4900

54019874

U.S. ENVIRONMENTAL PROTECTION AGENCY
REPORT TO CONGRESS ON INDOOR AIR POLLUTION AND RADON
UNDER
TITLE IV
SUPERFUND ‘AMENmENTS AND REAUTHORIZATION ACT OF 1986
A

April 1987

US. Environmantal Protection Agenty

o Region V, Library .
’ 230 South Dearborn Street ,y-'(

: rnicago, Minols 60604 -7 ...c.



. A
5. Enyironmantal Pretection Asency



INTRODUCTION

The purpose of this document 1s to fulfill the requirement set forth
in Title IV, Section 403(d) of the Superfund Amendments and Reauthorization
Act of 1986 (SARA), that the Administrator ot the United States Environmental
Protection Agency (EPA} submit to Congress a plan for implementing indoor
air and radon research programs within the Agency. In light ot the Agency's
current schedule for reviewing research needs and developing a long-term
research program in indoor air, this document does not present a final
implementation plan for indoor air. Rather, EPA is responding to the
90-day statutory deadline by providing Congress with the following infor-
mation:

“ Background information on the Agency's involvement in indoor air
quality problems and EPA's current policy for addressing the overall
problem of indoor air pollution (Chapter 1);

° The activities, both programmatic and research, underway to formu-
late a long-range indoor air program (Chapter 2); and

° The Agency's indoor radon program, which includes a detailed des-
cription of EPA's research and programmatic activities (Chapter 3).

A detailed plan for implementing an Agency-wide program on indoor air,
including a description of the muiti-year research program which will
support the Agency's indoor air efforts, will be forthcoming in the near
future.

Regarding the Title IV requirement that the research programs in
1ndoor air and radon be reviewed by the Agency's Science Advisory Board (SAB),
a brief discussion follows. The radon research program recently has been
submitted to the SAB. The Agency's indoor air research program will be
submitted for further review by the SAB at the time it is reported to
Congress. This program was reviewed by the Indoor Air Quality Research
Review Panel of the SAB in September, 1986. At that time the panel was
presented with ongoing EPA research 1n indoor air and a plan for conducting
a review of the current state of knowiedge in the field. The panel was
asked to assess the relevance of current projects and to comment on the
adequacy of EPA's proposed "research needs assessment™ (RNA). Panel members
concluded that the indoor air research program being conducted by EPA was
of high quality amd had contributed significantly to the overall understand-
ing of indoor air pollution.] They recommended that the Agency move forward
with its plans to develop an RNA and that the scope of the study be expanded
to 1nclude areas ot research not traditionally assocrated with EPA such as

1 A copy of the SAB repart can be found in Appendix A. EPA's detailed
response to the SAB report can be found in Appendix 8B,
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the eftects of microbial pollutants indoors. Moreover, the panel urged
strongly that the Agency develop an indoor air policy and clearly define

1ts program and objectives. This report to Congress is a major step forward
in articulating the Agency's position on indoor air.



CHAPTER [: BACKGROUND

A. HISTORICAL CONTEXT

When the Clean Air Act was amended in 1970, the air poliution problems
of greatest concern to the nation were out-of-doors. The "mounting dangers
to the public health and welfare," as described by Congress in Title I,
were perceived to be caused by "urbanization, industrial development, and
the increasing use of motor vehicles...." Consequently, the law that was
intended to protect and enhance the quality of the nation's air resources
gave EPA authority to control a wide variety of air emissions sources and
air pollutants that contributed to the degradation ot ambient air. EPA
interpreted the term "ambient" to apply to outdoor air only.

The quality ot the indoor air was not mentioned 1n the law. At that
time, except for studies of specialized environments like submarines, space
capsules, and the industrial workplace, virtually no screntific research
had been done on indoor air quality.

However, in the early 19/0s, indoor air poilution received increasing
public attention when the Government i1nstituted energy conservation meas-
ures. During this time, formaldehyde was identified as the cause of acute
1rritant reactions, primarily eye and nose irritation and respiratory
distress, in individuals living in homes insulated with urea-formaldehyde
foam insulation and 1n mobile homes constructed with large quantities of
particleboard and plywood. This led to additional research to assess the
types and quantities of air pollutants found in various indoor environments,
all of which came to the same conclusion: pollutant concentrations were often
much higher indoors than they were outdoors. Furthermore, when high exposure
levels were coupled with the fact that most people spend more of their time
indoors than outdoors, the risk to human health from indoor air pollution
was shown to be potentially greater than the risk posed outdoors.

As the general problem of indoor air pollution was drawing more and
more public attention as a potential health hazard nationwide, a particular
type of indoor air poilution--radon--was causing immediate concern in
particular parts of the country. Epidemiological studies of underground
miners had established a link between exposure to elevated levels of radon
and the development of lung cancer. In the late 196Qs and early 1970s, EPA
had investigated homes 1n Grand Junction, Colorado, contaminated by uranium
mill tailings, a byproduct of uranium mining. The elevated radon levels
found in those homes led to the issuance of the Surgeon General's guide-
lines regarding remedial action in houses built on or with uranium mill
tailings.

During the 1970s, EPA also investigated instances of elevated radon
levels 1n houses built on reclaimed phosphate mines in central Fiorida. In
1979, EPA issued guidelines to the State of Florida for remedial action in
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existing homes and for new home construction. In 1983, the Agency began to
clean up, under the Superfund program, a number of hames in New Jersey that
were buift on industrial radium waste sites.

National attention was focused on the problem of indoor radon in 1984
when a worker at a nuclear powerplant in Pennsylvania was found to be liv-
ing in a house that was contaminated by extremely high levels of radon. In
that case, the radon was being emitted by the natural soil on which the
house was built. Subsequent investigations revealed that thousands of
homes 1n the Reading Prong, a geoiogical formation that runs from Pennsyl-
vania through New Jersey and into New York, were contaminated by naturally-
occurring radon. Public concern over the potential health ettects of radon
exposure, and the realization that such exposures could be occurring over
wide areas, led to the establishment of EPA's Radon Action Program directed
specifically at the indoor air pollution problem caused hy radon.

B. RESOURCES

In fiscal years 1982 and 1983, Congress appropriated $500K each year
specitically to EPA for research on indoor air quality. Eventually, a
total of approximately §/ million was appropriated -- including roughly §2
mill1on per year in FY 1984, FY 1985, and FY 1986.2 Of the monies spent in
FY 1984 and FY 1985, approximately $400,000 was spent to conduct researcn
on mitigation technologies for radon. In FY 1986, $1.6 million, in addition
to the $2 million for research on indoor air pollution, was appropriated
for radon mitigation research. The resources set aside for radon research
were supplemented by $200,000 in FY 1984, $310,000 in FY 1985, and $2.4
million in FY 1986 for programmatic activities associated with radon. A
detailed list of resources is provided for fiscal years 1984-1986 in
Appendix C.

C. CURRENT EPA POLICY

The Agency's policy with respect to indoor air poilution does not
ditfer from that for pollutants found outdoors--that is, to protect human
health from undue risk of exposure to environmental pollutants. The goals
of EPA's programs 1n indoor air pollution and radon are to:

¢ Identify the nature and magnitude of the health and welfare prob-
lems posed by indoor air pollution; and

® Reduce the -risk to human health and productivity from exposure to
indoor air pollutants.

2 The projects funded with these monies are described in the "Indoor Air
Quality Research Plan" prepared by the Interagency Committee on Indoor
Air Quality (CIAQ), and submtted to Congress in August 1986.
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The strategy for implementing these goals employs the following four
approaches: (1) emphasizing non-regulatory actions to address the problem;
{2) encouraging State and local governments to play an active role in all
aspects of goal achievement; (3) coordinating and encouraging the efforts
ot othar Federal agencies which have responsibility and authority with
respect to indoor air; and (4) coordinating Agency activities with the
private sector.

While the Agency's program in controlling exposure to indoor radon
gas is already well underway (see Chapter 3), we are just now 1n the process
of designing a program which will address those aspects of the indoor air
problem which are not directly related to radin and will be the subject of
a subsequent report.

0. CURRENT EPA MANAGEMENT STRUCTURE

The Office of Air and Radiation (OAR) and the Office of Research and
Development (URD) share the responsibility within EPA for developing and
implementing the indoor air and radon programs. During the SAB review of
the Agency's indoor air research program in September (which excluded the
radon program) concern was expressed over the need for strong leadership
and a clear internal management structure. In partial response to this
concern, a subcommittee on indoor air has been established within the
Agency's Air and Radiation Research Committee to coordinate tuture research
efforts with the Agency's policy goals. The subcommittee is co-chaired by
representatives from ORD and OAR and reports to the parent committee,

OAR and ORD also have established internal management structures to
respond to the SAB concerns. O0AR has primary responsibility tor developing
the Agency policy on indoor air quality and managing the programmatic
activities 1n this area. Within QAR, programmatic responsibility for the
overall problem of indoor air pollution has been deliegated to the Office of
Program Development (0PD).

From one perspective, it would be reasonable to assume that a program
specifically targeted to radon would be administered as a subset of an
overall indoor air quality program, since many of the issues (e.g., building
ventilation rates and exposure times) and much ot the research are applic-
able to both, In fact, EPA considered administering its radon program as a
subset of its indoor air quality program, but concluded for the following
reasons that there was considerable merit in managing them independently.
First, indoor radon is more easily characterized than the more general
indoor air pollutton problem, and second, the magnitude of the health
problems caused by radon have demanded an immediate and ongoing EPA re-
sponse to reduce exposure,.

Because of the unique nature of the radon problem, OAR has assigned
internal responsibility for administering the radon program to the Office
of Radiation Praograms (URP), which had already developed the technical
expertise 1n this area. The Agency 1s currently establishing a new division
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1n ORP speciticaily to address this problem. Since both the indoor air and
radon programs are managed within OAR, the information and experience
gained from the radon program has been and will continue to be valuable 1n
guiding the indoor air program as it matures.

ORD has the responsibility for developing the scientific data base to
support OAR's programs and to advance the state of knowledge on indoor air
pollution, 1ncluding radon. ORD's research program on 1ndoor air is a
multidisciplinary effort spanning several ORD laboratories. To facilitate
1nternal ORD coordination ot this program, an 1ndividual within the Office
of Health and Environmental Assessment has been placed in charge of the
program. He reports directly to the Assistant Administrator for Research
and Development on this issue. His primary responsibilities include:

(1) developing the peer-reviewed RNA; (2) developing a long-range research
program which incorporates prior SAB recommendations and the findings of
the RNA, and which responds to the policy guidance deing developed by OAR;
(3) co-chairing the ORD/OAR subcommittee on indoor air; and (4) serving as
the principal contact on interagency activities. Support for these tasks
is provided through a management structure that includes both laboratory
and headquarters personnel,

The radon mitigation research program originally was considered to be
a subset ot the overal! indoor air research program, but 1S now managed
separately by the QOffice of Environmental Engineering and Technology for
many ot the scientitic and programmatic reasons discussed previously.

E. CURRENT COORDINATION EFFURTS

Within EPA, offices other than OAR and ORD have responsibilities
relatad to 1ndoor air quality. For example, the Otfice of Policy, Planning,
and Evaluation (OPPE) has the general responsibility of reviewing and evaiu-
ating policy developed in the program ottices. The Jttice of Pesticides
and Toxic Substances (OPTS) nas the responsibility of regulating pesticides
and toxic substances, some ot which are used indoors and thus may contribute
to indoor air pollution., Because of the involvement of several EPA offices,
an 1ntra-agency ad hoc task force has been established to help develop EPA
policy and program strategy, and ensure that Agency-wide policy related to
indoor air quality is consistent,

To provide a mechanism for internal coordination for its Radon Action
Program, the Agency has established the Radon Work Group and the Radon
Management Committee, which are comprised of staff-level and senior-level
management officials, respectively, from the various headquarters and
regional offices within EPA, These groups provide advice and guidance to
the program and the Administrator on various aspects of EPA's radon program.

Federal coordination is provided through the Committee on Indoor Air
Quality. Tnis interagency committee: (1) coordinates research on indoor
air quality: (2) provides for liaison and the exchange of information on
11200r air quality among Federal agencies and with State and locail govern-
ments, the private sector, the general public, and the research community;
and (3) develops Federal responses to i1ndoor air quality 1ssues. It is
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comprised of fifteen Federal agencies, with EPA, the Department of Energy,
the Department of Health and Human Services and the Consumer Product Safety
Commission as the co-chairs. It is subdivided into nine workgroups, one of
which tocuses on radon,

The SAB provides a peer review function for EPA research activities
related to indoor air quality. The SAB has a separate Radiation Advisory
Committee which reviews radiation-related activities, including certain
projects within the Radon Action Program.

Finally, Title IV of SARA requires the Administrator to establish two
advisory groups. The tirst 1s to be comprised ot individuals representing
Federal agencies concerned with various aspects of indoor air quality.

It would appear that the CIAQ satisfies these requirements of Title [V. The
second is to be comprised of individuals representing the States, the
scientitic community, industry, and public interest organizations to assist
the Administrator in carrying out the indoor air quality research program.
EPA is now considering how best to constitute such an advisory group.
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CHAPTER [I: [INDOOR AIR POLLUTION

A. GOALS
The goals of EPA's indoor air quality program are to:

° Identify the nature and magnitude of the health and weltare
probiems posed by indoor air pollution; and

° Reduce the risk to human health and productivity from exposure
to indoor air pollution.

B. STRATEGY

EPA's program to achieve these goals will be geared toward the
identitication ot significant indoor air quality problems and appropriate
mitigation strategies. In those instances where significant indoor air
pollution problems are identified, the Agency will seiect from the following
mitigation tools, as appropriate, for reducing human health risks:

® regulation under existing statutory authorities (e.g., TSCA, FIrRA,
and SWDA) in appropriate circumstances.

® non-regulatory programs of information dissemination, technical
assistance, guidance and training; and

“ building state and local government and private sector capability to
address indoor air quality problems.

Due to the complexity of the issue, EPA is beginning to adopt a dual
approach for achieving these goals. Efforts will focus both on the in-
dividual pollutants and products found indoors, and on the various types of
buildings 1n which they are found. [ndoor air pollution can be prevented
or mitigatad by reductions in levels of specific pollutants emitted by
speciftic products. Traditionally, improvements 1n environmental quality
have been achieved by controlling these specific pollutants or sources of
pollutants. However, there 1s another tacet to indoor air quality. Indoor
air pollution also is a function of the ways in which buildings are designed,
operated, and used. Thus, a second way to reduce indoor air pollution is
to approach it as a "buildings" problem and to change the ways in which
buildings function. EPA's indoor air quality program will{ attempt to
address the problem from both perspectives.

C. HIGHLIGHTS OF ONGOING INDOOR AIR RESEARCH

The following is a summary of the indoor air research program for
FY 1987 grouped by the categorias enumerated in Title IV of the Superfund
Amendments and Reauthorization Act.

[denti1fication
The major activity in this area has been to conduct a comprehensive

review and analysis of the 1ndoor air pollution literature. This assessment
includes the collection of exposure data that will be used to model human
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exposure to 1ndoor air pollutants. An additional product of this review is
the compilation of an exhaustive bibliography of the indoor air literature
with approximately 1200 citations to date. The assessment recognizes the
multidisciplinary nature of the indoor problem. With the integration of
exposure and health eftects data, prioritization ot indoor air probiems may
be established. Integration of engineering, monitoring and health research
activities can then provide a research strategy to address specific
concerns. Thus, the assessment will guide ORD in developing its long-term
indoor air resear:h strategy and plan. Foremost 1s the need to characterize
the nature of indoor air quality problems. Particularly important are

(1) the nealth consequences ot existing indoor air quality and (2) the
extent to which these problems exist nationwide. The assessment will
identity those questions, which, when answered by research results, will
allow the Agency to better inform the public about sources of indoor air
contamination, the relative hazard that 1ndoor poillution may present and
the available options for managing indoor air quality.

An important function of the assessment is the identification of
research needs to be addressed by EPA., Additionally, the assessment will
point out those research needs that fall more appropriately to other
Federal agencies to meet, rather than to EPA. This aspect will enable
the Agency to fulfill its responsibility in coordinating indoor air
research among the several agencies with concerns in this area.

Source Characterization

Characterization of sources of indoor air pollution provides informa-
tion on poilutant emission rates and the factors influencing them. Such
information is useful in guiding health and monitoring studies and even-
tually in the control ot indoor air quality by source modification. For
FY 1987 emphasis is continuing on developing procedures for measurement
matertal sources. Additionally, emission Ffactors and emission models
will be developed for organic pollutants from these sources. Both chamber
studias 2 ! < tast house will be utilized in these activities. Among
other purposes, the test house will be used to validate the indoor air
emission models that are based on the chamber studies of combustion and
material sources. Development of an indoor source emissions data base is
continuing. This activity is to organize and standardize in a computerized
file the data from research studies of emissions from sources of indoor
air pollutants. This effort will make such information readily available
to the user communities of both the public and private sectors.

Monitoring

The primary focus of research efforts in the area of monitoring is
the development of "tools” to better assess 1ndoor air situations and to
define the magnitude of the indoor air problem in relation to human
health. Hence, research projects will result in improved sampling meth-
odology and other support for studies in residences as well as in office
buildings. Several projects involve sampling devices for indoor air:
evaluation of a sampler for semivolatile organic components, field evalua-
tion ot a sampler for particulates, development ot an N0y detector for
personal exposure monitoring, and development of a total indoor air quality
sampling package for VOC's and particles. In support of surveys of indoor



-10-

air quality, research will be conducted on screening and source use ques-
tionnaires, while other work will assess the effectiveness of available
screening techniques tor indoor pollutants. Other efforts include the
completion of a model to evaluate the cost effectiveness of various
mitigation strategies. We are investigating the teasibility of a joint
study with Canada to develop and demonstrate the methodology for investi-
gating high-risk non-industrial building types ("sick buildings").

Human Health Zffects

Sutficient evidence of human exposure to indoor air pollutants is
available to demonstrate the need for studies to determine human dose and
health effects. Incomplete combustion products such as polycylic aromatic
hydrocarbons and many volatile organics from both combustion emissions and
building materials are recognized as human or animal carcinogens. Conse-
quently, human exposure to these compounds both individuaily and in mixtures
in indoor air is of great concern. The major combustion emissions of
concern are environmental tobacco smoke (kIS) and emissions from com-
bustion appliances {(unvented heaters, wood and coal stoves, gas stoves
and cooking). In particular, our studies and others have suggested that
ETS is the major source of mutagens in indoor air.

FY 1987 studies will continue to characterize the genotoxicity of these
combustion emissions and to develop biochemical or biological markers to
assess the exposure and dosimetry for indoor organic¢ pollutants. Combus-
tion sources being evaluated include kerosene heaters, gas stoves and ETS.
The mutagenicity of the emissions from these sources will be evaluated in
laboratory chambers, model homes and pilot field studies. Biochemical
and chemical marker methodologies will be developed for the mutagenicity
of combustion emissions (e.g., kerosene heaters). Biological markers
will be developed for tTS, one such being the physiological excretion of
cotinine, a metabolite of nicotine, Neurotoxicology studies include an
important repliicate experiment to confirm or not confirm the resuits of a
study of Danish homes that found health effects in humans exposed to
volatile organic compounds in indoor living environments. In the area of
respiratory toxicology, one study is looking for evidence that children
and adults exposed to cancantrations of NOp and tobacco smoke which are
similar to those experienced 1n the home might be associated with acute
or chronic disease processes.

Control Technologies, Jther Mitigation Measures

Mitigation efforts have involved the characterization of particles
regarding their pHysical and chemical characteristics so that the optimum
design of filters and electrostatic devices can be evaluated and tested
for their cost-etfectiveness for 1ndoor air situations. Alternative
designs to increase removal 2fficiency of respirable particles will be
expiored, developed and tested. Options to be investigated include:
new/improved filter materials, pretreatment particle conditioning, and
advanced ESP and fabric filter designs. A similar approach is underway for
adsorption devices for the removal of organic vapors from indoor air. The
research on adsorption will be followed by evaluations of catalytic oxida-
tion and absorption.
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Demonstration Methods

With the restructuring of its indoor air research program and the
mandate provided by Congress through Title IV, SARA, ORD is developing a
long-term strategy and plan for indoor air research. As evidenced by the
toregoing summaries of research activities, the resulting program is con-
sistent with the intent of Congress. Because of the nature of the FY 1987
program, to better understand the nature and extent of the problem of
indoor air pollution, it is too early to conduct demonstration methods for
reducing or eliminating indoor air pollution. Such programs will certainly
follow as a consequence of the mitigation efforts described above.

However, 4 major project is planned for FY 1987 to demonstrate monitoring
techniques in preparation for a larger study of the distribution of exposures
to 1ndoor air pollutants. This study is the result of the reassessment by
ORD of a proposed limited field survey to characterize indoor air quality
1n the United States. In agreement with the review by the Science Advisory
Board, ORD will not conduct the previously proposed survey and has, instead,
planned this “demonstration” project. The study will test indoor air
quality measurement methodologies and will relate exposure and microenvi-
ronmental measurements to those of outdoor fixed sites. The study will be
conducted in phases, beginning with a test home, then progressing to a field
study ot seiected homes (less than 10) and tnen to a larger selection of
residences. The results from the study would assess the exposure aspects
of tndoor air quality, especially addressing the measurements of expasure
distributions as related to specific sources.

D. IMPLEMENTATION PLAN

A draft of Volume [ of the Research Needs Assessment, the compilation
of current knowledge on indoor air, underwent review by a group ot some 40
experts assembled at a workshop at Harvard University in January. A final
document incorporating their comments and recommendations will be available
for review by Congress and the SAB in the near future.

Volume II of the Research Needs Assessment, an identification of
information gaps as a result of assessing the current state-of-the-art in
indoor air, will provide the guidance for a longer-term research implementa-
tion plan. We expect to be able to deliver a preliminary version of this
plan to Congress shortly. However, we expect to review these research
needs more broadly, sharing them with the other members of CIAQ, the
technical/scientific community, and representatives of interested private
and pubiic sector groups.

The 0ffice of Air and Radiation is now planning a program to develop
and disseminate information and guidance to State and local governments,
private sector organizations, and the public. The subsequent report to
Congress will 1nclude a more detailed discription ot activities envisioned
for the indoor air program.



CHAPTER II1. INDOOR RADON

Radon is a radioactive gas produced by the radiocactive decay of radjum-
226, which occurs naturally 1n almost atl soils and rocks. Radon is present
in the atmosphere everywhere due to its release from radium decaying in the
ground. Outdoor radon levels generally are fow. Typical indoor levels are
usually about five times higher than average outdoor levels, but can be
over ten thousand times higher. Exposure to such elevated levels may
greatly increase an individual's risk of developing lung cancer. Further,
since everyone 1s exposed to radon in buildings, 1t is believed that radon
substantially contributes to the incidence of lung cancer in the United
States. The Environmental Protection Agency and other scientitic groups
estimate that from about 5,000 to about 20,000 lung cancer deaths a year in
the United States may be attributed to radon. (The American Cancer Saciety
expects that about 130,000 people will have died of lung cancer in 1986. The
Surgeon General attributes around 35 percent ot all lung cancer deaths to
smok ing.)

While the Reading Prong area of Pennsyivania, New Jersey, and New York
1s the best known high-radon area 1n the United States at this time, indoor
radon is potentially a widespread problem. Elevated radon levels have been
found in houses in many States--not only where suspected geological factors
or the presence of uranium deposits suggest that radon might be a problem.
Preliminary data indicate that perhaps more than 10 percent of the approxi-
mately 85 million homes in the U.S. may have radon levels reaching or exceed-
ing four picoCuries per litar--the level recommended by EPA as a target tor
corrective action. This level was based on both health considerations and
on the limitations of current technology 1n reducing radon levels below
this target level,

A.  GOALS

[n response to growing concern about elevated indoor radon concen-
trations 1n houses situated on the Reading Prong and those located else-
where, the EPA Administrator establisnhed the Radon Action Program in
September 1985. The goals of EPA's Radon Action Program are to:

° Determine the extent of the problem. Information is needed not
only on the "hot spots” 1n the United States, but also on the
distribution of radon levels in homes throughout the country.

Reduce exposure to radon in existing homes. The development

and demonstration of cost-offective mitigation techniques will, it
1s hoped, eventually enabie homeowners to correct a radon problem
as easily as they might correct a water or electrical problem in
their home,

> ?Prevent radon problems in new housing. By addressing the problem
in new construction is weil as in existing houses, the potential
risk to people who live in new homes can be reduced and consequently,
the national average concentration of radon in houses can be |owered.
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B. STRATEGY

. EPA lacks clear statutory authority to prescribe what hameowners should
do about radon. Moreover, it does not appear that a regulatory approach is
suitable to deal with this naturally-occurring health hazard. Consequently,
the Agency is pursuing its objectives, not by the usual regulatory means
(except that it has recently proposed standards for radon in drinking water
under the Safe Drinking Water Act3), but rather by trying to ensure that
the needed technical knowledge exists and that nomeowners, contractors, and
State and local officials have access to it.

Indoor radon levels can vary greatly not only from community to commun-
ity, but also from house to house. In addition, the problem areas are
widely dispersed throughout most of the country. Therefore, the Agency
believes that the primary line of response to the problem should be the
State and local governments and the private sector. These groups are in the
best position to provide homeowners with the day-to-day support necessary
to understand the problem and reduce the risks.

However, EPA and other parts of the Federal government have unique
capabilities and expertise to offer the State and local governments and the
private sector. Thus, EPA has developed a program that provides for both
information development and information delivery. The Agency is developing
and disseminating technical knowledge to encourage, support, and facilitate
the development of State programs and private sector capabilities in the
areas of radon assessment and mitigation. It is acting as a catalyst to
bring together the appropriate expertise and responsibilities of Federal
agencies, the State and local govemments, and the private sector.

The Radon Management Cammittee (RMC), which is comprised of senior
management officials from the various headquarters and regional offices
within EPA, was established to provide broad policy advice and guidance to
EPA's Radon Action Program and the Administrator. The RMC identified
priorities for the FY 1987 radon program, and developed the following
consensus ranking of the most important tasks:

1. Identify cost-effective mitigation technology for existing
houses.

2. Assist States in developing programs to help citizens under-
stand radon-related health risks and take action to assess
and, if necessary, reduce their exposure.

3. Develoé-information materials that States and private sector
groups can use to help citizens and homeowners.

3 Volatile radon can be transported to indoor air by drinking water that
is derived fram same groundwater sources. The mechanisms for the release
of radon from drinking water to indoor air include: showers, baths,
Clothes washers, dishwashers, cooking, and flushing toilets. The average
contribution fram the drinking water source to indoor air radon levels is
in the range of one to seven percent.
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4. Promote good practices in radon measurement (e.g., use of
recognized methods, proficiency in mak ing measurements).

5. Develop training courses and materials useful for govern-
mental and private sector personnel.

6. Assist States in designing and conducting surveys to identify
high-radon areas.

7. Conduct a national survey to determine the distribution of
indoor radon lavels and identify the factors that influence
such levels.

8. Share with States and the private sector all available tech-
nical knowledge about radon measurement, mitigation, preven-
tion, and other key topics, and help them learn how to use
that knowledge.

9. Identify cost-effective prevention technology for new housing.

19. Reatfirm or revise the Agency's estimates of the health risks
associated with radon exposure.

In establishing this ranking, the Management Committee agreed that all ten
areas are important in achieving the Agency's goals and should be supported
to the extent possible.

The Management Committee also racognized the importance of the contri-
butions of other Federal agencies to the overall goals of EPA's Radon
Action Program. Consequently, they recommended that a portion of the
Agency's efforts be devoted to working with Federal agencies such as the
Department of tnergy, the Department of Housing and Urban Development, and
the U.S. Geological Survey.

C. IMPLEMENTATION PLAN

To provide a better focus to its efforts, the Agency's radon program
consists of five major elements and objectives:

® Radon exposure and health risk: To identify areas with high
Tevels of radon in houses and to determine the national dis-
tribution of radon levels and the associated risks.

¢ Mitigation and prevention: To identify cost-effective
methods to reduce radon levels in existing structures and
to prevent elevated radon levels 1n new construction,

® Capability development: To stimulate the development of
State and private s-ctor capabilities to assess radon
problems in homes and to help people mitigate such problems.
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“ Public information: To work with States to provide informa-
tion to homeowners on radon, its risks, and what can be done
about it.

¢ tederal coordination: To take advantage of the expertise, re-
sponsibilities and resources in this Agency, the Department of
Energy (DOE), and throughout the Federal government in addressing
the radon issue and to coordinate the activities ot each Agency to
maximize the effectiveness of the overall Federal effort.

The following discussion describes the tasks necessary to meet the
objectives of the Agency's indoor radon program. I[ncluded in this discus-
sion is a brief outline of the progress made to date on each of the activi-
ties and a projection of what remains to be done. A crosswalk between the
requirements of Title IV and the activities of EPA's Radon Action Program
is provided in Appendix D.

1. RADON EXPOSURE AND HEALTH RISK

(a) Conduct a National Assessment of Representative Structure
Types and Geographical Locations

The Agency plans to conduct a national assessment to better define the
distribution of radon levels in houses across the country and to determine
the national average. Existing information on indoor radon levels is
fragmented and 1s very likely to be skewed because a disproportionate
number of measurements have been made in known problem areas, such as the
Reading Prong. A determination of the distribution of radon levels through-
out the United States is essential in determining the risk to the general
population from indoor radon.

A design for the national assessment was submitted to the Radiation
Advisaory Committee of EPA's SAB in September 1986. They offered the Agency
sone initial recommendations, and EPA is revising the design accordingly.
The SAB's final review is expected to be completed by mid-1987, at which
time EPA will make the SAB's final report, along with any Agency comments,
available to Congress.

The national assessment is likely to involve 3,000 to 5,000 structures
randomly distributed throughout the United States. In 1ts 1nitial recom-
mendations, the SAB stressed the importance of obtaining a high rate of
participant return to maximize the value of the survey resuits. In addition,
the cost of the assessment has been estimated to range from $300 to $500
per dwelling. Thése two factors have been influential in determining the
number of houses that will be included in the survey. While the sample
Size planned will yield a good picture of the distribution of radon levels
across tne ynited States, it will be minimally useful in assessing the
factors which influence those levels, such as geology and house character-
istics.

EPA expects to begin deployment of measurement devices in FY 1988.
Devices will be placed in houses for a one year pertod to obtain the annual
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average radon concentration in each structure. The survey and the associated
data analyses will take approximately two to three years to complete.

Another important feature in determining public exposure to indoor
radon is the concentrations found in schools, office buildings, and other
non-residential structures. The Agency's national assessment is devoted to
private residences, because they are usually the major sources of exposure.
However, EPA plans to look at what data exist for other types of structures
and to conduct a feasibility study of what needs to be done to provide an
indication of the levels in non-residential buildings. The results of this
study will be provided to Congress in October 1987, in the Agency's report
to Congress mandated by Section 118(k)(1l) of SARA.

(b) Provide Technical Assistance to State Survey Efforts

White it 1s important to determine the national distribution ot radon
levels, it is also important to locate areas of particular concern, The
Agency considered including this objective in the national assessment, but
realized that it would be too resource intensive, and the information would
not be available soon enough to meet the demand to identify high-risk areas.
Therefore, the Agency designed a program to provide assistance to Statas in
conducting their own surveys. The objectives of EPA's State Survey Program
are to: (1) find areas of high indoor radon levels; (2) implement consistent
survey methods to assure comparable results; and (3) determine how geology
can be used to predict high indoor radon levels. Assistance offered by EPA
depends on an 1ndividual State's needs, but may include survey design,
measuremant devices (charcoal canisters), laboratory analysis, etc.

Ten States (Alabama, Colorado, Connecticut, Kansas, Kentucky, Michigan,
Rhode Island, Tennessee, Wisconsin, and Wyoming) are participating in the
survey program this winter. These ten states were selected, from a total
of 21 requestors, primarily on the basis of their ability to deploy measure-
ment devices during the 1986-1987 heating season. Ten is the maximum number
of States that EPA can provide assistance to at one time. The Agency
expects to eventually provids as~i<tince to the other 11 States who
requested it, as well as to any future requestors.

Whila the State surveys will provide more detailed information in a
shorter time period than the national assessment, it will be several years
before the majority of surveys are completed, the data analyzed, and the
reliability of geological factors in predicting high indoor radon levels
are determined. However, data from the first ten States will be available
this summer and will be incorporated into EPA's Section 118(k) report to
Congress. -

The national assessment and the State survey program were designed to
complement one another and to maximize the effectiveness of the Agency's
resources. Completion of these tasks will provide information necessary to
detter define the distribution of indoor radon levels across the country,
and to identify those areas of the United States in which elevated indoor
radon concentrations may be a problem, In addition, data gathered through
these survey efforts will be used to determine and characterize the factors
which may influence such levels,
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(c) Develop Models to Predict the Potential for Structures
Built on Certain Land Types to Have Elevated [ndoor Radon
Concentrations

An important adjunct to the survey efforts to identify high-risk areas
1s the ability to predict the occurrence of elevated indoor radon levels
based on models. One can think of this task as a ladder, with the lowest
rung being the ability to predict whether large blocks of land, such as the
northwestern portion of a given State, might cause high indoor radon levels.
The middle part of the ladder would be the ability to predict whether
smaller areas of land, such as individual counties, might have an indoor
radon problem. Finally, at the top of the ladder would be the ability to
predict whether an individual parcel of land might cause high radon levels
1n a house built on it. This latter piece ot information 1s the most
useful, but also the most difficult to obtain,

The Agency presently has a modest effort underway to identify those
geological factors and characteristics which are most useful as indicators
ot high radon levels. EPA also is conducting some preliminary work on the
use of soil gas measurements to predict the radon potential for individual
parcels of land. This technique appears promising, but is a long way from
being a reliable and accurate predictor of high radon levels. Ultimately,
work in the area ot hazardous land evaluation should yield a model that can
predict, on both a macro and a micro level, the potential for a particular
area to cause high indoor radon levels,

(d) Develop Measurement Protocols

Since many radon measurements are now done by commercial firms, it is
critical that these measurements be comparable and that the public has some
assurance that they are being done accurately. To meet this need, the
Agency published standardized measurement protocols in February 1986, for
seven of the most commonly-used measurement methods. This document was
followed by a protocols applications document in September 1986, which
outitnes the procedures for determining where measurements should be made
in a house and under what conditions, OOE is also pursuing improved
measurement protocols.

Protocols are needed to ensure that the new devices being developed to
measure radon indoors are used correctly. I[n addition, further protocol
applications are needed for specific circumstances, such as epidemiological
studies and radon diagnostis for remedial action. Limited work 1s beginning
in these areas. _

(e) Conduct Epidemiological and Other Health Studies
to Determine the Link Between Lung Cancer and Radon
Exposure in Houses

There are many unanswered questions concerning the health effects of
radon, Current risk estimates are based on underground miners; however,
there is a strong need to establish a link between increased risk of lung
cancer and exposure to radon in a residential setting. In addition, there
are questions about the risk to children and the potential synergistic
etfects between radon and smoking.
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Several epidemiological studies are planned to address these questions.
Two ot the larger studies, sponsored by DOE and the New Jersey Department
of Health, are just beginning and will be conducted in Pennsylvania and New
Jersey, respectively. It 1s important to note that preliminary results
from these studies will not be available for several years because of the
latency period associated with Tung cancer. Preliminary results from the
gastern Pennsylvania study, conducted by Argonne National Labaratory, wiil
be available in 3-5 years.

The Agency is tracking the epidemiological studies now underway, and
1s identitying study populations and additional epidemiological research
opportunities to assess the exposure of the general population to indoor
radon. In addition, EPA and the Nuclear Regulatory Commission are sponsor-
ing a study by the National Academy of Sciences to review all existing
available data on health risks from radon. The study report is expected to
be published in the spring of 1987,

2. MITIGATION AND PREVENTION

(a) Develop and Demonstrate Cost-effective Mitigation Methods
to Reduce Radon Levels 1n Houses

There are four ways to reduce radon levels in a structure: (1) prevent
radon from entering a house; (2) ventilate the air containing radon and its
decay products from the house; (3) remove radon and/or its decay products
from indoor air; and (4) remove the source of the radon. The Agency is
conducting a program to demonstrate these various mitigation techniques.

The results to date have been very promising. Qur experience, thus
far, indicates that the use of techniques that prevent radon entry by
vantitating the radon-laden soil gas from under or around the foundations
yr from within basement block walls is effective. This approach can reduce
radon levels by more than 95 percent, even in houses with very high initial
radon levels (greater than 1000 picoCuries per liter). The costs of these
tachniques are expected to range from $100 to 35,000 per home, with an
average of approximately $1,000 per home. The costs of radon reduction
methods are expected to decrease as more qualified mitigation contractors
enter the market. Thus, indoor radon levels can be reduced substantially
at a relatively Jow cost. OQur experience also indicates that the mitigation
schemes are very house-specific, and more than one mitigation method may
have to be used to reduce radon to an acceptable level in a given house.
Finally, methods to prevent radon from entering a house are most effective
1n reducing extremely elevated levels.

The information gained through research on 18 homes in Pennsylvania
contributed to two Agency publications in August 1986: "Radon Reduction
Methods: A Homeowner's Guide," and “"Radon Reduction Techniques for Detached
Houses: Technical Guidance." These publications will be revised in FY 1987
based on additional research in Pennsylvania, New Jersay, and New York.

For the next several years, EPA plans to continue the demonstration
program in existing homes in the Reading Prong, and begin demonstrations in
States outside ot the Reading Prong to gain experience in a wider variety
of housing types. In FY 1987, the Agency plans to conduct demonstrations
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in up to 110 homes in Pennsylvania, New Jersey, New York, and up to three
other States. X

Thus far, the demonstration program has focused on active soil ven-
titation techniques. ost of the houses involved have had high radon
levels (greater than 100 picoCuries per liter). In addition, some research
has been done oOn heat recovery ventilators and methods for reducing radon
in nousehold water supplies. Research on these techniques will continue,
and studies on passive soil ventilation techniques will be initiated.
Future work will be directed towards houses with lower concentrations--
levels in the 4 to 100 picoCuries per liter range--the range in which most
affected houses fall,

To approach the demonstration program in a systematic manner, EPA has
developed two matrices that enable the Agency to maximize the use of its
resources and ensure that all the key variables in housing and mitigation
tachnology are tested adequately. One matrix has been developed for exist-
ing houses and another for new houses. These matrices have been reviewed
by the Agency's SAB, which supports their use. Each matrix 1ncludes various
radon reduction techniques, initial radon levels, house substructure types,
important house design features, soil characteristics, and other relevant
factors. The cells in the matrix need to be filled with a minimum of five
replicates each to achieve the confidence levels that homeowners are likely
to want before they install a mitigation measure in their homes. EPA's
current estimate is that at least 600 existing homes and 125 new houses
will have to be tested to fulfill this objective.

EPA is developing and validating diagnostic protocols that researchers,
States, and private contractors can use to determine mitigation approaches
1n houses. The protocols will also help EPA and others to collect comparable
data from those who install and test the effectiveness of radon reduction
techniques in houses.

(b) Apply and Evaluate Mitigation Methods

Once mitigation methods have been developed and demonstrated under
research conditions in a selected number of houses, they must be more widely
applied and evaluated in a large number of varied housing types under
conditions likely to be faced by the average homeowner. To meet this need,
the Agency has initiated a House Evaluation Program with three objectives:
(1) to evaluate the cost and effectiveness of mitigation methods in the
private sector; (2) to train State and private sector personnel in diagnos-
ing and mitigating radon in houses; and (3) to provide feedback to the
Agency's mitigation demonstration program.

In carrying out the objectives of this program, State personnel, in
cooperation with EPA, diagnose a house with elevated radon levels and offer
the homeowner several alternative mitigation schemes. In exchange for this
service, the homeowner permits the State and EPA to obtain data on radon
levels in the homes after the installation of control techniques. Thus,
valuabte information 15 gained on the cost-etfectiveness ot the installed
techniques. An important facet of this program is the homeowner chooses
whether to undertake the mitigation work, and is responsible for selecting
the contractor. This is a significant difference between the house evalua-
tion program and the Agency's demonstration program.
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An additional benerii of this project is that it provides "hands-on"
training in radon diagnosis and mitigation to State-and local governments,
and to private sector personnel, and promotes the use of focal contractors
to conduct mitigation work, thus expanding the cadre of experienced mitiga-
tion professionals. It is also expected that many homeowners will attempt
mitigation on their own. The results of these efforts will provide informa-
tion on the feasibility of radon mitigation being conducted by the homeowner,
and will serve to better focus public information materials.

The Agency has already evaluated approximately 80 homes in Pennsylvania.
During the remainder of FY 1987, EPA plans to evaluate up to another 150
homes in Pennsylvania, New Jersey, New York, and in States that may have
identified problem areas through their survey efforts.

(¢) Devetop and Jemonstrate Techniques to Prevent Radon Entry in
New Construction

A critical element in reducing the health risk from radon exposure is
to prevent radon 2antry in new construction. This can be accomplished by
using specific building techniques. Some research has been conducted in
this area by groups outside of EPA. The evidence clearly indicates that it
is easier to prevent a radon problem before a house is built than it is to
correct 1t afterwards. Thus, the Agency is designing a program for FY 1987
to conduct demonstrations in up to 25 new houses in New York and other
States. The Agency is trying to situate the demonstrations on land that
has the potential for causing radon problems and where the developer is
willing to build preventive techniques into some of the houses while keeping
others of the same design as controls. Generally, EPA wil] build in passive
control measures, but will make it easy for the homeowner to use active
soil ventilation techniques should they prove necessary.

The Agency 1s working closely with the housing industry, particularly
tae National Association of Home Builders (NAHB), to encourage their interest
in this area. As part of a cooperative agreement, EPA and NAHB are putting
together a pamphlet on preventive construction methods. This will be even-
tually followed-up with a technical manual describing in detail various
construction practices to prevent radon entry.

(d) Develop Model Building Codes

The only way to ultimately ensure that prevention/mitigation techniques
are incorporated into new construction practices 1s through modifications
to local building codes. Florida has already passed legislation requiring
the use of certain construction practices in houses built in certain areas
of the State, Other States and localities are considering similar action.
The Agency 1s working with the Council of American Building Otticials and
the three model code organizations to ensure that Agency efforts in the
area of radon prevention are refiected in local building codes.

(e) Study Fundamentals and Devices

To assist the field demonstration on radon reduction in new and exist-
ing homes, certain aspects of radon mitigation require laboratory research.
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The Agency 1s developing methods to evaluate the effectiveness of certain
types of air cleaning systems. This work will have applicability to indoor
air pollutants in general, as well as to radon decay products. Additional
research needs include tests of sealants and coatings, and the development
ot standardized specifications for mitigation schemes, such as subslab
ventilation systems. These needs, once met, will greatly enhance the
development ot private sector mitigation capabilities.

3. CAPABILITY DEVELOPMENT

(a) Provide Technical Assistance to the States

The objactive of EPA‘s State assistance program is to encourage self-
sufficiency within States as they address radon problems. The approach the
Agency has taken is to transfer technical knowliedge to State personnel and
help them learn how to use it. EPA will show the States how to do the
work, but will not do it for them., Similarly, EPA will provide them with
technical support services, but will not offer long-term financial assistance.
This effort has headquarters, laboratory, and regional components.

The types of assistance EPA provides to States may include:

Designing and conducting State surveys;

Hands-on experience in diagnostic evaluation;
Consultation on development of State programs;
Analytical services;

Training courses and informational materials;
Communications with affected communities; and

Advice and technical information on radon mitigation,

0O 0 ¢€ 0 O 0 ¢

Many States will require some or all of these types of assistance.

Table I indicates a typical workload for developing capabilities in a
State. Tie tasks range from survey design to implementing a low-interest
loan program if a State chooses this option to provide financial assistance
to homeowners, Once a State discovers a radon problem, it must develop, in
somewhat of a step progression, many of the capabilities described in Table 1.
The Agency's experience with Pennsylvania, MNew Jersey, and New York indicates
that States will need EPA assistance for two to five years. EPA currently
1s targeting resources to develop the types of capabilities indicated in
Table [ in the States affected by the Reading Prong, but is now beginning
to move to States outside that area. It is likely that EPA will be required
to provide State assistance over the next five to seven years.

(b) Conduct State Training Programs on Measurement Techniques,
Risk Evaluation, and Remedial Methods

There 1s a great need for training both State and private sector
organizations about various aspects of the radon problem. The Agency has
developed a "Radon Diagnostician"” training course which has been given
approximately 20 times to State personnel and their private contractors.
The course, which runs 3 days, presents the basics on the physical
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characteristics of radon, the available measurement techniques and mitigation
methods, and risk evaluation. The Agency is encouraging the States and the
private sector to take over this facet of the program. EPA plans to video-
tape large portions of the course to facilitate its delivery by the States
and other appropriate groups, such as universities.

The diagnostician training course has been well-received and has
highlighted the need for additional types of training. Since new develop-
ments are occurring almost daily in the radon mitigation field, there is a
need for a one-day follow-up session to update participants on new mitiga-
tion techniques. In addition, there is a need for a longer course (perhaps
a week) which would focus on actual "hands-on" mitigation experiences. The
target audience primarily would be construction contractors interested in
conducting radon mitigation work. There is currently a very limited cadre
of qualified mitigation contractors, and demand for their services far out-
strips the supply. By designing training courses to be eventually adopted
by the States and the private sector, EPA can increase the number of mitiga-
tion protessionals available to provide remedial services to homeowners.

(¢) Implement a Quality Assurance Program for Radon Measurement

To reassure the public that radon measurements being made by commer-
cial firms are accurate, the Agency established the Radon Measurement
Proficiency (RMP) program to allow measurement companies to voluntarily
demonstrate their ability to measure radon and its decay products. To
assist in this etrfort, DUE shared with EPA its quaiity assurance facilities
at its Environmental Measurement Laboratory in New York. EPA has recently
developed the necessary capabilities at its Eastern Environmental Radiation
Facility to conduct this program in-hnouse. The RMP program has been quite
successtul, and several States are considering using it as part of their
certification programs.

The RMP program is likely to continue to expand over the next year,
with more vendors entering the market. The number of companies entering
the market has ailmost tripled since the inception of the program in February
1986, and it is expected to increase over the next year or two. Therefore,
EPA has increased the amount of resources committed to this program.
However, at the same time, to conserve these resources, the number of
rounds of the program offered have been reduced from four to two because of
the large number of participating companies. Although the number of firms
may eventually taper off, the need for the RMP program will continue well
into the future. The Agency 1s evaluating whether there are other feasible
funding options.

(d) Issue Technical Guidance

Many Agency activities generate technical information that is extremely
userul to the States and the private sector. This information must be
packaged and distributed in a timely fashion for these groups to benefit
from it. In August, the Agency published its "Radon Reduction Techniques
for Detached Houses: Technical Guidance." This manual will be revised and
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updated in FY 1987. In addition, the Agency is preparing technical guidance
for new home construction in cooperation with the NAHB. There will be a
continuing need for these types of technical documents as new strides are
made in the field.

(e) Establish a Federal Clearinghouse for Information on
Assessing and Mitigating Exposure to Indoor Radon

A recent report issued by the U.S. Genera] Accounting Office indicated
the need for a Federal clearinghouse on radon.% Such a clearinghouse would
collect and distribute information and research produced by the public,
private, and academic sectors on radon. Because of the increasing volume
of data, there is a growing need for a central collection point for informa-
tion related to health effects, measurement data, radon prevention and
mitigation techniques, etc. While the Agency recognizes this nead as well,
it has had to place a higher priority on first generating and disseminating
information to assist the States and the public.

4. PUBLIC INFORMATION

There is a continuing need to work with the States to provide home-
owners the information necessary to help them understand and evaluate the
radon problem., An effective public information program is an essential
component of EPA's approach to indoor radon. Last August, the Agency
published two brochures, "A Citizen's Guide to Radon: What It Is and What
to Do About It," and "Radon Reduction Methods: A Homeowner's Guide." Both
are aimed at helping the general public understand indoor radon. These
brochures have been adopted by a number of States and private sector organi-
zations. Similar types of brochures directed at specific audiences or at
other aspects of the radon problem are needed to supplement existing mater-
ials. The Agency is also working with private groups to develop educational
materials or workshops for their members. In addition to these activities,
the Agency expects to participate in various symposia, workshops, and
public meetings.

5. FEDERAL COORDINATION

There is an active interest on the part of other Federal agencies to
evaluate the problem of elevated radon concentrations in homes. The Depart-
ment of Energy and the Department of Housing and Urban Development (HUD)
have particular interest in the effects of radun on the indoor environment.
DOE's energy conservation activities are balanced with efforts to assess
and i ijat- the &tfect of conservation on indoor radon levels. Further,

JJE plans to enhance its radon basic research efforts in 1988 and is devoting
an additional $10 million in the areas of health and biological effects and
geological studies; EPA and DOE have cooperated in a research project on

4 Indoor Radon Air Pollution, Government Accounting Office. GAO-RDED-86-170,
June 1986.
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radon mitigation diagnostics. A copy of DOE's Radon Research Program Plan
is attached as Appendix E. A draft memorandum of understanding between
EPA and DUE on radon research and related technological activities is

in its final form. HUD is mandated by statute to ensure that all HUD-
assisted projects are located 1a sate and healthful environments. In this
context, HUD is interested in developing inexpensive and effective mitiga-
tion techniques for new and existing houses.

These different agency concerns have led to the formation of several
forums for the discussion of the indoor radon problem by interested Federal
agencies. The CIAQ has a special workgroup to develop a coordinated Federal
response to the radon problem. EPA and DUE co-chair this group, which has
prepared a document which outlines the indoor radon issue, assesses current
Federal research efforts, and identifies priority information needs. These
priority tasks are consistent with those identified in this implementation
plan.

In addition, the Committee on Interagency Radiation Research and
Policy Coordination (CIRRPC), under the Otfice of Science and Technology
Policy (OSTP), is examining the radon issue through its Radon Subpanel,
which has reviewed the Federal government's activities on radon. The
results of its findings are contained in "Radon Protection and Health
Effects” published in August 1986. CIRRPC consists of representatives from
18 Federal agencies and a subcabinet level representative from OSTP. It is
responsible for coordinating radiation matters among Federal agencies,
evaluating radiation research, and providing OSTP with advice on issues of
radiation policy. -
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% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
65' WASHINGTON, D C. 20460
mot

Novarber 5, 1986

The Honorable Lee M. Tharas THE Abmso  an
Administrator :

U.S. Envircrmental Protection Agency

401 M Street, S.W.

Washington, DC 20460

Dear Mr. Thamas:

The Science Advisory Bcard's Indoor Air Quality Research Review
Panel prepared this report in resporse to the request to undertake a
review of the Office of Research and Develcprent's (CRD) plan to assess
incdocr air research neecs. This brecad based review focused cn research
plans, design of a limited field smucy, and ongoing research.

Althcough the Agency was not specifically charged with respensibility
for indoor air quality under the Clean Air Act Amencments of 1977, it
is the Federal agency whcse nissicn clearly relates to this issue.
This missicn is supported by the recent passage of the Radon Gas and
Indoor Air Quality Research Act of 1986, as well as language in the
House of Representatives acprooriations bills for fiscal years 1984 and
1985. Through its research activities in support of the regulatory
work in the Office °f Air and Radiation, the Agency has made substantial
contributions to the kncwledge of the factors determining indoor air
quality, and of its effact on human health. Nevertheless, the Panel
concludea that while the indoor air research being conducted was of
hlgh quallty, the research taken as a whole did not constitute a "program"
in indoor air quality. -

Our major recammencaticns include: 1) development and adoption of
a clear policy statement t© it indoor air quality is an important and
essential carponent of the responsibility of the Agency, 2) assigning
responsibility for the indoor air quality program to an individual of
appropriate scientific stature with specific experience in this area,
3) the proposed limited field survey shculd not be carried out as
presented since the rescurces that it would demand are not cammensurate
with the scientific infcrmation and insights which would be derived, 4)
preparation of a relative risk assessment for the more unpottant pollutants
(including asbestos, biological contaminants, criteria air pollutants,
and toxic chemicals) in crcer to develop a framework for deésision making,
and 5) eight general cc--lusiors and recammendations ccncemmg current
research on indoor air ~.3lity.



In researching and preparing this report, the Panel was pleased

with the cooperation and candor of Agency staff in conducting briefings
and answering questions.

Thank you for the cpportunity to present our evaluation of this
program. We look forward to the Agency's response to our report.

Sincegely,

A7J. Stolwijk, Chaiman

Indoor Air Quality Research
Review Panel

Science Advisory Board

|
V& m H Y

Norton Nelson, Chairman
Executive Cammittee
Science Advisory Board

¢c: A, James Barmes
Vaun Newill
Craig Potter
Terry F. Ycsie
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NOTICE

This report has been written as part of the activities of the
Envirommental Protecticn Agency's Congressionally established Science
Advisory Board, a public group providing extramural advice on scientific
issues. The Board is structured to provide a balanced, independent,
expert assessment of scientific issues it reviews, and hence, the
contents of this repcrt do not necessarily represent the views and
policies of the Envircmmental Protection Agency nor of other agencies
in the Executive Branca of the Federal Government.
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1. EXECUTIVE SUMMARY

As part of a continuing process for reviewing U.S. Envirormmental
Protection Agency (EPA) research programs, the Science Advisory Board's
(SAB) Indoor Air Quality Research Review Panel evaluated, on September
3-4, 1986, the Off ice of Research and Develcpment's (ORD) indoor air
research program. This broad based review focused on research plans,
design of a limited field study and a review of ongoing projects (see
Appendix A for further details on the Charge to the Panel). The Panel
was also free to identify other program needs.

The Panel's major conclusions and recammendations are as follcws:

e The EPA should develop and adopt a clear policy statement that
indoor air quality is an important and essential component of its
responsibility. This policy statement should state the broad
objectives that are of the highest priority to EPA. Such an
incdoor air policy statement and program would serve the Office
of Air and Rad:ation in previding the total expcsure perspective
to the mandated responsibility to assure clean air to the U.S.
poculaticn, It would also mere clearly define the policy and
progran gcals toward which the research is directed.

e An effective Indoor Air Quality Program must be multi-disciplinary
and thus needs to build on a framework which is cammon to all -
participants, with clearly recognizable goals. In view of the
widesprezd interest in indoor air quality, and the wide range ci
clients, it is important tha* this framework for decision making
be understandzole and clearly relevant. The mest effective
coamon reference point would be a relative risk assessment for
the more important pollutants (including asbestcs, biclogical
ccntaminants, criteria air pollutants, and toxic chemicals).

e The Panel unanimcusly concluded that the proposed limited field
survey should not be carried out as presented. The resources it
would demand are not cammensurate with the scientific informaticn
arnd insight which would be cderived. The relevance of the goals
was not discussed and presented; the connection with other surveys
of various types, completed or currently ongoing, was not establishec:
and the design seemed to be based more on available methodologies
than on a clearly perceived goal of the utility which the resul:ts
would be likely to achieve. A more clearly defined set of objectives
might be achievable at a much reduced level of effort. The
statistical design, the measurement methodology, the quality
assurance wer2 all considered scientifically adequate. As an
alternative to the proposed field study, a small field trial of
nine residsrczs in the Research Triangle Park (RTP) area of North
Carolina, an: 2f nine residences at a remcte location, would
present a ciu: effective opportunity to test the feasibility,
cf such a s_.nzy, 2s well as some of the variance to be expected.



® The Panel reviewed current indocor air gquality projects, limiting
itself to the relevance and balance of the projects. The Panel
reached the following general conclusions and recammendations:

- Existing work is biased heavily toward residential

- (single family) envircnments. The EPA should focus a

~ reasonable amount of attention on occupants of
carmercial and public sector/public access buildings.

- Responsibility for indoor air quality implies that areas
that are not traditionally addressed in ambient air quality
programs, such as radon, asbestos, and microbials, should
be covered by coordinated research, intra-murally or extra-
murally.

- The EPA should mere carefully articulate hew it plars to
integrate work carried ocut by other public agencies and
private crganizations into its own research program.

- Buildirg dssign, ccnstruction and operation are essential
facters in indoor air gquality. The EPA should develcp some
in-nouse carpetency in these areas which corplements that
present in other acercies.

- The EPA should state what efforts are being undertaken._
to follew up on the approach based on a single unconf irmed
study (by Mplhave) on the effects of mixtures of large
nutoess of volatile organic chemicals (VOC) in very low
cnesntrations.

- Menitoring research which does not have immediate policy
relevant results should be regarced as less policy relevant
than research aimed at source characterization and control,
or research aimed at measuring health effects of exposures.

The Parel has confidence in the investigators and the EPA staf:,
ard concludes that in the presence of clearly stated Agency policies
ard a suitzhle administrative structure, they will produce an
excellent program.

e Responsibility for the indoor air quality program should be assicned
to an individual of strong, proven leadership who has appropriate
scientific stature and specific experience in this area, who weulcd
devote full time attentiocn to the program and to the implementaticn
of a research needs assessment. The leadership of the program arc
the administrative structure shculd promote multi-disciplinary
Cooperation in the conception, initiation, and execution of projects
and to tne Zissemination of the information obtained.



2, INTRODUCTION

The U.S. Environmental Protection Agency has, for a number of years
and on a limited basis, supported and carried out research on factors
affecting indoor air quality. Much of the initial efforts addressed
criteria air pollutants and how indoor concentrations related to cutdoor
concentrations. A rumber of events, observations and insights have
served to make air quality in the indoor enviromment a more salient
public health issue. Time budget studies conclude that a very large
part of the twenty four hour day is spent in indoor environments. Other
studies showed that there are many important sources of air pollutants
inside buildings, and the rise in the price of energy in the decade
of the 1970's charged the way buildings are constructed and cperated.
Studies in Western Eurcpe, Canada and the U.S. demonstrated that for
many pollutants and in many locations the major fraction of the total
population expesure to air pollutants may occur indoors, and for many of
these pollutants, such as environmental tobacco smoke, nitrogen dioxide,
volatile organic chemicals and radon, the concentration indoors is often
much higher than cutdoors. These, ard other develcoments, have led to
a creatly incresased public awareness of indoor air quality issues.

The EPA was not specifically charced with responsibility for incocor
air quality uncer the Clean Air Act Amendments of 1977, but it is the
Fecderal agency for which indoor air quality is clecsest to its central
missicn. Ceongress considers EPA as the lead agency for indoor air quality.
Other Fecderal agencies which have programs amc responsibilities in this
area, such as the Department of Energy (DCE), the Consumer Product Safety
Camissicn (CPSC), arnd the Department of Health and Human Services (DHHS),
are represented in the interagency Committee on Indoor Air Quality (CIAQ),
and they recocnize the central position of EPA. It important that the
ongeing cocrdinaticn between these agencies continue.

Through its research activities in support of the regulatory work in
the Office of Air and Radiation, EPA has made substantial contributions
to cur understanding of the factors detemmining indoor air quality, and
of its effsct on human health. More recently, research activities have
included projects specifically supported by Congressional appropriaticns
for indoor air quality research. The Agency has a rumber of capable and
proven investigators who also have experience in managing and administerinc
extramural research efforts. The CPSC, DOZ and DHHS also conduct, support
and acdminister research work of high quality on special aspects of indcer
air quality.

3. NEED_FOR AN EPA POLICY STATEMENT ON INDOOR AIR QUALITY

It is understandable that EPA has moved slowly toward defining its
role in irproving :1~docr air quality for the nation. At the time of the
formaticn of the ~-~:nzy, the relative importance of indoor air quality
was not yet recc.r:z. The realization of the importance of indoor air

quality in gretzati-z and advancing public health and welfare develcped
only gradually, zr: w2 Pznel believes this realization is still growirs.
-3-



Another reason for the slow development of an indoor air quality
policy stems from the clear difference in strategy for the control of
ambient (or cutdeoor) air pollutants compared to indoor pollutants. For
ambient air, the most effective strategy is regulatory, while for indecor
air quality a very different strategy may be required. One possible
strategy for indoor air polluticn control is to increase understanding
thraugh well-coordinated and designed research, followed by dissemination
of this information to individual hocuseholders, architects, building
managers and organizations that have an interest in or responsibility for
the quality of indoor air in residences and public access buildings.
Since neither individuals nor such organizations can effectively do all
the research required to develop guidelines and control methodologies,
this type of inforrmaticn and guidance would help to reduce risks to
public health frem indoer air quality by helping them make appropriate
and well informed choices.

The EPA will ccntinue to experience difficulty in establishing a
viable and stable basis for assessing research needs and arriving at
efficient cdecisicns cn research priorities, schedules and resource
allocaticns, in the absence of a clear definition of the indocr air
guality program and its objectives. To improve their effectiveness, EFA
researchers must know what specif ic EPA policies and objectives their
research is desicnel to acdiress.

Althcugh it is understandable that EPA policy on indoor air quality
was not easily formulated nor quickly adcpted irn the past, the Panel
recamends that EFX cevelop such a policy and state its hich priority
for the naticn. Surporing this need is the continuing Congre551onal
direction previded in Hcuse of Representatives appropriation bills for
fiscal years 1983 and 19.5, and the Raden and Indoor Air Quality Research
Act of 1986 which is specific to EPA's role and responsibility for xndcor
air quality and raicn resecr--h. Such a policy statement can provice
integration to EFA's research and other program activities by ensuring
that the research program and policy goals are jointly planned.

4. REVIE~N OF ORD'S PLAN FCR DETERMINING FUTURE RESEARCH NEEDS
N INOCCR AaIx 2CLLUTICN

In assessing O7D's plan for future research needs the Panel consicdered
the documents submicted, and presentations by EPA staff.

A sc1ent1f1cally effective indoor air quality research program must e
a multidisciplinary one that builds on a framework which is cammon to all
participants, with clearly recognizable goals. In view of the widespread
interest in the arc: =f indoor air quality, and the wide range of clients,
it is inportant tr:z- this framework for decision making be understandable

and clearly relevir:. The most effective cammon reference point would te
a relative risk as-:si-ent for the'more important pollutants (including
astestcs, biclez:i.:. :--zaminants, criteria air pollutants and toxic

-



chemicals). An example of the cutput of such an effort wauld be a table
which in one column would list the factors in the indoor atmcsphere that
are considered important. The next column would list for each of the
pollutants the 10, 50 and 90 percentile concentrations as encountered in
indoor measurements, and the corresponding outdoor concentrations, with
time-we ighted exposures. The next column would contain the best estimate
of the adverse health effects associated with the observed expcsures fer
each pollutant. The final column would give, again for each pollutant,
the total estimate of the incidence of these adverse health effects in
the whole U.S. population associated with the exposures derived fram
previcusly described columns.

The EPA has not made such estimates in the past, but it should recognize
that they will indicate a number of uncertainties and areas of inadequate
knowledce. The construction of such a table will require coordinated
input from all the disciplines now inwolved, and should be refined and
updated as new information emerges. This table can also clarify which
factors  are least known or understwod, and allow for camparisons of the
relative impact on public health and the level of effort necessary. The
Panel recammends that EPA staff directly undertake this assessment and
not assign it to cutside centracters, in order that intermal campetence
improve and that the experience gained will be of maximum direct benefit
to the program.

Over the years, such a table shculd also represent the clearest
Jdemerstration of progress that cccurs in research and develcpment and in
the dissemination of this progress. The Panel knows that efforts have
already begun to ccrstruct such a table which would also serve to present
the best estimate ¢f the current state of knowledge. It wculd also be
useful to incorpocrate estimates of that fraction of the total populaticn
exposure which sters from the outdoor environment. Scmewhat similar
exercises have derives from the Eurcpean Regional Off ice of the World
Health Organizaticn, EURC Reports and Studies 103 (1986): "Indoar Air
Quality Research".

Finally, the censtruction of a table which constitutes the generally
accepted state of knowledge and its formal dissemination as a basis for
research policy cdecisicns will assist in the more effective integration
of interacency procrams. It will also help to attract extramural
investigator-initiated research prcposals which match with Federal program
neecds., It will clarify to Congressicnal cammittees the status of current
and future research activities.

S. REVIEW OF PRELIMINARY PROPOSAL FCR A FIELD SURVEY

The Agency prescnted the Panel with a preliminary design for a field
study that is inte~:: as § pilot for a much larger study in the future. Tre

propcsal recammen:: ~r-2ining a large number of observations in residential

enviromments thrc.-  -.,s:cal monitoring and through Guestionnaire responses

fran the occupants. ‘- ammcunced objective is to test the hypothesis that
-5=



the concentration of indoor air pollutants does not significantly vary in
residential environments in different regions or seasons. The proposal
specifically states that the study will '

"...address the magnitude of possible factors affecting the
distribution of selected indcor pollutants in U.S. residences.
This study will emphasize measurements for Volatile Organic
Chemicals (WC's), Semi-Volatile Organic Chemicals (SVCC's),
and combustion products including particles (mass and
chemical composition) and NOj. The resulting data will be
used by EPA in designing future Indoor Air Quality Surveys."

The overall design incorporated two phases. In Phase I, EPA would study
nine homes near Research Triangle Park, N.C. with a similar cluster of nine
homes studied in or near Gaithersburg, MD. The main purpose of Phase I is to
test monitoring and survey instruments. In Phase II, EPA would select two
cities. Current planning focuses on Baltimore, MD and Chattanocoga, IN. In
each of the two cities, EPA would monitor during each of four seasons, in
four different ten home neichborhood clusters, for a total of 2 x 4 x 4 x 10
residences. The neighborhood clusters will be chesen randamly fram the four
quartiles of census derived hoausing values or from census cderived income
levels. Within a neighborhcod cluster 10 hames wauld be chesen randamly. The
measurement program presented concentrated on VOC's and SVCC's, particulates,
NC,, formaldehyce, water vepor, temperature, air exchangz rate and nicotine by
passive sampling. In addition, EPA plans to carry out screening interviews,
baselire interviews and occupant diaries to capture building characteristics
and occugant behavier.

The Panel did not possess sufficient information at the time of the
review to conduct a cdetailed evaluation of the technical details of the
desicn, although the Panel ccmmends the Agency for its continuing efforts to
use sound statistical practices in the design of surveys. It is evident that
the instrumentation is clcse to, or at, the state of the art level and that
EPA will require field validation for same of the methodology.

The major weakness of the proposal is not in the technical design, or in
the ability to carry ocut the design, but in the scientific justification for
planning and carrying cut a study of this size and cost without demonstrating,
or discussing the justification for, its need and how the results wculd be
used. The Panel also found that the number and detail of secondary objectives
were overstated and that these objectives could not be met. The Panel noted
that EPA has obtained data of a samewhat similar nature in the Total Exposure
Assessment Methodology (TEAM) studies. The methodology appears to derive in
cons iderabIe part fram the experience gained in TEAM studies. The TEAM
results were not used in any observable way to-anticipate the results in the
proposed new survey or to assess the qualitative and quantitative variance
which cculd be expec:zi. An analysis and interpretation of the TEAM results
along the lines of t~2 clanned survey was not evident and would be most
instructive. _



The Panel unanimously agrees that the field survey prcposal should
not be carried cut as currently presented. ‘The justification presented
was not cammensurate with the information and insight that EPA would
obtain. The relevance of the goals was not discussed and presented; the
connection with other surveys of various types, campleted or currently
ongoing was not established; and the design seemed to be based more on
available methodologies than on a clearly perceived goal on the utility
which the results would be likely to achieve. A more clearly defined set
of objectives might be achievable at a much reduced level of effort.

The Panel concludes that a small field trial of nine residences in
the Research Triangle Park area, and of nine residences at a remote location
would present the cpportunity to test the feasibility, as well as same of
the variance expected. It also believes that such an effort would contribute
to the building of confidence and competence, especially if EPA staff took
an active part in the undertaking.

6. REVIEW CF CNGOINC RESZARCH PROJECTS RELATED TO INDOCR AIR QUALITY

The Panel reviewed ongoing research projects in the areas of monitorirg .
source characterization and contrdl, and health effects. The charge to the
Panel di¢ not inclucde a detailed evaluation of all of the projects but, rathe
to corment on the balance, coherence and cbjectives of the overall program.

In each research area the Panel found that projects are designed and
executed with corpetence ard dedication. The scientific and techn cal
soundness, however, is not matched by ccherence, clarity or the relative
importance of the overall geals. The investigators ~oculd not be expected
to produce spontaneous coordination, or to develop coordinated objectives
without clear policy guidance.

_ The existing research program currently consists of a collection of
projects with few linkages between them. In reviewing this ongoing procgram,
the Panel reached the follewing conclusions:

e The balance of concern is still biased heavily toward residential
(single family) environments. The EPA should focus a reasonable
amount of attention con occupants of cammercial and public sector/pus
access buildings. A large number of Americans ~spend about egual
amounts of time in these two environments.

e Responsibility for indoor air quality implies that areas that are
not tradit:iznally addressed in ambient air quality programs, such
as radon, asbestos, and microbials, should be covered by coordinate
research, intra-murally or extra-murally.



® The EPA should more carefully articulate how it plans to integrate
work carried out by other public agencies and private organizations
into its own research program. Even-studies done within EPA by
another laboratory other than those located at RTP do not appear to
be integrated into new plans. There appears to be a tendency to
start de novo projects, rather than building on what is already known

® Building design, construction and cperation are essential factors
in indoor air quality. Although these areas of expertise exist in
several other Federal agencies, the EPA should develcp same in-house
camnpetency in these areas which camplements that present in other
agencies. This is supported by the recent Radon Gas and Indoor Air
Quality Research Act of 1986.

e The EPA should state what efforts are being undertaken to follow
up on the approach based on a single unconfirmed study (by M@lhave)
on the effects of mixtures of large numbers of volatile organic
chemicals (WC) in very low concentrations. The Agency should also
state what efforts, if any, are being considered to replicate or
otherwise corfim this werk.

e Monitoring research which does not have immediate policy relevant
results shculd be regarced as less policy relevant than research
aimed at source characterization and control, or research aimed at
measuring health effects of expcsures. Both of the latter can produc
results that are immediately usable, and the Panel finds that™the
flow of resources does not correspond to that relevance. Having
clearly stated policies and cbjectives is likely to bring about
charsjes in these patterns.

The Panel has ccnfidence in the investigators and the EPA staff, and

cencludes that i the presance of clearly stated Agency policies and a
suitable admninistrative structure, they will produce an excellent program.

7. PROGRAM MANAGEVET

There is a need fcr a management structure which can both provide the
leadership and be held accountable for the clear definition and implementat ic
of research objectives, and a manager who can nurture, guide, and coordinate
the clearly very capable human resources and material support dedicated
to the indoor air quality program.

Respons ibility for the indoor air quality program should be ass igned
to an individual of strong, proven leadership who has appropriate scientific
stature and specific experience 1n tﬁls area, who would devote full time
attenticn to the prcgram and to thg implementation of a continuing research
needs assessment. 71r2 adninistra§1V§ structure, and the leadership of the
program should premcze malti-disciplinary cooperation in the conception,
initiation, and e::::-:cn of projects, through to the dissemination of the
informaticn oztziro:.
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SUBJECT: SAB Review of QRO's Plan fcr Assessing Indoor Air Research Neeas

Lo '

FROM:  Scott R, Baker . J%,u. /7 s
Special Assistant *o-the Assistant Adm1n1s rator
for Research anq/ﬁevelopment (RD-672)

T0: Terry F. Yosie
Direcizr
Scierca Azitsamy 35ard (A-101)

The Cffice ¢¢ R 3721 ang QDevelnpment is pleased to have the Science
Advisory Bcard canscen £22's plan for assessing indoor air research needs,
Tre plan is in & fcrmative stage, While substantive details of the its conten
have nao:t yer hees~ ice=tified, a review at this stage is timely because it
allows us to ¢-ta2in bread, concentual, scientific advice early in the process .
when flexidility and ozcartumities for accommodating constructive opfnions are
greatest. We weyuld like ta outline for the Panel our perception of the re-
view's purzose, ou~ neess from the Panel, the specific issues that ar® impor::
for the Pansl to aczresss t3 help us proceed effectively, and the steps we are
taking in planninc tne Agency's future indoor air research program,

Purzose of tre fe, ‘24

020 is seexing SA3 ozinien ir three areas:

(1) Scientific advice on the approach that ORD proposes to take in
carrying out its assessment of future research needs;

(2) Advice on ORD's preliminary design far an exploratory field study:

(3} Review of ongoing projects that are considered to bde influential in
the design of the future research plan,

For the past three years, ORD has had a focused research program to addres
fundamental questions about the magnitude of the indoor air pollution prople~
Appropriately, after this initial phase, ORD has now begun an assessment of ¢
current state of knowlec;s to identify critical gaps about exposures to indoc
pollutants, their pcia-<t2! realth effects, sources, and possible mitigation
measures in all tyses of 2urlgings. On the basis of the assessment, CRD will
refocus its researz- :P“‘rg- to provide greater disciplinary balance and enh:
relevance to any a-:-c'-ated Agency-decision-making. ORD will simultaneous!,
carry out a limizz: ‘=e‘c sty to obtain selected data that will 'more clear’
illuminate major c:.; 'n xrzwledse.

A~l
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This direction for EPA's indoor air research program has the support of the
interagency Committee on Indoor Air Quality, £PA program and policy offices, and
Congressional staff, However, all parties agree that before ORD commits its re-
sources fully to this approach, it should seek the advice of scientific experts
in the field, including that of the SAB. At the same time, it will be usefyl
for QRO to receive scientific advice from the SA8 on the utility of research
projects currently underway (or planned at EPA) that might be expected to
contribute significantly to the foundation of CRD's future researcn plan,

Scope of the SAS Review

(1)

Scientific advice on the plan for e¢nnducting a research needs
aSSeSS~E”. - L-. wi.| present to wne Sa3 Panel d& frameworx descriping
Row 1t incenss ta carry out its assassment and will specify the daca
bases thas wil!l ha examined. Ve would like the SAS Panel to offer

its agvice ¢~ tae proposad approach to assessing tne gaps in scientific
knowledse, incluZing the adeguacy, individually and as a whole, of

the data Sasas thas will be used in the assessment of research needs.

In Qur dasi~2 %7 C3ncuzt a thargusch assessment, we are particularly
cnncarred aso.t balance: whether or not we have identified for
inclJisia~ - me assassment all appropriate issues; and whether or not

we have przz-z-ly framed the issues to be considered., [n this context,
it §s imsze72-7 that the SAB advise us on the appropriateress of (1)
Tnclucing t~= rciicwing 1Ssues 1n Qur assessment, lndivigually anag

on the wnhis, (21 1ncliycing any additional 1ssues, and {J3) our ratior:’

fer craracze~'Ivng @acfr 1§su@ ds we nave done, recognizing tnat
certain ete-zn%s ware deliperately includeq or excluned, We are not
3Sk17C o112 S~- €3 acvIsé us 0N tne pasitlan tPa Snould adopt on eacn
issue; to do so at this time would preempt the analytic process that
we exjnest will ensure a product of hign scientific quality,

[ssues for the Research Needs Assessment

0 Selerstiacn cf chemicals for consideration in the assessrent

0 Manitcrirs rsgezrch

0 Balance beiween private residences and commercial (public
access) saildings

0 Balance tetween indoor 2ir exposure and total exposure

0 Balance -etween mic;oenvironmemta1 studies, personal monitering,
and a~:>'eat monitoring

0 Idert': :::'an of needs for development of chemical
class.- ---%v2 menitoring methods.
A=-2
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0 Health research

0 Balance of attention to products of c0mbustioq. Side-stream
cigarette smoke, volatile organic compounds (individually and
in complex mixtures) "

0 Appropriate health-related endpoints to consider in an indoor
air research program, including cancer, respiratory effects
neurotoxicological effects, and other unknown classes of
effects

0 Aporopriata expasure scenarios, including chambers, test
houses, and field/epidemiology studies.

0 "Source characterization

0 Azsracriate metnacs tO ennance understanding of sources,
including chambers and field-level test Nouses

rming t-2 role o0f source characterization in can-
ltn risx assass—enzs on indoor air pollutants

0 Detar=~12i-~3 cost-2ffective methods for ensuring good indoor air
T oquality.

o0 QOverall

0 B8ilz=c2 hetween hazir: assassment, expaosure assessment, source
charactarization, and risk mitigation strategies to ensure
a proger interrelation between risk assessment and risk
management ’

o The markets to which the outputs of the future program shouid
be oriented, including ccnsumers (for public decision-making),
stazes ana municipalities, regulatory programs, and private-
sector manufacturers.

The Office of Air and Radiatinn (OAR) has recently initiated a
policy coordination and development process for indoor air withina
EPA. This process involves extensive participation by ORD and
the policy and program offices within the Agency. As part of this
process, T2 will soon undertake a problem characterization study
on indozr~ air. Tnis study is being designed to provide an overview
of the c~z2 e and to formulate issues around which palicy optiors
can %2 ¢ =:~!, defined.. QAR is now developing the central quest:c-

that wi!! f2-- tre basis-of this overview study, and will circulate
the~ wei-"- :-2 Agancy for review. It is anticipated that these
questic-c .10 ha avariacle to the SAB prior to its meeting for
irfermzs-2~ - -z2ncas cnlv, [t is intended that the questions lenc
perscac: .2 .- w~e S-o 1n its review of ORD's activities.
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«da

Design of a limited, exploratory field study - There are at least two
major uncertainties apout 1ndoor air poriucants that ORD nalieves
could be resalved by a limited field study: whether there are regional
differences among indoor air pollutant emissions from consumer products
found in homes: and whether seasonal differences of product use and
exposure exist. The hypothesis is that the distribution of consumer
products does nat vary sufficiently across the U.S. to cause regione!
and seasonal differences in indoor air concentrations, This hypothes!
will be tested in the limited field study. In addition, this study
will serve to test much of the monitoring methodology and technology
that has been developed over the past several years. Before embarkxing
on a detailed design for such a study, ORD is seeking SAB advice on &
preliminary study designed to address these issues. Soecifically, we
would like to know the SAB's views On the likelihood of the procosas
Gesicn orov - - an ace3lyate test OF tne nypotnesis.

Review of ongoing and planned studies

o In exszctatina that the indoor air oroblem would receive increasic:
prigrizy, ORQ has heen conducting research to improve methodologies
Trese prciazts have spanned the range from development of methocs
for source emission testing, to methods for monitoring and health
assess-ent. Ue will present to the SAB a brief overview of the
monitoring, healtn, and enginecring components of the indoor air
progran and greater detail on certain studies. while they are
part of an integrated and coherent indoor air research program, trn
individual studies taxen alone represent important methodological
inyestigatinns that have Deen conducted by individual EPA
rasearcners and which will allow us to fill critical gaps in our
understanding of indcor air pollutian.

03" would like the SAB to comment on the relevance of these stucis
To tne proposed plan for assessing research needs. [n keeping wit
the concept of TAS reviews of Researcn 1n Progress, we would value
advice on whether we are “doing the right research” in contrast i
"doing the research right.”

To assist you in preparing for the meeting, we have attached three documen:
tnat will be the basis for presentaticn and discussion:

(1)

(2)

(3)

A statys report of 0R0's indoor air research program. Please cgnsic
the sections on sQurce characterization, monitoring methods developnm
field studies, and healsh as background information for the discussi
of ongoing studies;

A document cutlining the proposed approach to the research needs
assessment; -3

A descripzich of the prelfninary design for a limited field survey.

A-4
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As is customary, the Panel may choase ta consider additional issues for
discussion. 'We look forward to engaging in 3 productive dialogue with the
Panel. We would be pleased to discuss our three requests with any Panel
menbers prior to the meeting., Thank you for assisting us in this activity,

Attachments

cc: Gerald G. Akland (MD-56)
Donald J. Ehreth (RD-672)
Elissa Feldman (RN-672) '
Robert A, Flaak (A-121F)
Judita A, firanan (MJ-51
David Mage (MD-SA)
fourtney Rigrgan {°
Charles Radas (M2-3
William G, Tucxsr [™]

£
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THE ADMINISTRATOR

Dr. Jan A.J. Stolwijk, Chairman

Indoor Air Quality Research Review Panel
Science Advisory Board

U.S. Environmental Protection Agency
Washington, D.C. 20460

Dear Dr., Stolwijk:

Thank you for your letter of November 5, 1986, containing the Indoor Air
Quality Research Review Panel's review of the Agency's plan ta assess indoor
air research needs. We apprecijate the timely manner in which this Panel of the
Science Advisory Board (SAB) undertook this review and submitted its report,
You succinctly summarize in your letter the substantive conclusions and
recommendations of the report, some of which we have already implemented.

We recognize that an Agency policy statement on indoor air is needed, both
to establish a purpose and direction for its indoor air program and to guide
the Agency's research in support of this program., We believe that Title IV -
Radon Gas and Indoor Air Quality Research contained in the recently passed
Superfund Amendments and Reauthorizatjon Act of 1986 clarifies our Congres-
sional mandate to conduct indoor air research and to establich an indoor ai-
program., This combined action will make clear that our mission includes
assessing the potential harm to the public from indoor air pollution. In
addition, the Agency's studies now show the important contributicn of indoor
exposure to total human exposure to air pollution.

Within the Agency's air research program over the past few years, we have
investigated the potential effects from indoor exposure to certain air poliu-
tants. These have included carbon monoxide, oxides of nitrogen, and dust
(especially dust containing lead particles). While these efforts have buyt-
tressed our major research supporting regulatory activities, they have emerged
as a major research area in themselves. As the results of this enlarged
research activity become evident, we will begin to factor in the contribution
of indoor air pollution to total human exposure when we develop our strategies
for outdoor air regulations and for requlations in other areas for which we
have statutory authority. To adequately fulfill its mission of protecting and
enhancing the Nation's air quality, the Agency must address the potential
benefits of reducing exposure to indoor air pollution,
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The EPA indoor air program will focus on sharpening the public's awareness
of indoor air problems. At the center of this effort will be an Agency-directed
research program to provide the information necessary to help us communicate to
the public a basic understanding of potential indoor air problems and possible
solutions. Private sector and other public sector institutions can be expected
to play essential roles in developing and distributing the information neces-
sary to improve and protect indoor air quality. [ have delegated to the Office
of Air and Radiation (QAR) the responsibility for developing the Agency's
policy on indoor air quality. OAR will develop and implement the specifics of
the policy while the Qffice of Research and Development (ORD) will provide
support with a research program attuned to the needs of the policy.

A key recommendation in your letter suggests that an effective indoor air
quality program must be multidisciplinary and should build on a framework-
common to all participants, Even before the SAB review, the Agency had begun
an effort to assess tne available information on indoor air. As a result of
your recommendation, that assessment will be expanded to ensure that it ident-
ifies the multidisciplinary nature of the indoor air issue. The Research Needs
Assessment (RNA) that 027 plans to produce for the Agency's indoor air program
will consist of two voldres: the first will compile and synthesize the informa-
tion on indoor air quality; the second will describe the research plan that the
Agency will implement to address tne issues raised in the first volume.

The primary value of performing a multidisciplinary needs assessment will
be to enable integration of effort among the engineering, monitoring, and
health laboratories, to address specific concerns that have been identified,
and reconcile any duplicative research activities.

Foremost in our planning at this tirme is the need to charactearize the
nature of indoor air gquality problems.. Particularly important are: 1) the
health consequences of :xisting indoor air gquality; and 2) the extent to which
these problems exist nationwide., A strategy for accomplishing this characteri-
zation is emerging from our assessment. One approach under consideration is
one that is health-based; i.e., to investigate the sources of those pollutants
causing health effects. Once potential sources of unhealthy indoor pollutant
levels are identified, a comprehensive program can be developed for determining
the origins of indoor air pollution problems and for correcting these problems
with effective control techniques.

Using a health-based approach that focuses on sources has several
attributes. Identifying sources of concern allows for quick implementation of
mitigation measures. This approach also allows for prioritization by source
category within budgeted resources. However, such an approach calls for a
multidisciplinary effort that is not easily accomplished within the highly
specialized scientific com™munity we have today.
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Through our current assessment activities, we are striving to identify
those questions which, when answered by research results, will allow the Agency
to better educate the public about available options regarding indoor air qual-
ity. Individual homeowners (as well as designers, builders, manufacturers and
maintenance professionals) will be made aware of the sources of contamination,
and the relative hazard that indoor pollution may present, e.g., that associ-
ated with improper usage and storage of chemicals., We have already produced a
report aimed at this audience, Guidelines for Monitoring [ndoor Air Quality,
which summarizes current monitoring methods. Other benefits of this report
include new methods of assessing problems, the refinement and rethinking of
monitoring techniques, the definition of health parameters affected, and the
jdentification of specific populations at risk. Means to avoid or mitigate
potential problems can be described, so that affected persons can make intelli-
gent choices regarding how to minimize the level of contamination to which they
are exposed.

A very definite conclusion of your review is that our proposed limited
field survey shoula not te carried out as presented. We agree, after consider-
ing your advice, that the proposed limited field survey should not be conducted
addressing the stateaz onjectives. With the emergence of EPA's program for
improving indoor air quality, a more effective effort will include, among other
actions, directing monitoring resources toward developing the “tools" to better
define the magnitude of tne indcor air problem in relation to human health. An
integrated research effort to replace the reviewed survey is under discussion
by the laboratories at Resea.ch Triangle Park. As suggested, it would be
designed primarily to test the adequacy of the methodology. This would be an
in-house activity as much as pes-ible to minimize cost, build staff confidence
and experience, and provide for real-time corrective measures.

Your recommendations concerning our current indoor air quality projects
are also helpful. We concur that we should focus our indoor research on those
settings which provide the greatest degree of exposure to the public.
Commercial- and public-access building microenvironments are second only to
residences in this regara. [n our 1982-83 indoor air program, we studied 19
such buildings, including schools, hospitals, homes for the elderly, and office
buildings. In our planning for indoor air research (for FY-87 and beyond) we
are increasing attention to nonresidential settings. Of course, our studies on
measurement methods, material source characterization, and indoor air quality
control are applicable to both residential and non-residential situations, Qur
clinical studies of health responses to VOCs were triggered by the "sick
building syndrome," a phenomenon most often connected with office buildings.

Also regarding our current indoor air activities, you recommend that our
research program shoul: cc./er areas not traditionally addressed in ambient air
quality programs, such 35 radon, asbestos, and "microbials." The specific areas
of radon and asbestos z-2 effectively managed by separate programs within EPA,
We have previously nct '"snlighted these areas within the indoor air program
because of the distriz.i :c~ of program resources., We will make a more con-
certed effort to factsr :inass pollutants into the program, in concert with
existing programs. Tna -z2ncy nas only limited expertise in addressing
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“microbials® but recognizes that this area must be included in futyre planning.
We can uti{lize existing expertise in other Federal agencies, such as COC and
NIOSH, where work in this area has been ongoing.

Another recommendation of the SAB is that the Agency carefully articulate
how it plans to integrate work carried out by other public agencies and private
organizations into its own research program. As described earlier we are
drafting an assessment of the current knowledge of indoor air pollution., Using
this document, EPA will develop a long range research program to provide needed
information identified in the assessment. Upon review of this assessment ang
the resulting research plan by both the SAB and the public, it will be apparent
that EPA has reviewed and considered the research efforts of other Federal
agencies and the com~unity at large. Such review will be an ongoing effort and
we will continue to integrate cur research plans with the indoor air research
activities of otner institutions. We will also be more explicit in our
planning documents recarding the integration of research by other groups.

A further recor—endation of the SAB is that the Agency develop in-house
competency in the areas of building design, construction, and operation, While
we rely heavily on the expertise of others (mnost notably the American Society
of Heating, Refrigeraring and Air Conditioning Engineers and the Department of
Energy), we realize the need for in-house competency in this area, Our radon
mitigation research progran is developing staff knowledge in residential
design, construction, and indoor pollutant dynamics. As our experience grows
in indoor air source charactarization, pollutant modeling, public building
investigation, and pollutant control, we will acquire the kind of expertise
that you recommend. :

One recommendation dealing particularly with our health effects research
suggests that the Agency describe its follow-up of the approach based on the
Mglhave study concept. Mglhave and his colleagues have explored the
effects of controlled exposure of humans to complex mixtures of volatile
arganic compaunds (V0Cs). Results of this study have been published in the
peer-reviewed literature and suggest that low level VOC exposure in amounts
comparable to concentrations found in new construction Danish homes produced
memory impairment and sensory irritation in subjects known to be sensitive to
VOCs--i.e., persons identified by questionnaire as having “sick building
syndrome.” These findings are provocative because the available literature cn
individual compounds contained in the VOC mixture would not indicate any
adverse effects at such low levels, The literature concerning the health
effects of complex VOC mixtures is negligible.

The Mglhave stucy ¢id contain some questionable areas in experimental
concept and design, ra-:nj it difficult for EPA to interpret the study and use
it for quantitative ric- assessment. ‘This presents a significant problem to
EPA since the study resuits are plausible in light of anecdotal reports related
to sick building synd¢rc-a. e are sufficiently aware of Mglhave's work to
believe that effects ar2 zuite conceivable, and there is no opposing informa-
tion using the Mglhave zcsrcecn in the published literature. Thus, there is
reason to conduct a rccrfr2i reglicate expariment to independently confirm or
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not confirm effects observed in humans. [f EPA (or another organization) does
not replicate Mglhave's work and publish the results in the peer-reviewed
literature, there will forever be a question. Since the question is related to
a human clinical study, the need is even more pressing.

Under the circumstances, we, along with an extramural group of experts,
are currently designing a protocol which is a modified replication of the
Mglhave study. Minor in scope, the study is expected to utilize approxi-
mately $100K of the FY-87 indoor air resources. At its conclusion, the results
will determine the necessity for an expanded follow=-up program.

A specific recommendation concerning our current research is that
monitoring research aimed at measuring health effects of exposures or at source
characterization and control should be pursued with a higher priority, The
development of an Agency policy for indoor air quality has focussed our atten-
tion on integrating monitoring research with other programs. I[n the
development of our research plan, we are closely examining the required balance
between monitoring, health, and engineering,

The final major reconmendation of the SAB is that the responsibility for
the Agency's indoor air quality program be assigned to an individual of proven
leadership and specific experience in this area. You further point out the,
need for a management structure which can both provide the leadership and be
held accountable for the clear definition and implementation of research
objestives,

We appreciate your concern for our management structure and tilent within
EPA. However, prior to the receipt of your report, [ made management assign-
ments for the incoor air program. These assignments, as discussed ados/e, are
those given to 0AR for policy development and to ORD regarding a long-term
research plan. Foremost is the goal of assuring public awareness of indoor air
problems. OAR will design and subsequently impiement the specifics of the
program; ORD will coordinate all research on indoor air in support of this
policy. The Assistant Administrator for ORD has appointed a Program Manager
with full authority for coordinating all activities in ORD relating to indoor
air. Responsibilities include: development of the ORD RNA, the design of the
research program, negotiations on budget and funding and program implementation.
In carrying out these tasks, the Program Manager has developed a management
structure that includes both laboratory personnel who are directing research on
indoor air and Headquarters persannel to ensure that the scientific questions
of most importance to policy are being addressed. For this assignment, the
Program Manager reports directly to the Deputy Assistant Administrator for
ORD and is the principal 030 contact with other Agency offices concerning
indgor air matters. As sucn, he serves as Co-chairman of the Indoor Air
Quality Subcommittee of <-2 JRD/0AR Air Research Committee.
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The quality of our indoor air is of increasing interest to the general
public as well as to the Agency. This timely review will contribute to the
development and implementation of our research program for indoor air. Please
accept my thanks and appreciation to you, as Chairman, and to the members of
the Panel for your assistance.

Sincerely,

Lee M. Thomas

cc: Mr, A, James Barnes (A-101)
Dr. Terry Yosie (A-101)
Or. Vaun hewill (RD-672)
Or. Peter Preuss (RD-639)
Mr. Craig Potter (ANR-443)
Or. Lester Grant (1J-52)
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RESQURCE HISTORY
INDOOR AIR AND RADON

INDOOR AIR:

MONITORING
HEALTH EFFECTS

ENGINEERING

TOTAL

RADON:

RADON EXPOSURE AND HEALTH RISK

National assessment/state surveys
Hazardous land evaluation
Measurement protocols

Health effects analysis

MITIGATION AND PREVENTION

Mitigation demonstration program
Develop radon chamber

House evaluation program

New houses

Study of fundamentals and devices

CAPABILITY DEVELOPMENT

Training program
Quality assurance program
Suppart of State radon task force

PUBLIC INFORMATION

GENERAL SUPPORT

TOTAL

FYy 1984 FY 1985 FY 1986

Total $(K) Total $(K) Total $§(K)

1465 1450 1410

125 100 250

462 550 578

2082 2100 2238
FY 1984 FY 1985 FY 1986 .
Total $(K) Total $(K) Total $(K)

20 600

200

140

200 293 20

139 265 1500

200

410

100

50

340

250

20

30

90

335 578 3950



APPENDIX D

CROSSWALK BETWEEN TITLE IV REQUIREMENTS AND

EPA'S INDOOR RADON PROGRAM

Title IV Requirements

Sec. 403(b)(L)

Research and development concerning
the identification, characterization,
and monitoring of the sources and
levels of...radon, which includes
research and development relatinang to
(A) the measurement of...[radon] con-
centractions and its strengths and
sources

(B) high-risk building types

(€C) instruzents fovr...'radon! data
collecrtion

Sec. 403(B)(2)

Research celating to the effects of
+++.radon on human health

Sec. 403(b)(3)

Research and development relating to
control technologies or other mitiga-
tion measures to prevent or abate...
[radon] (including the development,
evaluation, and testing of individual
and generic control devices and systems)

Sec. 403(b)(4)

Demonstration of methods for reducing or
eliminating...radon, including sealing,
venting, and other methods that the Admin-
istrator determines to be effective

EPA Program

+Condyct a national
assessment

+Provide technical
assistance to Stacte
survey efforcts
.Develop measurenent
protocols

+Conduct epidemio-
logical studies to
determine the link
between lung cance:
and radon exposure
in houses

.Develop and demon-
strate cost-effect!
micigation methads
reduce radon levels
in houses
.Apply and evaluate
mitigation mecthods

.Study fundamentals
and devices
.Issye technical
guidance



403(bY(3)
Research, to be carried out in conjunction
with the Secretary of Housin
for the purpose

g and Urban

of developing
sessing the potent
of new construction,
ligited to) consideration
nt of soil, porosity of
t of soil
oid...[radon]

Development,
(A) methods for as
radon contamination
including
of the moisture conte
and radon conten
(B) Design measures to av

ial for

(but not

L03(EY(8)

information to assure the
the findings
section

The dissezination of
public availability of
activities under this

.Develop models tO
predict the potentic
for structures built
on certain land tvpe
to have elevated it
door radon concentrT
tions

.Develop and demoa-
strate technigues ¢
prevent radon entry
in new comnstruction
.Develop model
buildi{ng codes
.Conduct cooperative
radon prevention Dr
jects with EUD

.Provide technical
assistance to the
States -
.Conduct State
training progracs
.Implement & qualit
assurance prograc
radon measurement
.Establish a Federa
clearinghouse for
radon {nformation
.Ipplement an effec
tive public infor-
mation progranm
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RADON RESEARCH PROGRAM PLAN

FEBRUARY 1987



The Office of Health and Environmental Research has

developed this following plan to address its radon
research needs and goals. This plan broadly define; the
four goals which wi{ll provide the overall basis for the
OHER current and future radon related activities.
More detailed iaformation can be obtained from the

individual program areas.
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the Zuropesas Comaunities. In the oear ters, the expanded OHIR radoa prograa
vill provide inforamation seeded by state and local health departmeats, the
butlding {adustry and the pudblic. In the longer tera, computer dased
ssalytical risk assesszent capabilities using the database generated by
this research program will de developed for the private sector, aad state
asd local goveraseats use.

Progra= Raticonale

Public concern about indoor radon exposure {s focussed on two questions:

« what health risk (s associated with the exposures incurred in hcazes?

- 4f this risk is usacceptadly high, what can be done to reduce (¢ {2 a

cost-effective manner?
There is also a third questiog, one that is currently less visidle dut of coz-
paradle {szportance:

- what can bde doze to avold undue risks in future housing?

A clcsely related question of specisl coocern to the Departzent of Energy, acd
to CHER 1o parzicular, is the following:

= what {8 the public health risk associated vith possible future trends

in radon exposures related to the application of advanced energy
conservation technology {n nev housing?

To address these questions properly, & comprehensive resesrch program s
oeeded vhich includes many disciplines, e.g., health physics, fundamental
radiation physics, chemistry, and bdiclogy, geology, soil scilence, sercsol
phyeics, atmospheric physics and cheatstry, epidemiology, structural
engineering, snd risk snalysis. The magnitude of the effort required s
suggested by the effort required to understand the analogous phenoamena
outdoors. It is likely thet che risk assoclated vith eavironmentsl radon

exposure vwill not be adequately defined until models of lung cancer inductiocn



DOZ/ER Plan for Radon Research Prograa

Prograzmatic Goal

The goal of the prograa {s to develop the quantitative data and
principles that will allov accurate assessment of radon exposure and
assoclated lung cancer risk under savironmental coaditicas.

Ad=a{nigrrative Rationale and Cocrdinaczion

The Office of Health and Eanvironamental Research (OHER) has been a major
spousor of radon-related research for several decades. Uader {ts auspices,
considerable {nformation has deen generated from laboratory animal studies,
studies of radon traaosport and diffusion into and withio structures, acd basic
but related studies of incernally depcosited alpha emicters. 1In additiom, OHER
has augzented earlfier Public Health Service atudi{es on uranium =igers with
recent research oa miners {2 New Mexico where exposure data are more accurate.
Nevertheless, our kaowvliedge s atill neither geceral enough to yleld
prediztive principles, sor quantictative encugh to allow the accurate risk
analysis on which raticnal policy decisions must rest.

Because of increasing socletal concerns over radoa health effects, OHER
is planning a substantial expansicn of {ts radon research program bdeginning in
rY 1987. The prograa will be highly integrated: the OHER subprograss,
carried out at geographically separated sites will be coordinated at
Headquarters vith ose another and with related programs spoasored by the
Office of Conoservation and Renevedle Ecergy (CE). The DOE program as s vhole
vill be coordinated with programs of other agencies principally through the
Federal Comnfttee ou Indoor Air Quality, whose radon work group is co=chaired

by DOE and EPA, end vith prograas of ocher nations through the Commisstion of
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Recent resesrch results provide & useful framevork for the design of such
s progras. Radon fn the soil gas arcund the foundsat{os has beea ideatified as
the doainant source of indoor radon {n most structures, &t least in the Usoited
States. Moreover, the flow of this soll gas across the building eavelope
appears to be amostly driven by pressure differentials across the fouadation
produced by thermal gradieats aad ;ind effects. An {aportant goal of the
proposed research program is the developzent of a detailed mcdel of radon
avatlabilicty {n the soil and transport into structures. Such s @odel could
thea be applied to the evaluation of m{tigatiocn techaiques that focus on the
reduction of the entry rate isoto structures, and would provide s reasonadle
basis for estimating the probability that high indoor radoa levels would be
found {no particularly areas. A better understanding of the complex
relati{oaship betwveen pressure differeatials and veatilaticn rate would also be
relevant to determianing the radoa risk from energy cosservation.

A secand research goal 1is to ilmprove ocur capadlility for deterziniag radon
exposure and dose to the critical cells of the respiratory tract. New and (3=
proved measurecent methodologies are currently being developed and evaluated,
and this effort along with appropriate quality assurancce programs should de
maintained. Envirocomental influences on rados decay product properties, par-
ticularly concentrations, charge, aad particle size, ceed 2o de better
understood. Models of these phencaens can bde spplied to the evaluation of air-
clesning mitigation tachniques and allov the inference of long-teras exposure
from short-tera seasurezsents. Finally, a auch better undecstandiag of
particle deposition patterns and resoval msechanisas and particle/criticsl cell
geozetry in the respiratory tract i{s needed so that the radiations doses to the

target cells can be quantitatively estimated under various conditicas of



exposure. This capadility s especially {mportant {a the interprecation of
dats from controlled an{zal experizeats {n terms of human health effects.

A third goal of this prograa is to conduct appropriate epideatological
studies to quantify aay relatiocn dbetveen lung cancer incidence and
environsental radon exposure. Such studies are unlikely to define dose-
response relaticnships over the entire range of human exposures, but may
provide reascnadle estimates of risk at high exposure levels aad suggest
possible relationshipe detwveen radon exposure and smoking in the {nduction of
lung cancer.

The fourth and last goal is probably the most important one in the long
rua, namely, the development of a fundamental understanding of the role of
radon ia the {nductica of luag cancer. A detsiled model of the process of
lung carcisogenesis, even if highly phesomenclogical, would be extremely
valuable {(n providing a fi{ra dasis for {zferring the dose-response curve aand
dezermining the interacticn detwveen radon and saoking {n lung caacer
induczion. Because of its {zzediate and practical f{aportance, this goal
deserves the full attention of the scientific comaunity.

Iz the rezainder of this docusent, eacﬁ of the above goals vill bde
discussed {a detail.

Program Descriptiocn

Ccal fl: Model Develooment for Radon Availability and Transpore

A detailed model {s needed that relates radon concentrations indoors to the
key factors that influence radoo availability ia the ground and the efficiency
of sofl gas traasport through the so{l and across the building eavelope. Such
a4 s0del can be used to evaluate the potential for high exposures in existing

and future structures and to {nterpret field studies of the effectiveness of

annrrescrnntral miri{earian techniauen.
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Recent research has {dentified sany of the relevaat faclors aad
processss, and {t may be esid that wve have a qualitative understanding of what
is going on. Radiua conteat of the soil, soil porosity, grais size,
perseadility, wvater conteat, pressure differentials, and diffusion all play a
role. Details of bduilding comstruction design are alvays importaac, a fact
vhich places a fundazental limitatiocn on the applicability of any amcdel to
{ad{vidual structures. A more rctiiltic goal for a model {s the {dentifica-
tico of areas where high indoor radon exposures are more likely to be found.

Anong the key elemeazs of a research progras directed at this model
developzent are the following:

(1) Laboratory and field investigations of rados availability in
reasonably homogeneous geological formations and media so that quantitative
relationships may be found betwveen soil gss rados and the key physical
variadbles, e.g., scill radium, ezanation fraction, porosity, water, etc.

(2) Studies of radon traasport {a the ground under natural condi{tions {a
the absence of etructures, e.g., the effects of soil porosity, permeabdbility,
and water content, and barosetric pressure variations on diffusive and
convective flow through homogenous and fractured media and across the air-
ground interface.

(3) "Researchehouse" investigatioas {avolving detailed correlations of
radon eantry rates with measurenents of relevant physical variables, e.g., soil
g§as radoo pressure differential across the foundatioca, indoor and outdoor
teaperatures, outdoor vwind speed and direction, s0{l moisture, ventilation

rate, etc.

»
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(4) Iavestigation of the applicability of existing geological and radio-
setric dats, e.g., uraniua geology, scil maps, sirdorne gasas surveys,
regional radoca surveys, to the developzent and validation of models of radon
svallability and transport.

Ia the conduct of this vork, wve vill continue to coordinate our efforts

with DOE/CE, EPA, USGS and the CEC program, all of whoa are cond&c:ing related

research.,
Gcal #2: Accurate Deter=!na%icn of Radon Exposure snd Dose to the Critizal
Cells of the Res~iratory Tracet

The doses to the critical cells are strongly depeadent on the deposition
pattern of the inhaled radicactive particulates, which in turn depends oo
particle size and charge as vell as many factors associated with the
individual breathing pattern and re;pi}ltory tract morphology. The inference
of lcog-term doses to these cells requires a8 full understanding of how
enviroozental factors affect not only the concentrations of rados decay
products in the ambiezt af{r but also the rate of neutralization of the izizial
positive ions of polontum=-218, their rate of attachment to atmospheric
particulates, and the rate of particle growth. A model of these processes that
takes {ato account realistic alr circulation patterns, ios, molecular cluster,
and particle mobilities, chemical reactiouns, and deposition cn surfaces is
ceeded to {nterpret the limited available dstas oo radicactive particle
concentrations and size distridutions and their changes with time. This
model would find as i{mporzant application i the assessment of the
effectiveness of various atir clesning techniques for dose reductica.

Nev asd {aproved sethods for radon, radon decay product, snd airborne

particulate messurezent are continually being developed in the DOE research
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prograa and elsevhers. The DOZ Zavironaental Measurements Laboratory (ExML)
has become the de facto national primary reference ladoratory for eaviroane
pectal radon messurezent, and has beea sctively {avolved {a the evalustion of
various measurezent techniques snd in the conduct of research ladoratory
iotercomparisons. 1t (s vorkiog closely with EPA and the states {a the
development of & oational quality assurance prograa. These efforts to develop
aad test mesgsuresent aechcdologien vi{ll be maintained, as & meacs tO assure
that state=of-the~-art technology is avallable to the private sector and the
general public for the assessment of radon exposures.

The contridution of thoron decay products to total radoa exposure assd the
cocsequent dose to the lungs needs to be better defined. The limited data cn
thoron nov avalilable (adizaze thaz this contriduticn can de siguificant ia
so3e sltustions. Moreover, the presence of thoron decay products can
scsoetizes cause {zportant errors in sosce types of radon seasuremeats. Thoroa
itself zay be of interest ;ane, beca;se of {ts short lifecige, it might de
used as an indicator of the rapidity of transport of soil gas i{nto a
structure. Thus, attention should be paid to thoron (a future research
studies, where possible.

Methods for inferring lcug-term exposure to radon decay products froa
biological indicators need to be pursued further. One approach deserving
further investi{gation {s the use of lead-210 in the skeleton as such an
indicator. Measurezents of lead-2]0 accumulations {a former aine and mill
vorkers wvith eubstantial pas: exposures wvhile they are scill alive ts likely
to be important in testing the utilicy of this approach. Ia additios, highly
secsitive laser analyesls techniques have been developed for obtaising dats on
husas exposure to uranius. These could be spplied to dDicassay mesasureaents of

appropriate radiocauclides to infer recent exposures to radon decay products.



Although exposure i{a unite of working level mooth (WLM) has been found to
be 8 reascnadly adeguste surrogscte for dose iz epideziological studies, &
detailed understanding of the lung cancer risk froa radoa exposure (and the
traoslation of the resulls of animal studies to human risk) requires s
quantitative assessment of doses to the critical cells of the respiracory
tract. lmproved models of the lung are needed that take account of dilological
variadility. The processes of particle depositica, tracsport, aad reacval
must be thoroughly investigated, and uncertainties in the {dentity and
location of the target cells resolved, Research that addresses these problezs
will have & high priority {a an expanded ER program. It should also bde kept {2
miad that {t i3 unlikely that absorbed dose {(n the regican of the critical
cells {3 the relevact physical quantity {n terms of risk. However, ocnce the
source-target geometry iz the lung is adequately defined, amicrodesizetry,
fundacental radiation phys{cs and chemistry can be applied to the developmzent
of models of lung cancer {nducticn (see Goal #4).

Gzal #3: Assess=e=t of Heglzth Risk hy Ao»rosriate Eni{de={ological Sctudies

Current estizates of lung cancer risk due to exposure to radon and {ts
progeny are derived froa epidemaiological studies of uranius ainers (n
Colorado, Czechoslovakia, Sweden, and Canada. Ongoing OHER research s
limited 2o case control studies of ursaium afners in New Mexico, vhere
dosimetric, medical, and lifestyle are superior to previous winer studies, and
8 recently (nitiated study of fezale lung cancer cases in Pennsylvania. These
studies vill provide more reliadle data on lung cancer risk from exposure to
radon 4n the mise eavironsent.

While estimates of risk from dosestic radon exposure may be extrapolated
from the miner studies, they are {nhereantly insccursce for several reasous.

The studies were conducted ou men of a limited age range {n an occupational
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tiozs have & high perceatage of snmokers, non-salignant respiratory disease {:
highly prevaleat among miners, and ainers perform heavy sanual lador. Ia the
dusty mice environmeat, a high percentage of radon daughters are "attached" to
particles. Since the attached fractiocn is lover i(a other eavironmeatal ex-
posures, it has been suggested that the latter may result in drasatically ig-
creased delivered dose froa a particular exposure level. Also, taforamation os
radon doses and on potentially confoundiag factors such as cigarette smoking
i1s {ncosplete, and {ts validity somewvhat questiocnable. Because the miner
population {s atypical, additional carefully planned epidemioclogical studies
will be carried out to provide 1ﬁforaa:ion on coofounding factors,
particularly smoking, and to provide information that will be applicable to
resideatial communities.

Coal #4: Quanciracive Mcdel of lLung Cancer Inductiosn Due to Raden Exposure

A major emphasis of the OHER radiation resesrch prograa has been the
{zvestigation of the basic physical, chezical, and bislogical mechazis=zs of
caccer induction following radiation exposure. An understanding of these
mechanisas {s required for the deterzination of dose-response relaticaships
over the range of exposures normally encountered in the environment and {a the
workplace.

This general statement certainly applies to possidble envircamenzal radon
exposures, which range over & factor of lO‘o To some extent, the current
radoa risk estimates derived froa the exposure of miners have to be
extrapolated to higher exposures to cover the full range. Thus, there is &
conp;lling oseed to target soze of the existing effort on fundasmestal radiaticn
physics, cheaistry and biology withia the OHER progras oa the particular

endpoiat of lung caocer. Different models of cancer iaduction may be needed
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for the various cancers, and it s sppropriste to conceatrats o8 those few
vhere the effect of radiation exposure {s clearly imsportant. An {acreased
overall effort vill be (nstituted to develop & fundauen:al.undcrlcandla; of
the mechacisms of lung cancer {nductiocn and the respective roles of radon and
saoking {a this process. This effort will iaclude the search for markers aad
oncogenes as well as modern cytogenetic studies. To deterzine cells at risk
for tumor developzent, kinetic studies of tissue repair processes leading to
metaplasia acd neoplasis vill be used, as vill electron microscopy and
cheaical markers. The expression of oscogeanes in the proliferating tissues
will help characterize the progressions of cellular eveats leading to
neoplasia, and {dentify repair enzymes that may modify the disease process.
Counnectiocn of these phenozena to the f{anitlal physieo-cheaical changes at the
cellular acd subcellular level due to the action of the locident alpha
particles will be an esseactial feature bf the ultimate model.

Experimental snimal studies will de as izportant element of the expanded
CHER program. Direct estizates of human risk masy be derivable {f the physical
and bdlological differesces betveean species can be properly accounted for.
Possible loteractions betwveen radoao and saoking in lung cancer inductiocn caa
be investigated by varyisg the sequence of exposure to the two pollutants.
Scme existing evidence appears to ilaply that radoa decay products primsarly
initiate the carcinogenetic process while smoking promotes the cascer grovth.
This 1s a very significant distinction that may strongly sffect rados risk
estimates. Pinally, animal studiles are secessary to u;derl:and particle
deposition, tranopo%t, and clearance processes in the respiratory tract (see

Goal #2).
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