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Executive Summary

Purpose

=

Background

Over the past two decades, particularly since the energy crisis of the
19705, there has been a growing understanding of the hazards to human
health posed by exposures to the pollutants commonly encountered in
homes, schools, offices, and other indoor environments —places where
most people spend the major portion of their lives. Initially, scientific
interest focused on indoor air pollutants, primarily because of suspicions,
later confirmed by research, that some of the measures taken to improve
the energy efficiency of buildings could increase indoor alr concentrations
of pollutants, such as carbon monoxide and other by-products of
combustion, as well as concentrations of 1oxic emissions from products
and materials widely used in building construction and furnishings. While
indoor air quality remains a matter of considerable public and scientific
concern, research has also shown that the health risks posed by pollutants
present in the indoor environment extend beyond inhaling air
contaminants, Many of the products routinely used and stored indoors,
such as paints, solvents, cleaning products, and pesticides, as well as
contaminants that are frequently tracked indoors from the outside pose
potential health risks through other means, such as skin contact and
ingestion. Concerned about the pace of progress in understanding and
devising effective solutions to the problem of indoor pollution, the
Ranking Minority Member of the House Committee on Government
Reform asked Gao to (1) characterize the current scientific understanding
of the health risks of pollutants commonly found in indoor environments
and the sources of exposure to these pollutants; (2) provide information
on the federal funding of indoor pollution-related research in recent years
and the advances in the scientific undersianding of indoor pollution and
the ability to control it that have resulted from this spending; and

(3) identify the significant gaps in the knowledge and understanding of the
problem and the solutions for dealing with it, as well as the implications of
these gaps for future research.

Although the Environmental Protection Agency (EpA), the Consumer
Produet Safety Commission, the Department of Energy, and other federal
agencies had conducted limited research related to various aspects of
indoor pollution in the 1970s and early 1980s, the first legislation to deal
specifically with this problem was not enacted until 1986. Title IV of the
Superfund Amendments and Reauthorization Act of 1986 called for EPA to
establish a formal program of research with respect to radon, a naturally
occurring radioactive gas, and indoor air quality.! It also called for EPA to
disseminate the results of its research and to establish an advisory

P Mo, 90-199, 100 St 1613, 1758 (1986) (codified ar 42 1.5.C. Sec. T401 note (1995)).
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commitiee composed of federal agencies 1o help it carry out its research
and information dissemination activities. To meet this latter requirement,
EPa relied on an interagency consultative body, the Committee on Indoor
Air Quality, composed of agencies, such as the Department of Housing and
Urban Development and the Consumer Product Safety Commission,
whose missions were in some way related 1o the healthfulness of indoor
environments.” In 1989, as required by the 1986 legislation, EPA submitted a
report to the Congress on indoor air guality and radon. The report
described the research that Epa and others had conducted up 1o that time
and the general understanding of the problem. It also outlined a broad
agenda of research that Epa, in consultation with others, had concluded
would be needed to increase the scientifie understanding of the problem
and the ability to devise effective solutions for it.

In October 1991, Gao reported on the progress by EpA and other federal
agencies in implementing the 1986 legislation and advancing its objectives.?
Gao concluded that Epa's emphasis on indoor air pollution, as reflected by
the amount of funding for research and related activities, was not
commensurate with the health risks posed by the problem—a high
comparative risk ranking made by the agency and endorsed by its Science
Advisory Board.? Gao also concluded that better coordination was needed
among federal agencies in their indoor air-related activities, including
research. Gao reported that EPA's indoor air-related research had been, and
likely would continue to be, constrained by a lack of funding, largely due
to an increase in the agency’s overall program responsibilities over the
years that was not accompanied by a corresponding increase in its budget.
Also contributing to this problem was the fact that the indoor air program,
unlike other statutorily mandated gpa programs, did not have the kinds of
legislatively mandated time frames and goals that tend to drive the
resource allocation process and set research funding priorities. With
respect to cooperation and coordination among members of the
Committee on Indoor Air Quality, a0 found that the limited participation
by agencies other than Epa and the lack of a clear charter for the body had
inhibited its effectiveness as a means 1o coordinate federal indoor air
pollution efforts and avoid duplication.

*he Committes was first set up in 1974, disbanded during the tenune of EPA Administrator Anne
Gorsuch, and reinstituied in 1084 in response 1o @n appropriation giving EPA funds 1o conduct
yesearch on Indoor afr issves. Current members of the Committes on Indoor Alr Quality are listed in

app. I

niboor Air Polhotion: Federal Efforts Are Not Effectively Addressing a Growing Problem
(GAOMNCED-S2-5, Oct. 15, 1001}

A4 public advisary group established within the Office of the EPA Administrator to provide
independent, expent advice on scientific matters related to EPA’s mission responsibilities.
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Executive Summary

Inits 1991 repor, Gao made several recommendations intended to

(1) ensure that the funding of indoor air pollution-related activities,
inclhuding research, would be commensurate with the high public health
risk posed by the problem and (27 enhance the effectiveness of the
Committee on Indoor Alr Quality as a mechanism for planning and
coordinating research. Gao also suggested actions that the Congress might
take to enhance the effectivencss of the Committee as it considered
jproposed legislation to enlarge ihe federal role in this area. This review
provided little evidence that gra implemented 6ao's recommendations in
that report. In addition, the proposed Indoor Air Quality Act of 1991 was
not enacted by the Congress,

Era officials and others have consistently identified indoor pellution as
one of the most serious environmental risks to public health. Pollutant
exposures encountered indoors, resulting from natural causes, such as
radon gas; from commonly used consumer products, such as cleaners,
deodorizers, paints, and solvents; or from a variety of indoor activities,
such as cooking, showering, and smoking, can result in some of the most
serious pollutant exposures people receive as they go about their daily
lives. This i= explained by the fact that concentrations of pollutants in
indoor air can exceed those found in outdoor air by a factor of 2 to 5 (and
sometimes much more); by the sheer amount of time most people spend
indoors (an average of 80 to 90 percent, even more for certain particularly
vulnerable population groups, such as the very young, the infirm elderly,
and the chronically ill); and by the peculiarities of the indoor environment,
such as the presence of materials and surfaces that can act as emitters and
reservoirs of pollutants.

Federal agencies reported that they will have spent a total of almost

£1.1 billion on indoor pollution-related research from fiscal years 1987
through 1999 (in 1999 constant dollars).® Just over half of the agencies’
actual and planned expenditures went for research related to indoor air,
while about one-quarter went for research related to the hazard posed by
lead in the indoor environment. The remaining spending was for research
relating to the hazards presented by radon and asbestos, During this
period, about 64 percent of the spending went for research conducted or
sponsored by four institutes of the National Institutes of Health to provide
a better understanding of the health effects associated with indoor
pollution, including allergies, asthma, and infectious diseases. While some

“Apencies’ spending is expressed n constant dollars to account for inMation and to facilitate interyear
COMpArsons.
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Principal Findings

of the agencies, such as the National Institute for Environmental Health
Sciences,® have experienced an increase in indoor pollution-related
research funding over this period, funding for such research has declined
in other agencies, including the Department of Energy.

As a result of research funded by the federal government, a few state
governments, and others since the early 1970s, notable progress has been
made in understanding the problem of indoor pollution and in devising
strategies for mitigating pollutant exposures. Consumer products have
been reformulated, and building materials and practices have been altered.
Guidance documents have also been developed for use by building
managers, homeowners, and consumers to help them better understand
the causes and the sources of indoor pollution and enable them to take
steps to prevent pollution problems or remedy them when they occur.

Notwithstanding the progress that has been made in understanding and
managing the probilem of indoor pollution, GAo's review of the scientific
literature as well as conmumnents provided by agency officials and other
experts clearly showed that many gaps in knowledge and understanding of
the problem remain. These include gaps and uncertainties with respect to
(1) the identity and the sources of pollutants; (2) the mechanisms by
which people are exposed to them; (3) the health effects resulting from
prolonged and intermittent exposure to low-level concentrations of
chemical and biological pollutants as well as complex pollutant mixtures;
and (4) the most cost-effective strategies for reducing pollutant sources,
exposures, and consequent health effects. The consensus of experts GAO
consulted is that significant progress in filling these gaps and resolving
these uncertainties will require a comprehensive and coordinated research
effort involving multidisciplinary research teams composed of experis in
such areas as epidemiology, exposure assessment, medicine, chemistry,
microbiology, and building systems.

Current Understanding of
the Risks of Indoor

Pollution

In 1987, £ra officials ranked indoor radon and other indoor air pollution
among the top 5 of 31 enumerated environmental risks. This comparative
risk ranking was based, in large part, on an understanding of (1) the health

*The National Institute for Environmiental Health Sciences engages primarly in baeie research
desigmed 1o inerease the sclontific understanding of the toxie, mutagenic, and other offects of & broad
rsnge of chemical and other substanees found in the owtdoor as well as indoor envimonments, Thus, its
research effons are often less specific to the indoor environment than those of other agencies.
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e

risks posed by radon and such other indoor air pollutants as asbestos
fibers and environmental tobacco smoke (secondhand smoke) and

(2} how some of the measures taken to conserve energy use in homes and
other buildings might increase concentrations of indoor pollutants and
result in other indoor conditions threatening to the health of the
occupants, Since 1987, research has broadened scientific understanding of
the indoor environment and provided sirong additional evidence that
pollutant exposures encountered indoors can, by virtue of peculiarities of
the indoor environmment and the sheer amount of time spent there,
constitute some of the most serious environmental exposures people
receive. The sources of these exposures include not just those that
commonly come to mind, such as radon gas seeping into a house through
cracks in its foundation, or by-products of combustion, such as carbon
monoxide and nitrogen oxides from cooking on gas stoves or burning
wood in fireplaces, They also include inhalation, skin contact, and
ingestion exposures to toxic substances contained in cleaning and
disinfecting products, pesticides, paints, solvents, air fresheners, moth
repellants, arts and crafis materials, and a variety of other substances
widely used and stored in homes, schools, offices, and other buildings.

Health-threatening indoor exposures can also result from a variety of
biological contaminanis that often occur indoors. Such exposures often
result from poor building maintenance and housekeeping practices;
excessive moisture resulting from the tightening of buildings to make them
more energy efficient; the inadequate venting of humidity sources, such as
bathrooms, kitchens, and laundry rooms; or water leaks through a
building’s exterior shell into the interior. Biological contaminants include
allergens from such sources as dust mites, cockroaches, and pets;‘r
bacteria and other infectious disease agents; fungi and their produets,
ineluding volatile organic eompounds; and other toxins. The mixtures of
toxic chemicals and other contaminants often found in house dust that
becomes embedded in carpets, upholstery, and other indoor surfaces also
present serious hazards. These exposures, which can result from
disturbing dust on indoor surfaces, may occur by inhaling fine particles,
having skin contact with them, ingesting them, or any combination of
these means. Exposures to pollutant-laden house dust are believed 1o be
particularly problematic for toddlers and small children who spend a large
amount of time on or near the floors of their homes, day care centers, and
schools and often put things in their mouths.

“Allergens e forcign substances, often plant and animal proteins, such as pollens, excretions from
vockroachies and dust mites, and dander from hoesehold pets. In susceptible individuals, allergens
inluce a specific type of immune response that produces altergie, or IgE, antibodies. The prodoction
of allergic antibodivs can result in the symptoms of allergies.
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Funding of Research
Related to Indoor Pollution
by Federal Agencies

From fiscal year 1987 through fiscal year 1999, the federal agencies
covered by our review will have spent a total of almost $1.1 billion for
research designed to improve the understanding and the control of
pollution in the indoor environment.® The major portion of these research
expenditures, about 78 percent, has been for research related to a wide
range of indoor air quality issues as well as the health risks posed by lead
in the indoor enwironment. The remaining 22 percent of spending has been
devoted 1o research related 1o the hazards presented by radon and
asbestos indoors. Total annual spending for indoor pollution-related
research peaked in fiscal year 1995 at about $103 million and then declined
somewhat in the 3 succeeding fiscal years, averaging about $87 million per
vear, However, total planned spending for fiscal year 1999 represents,
essentially, a return to the fiscal year 1995 level. The National Institute for
Environmental Health Sciences, a component of the National Institutes of
Health, accounted for about 37 percent of the nearly $1.1 billion in total
federal spending since 1987, Four institutes within the National Institutes
of Health together accounted for about 64 percent of the total federal
spending for that 13-vear period. Epa, the Department of Energy, and the
Department of Housing and Urban Development were the next largest
spenders, each accounting for 7 to 13 percent of the total spending. The
Consumer Product Safety Commission, the National Institute for
Occupational Safety and Health, and the National Institute of Standards
and Technology each accounted for 2 percent or less of the total federal
spending for that period.

Progress Resulting From
Research Related to Indoor
Pollution

During the past two decades, notable progress has been made through
federally funded research to undersiand the sources, the exposure
mechanisms, and the potential health risks of pollutants in the indoor
environment; Lo devise strategies for controlling pollutant sources and
mitigating exposures; and to disseminate information to the public on
actions to provide protection from the hazards of indoor pollution. Asa
result of research on the sources and the dangers of indoor exposure to
radon, mitigation techniques were developed to reduce that threat.
Thousands of homes have been tested for radon and modified, as
necessary, to prevent high indoor air concentrations of this pollutant. As a
result of research demonstrating the health risks of exposure to
environmental tobacco smoke, policies have been adopted by federal,
state, and local governments and by businesses to greatly reduce
involuntary exposure to secondhand smoke in offices, theaters, arenas,
and other public spaces and in public transportation. With public

52ee app. | for a list of agencies.
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education and changes in attitudes regarding smoking, experts believe
(although there is not yet good empirical data for confirmation) that there
has also been a reduction in involuntary exposures to secondhand smoke
in private homes, particularly exposures of children.”

As a resull of research to measure indoor exposures to pollutants and to
identify and quantify sources, many important indoor pollutants and their
major sources have been identified, and measures have been taken 1o
reduce human exposures through source reduction and control. One
important example is formaldehyde, an acute irritant and suspected
human carcinogen, which was found 1o be emitted by a number of indoor
sources. Research has led to changes in the manufacturing practices for
many indoor products and materials, including paints, insulation,
carpeting, and pressed wood products that had been identified as major
sources of this pollutant. As a result, highly elevated indoor
concentrations of formaldehyde are now less common than in the past.

Federally funded research has al=o resulied in the development of
measuring and modeling tools to diagnose and solve indoor pollinion
problems and design healthier buildings. For example, research has
advanced the basic understanding of the process by which outside air
infiltrates through cracks in the exterior shells of single-family residential
structures. Currently, this infiltration is the major means of ventilation for
these buildings and strongly influences pollutant removal as well as the
energy necded to heat or cool them. Similarly, many findings from
research on the relationship of indoor air quality to heating, ventilating,
and air conditioning technologies and practices have been incorporated in
industry-developed guidelines, standards, and handbooks. Educational and
guidance materials for building operators have also been developed and
widely used.

Additional Research Is
Needed to Fill Gaps in
Knowledge and Resolve
Uncertainties

Diespite the progress in understanding and managing the problem of
indoor pollution that has been achieved through research over the past
two decades, many important gaps in knowledge of the problem remain,
including significant uncertainties related to exposures and health effects.
Many of the agency officials and other experts Gao contacted commented
that the progress made to date in understanding this problem has only
enhanced the appreciation of its complexity, the broad range of its
potential impacts on human health, and the difficulty of devising effective

"Under a cooperative agreement with EPA, a telephone survey was conducted in 15894 and 1966 that
Foanrud thast thast 28 percent and 27 percent, respectively, of children age 6 and under were exposed 1o
envirormental tobaceo smoke in their omes.
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Recommendations

Agency Comments

and affordable solutions. There are a number of major research needs
implicit in these knowledge gaps and uncertainties that musi be addressed
to reduce the many remaining and significant health risks in the indoor
environment, These risks include cancer, the indoor transmission of such
diseases as colds, influenza, and (uberculosis; such building-related
illnesses as Legionnaire’s disease and hypersensitivity pneumonitis;!” the
range of nonspecific health sympioms associated with sick building
syndrome and multiple chemical sensitivities; allergies; and the growing
problem of asthma.

Experts tao consulted were in general agreement that further reductions
in exposures to and adverse health effects from indoor pollutants will
require continued efforts to develop a sound scientific and quantitative
understanding of the complex relationships among building factors, indoor
pollutant exposures, and health effecis. Exposure assessment, particularly
to improve the understanding of the relative contributions of indoor and
outdoor exposure to tolal human exposure to particular pollutants or
pollutan classes, will be needed 10 resolve some of the uncertainty that
currently clouds risk assessment for indoor pollutants. Additional research
on health effects will also be needed to reduce uncertainty in risk
assessment and to highlight those risks that merit priority attention for
mitigation, There was consensus among these experts that continued
progress in dealing with the indoor pollution problem requires research
that promotes a clear understanding of cavuse and effect relationships—not
Just documentation of phenomena, as has often been the case up to now.
There was also agreement that achieving this understanding will require
multidisciplinary research teams that bring together experts in such areas
as building systems, indoor pollutants and sources, exposure assessment,
epidemiology, health effects assessment, and pollution control
technologies.

GAOD is not making any recommendations in this report.

We provided the departments of Energy and Housing and Urban
Development, the Environmental Protection Agency, the National
Institutes of Health, the Occupational Safety and Health Administration,
the Consumer Product Safety Commission, the National Institute for
Occupational Safety and Health, and the National Institute of Standards
and Technology with a draft of this report for review and comment. The

4 chronke nsplratory distress symdrome characterized by s delayed immune response 1o a subsiance
that sensitizes the immune systam.
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Chapter 1

Introduction

The Federal Role in
Researching Indoor
Environmental
Problems and Their
Solutions

Research related to the pollutants found in the indoor environment and
the healih hazards they present is currently carried out by a number of
federal agencies. The specific research activities conducted or sponsored
by these agencies and the focus of their research are largely determined by
their organizational missions and mandates. A major impetus for federal
involvement in research on indoor pollution was the energy crisis of the
carly 1970s and the concern about the impact of some energy conservation
measures on the guality of indoor air. This concern led the Congress in
1956 to enact legislation assigning a formal indoor air research role to the
Environmental Protection Agency (EPA) and mandating the creation of a
mechanism to facilitate coordination among federal agencies of research
and other activities related to indoor air quality.

The involvement of federal agencies in research on the causes and the
effects of human exposures to indoor pollutants and the options to
manage the health risks posed by them has evolved over the years as
awareness and understanding of the indoor pollution problem has grown.!
The research of such federal agencies as Epa, the Department of Energy
(poE), the Consumer Product Safety Commission (cPsc), and the National
Institute for Occupational Safety and Health (M10sH) trace their beginnings
to the energy crisis of the 1970s and its aftermath, specifically nationwide
measures to make buildings more energy efficient. As steps were taken to
conserve energy use in residential, office, and other types of buildings,
through such means as insulating, sealing to prevent the infiltration of
outside air, and lowering ventilation rates, their occupants began to
experience increased health symptoms suggestive of increased exposures
to irritating and perhaps harmful substances in the indoor air. Research
conducted by crsc and others revealed that many of the substances that
were suspected of causing these problems and which were found in higher
concentrations in tighter, more energy-efficient buildings were emitted by
some of the very materials used to improve energy efficiency, as well as by
building materials, interior furnishings, and products routinely used in
homes, offices, schools, and other public buildings.

During the late 1970s and carly 1980s, increasing public concern about
indoor air pollution and growing scientific understanding of the problem
resulted in passage of the Radon Gas and Indoor Air Quality Research Act

"The long-=tanding focus of reseanch in this area has been on indoor air pollutants and related indoor
adr quality issues. However, as the sclentifie understanding of indoor contaminant exposures and
exposure-related risks has improved, there s been a growing tendency 1o view the indoor
environment more comprebensively. It is this more expansive understanding of the indoor
environment that is the foecus of this report.
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of 1986,” which, for the firsi time, required £Pa to establish a formal
program of research with respect to radon and indoor air quality. This
legislation also required Era to disseminate the resulis of its research,
establish an advisory committee comprised of federal agencies to help
carry oul its research and information dissemination program, and report
to the Congress on indoor air-related activities. In 1989, Era issued a report
10 the Congress on indoor air quality and radon,* detailing the research
that it and others had conducted up to that time. This report also
discussed EPA’s general understanding of the indoor pollution problem and
outlined a broad agenda of research that agency officials believed would
be needed to increase understanding of the problem and the ability to
devise effective solutions to it.

Although a number of bills have been introduced in the Congress since
1986 to extend the federal role in researching and managing the problem
of indoor air pollution, to-date none has been enacted. While there have
been specific appropriations measures and legislative directives related to
the research activities of individual agencies, the federal involvement in
this issue has remained essentially unchanged since passage of the 1986
legislation.

Agency officials and other experis who offered opinions on the adequacy
of federal funding of indoor pollution-related research were in agreement
that this funding has been quite modest in relation to the seriousness of
the problem and its effects on public health and produetivity. Within Epa,
in particular, research related to the problem of indoor pollution has not
fared wellin the competition for limited resources. Explanations for this,
provided by ageney officials and cited in our prior work,! include the
following: (1) the federal role with respect to indoor pollution remains
essentially nonregulatory (i.e., one of disseminating, to the publie,
information resulting from research rather than using research findings as
a basis to promulgate regulations); (2) the federal role does not involve
significant amounts of grant moneys (apart from grant programs available
for a few hazardous indoor pollutants, such as radon and lead); and

(3) there are no specific forcing mechanisms (such as legislatively
mandated time frames or goals) for most indoor pollution-related research
like those that exist for research carried out under other legislative
authorities, such as the Clean Air Act or the Safe Drinking Water Act. In

itle IV of the Superfund Amendmens and Reamhorization Act, P.L. No. B840, 104 Stai. 1613, 1758
[ 1886} {codified at 42 U.S.C. Sec. 74001 note (1865)).

"EPA, Repon to Congress on Indoor Alr Quality (Aug. 1558 3 Vols,

Indoor Air Pollotion: Federal Efforis Are Not E‘.ﬁ’eﬂwelrﬁdd:msllg a EmwinE_Pm‘blun
(GAGTRCEDBZE, Oct. 15, THT).
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Funding of Indoor
Pollution Research
Has Not Matched the
Widely Recognized
Risk Posed by Indoor
Pollution and the
Costs It Imposes on
Individuals and
Society

Chapter 1
Introduction

1991, we reported that federal indoor pollution-related research, including
£Pa's research program, had been constrained by the lack of funding. We
noted that contributing to this situation were (1) the lack of a clear
definition of research responsibilities among federal agencies, including an
absence of specific research mandates for most federal agencies involved
in research related to indoor pollution and (2) a substantial increase in
Epa's overall program responsibilities over the yvears, while its budget
remained essentially level. These factors have not changed in the
intervening years and continue to serve as a constraint on federal research
activities in this area.

In 1991, we also reporied that the interagency Commitiee on Indoor Air
Quality (C1aq), established to coordinate the indoor air-related programs
and activities of £pa and other federal agencies, had shown only limited
effectiveness in performing this role. We attributed this to the limited
participation by agencies other than EPa and to the lack of a clear charter
for the organization, one that would define the roles and responsibilities of
agencies and how they should work together to address indoor air issues.
Agency officials familiar with C1a@'s recent operation told us that while it
has functioned fairly effectively as a mechanism for agencies to inform
one another of their respective indoor pollution-related activities and
programs, including ongoing and recently completed research, it has not
functioned well as a mechanism for developing a coordinated national
research agenda or setling priorities for federally supported research
related to the indoor environment.

Many federal and state agencies, as well as other authoritative bodies,
have recognized the significant risk to human health posed by the problem
of contaminants in the indoor environment and have consistently ranked it
among the top environmental health threats. In 1987, a comparative
assessment of environmental risks conducted at the direction of EpaA’s
Administrator by senior agency scientists, engineers, and managers
concluded that indoor radon and other indoor air pollution ranked among
the top 5 of 31 enumerated environmental problems in the risks they
posed to human health.” gpa’s Science Advisory Board, which was
established in the Office of the £Era Administrator to provide independent,
expert advice on scientific matters related to Era's responsibilities,
reviewed and endorsed this comparative risk ranking and called upon the
agency to give a higher priority to funding such high-risk environmental

FEPA, Unfinished Business: A Comparative Assessment of Environmental Problems (Feb. 19587).
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There is also a disparity between federal funding for indoor
pollution-related research and the costs that indoor pollution imposes on
individuals and society, according to estimates of these costs by Era and
other federal and private sector researchers. The costs associated with
indoor pollution include the costs of medical treatment for those adversely
affected by exposure to contaminants in the indoor environment as well as
reduced productivity caused by workers’ absences due to illness and by
their impaired performance on the job as a result of exposure-related
symptoms, such as headaches, eye and respiratory tract irritation,
allergies, asthma, chronic fatigue, and a reduced ability to concentrate.
Researchers at poE's Lawrence Berkeley National Laboratory have
estimated these costs, for the United States alone, in the tens of billions of
dollars.® These same scientists have put the savings that might be realized
as a result of improved indoor environments, achieved through a better
understanding of the problem of indoor pollution and the development of
more effective control and risk mitigation strategies, at a similarly high
level. For example, nationwide savings and productivity gains from
reduced respiratory disease have been estimated at between $6 billion and
£10 billion annually. From reduced allergies and asthma, a subset of
respiratory diseases, such savings and gains have been estimated at
between £1 billion and #4 billion annually. From reductions in the health
symptoms that are associated with sick building syndrome, such savings
and productivity gains have been estimated at between $10 and $20 billion
annually. Finally, from direct improvements in workers' performance that
are unrelated to health (because indoor environmental factors can affect
comfort and productivity without producing discernible health effects)
estimates of productivity gains have been put at between $12 billion and
£125 billion annually. According to the DOE scientists, a comparison of the
potential economic benefits of improving indoor environments with the
costs of achieving such improvements suggests that benefits exceed costs
by a very large factor.

"William J. Fisk and Arthur H. Rosenfeld, Estimates of Irn]Jm'-'ﬁf Productivity and Health From Better
Indoor Environmaents, Indoor Erwironment Progrm, Lawrence ﬁrrﬁ'ﬁ:‘y athonal Laboratory, Office

of Energy Efficiency and Renewable Energy, DOE (May 1997, Also published in Indoor Air, Vol T
(Sept. 1967) pp. 168-172.
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Chapter 1
It rasdducthon

This repon goes beyond the traditional focus on indoor air quality and
embraces the broad definition of the indoor environment adopted in
recent years by such agencies as EPa and ¥108H and by others, including
EPa's Science Advisory Board and its Integrated Human Exposure
Committee. This more encompassing and inclusive definition considers
toial human exposure (i.e., all pollutant sources, media pathways, and
exposure routes) and takes account of the relative contributions of both
indoor and outdoor sources to total exposure and risk. The definition is
based on a recognition that factors influencing human health indoors go
beyond inhalation exposures to pollutants found in indoor air, important
as that particular medium and exposure route may be,

In embracing this more inclusive concept of indoor pollution, EPa has
defined the indoor environment and its potential effects on huwman health
by two guiding principles. First, exposures must occur within or be
exacerbated by the building; the health impacts of concern need to be
directly related to pollutant exposures that oceur in the building or other
enclosed space, such as an aircraft cabin. The exposures may result from
inhaling pollutant-containing indoor air or may result from other exposure
routes, such as skin contact or ingestion, or a combination of them.
Impacts on human health and methods for reducing exposures and risks
will vary by building type, use, and activities. Second, risk reduction must
be achieved through better building design and construction, through
development of less polluting products for indoor use, or through
mitigation of existing exposures within the building or in its immediaie
vicinity. The second principle is intended 1o exclude some risks that,
although they may oceur indoors, originate outside the building and are
Lrest mitigated by actions at a distance from the site of exposure. For
example, risks would be excluded if the source of the pollutants were
industrial discharge, such as drinking water contaminated by lead tailings
from a mine or air pollutants entering the environment from industrial
smokestacks.” Risks would be included if the pollutants were added
indoors, for example, drinking water contaminants from lead solder in
indoor plumbing or air pollutants emitted from combustion or other
sources within a building, Pesticide residues on food resulting from the
spraying of crops would be excluded, while pesticides that are used
directly indoors or that are used near the home and are tracked indoors
would be included.

YWl muany peophe belleve that exposures (o amibdbent air pollutants Gike place only omtdoors, such
pollutants do ot stop at a building's exterior shell. In frct, exposures 1o outdoor atr pollusins Logely
take place indoors, with seme modification by the boilding’s interaction with the specific pollutants.
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The indoor environments of concern, or microenvironments as they are
often called, comprise buildings of diverse types, including homes, office
buildings, schools, day-care facilities, nursing homes, hospitals,
restaurants, hotels, and public buildings. They also include such
self-contained interior spaces as aireraft, train, and automaobile interiors,
where people also spend considerable amounts of time and could be
exposed to a variety of potentially harmful contaminants originating from
interior sources. Specifically excluded from consideration in this report
are industrial work environments, which often present unique hazards to
human health and, because of that, are governed by regulatory
regquirements and standards which, for the most part, do not exist for other
indoor environments.

In a 1988 report dealing with the management of EPa and its mission of
protecting the environment and human health,'® we reported that EPA must
have the best possible information on the nature of environmental
problems and the effectiveness of measures taken to deal with them. We
also noted that the agency needs 1o use such information in allocating its
limited resources where they will do the most good—to those problems
that pose the greatest risk and are most amenable to remedy. We
recommended, among other actions, that Epa identify the critical research
necds for implementing the agency’s recently adopted initiative of
managing for measurable environmential results and that it assess the
status of methods and activities for determining human exposures to
pollutants to provide a basis for deciding what additional research would
be needed.

In a 19891 report concermned with the challenge of meeting public
expectations with limited resources,!' we noted that despile EPA’s progress
in addressing environmental needs, numerous environmental problems,
including the problem of indoor air pollution, remained. We concluded
that federal budget priorities should reflect the scientific understanding of
relative risks to the environment and public health, as well as the
feasibility and the cost-effectiveness of various approaches to reduce
them, rather than relying on often inaccurate public perceptions of risks.
We recommended that £pa work with the Congress to identify
opportunities to shift resources from problems posing less severe risks to

“Envirommental Protection Agency: Protecting Human Health and the Environment Through
Improved Management (GAORCEDSS-101, Aug. 16, 1585).

U Enviconsental Protection: Meeting Public Expectations With Limited Resources (GAQRCED-O1-07,
June 18, THOT), Sewe also, Environmental Protection lssues (GACOGC-83-16HR, Dec. 1902).
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problems whose risks are greater and initiate actions 1o educate the public
about relative environmental risks.

——

This report responds to a request from the Ranking Minority Member,
House Committee on Govermment Reform, for 6A0 to assess the progress
made by Epa and other federal agencies in enhancing the understanding of
the public health risks posed by pollutants present in the indoor
environment and in developing solutions for eontrolling or mitigating
them. Specifically, we were asked to (1) characterize the current scientific
understanding of the health risks of pollutants commonly encountered in
indoor environments and the sources of exposures to them; (2) provide
information on the federal funding of indoor pollution-related research in
recent years and on the advances in understanding of the nature of the
problem and the ability lo conirol it that have resulted from this spending;
and (3) identify significant gaps in knowledge and understanding of the
problem, the solutions for dealing with it, and the implications of these
gaps for future research.

To address these objectives, we undertook an extensive review of the
published seientific literature on indoor environmental pollution as well as
such key related topics as exposure assessment and risk assessment. We
also reviewed EPa's public and internal documents dealing with these
subjects, including reports 1o the Congress, guidance documents intended
to disseminate knowledge obiained through research activities, and a
variety of internal reports and memoranda dealing with strategic planning,
staff assessment of research needs, and proposed plans to address these
needs. To identify federal agencies for inclusion in our review, we drew on
the knowledge gained from prior work in this area and reviewed EPA's
documents and proceedings of the interagency c1ag, the interagency
advisory and coordinating body relied upon to meet the requirements of
the 1986 Superfund amendments. We also attended quarterly meetings of
the Committee.

In our review, we included those agencies with the greatest stake in
research related to indoor pollution, either as participants in or sponsors
of such research or as major users of its results. These agencies are the
Environmental Protection Agency (EPA), the Department of Energy (DOE),
the Department of Housing and Urban Development (Hup), the Consumer
Product Safety Commission (crsc), the National Institute for Occupational
Safety and Health (x10si1), the National Institute of Standards and
Technology (MsT), the National Institute of Environmental Health Sciences
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(viEns), the National Institute of Allergy and Infectious Diseases (NIAID),
the National Heart, Lung, and Blood Institute (XHLET), the National Cancer
Institute (xc1), and the Occupational Safety and Health Administration
(0SHA).

To obtain the detailed information needed to address each of our
objectives, we interviewed key agency officials, requested and reviewed
pertinent agency documents, and submitied extensive writien questions
for formal responses from agency officials. In many insiances, these
questions were supplemented with follow-up questions and interviews to
obtain additional details or clarifications on selected aspects of the
agencies’ activities, We requested information on expenditures for indoor
pollution-related research from the agencies we reviewed for fiscal years
1987 through 1998 as well as anticipated spending for fiscal year 1999,
Generally, the agencies were able to provide the requested expenditure
data, however, in a few cases, agencies told us that they could provide
only estimates of spending for the earliest years (see app. I for details of
spending by individual agencies and explanations and qualifications on
reported expenditure data). To aceount for inflation and to facilitate
interyear comparisons, we have expressed all expenditure amounts in this
report in 1999 constant dollars."®

To provide the broadest possible perspective on our objectives, in
particular, the crucial questions of (1) the advances resulting from
research conducted to-date and (2) the remaining knowledge gaps and
research needed to fill them, we also sought the views of recognized
authorities working outside the specific federal agencies included in the
scope of our review. These experts were identified for us by officials of the
agencies we reviewed as individuals that the agencies themselves
frequently call upon for expert advice and were ofien the authors of the
peer-reviewed scientific journal articles that we consulted. They included
prominent researchers in academia, environmental medicine, state
government, and national laboratories affiliated with pog. ™ In addition, the
pertinent views of some of these agency-identified experts, as well as
those of other authorities in this field, were obtained from a detailed
review of the extensive hearing record compiled by 02HA in connection
with its proposed rule-making on indoor air quality.

"We used the Department of Commerce's ehain-aype price index for gross domestic product 1o
convert figares on expenditures to their 1899 constant dollar vahes.

MW sought the views of & large mumber of experis who were recommended 1o ws or who wene
dertified by ws through our review of the pecereviewed scientific literature. A much smaller nember
of expens scnally responded 1o our requests, however. Those individuals whose contributions were
particularly helpful in the preparation of this report are listed in app. 1L
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The Growing
Understanding of
Health Risks Posed by
Pollutants in the
Indoor Environment

Research supponed by federal agencies and others in the 1980s and 1990s
expanded the scientific understanding of the problem of indoor pollution
and demonstrated that, for a broad range of hazardous chemical and
biological pollutants, indoor exposures can greatly exceed exposures
received outdoors. This research also showed that, in addition to
inhalation risks, many building materials; furnishings; and products
routinely used in homes, offices, schools, and other buildings; as well as
many commonplace activities carried out in these buildings could pose
health risks through such other routes of exposure as skin contact and
ingestion.

While indoor enwvironmental pollution is a matter of concern for all who
spend a large portion of their time indoors, it poses special risks for
particularly susceptible groups, such as the very young, the infirm elderly,
and those with chronie health problems, such as cardiovascular and
respiratory diseases. Infants and small children are at special risk from
indoor pollutants because of their still developing (hence more vulnerable)
body systems, because of their behaviors which bring them into closer
contact with pollutants, and because they eat more food, drink more
water, and breathe more air in proportion 1o their body weight than do
adults.

e

In 1870, when the Clean Air Act was massively overhauled to address the
problem of air pollution caused by increasing urbanization, industrial
development, and automobile use, there was relatively litile awareness of
the health hiazards posed by pollutants present in indoor air and elsewhere
in the indoor environment. Indeed, the indoor setting was widely viewed
as a refuge from the environmental hazards encountered outdoors. As a
consequence, the Clean Air Act was designed to apply only to ambient air,
that is the air external to such structures as homes, schools, offices, and
other public and private buildings.

Following the energy crisis of the mid-1970s, concern about the potential
health risks of pollutants found indoors began to grow. Nationwide
measures to improve the energy efficiency of buildings (such as added
insulation, reductions in ventilation rates, and general tightening to reduce
infiltration of outside air and energy loss) soon led to an increase in
complaints by occupants of commercial and residential buildings about
the guality of indoor air and an increase in reports of health and comfort
problems. Commonly reported health symptoms included mucous
membrane irritation, in particular, irritation of the eyes, nose, and throat;
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nasal stuffiness and drainage; chest symptoms, such as coughing,
wheezing, and chest tightness; headaches; chronie fatigue; and difficulty in
concentrating. During this period, crsc identified formaldehyde as the
source of acute irvitant reactions in individuals whose homes were
insulated with a common type of foam insulation or constructed of large
amounts of particleboard or plywood that contained formaldehyde.
Concern over naturally occurring radon also began 1o increase,
particularly when very high levels of radon were found in homes
constructed in the Reading Prong geological formation in Pennsylvania,
New Jersey, and New York. This led to radon becoming a major indoor air
pollution program within Epa.

Complainis among office workers increased exponentially between the
mid-1970s and the mid-1880s. During this period, X10sH received a growing
number of inguiries and requests for health investigations of indoor
workplaces, such as office buildings and schools, which had previously
been considered free of the contaminants found in industrial workplaces.
x105H identified inadequate ventilation and moisture incursions as
commaon problems in these workplaces and published recommendations
for moisture cantrol, pollutant source control, and scrutiny of building
ventilation systems.

By the early 1880s, research had begun to demaonstrate that the levels of
many pollutants in indoor air were often higher than the levels in outside
air (indoor concentrations typically were 2 to 5 times those found
outdoors and sometimes much more). This understanding, coupled with
knowledge of the high percentage of time most people spend indoors, gave
rise 1o concern that indoor air pellution could constitute a greater risk to
the general population than had been previously thought. Subsequent
research sponsored by federal agencies and others has shown conclusively
that indoor air can often contain far higher levels of hazardous pollutants
than outside air and can thus pose a more serious threat to health. At the
same time, research has increasingly pointed to the need to consider not
only the hazards posed by inhaling contaminants in indoor air but other
hazardous pollutants present in the indoor environment that could
contribute to exposure through skin contact and ingestion. Such
hazardous pollutants would include complex chemical mixtures contained
in household dust, biclogical contaminants (including allergens, infectious
disease agents, molds, and biotoxins), pollutant laden films and residues
on indoor surfaces, chemiecal by-products of disinfection contained in tap
water, and a variety of potentially harmful chemicals contained in a wide
array of products routinely used in homes, schools, offices, and other
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indoor environments, Despite this increased knowledge, however, K10sH
has reporied that satisfactory environmental explanations have yet to be
found for the health complaints reported by the occupants of many
buildings.

During normal daily activities, people come into contact with
ervironmental pollutanis in the air they breathe, in the water they drink
and wash in, in the food they eat, and in the materials and surfaces they
touch, To present a health threat, however, a pollutant must make direct
contact with a person by some roule or combination of routes, such as
inhalation, ingestion, or absorption through the skin. Exposure is
quantified by taking into aceount (1} the routes of exposure Lo the
pollutams; (2) the magnitude or concentration of the pollutant (e.g., parts
per million or micrograms per cubic meter); (3) the duration of the
exposure; and (4) the frequency of exposure.

Several factors contribute 1o making indoor environmental pollution the
significant risk to human health that £pa and others have deemed it 10 be.
These include (1) the large number and the variety of chemical and
biological contaminants commaonly encountered indoors, often in
concentrations exceeding those typically found outdoors; (2) the
proximity of a building's oceupants 1o the indoor sources of polluiants,
which facilitates actual contact with the pollutants through inhalation,
ingestion, or absorption through the skin; and (3) the very high percentage
of time most people spend in their homes, offices, schools, day care
centers, and other indoor environments, Generally accepted estimates of
this time, used by Epa and others, range from 80 to 90 percent. For cerfain
population groups, including the very young, the infirm elderly, and the
chronically ill (groups which are also among the most susceptible to the
harmful effects of pollutant exposures), the percentage of time spent
indoors is even greater. The large percentage of time spent indoors means
that, even at relatively low concentrations, the contribution to total
exposure by indoor pollutants from both indoor and outdoor sources can
be much greater than the contribution from pollutanis encountered
outdoors.

Among the scientifie developments that have made it possible to more
aceurately evaluate exposures to hazardous chemical pollutants indoors
are monitoring devices and analytical technigues that have made it much
easier 1o assess the total exposure of the general population to toxic
substances in daily life. Monitoring devices—small and light enough for
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abundance of chemical manufacturing plants. The primary sources of
these indoor chemical pollutants appeared to be ordinary consumer
products, such as air fresheners, moth repellants, insecticides, paints,
solvents, adhesives, cleaning compounds, personal care products, and
building materials and furnishings, as well as fumes generated by such
everyday activities as bathing, laundering, cooking, and heating. Use of
tobacco products was also confirmed to be a significant contributor to
indoor pollution.

In 1985, gpa researchers consolidated information about how several
hundred people in five states were exposed to benzene, a highly toxic
chemical present in gasoline and known to cause leukemia in workers
continually exposed to high concentrations. EPA's analysis revealed that
the average concentration of benzene these people inhaled was nearly
three times higher than typical outdoor levels. The researchers estimated
that about 45 percent of the total exposure of the U.S. population 1o
benzene comes from smoking (or breathing environmental tobacco
smoke}; 36 percent from inhaling gasoline fumes or from using various
common products, such as glues; and 106 percent from other home sources,
such as paints and gasoline stored in basements or attached garages.’ Only
about 3 percent of the average person's exposure 1o benzene was
attributable to industrial pollution. Hence, eliminating all industrial
releases of benzene would reduce health risks very little. On the other
hand, even a modest decrease in cigarette smoking and exposure to
environmental tobacco smoke would significantly reduce the likelihood of
benzene-caused disease. For example, studies carried out at the time these
findings were published showed that children of smokers died of leukemia
at two to four times the rate of children of nonsmokers.”

Many other vocs that are very toxic at high concentrations are similar to
benzene in that they contribute to greater exposure-related risk indoors
than outdoors. Two of these are tetrachloroethylene (also known as
perchloroethylene or "perc™) and chloroform, both of which cause cancer
in animals exposed 10 high concentrations. Perc is used to dry-clean
clothing. For most people, the greatest exposure to perc occurs when
wearing recently dry-cleaned clothes or as a result of storing such clothing

CPSC eliminated the use of benzene in paint strippers i 1977 by persuading industry to voluntarnly
reformulate these products.

L. A Waltace, “Human Exposure 10 Envivonmental Pollutants: & Decade of Experience,” Clinical and
Experimental Allergy, Vol. 25 (1995) pp. 4-0.
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sympioms have been noted in individuals in whose homes gas stoves and
unvented gas space heaiers are used for heating during cold periods. On
the whole, the 11.S. population now receives greater exposure 1o carbon
monoxide indoors than outside, in par, as a result of reductions in
ambient levels achieved through regulatorily mandated reductions in
automaobile emissions of this toxic polhutant.

Another environmental hazard that po=es a significant threat indoors is the
presence of fine particles suspended in the air. These are panticles of 2.5
microns or less in diameter that can be inhaled and can penetrate deep
into the lungs, where they can cause damage to tissues. Studies conducted
by xEHS and others have associated elevated concentrations of fine
particles in ambient air with premature death, although the mechanism by
which these particles caniribute 10 disease and death is not vet clearly
understood. In one exposure study carried out in California, subjects
carried devices capable of capturing these particles as they went about
their daily activities.” The study found that exposures during the day were
about 60 percent greater than would be expected on the basis of
particulate levels in samples of indoor and outside air taken at the same
time. The higher than expected exposures were attributable, in part, to the
fact that as people move about they tend to stir up “personal clouds® of
particle-laden dust from their surroundings. The researchers demonstrated
that most of these fine particles resulted from combustion occurring
indoors, such as smoking, cooking, and using fireplaces and wood-burning
stoves.

Maost pesticides, including those commonly used in and around the home
and in schools, offices, and other indoor settings, are well-documented
toxins that pose potential health hazards. In studies conducted in the late
18980s in Florida and Massachuseiis, researchers studying indoor air
contaminants found that indoor air contained at least five (but frequently
ten or more) times higher concentrations of pesticides than the outside air
they sampled. Surprisingly, the indoor concentrations included pesticides
approved only for outdoor use. Apparently, chemicals applied to the
foundations of these houses to attack termites had found their way
indoors, either through seepage through the soil and the buildings' exterior
shells as a gas or by being tracked in on people's shoes. Subsequent
research has shown that pesticides and herbicides applied to lawns and
other outside areas can easily be tracked into houses, Moreover, these

"EPA sl the Californda Alr Resources Board sponsored this study in Riverdde, California, in 1000,
Thits stusdy wis the firs probabdlity-based survey of personal exposures 10 inhalable particles. The
stiiy's 178 participants, representing 138,000 norsmoking Riverside residents, carmied personal
meenitors for & day (o measure their exposares 1o partiches, clements, and nicotine,
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industrial workplaces) as refuges from pollutants found in ambient air and
clsewhere in the outdoor environment, this view may often be
urvwarranted. A wide variety of activities that people routinely perform in
their homes, schools, offices, and other indoor environments can make
their own particular, and often substantial, contributions to overall
pollutant exposures and to the health risks that they represent. A few of
the ordinary activities that can contribute to exposures include cooking;
doing crafis and hobbies; interior painting and other building renovation
activities; cleaning and polishing metal, wood, and other indoor surfaces;
furniture refinishing, especially using solvents for stripping paints and
varnishes; using carbonless copy paper; using computers, printers, and
other electronic office equipment; using air fresheners and bathroom
deodorizers; and operating humidifiers.

The healthfulness of the indoor environment is also often adversely
affected by a failure to follow practices important in maintaining a healthy
indoor environment. These include (1) good housekeeping practices to
muintain cleanliness and discourage proliferation of cockroaches and their
allergy producing produets; (2) conrolling indoor humidity and taking
other measures to discourage growth of dust mites and reduce exposures
to dust mite allergens'’; (3) proper operation and maintenance of heating,
air-conditioning, and ventilation systems; (4) avoiding use of gas stoves
and nnwvented combustion appliances to warm indoor spaces in cold
weather; (5) care in the use and siorage of paints, pesticides, cleaning
agents and other toxic chemical substances; and (6) preventive
maintenance aimed at protecting the integrity of the building's external
shell of roof, windows and exterior walls and preventing the infiltration
and intrusion of moisture that could encourage the growth of molds.
Maintenance, preventive and routine, is especially important in
commercial and institutional buildings, with their high occupant densities
and large and complex ventilation systems. Investigations by N1osH of
problem buildings show that inadequate ventilation and dirt or moisture in
ventilation systems are associated with increases in occupant symploms,

"Dust mites thrive in environments with high humidity, They and the allergens they produce also
collect in corpets, upholstery, bededing, and other soft surfaces where they are more difficult to control
than on smooth, hird surfaces, such as tile or hardwood foors. Effective reduction of exposunes of
sensitive individusls to dust mite allergens may also requine such additional measures as frequent
washing of Bed Hnens inwater of at least 130 degrees (hotter than that provided by tvpical domestic
hat watier systems) and encising maitresses and pillows in covers impermeabbe 10 dust mites.
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Figure 2.1 depicts the complex, multifactor nature of the problem of
indoor pollution and illustrates the relationships among these factors.*
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The pesticide residues and vocs found in the indoor environment are
estimated 1o cause as many as 3,000 cases of cancer a year in the United
States. This makes these indoor pollutants a significant health threat,
similar, if not equal in magnitude to, radon and secondhand tobacco
smoke." Moreover, research has shown that toddlers and young children
who crawl and play on the floor and regularly place their hands in their
mouths are at even greater risk than the rest of the population from these

SFor simplicity in presentation, indoor allergens, Such as dust nifte, cockrosch, and pet allergens, are
Ineluded here as indoor pollatamts, In fact, these substances are often considered separately, since
they are naturally occurming, nontoxie substances (proteins) that copstitute a health coneern anly for
thasse individuals (albedt a substntial segmen of the popukation) who have become allergic 1o (hem
bescanse thelr immune systems make an allergic immune response. Sensitization to allergens appears
1o e genetically influenced.

"L A Wallace, “Human Exposure to Environmental Pollutants: A Decade of Experience” Clinkeal and
Experimental Allergy, Vol 26 (1095]) pp. 4-8; L A Wallsce, “Comparison of Risks From Chtdoor &nd
Indoor Exposure 1o Toxic Chemicals™ Environmenial Health Perspectives, Vol. 95 (1991) pp. 7-13.
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substances and from the toxie mixtures of household dust found on floors
and other surfaces and embedded in carpets in their homes, schools, and
day-care centers. Their still developing neurological, immunologie,
digestive, and other bodily systems make them particularly susceptible to
harm from exposure to indoor pollutants. In addition, toddlers and young
children are potentially exposed to much higher levels of indoor pollutants
becanse they eat more food, drink more fluids, and breathe more air in
proportion to their body weight than do adults and engage in risky
behaviors, such as mouthing toys, furnishings, and other nonfood objects.

Lead, a common environmental contaminant found in household dust,
pipe solder, old paint, some ceramics and glassware, and certain other
consumer products, has long been known to cause health problems at high
doses. Until relatively recenily, however, there was little appreciation for
the devastating effect of low-level exposures early in life on the fetus and
developing child. In the mid-to late-1980s, research supported by NIEHS
showed that, even at levels previously thought safe, children can suffer
neurological problems and reduced intelligence from lead exposure. Lead
in house dust in houses built before 1950 is a major source of exposure of
children under 5 years of age. Also, it has been found that the quantity of
lead on the surface of a carpet is one of the best predictors of the amount
of lead in an infant's blood.

Similarly, children’s lungs are more susceptible to the harmful effects of
environmental tobacco smoke than those of adults. In infants and young
children up to 3 years of age, exposure to secondhand smoke causes an
approximate doubling in the incidence of pneumonia, bronchitis, and
bronchiolitis. There is also sirong evidence of increased middle ear
infections, reduced lung function, and reduced lung growth as a result of
such exposure.” In addition, it has been estimated that infants, possessing
a tiny fraction of an adult’s body weight, may ingest five times more
pesticide and sther pollutant containing dust per day on average than
adults, Improved sampling and measurement technigques have made it
possible to estimate the exposure of infants to a variety of indoor
pollutants with much greater confidence. For example, scientists are now
able to estimate that in 1 day the average wrban infant will ingest 110
nanograms of benzo(a)pyrene, a very toxic pas. This amount is equivalent
to what the child would get from smoking three cigarettes in a day. While
it is not currently possible to assess the potential health risk of such

VEPA, CPSC, American Lung Association, and American Medical Association, Indoor Air Pollution: An
Introduction for Healih Professionals { 1084 pp. 3-5.
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exposures,'” research has clearly established that, for voung children,
house dust is a major source of exposure to a variety of toxic substances,
including heavy metals, polychlorinated biphenyls (ree) and other
persistent organic pollutants.™ Again, carpets and similar soft, porous
materials may be matters of concern, because they can serve as reservoirs
for these toxic compounds, as well as breeding grounds for bacteria and
molds and colleetors of allergens, such as dust mite, cockroach, and dog
and cat allergens, all of which are closely linked to allergies and the
growing problem of asthma.*¥

For reasons that have not been fully explained, in recent years, the
incidence of asthma among both children and the general population has
increased dramatically, as have asthma-related deaths. These increases
have occurred at the same time that ambient air pollution has decreased.
Sensitization to house dust mites in carly childhood has been established
as one of the key risk factors in the development of asthma, and dust mites
find ideal conditions for proliferation in houses and other buildings
exhibiting the high levels of relative humidity that can resuli from
measures designed to make them more “tight™ and energy efficient.'®
NIAID supporied research has shown that controlling the environment to
prevent or greatly reduce exposure to allergens is critical for symptom
improvement. In addition, biocontaminant and chemical pollutanis have
been shown o interact to produce greater than expected impacts in
animals and humans. For example, studies show that indoor sourees of
combustion pollutants, such as gas stoves, wood stoves, and fireplaces,
have a statistically significant association with the exacerbation of asthma,
Recent studies have also shown that respiratory virus infections are
strongly associated with asthma attacks in children and that building
factors, such as ventilation, are associated with the risk of respiratory
infections. According to Niosy officials, it is because of findings such as
these that children and asthma are now generally included in the topic of

¥although it has been estimated thai the ingestion of foods accounts for most of the exposures to
PAHs, exposunes through skin contact amd inhalation appear (o have more significant effects on
Tman heahth, The concern over inhialmion exposurne to alrbome PAHs conters on the potential of
thise compounds 1o cause lung cancer.

YRobert . Lewis, Christopher R. Fortune, Robert D, Willis, David E. Camann, and Jeffrey T. Antley,
“Distribution of Pesticides and Polyevelic Aromatie Hydrocarbons in House Dust as a Function of
Parthele Slze,” Environmental Henlth Porspeetives, Vol 107 (Sept. 10007 pp. T21-T24,

"There are simple, low-cosi ways o reduce exposures. For example, the tracking-in of pesticides,
PAH=, lead, and other contaminants can be grestly rediced by the use of commiercial grade doormats
and, especially, by removing shoes upon entering o hose.

Fropsupponted esearchers are exploring the effectiveness of various dehumidification strategies in
reducing allergen exposures. Although this research has reporied important fGndings, it has not yet
defivered definitive salitions.
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Overview of Federal
Funding for Indoor
Pollution Research

From fiscal vear 1987 through fiscal vear 1999, federal agencies reported
that their actual and planned expenditures for indoor pollution research
totaled almost $1.1 billion in 1992 constant dollars, During this period,
about two-thirds of the spending went for research conducted or
sponsored by four instituies of the National Institutes of Health (~11),
primearily 1o provide a better understanding of the health effects associated
with indoor pollution, including allergies, asthma, and infections diseases.

The scientific understanding of indoor environments has advanced
significantly over the past two decades. This progress results from an
intermational research effort in which research funded by the ULS.
government and a few state governmentis has played an important part.
There has been notable progress in characterizing the problem of indoor
environmental pollution, in developing measurement and modeling tools
1o study the interrelated factors that contribute to the problem, and in
identifying and developing strategies to mitigate it. The scientific
knowledge resulting from this research has been widely disseminated in a
variety of documents aimed at a range of audiences, including the general
publie, building designers, building managers, public health professionals,
school administrators, product manufacturers, and service providers. The
benefits of this research include reduced exposures to and adverse health
effects from some indoor pollutants (and concomitant savings in health
care costs) and the emergence of a variety of new businesses and jobs to
provide services related to ventilation, indoor environmental guality, and
energy-efficient buildings.

Federally funded research on indoor pollution includes both basic and
applied research. Basic research is designed to answer fundamental
questions about the sources and the characteristics of indoor pollutants,
the environmental pathways and exposure routes by which people come
into contact with them, the mechanisms by which they operate to
adversely affect human health, and, where health effects in buildings are
not well understood, the nature, the magnitude, and the causes of these
health effects. Applied research is more problem-specific in nature. It
includes research to identify and evaluate technigues for eliminating or
controlling specific pollutant sources and exposures.!

LAlhouigh basic and applied research are commonly distinguislied, it may be more accurate and usefel
o view rescanch as a continmam leading from basie understanding of a given prolilem to the
development of 2 solution 1o the problem. The head of the Indoor Environment Depariment of the
Lawrence Berkeley National Laboraiory 1old us that some rescarch needed to bridge between basic
aned applied rescarch falls into ancdntermediane, goay area (which researchers sardonically refer 1o as
“the valley of death®™) and pever gets farded. The result is that solutbons do not get into the
marketplace.
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Figure 3.1: Total Federal Expenditures
for Indoor Pollution Research by
Category of Research, Fiscal Years
1987 Through 1999

120 Dollars in millions

1987 1988 1989 1990 1884 1592 18483 1984 1985 1996 1887 79498 19494
Fiscal year

Netes: Amounts ane expressed in consiant 1998 gollars,
Amounts bor fizcal year 1999 represent planned expenditures.

Eee appendix | lor detalls of the individual agencies’ spending and explanations and
qualficatons of reparied expendiure data.

Source: GAD's enalysis of data from the CPSC, DOE, EPA, HUD, NCI, MHLEBI, NIAID, NIOSH,
NIEHS, and NIST.

NiEHE accounted for about 37 percent of the nearly $1.1 billion in federal
spending for indoor pollution research from fiscal year 1987 through fiscal
year 1999 (see fig. 3.2). Taken together, four institutes within NIH
accounted for about 64 percent of the total federal spending for that
period. EPA, DOE, and HUD were the next largest spenders on research
related to indoor pollution. These three agencies’ actual and planned
expenditures for the period ranged from 7 percent to 13 percent of total
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Research sponsored or conducted by federal agencies has (1) advanced
the scientific understanding of the multifaceted problem of indoor
environmenial pollution, (2] led 1o the development of methods to mitigate
the problem, and {3) resulted in the protection of public health while, at
the same time, generating savings in health care costs and benefits in
productivity.

As a result of research conducted by federal agencies, imponant indoor
pollutants have been identified.” Indoor sources of many chemical
pollutants have been identified and, to some extent, quantified. For several
indoor pollutams, a general guantitative understanding of the relationships
among indoor pollutant concentrations, indoor seurces, and building and
oceupant characteristics has been developed, providing the basis for
effective pollutant control measures. In addition, indoor moisture
problems, resulting from leaks, water incursions, and condensation of
indoor humidity, have been identified as important contributors to indoor
environmenial problems, in pariicular, the proliferation of fungi, bacleria,
and dust mites that are associated with the development and exacerbation
of allergies, asthma, and other diseases. Although adequate measurements
io characterize the resulting adverse exposures are not yet available, x10sH
reports that promising work is being performed on such substances as
toxins produced by bacteria.

Research conducted by w1a1p and others has demonstrated that indoor
allergens, such as those from house dust mites, cockroaches, and pets, are
particularly important in the development and exacerbation of allergies in
genetically susceptible individuals. Individuals become sensitized or
“allergic™ 1o the allergens when their immune systems produce allergic
antibodies, When allergens interact with these antibodies in the lungs, an
inflammatory reaction and asthma may result. Research has shown that
individuals who have produced antibodies to these indoor allergens have a
substantially increased risk of developing asthma. In many parts of the
United States and elsewhere in the world, the predominant allergen is
from house dust mites. Research has also shown that, in susceptible
children, high levels of exposure to this allergen in early childhood
substantially increase the likelihood of both sensitization and asthma.

In the United States, illness due to asthma is disproportionately high
among inner-city residents. Research has shown that one risk factor that is

lowever, research by DOE, NI0SH, and others on nonspecific symptoms in buildings has shown tht
other imporant pollutants have nod yet been identified. These pollutants have been found to be
assockabed with inadeguite ventilabon and poor ventiladon system design and nuinenance.
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unigue Lo many inner cities is exposure 1o cockroach allergen. Among
children with asthma who live in inner cities, the combination of allergy to
cockroach allergen and exposure to high levels of it is associated with
inereases in both hospitalizations for asthma and unscheduled
asthma-related medical visits. Exposure 1o high levels of cockroach
allergen in early childhood not only increases the risk for more severe
asthma, but also increases the likelihood of the development of asthma
befure age 6. Current research by KIH institutes and others is directed at
reducing both exposures 1o and the effects of indoor allergens, thereby
reducing the burden of asthma.

Resulis of federally funded research on the voc formaldehyde illusirate the
progress that has been made in chemical pollutant and source
characterization. Research on indoor formaldehyde sources and emission
processes, conducted by several federal agencies and others, has
demonstrated that formaldehyde emissions from urea formaldehyde foam
insulation, pressed wood building materials, paints, and many other
cormmon indoor seurces have been responsible for many of the complainis
about poor indoor air quality, ineluding such health symptoms as eve,
nose, and throat irritation and respiratory distress, that followed efforts to
make buildings more energy efficient in the 1970s. The findings of their
research have stimulated industry to develop products and building
materials with much lower emissions of formaldehyde. As a result, high
indoor concentrations of formaldehyde are less common today than in the
past.

Federally funded research on radon, sponsored by DOE, EPA, and HUD,
among others, has led to the identification of the major source of radon in
homes. Prior to this research, it had been generally believed that building
materials were the principal source of indoor radon. This research,
however, demonstrated that emissions from building materials were not
large enough 1o account for the radon levels found in many U.S. homes
and that the major source of radon in most homes was the radon
contained in soil gasses. These gasses can enter the building as a result of
interactions of its shell with wind and temperature differentials between
its interior and exterior. As a result of federally sponsored research, a
dynamic model was developed that could quantitatively account for the
variations in indoor radon concentrations attributable to these forces.
Without such a sound, guantitative scientific understanding of the source
and entry mechanism for radon into buildings, it would not have been
possible to design effective mitigation technologies to reduce radon in
homes and its associated health risks.
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a number of contaminant sources. pOE has developed innovative
ventilation measurement strategies intended for broader use in research
on the relationship between ventilation and health.

siosd, which has condueted hundreds of investigations of suspected
indoor envirommental quality problems in office buildings, schools, and
other instilutional seftings, has developed, with EPa, standardized
protocols for condueting such investigations and eliciting information
from a building’s occupants regarding their health symptoms and
pereeptions of indoor environmental quality. These protocols are now
widely used in diagnosing suspected problems in buildings and responding
o the oceupants’ complainis. Sinee 1992, ¥105H has also undertaken an
epidemiologic research program on the health effects of indoor
environmental quality in nonindustrial indoor workplaces.® Products have
inchuded (1) a comprehensive review and synthesis of the worldwide
epidemiologic literature on this topic to summarize what is known and to
identify the best future research strategies; (2) a study showing that, in
buildings with indoor environmental quality complaints, low ventilation
rates and poor design and maintenance of their ventilation systems are
associated with increased building-related breathing symptoms; and (3) a
recent study documenting a strong association between elevated
temperatures—within the conventional comfort range—and increased
reporting by a building’s eccupants of health symptoms and discomfort.

D{?"--'EfuplTIEI‘LT. of Mitigat.i{m For many indoor pollutants, source reduction or elimination has been

Methaods shown to be the most effective and cosi- and energy-efficient method 1o
mitigate or prevent problems. Effective control measures have been
developed for some,; but not all, indoor pollutant sources, Research has
also demonstrated the effectiveness of several energy-efficient ventilation
and air distribution technologies in controlling pollutant exposures, and
high performance technologies, such as particle and gaseous filtration and
dehumidification, have been identified. The importance of avoiding low
rates of ventilation has also been clearly demonstrated through research
and communicated widely. Rescarch has also shown that mechanical
ventilation systems can themselves be a souree of indoor pollutants (e.g.,

“This epidemiologic research §s intended 10 ldentify relationships between office workers' sympioms
sl & range of indoor environmental characteristies. Inndequate ventilstion, inadequate air
distribution, dirt in dsct work, and moksture in mechanical systems ane the privany problems found to
be associated not only with eve, nose, and throat irmitation but alse with asthma-like symptoms. While
offen no specific paltotant or pollutants could be identified, research points 1o the kinds of pollutants
that could have caused =uch probibems. NOEH reported that sampling strategles and analytical
Technbgues are being developed 1o kdentily the pollusan components that are the cazse of symptoms in
over M percent of LS. office workers.
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indoor environmental pollution—including its sources, its health effects,
and the most effective methods for controlling it. This has been done
thorough a variety of means, including agency web sites, information
clearinghonses, and published materials of a general and specialized
nature. Drawing on the results of their own research and that of others,
=uch as poe and =T, and on the vast amount of information on indoor
environmental problems gleaned from investigations of “problem
buildings,” Era and xi0sH collaboratively published an indoor air quality
guide for use by commercial building owners and facility managers.® In
cooperation with nonfederal partners, including the American Lung
Association and the National Education Association, EPa later pubilished a
similar guidance dociment for use in schools by school administrators,
facility managers, and others.” Epa and Cpsc, in cooperation with the
American Medical Association and the American Lung Association,
published a guide to indoor environmental health problems and risks for
use by health professionals 1o provide them with information to aid in
understanding the indoor environmental dimension of many commonly
encountered health conditions.® cpse has disseminated knowledge gained
from research on the indoor environmental impacis of consumer products
in a variety of public advisories and other publications, which deal with
subjects as diverse as asbestos, biological pollutanis, combustion
appliances, formaldehyde, lead, and paint strippers.

On a more technical level, Epa has collaborated with the American
Institute of Architects 1o develop a comprehensive, environmentally
foeused resource document, the Environmental Resource Guide,” which
provides technical information to architects and other design
professionals on a range of issues to help them evaluate the environmental
impacts of their design decisions and specifications. Indoor pollutant
sources that can affect indoor environmental quality are a major
component of the guide. The guide disseminates EpA’s research results on
source characterization and indoor air modeling and provides guidance
that architects, designers, builders, and manufacturers can use in selecting
and manufacturing building materials, furnishings, and products.

Federally supporied researchers, in particular those associated with boE
and NIsT, have been active resources in industry standard-setting

‘EPA and DHHS (N10SH}, Building Alr Quality: A Guide for Building Owmers and Facility Managers
(Dec. 1901).

"EPA, Indoor Alr Quality: Tools for Schools (May 1995,

‘EPA, CPRC, American Lung Association, and American Medical Association, Indoor Air Pollotion: An
Introduction for Health Professionals (1984, -

"EPA, Exvironmental Resouree Gubde (undueed).
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Over the past decade and a half, significant strides have been made in
identifving and undersianding the risks posed by chemical and other
contaminanis commonly found in homes, offices, schools, and other
indoor environments, Fifteen years ago, the scientific understanding of
indoor environmental pollution—inclading the sources of indoor
contamination, people’s exposures 1o various polhuants and allergens, the
patential health effeets; and building dynamies—was relatively limited.
Notwithstanding the considerable progress in understanding and
addressing these issues, however, the consensus of the experts we
consulted and the scientific literature we reviewed is that much remains to
be learned regarding virtually every aspect of the problem of indoor
environmental pollution. The progress that has been made has increased
the awareness of the problem’s complexity, the broad range of its potential
effects on humans, and the variability of individual susceptibility to its
effecis. Improved scientific understanding of the problem has also, we
were told, underscored the importance of devising comprehensive,
multidisciplinary approaches 1o investigating and controlling pollution in a
diversity of indoor environments.

Although pioneering studies of total human exposure to environmental
pollutanis have provided evidence of the significant contribution of indoor
sources 1o overall pollutant exposure, our review of the scientific
literature and of information provided by agency officials and outside
experts showed that many gaps and uncertainties remain in the
assessment of exposures to known indoor pollutants. These gaps relate 1o
such factors as the specific sources of exposures; the magnitude of
exposures; the relative imponance of various routes of exposure
(inhalation, ingestion, and skin contact); the nature, the duration, and the
frequency of human activities that contribute to exposures; and the
geographic distribution of exposures to specific indoor pollutants for the
LL5. population as a whole. Such gaps in understanding currently limit the
ability 1o perform comprehensive risk assessments for most pollutants
found indoors.' Similarly, while progress has been made in identifying
many indoor pollutants, research continues 1o bring to light additional
pollutanis, such as chemical-laden fine particles, chemical compounds
that are capable of mimicking human hormones and interfering with the

oy indoor allergens, which cause disesse only inindividuals who become sensitized or “allergic” 1o
thie allergens; risk asscasmient is more complex. Allergic inflammatory reactions and asthma result
fresnn thae kntesaction of allergens with allergle anmibodies in the lung snd other organs. The levels of
both allergens and antibodies determine the magnitude of the response. Genetie faciors, es well as
leveks of allergen exposure early in life, affect the degree of sensitization,
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human endocrine system, toxins from indoor fungi and bacteria® and
infections disease agenis whose presence and potential for harm in indoor
environments have not been fully explored or appreciated.

Likewise, while research has shed light on the carcinogenic potential of
some toxic contaminants encountered indoors (e.g., radon and
environmental 1obacco smoke), much less is known about the multiple
noneancerons health effects of indoor exposures 1o low-level
concentrations of indoor contaminans, for example neurological,
immunologic, developmental and other effects.? Similarly, very litle is
Enown about how to convert descriptions of nonspecific symptoms into
ohjective, quantitative data; the relationship between symptoms and
discase in the context of the indoor environment; and the impaci of
comlon on the productivity of office workers. There are also significant
gaps in the understanding of the health effects of biocontaminanis and the
mixtures of chemical pollutanis to which people are exposed in indoor
environments, including the extent to which the actions of the pollutants
may be additive or synergistic, or even antagonistic. For the nonspecific
symptoms reported since the 1970s in some commercial and institutional
buildings (sick building syndrome symptoms), neither the nature of the
disease (e.g., immunologic, toxic, or irritant) nor the specifie exposures
responsible are yet well understood, This is true also of the variable
clusier of symptoms that have been most commonly referred to as
multiple chemical sensitivities (Mcs) or environmental illness.? Such gaps
in the scientific understanding of health effects, like those relating to
exposure assessment, also limit the ability to perform comprehensive risk
assessments of most indoor environmental pollutants.

Accarding to our review of the scientific literature and our contacts with
dagency officials and outside experts, other areas needing additional
research include

For example, ongoing research conducted by CDC sugzests that one of several cases of infam
pulmonary hemorrhage may De toxins from a speeific type of mold in an infant's environment.

Mot chwsmienls in commercial use hove ot been tested for their potential w eaose adverse hoalth
effects; hess than one-thind of regulted, high-produetion chemleals, including many found kndoors,
have undergone even a preliminary sereening level of testing for adverse health effects,

MOS is a controversial Bssue. Some medical groups, such as the World Health Crganization and the
American Academy of Allergy, Asthma, and Tnmanclogy, prefer the name "idiopathic envdronmental
Intolerances” for these symptoms because, in their opinion, the term MCS makes an uosupponed
Judgment on casation (Le., environmnental chemicals). does not refer to a clinically defined discase,
and is not bised on aeeepied theories of underdying mechani=ms nor validated clinical criteria for

illagmosis,
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and the number of people exposed (e.g., the population exposed 1o
particular air pollutanis al conceniratjions that exceed national ambient air
quality standards or occupational safety standards).

The series of events depicied in figure 4.1 serves as the conceptual basis
for understanding and evaluating the impacts of environmental pollution
on human health. It shows exposuare as a key element in the chain of
everis that begins with the release of a pollutant into the environment and
that can lead, ultimately, to environmentally induced disease or injury.

Figure 4.1 Relaticnship of Exposure Assessment and Effects Azsessment 1o the Environmental Health Paradigm

Exposure Assessment
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Source: Ken Sexton, Snemy G, Selevan, Diane K. Wagener, Jeffrey A Lybargerd, “Estimating
Human Exposure 1o Emironimendal Pollutants: Avaitability and Utiiity of Existing Databases,”
Archivies of Environmental Haalils , Vial, 47, No.6 (Now.-Dec. 1892) pp. 388-406.

Despite the obvious importance of exposure data in evaluating
environmental hazards, our review of scientific literature, agency
documents, and information provided by outside experts showed that
such data have not been collected in a systematic or comprehensive
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improved methods and instromentation to measuare individuals' exposures
Lo specilfic polhmtants and pollutant classes;

additional field studies 1o supplement and confirm information olained
from earlier studies;

the developrnent of total human exposure models based, in part, on the
recorded activity patterns of real populations and subgroups; and
improved biological markers and other technigues to account for exposure
by all routes and integrate the consequences of intermitient and
continuous exposures,

According 1o current and former Epa officials who participated in or were
familiar with the Council's repon and the body of research that it laid out,
the reasons for the failure to implement that research included the large,
long-term commitment of resources that would have been required as well
as shifts in rescarch emphases at BPA. EPA has recently taken steps (o
improve the scientific understanding of human exposures to
environmental pollutants through cooperative efforts with other agencies
and through initiatives of its own, such as the National Human Exposure
Assessment Survey and the Cumulative Exposure Project, These initiatives
are still in the early stages of implementation, however, and have vet to
produce significant results. NiosH officials 1old us that any comprehensive
program on exposure assessment in indoor environments must recognize
that some indoor exposures with important health effects, whether
chemical or hiological, have either not yet been idemtified or are not
currently measured in a way that correlates with the human health effects
of interest.

Our review of the seientifie literature, agency documents, and information

obtained from a range of experts indicated that many gaps remain in the
scientific understanding of indoor pollutants and their effects on human
health, Improving the healthfulness of indoor environments requires a
better understanding of the heath risks and the effects resulting from
indoor pollutants. In many cases, we found, a lack of the kind of
sejentifically rigorous and quantitative information on causal relationships
between health symptoms, exposure, and dose response relationships that
is needed to establish health standards for the general population and
susceptible subpopulations and inform policies and guidance for remedial
actions. To facilitate the development of cost-effective and energy-efficient
methods for improving indoor environmental quality and aid research on
health effects, a better seientific understanding of the nature and the
behavior of seleeted indoor pollutants is essential, The dependence of
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filtration) and the location of panicle deposition in the human respiratory
svstem. For infections Bioaerosols (those containing viruses, molds, or
bacteria), there are also gaps in the scientific understanding of how the
period of viability is affected by indoor temperatures and humidity levels.
As with many indoor pollutants, it is not currently feasible 1o establish
quantitative standards for exposures 1o bicaerosols, because of the
inadequacies of current measurcment methods for most bicaerosols and
the lack of information on the relationship between exposure and
response, Afler epidemiologic research identifies exposure assessment
strategies for specific bioaerosols and their associated health effects,
progress towards developing health standards will be possible.

According to the scientific literature and experts we consulted, vocs and
semivolatile organie compounds are two additional classes of indoor
pollitants for which additional research will be required to resolve
scienifie uncertainties related 1o health risks. To fill gaps in current
understanding, research needs 1o focus on the particular compounds and
mixtures of such compounds that have been shown or are suspecied to be
the most irvitant and toxic {(including neurologic effects). Research
objectives would include idemifyving sources, quantifying emission rates,
and providing a betier understanding of how building factors maodify
exposures through such mechanisms as absorption and adsorption. Other
objectives would include the evaluation of the relative significance of
various routes of exposure. While most effects may result from the
inhalation of gases, these compounds might also have effects by hinding to
particles, such as Noor dust. Thus, exposures could also occur through
skin contact and ingestion, especially in infants and small children
engaging in hand-to-mouth behavior.

Recent findings that indoor chemical reactions can take place between
vors and ozone (present in ambient air, largely as an indirect result of
autormobile, utility, and other industrial emissions) raise additional
questions concerning the significance of these reactions to the overall
problem of indoor environmental pollution. Indeed, the chemistry of the
indoor environment, including chemical reactions of indoor pollutants
with indoor materials (perhaps generating new pollutants), interactions of
chemical pollutants from indoor and outdoor sources,” and interactions of
chemical and biological pollutants was shown by our review to be a broad
area requiring research to resolve uncertainties and fill gaps in the
scientific understanding of this issue.

I avifdition 1o czone, =ulfur dioxide and nitrogen Gioxide ane examples of ambient air pollutants thai
imfilirate indoor ervirenments and present potential heakth nisks fo cocupants.
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allergens and determine the effectiveness of this in preventing and treating
asthma and allergic diseases. African-American and Hispanic children in
inner cities bear a disproportionate burden of asthma-related illness, and
their responses 1o cockroach and other allergens account for a substantial
part of their high rate of illness. Thus, in the opinion of x1aD officials, a
major focus of research efforts to block the production of antibodies to
allergens should be on inner city children.

Era, in coordination with a number of other federal agencies, has
sponsored major studies of commereial and governmental office buildings
in recent years." These studies included developing questionnaires and
exposure assessment methods and were intended to provide baseline data
on building characteristics, ocenpants’ perceptions of indoor
environmental quality, occupanis’ health sympioms, and other faclors
relating to large office buildings representative of such buildings
nationwide. Future analyses of these data may identify relationships
between occupants’ responses and building factors or specific indoor
exposares that will help in formulating policies for healthier indoor
envircenments. Similar data are currently lacking, however, for the nation's
residential buildings; for small office buildings, which house a significant
fraction of the nation’s office workers; and for schools. A better scientific
understanding of the factors contributing to pollutant exposures and
associated health risks in these indoor environments as well as the
measures that might be taken to mitigate these hazards would be
facilitated by a coordinated series of studies of representative samples of
residential, small office, and school buildings. Such studies, by providing
quantitative data on key building characteristics and aspects of building
operation and maintenance believed to influence oceupants’ exposares to
pollutants, would permit the epidemiologic analyses necessary to define
environment and response relationships. Factors of interest would include

the type of building and its age;

the materials of construction:

the type of ventilation;

the ventilation rate (the rate of indoor air exchange with outside air);

FThese studies are, respectively, the Building Azzessmen Survey and Evaluation (BASE) sty and
the Temporal Indoor Monitoring and Evaluation (TIME) stdy. The BASE study is a multiyear study
desligned 1o define the status of indoor alr guality and occupants” perceptions in a cross section of st
beast 100 commmerclial offbee hulldings nationwide. The TIME study is & study over n period of time
encaipassing seasonal changes of the stites of federal government office buildings with respect 1o
indhoar air quality and sccupants” perceptions of their indoor environment.
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» the presence of soft surfaces, such as carpots, draperies, upholstery, or
fibrons insulation within ventilation systems that can act as reservoirs for
indoor pollutants;

» 1he control of moisture and the evidence of excessive moisture within the
buildings and their ventilation systems;

» the indoor storage and use of potentially polluting products;

= the presence of indoor combustion sources;

= the methods and frequency of maintenance and cleaning of buildings and
their ventilation systems; and

+ the indoor activities of oceupants (e.g., cooking, crafits, hobbies, printing,
or photocopying).

According to the expens and the scientific literature we consulted,
ensuring that appropriate methodologies are used in research to clarify the
influence of building characteristics on health effecis requires research
teams that are multidisciplinary in nature, with individuals trained in such
disciplines as epidemiology, medicine, chemistry, building systems,
exposure assessment, and microbiology. Among the objectives of such
research would be 1o learn how building design features, furnishings, and
operations and maintenance practices influence both exposures to
pollutants, allergens, and infectious disease agents and health. Collecting
such data, using appropriate epidemiologic and statistical sirategies, and
developing databases to analyze this information would permit the
development and the validation of predictive models of exposures 1o
environmental pollutants by the oecupants of residential, small office, and
school buildings. These models would, in turn, allow the identification of
gpecifie building factors or exposares related to health effects of interest.
It would then be possible to develop cost-benefit analyses for steps
designed to mitigate exposures associated with adverse health effects,
including analysis of economic benefits to building owners who are willing
to undertake the necessary remediations, This information would also
permit the development of educational tools for occupants and owners as
well as optimal approaches for manufacturers, architects, builders, and
building managers to design, construct, and operate buildings and
ventilation systems for effective pollutant exposure control.

Despite considerable research related to ventilation, many of aspects of
building ventilation require further research. According to the published
literature we reviewed and experis we consulied, there is a particular need
for research to provide satisfactory answers to the question of how the
exchange of indoor and owtdoor air relates quantitatively to health effects,
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specifically the relationship of a building’s ventilation rates with the health
of its oceupants. Such information has great importance and usefulness
for organizations that specify minimum building ventilation rates in
standards and codes.

Those who design and operate buildings require better tools to help ensure
that thedr effors resull in healthful indoor air for building occupants. Such
tools include practical guides based on the use of sophisticated air flow
models (ideally integrated with pollutant exposure models), improved
sensors for important classes of indoor pollutants that can be linked to
ventilation control systems, and a wide array of standard practices and
guidelines that cover everything from building diagnosties through
building operation and maintenance practices. We were told that there is a
particular need 1o develop, evaluate, and demonstrate improved methods
for measuring and controlling ventilation rates in commercial and
institutional buildings. While source control (pollution prevention) is
always the preferred method of aveiding unhealthy exposures, in practical
terms, it is ventilation with outside air that is the primary means used in
office buildings. schools, and other large buildings to mainiain accepiable
levels of indoor air pollutants. However, ventilation rates in buildings
ventilated with mechanical systems are typically difficult to measure and
sometimes poorly controlled. According to the limited data available,
average ventilation rates appear 1o vary widely among buildings of the
same type (e.g., office buildings); and, within large buildings, rates can
differ greatly between rooms, floors, and zones, As a result, some
buildings may have ventilation rates below the minimum levels specified
in building codes and industry standards, while others have ventilation far
above the specified rates. Reducing indoor air quality problems without
wasting energy and inereasing costs depends on improving ways to
control ventilation in the nation’s buildings.

Residential buildings present a different set of problems requiring
research. The vast majority of homes have no mechanical ventilation
systems to bring outside air into them to dilute concentrations of indoor
pollutants. The ventilation rates in homes typically depend on the number
and the size of accidental air leaks in their shells, the occupants’ actions
with respect 10 opening windows and doors, the use of exhaust fans, and
the weather conditions. With the current emphasis on energy
conservation, building tightness, and climate control to provide year-round
comfornt to occupants, the need for research to develop affordable, robust,
and energy-efficient ventilation systems for residential use was cited by a
number of anthorities. Ideally, such systems would be automated and
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decisions that improve or protect the indoor environment, Even within a
company thal owns and operates its own buildings, the department
responsible Tor their operation does not typically benefit from
improvements in the health, the comfort, and the productivity of the
warkforce, The prevailing incentives tend to influence all of these
decisionmakers 1o focus primarily on minimizing short-term or initial
costs.

We were told that additional rescarch is required 1o improve the
understanding of the range and the mechanism of influence of various
decisionmakers on indoor environmental quality and of the institutional
barriers that often motivate them to neglect it. A related need, cited by
fideral agency officials and others, is 1o evaluate policy options and other
techniques to overcome the low priority often given to indoor
environmental quality, for example by shifting the costs of poor indoor
environmental quality to the decisionmakers. Possible methods for
accomplishing this, which were identified and will require further
assessment, include (1) insurance policies that would reduce health and
other insurance costs when practices condueive to good indoor
environmental quality and health are implemented, (2) model leases that
wonld require lessors to operate and maintain their buildings in a manner
consistent with good indoor environmental quality, and (3) various
regulatory approaches. To better inform and motivate decisionmakers, we
were told, research is also needed 10 develop improved quantitative
information on the economic costs and benefits of implementing
technologies and practices that improve indoor environments. The reason
for this is that, in many instances, the financial benefits associated with
improved health and productivity will be very large relative to the costs.
As these benefits become more generally known and understood, an
increased demand for good indoor environmental quality should result.

Agency officials and other experts we consulted were in general
agreement that additional reductions in exposures to and adverse health
effects from indoor pollutants will require continued efforts to develop a
sound scientific and quantitative understanding of the complex
relationships among building factors, indoor pollutant exposures, and
health effects. Significant progress, we were told, will require research to
understand cause and effect relationships—not just to document
phenamena. Without a sound understanding of causality, it will not be
possible to develop cosi-effective solutions to indoor pollution problems.
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Appendix 1
Expenditures of Ten Federal Agencies for
Researeh on Todoor Pollution

Department of Housing
and Urban Development

During fiscal years 1987 through 1999, the Department of Housing and
Urban Development (HUD) told us that its actual and planned expenditures
for résearch relaied to indoor pollution has totaled about $75.7 million.
Owver 85 percent of the funds were devoted to lead research; the remaining
funds were spent for indoor air and radon research.

HUD saw a dramatie inerease in its indoor pollution-related research
program in fiscal year 1999 with the implementation of its Healthy Homes
initiative. This initiative will use television commercials, newspaper ads,
brochures, and a toll-free information line 1o help parents protect their
children from the potentially deadly hidden dangers in their homes. The
initiative will offer information concerning such hazards as lead paint,
carbon monoxide, radon, and electrical and fire hazards, In fiscal year
10989, nup will devote $8.8 million 1o indoor pollution-related research
under this initiative. Of this amount, the Congress directed that at least
£4 million be devoted to preventive measures to correct moisture and
mald problems in inner-city housing where toxic mold exposure has been
linked to acute pulmonary hemorrhage and infant death.

Aside from research on lead and the Healthy Homes initiative, HUD's
remaining rescarch has largely focused on indoor radon and on ventilation
requirements and moisture control in manufactured housing.

A new program, the Parinership for Advancing Technology in Housing, has
the potential for making a contribution to research on indoor
environments. This program, which is a partnership between HUD and
industry, is aimed at spurring the creation and the widespread use of
advanced technologies to improve the quality, the durability, the energy
efficiency, the environmental performance, and the affordability of the
nation's housing. Although research is an important part of the program, a
HUR official stated that most of the £10 million appropriated for the
program for fiscal year 1999 has been allocated for uses other than indoor
pollution-related research.

Environmental Protection
Agency

During fiscal years 1987 through 1999, the Environmental Protection
Agency (Era) told us that its actual and planned expenditures for indoor
pollution-related research have totaled about $140.4 million. Almost

$09 million, or about 70 percent, of the funds were devoted to indoor air
research and $30.9 million, or about 22 percent, to radon research. Lead
and asbestos research have accounted for about $6.8 million and
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taken to incorporate certain aspects of indoor pollution-related research
into other broader research projects.

ﬁaﬁo]fai E‘ancer Institute

During fiscal years 1887 through 1999, the National Cancer Institute (NCI)
told us that its actual and planned expenditures for research on health
risks posed by indoor pollutants has totaled about $19.5 million. xc1
supports research on the health effects of radon and environmental
tobaceo smoke with respect to the cause, the diagnosis, the prevention,
and the treatment of cancer.

Net has plaved a major role in clarifving the carcinogenic hazard posed by
radon through its epidemiologic studies of underground miners and the
general population. To assess the risks of domestic radon exposure, a
series of population-based, case-controlled studies of lung cancer in
populations, including nonsmoking women, are being conducted. One of
these studies examines the radon exposure of residents living in
undergronnd dwellings in China. Another study is attempting to validate
the use of miner-based models for radon risk assessment, Almost

(15 percent of NC1's actual and planned expenditures for indoor
pollution-related research has gone towards radon research.

The remainder of xcl's research related 1o indoor environmental health
risks has primarily concerned the relationship between environmental
tobacco smoke and lung cancer. One on-going study by Ncl involves
examining tumor tissues from the lungs of nonsmokers for genetic
evidence linking the tumors to exposure to secondhand smoke. Aceording
to weT, there are many important and unanswered research questions
concerning the cancer risk posed by environmental tobaceo smoke, and
plans are being developed to expand research to provide answers to these
questions.

Since fiscal year 1987, Na1 has devoted about $1.5 million annually to
research on health risks posed by pollutants in the indoor environment.
While spending has fluctuated somewhat over the years, we were told that
these fluctuations were more a function of the competitive grant process
than changes in program emphasis by NCL

National Heart, Lung, and
Blood Institute

During fiscal years 1988 through 1998, the National Heart, Lung, and Blood
Institute (~HLen) told us that its actual and planned expenditures for
research related 1o the health effects of indoor pollutanis has totaled
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averaged about $4.7 million, However, beginning in fiscal years 1991
through 1997, xian’s expenditures for this research increased to an
average of about 7.6 million annually, According to MiaD officials, the
increase in research spending during fiscal years 1991 through 1997 was
largely attributable to an increased emphasis on research relating to
asthma among inner-city children. Specifically, from fiscal years 1991
through 1995, v1ab funded the National Cooperative Inner City Asthma
study, which demonstrated a number of risk factors associated with
increased asthma severity, especially exposure to cockroach allergens. A
follow-on study, the Inner City Asthma Study (1996-2000), is now testing
the impact that a comprehensive environmental intervention program
involving the reduction of levels of indoor allergens, such as cockroach,
house dust mite, and mold, would have on asthma morbidity. Historically,
about 78 percent of X1aD's expenditures for indoor pollution-related
research have gone toward research on asthma and allergens.

¥1ap's actual and planned expenditures for indoor pollution-related
research have continued 1o increase, reaching almost $§11 million annually
in both fiscal years 1008 and 1999, While some of these increases are
attributable to new grants, N1aID officials told us that, in part, the increases
are attributable 1o having a broader definition of what constitutes indoor
air quality research. Based on new scientific understandings, certain
granis are now considered indoor air quality research that had not
previously fit that definition. While much of x1a10's research on health
effects covers outdoor as well as indoor exposures 1o disease-causing
agenis, N1aD officials told us that it appears that indoor sources, such as
cockroach and house dust mite allergens, are, in general, more important
causes of asthma than outdoor allergens.

National Inﬁﬁ itute of
Environmental Health
Sciences

Among the agencies covered by our review, the National Institute of
Environmental Health Sciences (Xiens) has devoted the greatest amount of
funding to indoor pollution-related research. During fiscal years 1987
through 1999, xiEns told us that its actual and planned expenditures for
this research have totaled about $400 million. ¥iEHS has, for the most part,
experienced a steady growth in its funding for this research. For example,
planned funding of $#47.3 million for indoor pollution-related research for
fiscal year 1999 is over G0 percent greater than the $29.3 million that was
expended in fiscal year 1992,

NIENS' actual and planned expenditures for indoor air research from fiscal
vears 1987 through 1999 have totaled about $141.7 million. A significant
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portion of its indoor air research—about 31 pereent—has been related to
asthma because its incidence, morbidity, and mortality have increased
over the last decade, especially among children. Indoor air research,
including research into asthma and allergens, has seen the largest increase
in funding over the years that were examined. In fiscal year 1999, NIEHS
expects 1o spend about $26 million on indoor air research compared to a
funding level of about $8.3 million in fiscal year 1992.7 Also, NiEHS has
devoled significant resources to studying the health elfecis of lead—wiih
actual and planned expenditures for lead-related research totaling about
§185.7 million since fiscal year 1987. In fiscal year 1995, NiEHS launched a
major elinical trial designed to determine if children’s leaming and
behavior problems can be reversed or reduced after exposure to lead.

NiE#S' basie research on heath effects is aimed at gaining a better
understanding of various diseases and illnesses that are triggered by both
indoor and ouldoor pollutants. Thus, 81EHS" research has broad
applicability to both indoor and outdoor sources of pollutants,

National Institute for
Occupational Safety and
Health

During fiscal years 1987 through 1999, the National Institute for
Occupational Safety and Health {(x0osH) told us that its actual and planned
expenditures for indoor pollution-related research have totaled about
£14.6 million. Almost 60 percent of these expenditures went towards
evaluating health hazards relating to nonindustrial indoor work
environments. ¥108H considers these workplace investigations of reported
health symptoms, potential cccupational exposures, and problems of
building eperation and maintenance to be an imporiant part of its indoor
pollution-related research.

x10sH"s annual expenditures for indoor pollution-related research reached
a peak in fiscal year 1953 when about $3.1 million was expended. The
significant increase in expenditures for that year was attributable to a
fivefold increase in the number of requests from workers for health hazard
evaluations, largely the resuli of a national news broadcast that
highlighted the problems of indoor air quality and provided x10sH’s toll-free
telephone number. From fiscal years 1994 through 1996, x10sH's
expenditures for research on indoor environments steadily declined.
However, beginning with fiscal year 1997, indoor pollution-related
research spending has been increasing. In fiscal year 1999, X108H plans to
spend about $£1.5 million far this research, as the Institute undertakes

Approximately $11.7 million of this amount will go specifically for research on asthma and allergens.
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