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Introduction 

We appreciate the invitation to review with you the question of 
indoor air quality: what has been done to this date, what the current 
state of understanding is, and what needs to be done in the foresee­
able future, all to elucidate the degree of human exposures to indoor 
airborne pollutants, the factors affecting those exposures, their 
effects on human health, and what may be done to assure adequate 
indoor air quality. Our current understanding is now sufficient to 
state that indoor concentrations of important a~rborne pollutants 
often exceed outdoor levels, an ironic state of affairs considering 
the substantial efforts that have been devoted to characterizing and 
controlling outdoor pollutant levels, and the fact that the population 
actually spends most of its time indoors. For pollutants where such 
comparisons are possible, indoor concentrations often exceed outdoor 
air quality standards, sometimes by large factors, and -- for some 
pollutants -- indoor concentrations even appear to exceed occupational 
standards in a significant portion of the building stock. Hence the 
interest in devoting substantial efforts to this problem, including 
the aspect that I will emphasize, i.e., the characterization of indoor 
pollutant behavior. 

In addressing this question I will include the behavior of sev­
eral classes of chemical and physical pollutants: emissions from 
combustion appliances; radon and its progeny; and formaldehyde and 
other organics. I will not review various living organisms present in 
indoor air, or even special chemical and physical materials that are 
sometimes present. As you will see, this question of the dependence 
of indoor pollutant concentrations on sources, ventilation rates, and 
other removal mechanisms, for which I use the expression "indoor 
pollutant behavior," is closely tied to understanding how energy 
conservation is related to indoor air quality. 

In what follows, I will 
1) indicate briefly the role of research on indoor pollutant 

behavior in the context of overall research on indoor air quality; 
2) summarize key aspects of the work of our group at Lawrence 

Berkeley Laboratory (LBL), on-.. 
Cindoor air qualit~ emphasizing questions of pollutant 

behavior and pointing out the most important research needs in these 
areas; 

3) review specifically the current state of knowledge of 
particulates, radon progeny, and their control; and finally 

4) summarize general research needs on the behavior of indoor 
pollutants, indicating how this research ought to fit into the overall 
work to be performed on indoor air quality. 

Characterization of Pollutant Behavior: A Principal Element in Indoor 
Air Quality Research 

Broadly speaking, the ultimate objectives of indoor air quality 
research are to determine human exposures by measurements of pollutant 
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concentrations ("monitoring"), to ascertain the effects of these expo­
sures on the health of the population ("health studies"), and to 
formulate strategies to limit exposures and associated health effects 
("control strategies"). It is easy to leave out a fourth principal 
topic that is investigated to a greater extent in the laboratory and 
which to a substantial degree underlies these three more apparent 
research areas, i.e., pollutant characterization. 

A satisfactory understanding of indoor air quality clearly 
requires study of how pollutants behave indoors: the sources of 
pollutants, the effect of changes in ventilation rate on concentra­
tions, and the manner in which pollutants are transformed or removed 
by interactions with each other or with the building and its contents. 
Moreover, study of these questions is clearly required to achieve the 
main objectives of indoor air quality research: monitoring cannot be 
performed properly or interpreted adequately without laboratory 
studies of pollutant behavior and, conversely, the results of large­
scale monitoring contribute directly to an understanding of the fac­
tors determining pollutant concentrations in the actual building 
stock; health studies require adequate characterization of the pollu­
tant mixtures to which humans are exposed, which are sometimes even 
parameterized in terms of the factors, such as sources and ventilation 
rates, which affect these concentrations and control strategies can 
only be chosen with an understanding of the factors affecting pollu­
tant concentrations and of the effectiveness of various techniques 
for reducing them. 

The situation is entirely analogous to understanding important 
problems with the outdoor atmosphere, such as acid rain or co

2
• For 

such questions, outdoor monitoring is only one component in.a research 
strategy that must also contain experimental and theoretical ·studies, 
often laboratory based, to elucidate the chemical and physical 
mechanisms at work and to provide a basis both for interpreting 
measurements performed in the atmosphere and for adopting control 
strategies. As you will see, much of the work of the group at LBL is 
directed to analogous characterization studies that are fundamental to 
an understanding of indoor air quality. 

Such studies are, of course, at the heart of understanding the 
relationship between energy conservation and indoor air quality. It 
is the building shell, its contents, and local physical and environ­
mental factors that determine pollutant concentrations indoors. In 
general, these are the same factors that affect energy consumption in 
homes and other buildings. Conversely, efforts to save energy can 
alter bu~lding-related factors, including not only ventilation rates, 
but also material and appliance source types and other factors 
affecting concentrations. Moreover, efforts to control indoor concen­
trations, whether increases due to energy-saving measures or concen­
trations that were excessive in any case, require attention to such 
building-related factors. 

Indoor Air Quality Studies at the Lawrence Berkeley Laboratory 

Work on indoor air quality at LBL began with a study 
sions from combustion appliances, following measurements 
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Figure l (top) Concentration profiles of emissions during operation of a 
portable kerose~e-fired space heater. The heater was located in the living 
room of a 240 m house with 0.55 air changes per hour. 
Figure 2 (bottom) Peak pollutant concentrations as a function of air­
shutter openin§ for an unvented gas-fired space heater. Measurements were 
made in a 27 m chamber with 0.4 air changes per hour. 
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homes that showed that concentrations of key ·combustion products were 
often much higher indoors than outdoors, although air quality stan­
dards presumed that outdoor levels were those of concern (Ref. 1). 
Beginning in 1976, the program expanded substantially, in order to 
ascertain the potential effects of energy conservation measures on 
indoor air quality and to understand how to avoid significant 
deterioration. This program has had diverse elements, many of which I 
will indicate briefly. 

Before proceeding to the core of that work, most of which has 
been performed in the laboratory or in "research houses," I should 
mention that one of the major elements of this expanded program was a 
large mobile laboratory that traveled around the country to a variety 
of homes and other buildings, carrying with it instrumentation for 
monitoring a wide range of pollutants intensively over long periods of 
time (Ref. 2). The mobile lab effort gave a substantial amount of 
basic information on the occurrence of these pollutants indoors (e.g., 
Ref. 3). What it also indicated fairly clearly, consistent with our 
earlier work, was that the major question for indoor air quality was 
not the pollutants that entered from outdoor air, but rather those 
released directly into buildings from the materials or appliances that 
generated them. Although there are exceptions to this generalization, 
this meant that characterizing indoor air quality was principally a 
question of the study of indoor-generated pollutants. The major 
connection with outdoor air quality issues is that the vast attention 
paid to improving outdoor air quality and controlling emissions into 
the general environment, while important, has tended to ignore the 
fact that most human exposures to air pollution may occur to the 
general population in their homes and non-industrial work places, 
where levels often far exceed outdoor levels and where people spend 
most of their time. 

Our research has therefore tended to emphasize characterization 
of the dependence of indoor concentrations on sources, ventilation 
rates, and other factors that cause.pollutant transformations or 
removal indoors. 

combustion products: Our group has characterized emissions rates 
from gas stoves, kerosene heaters, and unvented gas-fired space 
heaters in an environmental chamber, and has also studied these 
devices (and wood stoves) in test houses. The objective has been to 
determine, not only their effect on indoor concentrations, but also 
the manner in which emissions propagate through a structure under 
various ventilation conditions. The result of such work is the know­
ledge that some emissions, such as oxides of nitrogen and carbon, can 
reach very high levels indoors. Even so, it is clear that further 
work is required in characterizing emissions from combustion appli­
ances, and in understanding their transport and transformation proper­
ties (e.g., NO/N0 2 conversion) in indoor atmospheres. These issues 
are important, nof only for understanding potential exposures and 
control measures, but also for characterizing the performance of 
monitoring instrumentation and the effectiveness of potential measure­
ment strategies. (See Figs. 1-2 and Refs. 4-8) 

radon and its progeny: We have measured radon emission rates 
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Figure 3 (top) Measured radon concentrations and ventilation rates in 
energy-efficient and conventional houses (about 100 houses total). 
Figure i (bottom) Radon concentration, radon source strength (calculated 
from the radon concentration air-exchange rates), alpha radioactivity in 
soil gas and in air above a basement sump pump. Data are from a single­
family house near Chicago. 

-5-



Table 1· 
Indoor Formaldehyde Concentrations in a New Residential 

Building in Mission Viejo, CA 

Condition 

Unoccupied, without furniturea 

Unoccupied, with furniturea 

Occupied, daya 

Occupied, nightb 

Outdoor Air 

aAir exchange rate • 0.4 h-1 

Formaldehyde 
(ppb) 

67 ± 9% 

186 ± 7% 

218 ± 10% 

117 ± 31% 

<17 

bwindows open part of· time; air exchange rate significantly greater than 
0.4 h-1 and.variable. 

Comparison of Trace Organics In Indoor 
and Outdoor Air at an Office Site 

Indoor 

Outdoor 

o ~ ro ~ ~ 
I 

1 
1 1 1 1 o I I t J I I I 1 I o I I I I I I I I I I I I I I 1 I I I I I I 1 

I I I ,P 

Time (minutes) 

0 0 50 100 150 

Temperature 

Figure 5 Comparative gas chromatograms from inside and outside an office 
where complaints had been registered regarding indoor air quality. Equal 
size air volumes were sampled using the Tenax-GC polymer. Individual peaks 
correspond to different chemical species or groups. 
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from concrete samples collected around the country, and have performed 
concentration measurements and ventilation rate measurements in 
several samples of housing. This work led us to the conclusion that 
the main source of indoor radon is usually the soil and rock under­
lying buildings, and that it is the variability in the entry tate from 
this source that causes most of the hundred- or thousand-fold 
differences in radon concentration seen from house to house. Thus 
ventilation rate is not ordinarily the main consideration for indoor 
radon. We and others in the community are now heavily engaged in 
studies to understand in more detail how radon enters houses and how 
radon progeny behave after they are created from the radioactive decay 
of radon in indoor air. As described below, the behavior of the 
progeny· depends heavily on their interaction either with . airborne 
particles (e.g. from combustion sources) or with the building struc­
ture and its ventilation systems. (see Figs. 3-4 and Refs. 9-15) 

formaldehyde and other organics: Work on formaldehyde has demon­
strated a clear dependence of the indoor concentration on a building's 
materials or contents; future work ought to include study of the 
dependence of formaldehyde emission rates on indoor conditions: tem­
perature, humidity, and ventilation rate. Our work on organics, in 
addition to demonstrating directly the presence of a large array of 
compounds in commercial buildings at levels that far exceed concentra­
tions outside the buildings, has focussed on characterization of he 
emission spectrum from various building materials and on the 
correspondence between this information and the substances actually 
found to be present in indoor air. Further work required is the 
determination of emission rates in an environmental chamber that can 
provide realistic conditions, the development of more effective (e.g., 
simpler) monitoring approaches, and the establishment of a data base 
for developing a correspondence between concentrations observed in 
buildings and health effects among the occupants. (See Tables 1, Fig. 
5, and Refs. 16-19) 

development and characterization of passive samplers: In support 
of our interest in elucidating the dependence of indoor concentrations 
on various factors, we have devoted significant effort to advancing 
the state of the art of passive samples, including testing of the 
performance of an N0 2 sampler that was previously available, develop­
ment and testing of a formaldehyde sampler that is now widely used, 
and -- currently -- development of samplers for CO and water vapor. 
The facility we have established is unique in its capabilities for 
characterizing performance of such integrating passive devices. It 
can therefore lend direct support to formulation of large-scale 
monitoring efforts that use such samplers. It can also be used for 
developing novel applications of these devices to the measurement of 
air velocity and ventilation effectiveness, questions that are of 
substantial interest in characterizing the behavior of indoor air 
pollutants. (See Figs. 6-7 and Refs. 20-21) 

control techniques: Our largest effort in this area to date has 
been the characterization of the thermal performance and environmental 
effectiveness of systems that provide ventilation, thereby removing 
pollutants, while incorporating air-to-air heat exchangers to recover 
heat that would ordinarily be lost with the ventilation air. Recent 
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Lawrence Berkeley Laboratory 
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Figure ~ (top) Passive formaldehyde sampler designed at LBL. Formaldehyde 
diffuses into the glass tube after removal of the cap for a specified 
period of time. Mter recapping, the filter is analyzed for HCHO in the 
laboratory using the chromotropic acid method. 
Figure Z (bottom) Measurements of formaldehyde concentrations in 
conventional (top data set) and specialized (bottom data set) housing in 
California. These data were collected using the HCHO passive sampler. 
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Figure 8 (top) Schematic of a mechanical air-to-air heat exchanger. 
Figure .2_ (left) Percent change in environmental parameters before (left 
bar) and after (right bar) heat exchanger installation. 
Figure lQ (right) Relative ventilation effectiveness at various locations 
within the test space. 
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work includes the study of the effectiveness of this approach in 
providing ventilation throughout the space in single-family dwellings, 
study of ventilation effectiveness for other types of systems, and 
experiments on the use of air washing to remove formaldehyde from 
indoor air. Substantial work remains to be done, not only on the 
topics just mentioned, but on other pollutant-specific control 
techniques, ranging from exam1n1ng how different wall materials 
selectively remove chemically active airborne pollutants (such as N0

2 or radon progeny) to the effectiveness of various active air-cleaning 
and ventilation techniques. Examples are given below in the discus­
sion of particulates. (See Figs. 8-10 and Refs. 22-26) 

Some general conclusions can be derived from this broad range of 
work on indoor pollutants: 

-- perhaps most significant from the point of view of energy 
conservation is that, although it is clear that a substantial reduc­
tion in ventilation rates (e.g., by the factor of 5 or so that is 
within technical reach) would have a strong adverse effect on indoor 
air quality -- at least in the absence of corresponding control 
measures -- the main cause of widely different indoor concentrations 
in the ordinary housing stock is the strength of pollutant sources 
rather than the variability in ventilation rates. This is not to say 
that ventilation rate is not important, but rather that assurance of 
good indoor air quality requires attention.to both sources and venti­
lation rates, · as well as other factors that affect indoor 
concentrations. 

monitoring programs and exposure characterization have to take 
account of the various factors affecting indoor concentrations, and 
should ordinarily include components for acquiring information on 
source and ventilation characteristics. 

-- strategies for controlling indoor pollutant levels, whether in 
the context of conservation programs or for the purpose of reducing 
excessive levels within the general housing stock, should take account 
of the dependence of the performance of various control techniques on 
source and ventilation characteristics; moreover, consideration of 
the dependence of concentrations on housing type or location, or on 
the presence of specific materials or appliances, can focus control 
efforts much more effectively than would otherwise be possible. 

Perhaps the most general conclusion to be reached is the need for 
continued work investigating the dependence of indoor concentrations 
on various factors, work that should be carried out in close coopera­
tion with efforts to monitor indoor concentrations within the building 
stock, to understand the health effects of indoor pollutants, and to 
formulate strategies for their·control. 

Finally, it is worth mentioning that this summary of LBL work is 
not comprehensive, but indicates the main results of our efforts. I 
have referred to some of our group's publications, in particular the 
principal ones associated with the work summarized above. These 
efforts have been supported primarily by the Department of Energy's 
Office of Conservation and Renewable Energy, to a somewhat lesser 
degree by DOE's Office of Health and Environmental Research, in the 
Office of Energy Research, and to a yet smaller -- although still 
substantial -- degree by the Bonneville Power Administration, the 
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Environmental Protection Agency, and the Consumer Product Safety 
Commission. Continuation of research in the areas indicated above is 
dependent on the balance of funding in the future. 

Particulates, Radon Daughters, and Their Control 

I will now turn to a review of the state of knowledge of indoor 
particulate concentrations, both because this is appropriate to the 
structure of these hearings and because particulates represent a prime 
example of the need for the kind of characterization effort that I 
emphasized above. Along this line, I will address the question of 
interactions between particulates and radon daughters and the 
implications for control of either of these species. However, I will 
first touch briefly on the information now available on indoor 
particulates. 

Knowledge of the sources, concentrations, and chemical 
composition of indoor airborne particulate matter is only fragmentary. 
Moreover, even more than for other indoor pollutants, the suitability 
of comparisons with outdoor concentrations or standards is 

,questionable since measurements are often acquired on a different 
basis and the outdoor (national) standards simply cite total suspended 
mass, taking no account of differences in size or composition. 
Moreover, as will probably become evident in the second day of 
hearings, there are corresponding difficulties in ascribing health 
effects to particulate exposures, whether outdoors or indoors. 

Still, it is known that indoor concentrations of total 
particulates or respirable particulates (those with size in the range 

.of a micron or less) often approach or exceed outdoor levels or the 
standards that are 'applied outdoors. The strongest source of 
particulate indoors is cigarette smoking, to which almost the entire 
population is exposed either at home or elsewhere. Particulates also 
arise from any combustion appliance, from various types of materials 
indoors, and -- of course -- from the air that enters from the out­
doors. However, the building shell can act as a significant barrier 
to entry of particulates, and -- in any case -- it is typically the 
particulates that are generated indoors that are of more concern. 

A modest amount of work has been performed in characterizing the 
chemical and physical form of particulate matter that is found indoors 
or that is emitted from various indoor sources. It is known, for 
example, that the particulates in indoor air due to cigarette smoking 
contain a large number of compounds, many known to be carcinogenic, 
and that these particulates -- like most found indoors -- are in the 
respirable size range. For the most part, combustion appliances 
generate a relatively small amount of particulates, but -- in some 
cases (e.g., wood stoves) -- their composition is such as to be of 
concern, and the presence of higher-than-average numbers of particles 
in the air may any case have significant implications for other pollu­
tants that are present. Substantial work remains to be done to 
characterize the amount, size, and composition of particulate matter 
in indoor air. This will require substantial monitoring efforts in 
existing buildings and, perhaps even more important, fundamental 
studies of the behavior of particles indoors. 
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We are unable to say much about particulate behavior, even though 
as for the outdoor atmosphere -- it lies at the root of some of the 

main questions. For example, we know little in general about the 
interaction of particulate and gaseous species indoors. And although 
we do not expect the specific smog reactions that are so important 
outdoors to occur substantially indoors, there is every reason to 
suspect that gas-particle reactions can be important. This could 
include reactions between particulates and gaseous combustion 
products, condensation of organic compounds on particulates, and 
interactions between particles and radon daughters. The last type of 
interaction is known to pave a profound effect on radon daughter 
behavior indoors and on the health effects associated with exposure to 
radon daughters. I will now turn briefly to these questions. 

Unlike radon itself, a gas that does not interact chemically, the 
decay products (or progeny) are chemically active and can attach to 
airborne particles or to walls, can be collected efficiently in air 
cleaning devices, and can also deposit in the lung - either directly 
or along with particles to which they are attached - when they are 
inhaled. I point out two key factors in considering the importance of 
attachment of the progeny to particles: first, in the absence of 
particles, the progeny tend to stick to walls at greater rates, so 
that they cannot be breathed, but, secondly, a greater portion of the 
particles rema1n1ng in the air under such conditions remain 
unattached. The progeny that are unattached are thought to have a 
greater probability of causing significant radiation exposures (and 
hence added risk of lung cancer). Thus it is not clear whether low 
particle concentrations are an advantage or a disadvantage. In any 
case, a good deal of study is now being given to the determination of 
progeny attachment rates to particles in various size ranges, since 
this will in any case affect strategies for controlling exposures to 
radon progeny. 

I can point specifically to work being performed at LBL's radon 
research house, a facility that was established to study the behavior 
of radon progeny (and which has also been used for a number of other 
studies). A key element in the particle/radon-progeny studies has 
been characterization of mechanisms affecting progeny concentrations, 
and these have included attachment to particles, attachment to walls, 
and removal by air-cleaning systems or devices. Study of air-cleaning 
has also been an interest of our group from the simple perspective of 
particulate control. An example of work that relates to both of these 
questions has been a recent study of the performance of a variety of 
stand-alone air-cleaning devices, as distinguished from those 
incorporated into a whole-building heating or cooling system. In 
these studies, we determined the effectiveness of these devices for 
removing particles in various size ranges and for removing individual 
radon progeny, using the unusual capabilities of the radon research 
house. Not surprisingly, the effectiveness of the several devices 
differed substantially. (See Figs. 11-12 and Refs. 27-28) 

This points out a major gap in understanding the 
of air-cleaning devices for removing particulates. 
effectiveness has been measured at all, this is usually 
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Figure l!_ (top) Concentration profile of total particulates before, during 
and after operation of an air cleaning device containing a High Efficiency 
Particulate Air filter. These measurements are designed to evaluate the 
effectiveness of various air cleaning devices for control of particulate 
and radon progeny concentrations. 
Figure ~ (bottom) Same as Figure 11, showing concentration profiles of 
particles in selected size ranges. 
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measurement in terms of total particulate mass, occasionally in terms 
of particle size, and virtually never in terms of the effect on 
particular chemical or physical species, e.g., organics or radon 
progeny. In general the overall effect of air-cleaning devices on the 
pollutants present in indoor air is simply not known. The effective­
ness of such devices and in fact of any control technique will only be 
understood in the context of future research on the behavior of 
airborne pollutants indoors, giving due weight to the interactions 
that pollutants have with each other and with the building and its 
contents. 

Indoor Air Quality Research Needs and Cooperation Requirements 

Most will agree that a substantial amount of research remains to 
be done in the area of indQor air quality, and I have emphasized 
requirements for characterization of indoor pollutant behavior, which 
-- in turn -~ is closely tied to understanding the implications of 
energy conservation measures for indoor air quality. A summary of 
research needs in the areas I have treated will make clear the strong 
connection between this work and that required for monitoring, health 
studies, and formulation of control strategies. 

For each·of the pollutant classes I have discussed-- combustion 
products, radon and its progeny, and formaldehyde and other organics 
-- and also for those I haven't treated -- spores, viruses, lead, 
asbestos, etc. -- further attention has to be given to the origin of 
the various species, to their interactions once they are in the air, 
and to their removal by ventilation and other mechanisms. The balance 
of work remaining in these areas depends on the pollutant class: 

-- combustion emissions have been adequately characterized for 
some appliances, but much remains to be done on the effects of 
combustion modification, on the effectiveness of local versus general 
ventilation, and on the interaction of these emissions with other 
species and with the building structure and air-cleaning techniques 
other than ventilation. 

-- radon and its progeny are known to have a wide range of 
concentrations indoors, dependent mainly on entry rates, and future 
work ought to emphasize the potential for systematic identification of 
houses with high source strengths, the mechanisms for radon entry into 
houses, and the behavior of radon progeny indoors. 

-- Formaldehyde and other organics are known to arise from a 
large variety of building materials, as well as from combustion 
processes, and the areas requiring study are the dependence of 
emission rates on temperatures, humidity, and ventilation rates, the 
potential for reducing these emission rates, and -- in the case of 
organics --more effective monitori~g techniques. 

Elucidating these questions in the laboratory or in small numbers 
of homes often requires the development of sophisticated techniques 
for performing intensive and detailed measurements. At the other 
extreme, studying the dependence of indoor concentrati.ons in the 
building stock at large requires simple, inexpensive monitors. The 
capabilities for development and characterization of such devices is 
an important element in programs for monitoring indoor air quality on 
a large scale, as discussed below. 
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Finally, the study of indoor pollutant behavior in general, and 
of the effectiveness of various techniques for controlling pollutant 
concentrations, constitutes the basis for formulating control 
strategies: techniques that require further study include 
modification of sources, emission reduction by sealants or local 
ventilation, and removal from indoor air by general ventilation, air 
filtration, or use of adsorbent materials. 

Such work as I have described, which is emphasized by our group 
because of its connection with building design and operation, and 
hence energy conservation measures, is clearly connected with 
interests of agencies other than the Department of Energy (DOE): the 
Consumer Product Safety Commission (CPSC) is interested in effects of 
appliances, materials, and other products used indoors; the 
Environmental Protection Agency (EPA) has a definite interest in 
exposure to air pollutants, many of which are found indoors; and the 
National Institutes of Health (NIH) has an interest in the health 
effects of such exposures. Thus it would not be difficult to 
associate the EPA with monitoring, the NIH with health studies and DOE 
and CPSC with characterization, employing the terms used above. Yet 
these areas cannot be separated entirely, although the main interests 
of specific agencies or scientific disciplines can be defined 
generally. An example of the need for collaborative effort among the 
scientific community, and of joint support from the agencies, is the 
prospect of a large-scale program to characterize indoor pollutant 
concentrations, building-related factors, and occupant health in a 
sample of many thousands of houses selected across the United States~ 

A summary of what such a program might entail is given in an 
attachment to this statement. The objective would be to select a 
large "full sample" of housing in which a number of key pollutants 
are measured, using integrating passive samplers of the kind discussed 
above, in which building characteristics related to sources and 
ventilation. rates are examined, and for which information on acute and 
chronic health effects of the occupants is acquired. In a subsample, 
more intensive measurements would be performed. Given our present 
knowledge of indoor air quality and the present state of the art in 
monitoring, the objective of this program would be to make a giant 
step forward in understanding the distribution of pollutant exposures 
among the general population, the association of these exposures with 
building-related factors, and the health effects that may be 
associated with these exposures. It would obviously require a strong 
collaborative effort, drawing on the full resources of the scientific 
community, and bringing physical and health scientists together to a 
degree that has not yet occurred in this area. The support and 
development effort required to move forward with this program could 
reasonably be carried forward with funding from normal healthy agency 
budgets. The main monitoring phase would probably require a specific 
appropriation. 

Effective progress on this and other major elements in a vigorous 
program on indoor air quality has as a principal requirement substan­
tial support from the federal agencies, as indicated in the second 
document that I have attached. The consensus of all studies of needs 
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for indoor air quality research is that the main support for research 
~~can only be provided as a federal responsibility, and that this 
should be complemented in a very practical way by industry efforts and 
by state and local activities. But, presuming such federal support, 
coordination of the effort, for example in a national indoor air 
quality survey, is obviously necessary. This must entail cooperation 
at two levels: clearly the agencies themselves need a mechanism for 
identifying their principal responsibilities and for communication of 
research results, and secondly the research community itself could 
improve its own awareness and selection of the wide range of research 
projects required, while at the same time more effectively providing 
advice to the supporting agencies. The first requirement can be 
satisfied by resurrection of an interagency committee on indoor air 
quality. Constitution of a national scientific committee on indoor 
air quality would help the research community keep track of research 
progress and priorities, while advising the agencies effectively. 

How to create effective cooperative mechanisms is a topic on 
which I will not say more. In fact, I would offer the caution that 
coordinating mechanisms be defined in a way that still manages to 
encourage initiative and creativity at the level of both the federal 
agencies and research groups. Progress in understanding indoor air 
quality is like any public issue that has a major scientific 
component. Resources must be devoted to basic scientific work, to 
large-scale information gathering, and to technical and policy 
decisions on appropriate strategies for dealing with the basic issue, 
which in this case is the public health consequences of indoor air 
pollutants. The best progress in each area can be had by charting a 
course of research that effectively addresses the main questions, 
expecting active cooperation among the participants and anticipating 
that there will be some modest overlap. Rather than being waste, such 
cross-fertilization can give rise to new points of view and novel 
approaches that will ultimately speed us toward our objectives. These 
are characterization of the extent and health implications of indoor 
pollutant exposures, as well as the factors affecting indoor pollutant 
concentrations, and formulation of strategies for assuring good indoor 
air quality. 

-16-



.;..,i' 

1. Hollowell, 
Indoor Air 
Colloquium 
1978). 

REFERENCES 

C.D., and G. W. Traynor, "Combustion-Generated 
Pollution," Proceeding of the 13th International 
on Polluted Atomspheres, Paris, France (April, 

2. Berk, J.V., C.D. Hollowell, C. Lin and J.H. Pepper, "Design 
of a Mobile Laboratory for Ventilation Studies and Indoor Air 
Pollution Monitoring," Lawrence Berkeley Laboratory report 
number LBL-7817 Rev, 1978. 

3. 

4. 

5. 

Berk, J. V., 
Impact of 
Residential 
73rd Annual 
1980). 

C.D. Hollowell, J .H. Pepper and R.A. Young, "The 
Reduced Ventilation on Indoor Air Quality in 
Buildings," Air Pollution Control Association 

Meeting, Paper 80-61.1, Montreal, Cananda (June, 

Girman, J.R., M.C. Apte, GoW. Traynor, 
Hollowell, "Pollutant Emission Rates 
Appliances and Sidestream Cigarette 
International,~ 213-221 (1982). 

J.R. Allen, and C.D. 
from Indoor Combustion 

Smoke," Environment 

Traynor, G. W., 
E .M. -Sterling 
Pollution Due 
International, 

M.G. Apte, J.F. Dillworth, C.D. Hollowell, and 
"The Effects of Ventilation on Resdential Air 

to Emissions from a Gas-Fired Range," Environment 
~ 447-452 (1982). 

6. Traynor, G.W., D.W. Anthon, and C.D. Hollowell, "Technique 
for Determining Pollutant Emissions from a Gas--Fired Range," 
Atmos. Environ. 16, 12:2979-2988, 1982. 

7. Traynor, G.W. J.R. Allen, M.G. Apte, J.R. Girman, and C.D. 

8. 

Hollowell, "Pollutant Emissioms from Portable Kerosene-fired 
Space Heaters," Environ. Sci.~ Techno!. (in press). 

Traynor, G.W., J.R. Girman, J.R. Allen, M.G. Apte, A.R. 
Carruthers, .J .F. Dillworth, and V .M. Martin, "Indoor Air 
Pollution Due to Emission from Unvented Gas-fired Space 
Heaters," Paper 83-9.6 presented at the Air Pollution 
Control Assoc. 76th Annual Meeting June 20-24, 1983 • 

9. Nero, A. V., "Indoor Radiation Exposures from Radon and Its 
Daughters: A View of the Issue," Health Physics 45, 277-288, 
1983. 

10. Nazaroff, W.W., M.L. Boege!, C.D. Hollowell and C.D. Roseme, 
"The Use of Mechanical Ventilation with Heat Recovery for 
Controlling Radon and Radon Daughter Concentrations in 
Houses," Atmospheric Environment 15, 263-270 (1981). 

-17-



11. Ingersoll, J. C., "A Survey of Radionuclide Contents and Radon 
Emanation Rates in Building Materials Used in the United 
States," Health Physics 45, in press. 

12. Narzaroff, W.W., M.L. Boegel and A.V. Nero, "Measuring 
Source Magnitude in Residential Buildings," Radon and 
Progeny Measurement, U.S. Environmental Protection 
Montgomery, Alabama, ~~ugust 27-28, 1981. 

Radon 
Radon 

Agency, 

13. Nararoff, W.W., F.J. Offermann and A.W. Robb, "Automated System for 
Measuring Air-Exchange Rate and Radon Concentration in 
Houses," Health Physics 45, in press. 

14. Nero, A. V., "Airborne Radionuelides and Radiation in 
Buildings: A Review," Health Physics 45, in press (Based 
on chapter prepared for NAS). 

15. Nero, A.V., M.L. Boegel, C.D. Hollowell, J.G. Ingersoll, and 
W.W. Nazaroff, "Radon Concentrations and Infiltration Rates 
Measured in Conventional and Energy-Efficient Houses," Health 
Physics 45, in press. 

16. Miksch, R.R., D.W. Anthon, L.Z. Fanning, K. Revzan, J. 
Glanville and C.D. Hollowell, "A Modified Pararosaniline 
Method for Determination of Formaldehyde in Air," Analytical 
Chemistry 53, 2118-2123, 1981. 

17. Geisling, K.L., R.R. Miksch, and S.R. Rappaport, "The 
Generation of Dry Formaldehyde at PPB to PPM Levels by the 
Vapor-Phase De polymerization of Trioxane," Analytical 
Chemistry, 54, 140 (1982). 

18. Offermann, F.J., J.R. Girman, and C.D. Hollowell, "Midway 
House-Tightening Project: A Study of Indoor Air Quality," 
Lawrence Berkeley Laboratory report number LBL-12777, 1981. 

19. Miksch, R.R., C.D. Hollowell, and H. Schmidt, "Trace Organic 
Contaminants in Office Spaces," Environment International, 8, 
129-137 (1982). --

20. Geisling, K.L., M.K. Tashima, J.R. Girman, R.R. Miksch, and 
S.M. Rappaport, "A New Passive Monitor for Determining 
Formaldehyde in .Ambient Air," Environment International, ~ 
153-158 (1982). 

21. Hodgson, A.T., K.L., Geisling, B. Remijn, and J.R. Girman, 
"Validation of a Passive Sampler for Determining Formaldehyde 
in Residential Air," Lawrence Berkeley Laboratory report 
number LBL-14626, 1982. 

-18-

.. 



.~ 

...,, .. 

22. Fisk, W.J., G.D. Roseme, and C.D. Hollowell, "Performance of 
Residential Air-to-Air Heat Exchangers: Test Methods and 
Results," Lawrence Berkeley Laboratory report number LBL-11793, 
1980. 

23. Fisk,. W.J., K.M. Archer, P. Boonchanta, and C.D. Hollowell, 
"Performance Measurements for Residential Air-to-Air Heat 
Exchangers," Presented at the Intl. symposium on Indoor Air 
Quality, Health and Energy Conservation, Amherst, Mass., Oct. 
13-16, 1981, Lawrence Berkeley Laboratory report number LBL-
12559, 1981. 

24. Offermann, F.J., C.D. Hollowell, W.W. Nazaroff, G.D. Roseme, 
and J .E. Rizzuto, "Low Infiltration Housing In Rochester, New 
York: A Study of Air-Exchange Rates and Indoor Air Quality," 
Environment International, ~ 435-445 (1982). 

25. Fisk, W .J. and I. Turiel, "Residential Air-to-Air Heat 
Exchangers: Performance, Energy Savings, and Economics," To 
be published in Energy and Buildings. 

26. Offermann, F.J., W.J. Fisk, D.T. Grimsrud, B. Pedersen, and 
K.L. Revzan, "Ventilation Efficiencies of Wall-or-Window 
Mounted Residential Air-to-Air Heat Exchangers," To be pre­
sented at the 1983 ASHRAE Annual Meeting, June 26-30 
Washington, D.C. and published in ASHRAE Trans. 89 II (1983). 

27. Nazaroff, W.W., K.L. Revzan and A.W. Robb, "Instrumentation 
for a Radon Research House," Extended summary of paper 
presented at the Intl. Symposium on Indoor Air Quality, 
Health and Energy Conservation, Amherst, Mass., Oct. 13-16, 
1981, Lawrence Berkeley Laboratory report number LBL-12564, 1981. 

28. Nazaroff, W.W., "Radon Daughter Carousel: An Automated 218 
zy~trument 2f2r Measuring Indoor Concentration of Po, 

Pb; and Bi," Rev. Of Sci. Instr., in press • 

-19-



ATTACHMENT 1 

A NATIONAL SURVEY OF INDOOR AIR QUALITY 

Our basic understanding of indoor air pollutant concentrations and how 
they may be measured conveniently has now advanced sufficiently to war­
rant the beginning of efforts to conduct a national survey of indoor air 
quality, carried out on an interagency, interlaboratory basis. The 
objectives of this survey would be to determine average concentrations 
of key pollutants to which the U.S. population is exposed, to delineate 
the range of concentrations and their dependence on building features, 
geographic location, and use patterns, and to use this dependence on 
concentration to examine the health effects of key indoor pollutants. 

The differing objectives correspond roughly to the differing interests 
of various Federal agencies. For example, it is the dependence of indoor 
pollutant concentrations on building characteristics and ventilation 
(rates and patterns), both connected to energy use, that gives rise to 
Department of Energy (DOE) interest in this program. Environmental Pro­
tection Agency (EPA) interest arises directly from the question of 
indoor human exposures and their contribution to total exposures. Simi­
larly, the National Institutes of Health (NIH) has an interest in 
efforts intended to delineate the connection between health effects and 
indoor airborne pollutants that may be causative agents. 

Accomplishing these objectives will require substantial efforts on the 
part of the entire indoor air quality research community and the support 
of the several Federal agencies with an interest in indoor air quality, 
as well as the cooperation of private-sector energy research institutes 
and analytical laboratories. Members of the research community have 
been holding discussions among themselves and with Federal agencies and 
other entities on how such a national survey might be undertaken. This 
survey is generally acknowledged to be a principal element in national 
efforts to characterize indoor air quality. 

Technical Approach: 

The overall structure and major elements of such a program are yet to be 
determined. The major thrust of the program will be the monitoring of 
key indicator pollutants, using simple techniques, in many thousands of 
homes across the country, at the same time acquiring information--based 
on questionnaires--on the homes being monitored and on the health of the 
occupants. The program would provide basic information in three areas: 
pollutant concentrations, the various factors that affect them,.and the 
health effects caused by them. 

Considering the monitoring techniques available or soon to be available, 
the pollutants measured will presumably include nitrogen dioxide, radon 
222, formaldehyde, and possibly carbon monoxide, but others may also be 
included in the full survey sample. In addition, more intensive investi­
gations will be undertaken in a subset of the full sample, with several 
purposes: first, to obtain at least a modest amount of information on a 
more complete pollutant spectrum (including, for example, particulates 
and volatile organics) than is practical in the full sample; second, to 
help establish a basis for interpreting the results from the full sam­
ple, i.e., by using the subset to study the dependence of concentrations 
on time, environmental condition§_,_Ese~atterns, and detailed building 
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and ventilation characteristics; and, third, to obtain more detailed 
health-related information, as appropriate. 

Major organizational questions include scientific direction of the 
effort, mechanisms for interagency support for the study, and the 
involvement of utilities and private-sector laboratories in actually 
performing the full sample survey. The indoor air quality research com­
munity is highly diverse, and ultimately many parts of it would be 
involved in this program. For the time being, members of a number of 
U.S. research groups are engaged in discussions about the form, funding, 
and implementation of such a survey. 

Key objectives for the next two years appear to be: 

1. design and planning of the survey and performance of supporting 
development work that may be required; and 

2. implementation of a pilot study using the techniques that are tenta­
tively selected for the main survey. 

During the second year, in parallel with a pilot survey, substantial 
effort will be devoted to selection of the main study sample, final 
design of the survey, including the protocols for both the full sample 
and the intensive subsample(s), and creation of the cooperative infras­
tructure for performing the measurements. Any development required will 
be performed in parallel with these efforts. On completion of this 
preparatory work, the main survey itself can actually be conducted and 
the results analyzed. The full survey sample will have three major ele­
ments: 

1. monitoring of the key pollutants of interest, such as those indi­
cated above, relying primarily on simple passive samplers, many of 
which are already available; 

2. characterization of the buildings being monitored, including visual 
inspection of key source and ventilation-related characteristics, 
and information on use patterns, all intended to investigate the 
correspondence between pollutant concentrations and factors such as 
sources, ventilation rates, other removal mechanisms, and occupant 
behavior; and 

3. survey of the health of the occupants, including both acute and 
chronic health information relying on epidemiological survey instru­
ments of proven design; thought is now being given to cluster sample 
approaches that would focus efforts in a number of geographic areas, 
with stratification of the sample in each cluster based on building 
and population characteristics. However, to capture the full range 
of pollutant dependencies, the full sample may need a component that 
is dispersed beyond a small number of clusters. 

These three elements can be related directly to the interests of the 
Federal agencies with principle interests, although ultimately all of 
the components are interrelated. The intensive subsample studies would 
be designed to investigate each of these elements in more detail, as 
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necessary, to maximize thebreadth and reliability of results from the 
program. 

Program Implementation: 

This overall effort will take 4 to 5 years, with a total funding of $10 
to 15 million over this period. Annual funding of about one-tenth this 
amount (i.e., $1-1.5 million or so a year) can reasonably be expected to 
be taken out of ordinary agency funding for indoor air quality, provided 
the agencies have vigorous efforts in this area. However, about half 
the total effort will be devoted to procurement for, and conduct of, the 
main study itself, requiring a specific allocation of funds. 

The base funding indicated above from the various agencies will support 
the initial objectives indicated above (design and planning of the sur­
vey, plus conduct of a pilot study) and will provide continued technical 
support of the main survey effort from the principal scientific groups. 
Procurement for the main survey will begin during the second year, and 
the main monitoring effort will be undertaken during the third year, 
with completion by the fourth. Analysis and interpretation of the data 
will be· performed periodically as results flow in, with completion of 
analysis during the fourth (and fifth) year. 

Substantial care has to be taken in the creation of an effective inter­
laboratory approach to accomplishing this key element of a vigorous pro­
gram of indoor air quality research. A notable aspect of the program 
will be the active collaboration of different scientific communities to 
accomplish the characterization, monitoring, and health-related objec­
tives. The work will undoubtedly require the guidance of a national 
scientific advisory board, as well as the active assistance of the vari­
ous agencies, presumably coordinated through an interagency committee. 
The next step is to define more fully a conceptual design for the pro­
gram as a whole, paying specific attention to: the pollutants to be 
monitored, instrumentation selection, statistical design, selection of 
full and intensive samples, characterization of building-related fac­
tors, acquisition of health information, etc. Once this is done, the 
various scientific groups can begin explicit effort to carrying out the 
program objectives. 
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ATTACHMENT 2 

FEDERAL RESEARCH NEEDS ON 
INDOOR AIR QUALITY AND ENERGY CONSERVATION 

Introduction 

A major part of human exposure to air. pollution occurs indoors to 
the general population in their own houses and offices. Exposures of 
comparable importance occur due to outdoor pollution and to occupational 
exposure from specific work-related emissions. In the United States, 
thousands of deaths, and a much larger incidence of sickness or acute 
distress, occur annually due to outdoor and occupational exposures. 
This has been the main reason for the assignment of substantial and 
explicit responsibilities for controlling these exposures to the 
Environmental Protection Agency and to the Occupational Safety and 
Health Administration. The amount of illness and death ar1s1ng from 
indoor exposures appears to have a similar scale. This has prompted a 
number of agencies to begin research programs over the last decade or so 
with the purpose of either characterizing or understanding how to con­
trol indoor air pollution in respects that are consistent with the mis­
sions of each agency. In spite of the importance of this question, the 
total federal allotment to research on indoor air pollution is only a 
few million dollars per year, a small fraction of the funds devoted to 
programs on outdoor or occupational exposures. This commitment is 
extremely small considering the thousands of deaths per year (and larger 
incidence of illness) that can be attributed to exposure to indoor air 
pollutants. Considering the complexity and importance of the indoor air 
pollution question and considering the potentially adverse impact on 
indoor exposures of new products and building designs (especially those 
intended to save energy), research efforts in this area ought to be 
increased significantly. Explicit acknowledgement of the special roles 
of several agencies in this area would also be helpful. 

Considering the significance of indoor exposures, substantial con­
cern arises from the potential effects of energy conservation measures 
on air quality in the indoor environment. One of the most popular and 
cost-effective means of conserving energy is weatherization--the reduc­
tion of outdoor air infiltration--a measure that can result in increased 
concentrations of indoor-generated pollutants. In larger buildings 
ventilation rates are reduced to save energy with similar effects on 
indoor air quality. Thus, elevated indoor air pollutant concentrations, 
which in some instances are already high enough to be a problem, may 
result from the implementation of certain energy conservation measures. 
Unless specific controls are simultaneously applied, or intervening fac­
tors occur, either the pace of building energy conservation programs 
will be constrained or indoor air quality will suffer. Coping with 
current lev~l~ of indoor pollutants, which now vary over thousand-fold 
ranges within he housing stock, and with the potential effects of 
energy-conser\ ~ion measures, requires substantial attention to indoor 
pollutant behavior. This requires characterization of: 1) indoor 
sources, and the factors affecting emission or entry rate, 2) the effect 
of ventilation rates and patterns, including questions of local versus 
general ventilation and of ventilation effectiveness, and 3) removal due 
to other mechanisms, such as interactions between pollutants and attach­
ment to walls or HVAC system components. In the context of such work, 
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we can understand the dependence of indoor concentrations on building­
related factors, including energy-conservation measures and techniques 
to control indoor pollutant levels. This understanding enables us to 
proceed with energy conservation programs while providing for good 
indoor air quality. 

Indoor pollutants can arise in different ways, and the origin of a 
particular pollutant affects the applicability of particular control 
strategies.· 

Pollutants enter from outdoors. All pollutants found in the outdoor 
environment (e.g., NOx, SOx, CO, TSP, microbial spores, dust, pol­
len, etc.) can infiltrate indoors. In addition to outdoor air, soil 
gases (e.g., radon) may find their way directly into buildings in 
significant quantities. 

Pollutants are generated by indoor activities. Domestic sources 
include routine cooking, cleaning, smoking, hobbies, use of sprays, 
and emissions from the human body. Some heating appliances, such as 
unvented kerosene or gas space heaters, can emit very large amounts 

.of pollutants into the indoor environment. 

Pollutants can be emitted from building construction materials. 
Building materials, including concrete, wood products, paint, plas­
tics, and insulation material may emit a variety of pollutants, 
including radon, asbestos, formaldehyde, and other organics. 

As an indication of the last question, the status and general appli­
cability of control via ventilation, air cleaning, source 
removal/exclusion, and source substitution are summarized in Table 1. 
An additional method, education of· the inhabitants, does not involve a 
system, as such, yet may well be an effective approach in controlling 
indoor air quality. These various control methods are not always 
independent. Finally, any indoor air quality control strategy should 
satisfy health, safety, comfort, and energy conservation objectives 
while minimizing costs and changes in the way of life. 

Work at the Department of Energy, which has the most apparent 
responsibility for research on energy conservation and indoor air qual­
ity, has emphasized the effect of building design, including energy­
related features, on the sources, concentrations, behavior, and control 
of indoor pollutants. As indicated below, the primary roles of the vari­
ous agencies appear to differ from one another, and cooperation is 
required to avoid gaps or an undue amount of overlap in the areas being 
investigated. In addition, industry has a substantial role to play in 
this area, focusing largely on their particular interests. Histori­
cally, federally-funded research has led industry efforts on indoor air 
quality. This is not surpr~s~ng since--unlike those of industry-­
federal efforts have an explicit interest in detailed characterization 
and exposure monitoring, applied in a consistent manner to the various 
aspects of indoor air pollution. Industry has a clear role in evaluat­
ing its own products in a manner that is consistent with the developing 
picture on indoor air quality. 
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Table 1. Indoor Air Quality Control Techniques. 

Control Method 

Forced Ventilation 

Natural Ventilation 

Infiltration 

Local Ventilation and 
Heat Exchangers 

Continuous Air 
Cleaning 

Source Exclusion 
(entry prevention) 
Source Removal 

Source Substitution 

Comment 

Widely used in industrial, institutional, commercial, 
and transportation environments. May require 
substantial energy for heating and cooling, or may 
improve energy efficiency, depending upon control 
system. 

Efficiency as a control strategy is not well documented, 
but is expected to vary considerably. Noise considera­
tions and high indoor pollution levels may limit· 
effectiveness. 

·Ordinarily unintentional air leaks; energy waste is 
closely associated.. Widely used in residential 
environments. 

Efficient control strategies for both small and large 
buildings; research needed to quantify the efficiency 
of each strategy. 

Pollutant dependent; effectiveness requires further 
documentation. Contaminant control devices are often 
large, expensive, noisy and require maintenance. 

Can be very effective but requires extreme care in 
application to assure effectiveness; retrofit 
application may be very costly. Research needed to 
improve effectiveness. 

Has not been widely used; feasible if the source is 
substituted with an equally functional alternative 
that does not generate indoor pollutants. 
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The Need for a Government Role in Indoor Air Quality 

Based largely on research that had been performed during the 1970's, 
several international, national and industry or standard-setting organi­
zations have recognized the importance of the ongoing work on indoor air 
quality to the extent that commitments were made to workshops, expert 
studies, and substantial research programs in this area. As examples, a 
World Health Organization working group report in 1979 said: 

"Since man spends up to 70% of his time (indoors) and air qual­
ity indoor was usually somewhere between that outdoors and in 
the occupational environment, further studies should be made on 
indoor air quality, the factors that affect it, and its role in 
the total adverse health effects" of air pollution. "Studies on 
the nature and rates of emissions of indoor contaminants, as 
well as the rates of their absorption and inactivation, are 
urgently needed ••• " 

A National Academy of Sciences panel on indoor pollutants, reporting 
its findings in 1981, recommended: 

"Responsibility for conducting a well-coordinated investigation 
of influence of building design and operational factors on the 
concentrations of pollutants in both residential and commercial 
facilities should rest with federal government, assisted by the 
appropriate professional and scientific organizations," with the 
initial focus of investigation on: 

"the effects of 
buildings on 
tants; 

reducing infiltration rates in existing 
concentrations of indoor-generated air pollu-

the effects of materials of construction and furnishings on 
indoor-pollutant content; 

the difference in air distribution, diffusion, m~x~ng, etc., 
associated with the use of different climate-control sys­
tems; 

the effectiveness of air-cleaning systems in capturing pol­
lutants in recirculating air." 

The need for a greater federal role in research on and assurance of 
indoor air quality had also been called to the public attention in 1979 
by an Office of Technology Assessment report that said: 

"It is now clear that indoor levels of several important air 
pollutants can be as high or higher than outdoor levels." The 
"low level of [Federal] effort is particularly difficult to 
understand." 

A 1980 report to the Congress by the Comptroller General suggests a 
reason: 
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"While Federal officials agree that indoor air pollution poses a 
potentially serious health problem, they have been reluctant to 
invest resources to study it because they lack clear responsi­
bility for addressing the problem." 

Finally, in respect to the role of industry, ASHRAE said in 1982 
that: 

"While some incentives do exist in the private sector to conduct 
research and develop products related to indoor air quality 
government has an important leadership role to sponsor research 
on indoor air quality, its human health consequences, and to 
advance the technology of contaminant control. No single pro­
fessional society, manufacturing association, trade association, 
or branch of industry has the comprehensive interest, resources 
and competence in indoor air quality technology to insure that a 
well-funded systematic research program is conducted." 

The message is clear: That indoor air pollution can have substan­
tial health consequences, and that a more substantial and comprehensive 
research program of: 1) characterization (of sources, pollutant 
behavior, and control techniques--including the effect of various build­
ing design features), 2) monitoring, 3) health studies, and 4) control 
strategies must be undertaken through a coordinated Federal effort. As 
ASHRAE says, "once [Federal] research has identified the needs for 
better solutions for improved health, the private sector will respond 
with improved, innovative, cost-effective solutions." 

General Responsibilities for Research on Indoor Air Quality 

Several Federal agencies have implicit or explicit responsibilities 
for research on indoor air quality. The significance of current levels 
of indoor pollutants and the potential for increases due to measures 
that increase the efficiency of energy use in buildings caused two agen­
cies, the Department of Energy (DOE) and the Environmental Protection 
Agency (EPA), to start significant research efforts on indoor air qual­
ity. (Both efforts were substantially decreased in size in 1981, 
exactly the opposite of the recommendations cited above.) Because of 
its explicit responsibility for research on energy conservation, and its 
specific role in research on building design and performance as related 
to energy, DOE has established a substantial and unique competence to 
examine the factors affecting indoor pollutant concentrations. This 
focuses generally on sources, removal mechanisms and control techniques, 
and specifically on building design, ventilation rate (or its reduc­
tion), and air-cleaning systems. On the other hand, because of its gen­
eral mandate for environmental protection and its specific responsibil­
ity for and competence in control of outdoor ("ambient") air pollution, 
the EPA has a substantial role to play in monitoring, risk assessment, 
and--together with other agencies and industry associations--formulation 
of control strategies. 

Most of the research needs cited above by the National Academy of 
Sciences and much of those cited by ASHRAE fall squarely into the area 
in which DOE has established unusual competence, i.e., detailed research 
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characterizing indoor pollutant behavior and its relation to energy­
efficient building design. This competence includes not only laboratory 
investigations and field testing of the influence of ventilation on 
indoor air quality, but also the implications of this work for design of 
large-scale field studies. This is true even though wide-scale general 
monitoring and associated regulatory responses (except to the extent 
this involves building design parameters, per se) must be construed to 
be a joint responsibility of the federal agencies. 

Focusing on DOE and EPA is not intended to minize the responsibili­
ties of other agencies, some of which, in particular the Consumer Pro­
duct Safety Commission (CPSC) and the National Institute of Environmen­
tal Health Sciences (NIEHS), have made substantial commitments to work 
on indoor air quality. In effect, a spectrum of work is required in this 
area, and several agencies have explicit responsibilities for various 
aspects of pollutant characterization, monitoring, health studies, and 
formulation of control strategies. As indicated above, DOE is under­
stood to have responsibility for exam1n1ng how changes in building 
design (whether construction materials, appliance, or ventilation tech­
niques) that are intended to save energy also affect indoor air quality. 
DOE has therefore developed a unique capability for examining how pro­
posed or possible changes in building design affect indoor pollutant 
concentrations. 

The other side of the fundamental research picture is to investigate 
the health effects of indoor pollutants using epidemiological studies, 
clinical and animal studies, etc. While a variety of such work relevant 
to indoor exposures has been performed by several agencies (e.g., parts 
of DOE have historically investigated health effects of radiation, 
modeled exposures due to combustion products, etc.), NIEHS in particular 
has undertaken substantial basic work on the health effects of indoor 
pollution as a general problem. The NIEHS work is oriented toward expo­
sure measurement and health effects analysis at a more fundamental level 
than the monitoring and risk assessment generally associated with the 
EPA. 

Another agency with responsibilities on indoor pollution is CPSC, 
which has a well-defined mandate to assure product safety. Consequently, 
materials and appliances used in buildings fall within their purview. 
In some cases, the CPSC's work related to indoor air quality is an exam­
ination of products after they become available. (For this reason, 
industry has a clear incentive to consider indoor air quality as one 
basis for developing products that will pass such an examination.) In 
other instances, CPSC could set performance requirements for new pro-
ducts. Such CPSC activities have required significant research efforts, ·5 -

sometimes in-house and at other times in cooperation with other agencies 
(such as DOE) that have developed a suitable capability because of a 
common interest. 

Other agencies also have interests in indoor air quality. The 
Department of Housing and Urban Development (HUD) has a a clear interest 
in buildings, an interest that now lies more in the direction of imple­
mentation than toward research or assessment. The National Institute 
for Occupational Safety and Health (NIOSH) performs work on monitoring 
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and control of exposures in occupational settings, a responsibility that 
can be construed to apply to commercial buildings (including office 
environments) and, in any case, involves capabilities that are relevant 
(if not directly applicable) to monitoring of indoor pollutants. 

HUD's interest in implementation, CPSC's responsibility for product 
safety, EPA's mandate for environmental protection, and DOE's investiga­
tion of the effects of building design on indoor pollutant concentra­
tions is indicative of an ambiguity in responsibilities for indoor air 
quality research or--in this case--associated measures for public pro­
tection. Such ambiguity is by no mean peculiar to indoor air quality, 
but rather is characteristic of other questions of health or environmen­
tal protection. The agency interests just named all lie in the are of 
formulating strategies to assure adequate indoor air quality. They 
reflect genuine and appropriate, but differing, responsibilities of the 
various agencies. And, although EPA can (and ought to) be construed to 
have a general mandate to protect the public, the other entities named 
have differing areas of responsibility in respect to contributing to 
this protection which--with proper acceptance of these responsibilities 
and an appropriate level of coordination--can ·complement each other, 
rather than clash. Moreover, with these differing responsibilities are 
associated specific and substantial capabilities that, if fully util­
ized, will contribute to a sounder and more timely program of research 
and protection of the public. 

Research on Indoor Air Quality as it Relates Building Design 
and Energy Conservation 

The central DOE responsibility has been to characterize the depen­
dence of indoor pollutant concentrations on building factors related to 
energy. To a greater or lesser degree, every pollutant has such depen­
dence, if only through the ventilation rate and other factors related to 
the building heating or cooling systems. In addition, many of the pol­
lutant entry rates (for combustion products, radon, and organics) are 
affected directly by building features that are energy related-­
including again, ventilation conditions. The characterization of 
specific control techniques is an integral part of this work. Thus, 
central to effort on energy conservation and indoor air quality should 
be characterization of the dependence of indoor levels on sources, ven­
tilation rates, and other removal mechanisms (e.g., a filter in the HVAC 
system or an energy recovery system). Much of this can be accomplished 
by laboratory-based studies, supported by selected field efforts that 
determine in practical situations the effect of energy-related features 
(e.g., infiltration reduction). This intermediate level of investiga­
tion, i.e., moderately-intensive laboratory studies and selected field 
efforts, is appropriate in direct connection with the programs on energy 
conservation in buildings, such as those carried out by DOE's Office of 
Conservation and Renewable Energy. It contrasts with broad-scale moni­
toring programs (of either DOE or EPA) or more intensive pollutant char­
acterization studies, such as those carried out by the Office of Health 
and Environmental Research. Associated with the efforts on conservation 
should be a modest effort devoted to: development of simple monitoring 
techniques (which are useful for the selected field studies just men­
tioned), design of larger survey efforts (which would actually be 
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performed together with others, e.g., as part of a national survey), and 
construction of a data base on house features and ventilation/ pollutant 
measurements that would constitute a functional model of the housing 
stock. 

The work just mentioned is necessarily supported by more fundamental 
characterization efforts, such as those funded by DOE/ER/OHER on radon 
behavior, by efforts to simulate indoor air pollutant behavior by 
developing realistic physical models, and by examining the potential 
health effects of indoor pollutants as a partial basis for selecting 
acceptable building design features. 

Note that several of these efforts, some of which have been sup­
ported by DOE until now, provide connections with other agencies, e.g., 
survey design and health risk assessment, both of which are related to 
NIEHS and EPA. The data base development, in addition, would directly 
involve industry organizations. 

The research needs set forth below begin with projects that are 
explicitly related to energy conservation in buildings, then go on to 
basic characterization or health studies that support this work. Each 
of these areas has been the subject on continuing work at Lawrence 
Berkeley Laboratory or is a developing area in which new effort is 
appropriate. 

Building Energy Conservation and Indoor Air Quality 

Radon --laboratory and field measurements of radon sources and con­
centrations in conventional and energy-efficient housing; identifica­
tion, through geographic and geologic assessment, using aerial 
radiometric data, of regions in U.S. likely to have high radon concen­
trations; experimental study of radon entry into houses and of associ­
ated control techniques. (Work in this area is now supported by DOE/CE, 
and is complemented by support from DOE/ER/OHER on radon daughter 
behavior and from Bonneville Power Administration [BPA] for FY83.) 

Residential combustion appliances --characterize pollutants emitted 
by indoor combustion processes, emphasizing study of concentration 
behavior as affected by ventilation conditions. Examines emissions from 
gas stoves/ovens, unvented gas-fired heaters, kerosene heaters, and wood 
stoves. (Work in this area is not now supported by DOE/CE; related 
efforts are being carried out for DOE/ER/OHER, described below, and 
CPSC.) 

Building material emissions --measure emissions from elected build­
ing materials and correlate with observed concentrations in home and 
office environments, examining dependence of emissions/concentrations on 
ventilation rates, humidity, and temperature; instrumentation develop­
ment. (This work, to which renewed efforts have been devoted in the last 
year, does not have commitments for support beyond this calendar year.) 

Passive samplers --develop low-cost, portable, usually passive, 
samplers suitable for measuring indoor air quality in research and 
energy-conservation programs;~~t ~~d evaluate commercially-available 
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monitors for suitability in indoor air quality monitoring; see also sur­
vey design, below. Development or characterization of monitors for N0 2 , 
formaldehyde, CO, water vapor, etc. (DOE/CE's support of these efforts 
and of LBL's passive monitor test facility is being closed out.) 

Control techniques --evaluate the energy performance, contaminant 
control capabilities, and economic performance of indoor air quality 
control techniques; assess feasibility of new techniques, emphasizing 
study of ventilation and active air cleaning systems. Includes study of 
air-to-air heat exchangers, filtration and washing systems, other heat 
recuperation devices. (This work has no commitment of funding from 
DOE/CE beyond FY83; heat exchanger work for DOE is being closed out. 
Short-term funding from DOE/EP, BPA, and EPA extends partially into 
FY84.) 

Survey design --examine application of passive monitor packages in 
connection with energy-conservation programs or other large-scale survey 
programs; formulate approaches to statistically-valid selection of moni­
toring sites, interpretation of data, and handling of samplers; support 
for specific DOE programs, as well as large-scale programs in which DOE 
participates, such as a national survey of indoor air quality. (This 
work has no current funding.) 

Concentration of indoor 
from measurements Of indoor 
and housing characteristics 
is expected to be supported 

pollutants data base --collect existing data 
pollutant concentrations, ventilation rates, 
in a user-oriented data base. (This effort 
jointly by DOE, EPRI, and GRI.) 

Undertaking work in the foregoing areas would require a higher level 
of funding than has been forthcoming in the last two years from DOE/CE. 

Basic Characterization'and Health Studies 

Indoor air pollution health effects --characterize indoor air pollu­
tion and develop strategies to make assessments of health and exposure 
implications of indoor air pollution, especially as affected by 
energy-related features; has emphasized combustion products, with some 
assessment of radon risks; now emphasizing overall indoor air quality 
risk analysis, with specific interest in approaches to improving infor­
mation on health effects of combustion products, radon progeny, and 
organics. (Continued support from DOE/ER/OHER.) 

Radon characterization --investigate through laboratory and field 
studies the behavior of radon and radon progeny; conduct studies in a 
research house of attachment of radon progeny to particles and deposi­
tion on indoor surfaces; related instrumentation development, numerical 
modeling, and studies of air movement, all oriented toward influence of 
building design factors. (Continued support from DOE/ER/OHER.) 

Indoor air quality modeling --formulate elements of a multi-chamber 
residential indoor air quality model capable of realistically treating 
the various sources of indoor pollutants and their transformation, tran­
sport, and removal as affected by building design and ventilation/air 
cleaning systems. (This work has no current funding.) 
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Indoor organic pollutants --identify· airborne·· organic· contaminants, 
characterize their sources, and understand the relationship between 
building practices (use of particular materials and design . of ventila­
tion system) and increased exposures; develop methodologies for identi­
fying and quantifying trace organic contaminants in indoor air. (This 
work has no current funding; except for DOE/CE effort on building 
material emissions to end this calendar year.) 

Indoor air quality control techniques --evaluate control techniques 
for maintaining acceptable indoor air quality in buildings with low ven­
tilation rates or high source strengths; attention both to fundamental 

, removal processes and to commercially-available devices; includes design 
and fabrication of an environmental chamber for contaminant-control stu­
dies. (This work has. one-time funding> from DOE/EP, BPA, and EPA.) 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
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Laboratory or ~he Department of Energy. 
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