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m § UNITED STATES ENVIRDNMENT‘.\.L PROTECTION AGENCY
WASHINGTON, D.¢. 20460

QFFICE OF
THE ADMINISTRATOR

The Honorable Lee M. Thomas
Administrator

U. S, Environmental Protection Agency
401 M Styreet, S. W, N
Washington, D, C. 20460

Dear Mr. Thomas:

i On June 18, 1986, the Office of Radiation Programs asked the
Science Advisory Board's Radiation Advisory Committee to review the

- design of the national radon survey, The Committee accepted the request
and formed a Subcommittee, chaired by Dr. Oddvar Nygaard of Case Western
Reserve University, to conduct the review.

The Subcommittee met for the first time on September 24, 1986, but
did not prepare a report at that time because the Office of Radiation
Programs planned substantial revisions to the design present ed.

The revised document, Survey Design for the Natiocnal Radon Survey,
which outlined the current plans for the naticnal radon survey, was
transmitted to the Committee and Subcommittee April 30, 1987. The Subcom—
mittee met on June 10-11, 1987, in Washington, D. C. to review the dogcument
and prepare its report. The Radiation Advisory Committee heard and -~
discussed the Subcommittee'’s report on June 12, 1987,

Generally, the Subcommittee finds that the document presented a valid
approach to designing a national radon survey., The Subcommittee's other
major conclusions and recommendations are summarized below:

1. The primary cbjective of the national radon survey, that
of determining the natiocnwide frequency distribution of radon
concentrations in residential structures, is an important cne
and achievable with adequate precision within the study design.
Achievement of secondary cbjectives, such as regicnal distribution
estimates, is also possible. However, oversampling (disproportion=
ate 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
uder Issue $2 of the report.)



2.

A pretest should be conducted to determine the relative advantages
of a telephone survey versus face-to~face interviews. Although
cost 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.

Data should be also obtained to allow estimates of effective

dose equivalent occupancy figures to individuals, which will be of
significant 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.

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 ingights into factors affecting radon levels provided by
this form of analysis constitite a major contribution of the
national radon survey. To realize this contribution, additional
data should be collected including: bedrock geology, climate,
basement radon levels, housing characteristics and household
heating/air conditioning practices. (See discussion under Issue
#4 of the report.) 3

The Subcommittee identified areas of concern that the Agency
should address or clarify. For example, rental imits should be
included in the national swrvey., 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
ard work, including educatienal institutions™ in the national
assessment. of radon gas. However, only residential strixtures
were included in the objectives covered in the Office of Radiation
Programs’ June 18, 1986 memorandum to the Science Advisory

Board,

Additional areas of concern are criteria for evaluating the
pretest results; identification of homogeneous strata for the
sample design; a detailed description of the approach to defining
sample gize; identification of subgroup populations; minimum
sensitivity of radon concentration measurements: and the need

for defining how the survey will deal with multiple measurements
in a single dwelling unit.

The Subcomnittee also recommends 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 how the results will be used, prmr: 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 Camnittee and the National Radon Survey
Design Subcomittee conclude that this study is important from a national
health point of view, and that all efforts must be made to insure that a survey
of high quality is conducted. As it develops an actual survey design
fram the plan presented to the Science Advisory Board, the Agency should
bear in mind that an inadequate national raden survey would be a disservice
because it might well preampt the execution of any future study of
significant scientific value.

The Committee appreciates the cpportunity to conduct this review ard
would be pleased to discuss it further with you, We also acknowledge the
cooperation of the Office of Radiation Programs. We request a formal
response to the conclusicns and recammendations presented in the attached

report.

Chairman
::u fve Camnittee
S A

cc: 5. Meyers
T. Ycsie
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NOTICE

This report has been written as a part of the activities of the
Science Advisory Board, a public advisory group providing extramural
scientific information and advice to the Administrator and cther officials
of the Environmental Protection Agency. The Beoard is structured to
provide a balanced expert assessment of scientific matters related to
problems facing the Agency. This report has not been reviewed for approval
by the Agency and, hence, the contents of the report do not necessarily
represent the views and policies of the Environmental Protection Agency,
nor of other agencies in the Executive Branch of the Federal govermment,
nor does mention of trade names or commercial products constitute
endorsement or recommendation for use.
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I. RESPONSES TO THE ISSUES 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
Committee of the EPA's Science Advisory Board. The issues as stated by
the Agency and the comments of the National Radon Survey Design Subcomittee
follow.

A. ISSUE #1-<OBJECTIVES

As stated in ORP's June 18 memorandum, “The primary objective of
the national radon survey is to determine the frequency distribution of
radon concentrations im residential structures, This will provide data
on the average indoor residential radon levels to which the population
of the United States is exposed. It will also provide information on the
number of homes that exceed various radon levels. Arother objective is
to investigate relationships between several parameters, including geography,
geclogy, and house construction with indoor radon levels.

'We would like the Committee to review these cbjectives and
determine if they are consistent with the needs of the scientific community,
as well as providing recommendations for other cbjectives that may be
appropriate," ‘

1. Primary Obijectives

The Subcommittee 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
apartment /condominum complexes, influences the design of the survey
and the utility of the results.

The Subcomittee does not believe that the Agency should assume, a
priori, that the distribution of radon in dwelling units is a single log-
normal distribution. The Agency should empirically determine the nature
of the distribution. Although the same size may not be sufficient to
evaluate whether observed radon concentrations in the tail belong to a
separate distribution than the lower concentration values (as might be
the case), 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
wnits in the United States fall into the owner-occupied category. The
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survey alsc plans 6" exclude participants who move during the year. about 20%
of the U, S. population move annually. Because of the logistical diffieculties
of getting owner and occcupant permission to sample rental units, the higher
moving 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 workplace and schools.

It is possible that radon levels in rental unjts may be, because of
the higher frequency of multiple~story apartment complexes, less energy—
efficient rental units, and other factors associated with multiple-family
dwellings, If this is the case, the exclusion of rental wnits would
intreduce an unknown bias, By sampling only owner-ccoupied umits, the
survey could over-estimate indoor radon levels.

If it is mot possible, for legal or other reasons, to collect indoor
radon concentration measurements from rental units and units from which a
family has moved, as much data on these units (e.g., gquestionnaires) should
be collected to permit comparison with the dwelling units for which EPA has
meacurements.,

2. Secondary Obijectives

Two secondary objectives for the study were subseguently reiterated
by CRP in the June 10, 1987 briefing package, Naticnal 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 iz affected by geological and soil structure
features." CRP noted that the secondary cbjectives 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 homogencus 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—-lnfomtion on Occupancy Patterns

The survey should attempt to address exposure to individuals,
Although the stwdy is not optimally designed for exposure assessment,
the opportunities to learn a great deal from very little extra work at
low marginal cost are great., For example, information could be
collected via the questionnaire on the number and ages of persons,




and the approximate occupancy patterns of the various rooms in the
house for each person. There may be important 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 #2=-STRATIFICATION

As stated in CRP's June 18, 1986 memorandum, “Our present plan calls
for the use of stratification based upon geologic characteristics, because
we believe this is the parameter most directly relevant to indoor radon
concentrations. Ten geologic regions have been defined for stratification
of the sample used for the national radon survey.

"We request that the Committee: (1) evaluate the present plans
for stratification by geclogic regions and make recommendat ions for
stratification based on other parameters, if eppropriate, and
(2) recommend whether minimum precision requirements should be
established for each stratum,

"Two main purposes of stratification have been identified for
the national radon survey:

(1) To increase the level of precision of natjional estimates,

(2) To permit estimates of adequate precision to be bbtained
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 stratyum 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 case the optimum allocation is obtained by use of the same sampling
fraction in each stratum, This propertional 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 sample sizes in those
strata large enough to produce strata estimates of adequate precision.
However, such a disproporticnate allocation means that, for the same
overall sample size, the national estimates will be less precise than
would be the case with a proportionate allocation. The loss of
precision can become substantial when a sizeable variation in sampling
fractions occours.
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The Subcommittee 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 allecation to insure
adequate sample sizes in the smaller regions. Rather, it recommends the
use of a proportionate, or at least an approximately proporticnate,
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.

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 homogeneous features, they actually encompass many
diverse geologic envircnments. These diverse environments could be
expected to produce radon in both high and low concentrations in
s0il gas, For the purpose of sample design, the Subcommittee
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 contrel
with regard to cold-hot, wet-dry conditions.

C. ISSUE #3-5AMPLE SIZE

As stated in CRP's June 18, 1986 memorandum, "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 naticnal
distribution, and second, whether there are subgroups for which
geparate estimation capabilities are needed. The sample size will
depend primarily on the national distribution, on the number and
characteristics of subgroup populations for which frequency distributions
are desired, and on the level of accuracy needed for the distributicns.



"We request that the Committee 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 PCi/l. The question of what is an adequate
level of precision for such estimates is debatable. 1f, for example,
the sample estimate of the percentage of dwelling units with radon levels
above 4 pCi/l 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 8o, the following comparison
illustrates the impact design may have on sample size. For illustrative
pburposes, suppose that for an unclustered telephone sample desion, 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 deperxis on how much
cluster there is, Clustering of face-to-face interviews results from
the practical and econocmic need to make goxd ugse of the interviewer's
time 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 #4 below, the Office of Radiation Programs states its
intention to develop separate estimates for single versus multiple family
houses. The Subcommittee, as noted above, believes that it is also
necessary to look at rental units, The need to address more than owner
cccupied 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 populatien., 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.



Provided that the sample size is adequate, the Subcommittee
believes that the survey will be a valuable source for investigating
the correlates of radon. Thus, for instance, the survey data can
be analyzed to examine the relationship between radon level and
soil types, housing characteristics, housing insulatioen, and household
practices in heating and air conditioning. The insights inte factors
affecting radon levels provided by this form of analysis constitute
a major potential contribution of the survey.

The Subcommittee agrees that an achieved sample of 2500 dwelling
wits is the minimum needed to accomplish the primary objective of
the study. This size does not include any safety factors to allow
for the wncertainties 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 important part of the study, the
sample size should be increased.

The Subcommittee recommendds that the assumptions and ¢alculations
regarding determination of sample size be presented in a more straight-
forward and logical manner. If possible, this should be summarized
in a table or figure.

D. 1SSUE #4-SUBGROUP POPULATIONS

As stated in ORP's June 18, 1986 memorandum, "The subgroup
populations 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 subgroup is of
secondary interest, pertinent questions can be included in the
questiomnaire 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 geologic
regions and the single versus multiple family houses.

™ie request recommendations as to the subgroups that the Committee
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 Agenéy 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 subgroups or greatest interest are:

1. soil-type characteristics

2. outdoor temperature

. rainfall

« bedrock geology

substructure type

heating and cooling systems (e.g., forced air vs. other types)

. Constryction t&chniques/l_naterials (e.g., poured vs. block walls)
1. ADDITIONAL SUBCOMMITTEE COMMENTS

A. MDE OF DATA OOLILBCTION

One of the most critical aspects of the study is the mode of data
collection., The ORP document extensively discusses the relative merits
of face-to-face and telephone data collection, and proposes a pretest to
determine which 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,

~3 OO e
L

The Subcommittee is concerned that this decision not be dictated
by cost, because the major issuve 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 obtained by the use of telephones. The increased
overall precision of the results due to the better geographical spread
may be offset by the increased quality in data obtained with the guestion=
naire by the face—to-face method,

The Subcommittee agrees with ORP that & pretest should be conducted
to select the preferable data collection method, and to refine the survey
instrument. In addition, the Subcommittee recommends that ORP review the
survey corducted by the State of New Jersey to help evaluate the face—to-
face approach. The recently completed New Jersey survey consisted of
a sample of dwelling units. The Office of Radiation Programs might find
it useful to discuss the New Jersey survey with the investigators,
especially the face—to~face interviews, to determine what lessons were
learned that could be applied to the conduct of the national radon survey,
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B. RELATICNSHIP EETWEEN INDODR RADON LEVELS AND SOILS - .

- Based on preliminary results of research presented at the
Subcommittee's September 24, 1986 meeting by the U.S5. Geological
Survey it appears that, in considering factors which influence
indoor radon concentration levels, soil characteristics are as
important as housing 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. Seoil
information is mapped on detailed aerial photogaphs published for
each county by the Soil Cconservation Service. Soil type is probably
more important than geclogical substrata as a factor controlling
irkbor radon levels.

C. INCLUSION OF HOUSING CONSTRUCTION DATA IN THE QUESTIONNAIRE

The Subcommittee believes that the housing construction items in
the proposed questionnaire are very important and should definitely be
included. One of the most important goals of the EPA radon strateqy is
to eollect information on the factors that contribute to elevated indoor
radon levels, Housing construction is considered as important as soil
characteristics. Statistical analysis of the survey data can be used to
attempt to assess the relative importance of the various factors on a
regional basis.

D. DETECTOR PLACEMENT

The current ORP plan is to place the detector for a single-level
dwelling unit in the master bedroom. The Subcommittee recommends
that the detector be placed in the common living space rather than the
master bedroom to conform with current EPA guidelines, This placement
will algo provide a common basis for comparison among the variocus dwelling
unit types. In addition, in all housing units with basements, 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
compared with other studies of indoor radon concentration. Also, such
measurements will permit correlation of radon concentration in basements
with concentration on upper floors.

E., QUESTIONNAIRE

CRP has revised the questionnaire since its initial submission to
the Subcommittee, and its plans additional revision before it is administered.
The Subcommittee hopes that it will be comprehensible to the respondents
and that all the proper topics (such as homehold composition) will be
included in the final quest icnnaire.




F.  INCENTIVES

A good response rate contributes to a sound survey, and the Agency
is considering whether incentives might enhance that response rate.
Some Subcommittee members questioned whether the proposed 55 incentive
would be effective. The experience of New Jersey, which used a 55
incentive, and of the Bureau of the Census, which gives credit card
calculators as an incentive, might be informative. It is possible
that pecple may participate simgly to obtain the survey results—the
radon measurements of their homes (for which they might otherwise
pay $50).

G.  MINIMUM RADON CONCENTRATION SENSITIVITY

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

H. DERIVATION OF REPRESENTATIVE RADON CONCENTRATIONS

In the natjonal radon survey, as currently designed, some dwelling
wiits may be characterized by a single radon measurement. In other
dwelling units, more 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 can, 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 comparisons can be made
within and among 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 Mmeasures, a scheme for weighting individual
data might be developed to yield a representative radon concentration to be
used in a national radon distribution. ‘



