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Preface
Jennifer A. Veitch
NRC Institute for Research in Construction
Understanding the effects of the built environment on our health is a complex business. Thorough
research addressing questions such as “What is the best way to construct a house to reduce the stressful effects
of noise exposure?” or “Which ventilation strategies both conserve energy and reduce exposure to potential
allergens?” requires expertise from many scientific disciplines, including acoustics, architecture, biology,
chemistry, engineering, epidemiology, geography, mathematics, medicine, physics, psychology, public health,
and urban planning – and probably others as well. Although there exist international associations bringing
together some of these disciplines, there has been no co-ordinated effort to bring together Canadian scientists to
study these questions, across all building types, in the Canadian geographical and cultural context. Similarly,
there are few examples of co-ordinated Canadian design guidelines, recommended practices, regulations,
standards, or codes that address the full breadth of built environment effects on Canadian’s health and wellbeing.
Faced with requests for guidance on how to design, construct, operate, and maintain healthful indoor
environments, the NRC Institute for Research in Construction (NRC-IRC) began in 2005 to develop the
Canadian Building and Health Sciences Network (CBHSN). The network is intended to facilitate the
development of collaborative teams that will conduct innovative, interdisciplinary research intended to improve
the health of Canadians by improving the design, construction, operation, and maintenance of the built
environment. It could also provide a springboard for transferring scientific knowledge to building practice, by
bringing together individuals and organizations with shared interests and responsibilities. Recognizing that
success in this multi-disciplinary domain requires joint efforts, our partners in the development of the CBHSN
are Canada Mortgage and Housing Corporation, the Canadian Institutes of Health Research, and Health Canada.
These four federal agencies, as the first formal act in the development of the CBHSN, convened a twoday workshop in November 2008. This event brought together approximately 50 Canadian experts from all the
various scientific and technical fields that bear on building and health science issues.
The planning was guided by an Organizing Committee composed of five members from the partner
organizations and seven members from the research community. This group met in December 2007. As a result
of that meeting, the workshop program had four sessions, titled Building Factors; Population Health; Healthy
Buildings & Communities (Systems Design); and, Research Gaps. The keynote presentation addressed
transdisciplinary research combining the building and health sciences, to set the stage. The three topic sessions
were each opened by an invited review paper, followed by two shorter invited paper presentations. In addition
to the invited papers, invited panellists commented on the presentations within each session, and there was
audience participation in plenary discussions. Each of the first three sessions concluded with breakout
discussions by small groups. The final session was a plenary discussion, including invited panellists, reports
from the breakout groups, and an individual brainstorming exercise aided by a professional facilitator.
This proceedings volume consists of the written versions of the invited papers together with two
summary papers written after the workshop. The first of these summary papers outlines research gaps pertain
particularly to the Canadian context. The final paper summarizes the discussions at the workshop, concluding
with recommended actions for various groups interested in improving the quality of Canadian built
environments. Appendix A lists recommended readings from the building sciences and health sciences, as
identified by workshop participants; the participants themselves are listed in Appendix B.
The workshop’s success depended on the participation of many people. Thank you to Dr. Sherif Barakat,
NRC Vice-President Engineering, for opening the workshop and to Bob Bowen, Director-General of NRC-IRC,
for his support. Thank you to Madalena Coutinho of Intersol Group for facilitating the meetings. There would
have been no workshop without the contributions of all the participants; thank you to them for attending and for
sharing their knowledge and ideas. Finally, thank you to the following people for their formal contributions in
various roles:
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Welcome
Sherif A. Barakat
Vice President Engineering, National Research Council Canada
Buildings and Health Sciences: At first glance, these appear to be two unrelated themes. That is, until
one realizes that we spend most of our lives inside buildings: our homes, our offices, public arenas – such as
this one – even automobiles. Canadians, in particular, spend about 90% of their time indoors thanks to our
varied and often challenging climate. So, it’s easy to see the importance and the relevance of studying and
working towards improving the quality of our indoor environments.
As part of our strategy, Science at Work for Canada, the National Research Council is committed to
making significant contributions to Canada’s priorities in health and wellness, sustainable energy, and the
environment. These are areas critical to Canada’s future. With this strategy, the NRC is very well placed to
bring value to your areas of inquiries today and to help increase knowledge in building research and healthy
indoor environments.
NRC is active in a wide variety of scientific areas – from nanotechnology to fuel cell research; from
biotechnology to construction research; and much more. These are all areas that touch on the theme of your
workshop and from which you could glean a better understanding of the effects of building conditions on
health. Furthermore, above and beyond the fact that we engage in a broad field of studies, we have earned our
reputation as a solid performer of inter-disciplinary research. That is to say, not only do we have expertise in
everything from biology to construction but we have the means to build synergy between these separate fields
to satisfy a greater goal.
Another important part of our strategy is to leverage our knowledge in our many areas of research in
order to contribute to the global competitiveness of Canadian industry in nine key sectors. These include the
Construction, Aerospace and Manufacturing sectors, among others.
For instance, at the NRC Institute for Research in Construction, Dr. Veitch, whom you’ve met already,
and her group have done extensive research in indoor environments from emergency exits to indoor lighting.
Now through our key sector strategy, NRC is considering bringing together experts from the aerospace sector
and the construction sector to explore the quality of the environment inside aircraft cabins.
We have recently defined our strategy for the Information and Communication Key Sector. One of the
exciting project arising from this will combine NRC’s strengths in molecular and microstructural sciences,
information technology and construction research. Researchers from four NRC institutes (SIMS, IMS, IIT and
IRC) are working together to develop wireless sensors that can detect, among other things, pollutant
concentrations such as formaldehyde and benzene. The sensors are to be integrated with building automation
systems to control the ventilation system appropriately, increasing the rate when needed and decreasing it when
it is not — being energy-efficient as well as providing a healthy environment.
NRC also recognizes the importance of working with other organizations such as academia, industry and
other government departments. For this reason, we have recently established a BioProducts National Program
that we are co-leading with our partners at Agriculture and Agri-Food Canada. We are also currently working
towards building a National Program on Hydrogen and Fuel Cells.
It is certain that no single organization can provide all the answers to the inter-related issues that you will
be dealing with today. We are therefore proud to be working in partnership with the Canadian Institutes of
Health Research, the Canada Mortgage & Housing Corporation, and Health Canada. We look forward to
combining our strengths and knowledge to leverage our impact in this area of research. In fact our organizations
are also working together on the Federal Clean Air Initiative and they will be examining indoor air quality as
part of that program.
With that in mind, and with your participation today, as you come from a variety of backgrounds and
organizations, I am confident that this workshop will be an excellent platform to establish a network of
researchers – a network that will permit you to share ideas and common goals, and one which will support
innovative, interdisciplinary research intended to improve the health of Canadians by improving the design,
construction, operation, and maintenance of the built environment.
Your challenge today lies in linking fundamental science, as conducted by health scientists, to applied
building practice conducted by engineers. It can be done! This would enable the incorporation of scientific
information about health into codes, standards, regulations, and guidelines. It won’t be easy, but if you take the

© The Crown in Right of Canada, 2008. In J. A. Veitch (Ed.), Proceedings of the 1st Canadian Building and Health Sciences Workshop
(pp. 1 - 2). Ottawa, ON: National Research Council of Canada.

2

Proceedings of the 1st Canadian Building and Health Sciences Workshop, Montreal, 2008

time to identify research gaps as well as the barriers that could prevent you from working effectively across
disciplines, I believe you will be in a good position to develop potential solutions together.
In the end, Canadian citizens – not to mention Canadian industry – stand to benefit from your work. I
wish you a productive two days and look forward to learning of the outcomes of your workshop.
Thank you. Merci.

Keynote Address
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The Challenge of Promoting Health and Preventing Disease:
Can the Building Sciences Help?
S. Leonard Syme
School of Public Health, University of California
slsyme@berkeley.edu
Abstract: Those of us in the field of Health Sciences are well aware of our difficulties in developing
effective programs to prevent disease and promote health: We have a difficult time identifying
disease risk factors; even when we do identify them, it is very difficult for people to change behavior
to lower their risk; and even when people do change their behavior, new people continue to enter the
at-risk population at an unaffected rate because we rarely are able to intervene on the fundamental
factors in the environment that cause the health problem in the first place. Those in the Building
Sciences design our environments without sufficient awareness of the importance of this work for the
health and well-being of the population. It would benefit all of us if both health and building
scientists could work together and recognize this common ground.
Résumé: Ceux parmi nous qui travaillent dans le domaine des sciences de la santé savent bien
combien il est difficile de créer des programmes efficaces pour prévenir la maladie et promouvoir la
santé : Il n’est pas chose facile d’identifier les facteurs de risques et même lorsque ces facteurs sont
identifiés, les gens ont du mal à changer leurs habitudes afin de minimiser les risques; et même si les
gens changent de comportement, il y a toujours de nouvelles personnes qui entrent dans cette
population à risque à un taux inchangé car nous sommes rarement capables d’intervenir sur des
facteurs fondamentaux de l’environnement qui sont les premiers responsables du problème de santé.
Ceux des sciences du bâtiment conçoivent notre environnement sans réaliser l’importance de leur
travail sur la santé et le bien-être de la population. Ce serait profitable pour tous si les chercheurs de
la santé et du bâtiment pouvaient travailler de concert et reconnaître ce front commun. Il est clair que
nous avons besoin de mieux identifier ces facteurs fondamentaux de l’environnement qui ont une
incidence sur notre santé. Nous devons tracer la route.

This Workshop deals with an important topic that I have been interested in for over 30 years. It all
started when a young man came up to me after a class at Berkeley and said: “You need to meet my Mom”.
I was, of course, puzzled by this suggestion but I did agree to have lunch with his Mom. His Mom turned out to
be Roslyn Lindheim, Professor of Architecture at Berkeley. She was the only faculty member in that School
who was interested in the fact that the way in which we build our physical world has consequences for our lives.
But she was a lone and isolated voice. No one else in the School of Architecture knew what she was talking
about. After several spirited meetings, we finally decided to give a class on the subject. It was called
Environmental Design, Stress, and Health. About half of the students who enrolled were from the School of
Public Health and half were from the Departments of Architecture and City Planning.
Roz and I argued energetically with one another in front of the students. She would say outrageous
things like “every room needs a window!” And I would say “On what basis do you make a claim like that?
What’s the evidence to support such a contention?” She would look at me as if I was from Mars and say “It’s
obvious that rooms need windows!” Then she would say “Bring in facts that you feel good about because of the
evidence”. So I would bring to class solid evidence based on elegant multivariate statistics and she would say
“These findings may be statistically significant but they are trivial facts. This is what you call evidence?” All
this in front of 20 to 30 open-mouthed students.
We gave that class for about 10 years and students from all over the world still tell me that it was the
most important educational experience they ever had. Roz and I finally decided to write a paper describing the
agreements we had reached as a result of our battles (Lindheim & Syme, 1983). That paper, the hardest one I
have ever written, is now the paper of which I am the proudest. Roz died shortly after that from a brain tumor
but her family created the Roslyn Lindheim Prize at Berkeley, which gives a Fellowship each year to a student
who best integrates Public Health and Environmental Design considerations into their research. So her legacy
lives on. But not one faculty member in either school at Berkeley is continuing our class or research that
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combines these different disciplines. It happened once, some students carry on the tradition, but basically it is as
if nothing ever happened. At Berkeley.
And then came a letter inviting me to this Workshop! I accepted within five minutes of receiving it.
Typically, it is Canada that is once again ahead of everyone else. In my field, Public Health, Canada has always
been one step ahead of everyone. About 20 years ago, Canada initiated the Canadian Institute for Advanced
Research which sponsored two innovative programs that are now changing everything. One of those programs
was concerned with the social determinants of population health. The second dealt with the importance of the
early life experiences for later health. After 15 years of amazing contributions to our knowledge, both of these
programs were discontinued and a new program was established combining the work of both. The new
program, now 5 years old, is called the Experience-based Brain & Biological Development Program. It is
examining the way in which early social experiences affect biological processes and adult life. In the Public
Health field, these trans-disciplinary innovations are breathtaking and are changing the work of others all over
the world.
There is more. We in Public Health have been struggling to develop ideas relevant to population health
but we are hampered by a clinical model of disease that is totally inappropriate to our needs. In the United
States, most of our research and training programs in health are funded by the National Institutes of Health.
The NIH is organized around clinical disease categories such as heart disease, cancer, and arthritis. This way of
dividing things up is very helpful in the study and treatment of individual diseases but it not at all useful in
understanding population health. Infectious disease epidemiologists got it right in the way they looked at
infectious diseases. Their categories were water-borne diseases, food-borne-diseases, air-borne diseases, and
vector-borne diseases. These categories are not very useful in the treatment of individual patients but they are
exactly what we need for the prevention of disease. They tell us where disease is coming from and where to
direct our prevention efforts. We have no similar classification scheme for the non-infectious diseases of
concern today.
Several years ago, the Canadian government announced that they were going to develop an NIH for
Canada. Many of us warned that patterning the Canadian program along the lines of the American NIH was
going to set back the cause of prevention in Canada by 50 to 100 years. We urged the government not to follow
the NIH model. The Canadian Institutes of Health Research did follow the NIH model but they also developed
an Institute of Population and Public Health, an Institute of Gender and Health, an Institute of Aboriginal
Peoples’ Health, and an Institute of Aging. I served for 6 years on the Advisory Board of the Institute of
Population and Public Health and I was amazed at the difference it makes when we move beyond the
consideration of individual diseases, one at a time, and think about health and disease in from a population
perspective. No one else in the world has come up with a program similar to the Canadian approach. They will.
But once again, Canada is leading the way for all of us.
The common element in all of these creative Canadian approaches to health is that we move beyond the
details and try to address fundamental issues. Let me share with you a made-up story I tell to beginning students
in my Public Health class at Berkeley. I tell of a curvy road in the mountains where, at one point, cars fall off
the cliff at a very high rate. And the cars crash at the bottom causing very serious damage. Head injuries. Spinal
cord injuries. And the medical care at the bottom is not good. As a consequence, people have to be transported
long distances, usually by helicopter or ambulance, to get help. This is obviously not a good situation.
In my story, I suggest that we develop a health promotion and injury prevention program for this road.
First, we will develop a hazard assessment and barrier program that will prohibit certain groups from driving on
this road. Certain old people or people with vision and physical problems will be directed to take an alternative
road. Those drivers who are permitted to proceed will have to submit to a behavioral intervention: a safe driving
course. But we will also develop an environmental intervention by getting car manufacturers to build safer and
more reinforced cars. And we will build a state-of-the-art medical facility at the bottom of the cliff. This new
facility will have the best medical staff imaginable – neurosurgeons, orthopedic surgeons, and other important
specialists. And we will remove all economic barriers for care so that everyone has universal access. And we
will insure that everyone gets culturally appropriate medical treatment with language translation help when
necessary. In short, we will do everything that it is now being recommended in first-rate health promotion and
disease preventions programs.
In my classes, someone will eventually raise their hand and quietly ask, “How about fixing the road?”
I then attack that person by asking how they can permit the diversion of funds from critically injured and
bleeding people to do a highway construction project. Eventually, someone will tentatively suggest that if we do
not do the highway work, people will keep falling off the road. We eventually agree that a truly effective health
promotion program must take account of the fundamental forces that cause our problems in the first place.
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We do not do very well in dealing with fundamental forces in our public health work. This realization
was forcefully brought home to me when I served as a smoking counselor in a large clinical trial aimed at
preventing heart disease among middle-aged men at very high risk of developing coronary heart disease. Every
time I was able to help one of these men stop smoking, I recall driving back home from San Francisco to
Berkeley and thinking that one or two kids that day were probably taking their first tentative puffs on a cigarette
in some school yard somewhere. I am not arguing against helping people who are sick. Nor am I arguing
against helping people lower their disease risk by changing their behavior. Obviously, these are important and
worthwhile things to do. But unless we fix the road, new people will keep entering the at-risk population forever
and we will never get ahead of the game.
I have been involved in many projects over the years where I missed the fundamental issues. Where, by
focusing on the trees, I missed seeing the forest. I can illustrate this in another way by telling you about our
study of bus drivers in San Francisco. We had been studying 2,000 bus drivers for many years (Ragland et al.,
1987). The project started when a former student of mine became the Director of Health for San Francisco city
employees and, as part of her job, supervised the physical exam for the bus drivers when they get their driving
license renewed every two years. She called me one day to say that she thought the prevalence of hypertension
was too high in this population and would I come and have a look. I did. And she was right. Among drivers
over the age of 60, the prevalence of hypertension was 90%! Drivers also had high rates of back pain,
gastrointestinal difficulties, respiratory problems and problems with alcohol. The biggest problem, however, is
that even if we could treat all the drivers and cure their problems, the problems would keep resurfacing and new
drivers would keep developing the same problems unless we could figure out the basic determinants of these
health problems. The basic problem, of course, turned out to be the design of the job itself. We therefore began
a project to see if we could figure out what it was about the job that was causing so much trouble.
The big problem for bus drivers in San Francisco is the schedule. In San Francisco, drivers must keep to
the schedule but it cannot be done. For example, if you were to look at the schedule, you would see that you had
to get from Mission and Army Street to Mission and Geneva Street in 2 minutes. It cannot be done. Even if you
drove your Ferrari on Sunday morning with no traffic to contend with, it would take much longer than 2
minutes.
I always thought that a bus schedule was developed by driving a bus from stop to stop and seeing how
long it took. That would be OK if you had lots of buses available. But in San Francisco, there are not enough
buses available. The schedule is therefore made by a computer that simply allocates times depending on the
number of buses that are available. But then, drivers are penalized when they are late in arriving at the bus stop.
The drivers compensate for this by giving up their rest stops at the end of the line. They just keep driving and
hope to minimize their lateness in this way. They dash into a fast-food restaurant when they need to use the
bathroom and when they need food.
And since they are almost always late, passengers are almost always mad at them. The drivers feel that
they are being unjustifiably blamed for a situation that is not in their control and they sometimes behave
impolitely to passengers who then get upset with the driver. Then there is the traffic over which they have no
control.
Most drivers have a terrible shift arrangement. They must come to work very early for the morning rush
hour and they must be at work for the evening rush hour but they have nothing to do in the hours between these
two intervals. There is generally not enough time to go home so the drivers generally hang around and do little.
At the end of their very long day, they are usually completely worn out and many go to the local tavern to wind
down. By the time they get home, they are often not in good shape for social interaction. They go to bed and get
up at 4 AM to begin another grueling day.
Yes, they have hypertension and back pain and stomach and breathing and alcohol problems and they
should be helped with those problems. But the job needs to be fixed. The main problem with the job is that the
schedule is beyond the drivers’ control and that leads to all kinds of other problems that are also beyond their
control. We currently are working with the drivers’ union and with management to see if we can work
something out to improve the situation.
So, what did Roz Lindheim and I come up with in our paper regarding fundamental factors? We began
by noting that many current health, housing, and city planning policies stem from the belief that these policies
contribute to health and welfare. These ideas, which first achieved importance in the mid-nineteenth century,
developed from efforts to mitigate the most unpleasant effects of industrialization and urbanization: the dirt,
dilapidation, overcrowding, and unsanitary conditions of industrial cities. But, we argued, it is inappropriate to
uncritically continue and extend these policies as priorities for the 21st century because these policies do not
take into account new information. First, sanitary programs in the nineteenth century were primarily directed
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toward, and had a major impact on, the infectious diseases that decimated populations at that time. These
diseases are no longer the main causes of morbidity and mortality in industrialized nations of the world. The
main causes of disease today include conditions not related directly to sanitation, such as coronary heart disease,
stroke, cancer, mental illness, accidents, and suicide. Second, the development of modern industrialized
communities has generated a range of new disease-producing agents also not related directly to sanitation, such
as toxic chemicals and waste, increased levels of ionizing radiation, vehicle exhaust and other new synthetic
products that pollute air, water and food. Third, new evidence indicates that disease occurs more frequently (a)
among those with fewer meaningful social relationships, (b) among those in lower hierarchical positions, and
(c) among those disconnected from their biological and cultural heritage. Since these latter three findings are
things that building design can especially influence in important ways, and since they are not often thought
about in this way, let us consider them in more detail.
First, the issue of meaningful social relationships. The significance of supportive social relationships
in maintaining health was first established in 1897 by Emile Durkheim in his classic study of suicide
(Durkheim, 1951). Seventy years later, John Cassel (1976) noted that the lack of “meaningful social contacts”
resulted in higher rates of tuberculosis, schizophrenia, alcoholism, accidents, and suicide. Since those early
studies, overwhelming evidence from all over the world has now accumulated showing that people with weak
social ties have higher rates of virtually every disease and condition that has been studied, independently of
other disease risk factors (House, Landis & Umbertson, 1988).
What does this finding have to do with the way in which we design our cities and our neighborhoods?
It turns out that some of the major causes of the breakdown in social relations occur because of technological
change, population mobility, explosive population growth, the separation of living from working, and the
destruction of existing communities. These changes have combined to make it more difficult for people to
maintain bonds that tie individuals to family, community, kinship networks, and geographical locations. These
developments often lead to interrupted social ties, which, as I have indicated, are clearly associated with
increased rates of disease and ill health. The importance of appropriate design in ameliorating these challenges
is clear.
The second issue we focused on in that paper was the importance to health of hierarchical status. It has
been known since the beginning of recorded history that people in the lowest socioeconomic strata of society
have the highest rates of morbidity and mortality. Every study ever done on this topic shows this pattern
(Marmot & Winkelstein, 1975). This information, however, has not been very useful because it is not easy to
visualize an intervention to fix this problem. Short of revolution, social class is with us always and it doesn’t
make sense to focus on an issue about which nothing can be done. The breakthrough on this topic occurred
several years in the study of British civil servants. Michael Marmot studied 10,000 of these people over the
course of many years. As one would expect, he found the highest rates of every disease and condition among
those at the bottom of the occupational hierarchy but he also found a very marked gradient of disease from the
top to the bottom of the hierarchy (Marmot & Winkelstein, 1975). Thus, people at step 2, one step from the top,
professionals and executives, doctors and lawyers, had rates of disease twice as high as those above them, the
directors of the civil service agencies. And the rates progressively increased as one went down the hierarchy.
And all these findings were independent of the obvious risk factors that might otherwise have explained them
such as serum cholesterol levels, hypertension, smoking, obesity, and so on.
These findings help us look at determinants of health beyond simply looking at poverty because people
near the top are not poor, they do not have poor education, poor nutrition, poor housing, or unsafe jobs. There
must be something else that influences health even near the top of the social class hierarchy. One of the major
hypotheses that has developed to explain this phenomenon involves the concepts of participation and control.
The lower one is the hierarchy, the less opportunity there is to control one’s destiny. To influence the events
that impinge on one’s life. We now have evidence that having less control influences biologic processes that
make us more vulnerable to disease. Housing provides an example regarding the issue of control.
Turner argued that when people control major decisions and are free to make their own contributions
to the design, construction, and management of their housing, both the process and the environment produced
stimulate individual and social well-being. When people have no control over this process, when they have no
responsibility for key decisions in the housing process, their housing may instead become a barrier to personal
fulfillment. Turner (1976) cited the examples of several housing projects in St. Louis in which the conditions
of several public housing projects were approaching an irreparable state. When management was taken over by
tenants, occupancy increased, elevators worked, grounds were well-kept, and crime and vandalism decreased.
Not everyone agrees that tenant take-over always leads to such improvements in environmental quality, but

Proceedings of the 1st Canadian Building and Health Sciences Workshop, Montreal, 2008

there clearly are cases in the United States, and England, and other countries in which tenant control has
resulted not only in the bettering of conditions but also in raising self-esteem and morale.
Less controversial is the issue of control of work. The evidence is now strong that when workers have
little control over their work, rates of several diseases are higher. Karasek and Theorell (1990), and others have
clearly shown these higher rates among workers when job demands are high and when people do not have
freedom and autonomy to deal with these demands. The story of the San Francisco bus drivers, in my view,
provides a clear example of this phenomenon.
All of this research suggests that people’s participation in and control of the significant events that shape
their lives may be even more important than the objective circumstances in which they find themselves. The
impact of the most demanding situation may be softened if one has chosen to be in that situation and if one has
options for dealing with these demands. Those lower down in a hierarchy often have less opportunity to
participate in the planning and execution of activities that affect them. They are asked for their opinion less
frequently, they have less chance to decide on important matters, and they are less often able either to prevent
undesirable events from occurring, or to cause good things to take place. These issues are of particular
significance to those who design things for other people. I will go so far as to suggest that no matter how
elegantly wrought a physical solution, no matter how efficiently designed a factory, no matter how safe and
sanitary a building, unless people can, in some way, create, manage, change, or participate in the design of
activities that affect their lives, dissatisfaction, alienation and illness are more likely to occur.
I have to this point discussed the fact that disease occurs more frequently among those with fewer
meaningful social relationships, and among those with less control in lower hierarchical positions. I would now
like to mention a third important issue that potentially connects the building science world to that of the health
world. Specifically, the importance for health of being connected to our biological and cultural heritage.
Admittedly, the evidence is weaker on this topic than on the issues we have already discussed but they
nevertheless seem important and should, I think, be mentioned here.
First, the matter of artificial light. Due to artificial light, time and space have been restructured. Day can
be turned into night. We no longer have to abide by biological rhythms. Many physiological functions exhibit
diurnal, seasonal, and lunar rhythms that persist even when a person is shielded from awareness of the passing
of time or the movements of celestial bodies. Biological rhythms that follow a 24-hour pattern of periodicity
include pulse, temperature, blood pressure, urine output, blood leukocytes, pulmonary function, basal metabolic
rate, and enzyme and hormone secretion. Circadian periodicities occur even at the cellular level, with the
number of cells undergoing mitosis differing according to time of day. We may intellectually forget diurnal,
lunar and seasonal influences because most of us now live in artificial environments but we cannot escape their
physiological and mental effects. Interruptions of these rhythms from such artificial time reorganizations as
shift work have been reported to result in damage to worker performance and output and to be associated with
increased accident rates, feelings of less well-being, increased rates of gastrointestinal problems, and
neuropsychiatric disorders including depression, anxiety, and confusion, drug abuse, and sleep disturbances.
There is also considerable research on the negative effects on health of artificial light. Nevertheless, we
build windowless buildings or buildings in which the windows do not open. Children have been placed in
windowless schools, workers in windowless factories, and secretaries in windowless offices. By so doing,
people have been subjected to possibly harmful exposures and have been deprived of awareness of the time of
day, the weather, the seasons of the year, and colors and motion of the natural landscape. As you can see, Roz
Lindheim has convinced me that windows are good things to have.
Artificial ventilation also causes health problems. During the last 50 years, more and more buildings
have been cooled and heated mechanically. These mechanical systems require controlled air intakes
necessitating the provision of windows that are sealed to prevent them from opening and “unbalancing” the
system. In recent years, buildings have been sealed even tighter to save energy. New chemicals and synthetics
also are being used for building materials, finishes, carpets and furniture leading, in some cases, to indoor air
pollution.
None of these considerations are an argument for moving back to the good old days. All the evidence
indicates that those days were in fact not so good and, in any case, it would be ridiculous to deny the real
advances in our technology, nutrition, medical care, and building capability. I am suggesting that we take
advantage of these modern developments but only to the degree they can be of value to human welfare. Much
of what we do today is intended to maximize industrial growth, efficiency, and expansion without appropriate
attention to the consequences for people’s lives. We ignore human needs at our peril. If people’s needs are not
meaningfully attended to, it is absolutely predictable that new housing developments will fail, that industrial
efforts will founder, and that disease will persist.

7

8

Proceedings of the 1st Canadian Building and Health Sciences Workshop, Montreal, 2008

All of the issues I have discussed here have as a common element.
The importance to health of being “connected”: being “connected” with others, being “connected” with
one’s biological and cultural heritage. These connections help define a person’s sense of self, a person’s place
in the world. People also need to connect to the future. They need the opportunity to shape situations, places,
and activities that affect their lives. These considerations are not passive, but require that people actively relate
to one another and with their environments.
The importance of these issues for those of us in the health sciences cannot be overstated. The approach
we in the health sciences haven taken so far regarding the promotion of health and the prevention of disease has
not been successful. We have relied primarily on identifying disease risk factors with the hope that if we shared
that information with people, people would rush home and, in the interests of good health, change their high
risk behavior. That’s the model. In fact, there are 3 problems with this model that render it very problematic
indeed. ‘The first problem is that after decades of epidemiologic research, it has proven very difficult to identify
disease risk factors. Consider, for example, the disease I have worked on for most of my life: coronary heart
disease. For over 50 years, research has been done all over the world by thousands of brilliant scientists to
understand risk factors for this disease. As a result, we now have knowledge about many of them including
serum cholesterol, high blood pressure, cigarette smoking, physical inactivity, obesity, diabetes and so on. We
all know the list. In spite of this success, however, most of the coronary heart disease that occurs is not
explained by these risk factors. It is estimated that all of the risk factors we know about, combined, explain less
than half of the CHD that occurs (Marmot, 2005). This does not, of course, diminish the importance of the risk
factors we have identified, but it is does suggest that things are more complicated than we had thought. The
problem we have with CHD is very much the same for many other diseases as well.
The second problem is that even when we do identify disease risk factors, we have a very difficult time
in getting people to change their behavior. I was involved many years ago in the classic demonstration of this
problem. I am referring to the Multiple Risk Factor Intervention Trial– MRFIT. That study, done in the United
States, involved men in the top 10% risk category for developing coronary heart disease because of their
hypertension, cigarette smoking and high serum cholesterol. Our plan was to get these men to lower their risk
and demonstrate the lower disease rates that would eventuate.
Unfortunately, to do this, we were told by the statisticians that we would need to enroll 12,000 men in
the study, 6,000 men to work with us in the clinic and 6,000 to work with their own doctors as a control group.
To find these 12,000 men, we had to screen almost 500,000 men in 22 cities across the United States. That was
a lot of work and it was very expensive but we thought it would be worth it because we had done a good job in
identifying these risk factors and because coronary heart disease was the largest cause of death in the country.
(If we had included women in the study, the study group would be increased to 30,000 with an attendant rise in
budget; women still do not have high enough rates of heart disease to qualify for studies that focus on the
highest risk groups.)
After the first screening of this very large group of men, we told some of them that it looked as if they
were at high risk to develop CHD but, to be certain, we needed to do a more thorough screening. And we told
them that if they were still at high risk after the second exam, they might be eligible to enter a new intervention
program we were starting. Almost all of the men we invited did in fact come to the second screening. That
second screening was overwhelmingly intense and detailed. It took 1½ hours. During this exam they were
mercilessly probed, punched, run, stuck, pulled and squeezed. After it was over, we told some men that they did
indeed seem eligible for the trial: they did seem to be at high risk and they did seem to be free of coronary heart
disease at that time. We then told them that we needed them to come back to the clinic one more time for
another 1½ hour screening to be sure of their eligibility. We told them that if they were still eligible after the
next screening, we would invite them to participate in the new heart disease intervention trial. But we warned
them to think hard about whether they wanted to do this. We told them that if they were eligible, the first thing
that would happen would be that they would be randomly assigned to work with us in the clinic or with their
own doctor. If that was not agreeable, they should not get involved with the study.
If they were assigned to work with us in the clinic, we would ask them to change their diet, to take pills
for their high blood pressure and to stop smoking. We would also ask them to come to the clinic very frequently
at the beginning, oftentimes with their family, and that the trial would go on for 6 years. We told them that they
should not volunteer if they had any reservations. And then we gave them a big stack of questionnaires to fill
out for next time. And we had a psychologist in every clinic who recommended that certain men be rejected
because they did not seem to be good prospects for the long haul.
In the end, we selected a highly informed and highly motivated group of men. And we involved them in
a superb intervention program. For example, we invited the men and their families to the clinic to demonstrate
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low-fat cooking. We took them to the market to show them how to read labels. We went to their homes to cook
with them. And so on. We did the study about as well as it could be done.
And the trial failed. After six years, there was no statistically significant difference in heart disease rates
between the special care group and the control group (Multiple Risk Factor Intervention Trial Research Group,
1988). This was primarily because so few men in the special care group changed their behavior in comparison
to men in the control group.
So, the first problem is that we public health people have had a difficult time identifying disease risk
factors but the second problem is that even when we are successful in doing this, it has been very difficult for
people to change their behavior to lower their risk. The third problem, however, is the most challenging of all.
Even if everyone at risk did change their behavior to lower their risk, new people would continue to enter the at
risk population at an unaffected rate. This is because we rarely identify and intervene on those forces in the
environment that cause many of our problems in the first place.
It is clear that we need to do a better job of identifying those fundamental factors in the environment that
affect our health. We need to fix the road.
Now we come to the part of my talk that involves those in the building sciences. As you have seen, I am
very critical of our work in the health sciences (Smedley & Syme, 2000). In the spirit of fairness, I now need to
be a little critical of those in the building sciences. My sense is that those who design and build our physical
environment do so for many reasons including beauty, efficiency, effectiveness and cost, but I’m not sure how
much attention is devoted to issue of health. It turns out that the work of the building sciences probably has as
important a role in promoting health and preventing disease as anything else that it is being done in the health
field. But that major role is often not recognized by those in the building sciences. I hope you can see by my
remarks that the way people in the building sciences go about their work has important implications for the way
we design and plan environments and for our health.
If we in the health field hope to develop effective programs to prevent disease and promote health, we
cannot do this without a better working relationship with those in the building sciences. And those in the
building sciences need to be more aware of the profound impact their designs have on the health of all of us. We
need to find better ways to work together. And this Workshop is a wonderful first step in that process.
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Building Factors Session - Review

The Effect of the Indoor Environment in Buildings on Human
Health: A Review
Rob Dumont
Dumont and Associates, Saskatoon
robdumont@hotmail.com
Abstract: Seven indoor environment factors that can impact the health of humans are reviewed.
These factors have been called the "Seven Sisters." The factors comprise indoor air quality, lighting,
temperature, sound and vibration, electromagnetic fields, flora and fauna, and the psychological and
social environment. A review of current standards in these seven areas will be included.
Résumé: Sept facteurs de l’environnement intérieur qui peuvent avoir une incidence sur la santé des
humains sont passés en revue. Ces facteurs ont été appelés les « sept sœurs ». Ce sont la qualité de
l’air intérieur, l’éclairage, la température, le son et la vibration, les champs électromagnétiques, la
flore et la faune, et l’environnement psychologique et social. Une revue des normes actuelles dans
ces sept domaines sera incluse.

Introduction
Humans in developed countries spend the great majority of their time indoors. There are a number of
indoor environmental parameters that can have adverse health, comfort and productivity effects on individuals.
These parameters have been called the “Seven Sisters” (G. Flatheim, personal communication, 1991). In
no particular order, these parameters are as follows:
• Indoor air quality
• Temperature
• Lighting
• Sound and Vibration
• Electromagnetic Fields
• Flora and Fauna
• Social and Psychological environment
In this paper, a short review of the effect of these environmental parameters on human health will be
discussed.
A possible approach to dealing holistically with these health hazards is also presented.
1. Indoor Air Quality
Much of the traditional focus on air quality has been on outdoor air quality (smoke, smog, nitrogen
dioxide, sulphur dioxide, ozone, carbon monoxide, lead, particles, odours from agricultural and industrial sites,
etc.). However, because of the very large proportion of time that individuals spend indoors, more attention is
now being focussed on indoor air quality.
According to a Health Canada web site, “As Canadians, we spend close to 90% of our time inside; at
home, at work and in recreational environments. Most people, however, are unaware of the effects that poor
indoor air quality can have on their health” (Health Canada, 2008).
Certain indoor air pollutants can have very severe and immediate health consequences: One example is
malfunctioning heating and cooking appliances using natural gas, propane, wood or other carbon based fuels.
Such appliances can release carbon monoxide because of incomplete combustion, a known killer at higher
concentrations. The Canada Safety Council describes carbon monoxide as follows: “Carbon monoxide (CO) is
the leading cause of fatal poisonings in North America” (Canada Safety Council, 2008). Exposure to high
concentrations can cause death in just a few minutes. The author has personally witnessed a home where two
children died from a natural gas furnace that had a collapsed chimney. Dirty burners in the furnace along with
an improperly vented clothes dryer were contributing factors. Yet another cause of carbon monoxide poisoning
is the transfer of this gas from running automobiles in attached garages of homes to the living space. A number
of deaths have occurred in Canada from this source.
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An example of an air pollutant with less severe immediate impacts is tobacco smoking coupled with the
effects of second hand smoke. As noted on the Health Canada web site: “Scientists have identified more than
4,000 different chemical compounds in second-hand smoke including nicotine, carbon monoxide, ammonia,
formaldehyde, arsenic, dioxins and furans. Most of these toxic chemicals are created when tobacco burns.
Others, such as lead and nicotine, are found naturally in tobacco and are released when it burns” (Health
Canada, 2008).
Medical research has determined that tobacco smoking causes lung cancer, emphysema, and
cardiovascular disease among other health problems. The World Health Organization (WHO) reported that
tobacco smoking killed 100 million people worldwide in the 20th century and warned that it could kill one
billion people around the world in the 21st century (WHO, n.d.).
According to the World Health Organization, “Lung cancer is the most common cause of death from
cancer in the world. The total number of cases is now estimated to be 1.2 million annually and is still
increasing. The major cause of lung cancer is tobacco smoking, primarily of cigarettes. In populations with
prolonged cigarette use, the proportion of lung cancer cases attributable to cigarette smoking has reached 90%”
(WHO, n.d.).
“Smoking of tobacco is practiced worldwide by over one thousand million people. However, while
smoking prevalence has declined in many developed countries, it remains high in others and is increasing
among women and in developing countries. Between one-fifth and two-thirds of men in most populations
smoke. Women’s smoking rates vary more widely but rarely equal male rates” (WHO, n.d.).
Other common indoor air pollutants with potentially adverse health effects are the following:
• Moulds and other biological agents such as Legionella
• Volatile organic compound emissions from building materials and furnishings
• Pesticides used indoors
• Radon gas
• Lead
• Formaldehyde and other aldehydes
• Polycyclic Aromatic Hydrocarbons
• Asbestos
• Carbon dioxide
• Smoke from poorly vented cooking apparatus
• Fibrous materials
• Ozone
• Particulate matter
• Sulphur Dioxide
• Water vapour
There are three major factors that affect the concentration of indoor air pollutants in the indoor
environment:
1. The concentration of the pollutant at the source of the ventilation air.
2. Indoor sources of air pollution
3. The effective ventilation rate
To effectively control indoor air quality to a high standard, it is usually necessary to control all three of
the above factors. In Canada there is increasing use of continuous mechanical ventilation in residences and
offices as one means of addressing indoor air quality concerns.
Health Canada has produced a booklet “Exposure Guidelines for Residential Air Quality” that offers
guidelines for acceptable levels of most indoor pollutants in residential occupancies (Health Canada, 1998). The
guidelines are periodically being updated. Recently the Canadian guideline for acceptable radon gas levels was
reduced from 800 to 200 becquerels/m3. For office environments, the Health Canada Publication “Indoor Air
Quality in Office Buildings: A Technical Guide (Health Canada, 1993) offers guidance.
In the area of ventilation, the American Society for Heating, Refrigerating, and Air-conditioning
Engineers (ASHRAE) Standard 62.1 “Ventilation for Acceptable Indoor Air Quality” (ASHRAE, 2004) is
widely used by professionals as a guide to minimum acceptable ventilation rates.
One of the major areas for additional research is in the area of off gassing of volatile organic compounds
from building materials and furnishings. This is an enormous task, in that over 20,000 compounds are now in
use in modern society. In Canada, we are only at the very initial stages of understanding in this area, with no
guidelines in place at the present.
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2. Temperature Stress—Hyperthermia and Hypothermia
Hyperthermia, in its advanced state referred to as heat stroke or sunstroke, is an acute condition which
occurs when the body produces or absorbs more heat than it can dissipate. It is usually due to excessive
exposure to heat. The heat-regulating mechanisms of the body eventually become overwhelmed and unable to
effectively deal with the heat; therefore the body temperature climbs uncontrollably. This is a medical
emergency that requires immediate medical attention.
The opposite of hyperthermia is hypothermia, when an organism’s temperature drops below that required
for normal metabolism.
Body temperatures above 40°C are life-threatening. This compares to normal human body temperature
of 36-37°C. At 41°C, brain death begins, and at 45°C death is nearly certain. Internal temperatures above 50°C
will cause rigidity in the muscles and certain, immediate death.
Heat stroke may come on suddenly, but usually follows a less-threatening condition commonly referred
to as heat exhaustion or heat prostration.
From 1979 through 1999, 8015 deaths in the USA were directly attributed to excessive environmental
heat exposure. During the seven-day Chicago heat wave of 1995, the death rate increased by 85%, with the
majority of deaths among the poor and socially isolated (Environmental Protection Agency, 2006).
Interestingly, northern cities have greater increases in death rates during hot weather than southern cities.
Northern cities have wider swings in temperature, fewer air conditioners, and the citizens are not as well
acclimated to the heat.
The 2003 European heat wave led to health crises in several countries. Thirty five thousand people died
in Southern Europe as a result of the heat wave. (Bhattacharya, 2003).
Hypothermia is a condition in which an organism’s temperature drops below that required for normal
metabolism and bodily functions. In warm-blooded animals, core body temperature is maintained near a
constant level through biologic homeostasis. But when the body is exposed to cold its internal mechanisms may
be unable to replenish the heat that is being lost to the organism’s surroundings.
Normal body temperature in humans is 37°C. Hypothermia can be divided in three stages of severity.
In stage 1, body temperature drops by 1-2°C below normal temperature (35-36°C). Mild to strong
shivering occurs.
In stage 2, body temperature drops by 2-4°C. Shivering becomes more violent. Muscle mis-coordination
becomes apparent. Movements are slow and labored, accompanied by a stumbling pace and mild confusion,
although the victim may appear alert. The victim becomes pale. Lips, ears, fingers and toes may become blue.
In stage 3, body temperature drops below approximately 32°C. Shivering usually stops. Difficulty
speaking, sluggish thinking, and amnesia start to appear; inability to use hands and stumbling is also usually
present. Cellular metabolic processes shut down. Below 30°C, the exposed skin becomes blue and puffy,
muscle coordination becomes very poor, walking becomes almost impossible, and the victim exhibits
incoherent/irrational behavior including terminal burrowing or even a stupor. Pulse and respiration rates
decrease significantly but fast heart rates (ventricular tachycardia, atrial fibrillation) can occur. Major organs
fail. Clinical death occurs. Each year nearly 700 people in the United States die of hypothermia. Prolonged
exposure to cold air or cold water temperatures are common causes (Mayo Clinic, 2008).
There are predictions that the earth’s temperature will rise 2 to 5°C this century from the effects of
increased greenhouse gases in the atmosphere. This sharp rise in temperature will undoubtedly affect the
number of deaths from hyperthermia.
Inexpensive devices that can be deployed in houses during extreme temperature events should be
investigated as a means of mitigating hyperthermia deaths. Evaporative coolers are one technology that holds
promise.

3. Lighting
Lighting is a form of electromagnetic radiation. Its wavelengths are bounded by infrared waves with
longer wavelengths and ultraviolet waves with shorter wavelengths. Visible light has wavelengths in the range
of approximately 400 to 700 nanometres.
The SI unit for lighting intensity is the lux or lumen per square metre. Outdoor lux levels on a sunny day
can be as high as 100,000 lux. Indoor levels are much smaller, typically less than about 1000 lux in most
residential and occupational settings.
According to Brainard and Veitch (2007):
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“Since the 1980s there has occurred a revolution in our understanding of sensory
responses to light by invertebrate and vertebrate species, including humans…
Briefly, what is known is that:
Light and dark signals detected by rods and cones support visual perception.
Light and dark signals are also detected by intrinsically photosensitive retinal
ganglion cells (ipRGCs).
ipRGCs are distributed across the human retina and appear to integrate irradiance
signals without spatial resolution.
Melanopsin is the molecule that transduces light signals in ipRGCs.
Signals from ipRGCs transmit information about the presence of light to the
suprachiasmatic nuclei of the hypothalamus and other nonvisual nuclei involved in
neurobehavioral regulation.
One of the best elucidated ocular projections is to the pineal gland by a multisynaptic
pathway that regulates the production and secretion of the hormone melatonin.
Nine separate studies have established action spectra for circadian, neuroendocrine
and neurobehavioral responses, using various indicators in different mammalian species
(e.g., mouse pupillary light reflexes; human melatonin suppression; monkey ganglion
cell depolarization). These are consistent in finding a peak wavelength (λmax) in the
range 459-484 nm, which is distinct from both the scotopic and photopic visual spectral
sensitivity functions.
Light exposures that are higher than those normally specified for visual stimulation
can be used to regulate circadian functioning to adjust to new time zones, to shift work,
and to treat selected sleep disorders. It has also been used to treat mood disorders such as
Seasonal Affective Disorder.
These findings are revolutionary in that they reveal previously unknown processes,
but it should not be surprising that the eye is responsible for more than one sensory
process. The ear, for example, supports hearing, but also balance and movement.
Much is not yet known, however, about the physiology and functioning of ipRGCs
and their associated brain structures:
Action spectrum results are based on monochromatic light; can these results be
extended to polychromatic light?
What are the roles of rods and cones? How do they interact with ipRGCs?
Is melanopsin a bistable photo pigment that dynamically changes ipRGC wavelength
sensitivity?
How does prior light exposure influence the sensitivity of this newly characterized
photosensor system?”
A second excerpt from the talk by Brainard and Veitch points out a number of
unresolved research questions regarding lighting:
“Models of lighting quality generally require the integration of individual needs,
architecture, and economic dimensions. Current lighting recommendations are based
principally on providing adequate light to support visual performance while preventing
visual discomfort. In these two domains, much is known. There is great excitement about
the possibility of incorporating the new knowledge about lighting and health into
lighting recommendations for interiors. Before we may do so, however, lighting
practitioners require answers to several questions, some from the biomedical community
and some from the lighting design and engineering community. One way to organize
these questions is to start with the five “Principles of Healthy Lighting” set out in CIE
158:2004, “Ocular lighting effects on human physiology and behaviour” (Commission
Internationale de l’Eclairage [CIE], 2004). The numbers below refer to these five
principles.
“1. If indeed people would benefit from more light exposure than they currently
receive, then designers need more detail concerning the necessary timing, intensity,
spectrum, duration, and pattern of suitable light exposure. Furthermore, they need to
know whether the light dose needs differ for special populations (e.g., people with
environmental sensitivities, visual impairments, or particular chronotypes), and whether
or not light dose needs change over the life course.
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“2. If people require a daily period of darkness as well as of light, how dark need it
be? Do we need recommendations for room darkness at night? Would this mean
recommending that some products be removed from the market (e.g., clocks and night
lights with green or blue LEDs)?
“3. Research into action spectra for humans has focused on melatonin suppression
and has identified a region between 446-477 nm as the peak sensitivity for this response;
but is melatonin suppression the only process that matters? Does this spectral
sensitivity curve hold for daytime light exposures, when there is no circulating
melatonin? What about the suggestion that spectral opponency operates, so that a
polychromatic light source could have a different effect versus a monochromatic source?
What does the fact that there is a different spectral sensitivity function from that for
photopic or scotopic vision mean for metrology?
“4. If biologically relevant light is light received at the eye, does that change the
perspective of a lighting designer? Do lighting design processes need to change to
accommodate this? What are the implications for recommendations and standards?
“5. If the effect of a given light exposure depends on the time of day, should our
recommended practice documents have time-of-day-specific recommendations?
“Light has previously unknown effects on our physical and mental health, and this
makes for exciting times for researchers. It may also make exciting times for lighting
practitioners, but that is not yet a certainty. We have many more questions than clear
answers. Division 3’s tasks in the coming years are to examine the scientific evidence, to
consider its practical implications, to compare these to current recommendations and
standards, and — if necessary — to propose new ways of lighting that are suited to the
health needs of specific populations, at specific times, and keeping in balance the
concurrent requirements for vision, visual comfort, and all the other lighting quality
goals.” (Brainard and Veitch, 2007).
Standards for acceptable lighting levels have been developed by a number of sources. The Commission
Internationale de l’Eclairage (CIE) is an internationally recognized group that has developed standards that are
peer-reviewed.
4. Sound and Vibration
Sound is transmitted by the vibration of molecules in a medium. No sound can be transmitted in a
vacuum. The human ear of a younger person can typically hear sounds in the frequency range from about 20
hertz to 20,000 hertz. The intensity of sound is typically expressed in decibels. The human ear is selectively
sensitive to sounds of different frequencies.
Noise is a form of unwanted sound, and can seriously harm human health and interfere with people’s
daily activities at school, at work, at home and during leisure time. Traffic noise alone is a major contributor.
The main health risks of noise identified by WHO are:
• “pain and hearing fatigue;
• hearing impairment including tinnitus;
• annoyance;
• interferences with social behaviour (aggressiveness, protest and helplessness);
• interference with speech communication;
• sleep disturbance and all its consequences on a long and short term basis;
• cardiovascular effects;
• hormonal responses (stress hormones) and their possible consequences on human metabolism
(nutrition) and immune system;
• performance at work and school.”
A European study presents an analysis on the health effects of noise exposure (Niemann and Maschke,
2004). The analysis is based on the WHO Large Analysis and Review of European housing and health Status
(LARES), which combines the data of eight city studies in European countries. It was presented at a WHO
housing and health technical meeting on the analysis of evidence, and was subject to peer review by other
analysis teams of the LARES study and three external reviewers.
The document presents the analytical approach and the statistical procedures used for assessing the
impact of residential noise exposure on noise induced annoyance and noise induced sleep disturbances. Split
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into traffic noise and neighbourhood noise for annoyance. The results are identified individually for children,
adults and elderly, acknowledging that each age group is affected by noise in a different way and consequently
shows a different pattern of morbidity potentially related to noise subjective exposure.
“One of the main conclusions of this work is that for noise induced sleep disturbances, traffic noise
annoyance and neighbourhood noise annoyance, the identified health effects are independent of socio-economic
status and housing conditions. The elevated relative risks are expressed in the cardiovascular system, the
respiratory system and the musculoskeletal system, as well as through depression.”
5. Electromagnetic Fields
The potential health effects of very low frequency EMFs surrounding power lines and electrical devices
are the subject of on-going research and a significant amount of public debate. In workplace environments,
where EMF exposures can be up to 10,000 times greater than the average, the US National Institute for
Occupational Safety and Health (NIOSH) (1996) has issued some cautionary advisories but stresses that the
data is currently too limited to draw good conclusions.
The potential effects of electromagnetic fields on human health vary widely depending on the frequency
and intensity of the fields.
Since the first report suggesting an association between residential extremely low frequency (ELF)
electric and magnetic fields and childhood leukaemia was published in 1979, dozens of increasingly
sophisticated studies have examined this association. In addition, there have been numerous comprehensive
reviews, meta-analyses, and two recent pooled analyses. In one pooled analysis based on nine well conducted
studies, no excess risk was seen for exposure to ELF magnetic fields below 0.4 microtesla and a twofold excess
risk was seen for exposure above 0.4 microtesla.
The other pooled analysis included 15 studies based on less restrictive inclusion criteria and used 0.3
microtesla as the highest cut-point. A relative risk of 1.7 for exposure above 0.3 microtesla was reported. The
two studies are closely consistent. In contrast to these results for ELF magnetic fields, evidence that electric
fields are associated with childhood leukaemia is inadequate for evaluation.
No consistent relationship has been seen in studies of childhood brain tumours or cancers at other sites
and residential ELF electric and magnetic fields. However, these studies have generally been smaller and of
lower quality.
6. Flora and Fauna
Flora refers to all plant life occurring in an area or time period, especially the naturally occurring or
indigenous plant life. Fauna is all of the animal life of any particular region or time.
In the indoor environment, the presence of fauna can be widespread. Among the deadliest form of fauna
are disease-carrying mosquitoes. Malaria, west Nile virus and dengue fever are all transmitted to humans by
mosquitoes. Each year there are approximately 515 million cases of malaria, killing between one and three
million people, the majority of whom are young children in Africa (Snow, Guerra, Abdisalan, Hla, Myint &
Hay 2005). Typically the anopheles mosquito, carrier of malaria, bites at night when people are indoors.
Other indoor fauna include cockroaches, silverfish, ants, mice, rats. In certain parts of North America
deer mice are know carriers of the hanta virus, a virus carried in the urine and feces of the mice. The hanta virus
can cause a deadly respiratory infection.
Building techniques that dramatically increase the air tightness of the building envelope to improve
energy efficiency can have a major effect in reducing Fauna inside buildings.
Newer houses built to the R-2000 standard of air tightness are normally about 5 to 10 times as air-tight
as older (pre 1973) Canadian houses. If a building is air tight, it is also much less prone to intrusion of fauna.
Toxic plants inside buildings can be a major source of illness to young children, who can ingest the
leaves of the plants. Mandatory labelling of such plants would help consumers to better judge the risk.
7. Social and Psychological Environment
Stress can have a major impact on people’s health, and the social and psychological environment in turn
have a major impact on stress.
Stress is a biological term which refers to the consequences of the failure of a human or animal body to
respond appropriately to emotional or physical threats to the organism, whether actual or imagined. (Selye,
1956). It includes a state of alarm and adrenaline production, short-term resistance as a coping mechanism, and
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exhaustion. It refers to the inability of a human or animal body to respond. Common stress symptoms include
irritability, muscular tension, inability to concentrate and a variety of physical reactions, such as headaches and
accelerated heart rate.
The term “stress” was first used by the endocrinologist Hans Selye in the 1930s to identify physiological
responses in laboratory animals. He later broadened and popularized the concept to include the perceptions and
responses of humans trying to adapt to the challenges of everyday life. In Selye’s terminology, “stress” refers to
the reaction of the organism, and “stressor” to the perceived threat. Stress in certain circumstances may be
experienced positively. Eustress, for example, can be an adaptive response prompting the activation of internal
resources to meet challenges and achieve goals.
Chronic stress has also been shown to impair developmental growth in children by lowering the pituitary
gland’s production of growth hormone, as in children associated with a home environment involving serious
marital discord, alcoholism, or child abuse.
Both negative and positive stressors can lead to stress. Some common categories and examples of
stressors include: sensory input such as pain, bright light, or environmental issues such as a lack of control over
environmental circumstances, such as food, housing, health, freedom, or mobility. Social issues can also cause
stress, such as struggles with difficult individuals, relationship conflict, deception, or break ups, and major
events such as birth and deaths, marriage, and divorce. Life experiences such as poverty, unemployment,
depression, obsessive compulsive disorder, heavy drinking, or insufficient sleep can also cause stress. Students
and workers may face stress from exams, project deadlines, and group projects.
Discussion: Means of Addressing Adverse Indoor Environments
As can be seen from the material on the Seven Sisters in this paper, there can be enormous effects on
human health from adverse indoor environments.
How could society reduce these effects?
In the field of occupational health and safety, there is a three-pronged approach used to combat known
hazards. The three approaches are:
1. Administrative controls—regulations, laws and corporate rules and culture that limit exposure to
hazards
2. Engineering controls—safety devices such as automatic shutoff devices, ventilation systems, fire
suppression equipment such as sprinklers, etc.
3. Personal protective equipment—devices for limiting or preventing damage to eyes, ears, skin,
breathing, etc.
This combination of administrative controls, engineering controls and personal protective equipment,
when implemented rigorously, has been used to achieve a high level of safety in many occupational settings.
It is the author’s opinion that a similar three-pronged approach would be useful in reducing the effects of
adverse indoor environments in non-occupational settings.
To take one example, administrative controls are now being successfully used to limit tobacco
consumption in a number of countries. These administrative controls include higher prices for tobacco,
limitations on spaces where tobacco may be smoked, and reductions in subsidies to tobacco growers. However,
no country, to the author’s knowledge, has yet brought in legislation to limit the use of tobacco in one’s
personal residence. As was noted earlier in this paper, a current estimate is that about one billion people will
suffer a premature death in this century because of tobacco consumption. With tobacco use, it is not likely that
engineering controls or personal protective equipment will be very useful approaches given the very high
expense related to large ventilation rates in spaces and the intrusiveness of personal protective equipment.
As discussed in this paper, there are significant areas in the indoor environment where additional
research is needed prior to action being taken. The conference at which this paper is being delivered will
address this very important topic.
Isaac Newton likely described the current state of knowledge regarding the full effect of indoor
environments on the health of humans:
“I seem to have been only like a boy playing on the seashore, and diverting myself in
now and then finding a smoother pebble or a prettier shell than ordinary, whilst the
great ocean of truth lay all undiscovered before me.” (Brewster, 1855)
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Breathe Easy in Seattle: Addressing Asthma Disparities
through Healthier Housing
Reprinted from: R. A. Williams (Ed.) (2007). Eliminating Healthcare Disparities in America: Beyond the IOM
Report (pp. 313-340), with kind permission of Springer Science+Business Media.
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Seattle and King County, Seattle Public Health, Seattle, WA
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Janice C. Rabkin
Seattle and King County, Seattle Public Health, Seattle, WA
Abstract: To describe three home intervention projects that span the spectrum from individual
behavior change to improving housing quality.
Healthy Homes I: We randomly assigned 274 low-income asthmatic children to a high or low
intensity group. Community health workers (CHWs) visited all homes to assess exposures, develop
an action plan, and provide bedding encasements. The high intensity group received cleaning
equipment and an average of 7 additional visits over a year while the low group received only the
initial visit.
Healthy Homes II: We randomly assigned 309 low-income asthmatic children to a CHW intervention
group or usual care group. The CHW group received self-management support for the medical
aspects of asthma control (e.g. medications, action plans, communicating with providers in addition
to the environmental interventions included in Healthy Homes I. All participants received clinicbased asthma education from a nurse.
Breathe Easy Homes (BEH): We used a pre-post design to examine the benefits of a new home
designed to reduce asthma trigger on outcomes among 35 low-income children with asthma. Features
include insulated construction slab, insulated glass, extensive flashing, minimal carpet, low emission
materials, filtered air ventilation and attention to dry construction materials (estimated added cost of
$6000). Families also received visits from CHWs who provided Healthy Homes I education and
support.
Conclusions: The Healthy Homes studies have demonstrated that home visits increase asthma control
behaviors, reduce urgent health services, improve caregiver quality-of-life and decrease asthma
symptoms. BEH found that that moving from substandard to asthma-friendly housing may
substantially decrease trigger exposure and improve clinical and physiologic asthma outcomes,
suggesting that replication of this approach with a more rigorous study is indicated.
Résumé: Logement et asthme : interventions et stratégies à Seattle
Description de trois projets d’intervention allant de la modification des comportements individuels à
l’amélioration de la qualité du logement.
Foyers sains I : Nous avons assigné au hasard 274 enfants asthmatique à faible revenu à un groupe à
intensité faible ou un groupe à intensité élevée. Des agents de santé communautaire (ASC) ont visité
tous les foyers afin d’évaluer l’exposition, d’élaborer un plan d’action et de fournir des housses à
matelas. Le groupe à intensité élevée a reçu du matériel de nettoyage et une moyenne de sept visites
additionnelles sur un an, tandis que le groupe à faible intensité a reçu seulement la visite initiale.
Foyers sains II : Nous avons assigné au hasard 309 enfants asthmatiques à faible revenu à un groupe
d’intervention par des ASC ou à un groupe de soins usuels. Le groupe suivi par des ASC a bénéficié
d’un soutien à l’autogestion des aspects médicaux de la lutte contre l’asthme (p. ex., médicaments,
plans d’action, communication avec les fournisseurs de services de santé) en plus des interventions
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environnementales incluses dans Foyers sains I. Tous les participants ont reçu une éducation sur
l’asthme donnée en clinique par une infirmière.
Foyers conçus pour les asthmatiques (FCA) : Nous avons utilisé un pré-test et un post-test pour
examiner les avantages d’un nouveau domicile conçu de manière à réduire le déclenchement de
l’asthme chez 35 enfants asthmatiques à faible revenu. Les caractéristiques incluent l’utilisation de
dalles de construction isolées et de verre isolé, l’utilisation extensive de bandes d’étanchéité, un
minimum de tapis, l’usage de matériaux à faibles émissions, une ventilation de l’air filtrée et une
attention aux matériaux de construction secs (coût additionnel estimé de 6000 $). Les familles ont
également reçu des visites des ASC qui ont fourni une formation sur Foyers sains I et un soutien en
la matière.
Conclusions : Les études sur les foyers sains ont montré que des visites à domicile augmentent les
comportements de lutte contre l’asthme, réduisent les services de santé urgents, améliorent la qualité
de vie des dispensateurs de soins et diminuent les symptômes de l’asthme. L’initiative FCA a permis
de déterminer que le passage d’un foyer inférieur aux normes à un foyer sans danger pour un
asthmatique peut réduire de façon substantielle l’exposition aux déclencheurs de l’asthme, et
améliorer les résultats cliniques et physiologiques, suggérant que la reproduction de cette approche
dans le cadre d’une étude plus rigoureuse est indiquée.

Asthma provides a prime example of a chronic illness where health disparities are apparent. The
prevalence and morbidity of asthma among children in the United States have increased dramatically in the past
two decades and remains high (Mannino, Homa, Akinbami, Moorman, Gwynn & Redd, 2002). (In the United
States, disadvantaged populations are disproportionately affected by asthma. Relative to wealthier and white
populations, they have higher asthma prevalence and experience more severe impacts such as severe attacks
leading to emergency department visits and hospitalizations (Aligne, Auinger, Byrd & Weitzman, 2000; Call,
Smith, Morris, Chapman & Platts-Mills, 1992; Carr, Zeitel & Weiss, 1992; Crain, Weiss, Bijur, Hersh,
Westbrook & Stein, 1994; Eggleston, 1998; Grant, Alp & Weiss, 1999; Lang & Polanksy, 1994; Litonjua,
Carey, Weiss & Gold, 1999; Marder, Targonsky, Orris, Persky & Addington, 1992; Weiss & Gergen, 1992;
Wissow et al, 1988). Two recent publications summarize the disproportionate asthma morbidity found among
black, Native American and some Latino populations (Asthma and Allergy Foundation of American & National
Pharmaceutical Council, 2005; Gold & Wright, 2005). Non-Hispanic blacks and American Indians of all ages
had a current asthma prevalence 30% higher than non-Hispanic whites in 2002 (NCHS, 2002). The emergency
department visit rate among blacks was 380% higher than that among whites, the hospitalization rate was 225%
higher, and the mortality rate was 200% higher (NCHS, 2002).
Many factors interact to produce these disparities (Eggleston, 1998; Gold & Wright, 2005; Grant, Alp &
Weiss, 1999). Living in substandard housing leads to exposure to indoor asthma triggers and higher rates of
allergen sensitization (Christiansen, Martin, Schleicher, Koziol, Hamilton & Zuraw, 1996; Eggleston, 1998,
2000; Gelber, Seltzer, Bouzoukis, Pollart, Chapman & Platts-Mills, 1993; Huss et al., 1994; Sarpong, Hamilton,
Eggleston & Adkinson, 1996; Willies-Jacobo, Denson-Lino, Rosas, O’Connor & Wilson, 1993; Wooton &
Ashley, 2000). As much as 40% of the excess asthma risk in minority children may be attributable to exposure
to residential allergens (Lanphear, Aligne, Auinger, Weitzman & Byrd, 2001). Populations affected by
disparities are more likely to live in areas with high air pollution levels. Social features of the environment
(Harrison, 1998) including exposure to violence (Wright & Steinbach, 2001) also contribute to asthma
morbidity. Residents of these areas experience sub-optimal medical care more frequently, including lower use
of anti-inflammatory medications, less continuity of care and lower rates of pulmonary function testing (Asthma
and Allergy Foundation of American & National Pharmaceutical Council, 2005; Wooton & Ashley, 2000).
Lack of insurance and logistical barriers reduce access to primary care (Crain, Kercsmar, Weis, Mitchell &
Lynn, 1998) and medications, leading to crisis-oriented emergency department use. Beliefs that one has asthma
only when symptoms are present are common (Halm, Mora & Leventhal, 2006). Social stressors interfere with
adherence to asthma control regimens and may directly affect airway function (Wright, Cohen, & Cohen, 2005).
The effectiveness of interventions may be reduced in populations affected by disparities if the interventions are
not culturally appropriate and do not account for low literacy levels (Asthma and Allergy Foundation of
America and National Pharmaceutical Council, 2005). Persons with less education and limited English
proficiency have more difficulties in navigating the health system to obtain needed services. Adherence to
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medical regimens may be lower among people with limited education (Apter, Reisine, Affleck, Barrows &
ZuWallack, 1998).
In our work aimed at reducing asthma disparities, we have focused on addressing disproportionate
exposure to indoor asthma triggers. Being poor or a person of color is associated with increased rates of
sensitization to several asthma-associated allergens found in homes (Christiansen et al., 1996; Eggleston, 2000;
Gelber et al., 1993; Gergen et al., 1987; Lewis et al., 2001; Sarpoong et al, 1996; Strachan, 1996; WilliesJacobo et al., 1993). Sensitization to aeroallergens is one of the main risk factors for developing asthma and its
complications (Eggleston & Bush, 2001; Platts-Mills, Sporik, Whatley & Heymann, 1995;Sporik, Squillace,
Ingram, Rakes, Honsinger & Platts-Mills, 1999). Strong evidence has linked exposure to dust mites,
cockroaches, rodents, mold, tobacco smoke and pet dander to the development of asthma (Chan-Yeung et al.,
2005), and asthma morbidity (Institute of Medicine, 2000, 2004). There is still considerable controversy over
the role of exposure timing, specific antigen loads and endotoxin in development of asthma. Some studies show
a protective effect of endotoxin, cat and dog antigen depending upon age and exposure, and, presumably,
genetic predisposition (Litonjua et al., 2002; von Mutius, 2004).
Disparities in asthma morbidity and allergic sensitization may be due, in part, to disproportionate
exposure to these indoor environmental asthma triggers associated with living in substandard housing (Huss,
Rand & Butz, 1994; Kitch et al, 2000). Moisture and dampness, poor ventilation, crowding, pest infestations,
residence in multi-unit dwellings, deteriorated carpeting and structural deficits can contribute to high levels of
indoor asthma triggers (Gelber et al., 1993; Harrison, 1998; Hyndman, 1998; Robinson & Russell, 1992; Rosen,
1958; Wood et al. 1988). A strong parallel thus exists between exposure to indoor asthma triggers and the
differential exposure of disadvantaged populations to hazards in the outdoor environment (e.g., toxic waste
dumps or freeways) – a hallmark of environmental racism (Northridge & Shepard, 1997).
Over the past decade, knowledge of how to reduce exposure to indoor asthma triggers has increased
dramatically (Andriessen, Brunkerkreef & Roemer, 1998; Carswell, Birmingham, Oliver, Crewes, & Weeks,
1996; Custovic & Woodcock, 2001; Dales, 1991; De Blay, Chapman & Platts-Mills, 1991; Eisner, Yelin, Katz,
Earnest & Blanc, 2002; Institute of Medicine, 2000; Larson & Koenig, 1994; Lewis, Weiss, Platts-Mills, Burge
& Gold, 2002; Ostro, Lipsett, Mann, Wieneer & Selner, 1994; Rosenstreich et al., 1997; Verhoeff, Van Strien,
van Wijnen & Brunkekreef, 1995; Zock, Jarvis, Luczynska, Sunyer & Burney, 2002). While approaches
targeting individual triggers have met with limited success (Eggleston, 2001; Woodcock et al., 2003),
comprehensive approaches addressing multiple triggers and the total housing environment have been more
successful (Institute of Medicine, 2001; Krieger et al., 2002; Krieger, Takaro, Song & Weaver, 2005;
O’Connor, 2005) both in preventing asthma and reducing morbidity. Given the widespread prevalence of indoor
asthma triggers in the home, (Arbes, Cohn, Yin, Muilenberg, Friedman & Zeldin, 2004) and their contribution
to disparities, decreasing them has potential for reducing asthma disparities.
Home visitation by asthma specialists has emerged in recent years as a promising strategy for reducing
indoor asthma triggers (Alliance for Healthy Homes, n.d.; Environmental Health Watch, n.d.; Brown, Demi &
Wilson, 2002; Butz et al., 2006; Carter et al., 2001; Eggleston et al., 2005; Jacobs, Friedman, Ashley &
McNairy, 1999; Morgan et al. 2004; Williams et al, 2006). The foundation of this approach is the home visits in
which the specialist conducts a home environmental audit to identify triggers, suggests strategies household
members can employ to address triggers including low-cost actions. The specialist offers advice and social
support to family members and often provides advocacy for other issues of importance to the household, such as
working with landlords. This model has been successful in influencing behavior change, reducing in-home
exposure to multiple asthma triggers and improving asthma outcomes among low-income and minority families.
A strategy based primarily on education and behavior change, however, is limited in its ability to reduce
exposures due to structural housing deficits, such as leaking building envelopes, deteriorated carpet harboring
reserves of allergens, or housing conditions that provide havens for pests.
We, and others, have described the attributes of housing that make homes “asthma friendly” and sought
to provide such housing to people with asthma. Focusing on the physical environment and the new home
construction, groups such as the National Center for Healthy Housing (2006), U.S. Green Building Council's
LEED for Homes (http://www.usgbc.org/DisplayPage.aspx?CMSPageID=147& ), the National Association of
Home Builders' NAHB Green Home Building Guidelines (2006), Enterprise Community Partner's Green
Communities Criteria, the U.S. Environmental Protection Agency's (EPA) Energy Star with Indoor Air Package
(n.d.), the American Lung Association's Health House Builder Guidelines (n.d.), and the Energy Efficient
Building Association have developed recommendations for constructing sustainable healthy homes. The
recommendations include designing the foundation and building envelope to prevent water intrusion,
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incorporating efficient and effective ventilation methods, using hard surface flooring materials, and employing
products that minimize emission of volatile organic compounds.
We will describe three projects in Seattle, Washington where we have attempted to reduce exposure to
indoor asthma triggers in homes of low-income families with children affected by asthma. The first
intervention, developed in 1997, used a home visit approach with Community Health Workers (CHWs) working
with families to adopt behaviors aimed at reducing triggers (Krieger et al., 2002, Krieger et al., 2005). A second
intervention, begun in 2004, added remediation of existing substandard housing to the CHW intervention. The
deconstruction and rebuilding of a public housing site, financed through HOPE VI, the federal program to
rebuild public housing, offered a unique opportunity to develop a third intervention. It was one that would build
new affordable, asthma-friendly housing for low income people and people of color and provide them with
CHW in-home support for trigger avoidance.
Taken as a whole, the interventions constitute a continuum of strategies that operate at multiple socialecologic levels: home visits at the individual and interpersonal levels, remediation or construction to develop
asthma-friendly housing at the physical environmental level, and advocacy for healthy homes policies at the
policy level. All of the interventions included rigorous scientific evaluation and community-based participatory
research methods. We will describe these projects and intervention strategies (see Table 1) emphasizing the
lessons we have learned from our work.
Table 1. Seattle projects and intervention strategies.

The Seattle-King County Healthy Homes Project (1997-2001)
The Healthy Homes Project provided two levels of home visits by community health workers to reduce
asthma morbidity among children with asthma living in ethnically diverse, low-income households. A one-year
long, high-intensity intervention was delivered by a CHW. During the first home visit, the CHW conducted a
structured home environmental assessment. Each assessment finding generated specific actions for caregiver,
family members and CHW and followed standard recommended practices. When advising the family on
moisture and mold, for example, it was suggested to families that they ventilate the unit properly, avoid fish
tanks and plants, clean mold with detergent solution, heat all rooms and closets, dry water damaged objects
promptly or discard them, repair leaks, install a vapor barrier in a crawl space, vent dryers, close windows
during seasons of high outdoor spore levels, and keep humidity below 50% (Macher, 1999; New York Dept of
Health, 2000; Storey et al.,2004). The CHW role was to educate, demonstrate, assist in getting landlord repairs
as appropriate, and refer the caregiver to a Public Health Environmental Inspector (for exposure reduction
protocol, see Krieger, et. al., 2002). The CHW and caregiver prioritized actions and prepared a mutually agreed
upon plan, based on the scientific basis for selecting those actions (Committee on Environmental Health, 1999;
Eggleston & Bush, 2001; Institute of Medicine, 2000; Platts-Mills, Vaughan, Carter & Woodfolk, 2000; Tovery
& Marks, 1999). The CHW made an average of seven additional visits to encourage the caregiver to complete
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their plan, to provide additional education and to offer social support. Families were given resources to reduce
exposures, such as an allergy control pillow and mattress encasement, low-emission vacuum, commercialquality door mat, cleaning kit, referrals to smoking cessation counseling, roach bait, and rodent traps. Families
were offered assistance with roach and rodent eradication and advocacy efforts for improved housing
conditions. They were also referred to free skin-prick allergy testing at multiple clinic sites and special asthma
fairs. The low-intensity group received one CHW visit and bedding encasements only.
We assessed the benefits of the high-intensity relative to the low-intensity intervention using a
randomized, parallel group study design. Participants were randomly assigned to the high or low-intensity
groups. At the end of the project, all low-intensity group members received the full benefits received by the
high-intensity group. We compared changes in asthma-specific quality of life of the child’s caretaker, the
child’s asthma symptoms, and use of urgent asthma health services across the groups. A cost analysis assessed
the cost-effectiveness of the high intensity relative to low-intensity intervention.
The Community Health Workers

A distinguishing feature of the Healthy Homes Project was its use of a CHW. The in-home asthma
specialist shared language, ethnicity, culture and a personal or family experience with asthma with participants.
Each one completed 40 hours of training with follow-up continuing education, followed a protocol and manual,
and discussed challenging cases with other team members. During the in-home intervention, the CHW served as
a role model in demonstrating actions to reduce exposures, such as vacuuming and cleaning mold. In addition to
information and instrumental support, they provided emotional support through a caring, empathetic attitude
and genuine interest in the well being of the families (for information on CHW role, see Krieger, et. al, 2002).
Each CHW carried a caseload of between 40-80 clients at any one time, completing about 10 visits per week.
The Project Participants

Project participants were urban, low-income, ethnically diverse families that included a child, 4-12 years
of age, with persistent asthma whose caregiver was verbally proficient in English, Spanish, or Vietnamese.
Details of eligibility criteria are described in our publications (Krieger et al., 2002; Krieger et al., 2005).
Participants were recruited from community and public health clinics (65%), local hospitals and emergency
departments (27%), and through referrals from community residents and agencies (8%). Of the 274 eligible and
interested families, 214 completed the intervention (78%). Seventy-five percent of their homes had at least one
asthma trigger present, while 36% had two or more.
The Home Assessment

Central to the Healthy Homes intervention was a comprehensive home environmental assessment
completed by the CHW and caregiver at the first home visit. The assessment consisted of a verbal questionnaire
and a visual inspection of the home with family members. Portions of the assessment were repeated at
subsequent visits to assess progress in resolving problems or address new concerns. The CHW asked caregivers
about indoor asthma triggers, for example dust mites, roaches, rodents, pets, mold, tobacco smoke, air pollution
and irritants. A second set of questions queried caregivers about practices that increase exposure to triggers,
including the use of humidifiers, tobacco use, and the handling of toxic materials. Further questions addressed
practices and resources that reduce exposures, such as household cleaning and dust control, food storage, use of
low-emission vacuums, removal of carpets, use of allergy-control bedding covers, washing bedding and stuffed
animals, increasing ventilation, and adequate home heating to reduce moisture and mold control.
The Action Plan

Following the assessment, the CHW developed an initial Home Action Plan that captured the range of
protocol-specified actions to address the triggers and behaviors found by the assessment (Custovic &
Woodcock, 2001; Eggleston, 2005; Institute of Medicine, 2000; O’Connor, 2005; National Center for Healthy
Housing, 2006; Platts-Mills, 2004; Platts-Mills, Vaughan, Carter & Woodfolk, 2000; Wooton & Ashley, 2000)
(see Table 2). The CHW and caregiver prioritized actions that were most feasible and of most interest to arrive
at the family’s individualized plan. Working with families during the following year, the CHW monitored and
reinforced behaviors, adjusting plans as needed. The CHW adhered to standard protocols with allowances to
adapt and meet the needs and values of their clients. One suggestion, for example, was that Buddhist clients
substitute electric candles for incense at their household alters.
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As we implemented the project, we learned that not all households could implement the recommended
actions. Mites, for example, are killed when bedding is washed with hot water at a temperature of 130 degrees.
When measuring the temperature of hot water in homes, however, the CHW found that 74% had temperatures
below 130 degrees. The suggestion to those caregivers was to use alternative methods for killing mites. Not all
homes with visible mold were able to eliminate it through cleaning practices. We recommended a high
efficiency particular air (HEPA) filter if mold, pets or tobacco smoke were present, but most participants could
not afford one (American Lung Association, 1997; Bush & Portnoy, 2001). Although we provided free
telephone smoking cessation counseling and nicotine replacement patches, only 20% of smoking caregivers
quit. The suggestion to smoke outside the home with a smoking jacket was useful in reducing indoor smoking.
A quarter of smokers who did not go outside to smoke before the intervention did so after education by the
CHW. Eliminating roaches in homes in multiunit structures without treating the entire building was an
underlying condition that we tried to address with landlords with minimal success. It was difficult for pet
owners to give up their animals, rendering ineffective a recommendation to remove pets from the home.
In addition to reducing asthma triggers, the CHW helped clients reduce exposure to hazardous household
products by identifying and suggesting less-toxic alternatives, such as substituting non-toxic, baited roach traps
in place of pesticides. They looked for unsafe storage and suggested proper disposal of all products and safer
alternatives (US Environmental Protection Agency, 2001; US Consumer Products Safety Commission, 2001).
Most caregivers became more effective cleaners. Providing simple tips such as cleaning on a schedule,
giving oneself a reward for cleaning, and doing a little bit each day seemed helpful, as did providing a vacuum
with a HEPA filter and safe cleaning supplies. Most homes (85%) had carpets, but few families were able to
remove them as they were in rental units. Moisture problems were present in 77% of homes, contributing to
exposure to mites, molds and roaches. While some participants did increase ventilation in their homes, others
felt unsafe with open windows. We were unable to address most of the structural conditions associated with
exposure to asthma triggers, since 86% of participants were renters, and, in most cases, landlords did not make
suggested improvements, such as removing old, deteriorated carpets. When a home lacked ventilation fans or
had structural problems, such as water intrusion or mold contaminated wallboard or carpets, these were rarely
remediated by landlords. In some cases, tenants were afraid to approach landlords because of fear of retaliation.
In other cases, a CHW assisted tenants in approaching landlords and some landlords did make changes to
improve the indoor environment. The Seattle Housing Authority (SHA) immediately repaired unhealthy
conditions and gave priority to eradicate roaches in participant homes. We worked closely with SHA to put the
participant families who were waiting for housing on priority lists for housing that met Healthy Homes criteria.
Intervention Results

The high-intensity intervention yielded significantly greater benefit in caregiver quality-of-life (p=.005)
(Krieger et al., 2005). Urgent health services use declined significantly more in the high-intensity group
(P=.026). Symptom days decreased more in this group but the difference between groups was not significant
(P=.138). There were no interaction effects between group allocation and child’s age, child’s asthma severity,
caregiver’s educational attainment, or caregiver’s race/ethnicity. The high-intensity group showed greater and
statistically significant improvement in all three primary outcome measures. The child’s asthma symptoms days
decreased by 4.7 days while caregiver quality of life score increased by 1.6 points (a change of 0.5 point is
clinically significant (Juniper, Svensson, Mork & Stahl, 2005). The proportion of urgent health services use
decreased absolutely by 15%. In the low-intensity group, symptom days also decreased significantly by 3.9 days
and the caregivers’ quality of life scores improved by 1 point. Gains in health outcomes and behaviors in the
high-intensity group persisted for six months after the intervention ended. The frequency of actions to reduce
dust exposure and the use of bedding encasements increased more in the high-intensity group. Neither group
reduced exposure to pets and smoking in the house.
The reduction in urgent health services use led to a reduction of $201-$334 per child in the high intensity
group and $185-$315 per child in the low-intensity group when comparing the two months prior to the
intervention with the final two months of the intervention year.
Although the in-home behavioral intervention was effective, it was limited in its ability to modify the
relationship between housing conditions and asthma outcomes. As noted earlier, the behavioral intervention
could not eliminate substandard housing conditions, such as water intrusion or lack of ventilation systems that
resulted in exposure to asthma triggers. The association between substandard housing and health, especially
with asthma and other allergic diseases, has been well established (Gelber et al., 1993; Hyndman, 1998;
Robinson & Russell, 1992; Rosen, 1958; Wood et al., 1988). As substandard housing is often the only housing
available to low-income populations, we developed a program to remediate substandard condition. This was the
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next logical step towards implementing a comprehensive approach to addressing indoor environmental asthma
triggers.
Table 2. Actions to reduce exposures.
Exposure
Action
Asthma Trigger
Participant
Moisture and mold Use ventilation properly, avoid fish
tanks and plants, clean mold with
detergent solution, heat all rooms and
closets, dry water damaged objects
promptly or discard, repair leaks,
install vapor barrier in crawl space,
vent dryers, close windows during
seasons of high outdoor spore levels,
keep humidity < 50%.
Dust
Vacuum and dust, use double-layer
vacuum bags and low emission
vacuums, use doormats and remove
shoes.
a
Vacuum
and dust, wash bedding
Mites
weekly in 130°+ water, replace or
vacuum/steam clean upholstered
furniture, carpet and drape removal,
keep humidity < 50%.
Roaches
Clean counters and dishes daily, store
food in sealed containers, clean up
clutter, remove garbage daily,
eliminate water sources (leaks, etc).

Rodents

Tobacco smoke
Pets

Viral infections
NOx
Wood smoke
Irritants
Occupational takehome hazards,
hobbies
a

Clean counters and dishes daily, store
food in sealed containers, clean up
clutter, remove garbage daily, and
remove outdoor excessive vegetation.
Quit smoking. Encourage other
household smokers to quit or smoke
outside using smoking jacket.
Remove from home or keep outside
bedroom, vacuuming and carpet
removal, bedding covers.
Hand washing, influenza
immunizations.
Ventilate kitchen.
Avoid using fireplaces and wood
stove unless air tight and properly
ventilated.
Dispose of properly and switch to
less irritating alternative, ventilate if
must use.
Identify potentially hazardous work
or hobbies

Community Health Worker
Educate, demonstrate, assist in getting landlord repairs as
appropriate, refer to Public Health Environmental
Inspector as appropriate, provide HEPAb air filter

Educate, demonstrate, provide with low emission
vacuum with dirt finder, vacuum bags, “green”00
cleaning kit, mop and bucket, gloves, door mat.
Educate, provide and install allergy control bedding
covers.

Educate, provide professional extermination using IPM
methods (caulk and foam to seal small defects,
Abamectin gel bait, boric acid, vacuuming and intensive
ten-hour cleaning pre and post-eradication), repeat if
roaches persist after 3 months, provide food storage
containers.
Educate, seal defects with mesh and foam, provide glue
boards, and snap traps or Contrac Blox (bromadiolene
0.005%) in kitchen.
Assess stage of change, counsel, refer to free telephonic
smoking cessation program, provide HEPAb air filter for
non-smokers exposed to ETS.
Educate, provide HEPAb air filter for sensitized
participants.
Educate.
Educate on combustion sources.
Educate.
Encourage use of safer alternatives.
Educate on hazard reduction, occupational medicine
referral if appropriate.

While controversy continues regarding the efficacy of various interventions to reduce mite exposure and related morbidity,
we believe there is sufficient evidence to justify inclusion of simple measures for mite-sensitized persons.
b
Use of HEPA filters is controversial and we will consider their use based on best-evidence at time of implementation.
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The Better Homes for Asthma Project (2002-2006)
The Better Homes for Asthma Project assessed whether the remediation of structural deficiencies related
to exposure to asthma triggers adds additional benefit to the one-year intervention provided by the Healthy
Homes Community Health Worker (CHW) model previously shown to be effective. Using a randomized
controlled trial approach with a delayed remediation control group, we assigned 34 homes to two groups. The
early intervention group received both structural remediation and CHW visits for one year. The late intervention
group received only CHW visits, and, one year later, remediation. The average cost for remediation was $4,529
per unit. Only 21 homes ultimately had remediation, due largely to attrition of tenants and inability to obtain
owner consent for repairs. We are currently analyzing data from these homes.
Participants and Selection of Homes

Participants were families in households with incomes less than 200% below of the poverty level, and
with children ages 3-17 years with persistent asthma. We recruited them from King County clinics as in the
previous Healthy Homes projects. Housing units were eligible if several criteria were met and housing code
violations for structural conditions did not exceed the capacity of the program. A street-side exterior visual
inspection determined whether the home was too deteriorated for the scope of the program (maximum of $9,000
in estimated repairs). Similarly, an in-home screening assessment determined whether conditions needing repair
were beyond the scope of the program. Unit owners had to agree to participate in and abide by the conditions of
the program, including a promise not to raise the rent for at least one-year. Eligible residents could participate if
they agreed to remain in the unit for one-year. We sent 854 families information about the study offering them
an opportunity to join. Study staff contacted the 398 families that responded. We made 115 street side
assessments and conducted 43 baseline in-home screening assessments.
The Assessment

The component that distinguished Better Homes for Asthma from the prior Healthy Homes intervention
was structural remediation. All homes received a detailed inspection by a Remediation Coordinator, a public
health expert in housing, who identified conditions associated with exposure to asthma triggers. The inspection
included an assessment of water infiltration and damage and the source of the water problem. Damage to roof or
exterior surfaces, drainage issues (gutters, downspouts, standing water, grading near house, splash pads), earthwood contact, water penetration, wet or water stained/damaged surfaces, rust on metal surfaces, and
deteriorated window frames and plumbing leaks were conditions that qualified for remediation. The
Remediation Coordinator used the results of the inspection to develop a specific remediation work order for
each home. In both early and late intervention groups, the CHW baseline inspection also generated an action
plan to guide subsequent educational visits, as in our previous project.
The Intervention

Table 3 describes the types of interventions performed on the 21 homes. We selected appropriate
interventions from among those listed in the following table. Professionals also cleaned all homes following
remediations.
Baseline information

Participants were similar to the Healthy Homes group. Two-thirds had incomes below the poverty level,
and 47% of the primary caregivers had less than a high school education. Seventy-nine percent lived in rental
housing, mostly public housing. The average age of the asthmatic child was 10 years, 70% were male
(reflecting the higher asthma prevalence), 45% were Hispanic and 27% were African-American. Sixty-three
percent of the housing was built between 1951 and 1978 with 20% built since that time. Housing conditions
indicated significant hazards at baseline. Over half the homes had water damage or leaks, with just over 10%
showing visible mold. Forty-four percent had smokers in the home and nearly all had carpets in the child’s
bedroom. There were few homes with pets. Roaches were reported in 27% and rodents were found in 13%.
Significant differences at baseline were seen between the two groups in housing ownership and ethnicity.
Otherwise, the populations and homes were very similar.
Preliminary analysis indicates that asthma outcomes improved in both groups, though controller
medication use improved only in the late-intervention group. A shift from moderate or severe persistent asthma
to mild intermittent asthma was seen in those with home remediation; an improvement in asthma severity
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occurred in 85% of those whose homes received remediation compared to 15% of those without remediation
although this difference was not statistically significant. Symptom days and nights and caretaker quality of life
improved in both groups.
Table 3. Environmental interventions.
Description of Intervention
Vent clothes dryer to exterior.
Crawlspace - Seal /cover soil with poly.
Crawlspace - seal from house air.
Downspout - assure adequate runoff away from house (only if moisture problem in basement/crawlspace).
Caulk windows
Caulk wood siding vertical seams.
Caulk door seams.
Seal roof and chimney flashing if evidence of interior leaking.
Check furnace chimney draft and if inadequate, check cleanout opening.
Install pleated filter in forced air heating system.
Install pleated filter in forced air heating system.
Mold remediation - hard surfaces: clean, disinfect, dry and seal surfaces.
Mold remediation - absorbent surfaces: Remove extensive mold or water-damaged material. Replace drywall if
wet >48 hours, wood if mold penetrates > 3 mm. Remainder: clean, disinfect, dry and vapor barrier seal.
Clean evaporator pan under refrigerator.
Seal all wall openings, especially in kitchen and baths.
Repair dry floor drain traps if sewer gasses found.
Repair plumbing leaks.
Install gas range hoods that vent directly to exterior.
Undercut all bedroom and bathroom doors.
Install quiet, continuously operating whole-house exhaust ventilation system.
Assure that one window per room can open and install security stop.
Remove bird, rodent or insect debris from attic.
Seal tub/wall surround joint and toilet/floor spaces.
Remove child’s bedroom, basement, and bath and kitchen carpet.
Install CO monitor.
Limitations

We encountered substantial difficulties implementing this project which limit the study conclusions. The
institutional review process caused a one-year delay in starting the study, interfering with the timeline for
recruitment. Once initiated, recruitment and retention was difficult. Some tenants did not want to go through the
inconvenience of renovations when they did not own the property and saw long-term benefit only for the
landlord. Maintaining remediation contractors with adequate mold insurance (which protects the contractor
from mold-related health claims) was a challenge since in Seattle this costs several thousand dollars a year.
These factors allowed us to enroll only half our goal of 70 homes. While reducing the number of homes
permitted us to preserve the randomized controlled trial study design, it was at the expense of remediating more
homes. With attrition of participants and refusal by landlords to allow remediations, we completed only 21
homes. Only 15 had complete exit evaluations, well below the number needed for an adequate study. A final
limitation was that we excluded a number of homes because the structural issues were too pervasive to address
with limited remediation funds and interventions. We assisted families in these homes to find more suitable
housing. However, the tight housing market in Seattle, coupled with rapidly rising housing prices and rents,
limited their options in finding better homes. We sought, therefore, an opportunity to develop new and
affordable healthy housing for low-income families affected by asthma.
The Breathe Easy Homes Program (2003-2007)
The opportunity to so do occurred in 2000. The Seattle Housing Authority (SHA) received a $35 million
HOPE VI grant to replace deteriorating public housing built in the 1940s at the High Point garden community
with new, mixed income housing. Congress had created the Urban Revitalization Demonstration (HOPE VI)
program in 1992 to address concerns about families living in extreme poverty in public housing (Zielenback,
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2003). Designed initially as a rebuilding endeavor, HOPE VI also promoted social change in public housing by
hoping to eliminate pockets of concentrated poverty in public housing sites and encourage mixed-income
communities. Congress initially authorized $300 million in demonstration funding; over six years, funding grew
to $4.2 billion dollars (Urban Institute, 2001).
The High Point community is located on 120 acres in West Seattle, 6 miles from Seattle’s downtown and
harbor. The original 716 units were built for Boeing World War II workers and became public housing in the
1950’s. Redevelopment began on the site in 2004, and, as Seattle Housing Authority’s largest rebuilding
project, will include 1600 mixed-income housing units by 2010. Out of 796 affordable housing units, there will
be 350 public housing units for very low-income people (30% of median income), 250 tax-credit units for
working families (60% of median income), 116 units of independent and assisted-living housing for very-lowincome seniors, and 80 home ownership units. An additional 804 housing units are for sale at market rate to
independent and assisted-living seniors, single families, and the general population. High Point is the first largescale development in the country to feature low-impact sustainable design in a dense urban setting. The model
includes housing with BuildGreen™ standards, an innovative natural drainage system to protect local salmon
habitat, new municipal infrastructure systems, neighborhood facilities, and 20 acres of land for parks, open
spaces and playgrounds.
It is important to emphasize that, at the time of site deconstruction, High Point was predominately a
community of minority and immigrant residents made up of 36% African-Americans, 29% Asian/Pacific
Islanders, 18% white and 17% other races. Most Asian residents were immigrants from Southeast Asia who
began to arrive in the U.S. in the late 1970s. The Black population grew by 20% between 1994 and 1998 as
East Africans from Ethiopia, Somalia and other countries immigrated to Seattle in the early to mid 1990s. An
estimated 61% of household heads were not born in the US and did not speak English as their first language.
The net impact was a marked shift from those whose first language was English to those that spoke a language
other than English at home.
A community activist and resident of High Point, who has upper respiratory sensitivities, raised the idea
of building asthma-friendly homes as part of the redevelopment with a project architect. The architect and other
project managers embraced the idea. At that point, the SHA and its community partners had already begun to
conceive of High Point as a model of environmental health and sustainability by improving access to transit
choices, making widespread use of soft drainage techniques and minimally impervious surfaces to improve
water quality in nearby Longfellow Creek, building a network of open spaces and trails to encourage active
living, and incorporating state-of-the-art resource conservation elements in housing unit design. The project
manager contacted us to see if we would partner with SHA, architects and residents in designing asthmafriendly units, provide tenants with community health worker services to support residents in preventing
accumulation of asthma triggers in the new homes, and to evaluate the impact of the new homes on asthma
outcomes. Our goal is to assess whether moving into a new Breathe Easy Home provides additional benefits in
controlling asthma relative to home visits by community health workers working with clients in old,
substandard homes.
During the first phase of construction (2005-2006), the contractor built 35 homes with special features
designed to reduce the impact of asthma. We anticipated that this number of homes would provide housing for
the estimated number of families affected by asthma that would live in the new community. SHA, with support
from the Enterprise Foundation, will build 25 additional Breathe Easy Homes during the second phase of
construction in 2007.
The Participants

Initially, we intended to offer Breathe Easy Homes to families and individuals with asthma who were
living in the old High Point community prior to the HOPE VI project. Our goal was to make a right of return
possible for the original residents of the community, many of whom had been temporarily relocated as a result
of site demolition and construction. Not all residents wished to return, however, so we made additional
recruitment efforts through local hospitals, clinics, asthma specialists, flyers, and word-of-mouth. A family was
eligible for a Breathe Easy Home if it included a child, 3-17 years of age, with persistent asthma confirmed by a
health provider. Families also had to meet and sustain SHA eligibility criteria for public housing that included
low-income verification, passing credit and criminal background checks, and a willingness to abide by new
lease requirements specific to the asthma-friendly homes. Some families found this difficult as their incomes
might fluctuate from month to month affecting eligibility.
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The Intervention

The High Point design team reviewed international and local programs for recommendations on building
green, energy-efficient homes suitable to the Pacific Coast maritime climate, including. BuildGreen™ of King
and Snohomish Counties and SeaGreen: Greening Seattle’s Affordable Housing. The team also discussed the
project with local building consultants and architects.
All homes in the redevelopment use a BuildGreen™ design. BuildGreen™ is an industry-driven
voluntary program that promotes ‘green’ building practices to reduce the impact that building has on the
environment while choosing healthy building materials (see Figure 1). For High Point, this includes advanced
framing with increased energy efficiency, airtight drywall installation, Energy Star™ compliant argon-filled
windows (U<0.35), low emission finishes, and sealed cabinets and cement board exterior siding to reduce the
moisture hazard. The upgraded design and construction features of the Breathe Easy units include
enhancements in the exterior envelope, foundation, interior finishing and flooring, and ventilation system. The
exterior envelope is made of a durable modified rain screen with air and moisture-tight construction exceeding
local building code to minimize failures that might lead to excessive moisture conditions known to trigger
asthma. To insure low energy use, there in an exterior drainage plane behind durable cement board siding over
taped and sealed rigid insulation, over high r-value blown-in insulation in a wall constructed of 2x6 advanced
framing. Other exterior design elements are walk-off mats and shoe storage at the entry to minimize the entry of
contaminants into the homes. The cost for the exterior upgrade is $1250 per unit.
Figure 1. Design and construction elements

The team felt that it was important to minimize or eliminate the use of carpets, since they may attract and
hold contaminants that are known to trigger asthma. Hard surface flooring materials such as wood, tile, or
linoleum generally cost more than carpet. We chose marmoleum™, a surface comprised of linseed. The team
also selected low/no emission and non-toxic finishes, and materials to minimize exposure to irritants that can
trigger asthma. The cost for this group of upgrades is an estimated $3250 per unit.
An upgraded Energy Recovery Ventilation System with dedicated supplies of fresh air to each bedroom
and the main living area includes a variable speed fan that runs continuously providing 1/3 air changes per hour
in the home. The system has a high efficiency (HEPA) filter that removes most particulates and allergens from
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the fresh outdoor air that is coming in. The heating system includes a hydronic (hot water) radiant baseboard
system rather than forced air that minimizes dust circulating in the air. Spot ventilation in all bathrooms and
kitchen areas is provided, with humidity sensitive controls in bathrooms with showers. The cost for this group
of upgrades is $2500 per unit.
A landscape design team developed plans to reduce outdoor asthma triggers in yards and outdoor spaces.
The maintenance design includes plants with low allergen ratings and Integrated Pest Management Strategies to
minimize or eliminate the use of toxic pesticides.
Home Visits by Community Health Workers

We began working with families a year before they moved into their new homes. A Community Asthma
Team, composed of a CHW and translator, conducted a home environmental assessment, collected a dust
sample from the child’s bedroom and provided education using our established protocol. The team provided the
family with allergen-proof bedding and a pillow cover for the child’s bed, a vacuum with a high-efficiency
(HEPA) filter, doormat and bucket of environmental friendly cleaning supplies as in the previously described
studies. Additional educational visits will be conducted in the new home to ensure that the participants are
optimizing the home’s new features to reduce asthma triggers, such as the best practice with the ventilation
system, and know proper maintenance of the new features. Additionally, they will receive reinforcement for the
Healthy Homes behaviors learned in the first year.
The staff of SHA developed a Mutual Housing Agreement with specific guidelines to help residents
maintain their units in an asthma-friendly condition. While similar to those for the standard homes, the
agreement specifically prohibits smoking or furry pets inside homes, for example. The guidelines are reviewed
by the CHW during the educational visits. The next step will be for SHA to write a Healthy Homes protocol
with a commitment to maintain the units for families with asthma. The SHA application will need a question on
child/family asthma history with medical confirmation of the illness, and trained staff and translators to review
the conditions with potential residents. A written commitment to maintain the special features of the units is
important, also.
Evaluation

Clinical evaluation will include a detailed assessment of asthma severity, medication and health services
use, the Juniper scale quality of life measurement, skin test sensitization, and a methacholine challenge. This
latter physiologic test is the ‘gold standard’ test for airway sensitivity and a measure of the child’s current
asthma activity. These evaluation measures will be made at the beginning of the one-year CHW intervention in
the old home. Additional data will be collected after one year of working with the CHW in the old home, after
participants move to their new homes, and after one year in the new home. This will enable a pre-post
comparison between the established CHW intervention in the old home and the impact of the new home on the
same asthma endpoints described in our previous studies with the addition of the very sensitive methacholine
challenge test.
Lessons Learned
Over the past decade, we have had the opportunity to try a spectrum of approaches to addressing
disparities in asthma health outcomes related to housing conditions. Some of the strategies were successful,
while others fell short of our goals. We conclude this chapter with a discussion of some of the lessons we have
learned.
Home Visits by Community Health Workers

Home visits by community home workers are effective in reducing exposure to asthma triggers
and improving asthma-related health disparities. In particular, we found that the CHW may have an
advantage in working with low-income, minority clients. Because they share community, culture, ethnicity,
language and life experiences with the families they can bridge the gap between community members and
health agencies and institutions. Clients may be more likely to heed their advice and learn new skills as the
CHW models effective trigger control behaviors. They tailor their support to a family’s needs and priorities by
assessing their readiness to take action and by understanding the family’s cultural and community context. They
help families with concerns extending well beyond asthma, such as housing, domestic violence, employment, in
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order to bring the family to a place where it could focus on asthma. The CHW tends to function more as a peer
and coach than a more distant professional.
A less intensive CHW intervention may be a useful alternative to a full year, multi-visit program.
Our program, like others, observed that a single visit produces benefits in asthma control, although not as much
as a more intensive intervention. It may be more feasible to disseminate and fund a less expensive, simpler
program even if outcomes are not quite as good.
Resources and incentives are important. Providing caregivers with tools, such as vacuums, bedding
encasements, and cleaning supplies, to carry out their home action plan is an important part of the intervention.
Not having these tools available initially may lead to family frustration. Monetary rewards, such as gift
certificates, proved highly useful for encouraging participants to complete challenging tasks, such as regular
cleaning and mold removal. Acknowledging parent satisfaction from seeing their actions benefit their families
is a powerful verbal, non-monetary incentive.
Addressing multiple triggers. Our interventions supported the value of strategies aimed at reducing
exposure to multiple indoor asthma triggers rather than focusing on a single trigger.
The CHW developed marketable skills that are sustainable. The CHW developed a new set of
marketable skills, such as client counseling and motivational interviewing, scheduling and organizational
practices and discipline to work autonomously. They earned living-wage jobs with benefits along with
acquiring specialized knowledge. Many of them worked in the field for five years or longer. Others moved to
other public health jobs where the skills and connections to community were valued.
Sustainable funding is needed to bring the benefits of home visits to more households. Home
visiting programs across the nation are struggling with a core issue: how to fund their programs. Most health
insurers do not reimburse for home visits. Most health departments and community agencies lack resources to
support programs of meaningful size and reach. Until insurers agree to support home visits, until insurance
purchasers ask them to do so, until government has sufficient resources to hire home visitors or contract with
community agencies to do so, many families will not receive the benefits of home visits.
Healthy Housing

Improving housing conditions is an important strategy for eliminating health disparities. The vast
majority of participants in all three projects lived in homes with unhealthy conditions. Lack of affordable
housing, discrimination in housing markets and limited understanding of what makes for unhealthy home
conditions give low-income people and people of color few options to seek healthy housing. Yet evidence from
our work Krieger and Higgins, 2002) and the literature (Sandel, Phelan, Wright, Hynes, Lanphear, 2004)
demonstrates that living in substandard housing is associated with poor health, be it asthma, depression and
stress, or lead poisoning. Low-income and minority people are more likely to live in such housing.
It is difficult to remediate privately owned housing occupied by low-income tenants. Landlords may
be interested in eliminating water damage, but are often reluctant to invest in their properties by removing
carpet and increasing ventilation, particularly if they own multi-unit dwellings. A common refrain is that, “I
can’t give tenant a something that I don’t give to all the others.” Renters are also not invested in the property
improvements and frequently move before benefits accrue. We encountered many logistical challenges in
attempting to locate and remediate substandard houses where low-income children with asthma lived. While
this approach was conceptually appealing, it may not be feasible to implement on a scale broad enough to make
a significant impact on asthma disparities.
We had more success in partnering with a public housing agency to build new affordable, asthmafriendly housing. SHA approached us with the idea for this project and remains enthusiastic about its goals,
thereby minimizing potential conflict with the landlord. Residents are supported in a consistent manner by SHA
rather than the varied level of interest expressed by private landlords. An on-going concern is that household
composition and income may change over time causing families to become ineligible for Breathe Easy Homes.
Incentives and regulations may be necessary to make healthy housing more widely available. To
move the healthy housing concept beyond demonstration projects, builders and owners need motivation to
incorporate healthy homes principles as they maintain older homes and build new ones. Certification of new
construction as “healthy,” promotion of healthy homes concepts in the housing market, and tax and energy cost
incentives may motivate some. Training all professions that inspect homes (e.g. sanitarians, plumbing or
electrical inspectors) in healthy homes practices so that they may in turn educate homeowners and renters could
be useful. Incorporating healthy homes principles into local housing codes and enhancing housing inspection
and code enforcement may also be necessary.
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Conclusion
Disproportionate exposure to indoor asthma triggers is an important contributor to asthma-related
disparities. Living in substandard housing is a circumstance all too common among low income people and
people of color who may lack skills for reducing exposure, exacerbating the consequences. We have described
the value and challenges of providing in-home support from community health workers, remediation of existing
substandard housing and building new asthma-friendly public housing as three strategies to reduce exposure to
asthma triggers. In-home support is effective for helping people gain skills to successfully reduce exposure to
triggers. Remediation of existing, privately owned housing appears to be fraught with logistical obstacles and
may not be a practical approach. Construction of asthma-friendly public housing units is feasible, although we
do not yet know its impact on asthma morbidity. In conclusion, housing-focused interventions have potential to
reduce asthma disparities and deserve wider study and implementation.
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Research Methods and Approaches that Environmental
Psychology Brings to Building and Health Sciences
Robert Gifford
Departments of Psychology and Environmental Studies, University of Victoria
rgifford@uvic.ca
Abstract: Housing and health issues can be approached at different levels by different disciplines.
Environmental psychology tends to focus on the attitudes, behaviour, and well-being of residents at
the individual and household level. To do so, a rich array of methods have been developed that
include programming and post-occupancy evaluation, behaviour mapping and tracking, virtualreality simulations of residential interiors and facades, trade-off analyses for housing features, action
research that includes the direct involvement of the researcher with the residents, as well as the
ubiquitous survey and interview methods. These methods, in particular the less-well-known ones,
will be introduced.
Résumé: Les questions de logement et de santé peuvent être abordées à différents niveaux par
différentes disciplines. La psychologie de l’environnement a tendance à mettre l’accent sur les
attitudes, le comportement et le bien-être des résidants au niveau individuel et des ménages. Pour ce
faire, un riche éventail de méthodes ont été mises au point. Ces méthodes incluent la programmation
et l’évaluation post-occupation, la détermination et le suivi des comportements, la simulation des
intérieurs et des façades des habitations, l’analyse comparative des caractéristiques des habitations, la
recherche active, qui inclut l’implication directe du chercheur auprès des résidents, ainsi que les
omniprésentes méthodes d’enquête et d’entrevue. Ces différentes méthodes, en particulier celles qui
sont moins bien connues, seront présentées.

What is Health?
The classic 1948 definition by the World Health Organization is that “Health is not only the absence of
infirmity and disease but also a state of physical, mental and social well-being.” Later, as part of the 1986
Ottawa Charter for Health Promotion, it was defined as “a resource for everyday life, not the objective of living.
Health is a positive concept emphasizing social and personal resources, as well as physical capacities.”
An Overview
Before understanding the WHO definition of health, one might think that environmental psychology has
little to offer building health issues. This would be incorrect. As the field that examines person-environment
relations from the design of rooms and buildings, to the psychological ramifications of urban planning, to
mutual impact of people and nature, environmental psychology constantly intersects with health issues. This
article focuses on some of the research methods used in the field and how they relate to health.
Environmental psychologists use a wide variety of methods in their work (Bechtel, Marans, &
Michelson, 1987). Before surveying them, an initial overview of them may be worthwhile. First, environmental
psychology is a multiple paradigm field (Craik, 1977). That is, different researchers employ not only different
methods, but entirely different kinds of methods, based on different philosophies of science. These methods
vary not merely in their procedures, but in the underlying beliefs and values of the investigators who use them.
One example would be the stark contrast between the reinforcement strategies of the operant (behaviorist)
approach and the experiential strategies of the phenomenologists.
These paradigms do not necessarily conflict with each other; rather, they often represent alternative,
complementary visions of an issue, views of the same phenomenon at different levels of analysis. The word
paradigm means something broader than research methods: it is an overall perspective about what the field as a
whole is all about. Environmental psychology has been said to consist of three broad paradigms, all of which
have health implications (Saegert & Winkel, 1990). First, the adaptation paradigm sees biological and
psychological survival as the key process. Coping with stress and the perception, cognition, and assessment of
one’s various environments are processes which have the purpose of helping humans to survive as a species.
Second, the opportunity structure paradigm considers the environment as a place for individuals to actively
© Robert Gifford, 2008. In J. A. Veitch (Ed.), Proceedings of the 1st Canadian Building and Health Sciences Workshop (pp. 37-44). Ottawa, ON:
National Research Council of Canada.

38

Proceedings of the 1st Canadian Building and Health Sciences Workshop, Montreal, 2008

fulfill goals, as opposed to reacting to the environment’s threats and demands. People plan and use the
environment–or at least try to–in order to achieve their purposes. Third, the sociocultural paradigm recognizes
that environmental psychology is nested within other contexts and disciplines. Cultural, economic, and societal
forces cannot be ignored as they partly influence the behavior and thinking of individuals. The health-related
implications of all three paradigms are not difficult to envision.
Environmental psychologists, even those devoted to a particular paradigm or method, generally advocate
the use of multiple methods; they recognize that each approach has strengths and weaknesses. We believe that
multiple methods, multiple paradigms and multiple studies are necessary for full understanding. On the other
hand, not just any old method will do. Once a particular question is identified–and it is crucial to have a clear
question or hypothesis–some research methods become much better choices than others.
Some methods employed by environmental psychologists are standard social science techniques, such as
interviews, ratings, and laboratory experiments. Others that will be described later are unique to environmental
psychology. Two paradigms that have especially influenced research methods in environmental psychology are
those of Egon Brunswik and Kurt Lewin, two great precursors of the field. In calling for a more detailed
analysis of the way that physical environment factors affect behavior, Brunswik (1943) probably was first to use
the term environmental psychology. Brunswik strongly advocated representative design, the idea that research
designs should include a much wider array of environmental stimuli than psychologists of the day typically
employed. These stimuli, he said, should be more representative of the real world of the persons we are trying to
understand. Kurt Lewin’s field theory was one of the first to give active consideration to the molar physical
environment on human behavior, and his idea of action research (Lewin, 1948) was perhaps the first major push
in psychology toward linking scientific research with real social change. Action researchers conduct rigorous
research, but rather than “standing outside” the phenomenon they study, they are active participants in it,
usually with the goal of improving the setting.
Environmental psychologists are keenly concerned about external validity, the degree to which results of
a study apply in contexts beyond the setting where they were obtained, such as the everyday world. Such
concerns may not apply to some levels of analysis, such as microbiology or epidemiology, but environmental
psychology operates at a middle level of analysis where everyday human behavior and attitudes are
investigated, and therefore studies may be conducted in the laboratory or in everyday settings. The concern with
ecological validity has led to understandable suspicion of laboratory research: How sure can one be that results
found in a laboratory will occur in an everyday setting?
Thus, concerns about external validity among environmental psychologists naturally lead to a preference
for field studies. When a study’s results are to be immediately applied, it should be conducted in the very setting
that is under consideration, or in one as similar as possible. Of course, some studies cannot be conducted in the
setting for which the results are intended. For example, research on the performance or satisfaction of
employees who will work in a proposed office complex is impossible. Yet if the research waits until the
complex is built, it will be too late to use the results in the design of the complex. One solution is to simulate the
building before it is constructed. For that reasons, sophisticated facilities have been built to simulate offices (in
Ottawa, Canada), regional landscapes (in Berkeley, California), and residences (in Lausanne, Switzerland). In a
typical field study, several variables are measured but not controlled by the researcher, and random assignment
to the experimental conditions or settings is not possible.
Therefore, field studies usually cannot provide critical tests of theories or reach conclusions about the
causal nature of events in the setting. Therefore, studies in which the specific purpose is to test a theory are best
conducted in laboratories; lab studies do have a place in environmental psychology. This is because in real
settings, many influences other than those of interest to the investigator are at work and may influence the
outcomes. Laboratory studies have one serious drawback from the point of view of ecological validity: brevity
of exposure (usually an hour or even less). Thus, the ideal research method for many purposes is the field
experiment, a study which occurs in the actual setting of interest, but in which the researcher is able to
randomly assign participants to different conditions and able to control the major independent variables or
presumed influences on behavior or well-being. In a true field experiment, researchers can claim external
validity automatically, because the investigation occurs in the very setting to which they wish to generalize their
findings, and they can draw causal conclusions because other influences have been controlled through random
assignment and other features of the scientific method. Unfortunately, opportunities to conduct field
experiments are rare. Therefore, in the normal course of research, environmental psychologists conduct both
laboratory experiments and field studies, and seek the truth after considering the results from a series of
investigations that use both types of methods.
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A third way to proceed is the compromise called the quasi-experimental design. Quasi-experimental
designs of health might, for example, be conducted in everyday homes or offices but accept the limitation that
the experimenter is unable to randomly assign residents or employees to them. Or, in a study of outdoor heat on
aggressive acts, occurrences on hot versus normal days might be compared even though the investigator could
not control the day’s temperature.
Some Basic Research Methods Used in Environmental Psychology
Five general research methods are used in this field.
1. The most common method is simply to ask individuals what they see (or hear, smell, touch, taste).
These self-report and qualitative methods include questionnaires, interviews, surveys, and focus groups. Such
methods are well-developed in the case of offices, for example (Vischer, 1989), but for other building types as
well. Sometimes it is important to examine the “online” thinking processes of group members as they grapple
with life (Hine & Gifford, 1997). One way to do this is grounded theory analysis, a method of scientifically
examining subjective experience (Strauss & Corbin, 1990). Yet other approaches include the trade-off analysis,
in which people are told that the “pie” (such as the total area of a residence) is fixed, and asked what they might
trade for an extra bedroom (e.g., Chapman & Ritzdorf, 1986), and willingness to pay, in which respondents are
asked how much they are willing to pay for an amenity (e.g., Greene & Otuzar, 2002). An obvious shortcoming
of these methods is that people may produce inaccurate reports of their own experiences or behaviors. They
may not pay careful attention to their own perceptions of a moment ago, they may incorrectly recall or entirely
forget behaviors from their past, or they may report what they think the experimenter wishes to hear. Finally,
such reports must be filtered through language (Lowenthal, 1972). Self-report methods nevertheless are useful
as reasonably accurate, economical ways to study the connections between the environment and socioemotional
health.
2. A second way of studying everyday behavior and attitudes is time-sampling (e.g., Feimer, 1984). The
idea is simple: Ask people to move through a setting and to report, at certain intervals, exactly what they are
doing, thinking, or experiencing. This is another form of self-report, but it adds value in the sense of being an
“online” method that can be used to discover what people are up to without relying on their memory (Wagner,
Baird, & Barbaresi, 1981).
3. A third method, unobtrusive observation, is used to infer something about a person’s behavior or
health-related actions from systematic watching. This naturalistic observation behavior-inference method has
been used, for example, in studies of how long a person stays in a given place, or from the kinds of marks that
persons leave (graffiti, litter, personalizing an office or—in aggregate—the wear on flooring, furniture,
machines, etc.). In one method, researchers observe physical traces of occupant activities. Traces include
evidence of erosion (wear) or accretion (something added to the setting). These cues might include worn carpet
(indicating a heavy traffic path), graffiti and posters (indicating the degree to which occupants want to
personalize their own space) or walls built of filing cabinets (indicating a need for more privacy). A major
advantage of studying traces is that thousands of hours of behavior observation may be compressed into a few
minutes. Physical traces are the environmental psychologist’s foray into archeology. In two other related
methods, behavior mapping and behavior tracking, researchers systematically observe the daily activities of the
occupants. Watching what individuals actually do may be a better guide to a useful design program than what
respondents say they do.
4. A fourth alternative is simulation. Researchers may construct a mock-up of a space station, house, or
office, and let potential users try it out. Simulation studies do usually include an element of self-report afterward
(e.g., “Did you like it this way?”). One study, for example, focused solely on stairs (Irvine, Snook, & Sparshatt,
1990). Some 19 different combinations of stair width and height were built and 66 people tried them out. By the
way, the most widely satisfying stairs were 18.3 cm (7¼ inches) high and 28-30.5 cm (11–12 inches) deep.
Such simulations may also be used to test the safety of stairs, a clear health hazard. Of course, simulations are
not limited to specific design elements like stairs; they have included full-scale mock-ups of entire buildings
(Dalhoum & Rydberg-Mitchell, 1992). More advanced forms of simulation–such as holographs, computer
imaging, and virtual reality–are in use now (Marten, 1992).
5. Fifth, in the phenomenological approach, the researcher usually is also the subject of the research.
Rather than study many individuals, the goal is to employ a single very careful trained observer whose goal is
to perceive the essence of a setting in a qualitative way. Because this may be less familiar, a bit more
description of it may be appropriate, although in truth it is not often used, even though its use in environmental
psychology has been advocated since the early 1980s (Seamon, 1982; Graumann, 2002). The phenomenological
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approach ultimately results in a self-report, but these self-reports differ in important ways from those discussed
earlier. First, as noted earlier, the emphasis is on the perceptions of an individual, or at least one individual at a
time, rather than on group averages. The researcher usually is also the perceiver, although sometimes the
researcher asks perceivers who live or work in a particular setting to help by carefully reporting their
impressions. Phenomenologists try to overcome or erase the distinction between the setting and the perceiver in
order to understand the unique and holistic meaning of a place qualitatively, as revealed by the place, rather than
by relying on their own concepts or ideas. Phenomenology obviously appeals to a different sort of researcher
than do experimental methods do. Even its critics agree that it is a valuable complement to the other approaches
to environmental psychology.
Personality and Health
Personality is related to health, and environmental psychologists consider it to be one important factor.
Psychological health, measured as ego strength, adjustment, self confidence, or lack of neuroticism. Individuals
in good psychological health seem better equipped to withstand the stresses of poor housing (Salling & Harvey,
1981), and choose more beneficial settings (Eddy & Sinnett, 1973). Environmental psychologists have
constructed personality dimensions especially for investigating person-environment relations. Personality theory
predicts that such measures will be more useful than traditional personality measures for helping us understand
person-environment relations because they are tools made specifically for the job. Some are pertinent to health,
such as concern with perceived or desired control over the physical environment, sensitivity to environmental
stimuli, and affinity for nature. One such construct, for example, is noise sensitivity. It is not strongly related to
objective noise level (Topf, 1985), because some people are more sensitive to the same level of objectively
measured noise than others and because objective noise levels often are unrelated to health or sleep complaints,
whereas noise sensitivity in the same space is significantly related to health and sleep problems (Nivison &
Endresen, 1993).
Crowding, Density, and Health
Crowding is the subjective experience of too little space between persons; density is the objective
measure of persons per unit area. For many reasons, higher density does not always result in crowding.
However, many investigations of human response to high density have shown that it leads to physiological
stress and arousal (Epstein, 1982). Specifically, high density affects blood pressure and other cardiac functions
(e.g., Epstein, Woolfolk, & Lehrer, 1981), skin conductance and sweating (e.g., Aiello, Nicosia, & Thompson,
1979), as well as other physiological indicators of stress (Fleming, Baum, & Weiss, 1987). Personality also
matters as it interacts with density to cause stress. For example, persons with an internal locus of control seem
to tolerate high densities better than those with an external locus of control (e.g., Sundstrom, 1978). In highdensity living conditions, a lack of perceived control causes increased psychological distress (e.g., Lepore,
Evans, & Schneider, 1992).
Three major methods are used to examine the effects of population density. First, the aggregate approach
usually examines the relation between some measure of density and some pathological consequence. Typical
aggregate measures include the density of a city, census tract, block, or building. In general, research following
this approach has shifted toward smaller and smaller scales. Aggregate studies now often focus on persons per
room (Gove & Hughes, 1983), because research at the smaller scales has generally been more productive.
Aggregate studies usually search for connections between density and such outcomes as stress and disease.
Second, field studies take place in natural settings, but they usually attempt to satisfy some of the demands of
experimental rigor by studying natural density variations in otherwise comparable settings.
Second, field studies combine some of the advantages of pure experimental designs with a degree of
external validity (that is, applicability to everyday settings). In one such study that examined the role of
personality and density as it affect stress, outgoing students who lived in high-density dorms reported less stress
than reserved students who lived in high-density dorms (as predicted); however, the two groups experienced
about the same amount of stress in low-density dorms (where one might expect outgoing students to experience
more stress) (Miller, Rossbach, & Munson, 1981). In another, women students who live in higher densities
incurred more stress and health problems (Aiello, Thompson, & Baum, 1981).
Third, laboratory studies usually occur over a short time period and therefore suffer from low external
validity. Yet laboratory studies offer the best chance to carefully observe certain crowding-related processes,
such as physiological changes, and other fleeting and difficult-to-measure behaviors. The strength of a pure
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experiment is that it allows for a proper scientific test of a theory–something that aggregate and field studies are
not able to do.
Privacy and Health
Privacy means selective control of access to self, either in person or in terms of information about
oneself. It has been measured as a preference, expectation, value, need, and behavior. Privacy can mean going
toward others as well as going away from them; privacy is optimizing social interaction and information
transfer, not merely restricting them. Westin proposed solitude, intimacy, anonymity, and reserve as the basic
forms of privacy. Empirically derived questionnaire measures support Westin’s speculations and add several
others. The five basic factors of privacy appear to be solitude (or isolation or seclusion or not neighboring),
intimacy (with friends or with family), reserve, anonymity, and freedom (from constraints and expectations).
A chronic lack of privacy can result in stress and other health-related outcomes.
Health at Home and in School
Home is one of the most important settings in our lives. Environmental psychologists have often
considered its effect on health and well-being. The quality of a residence is one of its key aspects. Several scales
have been created to assess the quality of a residence for children (e.g., Gifford & Lacombe, 2006). These
scales typically measure both the physical environment of the residence (e.g., its cleanliness, size, or form) and
its social environment (e.g., positiveness of parents’ vocal tone; number of stories read). Often their purpose is
to measure the residence in order to relate it to mental health (Evans, Wells, Chan, & Salzman, 2000) or
suitability for persons with psychiatric disabilities (Tsemberis, Rogers, Rodis, Dushuttle, & Skryha, 2003).
A house is not home. Home is a set of meanings such as haven, order, connectedness, warmth, and
physical suitability that we bestow on a residence, which in turn becomes part of our own identity. Not
everyone has a home in this sense; some people who live in a house that does not have these attributes might
be considered “homeless.” Those who are actually houseless also have serious health and stress problems.
Environmental psychologists employ physiological measures to examine aspects of health in schools,
too. For example, a Swedish study found that students in windowless classrooms experienced two-month delays
in the annual spring production of morning cortisol, a stress hormone, which is associated with sociability and
the ability to concentrate (Kuller & Lindsten, 1992). The authors believe their findings are sufficiently
important to recommend that no child be placed in a classroom without windows.
Health and the Physical Workplace
Obviously, workplaces can be unsafe and unhealthy. The role of the environmental psychologist has
been to document some of the more and less subtle connections (e.g., Hedge, 1987). For example, a review of
40 studies concluded that employees who are exposed to unpredictable noise for at least three years and whose
work involves mental concentration have at least a 60 percent higher chance of cardiovascular disease than
other employees (Welch, 1979). The well-known phenomenon called sick-building syndrome refers to the
collection of health problems linked to these substances. Sick building syndrome is very common. The
Environmental Protection Agency estimates that 20 to 30 percent of all U.S. office buildings cause health
problems–including at the EPA itself! (Adler, 1992). Precisely what causes sick building syndrome is unclear,
perhaps because there are multiple causes and multiple symptoms in employees. However, psychological
factors may play a role: besides modern chemicals, tight sealing, poor ventilation, noxious fungi, bad duct
design, a history of smoking, and physiological susceptibility, mass psychogenic illness (workers frightening
one another into illness) and “complaining personality” have all been offered as possible causes (e.g., Ryan &
Morrow, 1992). Conflict and poor communication about the issue itself may lead to the persistence of the
symptoms (Thoern, 2000). Psychological control is another factor. Having control over air quality is also related
to employee health. In a survey of 1100 employees, those who could not control the air conditioning in their
workspace were three times as likely to report building illness symptoms such as headaches, fatigue, and
respiratory irritation as employees who could control the air conditioning (Sterling, 1986).
Social Design: Architectural Stress Reducer
Programming is the planning of a building that occurs before blueprints are drawn up. Social
programming involves three steps: understanding occupants, involving them in the design process and setting
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design guidelines. Social design is a particular method for creating buildings that cause less stress. Robert
Sommer, a pioneer of these ideas, characterizes it as follows:
Social design is working with people rather than for them; involving people in the
planning and management of the spaces around them; educating them to use the
environment wisely and creatively to achieve a harmonious balance between the
social, physical, and natural environment; to develop an awareness of beauty, a sense
of responsibility, to the earth’s environment and to other living creatures; to
generate, compile, and make available information about the effects of human
activities on the biotic and physical environment, including the effects of the built
environment on human beings. Social designers cannot achieve these objectives
working by themselves. The goals can be realized only within the structures of larger
organizations, which include the people for whom a project is planned (Sommer,
1983, p. 7).
Social design may be distinguished from formal design (the traditional approach). Formal design favors
an approach that may be described as large-scale, corporate, high-cost, exclusive, authoritarian, tending to high
tech solutions, and concerned with style, ornament, the paying client and a national or international focus. In
taking account of the needs and behavior patterns of the building’s users, the social designer helps create a
space that “fits” each one better, which in turn reduces the stress that might accompany a building created with
formal design as the paramount consideration. Because it is crucial to both matching (congruence and
habitability) and to valued outcomes (satisfaction, productivity, personal control and social support), social
design practitioners treat it as one of the most important phases in the design cycle.
Postoccupancy evaluation is “an examination of the effectiveness for human users of occupied designed
environments” (Zimring & Reizenstein, 1980). The social design research approach uses the program as the
criterion by which the building is judged, and bases its conclusions on user impressions and behavior in the
working setting. The POE should be careful to include all user groups, all important activities occurring in the
building, and rigorous methods of collecting and analyzing data.
Conclusion
Environmental psychologists use a wide variety of research methods and techniques to understand and,
ultimately, improve relations between people and their physical settings. Many of these can and have been used
to examine health outcomes of living and working in built settings. Some of these methods and techniques are
shared with other disciplines, and others have been developed specifically for environmental psychology.
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Abstract: The population health perspective has become a dominant policy and research framework
over the past 15 years in Canada and elsewhere. It supplanted earlier frameworks that emphasized
health behaviours, medical care, biological endowment, and environmental toxins as key themes.
While these factors remain important in the population health perspective, it directs attention to the
intersection between these traditional themes and non-traditional factors, such as housing, working
conditions, and social programs, that affect the differential distribution of health status by socioeconomic status. Compared to the body of research on working conditions and population health, for
instance, housing and population health research remains relatively underdeveloped. In order to
guide the amelioration of such research gaps, in this presentation, I will give a brief overview of a
theoretical model of the link between housing, socio-economic status and health. This is critical to
future research because housing is a multi-attribute phenomenon, so it is important to identify the
important attributes of housing for health and develop research to enhance our understanding of the
relationship between those attributes and health. In addition to this theoretical model, I will also
highlight the findings and methodological approaches of some recent studies that have revealed
important new linkages between housing and population health.
Résumé: Les perspectives de santé de la population sont devenues un cadre d’action et de recherche
dominant au cours des quinze dernières années au Canada et ailleurs. Elles ont supplanté les cadres
antérieurs axés sur des thèmes clés comme les comportements en matière de santé, les soins
médicaux, le potentiel biologique et les toxines environnementales. Si ces facteurs continuent à jouer
un rôle important dans les perspectives de santé de la population, l’attention est dirigée vers
l’intersection entre ces thèmes traditionnels et les facteurs non traditionnels, comme le logement, les
conditions de travail et les programmes sociaux, qui influent sur la distribution différentielle de l’état
de santé par statut socio-économique. Comparativement au corpus de recherche sur l’interaction
entre les conditions de travail et la santé de la population, par exemple, la recherche sur l’interaction
entre le logement et la santé de la population demeure relativement sous-développée. Pour guider le
travail visant à combler ces lacunes, je brosserai au cours de cet exposé un bref aperçu d’un modèle
théorique du lien entre le logement, le statut socio-économique et la santé. Ce lien est crucial pour la
recherche future parce que le logement est un phénomène à attributs multiples. Il est donc important
de cerner les attributs majeurs du logement du point de vue de la santé et de développer la recherche
de manière à améliorer notre compréhension de la relation entre ces attributs et la santé. En plus de
ce modèle théorique, j’attirerai également l’attention sur les conclusions et les approches
méthodologiques de certaines études récentes qui ont révélé de nouveaux liens importants entre le
logement et la santé de la population.

Background
Socio-economic factors embedded in everyday life are widely acknowledged to be important
determinants of health (Macintyre, 1998; Lynch & Kaplan, 1997) and housing is a crucial nexus for the
operation of a wide range of socio-economic factors that fundamentally shape the character of everyday life
for people across the socio-economic spectrum (Dunn, 2000). It follows that the socio-economic dimensions of
housing are a highly relevant focus for research into the socio-economic determinants of health.
Recent reviews of the literature on housing and population health suggest, however, that there is a lack
of research on relationships between housing and health (Dunn, 2000; Ellaway, Macintyre, & Kearns, 2001;
Fuller-Thomson, Hulchanski, & Hwang, 2000; Maclennan & More, 1999; Thomson, Petticrew, & Morrison,
2001, 2002). Arguably one of the obstacles to more research on housing and population health is the lack of a
conceptual framework describing the links between housing and health. Moreover, because housing is a multi-
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attribute phenomenon, it is important to identify the attributes of housing and develop theoretical explanations
of the links between those attributes and health so that they can be investigated empirically. The final and
perhaps most important reason for having a conceptual model is that it helps to identify research priorities and
inform policy-making, in part by demonstrating the health effects of existing policies, and the health potential
of housing interventions informed by research.
There is a large literature on socio-economic inequalities in health which shows a strong relationship
between an individual’s socio-economic status and their health status. This relationship appears to be
independent of the measure of socio-economic status used (income, education, occupational grade) and appears
to operate independently of most diseases or illnesses (Frank, 1995). The social gradient in health cannot be
wholly explained by the kinds of factors we normally associate with differences in health: behavioural factors
(smoking, diet, exercise), genetics, access to health care, or reverse causation (Wilkinson, 1996). Numerous
studies have shown that even after accounting for these factors, the social gradient in health remains. The other
defining feature of the social gradient in health is that the relationship is not only confined to the margins of
society: Studies routinely find evidence that the social gradient in health spans the entire social spectrum.
Lynch and Kaplan (1997) have called for an ‘epidemiology of everyday life’. From this perspective, the
social gradient in health, biologically rooted in the physiological stress processes, is a response to systematic
differences in the quality and stressfulness of everyday life. Questions are raised about the kinds of experiences
which are stressful; in what contexts these translate into maladaptive physiological stress responses (whether the
experience of stress is conscious or not); and how these factors come to be systematically distributed by social
class.
If one accepts the foregoing arguments, it follows that housing should at least be a crucial lens through
which we seek to understand socio-economic geographies of everyday life and their influence upon health. The
framework which informed our stakeholder consultation, however, argues that housing is much more than just
such a lens: it is also a nexus for the operation of unequal social relations and a medium through which socioeconomic status is expressed and through which a wide range of known health determinants operate. These
forces may be especially influential on the health and functioning of vulnerable and marginalized groups in
society (e.g., seniors, children, people with disabilities and chronic illnesses, aboriginal groups).
Despite its potential, research on the socio-economic dimensions of housing and health is
underdeveloped, relative to research on connections between biological, physical and chemical exposures in
the home. It is also clear that there are crucial intersections between the biophysical and the socio-economic
dimensions of housing, which only serve to heighten the urgency of further research on socio-economic
dimensions of housing and health (see Dunn, 2000 and Fuller-Thomson et al., 2000).
As a result of these arguments, the following conceptual model has been developed to identify the
dimensions and attributes of housing (Table 1, left column ) that have the potential to affect health (Dunn,
Hayes, Hulchanski, Hwang, & Potvin, 2004). The right hand column provides a list of population sub-groups
for whom these dimensions may affect health to a greater or lesser extent and by way of different causal
pathways. Each of the dimensions in the left hand column are described in sequence.
Table 1: Housing, Socio-Economic Status and Health Framework.
Housing Dimension
Socio-Economic Categories
Physical Hazards
Owners/Renters
Physical Design
Different Income Levels
Psychological Benefits
Family/Household Status
Social Benefits
(Dis)ability
Financial Dimensions
Mental Illness
Location
Life Stage (particularly children & seniors)
Gender
Ethnicity/Immigration
Aboriginal Status
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Dimensions and Attributes of Housing in the Conceptual Framework
Physical Hazards

There is a well-established literature on the health effects of housing disrepair and exposure to
biological, physical and chemical hazards in the home. These are well-established in the literature, and the
Canadian literature is particularly well-documented in a review by Fuller-Thomson et al. (2000). The concern
for the health impact of physical hazards underlies building codes and standards as well as many public
programs. There is already a rich body of research on the health effects of physical hazards in the home, but a
dearth of research on the intersection between physical hazards and socio-economic factors. When one
considers this intersection, it reveals a number of important but unanswered questions. For example, it is not
known whether people of lower socio-economic status have a systematically greater exposure to biological,
chemical and physical hazards in the home. Similarly, it is not known the extent to which households of low
socio-economic status are less able to redress such hazards. Presumably lower-income households are
disadvantaged in this area, and this raises questions about the uptake of housing improvement programs, and
whether they are reaching those in the greatest need and/or a large enough fraction of the population to make a
significant public health impact.
In addition, a British study suggests social and economic factors may substantially mediate the
experience of health impacts even in the presence of empirically verifiable exposures. Evans, Hyndman,
Stewart-Brown, Smith, and Petersen (2000) found that the experience of respiratory symptoms amongst
households exposed to moulds was significantly mediated by worry about mould. In short, the intersection
between socio-economic and bio-chemical-physical dimensions of housing is an avenue of research which
presents a substantial opportunity.
Physical Design

Aspects of the physical design of housing can contribute to health status in a variety of ways. Disrepair
or poor design of stairs, floors, etc. may create the possibility of falls and accidents, particularly for people with
mobility and balance problems, while the absence of adaptive equipment (e.g., handrails) or inadequate fire
escape routes may also pose threats. A review article by Evans and McCoy (1998) described several dimensions
of the design of indoor environments with potential relevance to health and known antecedents to health. They
pointed out that high levels of complexity in design, for example, may result in “an overabundance of
stimulation”; similar effects may be the results of over-crowding and the encouragement of close proximity
between occupants that is culturally inappropriate. On the other hand, some aspects of housing design can
enhance the user’s sense of control (privacy, ability to regulate environmental stimuli), and control has been
show in workplace studies to be positively associated with health. According to Evans and McCoy, design
features such as “the amount of available space, visual exposure, structural depth, openness of the perimeter,
and extent of view have all been shown to moderate effects of crowding on human behavior” (1998, p. 89). The
fields of landscape architecture, architecture, and environmental psychology conduct research on these topics,
but concepts from these disciplines are not well-integrated in the housing and health literature.
Psychological Dimensions

Psychological dimensions of housing refer to the importance of the home as a site for the investment of
meaning and as a site for the exercise of control. With respect to the former, the home is an important site for
the expression of identity, social status and prestige. Analyses of real estate advertisements (Eyles, 1987), show
that adverts are selling an identity as much as they are selling the physical structure of the house. Additionally,
home ownership may provide an added sense of status and security that has long-term health benefits (Despres,
1991; Smith,, 1994). Numerous studies have shown that home owners enjoy better health than tenants, even
after controlling for age, education and income (Macintyre, Ellaway, Hiscock, Kearns, Der, & McKay, 1998;
2003; Macintyre, Hiscock, Kearns, & Ellway, 2001; Hiscock, Kearns, Macintyre, & Ellaway, 2001). The notion
that the meaning of home may have an influence on health resonates with arguments that the relationship
between socio-economic status and health is not due just to people’s material circumstances per se, but also to
the meanings people attach to their material circumstances (Wilkinson, 1994). This proposition has been tested
in just a few studies (e.g., Dunn, 2002), but the importance of the home as a site for the investment of meaning
would be a logical avenue for research
The second major psychological dimension of housing relevant to health concerns the notion of control.
There is already a large literature on job strain and health, which has demonstrated that lack of control can be
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influential on the development of heart disease risk factors and can undermine mental health (e.g., Karasek &
Theorell, 1990). If control is important in the workplace, it follows that it should be important in the other 16+
hours of the day, much of which is spent in or near the home. Previous research has shown that control in the
home is associated with self-rated and mental health status (Dunn & Hayes, 2000; Dunn, 2002; Griffin, Fuhrer,
Stansfeld, & Marmot, 2002).
Social Dimensions

It was argued previously that the home is an extremely important site for the investment of meaning.
Part of this is attributable to the sociological significance of the boundary between the inside of the home and
the outside world, something that is common to almost all cultures. As such, the home is an important site for
the development and maintenance of social relationships, both with household members and others. The
importance of social support is already very well established in the health literature as a significant determinant
of health (Uchino, 2004). It follows that there are important research questions that could be posed concerning
the adequacy of individuals’ homes both for relationships between household members and for making and
maintaining social ties with individuals living outside the household.
One’s home is also the fixed point from which an individual’s daily life experience begins and ends, and
consequently, where one lives (the dwelling and its immediate context) may be influential in shaping
individuals’ and households’ socio-economic opportunities, social status and identity (Harvey, 1973; Badcock,
1984). Some research has suggested that local social relations are important determinants of health (e.g., Haan,
Kaplan, & Camacho, 1987) and more recently, the arguments have been made for the importance of local social
capital in the production of health (Kawachi & Kennedy, 2003). To the extent that the relative location of one’s
home shapes access to local social supports and social capital, there may be important health consequences, but
the influence of residential proximity and the geographic scale at which social capital may influence health are
not yet well understood.
Financial Dimensions

Financial dimensions of housing interact strongly with socio-economic status. It is well-established that
housing markets are powerful engines of inequality (Badcock, 1984; Harvey, 1973) which work to redistribute
wealth and income in a regressive fashion, which means that the market redistributes income, wealth and other
benefits to the wealthiest individuals. The most important distinction for understanding this redistribution is the
one between owner-occupiers and renters of housing (Badcock, 1984; Hulchanski, 2001). Indeed, there are
several well-understood means by which income and wealth are redistributed from renters to owners
(e.g. capital gains tax exemption for the primary residence; other tax deductions, subsidies for home ownership,
and the non-taxability of imputed rents). While numerous studies suggest a relationship between income and
health, better indicators of a household’s socio-economic status may include post-shelter income and housing
wealth. Housing wealth is important to a household’s socio-economic status as it is often the single largest asset
(apart from pensions). Despite this, little has been written on the influence of inequalities in housing wealth on
health inequalities (recent exceptions include Macintyre, et al., 1998; Nettleton & Burrows, 1998; Ostrove,
Feldman, & Adler, 1999).
Location

The locational dimensions of housing are potentially important to health because the home acts as a focal
point for everyday activity. This means that one’s home and its immediate environment is likely to be the
setting for exposure to both health-promoting and health-diminishing aspects of the local environment. One
example of the importance of the locational dimensions of housing can be seen by considering the location of
the home relative to services and amenities such as schools, public recreation facilities, health services, and job
opportunities. This may also explain part of the so-called neighbourhood effects on health seen in the research
literature. Another important aspect of the locational dimensions of home is the social environment it places one
in, particularly with respect to social norms and social capital. Moreover, housing market dynamics confer
significant locational advantages upon households in ways that systematically disadvantage households of lower
socioeconomic status. A location in space, a place to base one’s activities and existence, a place that provides
access to goods, services, work, and recreation are important functions of housing – location matters.
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Study Designs for the Social and Economic Dimensions of Housing and Health
Most of what is known about the relationship between socio-economic aspects of housing and health
comes from cross-sectional, population based studies. There are tremendous opportunities for conducting quasiexperimental studies of housing and health, however, and such studies have the capacity to provide much
stronger evidence than is possible from cross-sectional studies.
Currently there is a unique Canadian, quasi-experimental study under way to investigate the effects of
the Regent Park redevelopment on adult mental health and healthy child development. Built 50 years ago,
Regent Park is one of the oldest and largest concentrated public housing developments in Canada. The
community occupies a 69-acre site just east of the downtown core of Toronto and is home to 7,500 people
living in 2,087 social housing units. Its designers sought to create a “garden city”— a place where buildings sit
in park-like settings, streets were removed and the community is set apart from the remainder of the city.
Regent Park, however, has come to be known for its deteriorating buildings, poorly planned public spaces and
its concentration of some of the ills of urban life: poverty, violence, drug use, and poor health and educational
outcomes. Regent Park is a culturally diverse community, with more than half of its population recent
immigrants. Over 50% of the Regent Park population is aged 18 and younger (compared to a Toronto-wide
average of 30%). The average income for Regent Park residents is approximately half the Toronto average.
A majority of families in Regent Park have incomes below the Statistics Canada low-income cut-off (72%),
compared to the Toronto average of 20%.
Over the next 15 years, the Toronto Community Housing Corporation (TCHC), which owns and
manages Regent Park, will demolish and re-build the entire community in six phases. The redevelopment will
replace about 70% of the existing aging rent-geared-to-income (RGI) units with new ones. As a whole, the
community will grow to more than 5,000 units of mixed income housing, including rent-geared-to-income
social housing units, market rentals, and privately owned condominiums. In the new Regent Park, roughly 40%
of units will be RGI and the remaining 60% will be owner-occupied or market rentals.
The research study just under way will investigate the following questions:
1. Does the health and well-being of Regent Park residents improve after redevelopment, a)
compared to their baseline health status; and b) compared to a control group?;
2. Are there some health outcomes for which the effect is greater, lesser, or different? Specifically,
does redevelopment appear to have an effect on: a) general health status, b) depressive
symptoms, c) anxiety, d) child mental health & development?;
3. Do the effects differ by age, especially between working age adults (19-55) and seniors (56+)?
4. Are there effects of the redevelopment on other known determinants of health, such as: a) social
support, b) collective efficacy / social cohesion / social trust, c) labour force activity, d)
perceptions of crime and safety, e) residential satisfaction, f) health behaviours (e.g., smoking,
physical activity), g) access to health and other services?;
5. What effects does temporary relocation have on health and known determinants of health, such
as: a) social support, b) social cohesion / social capital, c) labour force activity, d) perceptions
of and safety e) residential satisfaction, f) health behaviours, g) access to health and other
services?
The study design adopted for the proposed research seeks to rigorously investigate the effects of moving
into new residences in the new Regent Park on adult mental health and healthy child development. Unlike the
small number of previous studies in this area, it uses a longitudinal design with a comparison group. This
represents a significant improvement on previous research. Most previous studies have examined the
association between housing conditions and health status using cross-sectional designs. Such designs suffer
from a number of weaknesses which longitudinal research designs, incorporating both intervention and
comparator groups, can overcome (Thomson et al., 2002). First, longitudinal designs permit the investigators to
isolate the effects of confounding variables, such as income and unemployment, which may also be associated
with better health, because comparing the same individuals (pre- and post-re-housing) permits many of the
confounding variables to be held constant. Second, a longitudinal design overcomes uncertainty in the direction
of causality between housing changes and changes in health. Third, large longitudinal and prospective studies
have greater statistical power to detect small changes in health status (Thomson et al., 2002). The longitudinal
follow-up interview with participating individuals will occur at 12 months after re-housing. It is likely that by
12 months, all direct move-related stress will have stabilized, and that by then participants will have formed
opinions about their new homes and neighbourhood.
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Conclusion
There remain many unanswered, although highly relevant, questions when one considers the issue of
relationships between socio-economic dimensions of housing and their influence on health. These unanswered
questions imply the need for more research on the socio-economic dimensions of housing and health. But this
need not be passive research. New housing developments, urban regeneration projects, and neighbourhood
gentrification occur frequently in most large cities in the industrialized countries of the world, and these
represent excellent opportunities for very relevant research – research that can assess the effects of changes in
housing upon health and known antecedents to good health (e.g., social support, labour force attachment, social
capital, as well as biological, chemical and physical hazards). Additionally, although the current state of
knowledge is incomplete, this does not imply that one must necessarily wait for additional research to take place
before acting. It is possible to act upon the principles that can be derived from current research (indeed, that is
what is done in urban planning almost every day), so long as the results of these actions are carefully monitored.
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Indoor Air Quality and Risk of Severe Lower Respiratory Tract
Infection in Inuit Infants in Baffin Region, Nunavut
Tom Kovesi
Pediatric Respirologist, Children’s Hospital of Eastern Ontario, Ottawa ON
kovesi@cheo.on.ca
Abstract: Inuit infants in Baffin (Qikiqtani) Region, Nunavut, have the highest reported rate of
severe lower respiratory tract infection (LRTI) (bronchiolitis and pneumonia) requiring
hospitalization in the world. This population also has a high rate of long-term complications after
severe LRTI. The houses of Inuit infants in Baffin Region are small and crowded. They tend to be
kept warm, and relative humidity is high. The homes are heated with low-sulphur arctic diesel, but
there is no evidence of leakage from furnaces, as nitrogen dioxide concentrations are low. Houses are
generally clean, with very low levels of dust mites and generally low levels of indoor mould. Indoor
smoking is extremely prevalent. The majority of houses appear to have ventilation rates below
recommended standards, based on measured ventilation or indoor carbon dioxide concentrations.
Résumé: Les bébés Inuits de la région de Baffin (Qikiqtani), Nunavut, ont le taux le plus élevé au
monde d’infection grave des voies respiratoires inférieures (bronchiolites et pneumonies) nécessitant
une hospitalisation. Cette population a également un taux élevé de complications à long terme après
ce type d’infection. Nous savons que les maisons des Inuits dans la région de Baffin sont petites et
surpeuplées. L’atmosphère y est maintenue chaude et l’humidité relative élevée. Ces maisons sont
chauffées à l’aide d’un diesel arctique à basse teneur en soufre, mais on ne constate pas de fuites
provenant des chaudières, les concentrations en dioxyde d’azote sont faibles. Les maisons sont
généralement propres, présentant des taux très faibles d’acariens de la poussière et des taux
généralement faibles de moisissure intérieure. Fumer à l’intérieur des maisons est une pratique très
courante. La majorité des maisons ont des taux de ventilation en dessous des taux recommandés,
basés sur les mesures de ventilation ou les concentrations de dioxyde de carbone à l’intérieur. Nous
avons trouvé que la ventilation réduite (basée sur la concentration de dioxyde de carbone à
l’intérieur) et/ou la surpopulation était associées à un risque accru d’infection des voies respiratoires
inférieures chez les jeunes enfants Inuits. Nous analysons actuellement les résultats d’essais
randomisés consistant à installer des ventilateurs-récupérateurs de chaleur pour améliorer la
ventilation dans les maisons abritant de jeunes Inuits. On recommande de prendre des mesures pour
réduire la surpopulation et améliorer la ventilation.

Background
Bronchiolitis is a viral infection of the very tiny airways (or bronchioles) that causes wheezing and
difficulty breathing in infants. It often extends into the air sacs (or alveoli) in the lungs, causing pneumonia; for
this reason, bronchiolitis and pneumonia are often considered together in infants as Lower respiratory tract
infection (LRTI). The commonest cause of LRTI in infants is the Respiratory Syncytial Virus (RSV). Infants in
northern communities - Nunavut, the Northwest Territories, Alaska, and, to a lesser extent, Greenland have
extraordinarily high rates of severe RSV bronchiolitis requiring hospitalization. Admission rates in Nunavut and
Alaska are the highest reported in the world, at approximately 150-350 per 1000 infants (below 1 year of age)
per year. In contrast, admission rates in southern Canada and the continental United States are approximately 10
per 1000 infants per year. LRTI is also unusually severe in Inuit infants, with 12% of those admitted to the
regional hospital in Iqaluit, Nunavut requiring intubation, artificial mechanical ventilation, and air transport to
pediatric intensive care unit facilities in southern Canada. Winter medical evacuation is difficult and costly. In
this population, recurrent LRTI is also unusually common, with re-admission rates up to 23% in 1 year. This
population also has a high rate of long-term complications after severe LRTI: Alaska Native children have
highest rate bronchiectasis ever recorded, and increased rates of bronchiolitis obliterans have been reported in
native children in Northern Manitoba after severe adenovirus LRTI.
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What Do We Know About Indoor Air Quality in the Houses of Inuit Infants in Nunavut?
Houses we have studied in Cape Dorset, Clyde River, Igloolik, and Pond Inlet Nunavut were single-story
and raised above ground (due to permafrost). The houses were small, with a mean indoor volume was 233 m3
(vs. 350-600 m3 for small-medium houses southern Canada) and crowded, with a median occupancy of 6 (range
2-12)/house (vs. 3.3-4.5 persons/house in southern Canada). The houses tended to be kept warm, with a mean
indoor temperature of 23.7ºC (vs. 20°C in the winter in Saskatoon) and were very dry, with a mean relative
humidity of 24.6% (vs. 35% in the winter in Saskatoon). The homes heated with low-sulphur arctic diesel, but
there no evidence leakage from furnaces: the median indoor NO2 concentration was 3.7 ppb and the maximum
concentration was 14.7 ppb; all NO2 concentrations were below current residential indoor air quality guidelines
of 50 ppb.
Indoor Dust Settled Dust weights (in living room) similar or less than southern Canada, and virtually no
dust mites detected in mattress dust. Living room dust sample concentrations of fungi were similar or less than
the concentrations seen in other studies. Increased concentrations of fungi were encountered in mattress dust.
We found that smokers were present in 90% (probably 95%) of households with infants. There was a
mean of 2.3 smokers/home (range 1-5). The mean nicotine concentration: 0.84 mcg/m3 (highest 4.04 mcg/m3),
which was similar to reported values of 1-1.5 mcg/m3 in the homes of smokers in eastern United States.
Airborne nicotine concentrations were strongly correlated with the number of smokers in the home.
We found that ventilation was less than recommended residential levels in the majority of homes we
studied. The mean airflow rate was 5.6 L/s/person, and was less than the recommended 7.5 L/s/person in 79.9%
of houses. Indoor CO2 can be used as a measure of adequacy of home ventilation relative to occupancy (the
main indoor source of CO2); a CO2 below 1000 ppm is often used as an indicator of adequate ventilation. The
mean Indoor CO2 was 1358 ppm, and was above 1000 ppm in 67.7% of houses.
Implications of Air Quality in Nunavut Housing
The mean indoor CO2 concentration was significantly higher in the homes of young Inuit children with
a history of LRTI (Odds Ratio 3.34 per 500-ppm increase in mean CO2; 95% CI 1.16–9.62). LRTI was also
significantly associated with occupancy (Odds Ratio 1.83 for each additional occupant, 95% CI 1.09–3.09).
Reduced ventilation has been associated with an increased risk of viral infection and tuberculosis in
other studies. With reduced ventilation, respiratory virus aerosols generated by coughing and sneezing may
form standing aerosol clouds, which aren’t cleared by the home’s ventilatory capacity. There is also evidence
that when influenza is acquired by airborne route rather than by contact, there is a higher risk of lower, rather
than upper, respiratory tract infection.
Next Step – Heat Recovery Ventilator Trial
We have just completed a randomized, placebo-controlled trial of installing heat recovery ventilators
(HRV’s) in the homes of 68 young Inuit children in 3 communities in Baffin Region, and evaluable results were
obtained in 51 houses. The active HRV’s significantly reduced mean indoor CO2 concentrations, but also
significantly reduced mean air temperature and relative humidity, in these extreme arctic conditions, which may
have home occupant comfort and acceptability implications. Health outcomes are currently being analyzed.
Conclusions
Houses in Nunavut are small, overcrowded, and generally have ventilation below recommended
standards. Overcrowding and reduced ventilation in these houses is associated with an increased risk of LRTI.
Environmental tobacco smoke exposure is prevalent in Nunavut, and likely contributes to the risk of LRTI.
Measures to reduce overcrowding and improve ventilation are recommended.
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Minimum Standards for New Dwellings to Facilitate Aging in Place
Geoff Fernie, Tilak Dutta, Yue Li, and Jennifer Hsu
Toronto Rehabilitation Institute
fernie.geoff@torontorehab.on.ca
Abstract: Most of us want to continue living in our own homes as we grow older. There are many
reasons why this is a good idea including the benefits of maintaining contact with a network of
friends and neighbours. However, poorly designed homes can be dangerous and can make providing
care burdensome. The design of houses has much to do with the feasibility of aging in place. This
paper outlines a perception of a minimum standard for new housing. This standard would expand
upon the concept of ‘visitability’ to include the alignment of at least one room with a washroom on
the entrance level so that an overhead lift spanning the two rooms could be retrofitted with ease. The
accessible washroom should include floor drainage suitable for a roll-in shower. Furthermore, other
features that have been proven to prevent falls should be made standard including non-slip bathroom
and kitchen floors, seven/eleven stairs with handrails on both sides, and avoidance of unnecessary
level changes. Current research projects and prototypes at Toronto Rehabilitation Institute address
this topic and also tackle design problems outside of the home. The goals of such projects such as the
design of safer pedestrian crossings, are to make it safe to engage in physical and social activities
throughout the year which is a vital aspect of healthy living. New laboratories under construction at
the Toronto Rehabilitation Institute will soon provide unequalled facilities for the use of researchers
and companies from around the world who are intent on improving the safety and accessibility of
living spaces.
Résumé: Bon nombre d’entre nous souhaitent continuer à vivre dans leur propre maison à un âge
avancé. C’est une bonne idée et ce, pour maintes raisons, notamment l’avantage de rester dans un
réseau d’amis et de voisins. En revanche, mal conçues, les maisons peuvent s’avérer dangereuses et
sources de frais importants. Pour pouvoir continuer à vivre dans une maison au fur et à mesure que
l’on vieillit, il faut que la conception de la maison le permette. Cet article met en évidence ce que
l’on considère comme standard minimum pour une nouvelle habitation. Ce standard s’alignerait sur
le concept de « visitabilité » pour comprendre au moins l’alignement d’une chambre avec une salle
de bains au rez-de-chaussée, de façon à ce qu’un élévateur puisse être installé facilement pour relier
l’une à l’autre. La salle de bains accessible doit comprendre un drainage de plancher qui soit adapté
pour une douche accessible en chaise roulante. De plus, d’autres éléments qui sont prouvés antichutes devraient devenir des normes : sols de cuisine et de salles de bains anti-dérapants, escaliers
7/11 équipés de rampes des deux côtés et absence de différences de niveaux non nécessaires. Les
projets de recherche actuels et les prototypes du Toronto Rehabilitation Institute sont axés là-dessus
et les chercheurs s’attaquent également aux problèmes de conception à l’extérieur de la maison.
Les objectifs de projets comme la conception de passages pour piétons plus sûrs visent à sécuriser les
activités sociales et physiques tout au long de l’année, ce qui est indispensable pour une vie saine. De
nouveaux laboratoires en construction au Toronto Rehabilitation Institute offriront bientôt des
installations uniques aux chercheurs et aux entreprises du monde entier désireux d’améliorer la
sécurité et l’accessibilité des surfaces habitables.

Introduction
Disability is not something that affects only a fringe element of the population. Statistics Canada says
that more than 14% of the adult population in Canada reported having some disability in 2006 (Statistics
Canada, 2006). In addition, over 3 million people give up a lot of their lives, their ability to earn money, and
their ability to socialize, in order to provide care to people who have needs (Cameron et al., 2008). These
caregivers themselves live very pressured lives.
The statistics provide a snapshot in time that is deceptive when we come to think about the individual.
Each of us during our lives has a one in three chance of having a mobility disability when we grow older
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(Statistics Canada, 2006). In the end, almost everyone will either have a disability or be looking after someone
who has a disability.
It is generally agreed that we want to live at home for as long as possible. We don’t want to give up our
home which is where people come to visit us and where we have all the photographs, knick knacks and things
that we have gathered over our lives. We don’t want to swap those memories and possessions for 240 square
feet in a nursing home room.
The design of the home is probably the most important factor in making this wish come true. In the new
definitions of health from the World Health Organization and elsewhere, participation in society and
participating and coping with our environment is an integral part of health (Wilkinson and Marmot, 2003). We
want to be able to cope and have control over our lives in our own homes and communities.
The consequence of unsuitable home design can be increased mortality. Falling is the leading cause of
fatal injury in seniors; more than 4,000 Canadians aged 65 and older died as a direct result of a fall in the 20002002 period (Public Health Agency of Canada, 2005). Compare this to 327 deaths due to fires in the home of
people of all ages in Canada in 2000. In addition, falls cause more than 90% of all hip fractures in seniors and
20% die within a year of the fracture (Zuckerman, 1996). Thirty percent of people over 65 have been affected
by a serious fall (Hausdorff et al., 2001). Twenty-three percent of severe injuries due to falls among those aged
65 and over are due to falls on or from, stairs or steps (Public Health Agency of Canada, 2005). Fall prevention
is a major public health issue. Given these statistics, it is surprizing that smoke detectors have been mandated
but effective handrails are not required on both sides of all steps and stairs.
A New Standard for Housing
In Ontario, we are working towards a new standard for accessible housing, based on the concept of
visitability. Visitability has become a well adopted standard across the United States (Casselman, 2006; Maisel,
2007; Seekins et al. 2008). This standard is intended to ensure that every new home can be accessed by a visitor
using a wheelchair. To meet the visitability standard, the home needs to have one level entrance into which it is
possible to roll. It also should be possible to access one washroom and one other room (it can be any type of
room) on that same level.
Meeting this standard does not only mean that visitors have easy access. It means that if the resident has
a problem, it is feasible to convert at least part of the home so that it is possible to stay there temporarily if not
permanently. We want to add to visitability basic measures to prevent falls and basic measures to help
caregivers. It is only by dealing with the common causes of disability and the needs of the caregivers that
people can stay together and live in their homes.
Access

One of the obvious needs is to avoid unnecessary level changes. The days of sunken living rooms and
raised areas in restaurants and other avoidable level changes ought to be over. We are pushing for seven/eleven
stairs with correct handrails on both sides – an elementary but very important standard for new houses where
the riser is seven inches and the run is a minimum of eleven inches (Pauls, 2001; Pauls, 2007). Another feature
we advocate is non-slip, energy-absorbing floors with low rolling resistance (Sran & Robinovitch, 2008).
Current practice is far from this standard. Here is an example taken recently in the Toronto area in a new
development (Figure 1). Imagine trying to get up those front steps if you are a senior or a bit unsteady, or even
toting a rolling shoppping buggy or baby stroller. Next imagine this access in a Canadian winter. There are two
sets of steps plus a doorstep, all with different measurements and none with handrails.
This is a disaster waiting to happen. No one can easily get into this house. It is not just a question of
wheelchairs. It is a question of people walking– people with canes, people with unsteadiness or a balance
problem. Many will not be able to get in and out of these houses and some will die as a result of falls. It is an
absurd situation.
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Figure 1. Examples of inaccessibility at new homes, 2008.

Caregiver Supports

We also advocate measures to help make caregiving easier. Imagine this scenario: an elderly wife
welcomes home her husband after nine days in an acute care hospital with a hip fracture. He can no longer stand
unsupported nor can he move around. She must get him out of bed in the morning, dress him, lift him onto the
toilet, get him washed, get him up and get him around. How will she manage all of these activities? The answer
is that after a period of time she will become injured. She will have to give up, and they will both likely end up
in nursing homes.
Housing design must look ahead to when support will be needed. The accessible level of any home must
be suitable to retrofit a roll-in washroom if one is not there to begin with. It means the flooring has to be
designed and installed such that it will drain appropriately.
Lifting is another important issue. It needs to be easy to retrofit a lifting track along the ceiling from the
washroom to the bedroom or living room. That means that there cannot be a sunken washroom ceiling to hide
the plumbing from upstairs. The washroom and bedroom ceilings need to be at the same height.
Why is this so important? In hospitals we already know that lifting injuries for professional nurses are
the greatest occupational injury for any group. Caregivers in hospitals and nursing homes are injured more than
miners, construction workers, or manufacturing workers (Evanoff et al., 2003). Imagine the injuries to
caregivers working in the home without proper equipment or training and with no one nearby who can help.
The home is cramped and difficult to manage so it is no surprise that these caregivers at home all suffer from
alarming rates of back injury and back pain.
Some technology has been developed to help in lifting and moving people. Two kinds of lifts are
commonly found in hospitals and nursing homes now (Figure 2). One type must be pushed around over the
floor (floor lifts) and the others are suspended from ceiling tracks (ceiling lifts).
Figure 2. Two types of lifting devices. Left panel: rolling type. Right panel: ceiling track type.
Reproduced with permission (© BHM Medical Inc., 2009. Quebec, Canada).

We study these lift devices at Toronto Rehabilitation Institute. Figure 3 shows our laboratory, with one
nurse instrumented to measure the forces in her spine as she works. Studies like this show that moving the
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rolling floor lifts can still result in unsafe loading on caregivers (Santaguida et al., 2005). Ceiling track systems
are better at reducing loading on caregivers and therefore reduce the risk of back injury. It is for this reason that
we have to allow for the capability of retrofitting a ceiling track in all our new minimum building standards,
preferably a straight track from the accessible washroom to a room that is on the accessible floor (Figure 4).
This should be the minimum standard for new houses.
Figure 3. Lifting device research at Toronto Rehabilitation Institute. The
nurse in the mauve suit wears instruments which measure the forces applied
as she works with the rolling floor (left) and ceiling track (right) lifting aids.

Figure 4. Ceiling track lifting
device used in a home.
Reproduced with permission (©
BHM Medical Inc., 2009.
Quebec, Canada).

Mechanisms for Implementation

Implementing such a standard is difficult and probably will require using several mechanisms. One of
the mechanisms is through accessibility legislation. With human rights legislation, people are beginning to
demand the ability to have environments that are accessible to them unless it creates undue hardship on others
(Farkas, 1999). Through this route, we could also implement new standards that apply to other accessibility
features for other forms of disability, for example addressing illumination and acoustics as well as mobility.
This type of action is occurring province by province in Canada, slowly, but it is occurring. In the USA
there is a national law: the Americans with Disabilities Act. Comparable codes in the UK and some European
countries are following suit with their own legislation. The demographic shift to an older population has begun,
so there is an urgent need to prepare for assisted living. Codes and regulations can address new construction, but
we also need to bear in mind that people will also continue to live in existing buildings. These buildings are not
affected by changes to codes and regulations unless major renovation is undertaken.
Research at TRI
In all of these areas there is more to be learned in the design of accessible housing. We have a new
laboratory under construction at the Toronto Rehabilitation Institute, scheduled to open in May of 2010. It will
be a unique, international facility designed to enable the study of these types of issues and, similar to the Centre
Europeen pour la Recherche Nucleaire (CERN), it will be available for any research team to use.
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Home Renovation

Despite the importance of new standards, the biggest problem is not new housing. Most people live in
existing buildings. We need to learn how to adapt existing housing to enable people to stay in their homes, and
how to adapt technologies that can retrofit those homes. The new laboratory has an environment designed to
help study this problem (Figure 5). The home in the lab is deliberately poorly designed, cramped, and not at all
accessible. It is designed to allow us to determine how to adapt such homes.
Risks outside the Home

We will also have a facility for studying the accessibility of the outdoor environment. Winter in Canada
is an enormous problem for older people. We know that every winter there are many older people who do not
get out of their houses for up to three months because they cannot get around safely in the heavy snow, ice or
slushy conditions (Row et al., 2004).
Figure 5. Rendering of planned laboratory facility at Toronto Rehabilitation Institute.

We film and track people outdoors to identify mobility problems. Figure 6 shows one of the intersections
that we have been studying. It also shows the curb cut which is designed specifically to help people using
mobility aids to get across the street. It was designed in Berkeley, California and Canadian cities have adopted it
with great enthusiasm. However, for most of the year the curb cut area looks more like a seafront. It fills with
water and is very deep and icy (Figure 6, centre). The right-most panel shows an image taken after the sun
melted all the snow. The only place where you cannot access the crosswalk is at the curb cut.
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Figure 6. Curb cut conditions in summer (left) and winter (centre and right).

In our new lab we will be able to simulate winter conditions, with real ice, with real snow, with
windspeeds at 15 km per hour and at temperatures as low as -10oC. We will also be able to simulate summer,
including heat wave conditions indoors and out. The whole laboratory can be moved unexpectedly to cause loss
of balance or can be tilted to create a slope (Figure 7). This will be an unparallelled facility to permit the study
of technologies and designs to permit people to successfully age in their homes for as long as they want to.
Figure 7. The Challenging Environment Assessment Laboratory (top row) with winter module in place on the simulator
base. A person with a disability walks up an icy slope (lower left) and then loses balance after the simulator is moved
unexpectedly (lower right).
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Conclusions
The new Hadron Collider at CERN cost $9 billion. That is a bit more expensive than the laboratories that
we are building at Toronto Rehabilitation Institute. The important comparison is that over half the particle
physicists in the world spend some time performing studies at CERN in Switzerland each year. We need to
think in similar terms of sharing our resources. We need to become more mobile so we can work, collaborate
and visit with each other. In conclusion, you are all welcome to come to Toronto Rehabilitation Institute and
work in our facilities. We have designed them to make it possible for visiting teams to work easily and
affordably. Only in this way will we make real progress in making homes more habitable for more of us, for as
long as we want to live in them.
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The Future of Sustainable Buildings and Communities in Canada
Ted Kesik
John H. Daniels Faculty of Architecture, Landscape and Design, University of Toronto
ted.kesik@utoronto.ca
Abstract: This presentation is aimed at providing workshops participants with an overview of the
various trajectories needed to achieve healthy buildings and communities within a Canadian context.
The relationship between healthy buildings and communities, and sustainable development is
symbiotic. Current approaches to design are not fully integrated and fail to recognize the interactions
between buildings, energy, resource extraction, the environment and social well-being. Green
development requires that building technology and design are nested within community planning
objectives that account for demographic changes and reflect evolving social aspirations for quality of
life.
The future of sustainable buildings and communities in Canada will look at the present state of
building systems design with respect to the various types of buildings commonly constructed across
Canada. The environmental impacts of these activities will be gauged against environmental
sustainability thresholds to assess the future performance targets needed to achieve sustainable
communities. The presentation will conclude with a series of key issues and objectives that will have
to be addressed by policy makers, regulators, designers and developers engaged in building the future
of Canadian communities.
Résumé: Cet exposé vise à fournir aux participants un aperçu des différentes trajectoires à suivre
pour parvenir à des collectivités et des bâtiments sains dans un contexte canadien. La relation entre
collectivités et bâtiments sains d’une part, et développement durable d’autre part est symbiotique.
Les approches actuelles en matière de conception ne sont pas entièrement intégrées et ne
reconnaissent pas les interactions entre les bâtiments, l’énergie, l’extraction des ressources,
l’environnement et le bien-être social. Le développement écologique requiert que la technologie du
bâtiment et la conception des bâtiments s’inscrivent dans des objectifs de planification
communautaire qui tiennent compte des changements démographiques et reflètent l’évolution des
aspirations sociales à la qualité de vie.
L’exposé sur l’avenir des bâtiments et des collectivités durables au Canada examinera l’état actuel de
la conception des installations techniques dans les divers types de bâtiment communément construits
au Canada. Les incidences environnementales de ces activités seront jaugées par rapport aux seuils
de durabilité environnementale en vue de l’évaluation des cibles de performance futures requises
pour la réalisation de collectivités durables. L’exposé examinera pour terminer une série d’enjeux et
d’objectifs clés qui devront être pris en compte par les décideurs, les responsables de la
réglementation, les concepteurs et les promoteurs qui travaillent à construire l’avenir des collectivités
canadiennes.

Introduction
The relationship between buildings, the environment and human health has been appreciated for
centuries, dating back to the beginnings of civilization. This relationship is being rediscovered today in
developed countries, and in particular their large urban centres, where many inhabitants spend practically all of
their time indoors. Modern urban inhabitants no longer spend as much time outdoors compared to their agrarian
ancestors. The quality of the indoor environment is therefore much more critical to health and well-being. In the
process of achieving healthy buildings, people are coming to realize this concept transcends the immediate
premises and affects the social, economic and environmental fabric of the entire world. Further, while it is
possible to solve the healthy building challenge, the form and arrangement of our communities is a more
daunting challenge that involves other than building technologies, and speaks to the need for a modification of
social behaviour and cultural expectations. The average Canadian’s relationship to automobiles and place of
work and/or school may be as significant a determinant of health as the quality of the indoor environment. It is
difficult to disentangle buildings from their inhabitants and environs, and then to study them in isolation, if we
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are to fully understand the influence of the built environment on human health. But it is equally challenging to
attempt to distil this broader understanding by only looking at the aggregated whole. In the same way that
organs of the body are assigned to various functions, such as digestion, respiration or circulation, recognizing
these are integrated to constitute a larger living entity, buildings may be seen as providing a shelter function
within human settlements that are supported by numerous other functions, such as agriculture, energy
production and distribution, transportation and social services. This paper adheres to the scientific philosophy of
examining a particular system boundary before attempting to understand its trans-boundary interaction with
other systems and phenomena. Buildings are therefore examined as individual entities that form part of a larger
community fabric.
Where Are We Now?
This paper was developed within the context of a workshop aimed at the integration of building and
health sciences. It is premised on the idea that this integration is aimed at enhancing the sustainability of
Canadian society. But this does not imply the issues of environmental degradation, resource depletion,
reduction of biodiversity and climate change are solely the responsibility of building and health scientists. The
challenge of sustainability transcends disciplines and contains numerous contradictions. Canadians’ awareness
and attitudes toward the key issues are reflected in a recent Ipsos-Reid survey (Wright, 2007).
• In 1994, only 4% of Canadians noted the environment is the key issue that should receive attention by
Canada’s leaders, but in 2007, it is 40%.
• 78% of Canadians believe that global warming, and hence climate change, is a scientifically proven
fact.
• 48% of Canadians are very concerned about climate change, the same proportion that feel the quality
of our environment is “only fair” – and 69% say it is getting worse.
• 32% of Canadians are optimistic environmental issues will get under control over the next 20 years –
two out of three Canadians are more pessimistic.
• Only 28% of Canadian would be willing to make significant lifestyle changes to stop climate change.
Basically, Canadians claim they are concerned about the environment, but the majority do not believe
environmental issues will be favourably resolved, and for the most part are not interested in making any
lifestyle changes to address their concerns. This implies Canadians are seeking solutions from technological
rather than cultural interventions. Compounding these attitudes is a widespread ignorance about future
demographics. As Canada’s population continues to age, a higher proportion of the population will exit the
workforce, placing higher burdens on working Canadians than at present. The aging population will likely
spend even more time indoors than is now the case, and those with mobility challenges will find their dwellings
are not adaptable to the amenities and equipment needed to support independent lifestyles. Higher energy costs
will exacerbate affordability challenges to Canadians on fixed incomes. There is a real possibility that unless
this phenomenon is confronted it may lead to sharp and sustained income disparities. Gomez and Foot
summarize the potential situation as follows:
“From a normative point of view, rather than objecting to income inequality solely
on the basis of equity criteria, the research stream surveyed in this paper suggests
that considerable efficiency losses can be incurred if a country allows large
disparities of income to persist for long periods of time. Appropriate government
interventions, which are sensitive to these age-based mechanisms, can therefore
achieve more equality and faster economic growth simultaneously.” (Gomez & Foot,
2003).
Health Canada has been aware of the issues associated with an aging population, and recognizes them as
a significant challenge for all Canadians:
“Population aging is a complex issue that concerns not only the well-being of today’s
older Canadians but also broader areas and sectors affecting the total population,
such as health, labour markets and public finances. It affects and engages
communities, all levels of government and all sectors of society.” (Health Canada.
Division of Aging and Seniors, 2002).
The past prognostications by knowledgeable experts are even more discouraging, and suggest that a
significant portion of the wealth possessed by the baby boomer generation in developed nations was misspent.
Whatever remains has largely been devalued under the recent economic downturn.
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“More than any other time in history, the 1990s will be a turning point for human
civilization. Not only are we facing ecological disasters that could affect our ability
to survive, but the crisis is forcing us to re-examine the value system that has
governed our lives for at least the last 2,000 years.” (Suzuki & Gordon, 1990, p. 1).
Is it possible for Canada to address environmental, social and economic issues simultaneously in an
even-handed manner? A partial answer to this question can be found by examining Canada’s recent
environmental performance. The relationship of Canada’s energy consumption and greenhouse gas emissions
compared to other OECD nations is critical in establishing appropriate standards for sustainable buildings.
Presently, Canada’s environmental status is highly questionable. In the executive summary to a 2002 Canadian
research report, it was noted that:
“The results prove that Canada has one of the poorest environmental records of the
industrialized countries. The primary finding is that for the twenty-five
environmental indicators examined, Canada’s overall ranking among OECD nations
is a dismal 28th out of 29.”
Other major findings of the study are:
• “Canada is among the three best countries on zero indicators;
• “Canada is among the three worst countries on nine indicators (per capita greenhouse gas emissions,
sulphur dioxide emissions, carbon monoxide emissions, volatile organic compound emissions, water
consumption, energy consumption, energy efficiency, volume of timber logged and generation of
nuclear waste);
• “Canada’s economy is inefficient, in that we use much more energy and generate much more pollution
to produce a given amount of goods and services relative to our industrial competitors, including 33%
more energy than the United States per unit of GDP; and
• “Canada’s performance on most environmental indicators continues to worsen, including: increasing
water consumption, increasing energy consumption, increases in nuclear and hazardous waste, higher
greenhouse gas emissions, higher numbers of endangered species, declining fish populations, higher
commercial fertilizer use, more livestock, more timber logged, more motor vehicles, more kilometres
traveled by road, higher population and lower official development assistance.
• “On the other hand, it is important to note that there are several positive findings provided by this
study:
• “Canada’s performance is improving on ten indicators, including reduced air pollution (lower per
capita emissions of sulphur dioxide, nitrogen oxides, carbon monoxide and volatile organic
compounds), improved sewage treatment, reduced municipal waste, increased recycling, improved
energy efficiency, decreased production of ozone-depleting substances and an increase in parks and
protected areas; and
• “The superior progress by other industrialized nations, particularly the northern European countries,
demonstrates that there are practical, effective solutions to the environmental problems facing
Canada.” (Boyd, 2001).
Sustainable buildings and communities are within Canadians’ reach if they are willing to pay for them.
Some of the costs will be trimmed through technological advances, but many of the costs associated with our
buildings and health are related to lifestyles, attitudes and values. There is very little a concerned building or
health scientist can do to change cultural aspirations and behaviour. On the other hand, there is good reason to
continue advancing the integration of knowledge in the building and health sciences, so that sustainable
solutions can be coupled to sustainable social values once these emerge. This paper turns to a brief discussion of
a fundamental concept underpinning modern building science that can be shared with health scientists to better
harmonize research agendas.
The Building as a System
A significant advance in the field of building science is the development of the building as a system
concept. Systems theory was applied to other fields long before it was introduced to building science, but its
impact has arguably been the most significant in the buildings field. In its simplest form, the building as a
system concept describes it as being constituted by four elements: the enclosure; its environmental control
system; the inhabitants; and the environs, specifically the site conditions and climate. Each of these elements
may be considered as a variable, but in reality the environs are a given once a building is situated,
notwithstanding climate change and other transformative phenomena such as flooding or erosion.
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Most of the building science research conducted in the 19th and 20th centuries focused on the enclosure
and the environmental control systems, with the rational integration of these two elements becoming a subject
of increasing interest in the past several decades (Rush, 1986). The environs were treated as an imposed
condition that had to be resisted by the enclosure and environmental control systems. For the most part, the
inhabitants were viewed very much like perishable goods that ought to be maintained within a narrow range of
temperature and relative humidity, and provided with a minimum acceptable level of ventilation and
daylighting.
This highly mechanistic view is now being displaced with a more holistic model of the building as a
system, where the enclosure is seen as the primary, passive environmental moderator, and the environmental
control system is a supplementary, active system that only delivers the difference between what is provided by
the enclosure and what is desired by the inhabitants. These integrated elements are now understood as together
being the environmental control system, modified by inhabitants who may require or demand a broad range of
indoor conditions to accommodate their lifestyle choices. The environs are now viewed as an opportunity to
harvest energy and water, treat waste and grow food to support life. Contemporary building science has gone
full circle and returned to its organic roots and the recognition that building systems are simply prosthetic
extensions of the human body and the supporting ecosystem.
Figure 1. The building as an analog of the human body now forms the contemporary basis of the building as a
system concept.

The building as a system forms part of a larger system known as human settlements, varying in age, size,
diversity and location. The sustainability of human settlements, more specifically communities, has become a
major issue around the world that is next examined from a general perspective on sustainability.
Measures of Sustainability
Sustainability is defined differently within and between cultures, and its definition has changed over
time. It is not possible here to deal with all of the definitions and interpretations of sustainability, hence, it may
be appropriate to adopt a broad consensus definition for the purpose of this discussion.
Humanity has the ability to make development sustainable - to ensure that it meets
the needs of the present without compromising the ability of future generations to
meet their own needs. The concept of sustainable development does imply limits not absolute limits but limitations imposed by the present state of technology and
social organization on environmental resources and by the ability of the biosphere to
absorb the effects of human activity (World Commission on Environment and
Development, 1987).
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This definition implies that sustainable development or evolution envelops a large range of human
activities, building being among them. Sustainability is not specifically a building development problem, but
rather a global, cultural problem in which building science is discovering its emerging role.
The dynamics of sustainable buildings are no different than for other human activities or interventions
that impact the environment. Within a given ecological setting, human cultures evolve an adaptive response to
their environment. The cultures develop technologies as means of fulfilling individual and collective needs and
desires. In turn, these technologies result in environmental impacts or stress on the ecology. Ecology, culture
and technology evolve and adapt, but the relationship is not always symbiotic, and in some cases, dysfunctional.
Viewed from this perspective, sustainable building requires building science culture to understand and
contribute to the harmonization of ecology and technology.
Figure 2. Contemporary perspectives on
sustainability seek to harmonize culture and
technology within a global ecological context.

“Despite differences in definitions, perspectives and priorities, sustainability remains
a critical challenge for everyone. In general, the problem is this: traditional patterns
of industrial and economic activities are no longer viable, but alternative models are
not yet developed. The historical trajectory of the industrial West cannot serve as a
model for the development of the industrializing countries, but it cannot be discarded
entirely. Ecological systems are severely strained by the cumulative effects of past
industrialization and can scarcely support added strains due to future patterns of
growth, but there are major uncertainties about what must be done and how. In short,
the international community as a whole is involved in a global search for new modes
of development, new designs for social interaction, and new technologies for
meeting evolving needs, wants, and demands.” (Choucri, 1998).
At its highest level, sustainability involves the mediation between ecology and technology and relies on
culturally appropriate attitudes and behaviour. The frustration experienced by building scientists seeking to
advance sustainable buildings reflects what are often viewed as inappropriate attitudes on the part of clients who
fail to recognize that buildings are more than an economic commodity, rather a cultural resource and legacy for
future generations.
This situation is aggravated by common laws that specify the building as normally having boundaries
defined by the property where it is situated. This is not an accurate boundary because it is now well known that
the influence of buildings extends beyond the building site and surrounding community.
“As the world’s population continues to expand, implementation of resourceefficient measures in all areas of human activity is imperative. The built environment
is one clear example of the impact of human activity on resources. Buildings have a
significant impact on the environment, accounting for one-sixth of the world’s
freshwater withdrawals, one-quarter of its wood harvest, and two-fifths of its
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material and energy flows. Structures also impact areas beyond their immediate
location, affecting the watersheds, air quality, and transportation patterns of
communities” (Osso & Gottfried, 1996).
From a building science perspective, acknowledging that sustainability is both technological and
cultural, the performance of buildings can be measured and compared to known thresholds of sustainability
(Kesik, 2002). The key measures are listed below and form the contemporary empirical basis of assessing
building sustainability.
• Embodied Energy
• Operating Energy
• Exergy (Absolute Energy Efficiency)
• Durability & Functional Obsolescence (Adaptability)
• Externalities
• Ecological Footprint
• Eco-Labelling
• Life Cycle Assessment (LCA)
It is important to recognize that all of these measures are potentially integrated within the life cycle
assessment measure, as described below:
“Life Cycle Assessment is a process to evaluate the environmental burdens
associated with a product, process, or activity by identifying and quantifying energy
and materials used and wastes released to the environment; to assess the impact of
those energy and materials used and releases to the environment; and to identify and
evaluate opportunities to affect environmental improvements. The assessment
includes the entire life cycle of the product, process or activity, encompassing,
extracting and processing raw materials; manufacturing, transportation and
distribution; use, re-use, maintenance; recycling, and final disposal.” (Society of
Environmental Toxicology and Chemistry, 1993).

Figure 3. Until recently, it was argued that it might not be technically and economically feasible to construct
buildings having footprints that fall within the carrying capacity of the ecosystem. Numerous demonstration
programs and prototypes have dispelled this view and shown that sustainable buildings are affordable and easy to
construct.

The life cycle of environmental impacts must be assessed against ecosystem thresholds or carrying
capacities; hence, a building technology suited to one part of the world may not be sustainable in another part of
the world. This is a critical consideration for building developments being proposed in fragile ecosystems, such
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as Canada’s north. The notion of a universal building technology has not been embraced by building scientists,
largely because they are aware of how a single variable, such as climate, can influence appropriate solutions.
Despite the existence of objective sustainability measures for buildings, their meaningful application for
the purposes of planning and appropriate legislation faces numerous challenges. This has been reported in
recent literature that has examined building environmental assessment tools.
“Since the field of building environmental assessment tools is vast, the aim of this
study is to clarify that field by analysing and categorizing the existing tools. The
comparison of the tools and their results is difficult, if not impossible. For example,
the tools are designed for assessing different types of buildings, they emphasise
different phases of the life cycle, and they rely on different databases, guidelines and
questionnaires.
“In addition to the environmental aspect, sustainable building includes the economic
and social aspects. A vision of transforming the existing building environmental
assessment tools into sustainability assessment tools seems, now, far away.
However, future requirements are challenging for the tools. One wonders what the
world would be like if all the new buildings were “sustainable buildings” according
to the current image of the building environmental assessment tools.” (Haapio &
Viitaniemi, 2008).
If it is generally acknowledged that a comprehensive means of assessing sustainability is not presently
possible, the building science must consider what meaningful measures can be employed to inform building
technology research and development, and supporting policies. In other jurisdictions, the interim conclusion is
that energy efficiency remains a critical indicator.
“Although a comprehensive approach to environmental performance is desirable,
greenhouse gas mitigation through increased energy efficiency should be considered
a priority environmental goal.” (European Union, 2005).
It is important to recognize this priority environmental goal reflects the perspective of the developed
nations of the world, not necessarily all parts of the world. In some countries, water conservation and resource
efficiency are more critical than energy, simply because there are scarce natural resources available to construct
buildings, and insufficient water supply to support inhabitants. There is also a growing consensus among
environmentalists that the priorities of developing nations will soon become the priorities of developed nations,
simply because of the enormous ecological footprint exerted by affluent industrialized societies. The converse
may also be true as developing nations industrialize, embracing the automobile and energy-intensive
environmental control technologies.
Sustainability implies that all parameters are critical in the long run, whereas the green building
movement has adopted a short-term focus on energy efficiency. The next section of this paper examines the
current status of buildings and communities in relation to a range of sustainability objectives.
Current Status of Buildings and Communities
Assuming energy efficiency is a reliable indicator of sustainability, Table 1 speaks directly to
greenhouse gas emissions and indirectly to energy efficiency among the building and transportation sectors.
With some 2 million housing starts since 1990 (Canada Mortgage and Housing Corp., 2006), Canada’s
residential sector has effectively proven economic growth is possible without necessarily increasing greenhouse
gas emissions. The energy retrofit of existing housing, coupled to improved standards for energy efficiency in
new housing, explain this phenomenon. By contrast, the commercial/institutional and transportation sectors
have not matched the residential sector’s environmental performance. Energy efficiency standards in these to
sectors essentially remained static since 1990. Existing commercial/institutional buildings saw an increased
installation of air-conditioning while urban sprawl increased private vehicle transportation mode choices during
this same time period. It remains to be seen if energy efficiency, as reflected by greenhouse gas emissions,
significantly correlates to health outcomes.
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Table 1. Comparison of greenhouse gas emission trends among key sectors in Canada. [Source: Natural
Resources Canada, National Energy Use Database (NEUD), 2006 Data.]
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The complexity of assessing the sustainability of communities goes far beyond the measures used for
buildings. If building environmental assessment tools have proven difficult to apply in a meaningful way, it
follows that at the community level even higher imprecision may be expected. Table 2 outlines a recently
deployed set of sustainability indicators (Tomalty et al, 2007).
Table 2. Sustainability indicators used to perform an assessment of the sustainability of selected Ontario
communities.
Physical Environment/Smart
Social Environment
Economic Environment/Economic
Growth
Liveability/Equity
Vitality
Population density

Income inequality

Business density

Land use mix

Dwelling diversity

Business Diversity Index

Urban intensification

Affordable housing 1: owners

Unemployment rate

Length of roads per 1,000 people

Affordable housing 2: tenants

Youth unemployment rate

Street connectivity

Heritage homes

Family income

Commuting distance

Community centres

Dependency on safety net

Commuting mode

Parks and recreational areas

Dwelling values

Place of work

Physical activity

Municipal operating and capital
expenditures

Transportation gap

People obese and overweight

Tech Index

Tertiary water treatment

Crime rate

Creative Class Index

Air quality

Vehicle crashes

Educational attainment

It is interesting to note that key measures used for buildings, such as energy and water consumption, and
greenhouse gas emissions, are not explicitly contained within this set of indicators for communities. Does this
suggest a disconnect between building scientists and their allied disciplines, or a failure to form an appropriately
multi-disciplinary research team? It is clear that measures of sustainability for buildings have to be nested
within indicators for communities, and this strongly suggests a critical direction for sustainability research in
general. It is difficult to imagine not including energy consumption within a set of community sustainability
indicators given the following observation:
“It’s hard to make precise comparisons but it’s likely that a key difference between
life in Central Ontario today and life here 150 years ago is the amount of energy we
use: in the order of 30 times more per person. Civilization as we know it depends on
vast amounts of cheap energy, not only from oil but also from natural gas, coal,
uranium, and other sources. Each Central Ontario resident now draws on the energy
equivalent of 80 ‘energy slaves’ working 14 hours a day, 365 days a year.” (Gilbert,
2003).
Energy addiction may be viewed as a condition that effectively predicts community health for a number
of reasons. Much of the energy consumed by buildings and automobiles is based on fossil fuels. The
combustion of fossil fuels is known to adversely impact air quality, and poor air quality is known to affect
human health. Further, the increased use of automobiles implies that at least some proportion of the population
is not receiving the health benefits associated with walking or bicycling as a primary mode of personal
transportation. Household expenditures on energy also influence disposable income, especially in low-income
households.

74

Proceedings of the 1st Canadian Building and Health Sciences Workshop, Montreal, 2008

Future Trends and Targets
What does the future hold in store for building technology? A diverse number of past and present
initiatives, falling under the general term ‘green building’ technology, provide some interesting insights.
Beginning with energy efficient housing, Canada has seen the successful introduction of the R-2000 Program,
the Advanced House Program, the Healthy House Program and most recently, the EQuilibrium House Program.
Common to all of these programs was the strategy of airtightening the envelope, increasing the effective
thermal resistance of the building envelope, and introducing controlled mechanical ventilation with heat
recovery. This strategy was intended to address more than simply energy efficiency. Airtight building envelopes
control air movement across the envelope to avoid interstitial condensation and mould growth in the building
envelope, and the migration of dust and pollen from outdoors to indoors. Mechanical ventilation ensures
acceptable indoor air quality and the potential to filter particulates and contaminants from outdoor air.
Minimizing thermal bridging for opaque envelope elements, and improving the thermal performance of
windows, reduces the potential for condensation on cool surfaces, again preventing the incidence of mould
growth. Using the building as a system approach, energy efficient housing technology also improved indoor air
quality and thermal comfort, positively influencing health outcomes.
On the commercial and institutional side, high performance building technology as advocated by the C2000 Program and now by LEED Canada, has seen attention paid to appropriate material selection and effective
ventilation systems, both contributing to improved indoor air quality. Daylighting is also a major focus in these
types of buildings as it has been recognized it impacts productivity and well-being.
As the passive energy performance of green buildings improves, it is possible to introduce renewable
energy technologies cost effectively. Table 3 summarizes the potential future energy performance of buildings
by 2030 assessed through a recent study performed by Natural Resources Canada (Pope, 2007).
Table 3. Scenario 2030: Renewable energy platform building with building mounted renewable
energy equipment.
Annual Energy Consumption in ekWh/m2/yr
Building Type / City

H

M

T

Win

R

C

V

Wh

Avg.

Large Office

52.4

64.9

58.4

64.1

72.4

57.0

43.3

85.6

62.3

Small Office

7.6

10.4

9.1

12.0

6.0

10.3

21.7

37.8

14.4

Big Box Retail

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Warehouse

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

School

29.8

25.0

31.3

28.1

23.1

19.3

20.2

45.9

27.8

Extended Care

38.8

48.4

69.6

58.4

54.6

67.7

68.0

135.7

67.7

MURBs

34.9

39.1

39.5

38.8

36.4

36.0

37.4

59.2

40.2

Note: 0.0 value indicates this type of building produced as much energy as it consumes.
Cities List: H=Halifax, M=Montreal, T=Toronto, Win=Winnipeg, R=Regina, C=Calgary,
V=Vancouver, Wh=Whitehorse
Based on today’s rate of progress in renewable energy technology R&D, it is expected that big box retail
and warehouse type buildings could achieve a net-zero energy target. Large offices, due to the demand for
mechanical cooling and ventilation, and energy needed to power the elevator equipment, are difficult to render
energy self-sufficient. By contrast, small offices are very near achieving net zero energy performance. Schools,
extended care facilities and multi-unit residential buildings (MURBS) are also challenging due to their
occupancy. The assumptions in the NRCan study are somewhat conservative, and it is entirely plausible that
with appropriate investments in research and development, both building energy conservation and renewable
energy technologies are capable of practically eliminating the need for centralized, non-renewable energy
supply to buildings. Concurrent to this possible future trend is a move away from the 19th century factory work
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model that requires all employees to be physically present during prescribed hours to perform their duties. Telecommuting, office hoteling and flex hours are among the many cultural changes that can further reduce societal
demands for energy.
But the need for focused research and development cannot be underestimated. In 2006, Canada’s gross
domestic product (GDP) was approximately $1.45 trillion, and the construction and development industry
accounted for about $74 billion. Domestic expenditure on research and development (R&D) totalled $28.07
billion, about 1.94% of the GDP. Business enterprises accounted for just over half the total R&D expenditures,
investing $15.77 billion. The construction and development industry does not appear in any R&D statistics, but
if this $74 billion a year industry had invested at the national average rate for R&D in 2006, some $1.4 billion
in funding would have been available (Statistics Canada, 2008). Canada’s building industry continues to employ
a 19th century business model, hence it is reasonable to expect that gains in cost effectiveness and product
quality similar to those enjoyed by other industry sectors could be realized through appropriate R&D
investments. By comparison, in 2003, gross domestic expenditures on R&D in the health field were estimated at
$5.082-billion. (Chapman, 2004)
Returning to the question of what the future may hold, the National Roundtable on the Environment and
the Economy commissioned a report that addressed opportunities and challenges facing Canada in relation to its
long-term energy and climate change future. Specifically, it dealt with how to, by 2050: meet the energy needs
of a growing economy; achieve substantial reductions in carbon emissions; and improve the quality of Canada’s
air. According to the report, Canada could look like this in 2050:
“Housing densities have increased to the point where 70 per cent of Canadians live
in some form of multiple dwelling. With the majority of jobs in services and light
manufacturing, these land uses are integrated into residential developments so that it
has become common to live and work in the same “walkable” neighbourhood or
work at home for several days each week. The average Canadian travels much less
than at mid-century, reserving travel more for pleasure than for commuting. Where it
is necessary to travel to work, Canadians are now twice as likely to use public transit,
which has become more efficient and convenient as a result of higher density and
improved design.
“Personal vehicles are also more efficient, averaging close to 80 mpg (3.6 L/100
km), and are generally fuelled by ethanol mixed with 15 per cent gasoline. One in
five vehicles continues to use propane or compressed natural gas. Canada has
developed an ethanol production industry, distributed across the nation, supporting
production from western farmers as well as northern communities impacted by the
slow reduction in the forestry and pulp and paper industry.
“Canadian homes are much more efficient, as well as being more comfortable and
durable as a result of efforts over the past several decades to inspect and upgrade the
building stock. Solar heating and power systems are viewed as the norm, with one in
three single-family homes using a solar water heating system and one in 10 now
using photovoltaics. Solar systems are associated with progressive new designs as
the majority of systems are located in new subdivisions that have been designed to
maximize solar access. An active local network of home renovation and energy
services business has developed to provide insulation, air sealing and installation and
maintenance of solar energy systems.” (National Round Table on the Environment
and the Economy, 2006).
The future of sustainable buildings and communities in Canada hinges on a common understanding of
the sustainability imperative. The fundamental principles guiding sustainable development include:
• Avoidance or minimization of negative impacts on the environment;
• Conservation and efficient use of natural resources; and
• Ecological harmony and respect for biodiversity.
In practice, these principles are translated into numerous guidelines that attempt to balance economic,
social and cultural demands with the need to responsibly manage our environment so that its carrying capacity
is not exceeded by human activities. Building and health science professionals play an important role in
developing appropriate guidelines and policies, and explaining to our public the relationships between buildings
and health.
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Summary
This paper is intended to identify the linkages between buildings and the health of their inhabitants,
recognizing that buildings are not the only factors affecting human health and well-being. But in view of the
fact the average Canadian spends a majority of his or her time indoors, it is important to steward a building
stock that is conducive to health. Much of the work in Canada will involve the rehabilitation of the existing
building stock so that it is made more energy efficient, and in the process becomes a healthier indoor
environment. This work will often be conducted in combination with the adaptive retrofit of housing to
accommodate shifting demographics and household compositions, particularly an aging population that will
have a significant proportion eventually facing challenges related to independent living and mobility.
In the course of developing a Canadian building and health sciences network, there are several issues
to keep in mind:
• The average Canadian is largely unaware of the relationship between buildings and health, and the
implications of an aging population. S/he is not willing to entertain behavioural changes and prefers
a technological solution to issues relating to sustainability in its many dimensions. Technological
interventions are inherently limited in their effectiveness.
• Canada’s environmental performance is dismal compared to many other developed nations and
changing present trends will prove an extreme challenge under the current economic climate. Multipronged initiatives that address a host of priorities are likely preferable to single-issue interventions.
Hence, building rehabilitation to preserve durability, improve adaptability, reduce energy and water
consumption, and mitigate indoor air quality problems while rendering housing more affordable over
its life cycle, represents a feasible trajectory.
• The building as a system concept is a key means of explaining how buildings and their inhabitants’
lifestyles exert influences, both within the building and beyond the property line. It is also a useful
construct for ensuring the development of appropriate building technology, policies, codes and
standards.
• Sustainability is a recently rediscovered concept by a Canadian population that has enjoyed more than
half a century of relative affluence. The recent economic downturn reinforces the importance of
community and the environment, particularly security of water, energy, food supply and social
services. This complex web must be made fully visible so that the public and their elected
representatives can make informed decisions. It should be integrated into school curricula so that it
can be disseminated affordably and effectively.
• There is a major disparity between building versus community sustainability indicators. Energy and
water consumption, indoor air quality, daylighting, etc. (essentially the efficiency and quality of the
built environment) do not explicitly appear among the community sustainability indicators used by
social and environmental scientists. The durability and adaptability of buildings is a cornerstone of
sustainability, yet fails to be found in commonly employed community sustainability indicators.
• Future advances in building technology will improve the efficiency and quality of the built
environment, but unless proper planning and community development policies and practices are
adopted, the deterioration of the natural environment and quality of life may more than offset these
gains.
• Sustainability is a transdisciplinary problem that demands adaptive restructuring of traditional
academic and research institutions, including their primary research funding organizations. This does
not imply eliminating what currently exists, rather fostering a parallel path that focuses on the
connections rather than the nodes. The single and multi-disciplinary approaches taken for more than
the past half century have demonstrably failed to significantly advance the sustainability agenda,
strongly suggesting the methodology is fundamentally flawed.
Sustainable buildings and communities harmonize social, economic and environmental objectives.
Harmonization requires that compromises, both cultural and technological, will be necessary in as
geographically, politically and multi-culturally diverse a nation as Canada. In a democratic society, the nature
of these compromises should encourage a discussion that is ideally accessible to every citizen. Academics and
researchers must strive to distil their knowledge into a less arcane form that reflects the average Canadian’s
entry level of knowledge. In the short term, the following opportunities have been identified to better focus this
imminent discussion.

Proceedings of the 1st Canadian Building and Health Sciences Workshop, Montreal, 2008

1.

There is a need to develop a common language that permits efficient and informed discussion among
academics, researchers, practitioners, policy makers and the public regarding issues pertaining to
building and health sciences.
2. Concurrently, there is a need to develop performance metrics tied to health outcomes. So many
housing and building statistics have no correlation whatsoever to human health. The building and
health science disciplines are encouraged to collaboratively develop a system of performance
indicators for buildings and their environs that can meaningfully measure and predict the qualities of
our built environment.
3. The costs and benefits of properly integrating building and health sciences within the Canadian context
have not been fully assessed. Clearly, there are many avoided health costs associated with buildings
that address indoor air quality, accessibility, social connection and individual control. Similarly,
appropriate urban planning and community development policies and practices have enormous
potential to restore the environment, improve economic competitiveness and enhance our quality of
life.
The future of sustainable buildings and communities in Canada will be determined by a large number of
factors beyond the influence of building and health scientists. Two critical factors are a willingness on the part
of Canadians to invest in the research and development of a sustainable paradigm, and to appropriately adapt
their behaviour, attitudes and expectations within this emerging context. Equally critical is the integration of
building and health sciences within a transdisciplinary network
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Ten Steps Towards Healthier and Sustainable Buildings
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Abstract: Buildings have been known to cause health symptoms and even deaths. They consume
large quantities of raw materials and 40% of our energy. The building process is governed by
century-old disciplines which tend to work independently and deliver their services in a rather
fragmented way often missing the mark of meeting the basic objectives of providing healthy,
comfortable, and productive indoor environments at limited energy cost. The author outlines 10 steps
to move the building process towards healthy and sustainable buildings and invites professions,
institutions, and government to review their role and responsibilities vis à vis these objectives.
Résumé: On sait que les bâtiments comportent des risques de santé qui peuvent s’avérer mortels. Ils
consomment beaucoup de matières premières et 40 % de notre énergie. L’acte de construire est régi
par des professionnels issus de disciplines centenaires qui ont tendance à travailler de façon
indépendante et à fournir leurs services de façon fragmentée, oubliant parfois jusqu’aux objectifs de
base, à savoir fournir un environnement intérieur sain, confortable et productif, à un coût énergétique
limité. L’auteur décline 10 étapes pour construire des bâtiments sains et durables et invite les
professionnels, les institutions et le gouvernement à revoir leur rôle et leurs responsabilités en
fonction de ces objectifs.

Introduction
Buildings can kill. For example, the legionnaire disease killed 34 out of the 4,000 delegates at the
American Legion convention in the Bellevue-Stratford Hotel, Philadelphia, in 1976 (Alman, 2006). Buildings
can cause symptoms through noxious conditions which include:
1. Mold and dust from dirty plenums (Figure 1);
2. Micro-organisms from stagnant water accumulating in humidification systems (Figure 2);
3. Fibers from broken insulation in air ducts escaping into circulation air (Figure 3);
4. VOCs from building materials such as carpet, furniture, cleaning materials, paint and other materials
made from synthetics; and
5. Spores, MVOCs, and bacteria resulting from moisture buildup (JRV Home Inspections, n.d.).
Figure 1. Lint and dust
accumulated in a return air
duct in a school ventilation
system (Courtesy S. DePani,
GES Technologies).

Figure 2. Stagnant water in a
humidified breeds microorganisms. (Courtesy S. DePani,
GES Technologies)

Figure 3. Fibres escape from broken duct
insulation (Courtesy S. DePani, GES
Technologies).
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The trend to conserve energy over the last 25 years has raised the requirement for tighter buildings. As a
consequence, problems of building deterioration and indoor air quality have arisen. The indoor environment
must be better managed through better design, operation, and maintenance to avoid these problems. For
example, moisture buildup in the building envelope can lead to deterioration of materials, and to the growth of
fungi and bacteria, which in turn can spread within the indoor environment. Consequently, indoor air quality
has become a serious issue, one that the unions have identified to improve the health and comfort at the work
place of their members. The requirements of air quality and energy efficiency can be balanced by the proper
choice of what goes into the building and by good design of the building as a system.
Buildings offend the outdoor environment and contribute to global warming. Annually, building
construction accounts worldwide for (Roodman & Lenssen, 1995):
1. 40% of raw stone, gravel, and sand used;
2. 25% of virgin wood;
3. 40% of energy; and
4. 16% of water used.
There is a need for a paradigm shift in the building process. On one hand we need to improve building
performance, on the other we need to reduce the resources used. The following ten steps are proposed to
achieve these two competing objectives:
1. Reduce failures by better delivery of knowledge to the building process
2. Create awareness that building performance pays – introduce rating system
3. Accelerate implementation of new technologies and better design techniques
4. Integrate new technologies in a holistic approach
5. Improve the building process to reduce cost and resources
6. Begin maintenance soon after the building is completed
7. Train professionals to apply new knowledge to the building process
8. Once the professionals are trained, maximize the use of their expertise
9. Increase R&D in building science and building engineering
10. Exercise our obligations to improve building performance
Step 1. Reduce Failures by Better Delivery of Knowledge to the Building Process
Good building performance is often hampered by the ineffective delivery of current available knowledge
to the building process. For example, in the building shown in Figures 4 and 5 the water runoff over the surface
of the building envelope leads to water penetration through the wall. Saturation of the sheathing leads to
deterioration and mold growth as demonstrated by the removal of the stucco (Figure 5). Resulting contaminants
in the wall may be drawn into the living space by air infiltration and cause health symptoms in the inhabitants.
This failure could have been avoided by preventing the water runoff (Figure 4), which could have been done
easily by a proper sill at the wall opening designed to shed water.
Figure 4. Water runoff on wall surface due
to flush sill.

Figure 5. Failure of building envelope caused by
water runoff.
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This type of detail as well as similar simple flaws have driven repair costs in some cases into the billions
of dollars without advancing significantly the knowledge base of the building industry or improving the health
characteristics of buildings. If more funds were spent at the front end in better training designers or at the design
stage of the project, such dramatic failures would be reduced or avoided.
This type of detail is not always driven by cost, but often by form. Form and function must remain
compatible. Compatibility is best established when existing knowledge to predict and evaluate the impact of
form on function and on the building performance is provided at the conceptual stage.
Better quality can be built into buildings if greater responsibility is assumed by the initial owner and if
the original owner has a stake in the long term performance of the building. The practice of flipping new
buildings for profit needs to be reexamined and curtailed.
Step 2. Create Awareness that Building Performance Pays – Introduce Rating System
The capital cost of a building is 5% to 10% of its lifecycle cost including the salaries of the people
working in it. It pays therefore to design and operate buildings to provide the most productive environment for
people using them. Inadequate funding at the design stage may result in incomplete designs and poor building
performance such as: sick building syndrome, rain penetration, air infiltration, and inadequate thermal comfort
and lighting. Long term quality and function, which should be the primary objective of the building, are
typically subordinated to the original budget. The situation may be further aggravated when the construction is
awarded to the lowest bidder. Building owners must be made aware that it is cheaper for them to put more
money at the front end to avoid high costs and serious problems later. A star rating system for buildings is
currently being introduced by some countries to create this awareness and to ensure long term building
performance. Canada would benefit from a similar system.
Step 3. Accelerate Implementation of New Technologies and Better Design techniques
The building industry lags behind other industries in the implementation of new technologies. This lag is
partly due to the fragmented nature of the industry and to the potential liabilities sometimes associated with the
introduction of innovations.
Nevertheless, new technologies and improved products and design techniques can increase comfort and
reduce the energy required to produce good indoor environments by (i) better control of heat, air, and moisture
(HAM) movement through the building envelope; (ii) harnessing solar energy to heat the indoor environment,
domestic water, and to produce electricity; (iii) better management of solar gains; (iv) use of geothermal
exchange; (v) reduction of offenders and loads on the indoor environment through proper use of clean ducts,
filters, sensors, monitoring, controls and natural ventilation. For example, solar gains can be managed through
spectrally selective, switchable, and electrochromic coated glazing. Indoor environments can be improved by
designing systems for easy maintenance: ducts should be designed for easy access and cleaning; flexible ducts
should be avoided; for existing buildings robots can be used to inspect and lead compressed air through the duct
for cleaning.
Advanced technologies are being developed in the housing industry. For example the Ecoterra
Equilibrium House (140 sq. m. plus 90 sq.m. basement) project being led by Dr. Andreas Athienitis at
Concordia University is designed to have close to net-zero annual energy consumption. It integrates several
innovative systems such as a 3-kW building-integrated photovoltaic-thermal system (BIPV/T), optimized triple
glazed windows and mass, ground-source heat pump, and ventilated concrete storage slab.
Step 4. Integrate New Technologies in a Holistic Approach
Structures, envelope, services, mechanical systems etc. are often implemented as independent
components, yet they must work together. Problems result when compatibility between these systems and/or
their functions is not established.
For example, in a case study, a heat recovery system was installed in an air duct; fan pressure was
increased to compensate for the reduction in the net cross-section of the duct and hence the air flow; the
resulting positive pressure drove moisture from an indoor pool through the building envelope resulting in the
deterioration of the brick veneer. In this case a corrective measure was implemented to improve energy use
without due consideration or knowledge of the impact of that measure on the rest of the building. Failure
occurred in the building envelope which happens to be one of the least researched and understood building
subsystems.
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In another case study, double sliding windows were replaced by
single casement windows in a school under an energy-saving program.
Unlike the old sliding double windows, the new windows would let in
fresh air directly when the bottom pane was pulled open (Figure 6). In
the winter, cold air would also bring in snow. As a result the windows
were opened less frequently during the winter, which reduced the fresh
air supply and eventually contributed to the closing of the school
because of health symptoms experienced by students and teachers
(Fazio, 2009).
Scenarios for performance and safety must be anticipated and
designed for at the design stage so that flaws that would lead to failures
can be eliminated. This exercise can be facilitated by using building
science, testing, and mathematical tools to predict the performance of
building systems.
Industry is making some progress towards the holistic approach
by integrating teams at the design stage to achieve stated goals. For
example, the new London (UK) city hall designed by Sir Norman Foster
(1,750 m2) was designed to consume 25% of energy used in a typical
office building of this scale by a team of professionals which included
specialists in building engineering such as fire, services, acoustics, and
building envelope. Scientific analysis was adopted to generate the form
and geometry of the building to reduce solar gain and heat losses
through the building envelope. The shape minimizes the skin surface for
the space enclosed. The 45 meter tower tilts south 17° to provide natural
shading. Openable windows provide natural ventilation. Heat from
computers, lights, and building core is redistributed to the periphery thus eliminating the need for chillers.
Electric power is reduced by exchanging heat with ground water and through solar panels (London City Hall,
n.d.).
Management of energy is a prerequisite to a healthy building since healthy building characteristics are
largely dependent on energy use. The holistic approach is necessary to harness the resources and expertise
required to realize a stated objective. As indicated earlier, the ultimate objective of most buildings is to provide
a healthy, comfortable, and productive indoor environment at minimum cost of energy and other resources. Yet
it’s not unusual that the building process drifts away from these values since these objectives depend on a wide
scientific base. To coordinate the technologies which underpin this base, a qualified building professional with
broad expertise in the relevant sciences and technologies should be included early in the building process and
should ensure that the value system is reflected in the process, validated at commissioning, and provided for in
the operation and maintenance program.

Figure 6. Openable bottom pane
in casement window.

Step 5. Improve the Building Process to Reduce Cost and Resources
The true cost of the building must be considered over the lifespan of the building. The life cycle of a
building can be divided into three phases: design, construction, and use (Figure 7). Decisions made at the design
stage have high influence on the life cycle cost (LCC) of the building, while decisions made later at the
construction stage have a low influence. The design stage is the shortest of the three, but it has the largest
impact on the money spent in subsequent phases. Expenditures are low at the design stage and high at the
construction stage; they vary according to the quality of design. For example, the less defined is the design, the
greater the variations in construction cost due to change orders and modifications on site. Similarly, low
consideration given to features related to the maintenance and operation of the building, the greater the variation
in operating efficiency and therefore costs in the maintenance and operation of the building. It should also be
noted that the cost of operation of the building can exceed its initial capital cost. Hence, decisions at the
conceptual stage of design determine the cost of operation and the LCC of the building. A good operation and
maintenance program developed in parallel with the design of the building would result in significant savings in
the LCC of the building and better performance. The challenge lies in upgrading the entire building process.
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The use of good design, improved products and advanced technologies that may have seemed expensive
at the design stage, would result in major savings during the long operating years.
Figure 7. Life cycle cost of a building (adapted from Ferry &Flanagan, 1991).

In Canada, the building industry
accounts for about $60billion/year.

Step 6. Begin Maintenance Soon After the Building is Completed
Figure 8. Readings from the
sensors wired to control box and
collected via a computer.

Buildings start to deteriorate soon after they are completed. Hence
maintenance should begin at the time of completion. Reactive maintenance
is not effective. Effective maintenance of the existing building stock is
important as cost of new construction increases.
Monitoring of the building functions is an important part of the
operation and maintenance to achieve high performance. For example, in
the case study of the sick school (Fazio, 2009) a monitoring system was
installed to track temperature, relative humidity, and carbon dioxide in the
classrooms after remedial measures were implemented. Readings from the
sensors wired into the control box (Figure 8) are collected via a computer.
One hundred percent fresh air is provided using a heat recovery system.
Air is not recirculated to avoid potential contamination of the incoming
fresh air by the indoor air.
A maintenance program should be provided for the building over
the first 20 years with emphasis on a short term plan of 3 to 5 years, a
medium plan of 5 to 10 years, and a long term of 10 to 30 years.

Step 7. Train Professionals to Apply New Knowledge to the Building Process
The building process is the meeting place of many disciplines. Each participant must bring to the table
expertise in one or more of these disciplines and have the capacity to understand and communicate with other
experts. These disciplines cannot come together effectively in the field.
High building performance can be achieved only if the professionals involved in the building process
have an understanding of the building as a system and are well equipped with the latest knowledge in the
relevant technical areas such as: building science, the building envelope, energy use, indoor environment, and
construction management in addition to the traditional areas of structures, foundations, and fluid mechanics.
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This discipline, known as Building Engineering (Architectural Engineering in the USA) is parallel to traditional
disciplines. One such program in Building Engineering has existed at Concordia University for over 30 years.
Since the early 1970’s programs in Building Engineering have been established at Concordia University
that feature all the areas related to the building process at the undergraduate (Figure 9) and graduate levels
(Figure 10) (Concordia University, n.d.). Many architects who wish to extend their knowledge in these technical
areas also join these Master’s and PhD programs.
These professionals are trained in the latest building technologies in building and bring to bear state of
the art knowledge on the building process.
Schools for Building administering programs to train these experts would be useful across Canada.
These schools would provide and dispense knowledge by linking up with related disciplines within their
institutions. Specializations would be concentrated at specific nodes and networked across Canada. Knowledge
spikes in industry would link up to these networks to develop symbiotic relations. R&D can be increased with
industry participation in establishing research Chairs in universities.
Figure 9. Undergraduate Building Engineering curriculum at Concordia University. Highlighted courses are
taken exclusively by building engineers. The others are shared with other engineering disciplines.(Concordia
University, n.d.).
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Figure 10. Building Engineering programs at Concordia University (Concordia University, n.d.).

Step 8. Once the Professionals are Trained, Let’s Maximize the Use of Their Expertise
To accelerate the growth of this discipline and attract more students in this profession, industry,
professional institutions, and government need to recognize the role that these new professionals can play in
achieving healthy and sustainable buildings. Incentive road maps would be useful in guiding students from the
point of entry into these educational programs to the point of entry into appropriate positions in the building
industry. Employers would benefit from investing in the expertise they need and providing continuity to the
educational process. Initiatives by government in creating conditions within the structure of its large building
related activities to place these professionals would foster the growth of this young discipline. Recognizing and
properly deploying building professionals will create the demand for Schools for Building across Canada that
would provide the highly qualified personnel required to assist in the production of high performance buildings
for domestic and export purposes in the future.
Step 9. Increase R&D in Building Science and Building Engineering
The building industry accounts for over 60 B $ per year of expenditures in Canada. Buildings impact on
the environment and on health. Yet the R&D support it receives from governments is far less than what other
sectors receive. This inequity is partly due to the small community of professional, researchers, and educators
advocating on behalf of buildings as products or systems requiring R&D to meet human needs at affordable
energy and resource cost. In treating the building as a system, there is a high level of integration of all
components where each component must be made to perform at the level of the overall system performance.
Buildings are instead seen by many decision makers and some granting agencies as an assembly of
products and not as an industry in itself; in this scenario the case for R&D is less compelling and the
performance of the building is governed by the least performing component. For example, this is why the
building envelope, which represents only 20% of the building cost, accounts for 50% of building failures, and
poor indoor environments cause health symptoms and costly absenteeism.
A funding program to recover from this major support deficit is needed to establish equity and put the
building industry at par with other industries. The required educational, research, transfer, and demonstration
programs could then be developed and/or reinforced to place this industry at a level where it can meet users’
expectations.
The Institute for Research in Construction (IRC) at NRC has pioneered and continues to develop
knowledge related to buildings. Special funding would make possible partnerships between IRC researchers and
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University researchers involved in building related projects and transfer this knowledge to relevant educational
programs.
Step 10. Exercise our Obligations to Improve Building Performance
Awareness must be created that we all have a professional, social, economical, and moral obligation to
see that buildings are well designed, well operated, and well maintained. Buildings represent common resources
of society. They shape our lives. They provide for our well being and represent our culture, values, institutions,
and traditions. We are all custodians of this product and must generate the will and knowhow to make our
buildings productive, healthy, comfortable, and friendly.
As professionals and decision makers we need to review our obligations. Is our professional relevance on
the decline when we cannot reconcile form with function? If new trends and challenges are not being met, are
we remiss in our professional and educational practices? If buildings kill or cause health symptoms, are we
doing our best in securing best overall building performance? Are government policies on funding of building
related research and education consistent with global trends and national priorities?
Conclusions
As professionals and decision makers we need to appeal to our institutions, our professional societies,
our licensing associations, government, and to ourselves to bring about the changes necessary to resolve these
two competing objectives:
• Improve building performance to meet human needs effectively,
• Reduce the energy and other resources required to meet these needs.
The ten steps outlined above can help us achieve these objectives. They involve all of us.
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Usage of Ventilation Systems in Canadian Houses
Don Fugler
Policy and Research, Canada Mortgage and Housing Corporation, Ottawa, ON
dfugler@cmhc-schl.gc.ca
Abstract: Ventilation of Canadian houses is a combination of both natural infiltration and the use of
mechanical systems, such as fans, heat recovery ventilators, clothes dryers, and heating appliances
that vent to the outside. Most recently built houses require the use of mechanical ventilation to
achieve house air change rates recommended by codes and standards. This is especially true of airconditioned houses in summer. This paper describes the mechanical ventilation systems installed in
Canadian houses, their usage, the cost of their operation, and the implications of relying solely on
natural infiltration for fresh air.
Résumé: La ventilation des maisons canadiennes est assurée tant par l’infiltration naturelle que par
l’utilisation de systèmes mécaniques, comme les ventilateurs avec ou sans récupération de chaleur,
les sécheuses et les appareils de chauffage ventilés sur l’extérieur. Les maisons construites
récemment nécessitent l’utilisation d’une ventilation mécanique pour parvenir aux taux de
renouvellement d’air recommandés par les codes et les normes. Ceci est particulièrement vrai dans le
cas des maisons climatisées au cours de la saison estivale. Cet article décrit les systèmes de
ventilation mécaniques installés dans les maisons canadiennes, leur utilisation, leur coût de
fonctionnement et les implications de l’utilisation de la seule infiltration naturelle pour assurer
l’apport en air frais.

Introduction
Building codes set out requirements for ventilation in Canadian houses. These requirements are intended
to ensure that there is adequate fresh air in houses to support the people who live in them. The scope of this
paper is low-rise residential buildings in Canada. First, what are the code requirements? Second, are these
requirements met by the way that people inhabit and operate those houses?
In any ventilation system there are two factors. There are "holes" in the house envelope where air can
pass and there is the pressure driving air through the holes. Wind and stack effects create these pressures, as do
mechanical systems, causing house infiltration or exfiltration. If there are no holes, there can be no ventilation;
and if there is no pressure, there is no ventilation. In the very tight houses built today there are almost no holes,
so there is almost no ventilation without mechanical ventilation. Mechanical ventilation is any source of outdoor
air that is powered, including fans, clothes dryers, central vacuums that are vented outside, and heat recovery
ventilators (HRVs).
Current Requirements
Standards and codes that prescribe ventilation rates for low-rise residential buildings are ASHRAE 62.2
(American Society of Heating, Refrigerating, and Air –Conditioning Engineers (ASHRAE), 2007), the National
Building Code of Canada (Part 9) (Canadian Commission on Building and Fire Codes (CCBFC), 2005), and
CSA Standard F 326 (Canadian Standards Association (CSA), 2005). These documents differ somewhat
(e.g., the ASHRAE mechanical ventilation rate is about 33-50% of the CSA value). Overall, however, all
suggest that houses typically require at least 0.3 changes per hour (ACPH) of fresh air when infiltration and
mechanical ventilation are combined.
Another way to determine this is to calculate by litres per second (L/s) of fresh air per occupant. About
7 L/s per person are recommended for human bioeffluents, plus some for house-based pollutants. A room-based
calculation from CSA F326 (5 L/s per room, 10 L/s for master bedroom and basement) would require 50 L/s in
a 500 m³ house (equivalent to a standard 3-bedroom house, with basement), which is approximately 0.36
ACPH.
The National Building Code of Canada (CCBFC, 2005) has a similar calculation, specifying:
• A 3 bedroom house has to have 22-32 L/s provided by the principal ventilation fan, and

© Canada Mortgage and Housing Corp., 2008. In J. A. Veitch (Ed.), Proceedings of the 1st Canadian Building and Health Sciences Workshop
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• There must be kitchen and bathroom exhaust either individually (50 L/s, 25 L/s respectively) or
the principal system must have the capacity to function at 2.5 times its normal operating capacity.
If you add this up, the total is almost the same as for the CSA calculation, but the exhaust-only portion of the
total does not require specific distribution to all parts of the house.
Natural Ventilation
There are now several investigations of air change rates in Canadian houses, all of which show that in
both winter and summer most houses do not achieve 0.3 ACPH by natural ventilation alone (Saskatchewan
Research Council (SRC), 1995; Stricker Associates, 1993). In winter, when infiltration should be highest, in
Quebec 22 out of 30 houses were below 0.3 ACPH (Stricker Associates, 1993); in Saskatchewan, it was 16 out
of 19 (SRC, 1995). Overall, approximately 2/3 are under the ventilation requirements.
Figure 1 shows data from a Health Canada study in Windsor in 2005 (K. Van Ryswyk, personal
communication, 2005). In the summer, most of the measurements were below 0.30 (~ 80%) except for a few
people who open their windows. In winter it is about 50% of houses below 0.3 ACPH. People just do not open
their windows, for many reasons and not all of them are technical. Windsor is a city with leaky houses – that is,
many of them were built before the mid-1980s, when the R2000 program changed house building practice, and
even so there were many houses not achieving the necessary ventilation rate using natural ventilation alone.
Figure 1. Air change rates for homes in Windsor, Ontario, in 2005.
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In a Canada Mortgage and Housing Corporation (CMHC) sponsored research project, Reardon (2008)
conducted simulations of air movement in houses in Vancouver, Saskatoon, and Ottawa under varying
assumptions for air leakage. Data from a federally-funded renovation program, the NRCan EnerGuide for
Houses, provided information about the effects of season, dwelling age, and geographic location. The
simulations found that in Ottawa in summer, houses need mechanical ventilation (Figure 2). This is because
there are periods when there is no wind at all, and in the warm weather there is no significant pressure
difference to drive air through the house. There were conditions under which the air change rate was as low as
0.05 ac/h – one air change every 20 hours. In Saskatoon, which generally has a tight housing stock, a similar
result emerged: up to 89% of the time over a year the ventilation rate was lower than 0.3 ac/h. In Vancouver, the
houses are less airtight and 50% of them averaged 0.3 ac/h through natural ventilation.
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Figure 2. Results from infiltration simulation for Ottawa in August, showing hourly predicted ventilation rates
(Reardon, 2008).
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Indoor Air Quality and Underventilation
The consequence of poor ventilation can be poor indoor air quality, with higher levels of chemical and
particulate contaminants. These outcomes have been measured by both Health Canada and CMHC in various
field investigations (Gilbert et al., 2006; Stricker Associates, 1993; SRC, 1995). Underventilation will most
often result in high levels of formaldehyde and other volatile organic compounds (VOCs), and also high
humidity levels during heating season. This is particularly noticeable in occupied bedrooms with closed doors.
The VOCs come from construction materials and consumer products, cleaners and air fresheners. The latter two
sources are, of course, added by the occupants, who may not realize that they are adding to their total VOC
exposure (and who might find it difficult to obtain unscented products).
In a large new home, of 3,000 – 4,000 square feet (300- 400 m2), with two occupants, there will be few
such problems. The occupancy is low and there will be enough fresh air for those occupants. Conversely, in a
small house with high occupancy, the problems will be large (Kovesi et al., 2007).
Improving Residential Ventilation
Improving the air quality in our homes is more complex than simply opening a window. A survey by
students from the University of Toronto (CMHC, 2004) found that there are always homes in which the
windows are never opened, even in summer (Figure 3). In winter, more than half of the people never open a
window.
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Frequency

Figure 3. Frequency with which windows are opened in new homes in Ontario, by season.
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Many people will say that they do not open their windows because it defeats the benefits of the forcedair system — sending hot air outside in winter, and cool air outside in summer. This is a real effect, but
ventilation air is still needed. Circulation by the furnace fan for instance will mix house air and lead to fewer
pollutant concentrations. For instance, if the furnace fan is left on, the bathroom will clear of high humidity
shortly after a shower. Running a furnace fan, however, can be very expensive, over $500 per year if electricity
rates are ~ 8 cents per kWh. Were this to become common practice, the increase in electricity use would dwarf
the energy savings being achieved by changing light sources or appliances.
The more efficient way to move air is to use a heat-recovery ventilator (HRV). A small, separately
ducted HRV running continuously will consume ~ 100 W, or ~ $ 70 annually at 8 cents per kWh. However,
installation of HRVs is not uniform across the country. They are most common in Atlantic Canada. In Quebec
there is a mixture of HRVs and exhaust fans; in Ontario it is mostly exhaust fans. Across the west and in the
north there is a mixture of HRVs and exhaust fans.
Of course, occupants only get the benefit if the device is installed and maintained properly. We have
found that installation of ventilation systems is often poor (Buchan, Lawton, Parent Ltd, 1996). We observed
improper design and improperly installed ducting. The wiring controls were often incorrect and no-one had
done any testing. (It is possible for homeowners to test their own ventilation systems using common household
items; see http://www.cmhc-schl.gc.ca/en/co/maho/yohoyohe/inaiqu/inaiqu_003.cfm.)
When an HRV has been installed in a home, people do use it. A CMHC-sponsored survey of Canadians
in 1996 found that 80% of people with HRVs in their homes used them continuously in the winter and 75%
used them intermittently in spring, summer and fall (Buchan, Lawton, Parent Ltd, 1996). In an Ontario sample
(CMHC, 2004), half of them used their HRVs continuously all year round.
This leads to the problem of maintenance. Some people changed or cleaned the filter seasonally (every 2
months is our recommendation), but others never did. The transition to a new owner is another problem. Many
people do not know what an HRV is, and are unaware that maintenance is necessary. Figure 4 shows examples
of HRVs that have not been maintained. Clearly the system will not operate efficiently when it cannot draw in
fresh air.
Figure 4. Typical, uncleaned, HRV intake and filter.
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Education, together with better controls and labels, would help to improve ventilation system
performance. We surveyed 120 new houses in Ontario (CMHC, 2004). We found that 87% of the people with
exhaust-only ventilation systems did not use them. The typical system in an Ontario house has a switch,
probably in the dining room, that says “ventilation”, which runs the exhaust fan in the master bathroom, and a
switch on the furnace thermostat that activates the furnace fan to distribute air around the house. That
constitutes a ventilation system, and it will work as a ventilation system. When we explained the operation of
the system to people, many of them looked at us in disbelief.
Conclusion
What this means for Canadian houses is that we need mechanical ventilation, because our houses are
sufficiently airtight that natural ventilation alone will not result in sufficient fresh air to clear out pollutants,
both those from occupants and from materials in the home. A low-volume continuous fresh air supply from an
HRV, with a higher-volume supplemental system for times when pollutants are high (e.g., during parties, or
while doing hobbies or redecorating), would be an energy-efficient system. It is possible to achieve a good
system under our current codes and with currently available equipment. The known shortcomings are in system
design, installation, and inspection, and in homeowner education. No system can deliver consistently good air to
homes unless it is maintained properly.
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Abstract: Canadians spend most of their time indoors. There is mounting evidence that the
conditions they experience — air, light, sound, interior design, materials, and architectural features
— influence their health. These effects may disproportionately occur in vulnerable populations,
defined by individual, socioeconomic, cultural or geographic characteristics. In November 2008, the
First Canadian Building and Health Sciences Workshop brought together Canadian researchers to
identify the state of the science on buildings and health and to identify a way forward to improve the
state of knowledge in Canada. This paper summarizes the state of knowledge and identifies research
gaps as a first step in that process.
Résumé: Les Canadiens passent la plupart du temps à l’intérieur. Il est de plus en plus prouvé que les
conditions dans lesquelles ils vivent ont une influence sur leur santé (l’air, la lumière, le bruit, la
conception intérieure, les matériaux et l’architecture). Ces conséquences peuvent être
particulièrement graves auprès des populations les plus vulnérables, définies ainsi suivant leurs
caractéristiques individuelles, socio-économiques, culturelles ou géographiques. En novembre 2008,
le premier atelier canadien sur les sciences du bâtiment et de la santé a permis de regrouper des
chercheurs canadiens pour identifier l’état des sciences du bâtiment et de la santé et mettre au point
une façon d’améliorer l’état des connaissances au Canada. Cet article résume l’état des connaissances
et identifie les lacunes dans la recherche en tant que première étape de ce processus.

Introduction
Canadians spend close to 90% of their time indoors (Leech, Nelson, Burnett, Aaron, & Raizenne, 2002).
The conditions created by and existing in buildings as they are designed, constructed, operated and inhabited,
are those to which we are exposed most often and for the longest duration. The need to improve the scientific
understanding of the health effects associated with buildings, and to understand how building design,
construction, and operation influence the physical conditions in buildings, was the impetus that led the hosts to
organize the First Canadian Building and Health Sciences Workshop. Although there are several international
organizations, conference series, and expert meetings concerning health and buildings, there has been no
concerted effort to bring together Canadian researchers. This has limited the possibility of collaborations among
Canadian researchers and reduced the quantity of research on Canadian building and climate conditions and in
the Canadian population. Better knowledge of building-health relationships in the Canadian context is needed
for the development of appropriate Canadian solutions.
The scope of the workshop was intentionally broad: To consider buildings in all their aspects, including
but not limited to air, light, sound, interior design, materials, and architectural features, as they could affect the
health of people. We adopted the World Health Organization (WHO) definition of health: “…a state of
complete physical, mental, and social well-being and not merely the absence of disease or infirmity” (WHO,
1948). We intended to address the health needs of people taking into account all of their individual and
collective characteristics, abilities, and states, including (but not limited to) their age, developmental state,
socioeconomic status, sex, personality, and cultural differences.
The goals for the workshop were:
• To review the state of the science on buildings and health;
• To identify research gaps, particularly those relevant to the Canadian context;
• To develop next steps leading to filling the gaps;
• To identify barriers that limit knowledge transfer and the development of interdisciplinary research
collaborations, and to begin to break them down.
This paper addresses the first two goals of the workshop; a separate workshop summary paper (Veitch,
2008a) addresses the last two goals. This summary of the state of the science is based on all of the information
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associated with the workshop: the formal presentations, the panel discussions, the breakout group feedback, and
the participants’ selected bibliography (Appendix A, this volume), as well as a limited literature review of work
published after the workshop.
Building Effects on Health
Respiratory Exposures and Ventilation

The air in buildings can contain chemical, microbial, and particulate contaminants, the exposure to
which may affect human health. Dumont (2008, this volume) reviewed some of the sources: occupants; tobacco
smoke; wood smoke; off-gassing from building materials, finishes, and furnishings; combustion appliances; and
microbial contamination. The effects of indoor air quality on health, and the links between ventilation strategies
and indoor atmospheric conditions, are the dominant research area at the intersection of the building sciences
and health sciences. Indeed, for many the phrases “indoor air quality” and “indoor environment” are
synonymous. Among the 54 articles proposed by workshop participants as valuable reading at the intersection
of the building sciences and health sciences, 21 focused on this topic. Concern about possible adverse effects of
the air we breathe indoors has increased in recent years with the recognition that there may be conflicts between
the goal of tightening buildings to improve the energy-efficiency of heating and cooling systems, and the need
for clean air to breathe.
Not surprisingly, the dominant focus in this area has been on respiratory health. Dales, Liu, Wheeler, and
Gilbert (2008) reviewed the literature to provide guidance to the medical community concerning when to
suspect residential indoor air quality as the source of a respiratory health problem, and how to advise patients
and the public on how to improve the conditions in spaces they inhabit. More comprehensive reviews have been
conducted in the U.S. by the National Center for Healthy Housing (NCHH) (2009) and the National Academies
of Science Institute of Medicine (IOM) (2000). These reviews have concluded that there are strong or causal
relationships between certain exposures and clinical conditions (e.g., environmental tobacco smoke and lung
cancer; dust mites and asthma), whereas there is correlational evidence for associations between other allergens
and clinical conditions (e.g., mould, cockroaches and asthma). Volatile organic compounds found in cleaning
products are associated with various respiratory symptoms (Dales et al., 2008) and endotoxin burdens have been
linked to infant respiratory health (Dales, Miller, Ruest, Guay, & Judek, 2006). For formaldehyde and radon,
there is sufficient evidence of health effects indoors to support regulatory guidelines (Health Canada, 2006,
2007). For certain semi-volatile and non-volatile plasticizers, there is suggestive evidence of an effect on
respiratory health and function, and on allergies, but this needs further study (Dales et al., 2008; Mendell,
2007).
Dales et al. (2008) highlighted a controversial issue that remains to be resolved: Some evidence supports
the notion that early exposure can prevent sensitization and the subsequent development of allergy and atopy;
other evidence suggests that early exposure can increase the risk of subsequent problems. Furthermore,
avoidance of allergens (e.g., endotoxins, dust mites) is recommended for people with known sensitivities,
but effects of allergen exposures on people who have not been sensitized are unclear (Dales et al., 2008).
Several investigations have assessed airborne contaminants in Canadian houses, with studies having
focused on Prince Edward Island (Dales et al., 2006; Gilbert et al., 2005), Quebec City (Gilbert et al., 2006),
and Baffin Island (Kovesi et al., 2006; 2007). Other investigations have assessed ventilation rates and practices
in Ontario, Quebec, and Saskatchewan (Fugler, 2008, this volume). Taken overall, it appears that on the order
of one third of homes are underventilated compared to North American norms; that is, they receive fewer than
0.5 air changes per hour most of the time (e.g., Canadian Commission on Building and Fire Codes (CCBFC),
2005), which would contribute to adverse health outcomes because of contaminant exposures.
Source control, dilution through ventilation, and pollutant removal through filtration are the three broad
strategies available to reduce unwanted exposures. The National Center for Healthy Housing review, released
after this workshop, outlined interventions that have been shown to be effective ways to address health
problems in houses (NCHH, 2009), as well as those for which evidence of their effectiveness is weaker
or nonexistent. Increasing residential ventilation was judged to require more field evaluation regarding its
effectiveness in limiting exposure to biological toxins, and to require formative research in relation to chemical
toxins. For example, multifactorial interventions (including both source control and ventilation components) can
improve asthma symptoms and quality of life (Krieger, Takaro, & Rabkin, 2008, this volume), but residential
ventilation rates alone are not clearly associated with health outcomes (NCHH, 2009). Filtration alone has
shown mixed results with respect to allergy and asthma symptoms, partly because of research design limitations
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(McDonald et al., 2002), and the NCHH did not consider the evidence sufficient to justify filtration alone as an
intervention (NCHH, 2009). Further investigation of these issues is clearly justified: Wu and Takaro (2007)
have argued using the data on asthma interventions that such interventions are cost-effective. The cost of
disease associated with mould and dampness in U.S. homes has been estimated as ~ US$ 3.5 billion per year
(Mudarri & Fisk, 2007).
Exactly how best to deliver healthful indoor air quality in Canadian homes is an active research topic.
Leech, Raizenne, and Gusdorf (2004) provided limited evidence that ventilation practices in new, energyefficient homes improved a number of comfort symptoms. However, the housing stock in Canada is diverse, as
are regional climatic conditions. Different strategies will be required for existing older homes of varying ages
and from one region to another.
Current Canadian research addresses the effects of indoor air quality on the development of asthma and
allergy. The Canadian Healthy Infant Longitudinal Development (CHILD) Study
(http://www.canadianchildstudy.ca/), funded by the AllerGen National Centre of Excellence
http://www.allergen-nce.ca/Research/Network-Wide_Research.html) and the Canadian Institutes of Health
Research, began in 2008 as a pilot, MiniCHILD. This study will ultimately involve 5,000 children born in four
provinces across Canada over the next 20 years. This will cover environmental, clinical and genetic
determinants of respiratory diseases. The National Research Council Canada Institute for Research in
Construction (NRC-IRC) Indoor Air Initiative (http://irc.nrc-cnrc.gc.ca/ie/iaq/initiative_e.html), a partnership
between NRC-IRC and l’Institut national de santé publique du Québec (INSPQ), with support from Health
Canada and others, includes investigations into the effects of residential indoor air conditions on childhood
asthma and the effects of various ventilation strategies on indoor air quality parameters.
It is well known that poverty increases exposures to toxins and stressors of all kinds (Evans &
Kantrowitz, 2002; Wu, Jacobs, Mitchell, Miller, & Karol, 2007). There also exist geographic and cultural
dimensions to this problem. For instance, Kovesi and colleagues (2006; 2007) found that among Inuit homes on
Baffin Island, 94% had resident smokers and 80% had ventilation rates lower than recommendations. Infants in
homes with higher concentrations of carbon dioxide and more occupants were more likely to develop severe
respiratory tract infections. These illnesses require hospitalization in a distant city, an expensive problem for the
health-care system and an expensive and distressing one for families.
Despite the extensive activity in Canada and elsewhere directed at understanding the effects of airborne
exposures on health, there remain many unanswered questions. Comparatively few diseases have been studied,
and predominantly those with obvious connections to respiratory health. Thus, present-day work emphasizes
asthma and allergy, often in children because they are at greater risk (Bearer, 1995). Since the SARS epidemic
in 2003, there has been a renewal of interest in the role of ventilation in the spread of infectious disease (e.g., Li
et al., 2007). There exists little work addressing other diseases, particularly those of adulthood (e.g.,
cardiovascular disease; cancers; neurological disorders; behavioural and mental health problems; diabetes).
There appear to be no studies that have attempted to associate indoor air conditions with positive well-being.
Extensive exposure monitoring took place in six European cities under the EXPOLIS project
(http://www.ktl.fi/expolis/index.php?id=0) and in the USA in three states under the NHEXAS project
(http://www.epa.gov/heasd/edrb/nhexas.htm). Total exposures of Canadians to airborne contaminants found in
homes, nonindustrial workplaces, transport and outdoors are poorly understood. A few studies have undertaken
extensive monitoring of indoor air quality in Canadian homes (e.g., Dales et al., 2006; Gilbert et al., 2006;
Gilbert et al., 2008; Héroux et al., 2008; Kovesi et al., 2006; Stocco et al., 2008), but there is little information
concerning exposures in non-residential, non-industrial buildings, and no evidence concerning the total
exposure individuals experience throughout a day as they pass through various spaces. The vast array of
substances that may occur in buildings, and the cost of assays for them, makes exposure monitoring a
particularly difficult challenge (IOM, 2000).
Other Material Exposures

Inhabitants of buildings are also exposed to chemical, biological, and mineral contaminants through
routes other than respiration. Exposures may occur through the skin and by ingestion. These exposures may
affect infants and children more than adults, both because they are more likely to manually and orally explore
surfaces and because the effects may be greater on developing bodies (Bearer, 1995; Canadian Partnership for
Children's Health and Environment (CPCHE), 2005). The effects of some substances are well understood, with
the result that standards and practices have changed. This has resulted in regulatory changes, such as banning
lead additives for gasoline. Lead-based paints have been prohibited for some time; however, exposures to lead
from building sources persist in homes built before 1980 (Rasmussen, 2004; Rasmussen et al., 2008;
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Rasmussen, Subramanian, & Jessiman, 2001; Wu et al., 2007). There are inadequate data in Canada to assess
the scope of this problem.
Aside from allergens, endotoxin and glucan, Canadian house dust can contain high concentrations of
metals other than lead, flame retardants, perfluorosulfonates and particulate matter (PM) from wood stoves and
automobile traffic (Harrad et al., 2008; Kubwabo, Stewart, Zhu, & Marro, 2005; Miller, Dugandzic, Frescura, &
Salares, 2007; Rasmussen, 2004; Rasmussen et al., 2008; Rasmussen et al., 2001; Wilford, Shoeib, Harner, Zhu,
& Jones, 2005). The health effects of these remain to be properly elucidated and the geographic distribution of
data within Canada is limited.
Both in the general media and in the scientific literature there is controversy over the suggestion that
organohalogen compounds such as flame retardants could have adverse health effects. These compounds have
been suggested as possible influences on the occurrence of attention-deficit hyperactivity disorder (ADHD) and
Parkinson’s Disease, both of which have increased in incidence over the period during which these substances
have been in use. There is some evidence that brominated flame retardants might adversely affect neurological
development, possibly through effects on dopaminergic neurons (Lilienthal, van der Ven, Piersma, & Vos,
2009). Dust ingestion has been suggested as an important mechanism for human exposures (Abdallah et al.,
2008; Harrad et al., 2008), but it remains far from clear what effects, if any, might relate to these exposures.
Research in this area is challenging because the exposures to any one substance are low, but many
exposures occur simultaneously. The effects of various exposures could be additive, and some effects may
develop in response to cumulative, not acute, exposures. Moreover, there are hundreds of man-made substances
that may be involved, and the effects are likely to be the result of interaction with genetic factors (Mariussen &
Fonnum, 2006).
Light and Lighting

A transformation is under way in lighting research, bringing together the international communities of
researchers in photobiology and architectural lighting applications. The discovery of a separate retinal sensory
system transducing information about light and dark (Berson, Dunn, & Takao, 2002; Hattar, Liao, Takao,
Berson, & Yau, 2002) was revolutionary. Afferents from the newly-identified intrinsically photoreceptive
retinal ganglion cells (ipRGCs) lead to, among other brain structures, the suprachiasmatic nucleus of the
hypothalamus and from there to the pineal gland (Commission Internationale de l'Eclairage (CIE), 2004). The
connection to the pineal gland is important for the regulation of the hormone melatonin, which regulates many
circadian rhythms (CIE, 2004). Extensive research into acute melatonin suppression by nocturnal light exposure
has resulted in an understanding that light in the region of 454-484 nm is most effective at influencing various
indices of circadian phase (Brainard & Provencio, 2006). However, we do not yet have a clear understanding of
the effects of polychromatic (white) light on human physiology, nor do we have a complete understanding of
the effects of daytime light exposure on human physiology and behaviour (Brainard & Veitch, 2007).
Separate lines of research suggest that people in industrialized countries may not experience sufficient
daily light exposure for optimal health (Espiritu et al., 1994; Jean-Louis, Kripke, Cohen, Zizi, & Wolintz, 2005;
Leppämäki, Partonen, & Lönnqvist, 2002; Partonen, Leppämäki, Hurme, & Lönnqvist, 1998; Partonen &
Lönnqvist, 2000), and Canadian researchers are active in this area. Residents in Montreal are exposed, on
average, to 2 hours 26 minutes of light over 1000 lx in summer, and 24 minutes in winter (Hébert, Dumont, &
Paquet, 1998). Social interactions may be more cooperative and less competitive immediately following bright
light exposure (aan het Rot, Moskowitz, & Young, 2008). Moreover, studies in an Edmonton hospital revealed
associations between sunny hospital rooms and lower mortality rates among cardiac patients (Beauchemin &
Hays, 1998) and faster symptom remission for depressive patients (Beauchemin & Hays, 1996).
There are two responses to this information among those interested in lighting (Brainard & Veitch,
2007): some are enthusiastic about making immediate changes to lighting design and practice (e.g., Bommel &
Beld, 2004). Others are more circumspect, recommending more thorough investigation (e.g., Boyce, 2006;
Veitch, 2005). The International Commission on Illumination has a technical committee (TC 3-46, chaired by
this author) charged with the development of a research roadmap to define the knowledge needed to develop
lighting applications based on the effects of light on human physiology and behaviour.
Noise

Although few Canadian researchers are active in the field, there is growing evidence from international
sources that chronic noise exposure has adverse effects on cardiovascular health, respiratory illness, depression,
and interpersonal communication in both children and adults, and children’s language development (e.g., Evans,
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Hygge, & Bullinger, 1995; Evans & Maxwell, 1997; Ising & Braun, 2000; Ising & Kruppa, 2004; Niemann et
al., 2006). The European Regional Office of the WHO is developing guidelines for urban noise levels based on
this research (WHO Europe, 2007).
Noise annoyance is a predictor of health symptoms (Niemann et al., 2006), providing a non-invasive
means of assessing the likelihood of problems in a given neighbourhood. Health Canada is in the process of
developing guidelines based on noise annoyance that could be used for environmental assessments of planned
projects in Canada (Michaud, Bly, & Keith, 2008). Canadians’ annoyance with road traffic noise correlates with
the distance to a heavily-travelled road and to community size (Michaud, Keith, & McMurchy, 2008). Further
research is needed to identify the building and infrastructure characteristics (e.g., noise barriers) that could
reduce noise exposure and mitigate health effects.
Architectural Features

The effects of architectural features of the built environment on health and well-being have been the
target of many studies over the past fifty years (Gifford, 2007). At the most general level, the evidence shows
that the objectively-assessed quality of housing improves health outcomes. Evans, Wells, Chan, and Saltzman
(Evans, Wells, Chan, & Saltzman, 2000) conducted a prospective longitudinal study of mothers moving into
new housing, and found that the improvement in housing quality reduced mothers’ psychological distress. In a
cross-sectional sample from this data set, they found that housing quality predicted mothers’ mental health after
controlling for income. A cross-sectional study of families in Quebec and British Columbia found that the
quality of the home's interior, exterior, and neighbourhood positively predicted children’s socioemotional health
as rated by their parents, after controlling for parental income, parental education, parental mental health status,
the child's sex, and the family's tenure in the house (Gifford & Lacombe, 2006). Such studies emphasize the
importance of the characteristics of the physical environment, but provide little direct guidance for designers or
policy-makers because it is impossible to identify the specific features that have the strongest connection to
health outcomes from the generalized objective checklists.
Among the most important specific architectural features influencing health are windows. They exert
their influence through the admission of light (see above), and by providing a view of outdoors. The value of
the view is most beneficial when the view includes natural elements, such as trees and grass (Talbot & Kaplan,
1991; Ulrich, 1984).
The availability of nature near home has additional benefits, findings that have implications for
landscape design and neighbourhood planning. Living near to natural features can improve psychological
functioning and coping in adults (Kuo, 2001), and adults in neighbourhoods with more greenery have lower
rates of obesity (Ellaway, Macintyre, & Bonnefoy, 2005). Playing in more natural settings can reduce
symptoms of ADHD in children with the disorder (Kuo & Taylor, 2004; Taylor, Kuo, & Sullivan, 2001), and
improves cognitive functioning and coping ability in children generally (Wells, 2000; Wells & Evans, 2003).
The effects of both a natural window view and access to nature are thought to be related to attention restoration
and the reduction of mental fatigue (Kaplan, 1995).
Specific architectural elements within homes also influence health. As Fernie, Dutta, Li, and Hsu (2008,
this volume) observed, falling is one of the major causes of death among seniors. Research programs during the
past three decades have led to interventions that reduce pain, suffering, and health care costs (Sleet, Moffett, &
Stevens, 2008). As Syme (2008, this volume) observed, interventions aimed at training or changing the
individual will need to be repeated for each cohort; architectural interventions will endure. New technologies
are under development to reduce the risk of falls (e.g., Scovil et al., 2007), and much is known about
accessibility features for new buildings (Fernie et al., 2008, this volume), but less is known about practical
means to retrofit such features into existing homes. The National Center for Healthy Housing concluded that
more field evaluation is needed to document the effectiveness of such interventions for fall prevention (NCHH,
2009). Moreover, injuries from falls are not the only health outcome affected by architectural features in homes,
nor are the elderly and their caregivers the only populations needing attention.
Population Health
Housing and Neighbourhoods

Although one can consider dwellings in terms of building features, a separate body of research takes a
population health perspective on housing, with a focus on socio-economic, geographical, and psychological
contributors to health (Fuller-Thomson, Hulchanski, & Hwang, 2000; Hartig & Lawrence, 2003). This body of
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work has demonstrated that being of low socio-economic status exposes individuals to both physical and social
stressors, including higher levels of toxins and higher noise levels along with fewer buffers against stress, such
as social support (Evans, 2004; Fuller-Thomson et al., 2000). These many and varied demands and exposures
contribute to the poorer health status of residents in lower-income neighbourhoods (Caspi, Taylor, Moffitt, &
Plomin, 2000; Dunn & Hayes, 2000).
Several reviews of the literature have appeared in recent years (Cummins & Jackson, 2001; FullerThomson et al., 2000; Lawrence, 2002, 2006; Saegert, Klitzman, Freudenberg, Cooperman-Mroczek, & Nassar,
2003). Although they vary in emphasis, all agree that progress in understanding the relationships between
housing characteristics and health, and demonstrating the importance of interventions in a way that is amenable
to policy-makers and practitioners, requires interdisciplinary collaboration. Methodological weaknesses have
limited the strength of conclusions in this field (Evans, Wells, & Moch, 2003; Saegert et al., 2003), and Dunn
(2008, this volume) has called for more theoretical rigour and the development of integrated models to improve
our understanding of the effects of housing and home on health outcomes. For detail concerning research
methods applicable in this domain, see Sadish, Cook, and Campbell (2002). Gifford (2008, this volume)
provided an overview.
Rates of obesity are rising dramatically in Canada and elsewhere (Starky, 2005). The causes are
multifactorial, but one contributor is inactivity. Neighbourhood design is one focus of research attention. In
particular, some have suggested that suburban designs that place homes far from shopping, schools, and
amenities contribute to inactivity by making it more difficult to residents to walk or cycle to their daily
activities. No consensus has emerged as yet, with some studies finding positive relationships between
neighbourhood characteristics and either activity levels or obesity rates (Heinrich et al., 2008), and others
finding no relationship or findings in unexpected directions (Atkinson, Sallis, Saelens, Cain, & Black, 2005;
Wells & Yang, 2008). The diversity of neighbourhood characteristics used as predictor variables, as well as the
diversity of neighbourhoods, likely explains the lack of consensus. Further investigation and theoretical
development are needed in this area.
Interactions — Individual and Group Differences

As is clear from the literature cited above, the effects of building conditions on individuals are not
necessarily simple main effects that are observable in all people. Researchers have focused on a limited subset
of individual differences that moderate effects, but more attention is required.
Developmental effects have been, and continue to be, an important research focus. Infants and children,
because of their lower mass and rapid growth, are likely to be more strongly affected than adults by various
exposures (Bearer, 2005). For instance, Abdallah et al. (2008) calculated that the infant dose of the brominated
flame retardant hexabromocyclodecane may fall within the range of occupational exposures of workers in a
polystyrene plant. Little is known about the consequences in humans of such exposure at an early age, but one
study found that rats receiving high doses during early development showed adverse effects in dopaminedependent behaviour (Lilienthal et al., 2009).
Important effects also occur at the other end of the life span. Increasing light exposure during the day can
improve mood and cognitive functioning and reduce night-time restlessness among nursing-home residents with
dementia (Riemersma-van der Lek et al., 2008; Someren, Kessler, Mirmiran, & Swaab, 1997).
Failing to examine differential effects across age groups can mask interesting effects. The effects of
electromagnetic fields (EMF) on health is a contentious topic. Some have suggested that EMF exposure might
contribute to the development of cancers and other diseases (Ahlbom et al., 2001; Brainard, Kavet, & Kheifets,
1999), although there are few empirical studies showing such effects. Davis and Mirick (2007) found no
association between household EMF exposure and breast cancer incidence among adult women. If the effects
exist, disruption of the melatonin cycle is thought to be a possible underlying mechanism. Levallois et al. (2001)
found no simple main effects of EMF exposure on melatonin secretion, but age and EMF exposure had an
interactive effect. This led them to suggest that the effects of EMF exposure could be greater for vulnerable
subpopulations. Further investigation of this effect would be required to address this particular question. More
generally there have been few attempts to elucidate interactions between interior conditions and occupants’ age
or other individual differences.
Group-level interactions also warrant attention. These may include genetic differences associated with
particular subpopulations, or cultural and geographic influences. Kovesi et al. (2006; 2007) studied the
incidence of respiratory illness in the Canadian north because of a known public health problem: a high rate of
serious illness among Inuit children in that region. The interior conditions that contribute to these illnesses have
multiple determinants that include poverty, high occupant density, cultural practices contributing to interior
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conditions, and the extreme climate. Developing effective interventions for such problems requires a better
understanding of the relative importance of these various influences.
Building Systems
Sustainable development and health are intertwined. The report of the United Nations World
Commission on Environment and Development (the “Brundtland Report”) defined sustainable development as:
“development that meets the needs of the present without compromising the ability of future generations to
meet their own needs” (World Commission on Environment and Development, 1987). To design buildings and
to plan communities following this definition means to strive to create conditions that support human health
today without compromising the health, broadly construed, of future generations. Thus, a healthful building
must also be an energy-efficient one, and its construction and operation ought not to consume resources that
future generations will require, nor to result in the creation of conditions that will impair their health. Kesik
(2008, this volume) provided an overview of sustainability as it applies to buildings and in particular their
energy consumption.
Much is known about how to design, construct, and operate buildings to create healthful conditions
without being wasteful, and bodies of research also address the development of healthful, sustainable
communities. Several journals publish the research of building scientists worldwide that document the
development of design processes, building technologies, and operating strategies to improve building
performance (e.g., Building and Environment; Building Research and Information; Energy and Buildings;
Indoor and Built Environment; Intelligent Buildings International), and others are devoted to the community
level (Environment and Planning B: Planning and Design; Urban Studies); there are also several conferences
each year devoted to the topic. Loftness, Hakkinen, Adan, and Nevalainen (2007) briefly reviewed building
design and construction choices that can lead to buildings that are both sustainable in the long run and healthy
for their current inhabitants. Fazio (2008, this volume) described practical aspects of building design,
construction, and operation that have limited our success in applying this information.
The research gap lies not in understanding fundamental building physics, but in the integration of
separate lines of knowledge. Following the first energy crisis of the 1970s, building air tightness was increased
to reduce the energy required for building heating and cooling. This resulted in unintended consequences related
to indoor air quality. Contemporary homes in most of Canada require mechanical ventilation in order to achieve
acceptable air change rates, and the standard practices for this ventilation are not as energy-efficient as they
could be (Fugler, 2008, this volume). Further research is needed to develop integrated solutions for new
buildings that will resolve these issues — that is, how to solve one problem without creating new ones.
Moreover, solutions are needed that will result in renovations to ensure healthful and sustainable conditions in
the existing buildings that
comprise the majority of the
Figure 1. An example of an integrated model involving building sciences
building stock in all building
and health sciences. Building science contributions are shown in blue,
types.
and health sciences in black.
In order to address system
SES
issues, there needs to be
integration of building sciences
external
and health sciences, the very topic
environment
of this workshop. There are few, if
any, fully integrated models that
social
building
reveal how building systems create
support
design
interior conditions and how, in
noise
turn, those interior conditions
exposure
influence health. For example,
Veitch (Veitch, 2008b) described a
strain
possible model for the effects of
symptoms
communication
noise on cardiovascular health
(Figure 1).
Evidence exists for the
various steps in the relationship,
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but there is not enough detail available to connect the building science and health science components in order
to derive practical recommendations. Although this example concerns noise exposure, the same could be said
for most other topics described in this review.
In short, we need to know what conditions Canadians are exposed to in their built environments; what
the results might be of that exposure; and, what are the relative costs/benefits of those results, in order to
determine where to place specific research efforts and applications. This exposure information needs to be
applicable to all building types, to various populations, and tailored to individual cultural and geographic needs.
In all the areas investigated, authors have advocated interdisciplinary or transdisciplinary research as a
necessary activity in advancing efforts to ensure the design, construction, operation, and habitation of healthful
buildings in a healthful environment. Syme (2008, this volume) opened the First Canadian Building and Health
Sciences Workshop with an inspiring call for Canadian scientists to work together, to lead the way. This review
will, we hope, provide guidance to Canadian researchers in this endeavour.
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Abstract: The First Canadian Building and Health Sciences Workshop brought together 50 Canadian
experts from the building sciences and health sciences to discuss the state of knowledge at the
intersection of those disciplines, to develop plans for how to address knowledge gaps, and to begin to
break down barriers preventing both interdisciplinary research and knowledge transfer. This paper
summarizes the discussions that took place at the workshop and outlines the next steps to be taken
towards the ultimate goals of improved health for Canadians and improved Canadian building
performance.
Résumé: Le premier atelier canadien sur les sciences du bâtiment et de la santé a permis de
regrouper 50 experts canadiens pour discuter de l’état des connaissances au point de convergence de
ces deux disciplines, d’élaborer des plans pour combler les lacunes dans les connaissances et de
commencer à surmonter les obstacles que rencontrent la recherche interdisciplinaire et le transfert des
connaissances. Cet article résume les discussions qui ont eu lieu pendant l’atelier et pointe les
prochaines étapes à entreprendre pour atteindre les objectifs ultimes, à savoir, améliorer la santé des
Canadiens ainsi que la performance des bâtiments canadiens.

Introduction
Canadians spend about 90% of their time indoors (Leech, Nelson, Burnett, Aaron, & Raizenne, 2002);
therefore, the indoor environment may be one of the most fertile research areas in which we should seek
improvements to our overall health and well-being. The scope of the potential problems and their solutions is
broad: It encompasses buildings in all their aspects, including but not limited to air, light, sound, interior design,
materials, and architectural features, as they could affect the health of people, as understood in the World Health
Organization (1948) definition of health: “…a state of complete physical, mental, and social well-being and not
merely the absence of disease or infirmity”. Nazaroff, Wechsler , and Corsi (2003) described the challenge thus
in an editorial to a special issue addressing indoor air quality problems:
The disciplinarian says, “Here is my hammer. Where is your nail?” The domain
dweller muses, a la legendary folk musician Pete Seeger, “If I had a hammer, I’d
hammer … all over this land.”
…Scientific domains are typically much less self-reliant than scientific
disciplines…those who work in domains must foster the regular infusion of new
tools, techniques, and talents from the scientific disciplines. The challenge of
communication and the need for multidisciplinary co-operation are also much greater
in domains than in disciplines.
(Nazaroff et al., 2003, pp. 5451-5452)
Recognizing that no single organization can provide all the answers to these inter-related issues or to
such a multi-disciplinary topic, the National Research Council Institute for Research in Construction (NRCIRC), together with Canada Mortgage and Housing Corporation, the Canadian Institutes of Health Research,
and Health Canada, convened a two-day workshop. This event brought together approximately 50 Canadian
experts from all the various scientific and technical fields that bear on building and health science issues. Many
international meetings of this type have occurred, but this was the first with a specifically Canadian focus.
The planning was guided by an Organizing Committee composed of five members from the partner
organizations and seven members from the research community. This group met in December 2007. As a result
of that meeting, the workshop program had four sessions, titled Building Factors; Population Health; Healthy
Buildings & Communities (Systems Design); and, Research Gaps. The keynote presentation addressed
transdisciplinary research combining the building and health sciences, to set the stage. Written papers from the
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invited presenters in the first three sessions make up the bulk of this Proceedings volume. In addition to the
invited papers, invited panellists commented on the presentations within each session, and there was audience
participation in plenary discussions. Each of the first three sessions concluded with breakout discussions by
small groups. The final session was a plenary discussion, including invited panellists, reports from the breakout
groups, and an individual brainstorming exercise aided by a professional facilitator.
The First Canadian Building and Health Sciences Workshop is one step in the development of a network
to help Canadian researchers develop collaborative teams that will conduct innovative, interdisciplinary
research intended to improve the health of Canadians by improving the design, construction, operation, and
maintenance of the built environment. The specific goals for the workshop were:
• To review the state of the science on buildings and health;
• To identify research gaps, particularly those relevant to the Canadian context;
• To develop next steps leading to filling the gaps;
• To identify barriers that limit knowledge transfer and the development of interdisciplinary research
collaborations, and to begin to break them down.
This proceedings volume includes the review papers identifying the state of the science on buildings and
health. The preceding paper summarized the research gaps revealed in the papers and identified by workshop
participants (Veitch, 2008b). This paper reviews the discussions and written comments from workshop
participants related to the last two goals 1 , and concludes with plans for the further development of the Canadian
Building and Health Sciences Network.
Problem Themes
Participants were generally agreed that we want our built environments to support Canadians’ health,
and to do so in a sustainable way that will preserve the health of future generations. Participants agreed that
there exist building-related health problems. No one stated that all the necessary information to resolve these
problems exists, but several speakers remarked that the larger problems lie in the application of existing
knowledge. The themes reported here reflect this emphasis on communication and application.
Responsibility

Motivating change was a recurring theme among the discussions. In order to move the relevant research
knowledge into building design, construction, operation, habitation, and maintenance, the individuals
responsible for each step need to be motivated to act. Some of this discussion revolved around identifying the
responsible parties.
Some hold that governments (at all levels, from federal through municipal) bear some responsibility for
creating public policies and supporting programs that will ensure that Canadian buildings are healthful.
Mechanisms for doing so could include changes to codes, standards, and regulations, which are discussed
further below.
Another view is that the design professions have the responsibility to incorporate the best knowledge
into their work. Murray Hodgson expressed one side of this view during the discussion in the Building Factors
session:
In my experience, you brought up a very very interesting point here and that is,
“Who is actually responsible for ensuring that our buildings are healthy?” I believe
that the public thinks that it is the designers. It is the design community, but if you
talk to designers, they will often say, “We only build what the client asked for”. So
who is responsible?
Design professionals, however, must satisfy many goals in any given building. As discussed further
below, pressure to include sustainability goals is increasing as greater attention is given to certification and
labelling schemes such as LEED (Leadership in Energy and Environmental Design, administered in Canada by
the Canada Green Buildings Council, http://www.cagbc.org/). Some of the designers in the workshop expressed
the view that health outcomes would remain low on the priority list unless and until clients and the general
public demand healthful buildings in the same way that they expect quality health care and education, as a
fundamental right of citizenship.
1

Audio-visual and text recordings of the workshop are available on the NRC-IRC web site as part of the
workshop archive.
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Responsibility for improving the built environment also rests with researchers, in academia, government,
and industry, who generate knowledge and understanding about the health effects of environmental conditions.
Knowledge transfer from these groups to designers, builders, and manufacturers would enable the development
of materials, systems, construction details and design processes that will result in more healthful buildings.
Communications from the research community to the general public will enable the educated public to request
better conditions, and to participate in their creation and maintenance.
Individuals also bear some responsibility for inhabiting healthy buildings. Their activities and their
choices contribute to the indoor environment, and they participate in the ongoing maintenance of the buildings.
Communication and Knowledge Transfer

Several speakers and panellists, among them Murray Hodgson, Karen Bartlett, and David Miller
expressed the opinion that in many topics we have strong knowledge about how indoor conditions affect health,
but we are doing a poor job of applying even the knowledge we currently have. The experts at the workshop
agreed that the current state of general knowledge of how to ensure a healthful indoor environment is poor.
Karen Bartlett, in her remarks as a panellist in the Building Factors session, said:
Consider that learning how to drive a car is a highly regulated activity. A car could
potentially be a lethal weapon. When you buy a car it comes with a large manual to
inform the owner about its operation and maintenance, and then we teach people
how to drive. Drivers have to learn how to not only drive but how to keep the car
functional. Then we build houses, the most expensive purchase that a family will
ever make, and we provide absolutely no information. People will move into the
house, but even if it has super duper fancy control systems, nobody will know how to
use them.
The absence of householder knowledge recurred as a theme in other discussions also, including in data
presented by Fugler (2008). People do not know how to operate their houses and they are unaware of some of
the basic maintenance requirements. Fugler also remarked that many people may not be aware of the conditions
to which they expose themselves by virtue of household products they choose, such as air fresheners, perfumes,
and hobby supplies.
Jim Dunn remarked that the issue also has a social justice aspect, in that dwelling in a home requires a
complex set of skills, from paying the bills to housecleaning to operating and maintaining building systems.
Those who are illiterate or poor or facing physical challenges need systems that are simple and inexpensive.
Inhabitants’ or operators’ lack of knowledge may be as great a problem in commercial buildings as in
residences. As building automation systems become more complex the need for thorough commissioning,
operator training, and regular maintenance will be increasingly great in order for these systems to operate as
intended. The Natural Resources Canada tool DABO (Diagnostic Agent for Building Operation) is aimed at
providing integrated information for building operators to optimize the building systems
(http://canmetenergy.nrcan.gc.ca/eng/buildings_communities/buildings/intelligent_buildings/dabo.html). In
each of their demonstration sites, the research team has found aspects of the building systems that were poorly
understood by the building operators because of the complexity of those systems (D. Chouinard, personal
communication, Mar. 27, 2008).
Interdisciplinary Barriers

One of the initial motivators for the development of the workshop was the recognition of the need for,
and difficulty of, interdisciplinary or transdisciplinary research between building scientists and health scientists.
The keynote speaker, Dr. Leonard Syme, opened the workshop with his experiences in a collaborative course
combining architecture and public health (Syme, 2008). Although it changed his own outlook and that of many
in the course, the colleagues in his department have not continued it since his retirement.
The challenges are well-known: difficulty in obtaining research funding; difficulty publishing in
mainstream journals; promotion and tenure challenges associated with publication records that are not in the
discipline’s traditional journals (Committee on Facilitating Interdisciplinary Research, 2005). Veitch (2008a)
added that there are interpersonal challenges in the form of language barriers between disciplines and cultural
practices that inhibit joint work. For example, statistical techniques that are common in one discipline may be
shunned in another.
The challenges are not limited to research across disciplines. Traditional disciplines also create barriers
to interdisciplinary or transdisciplinary education, and then to subsequent practice. Professional program
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accreditation rules often require that all faculty members in a given program be eligible for licensure in that
profession. Similarly, some professions require all partners in a firm to be members of the same profession
(e.g., all partners in an architecture partnership would need to be licensed architects).
Although these problems were acknowledged by many, if not all, workshop participants, there were also
several concrete suggestions for actions that could break down these barriers. These are described below.
Sustainability

The relationship between environmental problems and health problems was recognized in the workshop
structure by the inclusion of a session devoted to these issues. Sustainability also emerged as a recurring theme
in the discussions. The connection point is that choices made today have both short-term and long-term health
consequences. Unsustainable buildings and communities, by definition, are those that have adverse
environmental consequences in the long term and that will harm the well-being of future generations.
Discussions concerning sustainability brought into focus the importance of all levels of analysis, from
communities to individual buildings and spaces within buildings. For instance, residents of cities are exposed to
higher levels of a wide range of pollutants, but the increased density of large cities means than the per capita
emissions of many pollutants are lower (Diamond & Hodge, 2007). Increased density has other benefits; for
instance, higher-densities bring schools, shops, and neighbourhood amenities closer together, making
neighbourhoods more walkable. Walkable neighbourhoods are associated with lower rates of obesity (Heinrich,
et al., 2008).
The role of health outcomes in certification programs such as LEED recurred as a theme. At present the
emphasis in these programs is on reducing energy consumption and, by extension, greenhouse gas emissions.
To a lesser degree, reducing material use in construction and water use and waste generation in operation
feature in the programs. Although the programs aim to maintain indoor environmental quality at the levels of
current standards, there are few areas in which additional credit is obtained for incorporating knowledge about
health effects of indoor conditions. As noted in the discussions at this workshop, many question the research
foundations for the recommendations and requirements of these programs. There is evidence that there are
trade-offs to be made, in that attempts to improve one condition may lead to impairments in others (Khaleghi,
Bartlett, & Hodgson, 2007). To the extent that certification programs give credit to some domains (e.g., indoor
air quality and energy consumption), but do not include others (e.g., acoustics), they may lead to poorer longterm outcomes than is intended, and possibly to poorer short-term health outcomes.
Ray Cole noted that in the LEED program (with which he has been very involved) there is concern that
the system is already too complex. Future revisions may aim to simplify the process and the criteria to a few
critically important ones. Whether health outcomes should or will be among those criteria remains to be seen.
Public Policy Tools

Although this was not a policy-generating workshop, several issues related to public policy tools
emerged in the panel and group discussions. It was clear that these tools are among the mechanisms available to
achieve the desired outcomes.
The need to achieve equitable solutions across socioeconomic groups is one reason for using these policy
tools to ensure that healthful housing is available. Similarly, labour codes can establish criteria for the provision
of healthful workplaces that are equitable to employees and employers alike. Another reason is the need to
remove hazards that would be undetectable to occupants (as in the case of the removal of lead from interior
paints).
Limitations to the use of codes and standards to regulate the provision of healthful buildings include the
fact that these documents establish minimum levels. They are intended to eliminate egregiously bad conditions,
but cannot ensure that building owners or developers will take action to provide positively good conditions. In
many cases, moving to good conditions from minimal ones will add cost to the building, and any attempt to
require this would meet with resistance.
Furthermore, the research basis for many present-day codes and standards does not take into account
individual and group differences. Most of the health research has examined short-term effects of environmental
conditions on young, healthy, male North Americans or Western Europeans. For instance, the thermal comfort
standard for North America, ASHRAE Standard 55 (ASHRAE, 2004), is based on data from military recruits in
Kansas in the late 1960s (Fanger, 1970). We have very little information concerning the effects of
environmental conditions on infants and children, the elderly, those with existing medical conditions, or other
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predispositions. Buildings designed, constructed, and operated to today’s codes and standards might not be
ensuring their health as they are intended to do.
Building codes in particular do a weak job of protecting health as understood at this workshop. “Health”
is an objective to be met by provisions in the National Building Code of Canada, but only according to a very
limited definition that encompasses life safety (Canadian Commission on Building and Fire Codes (CCBFC),
2005). The broader WHO conception of health has not informed the current generation of codes.
Codes, standards, and regulations are useful tools, but they are not universal panaceas. Building codes
apply at the time of construction or renovations, but can have little effect on the majority of existing buildings.
Standards cannot be enforced unless referenced in legislation and supported by an enforcement structure.
Regulations could change the composition of materials in a building over time, but will have limited effect on
existing buildings. (Even the removal of lead from paints has not eliminated the risk of lead exposure from old,
flaking paint.)
Education

Professional education for the construction and design professions recurred repeatedly as a theme.
Participants saw this as a means to lay the foundation for future generations of engineers, architects, and interior
designers to design healthier and sustainable buildings as a matter of course. This would see information about
how buildings affect health included in course curricula, ideally in parallel with information about
environmental sustainability. It would also explicitly teach the Integrated Design Process (IDP), which brings
together all the professions involved in the project from the earliest stages in a systems approach to design
(Larssen, 2004), although the explicit addition of health-related issues and experts could be considered an
addition to the process.
Expanding educational opportunities for the research community is another requirement, the aim being
to foster a climate in which researchers from various disciplines combine their skills and knowledge to the
domain of buildings and health. Some participants expressed concern about the feasibility of training
researchers to be experts in more than one discipline, fearing that this would encourage breadth of knowledge at
the expense of depth of knowledge. The pace of publications and the explosion of knowledge creates a
challenging environment for would-be transdisciplinary or interdisciplinary researchers.
Preliminary Framework for Healthful Buildings
John Cooper of Health Canada was one of the final panellists. He presented a preliminary framework
that summarized his understanding of the relationships between the various discussions during the workshop.
An edited version of his framework appears in Table 1. It can provide guidance in the attempts to chart a course
towards the two goals that workshop participants agreed upon, shown in the rightmost column of Table 1: (1)
improved health outcomes for all Canadians; (2) Built environment that delivers good quality conditions in a
sustainable manner. These outcomes will be reached by following a continuum from research through
development, demonstration, and implementation, but including multiparty collaboration throughout and with
ongoing communications both between the parties and with the general public.
Reading the table from left to right, we begin with the research needs. There are many open questions
concerning the health effects of building and community conditions, and particular attention should be paid to
vulnerable populations and to socioeconomic dimensions of the issues. Better integration of socioeconomic,
health, and technical building science or engineering research topics is needed. Specific research gaps in various
built environment dimensions identified as a result of the workshop were discussed by Veitch (2008b). One that
lies somewhat outside the traditional scientific activity is cost-benefit analyses. We need to know what built
environment conditions have the greatest effect on the most important health problems, and what the costs are
of addressing these problems against the benefits of taking action. This information will be very important to
other activities within the framework.
In parallel with the research efforts come education and training efforts. The activities within this column
include communications or marketing about buildings, the environment, and health to the general public and to
decision-makers at all levels, so that greater value is placed on the quality of the built environment. This column
also includes activities aimed at educating the various professionals involved in creating and maintaining that
built environment.
All of the activities in the framework will require collaborations of many kinds. One sort are the
interdisciplinary collaborations envisaged as part of the research efforts. There are also roles for governments at
all levels: federal, provincial/territorial, municipal. The government roles include as research funders (the
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granting councils), researchers, regulators, housing providers, institutional operators, and builders. Industry also
is involved, including the manufacturers of building materials, contractors and trades people, architects,
engineers, design professionals of all kinds. Non-profit and community groups are also part of the collaborative
grouping that will be needed. Some non-profit groups fund research directly. Others can facilitate access to
study participants. Others can provide data that is relevant to the cost-benefit analyses. Individual inhabitants of
buildings have roles also, for they change the environments in which they live and bear some of the
responsibility for creating healthful places.
Policy tools are the means by which the research results and the collaborative relationships will effect the
most lasting change of our built environment. They may include the restrictive forms of building codes,
standards, and regulations. There may be roles for professional codes of practice for practitioners to include the
provision of healthful environments. Less restrictive forms, such as design guidelines, also are shown in this
column. They may be promulgated by professional or trade associations, governments, or other groups, but they
have the power to influence how buildings are designed, constructed, operated, maintained, and inhabited.
Table 1. Preliminary framework for actions to improve Canadians’ health through the physical environment.
Research Needs
Education &
Partnerships &
Policy Tools
Outcomes
Training,
Collaborations,
aimed at
between
• Health effects of
• Academia
• Codes of
• Improved health
• General Public
building &
- Physical, social,
practice
outcomes for all
- vulnerable
community
& life sciences)
Canadians
populations
• Codes &
conditions on:
• Governments
standards
• Built environment
• Professionals
- general
(all levels)
that delivers good
- health
• Regulations
population
quality conditions
- architects
• Industry
• Guidelines
- vulnerable
in a sustainable
- engineers
• Non-profit
populations
manner
- interior designers
organizations,
• Building design,
- etc.
community groups
construction
• Educators
• Inhabitants
operation &
• Decision-makers
maintenance to
- Construction
sustainably
clients
achieve good
- Policy-makers
conditions in all
settings
- residential
- commercial
- institutional
- community
• Socio-economic
dimensions
- Ensure equity
• Cost-Benefit
analysis

Specific Actions
The final session of the workshop closed with a facilitated exercise in which individual participants
wrote down what they would like to see as the next steps and what they themselves would do as a next step.
Collective Actions

Participants agreed on the need for a body like the Canadian Building and Health Sciences Network. No
one objected to the idea that it be co-ordinated in its initial stages by federal government partners such as those
who had hosted the workshop. There were no specific suggestions for the group’s governance, but several
related to what activities should take place under its aegis:
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•

•
•
•
•

Develop a “workbook” or a summary statement about what is known and what is needed. This
document should furthermore map out the broader context in which buildings and health are being
expected to develop (i.e., demographic influences on health care; energy and sustainability
affecting buildings), setting out the new context in which both will operate so that we can develop
the needed transdisciplinary activities to move from research to implementation.
Promote the above document(s) when completed, particularly taking a marketing approach with the
general public;
o
Establish links with policy-makers to develop applications and implementation strategies.
Establish training programs for researchers spanning the building sciences and health sciences;
o
Specifically address postdoctoral researchers.
Seek links to education programs for building professionals, communications with design
community (as distinct from building science research types).
Facilitate communication and networking, through:
o
Introductions researchers to one another (both for attendees and others);
o
Support CBHSN interactions through web tools;
o
Holding interdisciplinary meetings every couple of years.
o
Establish an interdisciplinary journal for buildings and health.

Individual Actions

Individuals also made personal commitments to actions that would promote the interdisciplinary
activities initiated at the workshop. These included:
• Join thesis committees for students in other areas;
• Talk about interdisciplinary work with colleagues;
• Think differently about interdisciplinary experience when involved in hiring, tenure, and promotion
decisions;
• Develop local chapters of the Canadian Building and Health Sciences Network to provide more
frequent opportunities for meeting nearby colleagues with common interests.
Conclusions
The First Canadian Building and Health Sciences Workshop may be said to have met its goals, but they
were intentionally modest goals. The workshop established that Canadian health scientists and building
scientists share an interest in coming together to improve our understanding of how buildings affect health;
moreover, the participants clearly value the application of those research results to the practice of building. The
workshop started the process of formalizing the Canadian Building and Health Sciences Network as a gathering
place for these activities. Participants left the workshop with a sense of urgency that was well summed up by
Avi Friedman :
“We are living now in a time to which I can refer only as a perfect storm of
opportunities for researchers. We can reinvent ourselves ... We are on the cusp of the
revolution that will touch upon many aspects in the way we do things. Call it the
green revolution or any other revolution, we need now to be much more vigorous
and have Canada surf or join the surf that will see us reinventing new technology and
new types of buildings.”
NRC-IRC, as the initiator of the CBHSN, plans to work with its government partners and other groups
and individuals to seize that opportunity in the coming months.
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