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(ABSTRACT)

Current building codes and standards may not be adequate to assure occupant well-
being or to prevent problems such as the Sick Building Syndrome (SBS). As building
codes and standards are based at least implicitly on human response criteria, the
objective of this dissertation was to define human response criteria and measures, and to

identify links with exposure parameters, exogenous factors and methodological effects.

A characterization, consisting of four domains based on two objects of evaluation:
environment and personal state, and two aspects of evaluation: perceptual and affective,
was used as a framework for identifying human response criteria. Through a literature
review and evaluation synthesis of ten published studies, a hierarchy of exogenous
factors that can be linked to the four domains was identified. Potential methodological
effects associated with three types of methodologies were identified and linked to one or
more domains. Then, links between human responses and exposures were identified from

the literature.

A conceptual model, synthesizing the combined impacts of exposures, exogenous factors
and methodological effects on human response was developed. A selected portion of the

conceptual model was tested empirically in two open-plan, non-industrial work spaces.



The empirical study showed that for the selected spaces, exogenous factors explained
more of the variation in human responses than did exposure parameters. Based on the
empirical study, the major conclusions of the dissertation were that: (1) the concept of the
four domains is useful in specifying criteria, (2) a hierarchy of exogenous factors is linked
to the four human response domains, (3) control of exogenous factors such as the social
environment and adaptive factors may all be needed to achieve healthy buildings, or to
resolve problems associated with the Sick Building Syndrome, (4) occupant
characteristics must be considered in developing exposure criteria, and (5) for levels of
exposures typically found in indoor environments, it is necessary to consider their

multifactorial impacts rather than the impacts of individual stressors.
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CHAPTER 1

INTRODUCTION

1.1 THE PROBLEM

Current building codes and standards, usually expressed in terms of exposure criteria,
system performance or prescriptive criteria, may not adequately address the primary
objective of indoor environmental control, namely, the provision of occupant well-being,
not just the prevention of deleterious conditions. Additionally, symptoms related to the
Sick Building Syndrome (SBS), characterized by the absence of routine physical signs
and clinical laboratory abnormalities, may exist even when specific contaminants cannot
be identified to explain their existence (Kreiss, 1989). Several field studies have failed to
find consistent relationships between measured environmental parameters and symptoms
related to SBS (e.g., Nelson et al., 1991). SBS is caused multifactorially, by
combinations of exposure factors, often at low concentrations (Molhave et al., 1990).
These exposure factors or ‘stressors’ in the indoor environment can be broadly
categorized in terms of thermal, air quality, lighting and acoustic parameters. Occupants
perceive these multiple stressors in the indoor environment, and subsequently experience
comfort or discomfort. Alternatively, even when perceived stressors such as strange
odors are not recognized, discomfort may be experienced by occupants (Woods et al.,
1988). Exposure criteria for the evaluation and design of buildings should, therefore, be
predicated upon predetermined human response criteria. However, as noted in the
literature, there is considerable confounding with respect to: (a) the definition of human
response criteria, and (b) the identification of exposure parameters corresponding to these



human response criteria. These two issues are addressed in this dissertation. The
dissertation is expected to lead to a better understanding of the combined impacts of
physical environmental stressors, exogenous factors, and methodological effects on
human responses to the indoor environment. The results of this dissertation are expected
to be useful in the development of standardized protocols for building diagnostics, as well

as in the development of codes and standards for building design and evaluation.

1.2 GOAL AND OBJECTIVES OF RESEARCH

The overall goal of this research is to define human response measures and criteria for the
evaluation of building environments, and to develop and empirically test a conceptual
model that will identify links between those human response measures and critena,
exposure parameters, exogenous factors, and methodological effects. The ultimate
application of this dissertation is expected to be in the definition of exposure criteria that
can be used in the design and modification of building systems.

The objective of building evaluations or ‘diagnostics’ is to identify problems where they
exist, or to provide assurance that a building is ‘healthy’. The first step to achieve this
goal is to define human response measures and criteria that accurately reflect the
objective(s) of the building evaluation. Additionally, it is proposed that different criteria
may be needed for evaluating suspected problem buildings and buildings without known
problems. The second step in achieving the goal of this research is to identify exposure
parameters that can be associated with the selected human response criteria. The
specific objectives of this research and their corresponding tasks are outlined as follows:



Objective one To define human response criteria for the purpose of evaluating the

performance of actual and virtual buildings

The tasks for this objective include:

1-1  The development of a theoretical framework that can be used to define human

response criteria for the evaluation of building performance.

The existing literature on the assessment of human responses to indoor environments is
reviewed to develop a characterization of human response that can be used to define
human response measures and criteria. Human responses targeted for this dissertation
exclude those that have a clinical basis (i.e., clinical signs of iliness), as the cause-effect
relationships for these are fairly well established. The characterization, described in
chapter 3, identifies four domains of human response, based on two objects and two

aspects of response.

1-2  The definition of human response criteria for assessing actual and virtual buildings.

It is proposed that actual (i.e., existing ) and virtual (i.e., buildings that exist in the mind of
the designer and in the form of working drawings and specifications (BRB., 1985, p.1X))
buildings may require a different approach to the setting of criteria for the assessment of
building performance. 1t is important to note that atthough human response criteria are the
focus of this dissertation, other criteria (e.g., economic) may also be required to adequately

assess building performance.



Objective two To develop a conceptual model that assesses the impacts of
thermal and air quality stressors in the indoor environment, as well
as exogenous factors and methodological effects on human

response.

The selection of thermal and air quality stressors is based on the predominance of these
stressors in the literature with respect to problems such as SBS. Additionally, such

problems are caused by combinations of stressors rather than individual stressors.
The tasks for this objective include:

2-1  The identification of exogenous factors and methodological effects that influence

human responses, in addition to physical exposure factors.

A literature review identifies exogenous factors and methodological effects that influence
the four domains of human response, developed as part of task 1-1. An evaluation
synthesis is also undertaken to examine reported empirical evidence with respect to

relationships between human response domains and exogenous factors.

2-2  The identification of conceptual and empirical links between the human response

domains developed in task 1-2 and exposure parameters.

A review of the literature on the physiology of human response and on psychophysical
methods is undertaken to identify conceptual links between human responses and
physical exposure parameters (i.e., stimuli). This dissertation focuses on the impact of

two primary stressors, thermal and air quality. The evaluation synthesis of ten field



studies referred to earlier also investigates empirical evidence, reported in the literature,

that links human response domains to exposure parameters.

2-3  The development of a conceptual model that describes the combined impacts of
physical environmental factors, extraneous factors and methodological effects on

human responses.

The results of tasks 1-2, 2-1, and 2-2 are synthesized in developing this model.

Objective three To conduct an empirical study to test a selected portion of the

conceptual model developed as part of objective two.

The following task addresses this objective

3-1  To validate the model developed in task 2-3, a field study is undertaken for non-
industrial work environments, as these typically limit occupant control of indoor
environmental parameters and have an impact on a large occupant population.
Non-industrial, rather than industrial environments are targeted, as the focus of
indoor environmental control strategies in the latter has been on specific
contaminants that may have toxicological impacts. On the other hand, exposures
to low levels of multiple stressors are of primary concem in non-industrial
environments. Problems such as SBS are usually found in non-industrial
environments that typically include more susceptible populations who may
experience adverse health effects after exposure to toxicologically insignificant
levels of indoor contaminants. It is anticipated that the results could be generalized

to other environments such as residential, by adjusting the parameters of the



relevant exogenous factors identified in this research.

1.3  SCOPE OF THE DISSERTATION

This dissertation focuses on two of four primary stressors (Woods, 1988), namely,
thermal, and air quality. Thermal and air quality stressors predominate in the literature with
respect to problems such as SBS. The other two primary stressors, namely, lighting and
acoustics are accounted for as exogenous factors, i.e., as variables that may influence
human responses to thermal and air quality stressors. Also, as stated earlier, the

dissertation focuses on non-industrial work environments.

1.4 OUTLINE OF DISSERTATION

Chapter 2 of this dissertation is a literature review that describes the current status of
human response and exposure criteria development. The rationale for this dissertation is
also discussed.

Chapter 3 presents a characterization of human response, an identification of human
response measures within each of the resulting four domains of human response, and

definitions of human response criteria for actual and virtual buildings.

Chapter 4 includes the identification of exogenous factors and methodological effects that
may influence each human response domain. Also reported are the results of an

evaluation synthesis, undertaken to assess the usefuiness of the characterization of



human responses in identifying and controlling for exogenous factors.

Chapter 5 includes the identification of sets of exposure parameters related to human
responses to thermal and air quality. Finally, information from chapters 3,4, and 5 is
synthesized to develop a conceptual model that describes the combined impacts of

exposures, exogenous factors and methodological effects on human responses.

Chapter 6 describes procedures used to conduct a field study to assess a selected part
of the conceptual model. Chapter 7 consists of the results of the field study and an
interpretation of these results. Finally, Chapter 8 discusses the implications of the results
with respect to the conceptual model, and outlines avenues where further research is

needed.



CHAPTER 2

BACKGROUND: CURRENT DEFINITIONS OF HUMAN
RESPONSE AND EXPOSURE CRITERIA FOR THERMAL AND AIR

QUALITY

2.1 INTRODUCTION

The focus of this dissertation is on the development of human response and exposure
criteria that can be used to design and evaluate the quality of thermal conditions and air
quality in indoor environments. The following review of the literature attempts to identify
the current status of research related to the development of criteria that can be used by
designers to create indoor environments that meet the emerging goals of comfort and

health for the occupants of these indoor environments.

Health and comfort are presently considered to be the primary objectives of indoor
environmental control. Historically, criteria for indoor environments have tended to focus
more on one or the other of these two criteria at different times. The definition of health has
also been expanded to include not only the absence of disease or ill-health, but also the
presence of physical, mental and social well-being (WHO, 1946). Operational definitions
of health and comfort, however, are still inadequate. There is also a need for the
development of criteria that can be used in the design and construction of buildings to
meet these goals. Section 2.2 of this chapter is a historical perspective based on
available literature, that attempts to identify human response criteria that have been used

implicitly or explicitly as the basis for performance or prescriptive criteria for building design



and construction. This review is limited to the literature related to thermal and air quality
control, although the indoor environment comprises, in addition to these, other factors such
as lighting and acoustics. The scope of this review reflects the focus of the dissertation.
Additionally, this section provides a brief overview of the evolution of indoor
environmental criteria for work environments. The focus of this dissertation is on non-
industrial work environments. However, the inclusion of industrial work environments is
useful in tracing the evolution of criteria for indoor work environments, as eariiy efforts to
improve the quality of work environments in terms of safety and the prevention of ill-health

were focused on industrial environments.

Section 2.3 is a review of five standards currently used in the United States and Europe
for thermal and air quality control. The intent of this review is to identify what is known
about relationships between the goals of these standards, expressed in terms of human
response, and exposure or system (performance and prescriptive) criteria. A key issue
addressed in this section is that of assessing whether exposure or system criteria
specified in these standards achieve the human response criteria upon which they are
predicated. This section also describes the rationale for this dissertation, namely, the
development of human response criteria that can be rationally translated to exposure
criteria. The determination of human response-exposure links is based on a rational
approach to the development of system performance and prescriptive criteria for building

design and evaluation.

Section 2.4 reviews current definitions of human response and exposure criteria used in
the evaluation of suspected problem buildings or of buildings without known problems.
Two disciplines, namely, Building Diagnostics and Environmental Design Evaluation are

concemed with the evaluation of the quality of indoor environments. Relevant literature



related to each of these bodies of literature will be reviewed to extract implicit and explicit
evaluation criteria that are currently used to assess indoor environments. This section
identifies gaps in our existing knowledge of links between human responses and

exposures.

2.2 GOALS OF INDOOR ENVIRONMENTAL CONTROL IN THE WORKPLACE:

AN HISTORICAL PERSPECTIVE

The avoidance of ill-health may be considered to have been the primary objective of the
first attempts at developing air quality criteria for indoor environments. However, Yaglou's
experiments during the 1920s and 1930s also addressed comfort concems with respect to
air quality, namely, the control of odors (Yaglou et al., 1936). Woods’ (1995) review of
historical perspectives in determining health and comfort criteria provides evidence that
early ventilation standards focused on the avoidance of ill-health. He reports that what
might be considered the first ventilation code was instituted by King Charles | in 1609 as a
response to his concemn with the spread of plague and other diseases in London. By
1857 it was recognized by Professor Max von Pettenkofer that carbon dioxide at levels
exceeding 1000 ppm may increase susceptibility to disease by weakening bodily
functions and decreasing energy (Woods, 1995). Consequently, in 1893, a physician,
J.S. Billings found a relationship between ventilation rates and the prevalence of

tuberculosis (Woods, 1995).
McFadden (1978) presents a historical overview of indoor air quality standards. According

to this review, psychologists LeBlanc, Herman, Flugge and others showed that the

undesirable effects of air and sensation of uncomfortable conditions had a physical basis -

10



i.e., temperature and humidity (p.13). The New York State Commission Ventilation study,
published in 1923, based its recommendations for vertilation rates on the control of carbon
dioxide as well as odor (Woods, 1995). Yaglou et al. (1936) also use odor as a criterion
for developing ventilation requirements. In addition to odor, feelings of stuffiness, often
described as a lack of freshness were also expected to be used by subjects rendering
judgments about the quality of the air (i.e., good ...bad). Thus, it is evident that as early
as the 1900s, criteria for air quality were already predicated upon comfort considerations.

Thermal criteria were also focussed, even in the early years, upon the objective of thermal
comfort. As early as 1845, Woods (1995) reports that Waiter Bernan documented the
need for artificial heat for ‘personal comfort’. Criteria for thermal environments have
focussed on the achievement of ‘thermal comfort’ in indoor environments. It is possible
that the difference in focus between air quality (i.e., health) and thermal (i.e., comfort)
criteria in the early years may be attributed to the fact that in inhabited spaces, thermal
conditions do not, in general constitute physical hazards (Griffiths,1975). The distinction
between thermal and air quality criteria may however not be clearly marked, as
temperature, humidity and air movement have interactive effects upon the thermal and
chemical characteristics of an indoor space. For instance, Kerka et al. (1956) report on the
role of temperature and humidity on odor perception. Janssen et al. (1982) report on the
role of carbon dioxide on thermal perception.

Health and comfort in the workplace

Since the early 1900s, the workplace has been the focus of efforts to create conditions
that promote the health and well being of its occupants. As Pelletier points out, “..work

11



consumes most of an individual’s life for the most important years, and is usually second
only to sleep in the sheer number of occupied hours (Pelletier, 1984, p.1).” The
importance of environmental control of work environments is also attributed to the fact that
individuals have little control over the environmental determinants of health that they are
exposed to in the workplace. The following account describes the evolution of the goals

of indoor environmental control in work environments.

As discussed in the following paragraphs, ‘health’ was the primary focus of indoor
environmental control in the workplace in the early years. Additionally, the objective of
accident prevention or ‘safety’ preceded control of chemicals in indoor environments. The
objective of ‘comfort * may be seen to have emerged as a result of improved building
technology and debates about the impacts of improved environmental conditions on

worker productivity.

Safety in the workplace

Industrial work environments were the first targets of efforts to develop environmental
control measures, as these presented greater health hazards to their occupants than non-
industrial environments. Efforts were focussed on protecting workers from unsafe actions
and environmental conditions (Hoover et al., 1989), i.e., on accident prevention. The
steel and railroad industries were the first to adopt measures to increase the safety of
workers (Hoover, et al. 1989). The National Safety Council (NSC) was established in
1913 through collaborations of safety professionals, management leaders, public officials
and representatives of insurance companies to reduce high accident and injury rates.
Standards and codes for increasing the safety of industrial work environments were
developed by the American Engineering Standards Committee (AESC), which was the
predecessor of the American National Standards Institute (ANSI).

12



Avoidance of disease related to workplace exposures

One example of early concerns related to the chemical environment in industrial settings is
the process that led to the recognition of the occupational origin of lung disease in the case
of mine workers in the United States. Derickson (1991) discusses the difficulties
associated in determining cause-effect relationships between environmental exposures
and diseases. Even when the links had been made, however, the issue of toxic
exposures was initially focused on obtaining higher wages and shorter working hours
rather than on controlling hazardous exposures. The American Association for Labor
Legislation (AALL) expected that higher insurance premiums resulting from the payment of
worker compensation would indirectly provide incentives for employers to control hazards

in the workplace (Derikson, 1991).

Control of chemical exposures in the workplace has been the subject of much of the
research conducted by the National Institute for Occupational Health and Safety since the
Occupational Safety and health Act (OSHA) was passed in 1970. Considerable
success has been achieved in identifying and setting criteria for several hazardous
chemicals. However, Sundin et al. (1989) report that out of the 10,000 or more potentially
hazardous exposure agents in industrial settings, only 500 to 600 could be measured by
sampling and analytical techniques present at the time that the paper was written.
Additionally, these authors also point out that innovations in technology introduce new
sources whose long-term effects on health are not imnmediately evident. To address this
issue, NIOSH has developed surveillance systems such as SENSOR that are used
throughout the country to provide inputs about occupational disease and injury to a center
that collects and analyzes data, treats the individuals affected, directs action towards co-
workers at risk, and coordinates or carries out interventions at the worksite (Baker, 1989).

The creation of large databases permits trend monitoring that can be used to identify

13



instances of injury, disease or death related to environmental exposures.

Currently, the goals of chemical exposures in the industrial workplace are still
predominantly related to the avoidance of ill-health. ‘Safe’ exposure levels of indoor
contaminants are determined based on the results of toxicological research (Tardiff et al.,
1987). Thus the primary criteria for ‘safe’ or ‘acceptable’ exposures are based on
considerations such as the determination of acceptable levels of chronic risk, the
determination of concentrations at which there is virtually no risk of acute disease in the
general population, and the determination of concentrations that will not cause ill-effects in

the most hypersensitive individuals (Light et al., 1992).

Comfort and well being in non-industrial work settings

The objective of indoor environmental control to provide for ‘comfort’ and ‘well being’ of
occupants in non industrial work settings can be attributed to three factors: (1) the
emergence of Sick Building Syndrome (SBS), (2) the recognition of the role of physical
environmental factors in increasing worker productivity, and (3) the development of new
technology for improving environmental control and for monitoring indoor exposures. Each

of these are discussed in the following pages.

1. The emergence of SBS “Sick Building Syndrome is suspected when occupant
complaints of certain symptoms associated with acute discomfort (e.g., headaches,
fatigue, eye irritation, sore throat, nausea) persist for more than two weeks at frequencies
significantly greater than 20 percent; the cause or causes of the complaints are not
recognizable; and a substantial percentage of the complainants report almost immediate
relief upon exiting the building (Woods, 1988. p. 3.).” Kreiss (1989) describes SBS as
“complaints of mucous membrane irritation, fatigue, and headache occurring in high

prevalence among office workers, and with a temporal correlation with being in a building

14



(p.576)." The energy crisis of the 1970s stimulated efforts to conserve energy. Buildings
were designed and constructed to be ‘tighter’, to conserve energy for heating and cooling
in addition to compromising thermal comfort. This also meant that infiltration of air could no
longer be relied upon to control contaminant concentrations by dilution. Levin (1989)
reports that the heath effects of most VOCs (volatile organic compounds) emitted from
building materials, usually at low concentrations, are not well understood. He also reports
that contaminants from other sources such as occupant activities can contribute to indoor

concentrations of contaminants.

The emergence of SBS has required a move away from the goal of ‘avoiding ill-health’, as
symptoms related to SBS may not constitute clinical signs of iliness. These symptoms
are described more accurately as ‘discomfort’ (e.g., headaches, fatigue, sore throat,
nausea). Additionally, these symptoms cannot be related to the presence in the indoor
environment of one chemical. Rather, SBS is caused multifactorially, by a combination of
stressors, often at low concentrations (Molhave, 1990). The goal of indoor environmental
control, to prevent the occurrence of SBS should therefore be expressed in terms of an

absence of discomfort.

2. Links between indoor environments and worker productivity Several studies
have found improved worker performance and worker satisfaction related to improved
furniture, furniture and facilities, and individual environmental elements such as lighting and
acoustics (Springer, 1986). Woods (1989) compared the costs of owning and operating
buildings including the annual costs of leased or rented space, utility costs, capital assets,
construction costs and the cost of salaries and wages. The latter were significantly higher
than the other cost components. He also demonstrated through an example that energy

savings may be counterproductive if unacceptable environmental conditions result in
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decreased worker productivity. Springler (1986) also reports that research conducted by
BOSTI in 1984 shows a ratio of personnel to building costs of 13:1 for new construction
and 5:1 for leased space. Productivity has been assessed in a number of different ways
by different researchers, and productivity measures for different indoor spaces are
necessarily different. Woods (1989) recommends that productivity be measured in terms
of the function provided in the occupied space. Examples of productivity measures
include lost time or lost productive concentration periods of employees in office
environments. Additionally, Pelletier (1984) points out that it is in the interests of
employers to keep their workers healthy in order to keep health care costs down. Thus,
improved productivity together with lower health care costs may provide incentives for
employers to provide environments that promote comfort and well being for their

employees.

3. Effects of new technology New technology for building construction has
improved the degree of control of indoor environments. Thus, it has become possible to
maintain standards of comfort in buildings without considering extemal influences (Cooper,

1982a). Methods for monitoring contaminants in indoor environments have also improved.

A redefinition of goals

The preceding discussion illustrates the development of the goals of indoor environmental
control that form the basis for codes and standards related to different aspects of the
indoor environment. Health has been redefined to deal holistically with physical, social and
mental well being. Additionally, comfort and well being are the current goals of indoor

environmental control. Section 2.3 discusses five standards and examines the potential
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efficacy of the standards in meeting these goals.

23 DO EXISTING EXPOSURE CRITERIA MEET THE STATED GOALS OF

THERMAL AND AIR QUALITY STANDARDS?

Each of the standards examined herein is assessed in terms of: (1) the stated goals of the
standard in terms of human response, (2) the exposure criteria that are specified, and (3)

the rationale for the adoption of the specified values, wherever possible.

Ventilation for Acceptable Indoor Air Quality (ASHRAE standard 62-1989)

The stated purpose of the standard (ASHRAE, 1989) is “To specify minimum ventilation
rates and indoor air quality that will be acceptable to human occupants and are intended to
avoid adverse health effects (p. 3).” Human response criteria are specified in terms of
‘acceptability’ as well as ‘adverse health impacts’. Further, acceptable indoor air quality is
defined as “air in which there are no known contaminants at harmful concentrations as
determined by cognizant authorities and with which a substantial majority (80% or more)

of the people exposed do not express dissatisfaction (p.3).”

Criteria to achieve acceptable indoor air quality are defined in two ways: (1) the
Ventilation Rate Procedure which specifies the quality and quantity of air to be supplied to
a space, and (2) the Indoor Air Quality Procedure which specifies the limits of selected
contaminants that are expected to result in acceptable air quality. The Ventilation Rate
Procedure prescribes the outdoor air quality acceptable for ventilation, outdoor air
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treatment where needed, and ventilation requirements. The levels of outdoor air
contaminants that are considered to be acceptable are adopted from the EPA’s standards
for ambient air quality, as well as on one-tenth the Threshold Limit values specified by the
American Conference of Governmental Industrial Hygienists (ACGIH) for contaminants not
included in the ambient air quality standards. The recommended values are based on the
avoidance of health impacts, usually determined through toxicological studies using
animalis or epidemiological studies (McFadden, 1978). If the recommended contaminant
limits are exceeded, outdoor air treatments are recommended to assure that the offending

contaminants are controlled.

Finally, ventilation rates are specified in terms of volume of outdoor air per person or
space for several types of indoor spaces (ASHRAE, 1989). These rates are predicated
on control of carbon dioxide (COy), particulates, odors, and contaminants expected in the
space. CO; level is a primary criterion for the control of odors, based on physiological
requirements for respiration air (ASHRAE, 1989, Appendix D). This level is derived
primarily on the basis of a CO, generation rate by human occupants and may not take
account of odors that can be attributed to other sources in the indoor environment. It is not

yet determined whether the criteria specified in the ventilation rate procedure are adequate
for assuring ‘acceptable’ air quality, as specified in the standard.

The Indoor Air Quality Procedure addresses the ‘subjective’ criterion for air quality, i.e.,
acceptability judgments by the occupants. This procedure specifies levels of
contaminants that are deemed to be acceptable. As in the Ventilation Rate Procedure,
these are adopted from several sources including EPA’s standards for ambient air quality,
The U.S. National Academy of Sciences Committee on Toxicology, The Food and Drug

Administration and the National Council on Radiation protection and Measurement.
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Additionally, guidelines are provided in terms of standards developed in Canada and the
World Health Organization. These exposure levels can be considered to be based on
the avoidance of health impacts, and may, consequently not address ‘acceptability’. As
specified in the Indoor Air Quality Procedure, however, the subjective criterion must also
be met; i.e., impartial observers must judge the air to be acceptable. The procedure, does
not, however, specify a course of action in the case where exposure criteria are met, but
subjective criteria are not. Additionally, there is no standardized procedure for subjective
evaluation. One suggested method recommends that acceptability judgements should be
made by at least 20 untrained observers within 15 seconds after they enter the space.
The method does not specify the composition of the panel of 20 observers, or the
question that should be asked of these observers.

Woods et al. (1986) compared the two procedures, l.e., the Indoor Air Quality Procedure
and the Ventilation Rate Procedure, incorporated in the standard. They report that
equivalency exists between the two procedures for seven of the nine contaminants that
they investigated. Equivalency was not found, however, for particulates and butyric acid.
The former may be attributed to non-uniform mixing that could not be accounted for in the
steady state model that was used. The authors attributed the latter finding to the value
that was selected as an ‘acceptable’ concentration for this contaminant. It can be
concluded, from the examination of this standard, that: (a) human response criteria need to
be specified in operational terms to enable their assessment, and (b) links between
human responses and exposures need to be identified, to enable exposure and system

performance and prescriptive criteria to meet the specified human response criteria.
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Ventilation for Buildings: Design Criteria for the indoor Environment
(CEN/TC156/WG6. 1992)

The European Committee for Standardization (CEN, 1992) develops standards that must
be used in all European countries, substituting national standards. The approach of the
CEN is to use existing ISO (International Organization of Standardization) standards as
CEN standards, and to develop new standards only where ISO standards are not
available (Olesen, 1992a). Compliance with ISO standards is currently voluntary. A
draft of standard CEN/T156/WG6 (1992) examined herein, incorporates thermal, air quality
and acoustic criteria. The draft did not include the section on air quality criteria; therefore
only thermal criteria will be discussed here. The stated purpose of the standard is “..to
provide a comfortable indoor environment with a low health risk for the occupants (p.1).”
However, this goal is operationalized in terms of “..the percentage of persons who find an
environmental parameter unacceptable (percent dissatisfied) (p.1)". The ‘percent
dissatisfied’ criterion forms the basis for three levels of indoor spaces, hamely, categories

A, B,and C.

The standard is based on data that relate the percent dissatisfied to physical exposure
criteria. For the response of the body as a whole to the overall thermal environment, a
seven point thermal sensation scale is linked to the ‘percent dissatisfied’. For local thermal
discomfort, ‘percent dissatisfied’ is linked to exposure parameters, e.g., for vettical
temperature difference, ‘percent dissatisfied’ is linked to the air temperature difference
between head and feet. Thus, links between human responses and exposure
parameters have been identified for ‘dissatisfaction’. However, it is not clear if an absence

of discomfort necessarily leads to ‘comfort’, which is the stated goal of the standard.
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Indoor Climate - Air Quality (NKB Publication No 61E. 1991)

This document (NKB, 1991) is intended to serve as a basis for regulations by different
regulatory authorities concerned with indoor climate for the five Nordic countries: Denmark,
Finland, Iceland, Norway, and Sweden. It defines satisfactory quality of air as follows:
“The quality of air is considered satisfactory if the great majority of visitors, on entry into
the room, perceive the air as acceptable (do not express displeasure), if the air does not
cause irritation to skin, mucous membranes or airways, not even in persons who are
somewhat more sensitive than normal, if there is no risk of sensitization and if the risk of
health effects after long term exposure is negligible. Nor must the quality of air give rise to
disease (p. 9).” The definition can be described as comprehensive, dealing with the
avoidance of discomfort and symptoms, as well as adverse health effects after long term
exposures. This document does not, however, make direct links between these human
response criteria and exposure or system criteria that can be used by designers to

achieve the required human response.

Classified Indoor Climate Systems: Guidelines and Specifications (SCANVAC.
1992)

The guidelines for indoor climates recommended in this document (SCANVAC, 1992) are
intended for voluntary application in Scandinavia. The primary human response criterion
specified herein is the percentage of dissatisfied’ for the thermal environment, and
‘frequency of a large group of persons affected by the factor under consideration’ for air
quality (p.13). Four categories of thermal environments are specified, and three categories
of environments are specified for air quality. Interrelationships between the specified
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