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Abstract

Bibliographic techniques were used to isolate selected trends in research related to in-
door air quality and housing-related illness in the United States. Representative studies and
critiques were drawn upon to provide a conceptual overview of the state of the art in the field.
The emergence of explanatory models for housing-related health complaints and a merger
of disciplinary perspectives to address sick building syndrome phenomena are explored in
this overview.

Introduction

The majority of the U.S. population spends more than 21 hours of the day indoors
(Committee on Environment and Public Works, 1989). A large proportion of this time is spent
within the home environment. Employed persons, full-time homemakers, and the medically
at-risk populations (i.e., the very young, the very old, and the infirm) spend up to 60, 85, and
95 percent, respectively, of their time in their homes (Berry,1990). Current concerns for en-
vironmental quality are shifting from those of the outdoors and industrial settings to commer-
cial and residential buildings. Recent findings indicate that average levels for many air
pollutants may be two to five times higher in homes than for ambient air levels (Committee
on Environment and Public Works 1989. Agle 1990). However, policies and concomitant
regulations to monitor and control indoor air quality within residential settings have made lit-
tle progress. Relatively little is known about indoor air quality in terms of the effects of human
exposure to a variety of multiple, low-dosage, intermittent pollutants that are found in the
modern dwelling unit.

This paper examines the emergence, within the 1980s, of models for explaining envi-
ronmental illness. To date, it is not clear how to study, or even how to conceive of factors
(e.g., psychosocial dimensions) that are thought to interact with the sick building syndrome.
However, what is clear is the inability of individual disciplinary perspectives to account for
variance in the responses of building occupants to indoor air quality. A conceptual frame-
work is needed to explain housing-related illness from an interdisciplinary perspective.
Trends are identified which bring the dominant perspectives engaged in indoor air quality
and environmental research together in a common explanatory model.

The Citation Record

Bibliographic techniques were used to search databases which were expected to ac-
cess representative work in the area of indoor air quality and environmental iliness. The sci-
entific parties relevant to this subject focused on the building sciences, systems technology,
interior and environmental design, organizational behavior, business economics, public pol-
icy formation and regulation, and occupational medicine and public health. Ten databases
were selected that sampled known sources of empirical and non-empirical work in those dis-
ciplines (see Table 1). Sample searches indicated that the majority of a test list of seminal
works in the field were cited in these databases.
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Table 1. Databases accessing empirical and non-empirical work on indoor air quality
and environmental illness.

Database Type of work indexed
ABI Inform Business and economics
Agricola Housing

Applied Science & Technology  Applied biology, chemistry, and physics
for building products and systems

Architecture Architecture, interior- and behavioral de-

sign

Art Architecture, interior- and environmental design

ERIC Psychology, sociology, and education

Government Documents Government reports of legislation and
government-funded research

Legal Track Legal reports of research, legislation, and litigation

Medline Occupational medicine, clinical ecology,
epidemiology, and toxicology

Psychlit Psychology and social psychology

Citations were collected by matching text in all database titles, abstracts and sort keys
to key search terms. Citations were collected for the period 1982 through 1991. Citations not
related to residential settings (e.g., industrial settings, healthcare settings) and those not
presented in the English language were removed. Also, citations were screened for duplica-
tion across databases. This approach did not guarantee a comprehensive listing of citations
in any given area, but coupled with a knowledge of major work in the field, it allowed a rep-
resentative sample of both empirical and non-empirical work from relevant disciplines to be
collected. The citations were classified according to subject matter and disciplinary perspec-
tive.

Figure 1 shows a dramatic increase in the number of studies from the early to mid-
1980s and a stable interest in the topic of indoor air quality through the present. Over the
course of this ten-year period, the following is evident: a) a relative stability of both amount
and share of empirical work into the study of the causes and sources of pollutants within the
residential environment as well as the effects on human health of indoor air pollutants; b) a
fluctuation in the proportion of citations of a non-empirical nature represented by education-
al, legal, and fiscal perspectives; and c) a marked absence of work focusing on the psycho-
social dimension of indoor air quality problems in residential settings.

The primary perspectives focusing on the problem of indoor air quality and environmen-
tal iliness in non-industrial settings are identified in Figure 2. This paper discusses the de-
velopment of explanatory models for building-related illness, trends in the measurement of
the sick building syndrome (SBS), the merger of perspectives to address multifactorial ori-
gins of environmental illness, and incorporation of a multifactorial model within the building
delivery process.

Explanatory Models

Housing-related illness has been linked to the following contaminants (Meek, 1990): ra-
don and its by-products, volatile organic chemicals and their trace constituents, minerals,
combustion gases and particulates, and airborne biologicals. The prevalence of environ-
mental illness within households has yet to be estimated. The following outlines the devel-
opment of explanatory models that were used throughout the 1980s to account for housing-
related iliness.
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Figure 1. Studies of indoor air quality and environmental illness in residential settings, 1982-
1991.
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Figure 2. Disciplinary perspectives and concepts relevant to the study of sick building syn-
drome.
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Psychogenic lliness

U.S. health officials have been investigating indoor air quality complaints for over a de-
cade (Committee on Indoor Air Quality, 1986). An etiological basis for the complaints rarely
could be linked to a single contaminant source that exceeded known thresholds for air qual-
ity and public health. When an environmental explanation was not readily apparent by using
occupational safety measures and public health standards, it was concluded that the illness-
es were psychologically based and not a result of poor indoor air quality. Psychogenic ill-
ness--malaise attributed to psychosocial factors--was an early diagnosis for environmental
illness (Kreiss, 1990). However, the prevalence of similar complaints among households oc-
cupying similar residential settings throughout the country pointed to the need for further in-
vestigation of the phenomenon (Drerup, 1990).

Tight Building Syndrome

The influx of indoor air quality complaints paralleled changes in the housing industry.
The trend in residential construction throughout the1980s has been to address increasing
costs of energy and limitations in the supply of land and transportation (Stolwijk, 1990). This
trend resulted in the construction of multi-family complexes that were larger, with greater oc-
cupant densities and the centralized control of zoned heating, ventilation, and air condition-
ing (HVAC) systems. In order to make single family detached dwelling units more affordable
to middle class families faced with an economic recession in terms of the rising interest rates
for mortgages, the construction industry provided smaller, airtight houses that cost less to
buy and less to heat and cool. Also, many families attempted to decrease the proportion of
their household income that was allotted to utility bills by using auxiliary space heating
equipment that burned kerosene, wood, or coal. Usually, portable kerosene units were un-
vented and many fireplaces and stoves lacked dedicated fresh air intakes. Greater occupant
densities, tighter constructed dwelling units, and the combustion of alternative fuels in inad-
equately vented space heating units resulted in greater concentrations of indoor air pollut-
ants (Eichner and Morris, 1984).

In an effort to address energy conservation strategies, the American Society of Heating,
Refrigeration, and Air Conditioning Engineers (ASHRAE) adopted its minimum ventilation
standard for the norm. Buildings erected after 1981 were equipped with HVAC systems that
were designed for reduced air intake from the outdoors. Reduced air exchange, sealed win-
dows, and improvements in insulation became associated with episodes of environmental
iliness that came to be known as Tight Building Syndrome (TBS). It was concluded that in-
door air quality complaints were a result of a lack, or depletion, of fresh air supply within
buildings (Kreiss, 1990). Increasing the ventilation rates was recommended by the National
Institute for Occupational Safety and Health (NIOSH) to alleviate complaints. However, the
current ASHRAE Standard 62-89 was not designed to protect building occupants from
chronic health effects via ventilation controls. Epidemiologic studies of buildings and their
occupants were not undertaken in the U.S. to verify that the threshold for carbon dioxide lev-
els (a surrogate measure for fresh air) in industrial settings was satisfactory within the resi-
dential setting. Furthermore, no follow-up or experimental studies were performed in
problem buildings to determine whether increasing the ventilation rates alleviated com-
plaints (Kreiss, 1990). More recent evidence has indicated that overventilation would not in-
sure acceptability of indoor air quality (Turk, et al., 1987). It has been suggested that
ventilation rates adequate to reduce contaminants (such as combustion gases and particu-
lates from environmental tobacco smoke and gas cooking appliances) to acceptable levels
in indoor environments could lead to unacceptable air movement and draftiness (Gammage,
1986). Thus, the inadequate ventilation explanation has not been based on, nor confirmed
by, empirical work. More sensitive techniques to characterize pollutant sources and their
causes were sought (Baker, 1989).

Sick Building Syndrome

Other developments in the early 1980s have affected the quantity of indoor-generated
air pollutants. Synthetic chemicals have comprised the majority of materials used in the con-
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struction and maintenance of residential buildings, interior surface treatments, furnishings,
appliances, and equipment (Stolwijk, 1990). This has led to an increase in organic com-
pounds emitted within the residential interior. A continuation of trends in the previous decade
to provide wall-to-wall carpeting throughout the dwelling has increased the amount of fleecy
(rough) surfaces that would be viable habitats for the growth of biologicals (Norback and Tor-
gen, 1987). The proliferation of kitchen, hygiene, entertainment, and home-office electronic
equipment may have affected indoor air by increasing the potential for effects on health from
electromagnetic radiation and negative ion depletion within the residential setting (Schim-
melschmidt, 1989). Thus, carbon dioxide measurements have been limited as an indicator
of acceptable air quality, since carbon dioxide as a measure of human and combustion
sources of indoor pollution would not reflect perceived air contamination from building sys-
tems, furnishings, or electronic equipment (Kreiss, 1990).

The term sick building syndrome (SBS) has been used to describe the same phenom-
enon as TBS. However, its current usage has come to acknowledge that more than one as-
pect of construction has played a role in indoor air quality complaints (Cone and Hodgson,
1989). SBS has been characterized as an annoying mucous membrane irritation (Bardana
et al., 1988). Residents would experience transient symptoms that would worsen with pro-
longed exposure to the dwelling and improve after leaving the dwelling for a short period of
time.

Building Related lliness

Building-related illness (BRI) has been distinguished from TBS and SBS by the collec-
tion of findings that has underlied objectifiable disease epidemiology and clinical diagnoses.
It has included hypersensitivity pneumonitis, asthma and allergic rhinitis, infectious syn-
dromes, and dermatitis (Kreiss, 1989). These have been frequently related to humidification
or HVAC systems (Silberman, 1991), as well as water damage from roof and plumbing leaks
that have created hospitable environments for the growth of molds (Burge, 1989; Reynolds,
etal., 1990). Also, substances whose exposures have had direct linkages to debilitating and
life-threatening diseases (e.g., lung cancer, neuro-toxic poisoning, brain damage) can be in-
cluded under the category of BRI. Sources of contaminants would include asbestos, lead,
Urea Formaldehyde Foam Insulation (UFFI), pesticides, and radon (Meek, 1990).

Although the presence of objectifiable complaints and disease etiology have lent cre-
dence to the theory that attributes of the residential environment have played a causal role
in the iliness of its occupants, two thirds of the building-related health complaints of non-in-
dustrial settings have presented no such measurable cause and effect relationship (Boxer,
1990). Thus, SBS has continued to perplex a host of disciplines including public health offi-
cials, building engineers, and others (Bardana, et al., 1988). The remainder of this paper will
focus on research that has provided insights into prevention and mitigation techniques for
environmental iliness phenomena.

Approaches to Problem Buildings

During the past decade, strategies for evaluating building-associated health complaints
have focused on three predominant approaches: a) characterization of pollutant exposures
monitored in the physical setting, b) diagnosis of patient symptoms and disease etiologies
as well as characterization of human populations at risk, and c) identification of the causes
of contaminants within the building shell, HVAC, plumbing and electrical systems, interior
surface treatments, furnishings, and equipment (Cone and Hodgson, 1989). Psychosocial
factors associated with environmental iliness behavior have emerged in the literature as a
fourth approach. This approach largely has focused on occupational dimensions such as or-
ganizational climate and work-related stress. A fifth approach has been presented here to
represent a merger of the former perspectives in the presentation of a multifactorial model
of indoor air quality and environmental iliness.
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Focus on the Pollutant

Over the past decade, fundamental problems associated with addressing indoor air
quality problems have been the characterization and measurement of pollutants. A serious
inventory of what aspects of the physical environment have been sources of indoor contam-
ination has yet to be completed (Gammage, et al.,1989).

Data on health risks associated with particular pollutants in indoor, non-industrial set-
tings have been limited. Epidemiological and toxicological data were extrapolated from stud-
ies of ambient air and industrial settings to conditions of ventilation and indoor sources to
identify substances or conditions causing iliness or discomfort (Wadden and Scheff, 1985).
However, data have been lacking for long-term exposure in low concentrations that have
been more typical in residential settings. (Turiel, 1985). Consequently, there have been
large gaps in the knowledge of integrated exposures to air pollutants that would be common
in non-industrial activities. Thus, the standards that have been applied to residences were
not designed for the regulation of that environment.

The classification of products emitting volatile organic compounds (VOCs) according to
contribution to indoor contamination has been problematic (Girman, 1989). Although sophis-
ticated chamber models have been devised to predict contaminant outputs of home prod-
ucts and materials, product brands and their installations have been variable in contaminant
output. Furthermore, product uses have been found to be quite variable in human-occupied
settings. Monitoring contaminant output in residential settings has had limited results de-
pending upon a) the timeliness of the measurement relative to the occurrence of the major
exposure, b) the sensitivity of the monitoring device for measuring contaminants emitted at
low levels, c) the location of the monitoring device relative to the breathing zones of occu-
pied spaces, and d) the sophistication of the device for measuring additive effects of simul-
taneous exposure and the sink and capture effect of trace constituents (Gammage, 1986;
Berry, 1990; Johnson, 1990). Thus, it has been difficult to compare predicted models to es-
timates of contaminants in a particular setting.

Focus on the Symptom

Establishing the health effects on humans of low levels of exposure to poliutants has
been a major challenge facing investigators of SBS (Molhave, et al., 1986; Meek, 1990). As-
sumptions of cause and effect have been frequently made based on little data. Published
accounts of SBS have not provided a random sample of the total population of a particular
environment under study (Lambert and Samet, 1989). Because the techniques available for
airborne sampling have been relatively crude, it has been difficuit to document the presence
of a specific causal agent in the environment in a dose sufficient to cause the observed dis-
ease (Burge, 1989). Furthermore, it has been difficult to prove that the affected people were
exposed to this dose in the home environment in a particular mode of transmission (e.g.,
fine particle aerosols) because episodes of iliness have not been distinguished by the set-
ting in which they occur (Hodgson, 1989).

Members of the general population have varied in individual susceptibility to poliutant
exposures (Committee on Indoor Air Quality, 1986). For example, women have been more
susceptible than men to negative health effects of a variety of electrical and biological con-
taminants (Norback and Edling, 1991). Research has been limited in exploring typical pop-
ulations at risk (e.g., the infirm and the elderly) as well as more unusual populations such as
those patients who have developed multiple chemical sensitivity syndrome. Researchers
need to evaluate the population risk for different pollutants and to evaluate the results of ef-
forts for population risk reduction to further current research efforts (Hodgson, 1989).

Focus on the Building

Where source characterization was possible, measures of pollutants were taken and
exposures were traced to specific building factors. This was feasible for radon, asbestos,
lead, some combustion gases and particulates, and some biologicals. However, for other
contaminants, in particular VOCs and electromagnetic radiation, knowledge of source char-
acterization or clinical cause and effect was limited. In the absence of clear measurement
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techniques for diagnosing the exposure of occupants to low level, intermittent pollutants,
changes in building practices were promulgated as the answer. Physical causes of pollut-
ants were addressed by altering the design of the building or manipulating the HVAC and
plumbing systems (Woods, 1989). The following is a discussion of the design inadequacies
and system operational problems that have been associated with residential indoor pollut-
ants.

Radon and its daughter products have seeped into dwellings through crevices in base-
ments, water pipes, and some natural building materials. Prevention of radon from infiltrat-
ing the living quarters has been addressed through a) avoiding the use of building materials
with a high activity of radium, b) sealing openings that are accessible to soil gas, ¢) increas-
ing ventilation, d) installing a depressurizing air system, and e) changing building practices
to avoid disturbing foundation soils (Ericson, et al., 1985).

Asbestos and lead were used in buildings prior to 1980. Asbestos was used in the for-
mation of house plaster, spackling compounds, floor tile, and furnace enclosure panels.
Lead was used in paint and plumbing pipes (Godish, 1990). Mercury has continued to be
used in latex paints (Agoco, et al., 1990). Material substitutions, containment, and removal
have been dominant methods of addressing mineral contaminants.

Studies have linked combustion gases and particulates to substandard inner city hous-
ing. Older buildings with heating and plumbing systems in poor repair have experienced flue
gas spillage during heating seasons and sewer gas infiltrating the dwelling through sewer
traps (Godish, 1990). Another source of these contaminants has been side stream tobacco
smoke. Emission rates of these contaminants have depended upon a) the air exchange rate
within the space, b) the amount of leakage through faulty ductwork, and c) the relative pres-
sure of flues and traps to interior space (Godish, 1990). Establishing increased ventilation,
creating negative air pressure, and replacing or repairing faulty ductwork have been com-
mon control measures (Girman, 1989).

Biologic contaminants have been traced to molds, dust mites, animal danders, and
cockroach deposits. Standing water, moisture buildup on materials, and rough or porous
surfaces could create conditions conducive for the growth of biologicals. Cleaning proce-
dures, controlling relative humidity, and filtering the air have been methods of prevention and
mitigation (Godish, 1990).

Studies have linked VOC concentrations to the age of building materials and changes
in construction practices and ventilation system design (Pellizari, et al.,1984). Products that
have been found most likely to emit significant quantities of irritating and toxic substances
have included: self-leveling cement, subflooring, the carpet system, interior furnishings, ceil-
ing tiles, storage systems, adhesives, caulking compounds, emulsions sprayed on fiber-
glass duct runs, paints, paint strippers, sealants, wood finishes, wood preservatives, wood
products bonded with urea-formaldehyde glues, particleboard, medium density fiberboard,
home care products, and moth balls and flakes (Gammage, et al., 1989; Godish, 1990).
Emission rates of VOCs have depended upon a) the air exchange rate within the space, b)
the room temperature, c) the curing speed of the chemical, d) the newness of the material
containing the chemical, and e) the ability of the material to act as a sink for VOCs emitted
from other sources, thereby emitting the chemical again at a later time (Girman, 1989; Go-
dish, 1990).

Although current knowledge about VOCs in indoor air has contained many gaps, much
has been learned about their control. The dominant approaches to control have been (a) se-
lecting materials with low emissions, (b) airing out products before shipping to site, (c) max-
imizing outside air ventilation during and following installation, (d) protecting installed
materials during the use of VOC-containing materials, (e) protecting fiber-lined HVAC ducts
and return-air plenums from contaminated air flows, (f) “baking” the building with elevated
temperatures and ventilation to accelerate the offgassing of chemicals, (g) operating newly
occupied building areas at the lowest temperatures acceptable to occupants, (h) providing
dedicated ventilation for storage that is designed to contain products with VOCs, and (i) seal-
ing off materials known to offgass (Girman, 1989; Levin, 1989; Rousseau et al., 1990).
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Studies have been equivocal concerning the biological effects on health of magnetic,
electric, and electromagnetic fields as well as static and negative ion deficiency due to trans-
formers, wiring, appliances, equipment, and synthetic materials. Approaches to avoiding
contamination have included a) avoiding construction on sites located over electromagnetic
grids, b) distancing sleeping quarters from high voltage sources, c) distancing television
viewing from monitors, d) shielding cables and conduits, e) containing electrical equipment
in storage units that have dedicated ventilation to the outdoors, and f) substituting natural
for synthetic materials (Schimmelschmidt, 1989, Pearson, 1989).

Focus on the Psychosocial

There has been an increasing recognition of the relationships between indoor air quality
and morale, satisfaction, stress, and health within commercial settings (Vischer, 1989).
However, the family as a psychosocial unit within the detached dwelling, mobile home, and
multi-tenant dwelling complex largely has been ignored within the context of building-related
iliness. Most of what has been learned about psychological and organizational factors in oc-
cupant health complaints has come from serendipitous findings during site investigations of
problem buildings. Studies have not been designed with control groups and testable hypoth-
eses regarding psychosocial variables within non-industrial settings (Boxer, 1990).

Psychosocial factors that have been thought to cause or modify the health complaints
of occupants of commercial office buildings have included: a) organizational structure, b)
communication patterns, ¢c) management rapport with employees, d) job category, e) occu-
pational sense of job security, belonging, and fulfillment, f) ability to manage workload and
deadlines, g) sense of control over environmental conditions, h) ability to cope with techno-
logical and economic change in the workplace, and i) perception of risks to heaith (Boxer,
1990). Although several of these dimensions may have counterparts in residential settings
(e.g., communication patterns, organizationa! structure, and management rapport of the ten-
ant-landlord relationship; sense of control over residential setting; ability to cope with
change; and perception of risk to health), the relevance of these factors to residential set-
tings is speculative.

Furthermore, research that has been conducted on social and organizational factors
has not been linked to environmental illness (Boxer, 1990; Gammage, 1986). A notable ex-
ception in the study of residential settings is the work of Eichner and Morris (1984), who have
explored housing-related illness from the perspective of occupant satisfaction. Cross-disci-
plinary work between environmental health practitioners and social psychologists could help
in bringing this conceptual model to a level of rigor comparable to that of the study of other
environmental factors (Baker, 1989).

Indoor Air Quality and The Building Delivery Process

One common theme that is emerging from prior investigations of indoor air quality and
environmental iliness is that seldom should any of the traditional engineering, building sci-
ence, industrial hygiene, epidemiological, or medical evaluation techniques be used alone,
as multi-faceted surveys are frequently a better approach to adequately explore problems
associated with building-associated health complaints. It is more effective to view environ-
mental iliness as evolving from a multifactorial origin over the life cycle of a building (Nor-
back and Edling, 1991). Factors vary according to characteristics of the physical setting, as
well as over time according to the nature of the pollutant, the activities of the occupant, and
the dynamics of individual players and their organizational milieu. These factors will coexist
in an interactive relationship as is true of the building structure, building operation, and the
prevalence of building contaminants (Baker, 1989). It follows from this premise that the eval-
uation of building-associated health complaints should be based on a system’s perspective
in which the health status of residents is seen as the net result of an interaction of multiple
direct factors such as biological, chemical, mineral, physical, psychosocial, and individual
characteristics of the building and its occupants, and intervening factors such as the legal,
economic, and political climate within which families and other organizations respond to the
problem (Baker, 1989).
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A conceptual framework is needed that acknowledges the full array of factors across
disciplines that are thought to interact with building problems. This will reduce not only the
chances of medical misdiagnoses of nonspecific symptoms (Baker, 1989), but aiso design
recommendations that solve indoor air quality at the expense of exacerbating other dimen-
sions of environmental quality (Loftness and Hartkopf, 1989; Dubin, 1990; Woods, 1989).

Two processes for factoring indoor air quality concerns into the building delivery pro-
cess are shown in Figure 3. The first approach is precipitated by health complaints of build-
ing occupants due to the presumed presence of contaminants within the residential
environment and results in reactive mitigation. The syndrome can evolve during the con-
struction, maintenance, or remodeling stages of the building delivery process. The syn-
drome is diagnosed first by the residents using a folk knowledge base in the
conceptualization of the problem and its perceived risks. The scientific community is brought
in to diagnose the problem at a point in time when the folk syndrome has reached wide-
spread acceptance.

The scientific investigation procedure consists of some, or all, of the following stages:
a) a preliminary assessment incorporating documentation of health complaints, character-
ization of the residential setting, and a walk-through site inspection; b) personal interviews
with the building residents or staff, identifying symptoms relative to time/space dimensions,
individual characteristics of the residents, and a psychosocial profile; ¢) personal interviews
with the building management (for multi-family complexes), including an organizational cli-
mate profile; d) recommendations for simple or complex measurements of biological, chem-
ical, mineral, or physical sources of pollutants; and e) recommendations for change that are
tailored to the political, legal, economic, and social climate of the building and occupants un-
der study (Vischer, 1989; Baker, 1989; NIOSH, 1987).

The second approach to factoring indoor air quality into the building delivery process
reflects a trend evident among builders and building diagnosticians to promote proactive
techniques that are preventive rather than reactive in focus. The goal for single family dwell-
ing units is to create a safe haven, or “sanctuary,” that is tailored to the health needs of indi-
vidual family members that are at risk for environmental contaminants (Pearson, 1989). The
emphasis for multi-family complexes is on monitoring buildings and occupants in an ongoing
routine. This is to detect early signs of indoor air quality problems and to address them within
a scientific framework that reduces the chances for misdiagnosis by the building occupants
and the maturation of a full blown disease etiology. Thus, the SBS phenomenon is headed
off before it translates into social issues and costs in terms of housing satisfaction, employ-
ment sick leave, medical and insurance expenses, and litigation.

Conclusions

The decade of the 1980s has reflected an increase in the amount of research undertak-
en by a variety of disciplines and research groups on the subject of indoor air quality of non-
industrial settings in Europe and North America. However, little systematic theory for study-
ing environmental iliness in residential settings has been developed. As the proportion of
hours spent within U.S. dwellings continues to increase for a large segment of society, the
economic, legal, and social costs of ignoring housing-related health problems also may be
expected to increase (Hedge, 1989).

Housing educators have the opportunity to make an important contribution to improving
future residential environments by assuming a proactive role in addressing building-related
health and weliness issues (Danko, Eshelman, and Hedge, 1990). However, providing guid-
ance in the face of ongoing developments in materials and systems technology requires an
empirical foundation that is based on systematic research into the salient interconnections
among housing factors, occupant factors, and the causes and sources of building-related
health complaints. Towards this end, the conceptual framework presented in this paper has
been developed, based on the merger of existing explanatory models of building-related
health complaints. This new model may be used in the exploration of the complexity of hous-
ing-related illness from both multifactorial and proactive perspectives.
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Figure 3. Factoring indoor air quality into the building delivery process.

FEEDBACK

*

*k

POTENTIAL INDOOR CONTAMINANTS
f T T 1

BIOLOGICAL CHEMICAL MINERAL PHYSICAL

[.:.:.

BUILDING DELIVERY PROCESS
r T T 1

INCEPTION CONCEPTION OCCUPATION ALTERATION

BUILDING PERFORMANCEs
r T T T T |
SPATIAL  THERMAL AR ACOUSTICAL VISUAL BUILDING
QUALITY  QUALITY QUALITY QUALITY QUALITY QUALITY

BUILDING—IN—USE ASSESSMENT**
(FOLK AND SCIENTIFIC)

i T T T 1
MEDICAL LEGAL  PSYCHOSOCIAL ECONOMIC  ENVIRONMENTAL

l} {

REACTIVE MITIGATION OF  |[--: PROACTIVE MONITORING OF
SICK BUILDING SYNDROME .| PROBLEM—FREE BUILDING***

E |5

*** Source of concept: Silberman, R., 1991.

59

-+ FEEDBACK

Source of concept: Hartkopf, V.; Loftness, V.; Mill, P. in Rush, R. (Ed.), 1985.
Source of concept: Vischer, J., 1989.



Warsco

References
Agle, E.C. (1990, October). Indoor air quality and the EPA. in J. Laquatra & S. Zaslow (Eds.),
Indoor Air Quality in Homes: Synthesizing the Issues and Educating Consumers (pp.
59-61). Urbana-Champaign, lllinois: American Association of Housing Educators and
Building Research Council-Small Homes Council.

Agoco, M.M., Etzel, R.A,, Parrish, R.G., Paschal, D.C., Capagna, P.R., Cohen, D.S,, Kil-
bourne, E.M., & Hesse, J.C. (1990). Mercury exposu re from interior
latex paint. New England Journal of Medicine, 16, 1096-1101.

Baker, D.B. (1989). Social and organizational factors in office building-associated illness.
State of the Art Reviews: Occupational Medicine, 4(4), 607-625.

Bardana, E.J., Montanaro, A., & O’Hallaren, M.T. (1988). Building related iliness: A review
of available scientific data. Clinical Review of Allergies, 6, 61-89.

Berry, M. (1990, October). Assessing the risks of indoor air. In J. Laquatra & S. Zaslow
(Eds.), Indoor Air Quality in Homes: Synthesizing the Issues and Educating Consumers
(pp. 17-21). Urbana-Champaign, lllinois: American Association of Housing Educators
and Building Research Council-Small Homes Council.

Boxer, P.A. (1990, May). Indoor air quality: A psychosocial perspective. Journal of Occupa-
tional Medicine, 32(5), 425- 428.

Burge, H.A. (1989, October-December). Indoor air and infectious disease. State of the Art
Reviews: Occupational Medicine, 4(4), 713-721.

Committee on Indoor Air Quality. (1986, August 22). Indoor Air Quality Research Plan.
Washington D.C.: Interagency Committee on Indoor Air Quality.

Committee on Environment and Public Works U.S. Senate (1989). Indoor air quality act of
1989 (Report No. 19-479, pp.238- 291). Washington D.C.: U.S. Government Printing
Office.

Cone, J.E., & Hodgson, M.J. (1989, October-December). Preface. State of the Art Reviews:
Occupational Medicine, 4(4), x.

Danko, S., Eshelman, P., & Hedge, A. (1990). A taxonomy of health, safety, and welfare im-
plications of interior design decisions. Journal of Interior Design Education and Re-
search, 16(2), 19-30.

Drerup, O. (1990, October). Preventing indoor air quality problems in homes. In J. Laguatra
& S. Zaslow (Eds.), Indoor Air Quality in Homes: Synthesizing the Issues and Educating
Consumers (pp. 27-31). Urbana-Champaign, Ilfinois: American Association of Housing
Educators and Building Research Council-Small Homes Council.

Dubin, F.S. (1990, July). Integrated building systems: Adding the human element. Consult-
ing Specifying Engineer, 8(1), 56-72.

Eichner, M.M., & Morris, E.W. (1984). Energy conservation, air quality, health, and housing
satisfaction. Housing and Society, 11, 1-15.

60



Warsco

Ericson, S.0., Schmied, H., & Uzzan, G. (1985). State of the art of practical countermea-
sures and techniques and cost- benefit considerations. Science of the Total Environ-
ment, 45, 477-484.

Gammage, R.B., Hansen, D.L., & Johnson, L.W. (1989). Indoor air quality investigations: A
practitioner’s approach. Environmental Interiors, 15, |-6.

Gammage, R.B. (1986). Overview of trends and problems in indoor air quality (Report No.
CONF-8609248-2). Washington DC: Department of Energy. (NTIS No. DE87014939/
HDM)

Girman, J.R. (1989, October-December). Volatile organic compounds and building bake-
out. State of the Art Reviews: Occupational Medicine, 4(4), 695-712.

Godish, T. (1990, October). Overview of the issues, In J. Laquatra & S. Zaslow (Eds.), /ndoor
Air Quality in Homes:. Synthesizing the Issues and Educating Consumers (pp. 6-11).
Urbana-Champaign, lllinois: American Association of Housing Educators and Building
Research Council-Small Homes Council. Hedge, A. (1989). Environmental conditions
and health in offices. International Review of Ergonomics, 2, 87-110.

Hartkopf, V., Loftness, V., Mill, P. (1985). Integration for performance. In Rush, R. (Ed). The
Building Systems Integration Handbook. New York: John Wiley/AlA.

Hedge, A. (1989). Environmental conditions and health in offices. International Review of Er-
gonomics, 2, 87-110.

Hodgson, M.J. (1989). Environmental tobacco smoke and the sick building syndrome. State
of the Art Reviews: Occupational Medicine, 4(4), 735-740.

Johnson, D. (1990, October). Working together on consumer issues. In J. Laquatra and S.
Zaslow (Eds.), Indoor Air Quality in Homes: Synthesizing the Issues and Educating
Consumers (pp.32-34). Urbana-Champaign, lllinois: American Association of Housing
Educators and Building Research Council-Small Homes Council.

Kreiss, K. (1990). The sick building syndrome: Where is the epidemiologic basis? American
Journal of Health, 80 (10), 1172-1173.

Kreiss, K. (1989). The epidemiology of building-related complaints and illness. State of the
Art Reviews: Occupational Medicine, 4(4), 575-592.

Lambert, W.E., & Samet, J.M. (1989, October-December). The role of combustion products
in building-associated illness. State of the Art Reviews: Occupational Medicine, 4(4),
723- 734.

Levin, H. (1989, October-December). Building materials and indoor air quality. State of the
Art Reviews: Occupational Medicine, 4(4), 667-693.

Loftness, V., & Hartkopf, V. (1989, October-December). The effects of building design and
use on air quality. State of the Art Reviews: Occupational Medicine, 4(4), 643-665.

Meek, S.L. (1990, October). Health issues. In J. Laquatra & S. Zaslow (Eds.), /ndoor Air
Quality in Homes: Synthesizing the Issues and Educating Consumers (pp. 12-16). Ur-
bana- Champaign, lllinois: American Association of Housing Educators and Building
Research Council-Small Homes Council.

61



Warsco

Molhave, L., Back, B., & Pederson, 0.F. (1986). Human reactions to low concentrations of
volatile organic compounds. Environmental Interiors, 12, 167-176.

National Institute for Occupational Safety and Health (1987). Guidance for indoor air quality
investigations. Cincinnati, OH: Hazard Evaluation and Technical Assistance Branch: Di-
vision of Surveillance, Hazard Evaluation and Field Studies.

Norback, D., & Edling, C. (1991). Environmental, occupational, and personal factors related
to the prevalence of sick building syndrome in the general population. British Journal of
Industrial Medicine, 48, 451-462. .

Norback, D., & Torgen, M. (1987, August). A longitudinal study relating carpeting with sick
building syndrome. Fourth International Conference on Indoor Air Quality and Climates
Environ. Int., 15, 128-143.

Pearson, D. (1989). The Natural House Book. NY: Simon and Schuster, Inc.

Pellizari, E., Sheldon, L.S., Sparacino, C.M., & Bursey, J.T. (1984, August). Volatile organic
levels in indoor air. Proceedings of the 3rd International Conference on Indoor Air Qual-
ity and Climate, 4, 303-308, Stockholm, Sweden.

Reynolds, S.J., Streifel, A.J., & McJdilton, C.E. (1990). Elevated airborne concentrations of
fungi in residential and office environments. American Industrial Hygiene Association
Journal, 51, 601-604.

Rousseau, D., Rea, W.J. & Enwright, J. (1990). Your Home, Your Health, and Well-Being.
Berkeley, CA: Hartley and Marks, Ltd.

Schimmelschmidt, M. (1989, October). Our third skin: Hazard or shelter (principles of build-
ing biology). RIBA Journal, 96, 62-64.

Silberman, R. (1991). Designing healthy buildings...The consultant’s role. Perspective, 3,
12-13.

Stolwijk, J.A. (1990). Shelter and indoor air. Environmental Health Perspectives, 86, 271-
274.

Turk, B.H., Grimsrud, D.T., Harrison, J., & Prill, R.J. (1987). Comparison of indoor air quality
in conventional and model conservation standard new homes in the Pacific Northwest
(Report No: LBL-23429). Washington, DC: Department of Energy. (NTIS No.
DE880I4061/HDM)

Turiel, 1. (1985). Indoor Air Quality and Human Health. Stanford, CA: Stanford University
Press.

Vischer, J.C. (1989). Environmental Quality in Offices. New York: Van Nostrand Reinhold.
Wadden, R.A., & Scheff, P.A. (1985). Indoor Air Pollution. New York: John Wiley and Sons.

Woods, J.E. (1989, October-December). Cost avoidance and productivity in owning and op-
erating buildings. State of the Art Review: Occupational Medicine, 4(4), 753-770.

62



