail tQ accomplish radonrre'd‘uction but
that radon information provided at a key point in time, during the
home sale transaction, gets the attention necessary to mrtigate radon

levels. Study results have also indicated that social diffusion of radon
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information through, for example, realtors, contractors and lenders,
may be effective. ‘

From an economic perspective, we have determined that
general information campaigns alone do not appear to be cost |
effective. Economic incentives, on the other hand have worked to
encourage self-protective behavior but requ1re consumers to be aware
of the problem; in order to be effective, the incentives must be

founded on information and awareness. Additionally. incentive

programs must be carefully des1gned to avoid mefﬁmency or bias. Of

course, the potentlal cost to the federal government is a major
problem with incentives. Regulations can be very effective in o
motivating self-protective behavior, but must be carefully des1gned to
avoid mefﬁc1ency and excessive cost. |
From a legal perspective, incentives or regulation may provide
an avenue to address the radon problem. As pointed out above,
incentives can be costly and inefficient. It also may be difficult for the
federal government to "police" incentives such as tax credlts to ensure

that they are put to their intended use. General regulatory strategles

can suffer the same defects as 1ncent1ve strategies. Nevertheless our

research suggests that effective regulatlons can be formulated by using
the results of this study to design a regulatory strategy aimed at the
home sale transaction. This strategy would require mandatory |
disclosure of radon level at time of home sale. , -

A home sales transaction strategy has certain drawbacks. First,
it cannot address all radon contamination because it does not cover all
dwelling units. For example, people who rent rather than own would

not be affected by this strategy, although the owners of their dwellings
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could be. ‘ Second, itisa relati\}ely slow approaCh. Because only about
5% of all homes are»soldf'each year it might take as long as 14 years to
reach one half of alllthe currently existing hornes. Third, it may be -
_inequitable, although this is mostly due to the nature of the radon
hazard For example its costs may fall hardest on the current |
owner/ seller of the home who may be required to test and mitigate a
condition that he did not create nor to which he contnbuted }

The home sale transaction regulatory strategy exploits a key
event - the decision to purchase a home to focus the attention of the
home sale participants (e.g., buyer, seller, mortgage banker, realtor)

-on the potentia_l health effects of radon contamination. During the
f ,v home sales transactions, buyers and sellers arev-focused on the
condition of the home. Buyers are anxious to learn as much as possible_
about the property Sellers are likely to commit resources to correct
any perceived defects. | |

The home sales transaction strategy requires that before the
closing, radon tests be conducted, and their results obtained and
disciosed,'to all participants in the home sale transaction. It takes
advantage of the psychological principles outlined above.by providing
information about radon levels in a timely faShion so that protective
behavior is framed as part of a high profile, single decision that ‘cover;s
a long time span. It also uses existirig channels of social | |
communication to diSperse information about radon by involving
mortgage bankers and realtors in disseminatmg radon information.

The home sales transaction strategy also is economically
efficient. Because the burdens of testing, disclosure,» and mitigation

are imposed upon the participants to the home sale transaction, the
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federal government will not be forced lto prov'id.e testihg services Or
offset costs of remediation. S1nce the buyer, realtor, and mortgage
banker have a strong self-interest in learmng about radon the strategy
is to a large extent self-policing. Additzonally, because the strategy :

does not require mitigation, it will allow the buyer and seller to

negotiate for remediation of radon pollution, if necessary. Ev1dence

suggests that the result of such negotlatlons will almost always be to
remediate rather than compensate the buyer for acceptmg the risk.
Thus, free market economic forces shape the ultimate resolution of
the radon problem. v

In order to implement this strategy, the Congress must enact
legislation.empower,mg a federal ageney such as the Environmental
Protection Agency to proniulgate fegulations requiring radon .testing
and disclosure of test results during the horne sale transaction. Some
of the legal impediments to such potential legislation afe‘review'ed in
Chapter 4 and Appendix IV. Traditionally, the federal goverhment has
not .ntruded into home sale transactions, although it has enacted at

least one law requiring’ dleclosure of certam closmg costs in home

sales financed by "federally related mortgages."
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Appendix | . | h

Facsimile Survey fbr the Washington, D. C. Area |
_ Campaign '
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1. THE ISSUES

We would like to find out if your Air Chek radon test has been helpful to you and your famxly

Please answer all questions for the home you tested.
Q-1

1. PRICE OF TEST KIT
2. NEIGHBORS WERE TESTING THEIR HOME
3. CONCERN ABOUT FAMILY'S HEALTH
4. WANT TO SELL HOME SOON
' 5. RADIO, TV, MAGAZINE, OR NEWSPAPER STORY
'6. WANTED TO CHECK HOUSE BEFORE BUYING IT

Q2 Have you ever: (circle answer for all that apply)
1. Received an insert in your utility
- bill concerning radon?........ eeiessesesnens NEVER
. , . <4 72.47
_4<20 70.30
_ ‘ , 20<40  73.08
2. Called a radon 800 number _>50 73.29
hotline? ................................................. NEVER
. . <4 94.65
3. Heard a public service 20<50  80.95
announcement about - >80 83.01
radon on the radio?.....cccoeevivieennvennnnns NEVER
: <4 22.92
g 4<20 26.82
4. Seen a public service 20<50 27.49
announcement about - >80 31.58
radon on television?.......cccceceevvereeet. o NEVER
: : <4 12.57
4<20 9,78
: 20<50  13.37
5. Read an article about radon >50 . 15.69
i @ NEWSPAPEI?.cccc.. cereeeeeereenenssnsaeenes. . NEVER
* : <4 4.10
A4<20 3.8
6. Attended a community 20<50 526
group presentation or - 250 2.63
meeting on radon?.......c.ccvceeiseeninnenne. NEVER
: <4 96.28
420 94.38
7. Seen a TV news story or 20<50 91.18
documentary program _>50 84.08
ON TAAONT?. . i ceeieerreererrenrasrosncncmssossenrensenne NEVER
<4 11.34 -
420 11.96
0<50 7.51
>50 10.46
137 -

Why did you decide to test your home for radon? (Circle all that apply)
v <4

4<20
3827 43.55
45 538
80.10 76.88
153 269
69.90 70.43
1.2 054

20<50
38.64
10.80

77.27
227
65.91

- 0.00

ONCE OR TWICE
27.53
27.88
26.92
26.03 .
ONCE OR TWICE
481
10.67
17.86
16.34
ONCE OR TWICE
38.54 o
34.08
_ 32.16
39.47
ONCE OR TWICE
28.80
32.61
33.72
28.10
- ONCE OR TWICE
43.59
. 38.33
38.60
4211
ONCE OR TWICE
372
5.06
7.65
395 ‘
ONCE OR TWICE
52.58
52.17
54.91
. . 52.94

>50

40.65
1419
7871
2.58
63.87 '
0.65

MANY TIMES
0.00
1.82
0.00
0.68
MANY TIMES
0.53
0.00
L1s
0.65

' 'MANY TIMES .

38.54

38.11
.'40.35 -

28.95

- MANY TIMES -

58.64
57.61 -
52.91

. BB.21

MANY TIMES
52.31
57.78 .
56.14
55.26

MANY TIMES
0.00
0.56
1.18
197

MANY TIMES
36.08
35.87
37.57
36.60




8. Seen a radon poster or _
brochure in supermarkets

or other public places?...................... NEVER ONCE ORTWICE  MANY TIMES I
<4 17.62 .. 41.97 40.41 i
4<20 12.50 46.20 41.30
<5 23.67 43.20 33.14 .

=50 20.13 . 54.55 - 25.32

Q-3 When did you first hear about the radon problem? (circle number)
<4 4<20 20<50 _ >50

1. LESS THAN 6 MONTHS AGO - 0.00 1.08 057 1.29 B
2. 6 MONTHSTO 1 YEARAGO 39.58 3043 34.09 29.03 |
3. 1TO 3 YEARS AGO 5260 6141 60.23 6516 |
4. MORE THAN 3 YEARS AGO 781 707 455 452

Q-4  How often have you discussed radon with: (circle answer for all that apply)

1. Afamily member? ................... NEVER ONCE ORTWICE - MANY TIMES -

<4 5.29 48.15 46.56
4<20 219 42.62 55.19 {
20<40 114 37.14 61.71 ,
>50 0.67 28.00 71.33 . \
2. Afriend or neighbor? ............ NEVER  ONCE OR TWICE MANY TIMES |
' ~<4 12.09 _ 64.84 ‘ 23.08 |
4<20 947 66.27 24.26 |
20<40 6.59 59.28 34.13 ’
>50 10.88 56.46 32.63 !
3. A government employee? ...... NEVER ONCE ORTWICE MANY TIMES }
<4 77.78 18.52 ‘ 3.70 |
_4<20 = 75.00 » 19.23 5.77 i
20<40 71.33 20.00 8.67 !
>50 69.01 25.35 5.63 ‘
4. A doCtOr? ...ccevercvceeeeeinnreeceneeeens NEVER ONCE OR TWICE MANY TIMES i
: <4 96.82 191 1.27 ’
. _4<20 94.16 455 1.30 i
0<40  94.67 4.00 1.33 [
>50 91.30 870 _ 0.00 i
5. Areal estate agent? ................. NEVER ONCE ORTWICE MANY TIMES
<4 85.00 11.88 3.13 _
420 - 82.28 16.46 1.27 ?
20<40 82.67 16.67 0.67 |
250 80.58 15.83 3.60 f
6. A building contractor? ........... NEVER ONCE OR TWICE MANY TIMES i
" <4 94.38 4.38 1.25 .
4<20 87.26 10.83 191 . ;
20<40 87.42 11.26 1.32 2
>50 82.73 14.39 2.88

7. Other (Please specify) __100% at _<4 ' : |
|

.
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Q-5 How useful were your Air Chek test results in your evaluation of radon levels
in your home? (circle number)

. NOT AT ALL ‘ - ‘EXI‘RE_MELY
1 2 3 4 5 6 7.
¢ . . mean std. dev.

<4 581 1.29

4<20 510 @ 154

20<50 5.19 147
: >80

5.43 1.70

II. ABOUT YOUR RADON TEST

Q-6  About when did you first test your home for radon? o
: mode
1988
1988 -
1988
1988

'Q—? How many radon test kits did you use in your initial testing for radon?

A
i~

MONTH YERR

2

________ KITS o C . Imean std.dev.

' <4 126 0.60
' ' ‘ v 420 134 0.62
20<50 1.51 0.80
' >50 1.55 0.74

Q-8 In which area of your home did you have the highest radon level? .
‘ <4 4<20 20<50 _ >50
basement / lower level 8643 8953 96.49 - 97.87

bedroom . 3857 291 0.00 0.00
living room 571 349 2.34 1.42
kitchen/dining room 143 116 0.00 ~ 0.00
hallway 143 1.16 0.00 0.00 .

other .- v 143 174 117 .071

Q-Q ‘What were the test results for this area?
PICOCURIES PER LITER




Q-10 Do you think your home has a radon problem? (cirqle number)

. <4 4<20 20<50 _ >50
1. NO ————» Please skip to Question 12. 96.05 60.00 25.66 22.79
2. YES ﬁ
. 395 40.00 74.34 77.21
Q-11  When do you plan to take action to iix the radon problem? {circie ~
number)
. - <4 _4<20 20<50 _ >50
1. NO ACTION REQUIRED 57.88 17.19 320 541
2. ACTION HAS BEEN TAKEN 10.53 17.19 46.40 56,76
3. SEVERAL WEEKS ) 000 1250 16.00 631
4. SEVERAL MONTHS 21.05 34.38 28.80 22.52
5. SEVERAL YEARS 1053 1875 560 901

Q-12 How serious a health risk do you feel radon is to you and your family?  (circle

number) :

LOW RISK . ’ ‘ + - HIGH RISK

1 2 3 4 5 6 7

mean std.dev.

<4 276 2.00

420 274 150
20<50 387 180
>50 428 194

Q-13 How confident are you that the test results sent to you accurately measure actual

radon exposure in your home? (circle number)

NOT AT ALL . VERY
CONFIDENT CONFIDENT
1 2 3 4 5 6 7

. mean std.dev.

<4 509 1.42

420 444 146.

20<50 4.31 1.67

_>50 458 .75

Q-14 What information did you receive with your test results? (circle number for all that

apply)

<4  4<20

1. LETTER FROM AIR CHEK AND A SECOND TESTKIT ~ 867 968
2. AIR CHEK'S CITIZENS' GUIDE TO RADON PAMPHLET 65.31 73.66
3. U.S. ENVIRONMENTAL PROTECTION AGENCY'S

RADON REDUCTION METHODS PAMPHLET 17.86 21.51
4. A SECOND TEST KIT 153 16l

5. OTHER (Please specify) B ‘ 867 538
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20<50
7.34
69.49

54.80
226
2.26

>50
58.06
56.77

47.10
18.71
3.90



Q-15 About how much of this information did you read? (circle number)

READ - " , ‘ . READ  DIDNT RECEIVE
NONE : | v ALL ~ INFORMATION
1 2 3 4 5 6 7 . 90

mean std.dev. .
<4 624 1.39
- _4L20 6.19 151
20<50 " 6.22 1.34
_>50 645 1.03 -

Q-16 Do you still have any of this information? (circle number)
o <4 4<20 20<50 _>50
1. NO 31.55 23.56 19.54 -20.39
2. YES . 6845 76.44 8046 7961 .

Q-17 How well did the information sent with your test results answer your questmns concemmg
radon? {(circle number)

VERY POORLY . o T VERY WELL ~

1 2 3 4 5 6. 7

- mean std.dev.
<4 548 144
420 5.00 1.58
20<50 5.18 - 1.38
._>50 b5.05 1.56

Q-18 Please circle all numbers that describe anything you have done to find out = more
about radon.

- ‘ . <4 4<20 20<50 _>50
1. CALLED OR WROTE AIR CHEK 6.04

3.95 529 1200
2. CALLED OR WROTE THE U.S. ENVIRONMENTAL )

. PROTECTION AGENCY 980 1243 17.65 22.00
3. CALLED OR WROTE LOCAL OR STATE PUBLIC S '
HEALTH AGENCIES , B 659 11.86 1941 30.00
4. CONTACTED A LOCAL RADON REDUCTION ’ o .
CONTRACTOR 110 339 17.65 2067
5. CONTACTED A TESTING CONTRAC’POR O"I‘HERTHAN | < :
AIR CHEK 3.30 395 1647 17.33
© 6. OTHER (Please specify) . 1429 18.08 1294 * 933
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G-19 How difficult has it been to get information on radon reduction? (circle number)

DIFFICULT . EASY . j
‘ i

1 2 3 4 ‘5 6 7 - .

|

mean §td.dev.
<4 5.00 1.54-

490 472 1.58 j
20<50 505 167
>50 479 184 , '

Q-20 Have you performed a second or follow-up radon tést since receiving
the results of your first test? (circle number) :

PLEASE EXPLAIN YOUR REASON IN THIS BOX

1. NO —»

92.31

> . Please skip to Question 25.

2. YES ﬁ
7.10

Q-21 About when did you retest your residence for radon?

MOINTH YEAR Mode (all levels): 1988

Q-22 How many test kits did you use?

: mean std. dev.
_________ KITS <4 192 212
' . 4<20 173 126
20<50 1.75 0.93
>50 1.68 1.04
Q-23 In which area of your home did you have the highest radon level in the

retest?

<4 4<20 20<50 >50
basement/lower level 92.86 82.50 84.13 94.32

bedroom 0.00 5.00 4.76 0.00
living room 7.14 7.50 6.35 1.14
kitchen/ diningroom  0.00 250 0.00 0.00
hallway 000 000 15 000
other 000 250. 317 455

Q-24 What were the test results for this area?

PICOCURIES PER LITER

. <4 4<90 20<50 >50
<4 57.14 1538 13.79 13.33

new 420 42.86 . 82.05 36.21 21.33
levels: 20<50 0.00 256 44.83 26.67
.>B0 0.00 0.00 5.17 38.67

Q-25 Have you moved from the home to which this survey was 6riginally sent?
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(circle number) '
1. NO . . 9741 97.28 9829 96.73

N 2. YES —j : '
) ) ) 2.50 2.72 1.71 3.27 .

Q-26 Were the results of your radon test part of the reason for your

move? (circle number)
<4 _490 20<50 _ >80

-1. NO 93.33 1000 1000 100.0
2. YES 6.67 0.00 0.00 = 0.00

'Q-27 Have you taken action to reduce radon levels in the home which you tested?
(circle number) ‘ '

: v ‘ <4 _4<90 20<50 _ >50
1 YES ——r . . 273 1429 41.52 48.63
Please continue with Section m below.

2 No.———l E ,‘ o
' . X 97.27 8571 5848 51.37

Q-28 What are your future plans with respect to radon in this home? '
(Circle all that apply) '

k | _<4 _490 20<50 _>50
. NO FUTURE PLANS S , 65.82 28.49 14.12 14.84

1
2. FURTHER TESTING »  WHEN? ___ 25.64 39.78 31.61. 2581
3. SELL HOME > WHEN? ___ 205 108 114 2.‘58‘ -
4. TAKE ACTION TO REDUCE RADON AT LATER DATE ' ’
| - WHEN? __ 205 1183 1543 16.13

>1 PLAN TO SPEND ABOUT $ . TO REDUCE RADON.

5. OTHER (Please. specify) 153 270 341 120

Please skip the next section and continue with Section IV on page 9.
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|
mM. RADON REDUCTION-IN YOUR HOME , ) - ’
Q-29 Why did you attempt to reduce radon levels in your home? (circle all that apply) f

i
. : . . <4 4<20 20<50 _ >50 |
1. CONCERN ABOUT FAMILY'S HEALTH : 11.73 23.66 44.07 52.90 |

2. NEIGHBORS WERE UNDERTAKING RADON .
REDUCTION - o 000 000 226 - 452 |

3. REDUCTION WAS SUGGESTED WITH MY TEST !
RESULTS , : .. L2 645 2542 30.32 |

4. REDUCTION WAS SUGGESTED AS PART OF THE . ' ]
SALE OF THE HOUSE : A 000 000 . 000 129

5. OTHER (Please specify) 102 162 226 129

Q-30 About when did you begin to take action to reduce radon levels in your home?

|
I
|
mode |
MONIH . YR \ YEAR .MONTH
. ’ <4 1988 2 ‘
- _4<20 1988 5 |
20<50 1988 5 , »
>50 1988 6 ‘
@-31 About when did you or will you complete your solution to your radon problem? ;
. ' . mode
MONTH , YER YEAR MONTH ;
<4 1988 3 i
. 420 1988 12 |
‘ . 20<50 1988 12 i
) ‘ . >50 1988 12 |

Q-32 Which of the following have you done to reduce radon levels in your home? (circle

all that apply) ‘ ' .
: —<4 _4<90 20<50 _->50
1. Opened windows and doors more often

(natural ventilation) 10.71 21,15 2825 35.48
2. Installed fans (active ventilation) ‘ 45 430 1243 12.26
3. Sealed cracks and or/foundation joints - 3.06 860 31.64 30.32
4. Sealed sump holes and/or entry points in : : ﬁ
plumbing system . 051 699 2486 2839 %
5. Sealed or paved dirt crawl spaces 0.51 1.61 508 645 |
6. Painted walls and/or floors 255 323 1017 968 1
7. Installed air cleaner/filter , 102 215 169 452 {
8. Installed sub-slab ventilation system 000 108 904 16.77
S. Installed basement wall suction system 000 000 339 258 -
10. Installed heat recovery ventilation system 000 000 000 000 ;
11. Installed basement pressurization system . 000 000 000 0.00 !
12. Installed block-wall pressurization system . 051 000 000 0.00
13. Ventilated crawl space , 051 215 . 508 - 323
14. Contractor did something, : o
but I'm not sure what . , 000 000 000 000
15. Other ———— (Please specify) 000 000 113 129
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Q-33 | Who performed these radon reduction measures on your home? (circle all that
apply)

1. DID THE WORK OURSELVES
2. LANDLORD

3. PRIVATE CONTRACTOR
4. OTHER

<4 4<20 20<50 >50

@Q-34 How difficult was it to find a trustworthy radon reduction contractor?
(circle number) . v

NOT . ' VERY
DIFFICULT : DIFFICULT
1 2 3 .4 5 6 7 -
<4 5.5 2.12

420 424 . 271
0<50 3.92 2.30
3.30 241

kE

Q-35 Did you work with a radon reduction contractor who was certified or endorsed by the U.S.
|Environmental Protection Agency or a state or local government agency? (circle number)

1. NO .
2. YES
3. DONT KNOW

i

Q-36 How important was it that your radon reduction contractor was certiﬁed?r {circle
number) - . . .
NOT ' ~ o ' | VERY
IMPORTANT ‘ IMPORTANT

1 2 3 4 . 5 6 7
. ‘ : mean std. dev.

<4 500 000
420 550 ° 225
20<50 550  2.06
—2>50

6.60 0.78
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Q-37 How did you determine which radon reduction methods to use? (circle all that :

apply) |

" ‘ <4 _4<0 20<50 _>50 MR
1. INFORMATIONAL MATERIAL FROM AIR CHEK 667 1183 2825 2774 [
2. INFORMATIONAL MATERIAL FROM

U.S. ENVIRONMENTAL PROTECTION AGENCY 3.08 914 2485 27.10 a
A RADON REDUCTION CONTRACTOR 051 215 1243 16.77 |
NEWSPAPER AND MAGAZINE ARTICLES ‘462 1022 1921 21.29
RADIO OR TV FEATURES

NGO A

4.10 806 16.38 11.61 !
REAL ESTATE AGENT : 000 000 226 0.0 g_
FRIENDS OR NEIGHBORS 0.00 1.08 6.78 3.87 :
OTHER (Please specify)

) (local EPA) 0.00 163 228 195 B

About how much have you spent on radon reduction?

INSTALLATION COST OPERATING AND MAINTENANCE
$ o : $ - PER YEAR
. mean std. dev. mean std.dev.
<4 11555 297908 <4 4385 78.06
420 319.21 1029.02
: 20<50 17.28 2057
>50 344.83 395.43 ,

>50 23.88 2567

|

|

|

|

|

420 2214 4407 '

20<50 294.43 381.81 i
|

|

|

Q-39 How much do |
|

|

|
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Q40 . Have you had your home retested for radon since cornpletlng your radon

.reduction efforts?
<4 4&0 20<50 >50

1. NO——» o ) 9231 8421 6835 59.76
Please skip to Qﬁsﬁon 44 on page 9. - ‘
| - 760 1579 31.65 4024
2. YES

Q41 About when did you again test this residence for radon?

MONTH YEAR :
year ‘month

<4 1988 6

420 1988 4

' 20<50 1988 4

>50 1988 5

@-42 In which area of your home did you have the highest radon level?
<4 4<20 20<50 >50
basement/ lower level 100.0 83.33 9565 90.63

’ bedroom 000 000 000 3.13
living room . 0.00 0.00 4.35 3.13
other - 000 1667 000 313

G-43 What is the new level in this area of your home?

PICOCURIES PER LITER ‘ .
S <4 _4<20 20<50 >50

<4 50.00 2857 3043 .67.74

new 420 50.00 7143 5652 2581

v levels: 20<50 0.00 000 13.04 643
: >50 0.00 0.00 000 ~0.00

Q-44 What are youi‘ future plans for action with respeet to radon? _ i
<4 _490 20<80 _>50

1. NO FUTURE PLANS’

 ——p Please skip to Qu&stlon 486. 30.61 22.58 1864 16.13
2. FOLLOW UP TESTING . , -
— WHEN? . 11.22 2473 32.20 38.06 .
3. BEGIN FURTHER REDUCTION

—— - WHEN? 000 161 734 11.61
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' ) ' |
@45 How much do you plan to spend on further radon reduction? (circle number) :
. <4 _4<0 20<50 _ >50 N |

1. $0-$99 , 8571 75.00 49.09 53.73 ) i

2. $100- 8199 000 15,00 2000 896 ° ' '

3. $200 - $499 .. 952 500 1273 20.90 |

4. $500 - $999 476 500 1091 13.43 '

5. $1,000 - $1,999 000 000 727 29 ‘

6. $2,000 - $2,999 , 000 000 000 0.0 i

~ 7. $3.000 - $4,999 000 000 000 0.0 [
8. MORE THAN $5,000 000 000 000 000 )

IV. ABOUT YOU : o . o ‘ |
Q-46 What is your sex? v g
T =4 420 20<50 _>50 !

1. FEMALE 39.06 35.56 20.14 3092 |

2. MALE 60.94 64.44 70.86 69.80 [

. . o ‘ [

- I

Q-47 What is your age: YEARS _ i
.mean std.dev. . ‘

<4 47.00 13.90 )

420 4844 1341 |

20<50 45.13 12.15 I

_ >50 43.24 11.61 |

|

Q48 - Including yourself, how many members in your household are in l
each age group ' . [

" MEANS) i

<4 _4<20 20<50 _ >50 |

— UNDER 18 YEARS OF AGE 163 162 174 " 1l8o |

18-64 207 201 210 215 {

___ 65 AND OVER 128 139 104 1.05 g

Q49 Are you presently: o !
<4 _4<20 20<50 >50 |

1. EMPLOYED 56.25 57.78 71.75 73.68 |

2. UNEMPLOYED 14 278 056 197 :

3. RETIRED , 2292 2222 1243 10.53 ]

4. FULL TIME HOMEMAKER 11.98 1111 791 780 ;

5. STUDENT 156 222 113 000 i

6. EMPLOYED PART-TIME . 521 333 508 395 ;

7. OTHER (Please specify) 104 05 113 197

{

. |

Q-50 Do you own this residence? |
—<4 _4<20 20<50 _ 50 i

1.NO. 632 549 517 263 |

2.YES . 93.68 94.51 94.83 97.37 '

i,
|
|
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- @51  What type of residence is this? (circle numbér) . ’ )
) ‘ : ’ <4 4<20 20<50 -__>50

1. SINGLE FAMILY DETACHED HOME ‘ ) 78.24 94.54 9545 97.40
2. MOBILE HOME OR HOUSE TRAILER o © 0.00 0.00 0.00 0.00
3. DUPLEX, TRIPLEX OR FOURPLEX 3.2 0.55 0.57 065
4. TOWNHOUSE CONDOMINTUM OR ROWHOUSE © 1658 .492. 398 185 -
5. APARTMENT
(Building with five or more residences) 207 .000 000 000
Q-52 What is the zip code of the home ‘yo‘u tested?
- 953 ‘How long have you lived in this residence?
e  YEARS
meéan std.dev. : --
<4 1088 918 ‘ s
420 981 927 . ’
20<50 874 819
_>50 865 7.3
Q54 ‘How much longer do\you'éxPect to live here?
___________ .YEARS
v mean std.dev.
<4 8.05 @ 9.07
_4<20 11.06 1095
20<50 12.14 11.51
‘ ‘ 250 14.02 13.11
@-55 ‘What do you think the current market value of your home is?
$__ | | .
(IN.- DOLLARS} -
mean std.dev.
<4 178,178.28 110,226.89
- 400 222,164.84 124,802.47
20<50 196,674.69 - 135,958.55 -
>50 184,696.55 93.863.32
Q@-56 How much formal education have you completed? {circle nurhber)
| o <4 _490 2050 _>50
1. NO FORMAL EDUCATION ' 0.00 0.00 000 .0.00
2. SOME GRADE SCHOOL - 000 056 000 065
3. COMPLETED GRADE SCHOOL 0.53 0.56 0.00 - 131
4., SOME HIGH SCHOOL . 1.06 0.56 349 ° 196
5. COMPLETED HIGH SCHOOL ‘ 794 1130 814 15.03
6. TRADE SCHOOL - ] 3.17 2.8 291 3.27
7. SOME COLLEGE .. 2540 22.03 3023 16.99
8. COMPLETED COLLEGE 19.05. 20.34 19.19 26.80
9. SOME GRADUATE WORK 17.99 14.12 814 1634
1

0. ADVANCED COLLEGE DEGREE =~ 24.87 27.68 2791 17.65
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Q-57 Do you smoke?

<4 490 20<50 50

1. NO 88.42 86.52 82.76 90.85 . ,
2. YES 11.58 1348 17.24 9.15 . i
, | |
@-58 Do you generally wear a seat belt when you travel by automobile? '
<4 4<20 20<50 _ >50 ' :,
1.NO 1000 939 457 654
2. YES 90.00 90.61 9543 93.46 ;
Q-59 What is your total annual household income before taxes and

|

|

other deductions? (circle one) , |
. |

|

<4 _4<90 20<50 >50

1. UNDER $9,999 237 000 067 071 |
2. $10,000 - 19,999 + 296 . 323 268 571 |
3. $20,000 - 29,999 947 581 604 214 |
4. $30,000-39,999 - 1183 968 872 15.00 [
5. $40,000 - 49,999 17.16 11.61 22.15 17.86 a
' 6. $50,000 - 59,999 17.16 1548 1879 22.14 |
7. $60,000 - 63,999 1361 .18.06 14.77 12.86 ;
8. $70,000 - 79,999 © 888 1226 805 10.00 ;
9. $80,000 - 89,999 355 1097 470 643 ;
10. $90,000 - 99,999 296 387 537 214
11. OVER $100,000 10,06 903 805 500
Is there anything we may have overlooked? Please use this space for any

|
|
additional comments you would like to make concerning radon, your radon test, or ‘
radon reduction. N

i

;

Your contribution to this effort is very greatly appreciated. If you would like a
summary of the results, please print your name and address on the back of the return
envelope (NOT on this questionnaire). We will see that you receive it.
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~ Appendix Il

- FaCSImIIe Survey for the Boulder County’
| ‘ Colorado Study
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I. INTRODUCTION

First we'd like to ask you a few questions about your experience with radon.

Overall mean = 4.25, Test mean = 5.3, No test mean = 3.1

Q-1 Did you first hear about the radon problem less than 6 months ago,
6 months to 1 year ago, 1 to 3 years ago, or more than 3 years ago? ‘
"+ Qverall Test No test !
N=302 1. LESS THAN 6 MONTHS AGO 5.3% 3.9% 0.8% |
2. 6 MONTHS TO 1 YEARAGO 136 9.7 17.6 \
3. 1TO 3 YEARS AGO 53.0 55.8 50.0 ,
4. MORE THAN 3 YEARS AGO 25,5 30.5 20.3 N |
5. DONTKNOW 0.7 0 14 ’
6. NEVER ----> (SKIP TO Q-38) 2.0 ., 0 ’ 4.1 }
Q-2 Was this before or after you began looking for a home in Boulder County? |
Overal]l - Test No test - :
N=292 1. BEFORE 82.5% 85% 79.9% i
2. AFTER 175 15 20.1 |
. v |
Q-3 On a scale from 1 to 7, where 1 indicates not at all Important and 7 indicates i
very important, how important was it to you to buy a home with a safe ‘
N=297 radon level? ‘
195% 9.1% -11.1% 9.8% 14.5% 94% 26.6% !
NOT AT ALL 1 2 3 4 5 6 7 - VERY i
IMPORTANT IMPORTANT |
|

Q4 When looking for a new home in Boulder County, did you alwéys. usually,

sometimes, rarely, or never ask the seller or realtor if the home had been
N=297 tested for radon? : .

. 1. ALWAYS 29.0%
2. USUALLY 5.1
3. SOMETIMES 74 5
4. RARELY 7.4 g
5. NEVER ~ 5l2 |
i |
Q-5 When looking for a new home in Boulder County, did you ever stop pursuing i
your interest in a home specifically because of radon? |
N=206 1. YES 5.4% |“
2. NO - 84.6% ,
Q-6 Did you own and sell a home before buying your present home? |
Overall Test No test
N=297 1. YES . 58.9% ‘ 60.4% 57.3%
2. NO 41.1 39.6 427
Q-7 . Was your previous home tested for radon?
‘ . Overall Test No test
N=173 1. YES 35.3% 47.3% 22.0%
2. NO T 64.7% 52.7 78.0 .
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II. RADON TESTING

Now we'd like to ask you some specific questions about radon and your new home.

Q-8

N =303

Q-10

N=136

Q-11

N=154

Q-12

N=154

Q-13

N=152 °

Was your new home tested for radon before the sale closed?

1. YES | . 44.6%
2. NO 488

. 3. DONT KNOW 68

Q-9  Was your new horne tested for radon after the
v sale closed?

N =163 1. YES > (GO TO @-11) O 1LT7%
2. NO ------> (SKIP TO Q-37) 88.3
Did the first radon test take place before you first looked at the house, before
sale negotiations began, before sale negotiations completed or before the
sale closed?

1. BEF ORE LOOKING 18.1%

.2. BEFORE NEGOTIATIONS BEGAN ) 132
3. BEFORE NEGOTIATIONS COMPLETED 204 -
4. BEFORE SALE CLOSED : , - 382

Who requested that the first radon test be perforrmed?‘

1. SELF OR SPOUSE 67.5%
2. SELLER , 7.8
4. REALTOR 7.8
5. BUILDING CONTRACTOR 39

6. EMPLOYER 256

7. BANKER 32
8. DON'T KNOW : 39

9

OTHER ( . 3.2 )

Who conducted the fifst'rad_on test?

1. SELF OR SPOUSE - T 18.2%

2. SELLER - 52

3. REALTOR -39

4. BUILDING CONTRACTOR 7.1 -

5. TESTING FIRM , 37.0

6. DONTKNOW . - 182 :
7. OTHER( 12. 3 )

Was someone else still hving in the home when the first radon
test was conducted‘?

1. YES . 55.9%

2. NO 44.1% .
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|
|
Q-14 Who payed for.the first radon test? : '

N=154 1. SELF OR SPOUSE , 51.3% |
2. SELLER 227 ;

3. REALTOR 26 . ,‘

4. BUILDING CONTRACTOR 6.5 ‘ |

5. DONT KNOW 91" : i

6. OTHER( 7.8 ) ' :

. . i

Q-15 Can you tell me what the highest radon level found in your new home was, .
measured in picocuries per liter? Remember that the EPA action level is 4 !

N=73 picocuries per liter. . i
1

Mean = 4.2 PICOCURIES PER LITER i

Min = 0-2 i

Max = 18.0 DON'T KNOW/NOT SURE

Q-16 Would you say the highest radon level I
found in your new home !

N=81 was very low, low, about average, ) !
high, or very high? k S {
|

|

1. VERY LOW 32.1%
2. LOW : 32.1
3. ABOUT AVERAGE 14.8
- 4. HIGH 74
5. VERY HIGH -- |
6. DON'T KNOW ‘ 123 |
Q-17 Based on these test results, did you think the home had a radon problem? o |
N=153 1. YES  14.4% ' ' ' f‘
2.NO 86.6% ' |
Q-18 On a scale from 1 to 7, where 1 indicafes not at all confident and 7 indicates

very confident, how confident are you that the test results you were told

N=152 WeEre an accurate measure of the actual radon level in the home? : i
13% 26% 4.6% .13.2% 19.7% 26.3% 31.6% o i
NOT AT ALL 1 2 3 4 5 6 7 VERY :
CONFIDENT : : CONFIDENT t
Mean = 5.5 ‘
Q-19 Were you given any written or printed information about radon when
you were told the test results? '
N=151 1. YES 78.1%
2.NO 219
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I1I. RADO’\I MITIGATION

Q20

N=155

g-23

N=25

Q-24

N=25

Q-25
N=14

" 3.DONTKNOW = 13,

. before sale negotiations began, before sale negotiations completed, or
_ before the sale closed?

Was any atternpt made to reduce the radon level in your new home’

- before the sale closed?

1. YES ©11.6%
2.NO . 87.1

!

Q21 . Was any attempt made to reduce the radon level in
your T new home after the sale closed?

N=137 1. YES «-ieerereee-> (GO TO Q-23) T 44%
‘ 2. NO ------- R > (SKIP TO Q-30) - 95.6
3. DONT KNOW ----> (SKIP TO Q-30) A
Did the first reduction effort take place before you first looked at the home,

1. BEFORELOOKING = 22.2%

2. BEFORE NEGOTIATIONS BEGAN 58
3. BEFORE NEGOTIATIONS COMPLETED " 278
4. BEFORE SALE CLOSED . : ‘ 4.4

| ‘Who fi'rst requested that an attempt to feduce the radon level be made?

1. SELF OR SPOUSE 76%

2. SELLER 8

4. REALTOR -

5. BUILDING CONTRACTOR 4

6. EMPLOYER

7. BANKER , 4

8. DONT KNOW - 8 ' .
9. OTHER ({ | .- )

Who did the work involved in trying to reduce the radon level?
1. SELF OR SPOUSE 12% |

. 2. BUILDING CONTRACTOR 36

3. RADON MITIGATION FIRM 16

4. SELLER 12
5. DONT KNOW 20

6. OTHER( -- )

About how much did the reduction effort cost?
mean = $522 low $20, high = $1500
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Q-26 Who payed for it?

N=23 1. SELF OR SPOUSE 26.1%

2. SELLER 47.8

3. REALTOR --

4. BUILDING CONTRACTOR ) 8.7

5. DONT KNOW 13.0

6. OTHER( 43 ____ )
Q-27 Was a radon test conducted after the reduction effort?

|

I

|

:

|

N=24 1. YES )
I (o Y > (SKIP TO Q-30) - 20.8 )
|

|

|

|

|

70.8%
3. DON'T KNOW -—-_-> (SKIP TO Q-30) 83
Q-28 Can you tell me what the radon level found after the reduction effort
was, measured in picocuries per liter?
N=13 Mean =2.8
Min=0.5 PICOCURIES PER LITER
Max=5.0

DON'T. KNOW/NOT SURE

Q-29 Would you say the radon level

found after the reduction effort
N=4 was very low, low, about average,
, high, or very high?

. VERY LOW
LOW

. ABOUT AVERAGE ‘

HIGH |
VERY HIGH

DONT KNOW

IV. RADON TRANSACTIONS AND NEGOTIATIONS

DUP LN

Now we'd like to know a little bit about radon and your home

|
duced specifically because of concern I
i
i
|

-buying transactions.
Q-30 Was the selling price of the home re
about radon or because of radon test results?
N=154 1. YES 1.3%
' 2.NO 98.7

Q-31 By how much was the price reduced because of radon? A i
N=1 ' .08

T e e e st o - ——

|
|
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Q-32 Were any clauses concernmg radon written into the final sales contract
for the home’?

N=185 1 YES =~ 394%
2. NO 56.8 . )
3. DONTKNOW 39 o .

+ @-33 Was the contract contingent on a radon test?
N=61 1. YES 90.2%
2. NO - 9.8%
3. DONT KNOW '

Q-34 Did the contract state that the seller must reduce the radon
‘level in the home if unsatisfactory?

N=61 1. YES - 52.5%
2. NO 37.7
3. DONTENOW 98

Q-35 D1d the contract specxfy that the home must meet a specxﬁc
radon level in picocuries per litex‘? :

N=61 1. YES ' 52.5%

2. NO 36.1

- 3.DONT KNOW 11.5

IF YES: ~ Q-36 What was this level?
: 16=4.0, 1=20 :
N=17" _ - ____ _PICOCURIES PER LITER

________ DON'T KNOW
@-37 .On a scale from~ 1 to 7, where 1 indicates not at all serious and 7 indicates '

very serious, how serious a health risk do you feel radon is to you and
N=295 your family right now?
54.9% . 22.7% 12.9% B8.1% 9.8% 3.7% 7.8%

NOT AT ALL" 1 2 3 4 5 6 7 VERY
SERIOUS -
SERIOUS . Overall mean = 2.8, Test mean = 2.8, No test mean = 2. 7

V. GENERAL TRANSACTIONS AND NEGOTIATIONS

Now we'd like to ask a few general questions about your new home puréhase.

Q-38 Are you the first owner of your new home?
i ) , Overall Test No test
N=303 . 1. YES 20.8% . 18.8% 22.8%
| 2. NO 79.2 - 8l2 772
Q-39 How many weeks went by from the time you gave the se]ler your imtial

offer until the sale closed?
Overall mean = 6.4, Test mean = 6.3, No test mean = 6.5

N =295 e WEEKS

Q-40 How fhany offers did you make on £he home before oné was accepted?
' Overall mean = 1.7

N =291 Test mean = 1.8 OFFERS

No test mean = 1.6
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Now we need to ask a few ﬁnanéial questions so we can determine how radon tests
might affect the values of homes. '

Q41 What was the initial asking price of the seller of your new home?
N =237 N $___Mean = 123,244_____
Q42 What was your initial offer on the home?
N =242 '$___Mean = 124,364____
Q-43 What was the final selling price of the home?
N =254 , $___Overall mean = 118,118 !
‘ Test mean = 127,180 No test mean = 108,912 :
Q44 Did you deal directly with the seller or employ the services of a realtor? i
Qverall Test No test '
N =295 1. DIRECTLY WITH SELLER 20.7% " 15.8% 25:9% !
2. EMPLOYED REALTOR 793 | . 84.2 74.1 !
G-45 Did your realtor give you any informaltior‘x or !
- advice about radon? - . ‘
N=231 1. YES 43.7% . 57.5% 26.9%
2.NO 56.3 425 73.1
Q46 Did your realtor agree to reduce any fees or
. commissions in order to close the deal? ,
N=235 1. YES 89%
‘ 2. NO 21.1%
' IF YES: Q47 How much was the reduction?
. ’ : ‘ ' mean = 707
N=7 ®

|
|
i‘
|
|;
iw
|
i
;
|
|
|
|
i
l
|
l

VI. ABOUT THE RESPONDENT

We're almost finished. I'd now like to ask you a few final questions about yourself,

Q-48 GENDER (DO NOT ASK): ‘ - )
Overall Test No test
N =301 1. MALE 863.8% ‘ 61.7% 66%
2. FEMALE 362 383 34
Q49 What is your age? e YEARS .
N=294 .

Overall mean = 37.4, Test mean = 37.6, No t@t mean = 37.2
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Q-50 Including y_ourself. how many members of your household are

N =300 under 18 years of age? .. os88 _______
' T ' between age 18 and'age 65? ___ 193 ______
older than age 65?7 _ - 004 ______
Q-51 Areyou or a member of your household employed by IBM?
o - Overall " Test No test
N=209 ' 1. YES : '11.7% - 17% ' 6.2%
: 2. NO 88.3 . 83 93.8
Q-52 ‘. Are you or a memﬁer of your household employéd by U. S. West?
N=299 1. YES 2%
' " 2. NO 98%
Q-53.° = Do you smoke? g ’ - ' .
‘ o " Overall - Test No test
N =300 1. YES ) 11% . 11% 11%
: 2.NO 89 . 89 89
Q-54 ' Does any other member of your househojd smoke?
I ‘ Overall Test No test -
N=298 1. YES : 11.7% 13.1% . 10.3%
. 2NO . 83 . 869 8.7
Q-55 Do you generally wear a seat belt when traveling by automobile?
' . Overall -Test No test
N =300 1. YES ‘ 1% . 94.2% - 87.7%
2. NO 9 E 58 12.3
Q-56 How much formal education have you completed?
N=209 , , : ; _
* 1. NO FORMAL EDUCATION " 03 ' 6. TRADE SCHOOL S 1.3%
2. SOME GRADE SCHOOL ) . 03 7. SOME COLLEGE ' 19.7
3. COMPLETED GRADE SCHOOL -- 8. COMPLETED COLLEGE - 32.8
4. SOME HIGH SCHOOL -- - 9. SOME GRADUATE WORK 13.0
5. COMPLETED HIGH SCHOOL 9.4% 10. ADVANCED COLLEGE DEGREE 23.1
. Median = completed college I
Q-57 . What is your household’s total annual income before taxes and other
‘ -+ deductions? o , ' :
N=232 1. UNDER $9,999 09  7.$60,000 - 69,999 =1
2.$10,000 - 19,999 3% 8. $70,000 - 79,999 - 91
3. $20,000 - 29,999 112 - 9. $80,000 - 89,999 47
4, $30,000 - 39,999 . 16.8 10. $90,000 - 99,999 26 -
5. $40,000 - 49,999 - 159 11. OVER $100,000- 9.5
. 6. $50,000 - 59,999 - 184 : S

, Median = $50,000 - 59,999
. That's it, we're finished. Thank you very much for your time. Your responses will be
of great value to us in evaluating public health management policies for radon.
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Appéndixlll B

Federal Laws Addressing Radon Issues

The Radon Pollution Control Act

The Radon Pollution Control Act of 1988, Pub. L. No. 100. |
551,102 Stat. 2755 (1988) ("RPCA" of the "Act"), to be csdiﬁed as
Title III of the Toxic Substances Control Act, 15 U.S.C. §§ 2601 -
2629 (1983), was passed by Congress and signed into law by the
president on October 28, 1988. '

The Act sets a national goal for radon in buildings; requires the
United States Environmental Protection Agency to update and
republish its "Citizen's Gu1de to Radon" (EPA, 1986a); orders EPA to |
develop model construction techmques and standards for controlling
radon; requires EPA to develop and implement activities to assist state
radon programs; and provides a grant assistancev pfogram for staté :
radon programs. It does not provide for direct federal regulation of
radon, nor does it establish national radon standards. This appendlx

reviews the provisions of the RPCA in detail

Sections 301, 302. and 303

Section 301 of the RPCA deciares_ that the long-term goal of the‘

United States is to lower the radon levels in buildings to the same

~

level as ambient air. Section 302 defines certain terms used in the

¢
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‘Act, and Section 303 requires EPA to revise and rep_ublish its Citizen's
 Guide to Radon. EPA must include the following mformation in its

“updated guide:

1. a series of "action levels" indicating the health risk associated
' with different levels of radon exposure; and -

2. certain "other information," including a discussion of the. -
' ~increased health risk associated with the exposure of potentially
sensitive populations to different levels of radon, the increased
" health risk associated with radon exposure and risk taking
" behavior, the cost and technological feasibility of reducing radon
concentrations, the relationship between short-term and long-
_ term testing techniques and measurements and action levels,
‘and outdoor radon levels around the nation. -

The Act states that the guidé should be revised "[iln order to make
- continuous ‘progres.s toward the long term goal established in Seét_ion i
301." A key piece of the RPCA's legislative hiétory 'éxplains the intent -

of this section in greater detail:

The législative requirement to update the Citizen's Guide is
principally based upon the Committee's concern that the

' public is interpreting radon levels as safe if they fall below
EPA's action level of 4 picocuries per liter. The EPA guidance
document currently advises that "follow-up measures are

* probably not required” if screening measurements are less
than 4 picocuries per liter. In addition EPA states that
"[elxposures in this range are considered above average for
residential structures." The Committee believes that many.
people have misinterpreted EPA's designated action level
and the statements in the current Citizen's Guide as meaning
that there is little or no risk from radon levels below
4 picocuries per liter. . .. [Allthough EPA's current Citizen's
Guide includes a radon risk evaluation chart and other very
useful information, the Committee believes the public is
relying upon EPA's 4 picocuries per liter as a health-based
standard. ... The Committee wants to encourage the public
to make efforts to bring radon levels in existing homes '
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and buildings down as low as practicable. (H.R. 1047, 100 Cong.,
. 2d Sess., 12-13 reprinted in 1988 U.S. Code Cong. & Admin.
News 3617-18 (hereinafter House Report 1047))20
This passage makes it clear that Congress felt that the current
Citizen's Guide and the 4 picocuries per liter standard was misleading.

Congress mandated that EPA revise its guide to clarify that EPA's

present "action level" entails some health risks, and to add other

action levels and their related risks. In fact, House Report 1047 states

that "EPA should not designate a single particular radon level as an
‘action level' or 'guidance level'. ... Rather, the Citizen's Guide should

contain a series of éctiqn or guidance levels including levels below 4
picocuries per liter so that homeowners and other members of the
public can evaluate the health risk at each radon level." (House Report

1047, reprinted in 1988 U.S. Code Cong. & Admin. News 3618-19

(emphasis in original))

’

The House Report also shows concern about "the reliability and

accuracy of currently available radon testing techniques." It notes that

"information [is available] suggesting that results from instantaneous or

short-term radon tests may not provide a reliable and accurate
indication of long-term radon levels. The Committee is concerned
about people making decisions not to mitigate based on low readings

from short-term radon tests....[TJhe Committee expects EPA to

20According to the Act's legislative history, the Senate bill was
passed in lieu of the House bill after its language was amended to -

contain the text of the House bill. Thus, the House report, prepared by

the Committee on Energy and Commerce, is essential in construing

the meaning of the Act (see Allied Towing vs. Great Eastern Petroleum
Corp., 642 F. Supp. 1339, 1351-52 (E.D. Vs. 1986). :
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*con51der whether the Agency should recommend that only results
from long -term tests be used." (House Report 1047 at 16, repnnted
in 1988 U.S. Code Cong. & Admin. News 3620)

| Section 304 |

" This section requires'that EPA develop model construction
‘standards and techniques for controlling radon levels in new 'buildings
‘ by June 1, 1990. To the 'maximum extent possible," EPA ‘is directed
| to consult with organlzanons 1nvolved in estabhshmg nat.lonal buﬂdrng »
standards and techniques. In developing the standards and
‘techniques EPA rn'ust take intoy account the geographic differences in
‘constructlon types and matenals geology weather and any other -

factors that may affect radon levels A draft copy of these standards
and techniques shall be made available to the pubhc for review and
comment. | ) 1 R |

| “The RPCA does not empower ‘the Agency to issue regulatlons
requmng adherence to the bulldmg standards nor does it othermse 4
make these standards effectlve as a matter of law It states merely that
EPA "shall work to ensure that orgamzations responsible for
developing nanonal model building codes and authormes which
regulate buﬂdmg constructlon .. adopt the Agencys model standards B
and techmques "21 (RPCA §304)

21However see the discussion of RPCA Section 306(d) below.
This section provides that EPA shall give preference for grant- .
- assistance to states that have made "reasonable efforts” to ensure the
adoption of these building standards ‘
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In its explanatmn of this section the Committee noted that EPA
has collaborated with the National Assomation of Home Builders
(NAHB) to develop a guidance document identifying construction
techniques that can significantly reduce radon levelvs in new home
construction. EPA is encouraged to continue its efforts to prornote the
nationwide use of construetion techniques that reduce radon levels.
The Committee desires that these national building standards be
incorporated into model national bu11d1ng codes that will be adopted
by state and local cornmun1t1es (House Report 1047 at 16-17,
reprinted in 1988 U.S. Code Cong & Admin. News 3621)

Section 304 is not 1ntended to require. EPA to estabhsh a
performance-based standard at outdoor radon levels. ‘The initial
model construction standards and techniques and 'suvbsequent

revisions are meant to "assist the public in making' progress toward

the national long-term goal." (House Report 1047 at 16-17, repnnted

in 1988 U.S. Code Cong. & Admin. News 3621)

Section 305

Section 305, entitled "’I‘echnical Assistance to States for Radon
Programs," requires EPA to develop and 1mp1ement certain activities
designed to assist state radon programs, including a cleannghouse for
radon information, a voluntary proﬁmency program for rating radon |

measurement devices and firms and individuals that offer radon-

related services, training seminars for public and pri\‘?ate firms dealing |

with radon, publication of public information materials, operation of

state/federal cooperative projects, demonstration of radon mitigation

164

|
'
\
;
|
'
|
;
|
!
I
|
!
;
!




methods and estabhshment of a natlonal .data base regarding the
amounts and location of radon. It also allows EPA to provide certam o
discretionary assistance to states if states (or a state) request such
assistance‘\ including designing and implementing a radon survey, a
public mformatlon and educatron program ‘and a program to control
| radon in exrstmg and new structures | |

. This sect10n also requlres EPA to prowde information regardlng
technology and methods of radon assessment and rmtlgatlon to private
- professional orgamzatlons By July 1, 1989 and annually thereafter
- the Agency must prepare a plan to 1mp1ement this section, and 'submit |
it to Congress |

Congress authonzed the approprlanon of $1.5 m11hon22 so that

EPA could estabhsh a proﬁc1ency ratmg program and. training
seminars” for any person desmng such semces mcludmg private
firms and orgamzatlons and state- and local governments The Act
_ requires EPA to charge for attendance at the tra1mng semmars and for
participation in the prof1c1ency ratlng program to ' cover the operatlng
. costs of such proficiency ratmg program and training seminars.’
(RPCA §305(e)(2)) No charge will be unposcd upon state or local
governments. During the first three years of the ratmg program and
seminars, the charges imposed are to be in excess of the operation
costs. The excess amount collected is to "be‘ used to reimburse the

~General Fund of the_United' States Treasury for the $1.5 rnillion a

!
¢

‘ 22RPCA Section 305(f)° states that for the purposes of ca.rrymg
‘out Sections 303, 304, and 305, "[t]here is authorized to be
appropriated an amount not to exceed [$3.0 million]."
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appropriated to establish the ti'éiining seminars and rating program.
(RPCA §305(e)(4)) | )

‘ House Report 1047 states that EPA should provide "seed money"
to help states initiate and establish rédon programs. Thié financial
assistance was only ’deSigned to hélp get étate pfograms "off the
ground" and was not intended to establish a permanent federal grant
program. (House Report 1047 at 17, reprinted in 1988 U.S. Code
Cong. & Admin. 'News at 3622)

Section 306

Section 306 covers grant alssistance to states for radon
programs. It provides that EPA may make a grant to a state for "the
purpose of assisﬁhg the State in the development and implemeﬁtation
of programs for the assessment and mitigaﬁo_n of radon."23 (RPCA
§306(a)) Section 306 lists some of the information that must be
provided in a grant application, such as a description of the
seriousness and extent of radon €xposure in the state, the

identification of the state agency that has responsibility for radon

23The Act limits the federal share of the cost of radon programs
in any fiscal year according to the following schedule: (a) 75% of the
costs incurred by the state in the first year; (b) 60% of the costs
incurred by the state in the second year; and (c) 50% of the costs
incurred by the state in the third year. The state share must be
provided from non-federal funds (RPCA Section 306(f)), and not more
than 10% of the amount appropriated in any year may be granted to
any one state. (RPCA Section 306(j)(3)) Moreover, no more than 50%
of any grant shall be used to purchase radon measurement equipment
and devices, and pay for costs of demonstration of radon mitigation.
(RPCA Section 306(i)(2)) The costs of general overhead and program

administration shall not exceed 25% of the amount of any grant.
(RPCA Section 306(i)(3))
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- programs and which will receive the grant a description of the radon-
related act1v1t1es and programs proposed by the state, and a three-year
plan that outhnes long range program goals and ob_]ectives de51red
'federal funding and state funding. Activities ehgible for funding )
include radon surveys development of pubhc information and
educat10nal materials, unplementation of programs to control radon
purchase and maintenance of analyhcal equipment and measurement
_devices, payment of general overhead and program administration
costs, and development of a data storage and management system
Starting in 1991, preference for grant assmtancevnll be glven to
- states that "have made reasonable efforts to ensure the adoptlon by
the authorities which regulate building construction within that State
or political subdivismns within States, of the model constructmn
| standards and technit;ues for. new buildings developed under section
304." The RPCA prov1des that EPA shall fully support eligible activities
' contamed in state applications with the full amount of funds. If the
state apphcatlons exceed the total funds available, EPA shall give
prionty to act1V1t1es or pI‘O_]ECtS based upon the seriousness and extent
of the radon problem the potentlal that the proposed activity or
Vproject w1ll reduce radon levels the potential for development of
1nnovat1ve radon assessment techmques 01 program management
approaches and any other criteria designated by EPA.
An award of federal funds is conditloned upon the state

providing to the federal government all radon-relate_d information,

including sur.vey ‘results and risk communication stUdies.24 Each state

—

e 24States may use federal grant funds to a551st local governments
in carrying out their radon programs (RPCA Section 306(g))
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also must maintain a list of firms and individuals within the state thét
"have received a passing rating under the [EPA] proficiency rating
program referred to in Section 305(a)(2)." The list shall ;nclﬁde the
rating received by each firm and shall be available to the bublic. (RPCA‘ -
§306(h)) |

Congress has authorizéd the apprOpriation of $10 million for
grant assistance for fiscal years 1989 1990, and 1991 This money may |
not be used to cover the costs of the proﬁmency ratlng program
established pursuant to section 305. (RPCA §306(j](5))

Section 307

This section requires EPA to conduct a nation-wide study of

radon in schools. Based on geological data énd data concerning radon
in homes and other buildin'gs, EPA must identify and compile a list of
high probability radon contamihation areas where schools are located.
EPA is empowered to assist state agencies in carrying out this survey.
It must provide to the state agency a list of high probability areas,
other data about schools in the state, technical guidance, and
information concerning methods of reducing radon contamination.
EPA also may provide testing devices and the services of EPA’s
laboratories to evaluate radon test ipformation. |

On or before October 1, 1989, EPA must submit to Congress a
status report regarding the school study. By October 1, 1990, EPA
must submit its final report setting forth the results of the study and
its recommendations. .Congress‘has“authorize‘d up td $1 million for |

the purposes of carrying out Section 307, except for the "diagnostic




and remedlal efforts" described in Sect1on 307(a)(6) ‘for Wthh it
authonzed up to $500,000. -

" Sections 308, 309, 310, and 311

| )Section'308 gives EPA the 'discretion to enter into cooperative
agreements or proﬁde grants to establish regional radon training
centers at colleges universities, 1nst1tut10ns of hlgher learning or a
| consortla of such 1nst1tutlons EPA is dlrected to make grants to at
least three apphcants for tramlng centers (House .Report 1047 at 19,
reprinted in 1988 U.S. Code Cong. & Adrmn. ‘News 3624) The
regional centers are directed to deyelop' information and provide
‘ training.1 RPCA sets forth c‘:ertain criteria for theestablishment of such
regional training centers. One million dollars has been authorized for
/v'each of the ﬁscal years 1980 1990, and 1991 to carry out this
program. ' ' , ‘

Section 309 requires vthat a study of radon in federal buildings be
conducted. The study shall include exarmnatmn of radon .
contammatlon in nonpubhc water supphedl to the bulldlngs EPA must
1dent1fy and complle a list of areas where federal bulldmgs are located
-that have a high probab1hty of radon contamination. On or before .
October 1, 1990, the Agency must submlt to Congress a report
descnbmg the results of the study. \

| Section 310 authonzes EPA to issue regulatlons to carry out the
provisions of the Act and Section 311 states that amounts authonzed ‘
to be appropnated in RPCA are in addition to amounts authorized to be

appropnated under other laws for radon related activities.
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The Superfund Amendments

The 1986 Superfund Amendments and Reauthorization Act -

(SARA) contains two separate sections directly addressing the Subject

of radon gas -- Section 118 and Title IV -- and a limitation on the

federal response to radon contamination. in Section 104(a)(3).

In Section 118(k), SARA calls for EPA to prepare a national '
assessment of radon to identify the lbcation§ where the gas is found, to
determine the radon levels and health risks at these locations and
methods of reducing those risks, and to provide guidance and |
information to the public‘. (42 U.S.C. §9618(k)) This national !
assessment was to betsubmitte\d to Con'gress by October 1987. EPA

submitted a survey of seven states in Septeinber 1988 in partial

fulfillment of section 118(k). The results for tests in more states were

released in October of 1989. |

Section 118(k) also requires EPA to conduct a radon miﬁgation
demonstration program to test methods and technologieé of reducing
or eliminating the radon threat. (42 U.S.C. §9618(k)(1)) SARA

specifies that the demonstration program should be conducted in the

EPA considers appropriate. Annual reports on the status of the
demonstration program are to be submitted to Congress on February 1 '

of each year, beginning in 1987.25 (42 U.S.C: §9618(k)(2)(B))

25SARA also added a "sense of Congress” in Section 118(m) that
EPA is not required to use fully demonstrated methods when carrying
out a response action at a facility listed on the National Priorities List
because of radon. This provision seeks to encourage innovative or
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The section addressing radon .gas is found in SARA Title IV a
free standmg act entitled "The Radon Gas and Indoor Air Quahty
Research Act of 1986." T1tle IV contams fmdmgs by Congress
regarding the senous health nsk posed by radon gas and the need for
more coordmatlon among research programs and a better information
" base. Title IV also estabhshes a research program to gather
mformatmn on indoor air quahty coordmate federal, state, local and
private research, and assess appropnate federal action to rmtlgate the
risks associated with indoor air- pollutxon (§403(a)) |

Under Title v, Congress: ‘has required EPA to set up a research
program to (a) 1dent1fy characterize, and morutor sources and levels
of indoor a1r pollutlon 1nc1ud1ng radon and including measurement of
various pollutant concentrahons hlgh nsk bu11d1ng types, and
1nstruments for indoor air quality data collection; (b) study the effects
- of 1ndoor air pollutmn and radon on human health; (c) research
control technologies and other mitigation measures; (d) demonstrate

“methods for reducing and el1m1natmg indoor a1r pollunon and radon;
(e research methods of assessmg the potential for radon
'contarmnatlon of new construction and deS1gn measures; and (ﬂ
disseminate mformatlon to assure the public avallabhlty of this

) research program §403(b)) Congress also set up an adwsory
‘commlttee composed of representahves from federal agenc1es state
governments, the sc1ent1f1c commumty mdustry and public interest

organizations. (§403(c))

alternative methods, particularly those involving the off-site transport
and disposition of radon contammated matenal
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Title IV also specifically limits EPA's authority to conduct l
Tesearch, development, and related reporting, information '

dissemination, and coordination activities.

the authority of EPA Oor any other agency over radon under any other

authority of law. (§404) EpA submitted an implementation plan to

It does not, however, limit

Congress for these research activities, as required by Title IV, in 1987,
A status report was Planned for fall of 1989.

SARA Section 104(a)(3) also adds limitations on EPA's Section
104 response authority. ‘The Iimitatior’xs regarding radon state that
EPA "shall not provide for a remox;'al or remedial a_étion under [104] in
response to g relgase or threat of a release -- of 3 naturally,occux"ring
substance in its unaltered form,. or altered solely through naturally

Occurring processes or phenomenav,, from a location where it is
naturally found."26 (§104(a)(3)(A))

EPA's subseqﬁent Interpretation of this provision, a clear reading

of the statute, and thevlegi'slative history support a finding that the

|
B
§104(a)(3)(A) limitation on EPA's Tesponse authority includes a threat L '
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from radon contamination That limitation ‘may be overcome,

however if EPA fmds that the contamrnation conshtutes a pubhc
health_or envu'onmental emergency” and there is no other person

’ VVlth the authority and capability to respond to the emergency. |
\(§104()a)( 4)) Thus, under certain circu'rnstanc;es radon contatnination
hrmght be addressed under EPA's §104 authonty ‘Whether radon
contamination could be con51dered a "hazardous substance" that EPA is
authorlzed to clean up absent an emergency w1th respect to §106, or"
that could constltute the basis for a cost recovery actlon under §107

are complex legal issues beyond the scope of this report
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| Ap.pendi‘x‘lV :

Constitutional lssues Relevant to Regulatory
Strategles for Radon

This appendix addresses the potential constitutional
impediments to adopting various regulatory strategies at the federal

level for controlling naturally occurrmg radon pollutlon

The Commerce Clause

The federal government has inherently linn'ted authority and can
only act on the basis/of sI.Jecific emimerated.pow‘ers. As with most
federal environmental statutes, the most p‘robable basis for reguiation_
of radon pollution would be the eammerce clause. Even thotlgh indoor _
radon contamination is distinct in several ways from other
environmental problems regulated under corhmerce clause theory;
judicial interpretation has so expanded the scope of powers available -
to Congress that at least one commentator has neted thatv "no
conceivable measure reasonably intended to protect the environment
is beyond the reach of congressional authonty "27

Arucle I, Sectlon 8 of the Constitution prov1des that Congress

has the power "to regulate Commerce . . . among the several states.”

27Ph111p Soper, "The Constitutional Framework of Enwronmental

Law," in Federal Envu'onmental Law 22 (Environmental Law Institute °
ed.) (1974). :




(Emphasis added.) In the seminal case Glbel‘lS V. Ogden 22 U.S. (9
Wheat) 1 (1824), the Supreme Court held that Congress may not

| regulate activities that are completely confined to a particular state |
that do not affect other states and W1th which 1t 1s not necessary to

interfere for the purpose of executmg some of the general powers of
, the government Subsequent decisions have, however, s1gmﬁcantly

expanded the permissible realm of activities that Congress can

regulate, to the po1nt that act1v1t1es that are essent1ally local in nature

have been found to have an impact on interstate commerce, however ‘
theoretmal sufficient to support congressmnal regulatlon For
example, in chkard v. Filburn, 317 U.S. 111 (1942), the Court upheld
‘federal cornmod1ty regulations as apphed to a local farmer who
produced wheat exclusively for use on hlS own farm on the basis that
the cumulative price effect of such home production on 1nterstate
commerce could be s1gn1f1cant The Court applied a similarly
expansive analysis of "substantial economic effect on interstate

commerce" in upholding the Civil Rights Act of 1964. In Katzenbach
| V. McClung 379 U.S. 294 ( 1964) the Court reasoned that race
“discrimination by pubhc fac111t1es such as restaurants, resulted in the
sales of fewer goods obstructlon of interstate travel, and depressed
general business conditions. | | | o _

The distinctions between radon regulation and these other

exercises of commerce clause powers are primarily (a) that radon
, contarmnatlon 1nvolves real property and not the traditional goods of |

commere¢e,28 (b) radon contammatlon is umquely confined to the

28As suggested above, however the courts have quite generously

1nterpreted the "artlcle of commerce” requrrement (Umted States V.
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indoors of buildings and residenées, i.e., it is nof "ambient,"29 and (c)
that Congress has not traditionaliy "oécupied the field" of indoor air
pollution, real estate transactions, 01" building construction. On the
other hand, federal regulation in other areas of longstanding state or
local concern (e.g., fish and wildlife management) has steadily
increased and been approved by fhe courts. And, the recent
enactments of federal legiélation (see Appendix III) encouraging
research and providing assistanée to states, though expressly non-.
regulatory, may provide a sound basisvfor later demonstrating the
signiﬁcahcg of the federal interest. - |

The most plausible theory suppdrting a commerce clause basis

for federal regulation of radon éontamination is the "effect on

Sullivan, 332 ’U.S. 689, 698 (1948)) (commerce 'cla'use powers extend
to articles that have completed an interstate shipment and are being
held for future sales in purely local or intrastate commerce).

29In contrast, the commerce clause theory behind federal
regulation of ambient air pollution is that ambient air connot be
confined to one state's borders. As one court noted, "emitted particles
themselves may be seen as themselves constituting articles moving in
commerce and hence directly subject to regulation.” (United States v.
Bishop Processing Co., 287 F. Supp. 624, 629 (D. Md. 1968), affd, 423
F.2d 469 (4th Cir. 1970), cert. denied, 398 U.S. 904 (1970)) Bishop
also demonstrates that an "article of commerce” need not have a
commercial value, and it is irrelevant that movement of the article
. across state lines was not intentional. On the other hand, as
mentioned above, the radon problem occurs precisely because of
radon's lack of ambiencs, i.e., confinement to buildings. Thus, it
would be difficult to argue that radon contamination itself can form a
sufficient interstate basis for federal regulation under the commerce-
clause. One could argue, however, that even though the particles
themselves are not ambient, the geological formations that create the
problem are by nature interstate (i.e., deposits of phosphate, granite,
and shale are not confined neatly to state borders).
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interstate comnmrce” argument. 30 Under this approach the courts |
would examine the competmve effects of the problem or the lack of ’
federal regulation. For example, d1fferent radon. testing, dlsclosure or
mrtlgatlon standards in d1fferent states can impact on industry -
‘locatton pr1cmg of real estate, personnel relocation dec1s1ons and
1nd1v1dual consumptlon patterns The commerce clause argument to
support federal radon regulatlon of contracts for sales of property (1 e.,
disclosure, testing, or mitigation) would run as follows although
concentratlons vary reglonally, radon contamination is a s1gn1ﬁcant
natmnmde problem leavmg regulatmn to the states could lead to

. 1ncons1stent standards among the, states chrectly affectmg 1nterstate -
commerce related to real estate transactmns in building matenals
~and in testing and mltlgatlon services, and indirectly affecting
lnterstate commerce in other areas (e g., 1ndustry relocation); and
there is a 51gn1f1cant need for federal coordlnatlon because states lack
the necessary fmancmg and technology to address the problem

comprehensrvely 31 In short, the commerce clause provides the

' 3°Another mterestmg though relatrvely unused, theory that
could support congressional regulation is Congress' power to approve
interstate compacts. (U.S. Const., art. 1, sec. 10) "Since under the
Constitution congressional approval is requ1red for these agreements,
an indirect handle is provided for imposing minimum federal
environmental standards by conditioning approval of such agreements
on the compatibility of the compact's terms with the federal

~ standards.” (Soper, supra note 27, at 32) Such leverage hinges, of
course, on the states' own incentives to enter into such compacts
which despite the regional nature of some radon "hot spots," are
probably minimal.

. S1For example ‘the New Jersey Department of Enwronmental

Protection ran out of money in its efforts to mitigate radon
contamination from uranium mill tailings fill in three communities in -
New Jersey (Galen, "Lawyer's grapple with radon issue,” Natl L.J., July
21 1986 at 10). :
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strongest "hook" for an exerc1se of congressional regulatory power,
and such regulation would hkely be upheld despite the unusually

localized aspects of the radon contamination problem.

The Tenth Amendment

Under the tenth amendment to the Constitution, powers not
delegated to the federal government are reserved to the states. The
police powers reserved to the states include those involving publicv

safety and public health. (See Berman V. Parker 348 U.S. 26, 32

(1954).) Whether the tenth amendment acts as a limitation on federal

power depends on the constitutional underpinmng for that federal
exercise. For example, if Congress can legitimately utihze its | .
commerce power to regulate then the tenth amendment does not
constrain its actions. (United States v, Bally, 345 F. Supp. 410 (D.
La.1972)) However, similar to pre-emption theory (discussed below),
when Congre_ss legislates in a field that the states have traditionally
occupied, the historic police powers reserved to the states under the

tenth amendment are not superceded unless that was the clear and

manifest purpose of Congress. (Fouke v. Mandel‘,' 386 F. Supp. 1341
(D. Md. 1974)) |

To succeed, a claim that congressional commerce power
legislation is invalid under the tenth amendment must show that (a)
the challenged statute regulates "states as,states," (b) the federal
regulation addresses matters that are indisputably attributes of state
sovereignty, and (c) state compliance withthelfederlal law}v Wouid
directly impair the state's ability to structure mtegral operations in

areas of traditional gov'ernmental function. (Hodel v. Virginia Surface
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M1n1ng -and Reclamation Ass'n, 452 U S. 264 287-88 (1981)) Desp1te
this seemingly h1gh standard some federal leglslatlon has been struck‘
down as unconstltunonal under the tenth amendment For example,
" the Federal Resettlement Admmlstratmn (part of the Emergency
Relief Appropnatmn Act of 1935), Wthh attempted to regulate and
~ control housing and shift destitute and low-income populauons was
- found unconstitutional as 1nvadmg the reserved powers of the states. )
‘ (Townshlp of Franklin, Somerset County N J. v. Tugwell, 85 F.2d 208 -
- (D. C ‘Cir. 1936)) On the other hand, the Federal Emergency Price
Control Act “of 1942, which authonzed a federal administrator to fix
maximum rentals in a defense area was upheld even though rentals
were con51dered a matter for local legislation and one not delegated to
the United States. (R1tch1e \Z Johnson, 144 P 2d 925, 158 Kan. 103 ‘
(1944)) _ | |
" A more detaﬂed analyS1s of the potential tenth amendment
| challenges to radon regulation depends on the spec1f1c regulatory |
strategy proposed In general however such regulatlon would -
probably survive a tenth amendment challenge so long as Congress

convincingly set forth its longstandmg interest in the problem.
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The #ifth_Amendment -- Tékings Clause

Intrusive regulation at both the state and federal level could be
subject to challenge on the basis of the takings clause of the fifth
amendment,32 which 'provides that private property shall not "be
taken for public use without just compénsation.‘" The takingé
argument most applicable to the-radon regulation strategies described

above would be the "diminution in value" theory. Under this theory, a

seller could argue that the requirements of disclosure, testing, and/or

mitigation diminish the value of the property to .the extent that a ‘
ta-.king by the government has occurred. THow much diminution fnust
occur before a court will find a taking and order compensation is a
question that cannot be answered satisfactorily given the murky state

of takings law, particularly without an examination of the specific

320ther potential fifth amendment issues might arise under
different regulatory strategies. For example, if EPA were to require
testing of privately owned buildings (with attendant enforcement
powers providing for physical access to property), there might be a
fifth amendment search and seizure concern. But, such governmental
Intrusion under similar circumstances has been upheld in the face of
takings attack. See State Waste Management Board v. Bruesehoff, 343
N.W.2d 292 (Minn. App. 1984) (electrical sensitivity testing conducted
by the Waste Management Board in connection with selection of
commercial hazardous waste disposal sites did not rise to level of a
taking, given that it involved only temporary, minimal intrusion and
did not substantially interfere with property rights or cause
measurable decline in market values). Similarly, information and
disclosure requirements may involve fifth amendment self-
incrimination issues. Once again, however, disclosure of information
to EPA has been upheld against this type of takings challenge
(Ruckelshaus v. Monsanto Co., 467 U.S. 986 (1984)). Furthermore,
extensive use of access and disclosure schemes under other

environmental statutes (e.g., CERCLA), also suggests that these fifth
amendment concerns are peripheral. . :
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' governmental action at issue "an‘d‘the alleged loss in value.33 And,
~ whether such federal regulation ‘lwould be considered for "public usé‘"
is questionable.34 o | | |
In the seminal case of Pennsylvania Coal v. Mahon, 260 U.S. 393
(1922), the Supreme Court held that a drastic reduction in the
~ economic value of ﬁroperty triggers the need for compensation, but |
declined to define the point at which a regulation "goes téo_ far." The
lower courts have subsequently developed the general rules that: a
' taking occurs if the regulation deprives the property of all potential
value or use;35 a takihg‘has not occurred if the owner merely is not .
33"[N]o single formula [for federal 'takings' principles] is either
possible or desirable. All such formulations, for example, may prove to
~ be only extrapolations from what is basically an ethical judgment about
the fairness of refusing to distribute across a broad base the costs
entailed in implementing certain public programs perceived to have
positive net benefits. As such, the takings clause, like the Due Process
Clause and other constitutional expressions of broad, social policy may
be expected to reflect changes in society in a way that allows doctrinal .

development to keep pace with shifting priorities in societal values."
(Soper, supra note 27, at 61) : ’ '

_ ~ %4Even though the general public benefits incidentally from -

- mitigation of radon in private buildings, if the legislation placed the
burden on sellers to mitigate, it arguably could be challenged as not -
being for public use because it creates only a private benefit to the new
owner. But see Monsanto, 467 U.S. at 1014 (broadly interpreting the
"public use" requirement); and National Board of Young Men's |
Christian Ass'ns. v.-United States, 395 U.S. 85, 92 (1969) (any -
protection of private property also serves a broader public purpose). _

, 35See, e.g., Bartlett v. Zoning Comm's Town of Ol Lyme, 161
Conn. 24, 282 A.2d 907 (1971) (invalidating tidal wetlands . -
restrictions that deprive owner complete use of property); Maine v.
Johnson, 265 A.2d 711 (Me. 1970) (Maine Wetlands Act deprived
plaintiff of all commercial value and constituted a taking); Morris ~
County Land Improvement Co. v. Parsippany-Troy Hills, 40 N.dJ. 539,
193 A.2d 232 (1963) (invalidating meadow development zone as -
applied to certain wetlands). A less than confiscatory impact may be
severe enough to constitute a taking if the governmental action is not
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realizing a speculative investment potential or is not allowed the most

profitable use of the land. As the Supreme Courtvreéently corhmented,

the factors a court will consider include "the character of the
governmental action, its economic impact, and its interference with
reasonable investment backed expectations.” (Pruneyard Shopping
Center v. Robbins, 447 U.S. 74, 83 (1980)) Thus, if a reasonable,

economically profitable use of the land remains, a takings claim will

probably not succeed.36 As one state court éommented, “there is no
constitutional impediment to making a landowner personally

responsible for the reasonable cost of abating hazardous conditions

existing on the property.” (City of Patterson v. Fargo Realty, Inc., 174

N.J. Super. 178, 415 A.2d 1210 (N.J. Super. 1980)) B

In addition, given that the diminutioh in value in the typical ,
mitigation case would be small (relative to the value of the property),37
a takings claim would undoubtedly fail. - However, in exﬁreme cases, for
example, where mitigation costs approach 'th'e market value of the
property, a seller might theoretically have a viable afgument. ) The
takings argument might also be of gréavter concern should EPA's safety

sufficiently related to the legitimate governmental interest. See
Nollan v. California Coastal Commisioner, 107 S. Ct. 3141 ( 1987).

36Kirby Forest Industries. Inc. v. Ulnited, States, 467 U.S. 1, 15
(1984) (even substantial reduction of attractiveness of property to

potential purchasers does not entitle owner to compensation under
fifth amendment).
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standard be set to very low levels;(re'sulting in increased mitlgation '

costs).

‘Pre-emption Issues

Under the Supremacy Clause, U.S. Co'nst., art. VI, cl. 27,‘ state laws
must yield to federal regulation in areas where the governments have

overlapping authority. Given that the tenth amendment reseryes

. certain powers to the states, ineluding the power‘to ‘protect public

| health and the extensive nature of current state regulatlon an ana1y51s ‘
of the de51rab1l1ty of further federal regulahon should be cogmzant of
the pohtlcal and legal issues raised by the potential for federal pre-

emptlon of state programs To avoid uncertamty Congress should

always make explicit in any new leglslatlon whether it intends that

: state laws be preempted Other\mse, courts and litigants W111 later be

left the difficult and uncertain t_ask_ of dxscermng congressmnal ,
‘intent.38 'Principl}es of pre-emption may then invalidate state
regulation in part or altogether,_ or m,ay limit states to enforcing the

safety standard set by the federal goyernment.39

. 38See Pennsylvania v. Nelson, 350 U.S. 497 (1956) (analyzing
factors such as "pervasiveness” of federal scheme, "dominance" of
federal interest, and whether the area has traditionally been one of
state and local rather than federal, control)

398ee Northern State Powgr Co. v. Minnesota, 447 F.2d 1143
(8th Cir. 1971), aff'd, 405 U.S. 1035 (1972) (state attempt to impose

- radiation emission standards on a nuclear power plant stricter than

those requ1red under federal law held pre-empted by Atomic Energy
Act).

%
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With regard to radon contamination, in the absence of ‘expressed

congressional intention, the strong state interest in health ;a.nd
welfare, and the historical lack’ of interest in indoor pollution (and in
private property transfers) by the fedefal_govemment, Wqﬁld stfongly
support a state's argumeht that its laws establishing higher standards
or additional requirements should not be preempted.4® The outcome
of such a challenge would, of course, once again turn on the specifics '

of the conflicting regulatory schemes at issue.

40Soper suggests that state regulation in the environmental
context enjoys a presumption of validity in the context of a pre-
emption challenge (supra note 27, at 99-100): "Attempts to cope with
environmental problems have led to increasing recognition of the
complexity of the solutions and of the often inadequate knowledge
base for providing such solutions. These facts strongly support an
approach to interpretation of the Commerce Clause that preserves
maximum flexibility for state experimentation in the absence of
explicit contrary directions from Congress."
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