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The Honorable Lee M. Thomas
Administrator
U. S. Environmental Protection Agency
401 M Street, S. W.
.
Washingtoo, o. c. 20460
Dear Mr. Thomas:
.
On J'me 18, 1986, the Office of Radiation Programs asked the
Science Advisory Board's Radiation Advisory Comnitt.ee to review the
design of the national radon survey. The Catmittee accepted the request
and formed a Subeomnittee, chaired by Or. Oddvar Nygaard of case western
ReserVe University, to conduct the ~:eview.

The Subcomnittee met for the first time on Septelli:ler 24, 1986, but
did not prepare a report at that time because the Office of Radiation
Programs planned substantial revisions to the design presented.
The revised docunent, Survey Design for the National Radon Survey,
which outlined the current plans for the national radon survey, was
transmitted to the Coomittee and Subcormlittee April 30, 1987. The Sl.i:>committee met on June 10-11, 1987, in Washington, D. c. to review the ~t
and prepare its report. The Radiation Advisory Comnittee heard and ·
discussed the Subeomittee's report oo June 12, 1987.
Generally, the Subeomnittee finds that the document presented a valid
approach to designing a national rad:>n survey. The Subeomnittee's other
major conclusions and reeomnendations are sumnarized below~
1.

The primary objeetive of the national radon survey, that
of determining the nationwide frequency distribution of radon

concentrations in residential structures, is an important one
and achievable with iildequate precision within the study design.
Achievement of secondary objectiws, such as regional distribution
estimates, is also possible. However, oversaD'pling (disproportionate stratification) must not be employed to satisfy requirements
for such regional estimates since oversampling will adversely
impact the quality of the national figures. (See discussion
under Issue t2 of the report. l
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2.

A pretest should be conducted to determine the relative advantages
of a telephone survey versus faoe-to-faee interviews. Although
oost is an obvious and legitimate concern of the Agency, the
choice of the interview method for the national radon survey
should be chosen primarily on considerations of the quality of
the data collected rather than on cost.

3. Data should be also obtained to allow estimates of effective
dose equivalent ooeupancy figures to individuals, which will be of
siiJlificant value to EPA and other government agencies. The
effective dose equivalent' provides a better representation of the
radon exposure than concentration since this unit of dose can be
readily translated in terms of potential health effects to the
public.
4.

In addition to providing data on indoor radon concentrations,
the national radon survey could be a valuable mechanism for
investigating correlations between radon and certain variables.
The insights into factors affecting radon levels provided by
this form of analysis constitute a major contribution of the
national radon survey. To realize this contribution, additional
data should be collected including: bedrock geology, climate,
basement radon levels, hcusing characteristics and household
heating/air conditioning practices. (See discussioo under Issue
t4 of the report.)

5.

The Slileol11nittee identified areas of concern that the Agency
should address or clarify. For example, rental units should be
included in the national survey. It is noted that the Superfund
Amendments and Reauthorization Act (SARA, P. L. 99-4991) stated
that EPA was to include, "structures where people normally live
and work, including educational institutions" in the national
assessment of radon gas. However, only residential structures
were included in the objectives covered in the Office of Radiatioo
Programs' June 18, 1986 memrandum to the Science Advisory
Board.

Additional areas of concern are criteria for evaluating the
pretest results: identification of homgeneous strata for the
sample design: a detailed description of the approach to defining
sample size: identification of subgroup populational minimum
sensitivity of radon concentration measurements: and the need
for defining how the survey will deal with multiple measurements
in a single dwelling unit.
6.

The Subcommittee also reCOIIII"ends that the Agency consider how
the results of the national survey will be used and how the
information derived will be reported. Such planning is not
described in the current document and should be added. Explicit
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consideration of hew the results will be used, prior to initiating
the survey will greatly enhance both data collection and analysis
and thereby strengthen the quality and defensibility of the
study.

'

BOth the Radiation Advisory camlittee and the National :Radon Survey
Design Subcommittee Conclude that this study is important from a national
health point of view, and that all efforts !lUSt be made to insu..-e that a survey
of high quality is conducted. As it develops an actual survey design
fran the plan presented to the Science Advisory BOard, the qney shou.ld
bear in mind that an inadequate national radon survey would be a disservice
because it might we 11 preempt the execution of any future study of
significant scientific value.
The canmittee appreciates the opportu.-.ity to conduct this review and
1000ld be pleased to discuss it further with yc:u. We also acknowledge the
cooperation of the Office of Radiation Programs. We req.rest a formal
response to the conclusions and recamendations presented in the attached
report.

Sincerely,

~~e)~

Norton Nelson
Chairman
Execu v cemnitt:e().

c:;
Till

cc:

s.

Meyers
T. Yosie
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I.

RES~SFS

TO THE ISSJES RAISED BY ORP

On June 18, 1986 the Office of Radiation Programs referred four:'
issues relating to the national radon survey to the Radiation Advisory
Coamittee of the EPA's Science Advisory Board. The issues as stated by
the Agency and the eonments of the National Radon survey Desi111 Slbcomnittee
follow.
A.

ISSUE U-'ClllJECI'IVES

As stated in CRP 's Jtne 18 lll'!norandum, "The primary objeeti ve of
the national radon survey is to determine the frequency distribution of
radon concentrations in residential structures. This will provide data
on the average indoor residential radon levels to which the population
of the United States is exposed. I t will also provide information on the
number of homes that exceed various radon levels. Another objective is
to investigate relationships between several paralll'!ters, including geography,
geology, and house construction with indoor radon levels.
~e would like the Committee to review these objectives and
determine if they are consistent with the needs of the scientific community,
as well as providing recommendations for other objectives that may be
appropriate.•

1.

Primary Objectives

The Subcolrmittee finds that the primary objective of the national
radon survey, to describe the overall frequency distribution of radon
concentrations within residential structures in the United States, requires
some refinement. For example, whether residential structures refers only to
owner-occupied single family homes or also includes rental units, and
apartrrent/cond::lminum complexes, influences the design of the survey
and the utility of the results.
The Subcommittee d::les not believe that the Agency should assurre, a
priori, that the distribution of radon in dwelling units is a single lognormal distribution. The Agency should empirically determine the nature
of the distribution. Although the same size may not be sufficient to
evaluate whether observed rad::ln concentrations in the tail belong to a
separate distribution than the lower concentration values (as might be
the ease), the shape of the high-concentration tail should be determined
as accurately as possible.
The Subcommittee is very concerned about the bias that may arise if
only owner-occupied housing is sampled. Approximately 60% of the dwelling
mits in the United States fall into the owner-occupied category. The

- 2survey also plan5 td exclude partiCipants, who m::>ve durlhg the year. About 20%
of the U. S. population m::>ve annually. Because of the logistical difficulties
of getting owner and occupant permission to sample rental units, the higher
m::>ving frequencies in such units, and the subsequent decrease in response
rates, the present study plan ignores about half of the housing stock.
The restriction of the survey to residences already contrasts with SARA
language concerning the wortplace and schcols.
It is possible that radon levels in rental units may be, because of
the higher frequency of multiple-story apartment complexes, less energyefficient rental units, and other factors associated with multiple-family
dwellings. If this is the ease, the exclusion of rental units would
introcluee an unknown bias. By sampling only owner-occupied units, the
survey could over-estimate indoor radon levels.
If it is not possible, for legal or other reasons, to collect indoor
radon concentration measurements from rental units and units from which a
family has noved, as mueh data on these. units (e.g., questioonaires) should
be collected to permit comparison with the dwelling units for which EPA has
measurements.

2.

Secondary Objectives

Two secondary objectives for the study were subsequently reiterated
by~

in the June 10, 1987 briefing package, National Radon Survey. They
were: (1) to "investigate whether building characteristics affect the
distribution of radon levels,• and (2) to "investigate whether, on a broad
regional basis, the distribution is affected by geological and soil structure
features. • ~ noted that the secondary objectives would be "pursued to
the extent that available resources make the overall sample size large
enough to support separate estimates for these reporting groups."
Although both secondary objectives are valid, the second does not
appear to be feasible within the limits of the present study design. If
the country were divided into sufficiently homogenous regions, there would
be so many and some would be so small that, for the majority of regions,
it would be impossible to obtain regional estimates of adequate precision
with the kind of sample size that is envisioned.
3.

A New Secondary Objective--Information on OC:eupaney Patterns

The survey should attEIIIpt to address exposure to individuals.
Although the study is not optimally designed for exposure assessment,
the opportunities to learn a great deal from very little extra work at
low marginal eost are great. Far example, information could be
collected via the questionnaire on the nunt>er and ages of persons,
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and the approximate occupancy patterns of the various rooms in the
house for each person. There may be i~rtant differences in room
and floor use among regions and housing types. These occupancy data
can be used, along with the radon data, to provide more realistic
exposure estimates.
B.

•

ISSUE 12-STRATIFICATION

As stated in CRP' s June 18, 1986 menDrandum, •our present plan calls
for the use of stratification based upon geologie characteristics, because
we believe this is the parameter most directly relevant to indoor radon
concentrations. Ten geologie regions have been defined for stratification
of the sample used for the national radon survey.
~e request that the Committee:
(1) evaluate the present plans
for stratification by geologie regions and make recommendations for
stratification based on other parameters, if appropriate, and
(2) recommend whether minimum precision requirements should be
established for each stratum.

-rwo main purposes of stratification have been identified far
the national radon survey:
(1) To increase the level of precision of national estimates.
(2) To permit estimates of adequate precision to be obtained
for specific strata.•
For the first purpose, and assuming no cost difference in data collection
for different strata, the optimum allocation of the sample across the strata
is achieved by setting the sampling fraction in a stratum proportional to
the standard deviation of the variable of interest in that stratum. Often
the standard deviation is approximately constant across the strata, in
which ease the optimum allocation is o~ained by use of the same sampling
fraction in each stratum. This proportional allocation produces a sample
with the same distribution across the strata as the population.
For the second purpose, the sample fractions in small strata of
analytic interest might be increased to make the Sll!lllle sizes in those
strata large enough to produce strata estimates of adequate precision.
However, such a disproportionate allocation means that, for the same
overall sample size, the national estimates will be less precise than
would be the ease with a proportionate allocation. The loss of
precision can become substantial when a sizeable variation in sampling
fractions occurs.
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The Subc:orm\ittee endorses the plan to include geographical and other
variables (such as soil and climate, but not housing structure) in the
stratification for the national radon survey. However, it does not
consider that separate estimates for individual regions are of sufficient
importance to warrant the use of a disproportionate allocation to insure
adequate sample sizes .in the smaller regions. Rather, it recomnends the
use of a proportionate, or at least an apprt>ximately proportionate,
allocation. Although a proportional allocation will not provide estimates
of adequate precision for the smaller strata, it will enable separate
estimates to be made for larger strata and for groupings of strata.
·.r....•

The gains in precision of national estimates from the use of
proportionate stratification .depend on the way in which the strata
are formed. The greater the homogeneity of the survey variables
within strata, or equivalently the greater the heterogeneity of the
variables among strata, the greater the gains in precision. Thus,
the aim is to choose stratification factors that divide the population
into strata, each of which is homogeneous with respect to the survey
variables.
While .the eight regions delineated on the basis of generalized
physiographic, hydrologic, and geologic features as presented in
the proposed national radon survey design have some validity with
regard to grouping honogeneous features, they actually encompass many
diverse geologic environments. These diverse environments could be
expected to prt>duce radon in both high and low concentrations in
soil gas. For the purpose of sample desigJ, the Subcomnittee
recommends that these regions should be further subdivided to create
smaller, more homogeneous strata. This would improve the precision
of the national survey with little additional cost. This subdivision
could involve creating samller strata that are more homogeneous
with respect to geology, soils and climate. Further stratification
in the North-South and East-west directions would provide control
with regard to cold-hot, wet-dry conditions.
C.

ISSUE t3-SAMPLE SIZE

As stated in CRP 's June 18, 1986 me110randum, "The sample size
for the national distribution is directly related to two questions.
First, the degree of accuracy .with which we want to define the natiooal
distribution, and second, whether there are subgroups for which
separate estimation capabilities are needed. The sample size will
depend primarily on the national distribution, on the nUIIi:ler and
characteristics of subgroup populations for which frequency distributions
are desired, and on the level of accuracy needed for the distributions.
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"We request that the Comnittee address the issue of sample
size and make recommendations on the sample size appropriate for
the survey. •
The sample size for the national radon survey must be large
enough to provide overall national estimates of adequate precision.
The critical estimates are the percentages of dwelling units in the
upper tail of the radon level distribution, for instance with radon
levels above 4 or above 10 p:::i/1. The question of what is an adequate
level of precision for such estimates is debatable. If, for example,
the sample estimate of the percentage of dwelling units with radon levels
above 4 P:::i/1 is 7%, a 95% confidence interval for the population
percentage of 6% to 8% would be acceptable, i.e., a standard error of
plus or minus 0.5%. The sample size required to give a standard error
of this magnitude depends on the sample design employed.
Although the Subcommittee believes it would be inappropriate
for it to calculate the requisite sample size for the Agency, and in any
case lacks the information with which to do so, the following comparison
illustrates the impact design may have on sample size. For illustrative
purposes, suppose that for an unclustered telephone sample design, a
sample size of about 2500 might suffice. A clustered face-to-face
interview survey design would require a larger sample size (perhaps 4000
dwelling units). The actual difference in sample size depends on how much
cluster there is. Clustering of face-to-face interviews results from
the practical and economic need to make good use of the interviewer's
tine by selecting dwelling units in groups ("clusters") that can be
interviewed efficiently.
Another issue in the determinatiOn of sample size is the need to
provide subgroup estimates of reasonable precision. This issue is often
the driving force in determining sample size. It would be desirable to
expand the sample size above the minimum for national estimates in order
to enable subgroup estimates of adequate precision to be produced, and
to enable useful comparisons of subgroup estimates to be made.
Under issue 14 below, the Office of Radiation Programs states its
intention to develop separate estimates for single versus multiple family
houses. The Subeonlnittee, as noted above, believes that it is also
necessary to look at rental units. The need to address mre than owner
occupied single family houses in a national survey is important and
should be taken into account in the sample size determination. Whether
the sample size will be adequate for this task will depend on the
proportion of such houses in the population. In determining final
sample size, consideration should be given to whether the number of
multiple family houses will be adequate to provide separate estimates
of useful precision.
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Provided that the sample size is adequate, the Subeommittee
believes that the survey will be a valuable source for investigating
the correlates of radon. Thus, for instanoe, the survey data can
be analyzed to examine the relationship between _radon level and
soil types, housing characteristics, housing insulation, and household
practices in heating and air conditioning. The insights into factors
affecting radon levels provided by this form of analysis constitute
a major potential contribution of the survey.
The Sutx::orrmittee agrees that an achieved sat~ple of 2500 dwelling
units is the minimum needed to accomplish the primary objective of
the study. This size does not include any safety factors to allow
for the unoertainties in design factors and sources of error. It
will allow some of the subgroup analyses that might be of interest. For
further subgroup analysis, which is an inqprtant part of the study, the
sample size should be increased.
The Subcommittee recommends that the assumptions and calculations
regarding determination of sample size be presented in a more straightforward and logical manner. I f possible, this should be sunmarized
in a table or figure.
D.

ISSUE t4-SUBGROUP

pa>UL~TIOOS

As stated in ORP 's June 18, 1986 memrandum, "rhe subgroq:.
pepulations for which separate frequency distribution estimates are
desired influence the design in one of two ways. If a specified
precision is needed for the subgroup's estimate, then the overall
sample size for the survey may be increased. If a stbgroup is of
secondary interest, pertinent questions can be included in the
questionnaire but the sample size will not be changed to guarantee
precision for that subgroup estimate. We currently plan to establish
specific precision requirements only for the subgroups of the geologie
regions and the single versus multiple family houses.
"We request reCOIIIIIendations as to the subgroups that the Coilmittee
believes to be of interest. In addition, we would like the Committee
to distinguish those subgroups that are of sufficient importance that
separate estimation capability be insured (via specified minimum
precision requirements.)"
The Subcommittee strongly believes that when the study is complete,
the AgenCy should be able to analyze the data for two factors at once.
For example, comparisons of radon levels in dwelling units with basements
and selected soil types by geographic regions would be of great interest.
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The factors, or stbgroups or greatest interest are:

1.
2.
3.
4.
5.
6.
7.
II •
A.

soil-type dlaracteristics
outdoor temperature
rainfall
bedrock geology
substructure type
heating and cooling systems (e.g., forced air vs. other types)
o:>nstt'ljctioo techniques/materials (e.g., poured vs. block walls)

l\DDITICNAL SUBCI:llf'IITI'EE CI:lMMENl'S

M:DE OF

moa ana :nw

one of the rrw:>st eritieal aspects of the study is the II'Ode of data
eollecticn. The a& cX>eument extensively discusses the relative merits
of faee-to-faee and telephone data collection, and proposes a pretest to
determine whieh approach would be the most cost-effective way of collect-·
ing data of the highest quality, but no criteria were presented for the
evaluation of the pretest and for making a final selection.
The Suboornnittee is eoneerned that this decision not be dictated
by cost, because the major issue here is data quality, especially with

regard to the accuracy of the information collected on the questionnaire,
proper placement of detectors in the dwelling units, recovery rate of
exposed detectors, and overall survey response rate.
Nor should the survey design be overly driven by the higher
geographical spread cbtained by the use of telephones. The increased
ovel:'all precision of the l:'esults due to the better geographical spread
may be offset by the increased quality in data obtained with the questionnaire by the face-to-face method.
The Subcommittee agrees with ORP that a pretest should be conducted
to select the preferable data collection method, and to refine the survey
instrument. In addition, the Slbeolmlittee reeocrmends that CRP review the
survey conducted by the State of New J'ersey to help evaluate the face-toface approach. The recently completed Ne\\' J'ersey sul:'vey consisted of
a sl!lllple of dwelling mits. The Office of Radiaticn Programs might find
it useful to diseuss the New J'ersey survey with the investigators,
especially the faee-to-faoe interviews, to determine what lessons were
learned that could be applied to the conduct of the national ra<bl survey.
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RELATIWSHIP .·BElWEEN INIXDR RAlXN LE.VELS AND s:liLS

Based on preliminary results of research presented at the
Subcollllllittee's Septellt>er 24, 1986 meeting by the o.s. Geological
Survey it appears that, in considering factors which influence
indoor radon concentration levels, soil characteristics are as
important as housinQ construction. Information on soil type should
be included in the survey data collection. During the pretest, the
feasibility of collecting soil type data should be evaluated. Soil
information is mapped on detailed aerial photogaphs published for
each county by the Soil Conservation Service. Soil type is probably
more important than geological stbstrata as a factor controlling
indoor radon levels.
C.

INCWSICN OF HOOSIOO o::NS'ffiUCTIW DATA IN THE QUESTIOONAIRE

The SubcOIIllllittee _believes that the housing construction items in
the proposed questionnaire are very illlportant and should definitely be
included. One of the most illlportant goals of the EPA radon strategy is
to collect information on the factors that contribute to elevated indoor
radon levels. Housing construction is considered as i111portant as soil
characteristics. Statistical analysis of the survey data can be used to
attempt to assess the relative.i~~~portance of the various factors on a
regional basis.
D.

DEmCIOR PLACEMENI'

The current ~ plan is to place the detector for a single-level
dwelling unit in the master bedroan. The Subcollllllittee recollllllends
that the detector be ·placed in the co1m10n living space rather than the
master bedroom to conform with current EPA guidelines. This placement
will also provide a COIIllllOn basis for comparison among the various dwelling
unit types. In addition, in all housing units with baserrents, a detector
should also be placed in the basement (regardless of whether it is used
as a living space) so that results of this study may be more easily
COIIlpared with other studies of indoor radon concentration. Also, such
measurements will permit correlation of radon concentration in basements
with concentration on upper floors.
E.

QUESTIWNAIRE

~ has revised the questionnaire since its initial submission to
the Subcommittee, and its plans additional revision before it is administered.
The subcollllllittee hopes that it will be comprehensible to the respondents
and that all the proper topics (such as household composition) will be
included in the final questionnaire.
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INCENI'IVES

A good response rate contributes to a sound survey, and the Agency
is considering whether incentives might enhance that response rate.
sane Sutx:omnittee mentlers questioned whether the proposed $5 incentive
would be effective. The experience of New Jersey, which used a $5
incentive, and of the Bureau of the census, which gives credit card
calculators as an incentive, might be informative. It is possible
that people may participate simply to obtain the survey results-the
radon measurements of their homes (for which they might otherwise
pay $50).
G.

MINIMUM RAIX::tl CDKWIRATION SENSITIVllY

In order to determine the shape of the distribution accurately, the
minimum sensitivity will have to be better than 0.5 pCi/1 and, if possible,
closer to 0.1 pCi/1. The documentation provided the Subcommittee does
not address this point.
H.

DERIVATION OF REPRESENI'ATIVE RADON C:OOCENIRATIONS

In the national radon survey, as currently designed, some dwelling
tr'lits may be characterized by a single radon measurerrent. In other
dwelling units, rrore than one measurement may be made. Such multiple
measurements are a bonus rather than a problem because they give the
Agency flexibility in its analysis. While the data ceo, and should be,
analyzed in a variety of ways, a common basis for summarizing data from
each dwelling unit needs to be specified so that canparisons can be made
within and arrong the dwelling units. The living space concentration,
measured in each dwelling unit, represents the common data point in all
sampled dwelling units and might be used for such comparison. However, for
dwelling units with multiple measures, a scheme for weighting individual
data might be developed to yield a representative radon concentration to be
used in a national radon distribution.

