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ABSTRACT

Perception of odoriferous air in indoor non-industrial environments
has been understood as an index of less than acceptable indoor air.
Many have claimed to measure indoor odors, a few have done it
properly, and even fewer have used the generated data to reach well
documented conclusions. This paper articulates engineering
principles of odor measurement, highlights the findings of several
milestone studies of indoor odors, discusses the sick building
syndrome and a few innovative concepts of utilizing sensory
measures to understand and control SBS, and reflects on the lack of
deterministic models of indoor odor source-effect associations. It
is concluded that the engineer assesses indoor odor sources and
control strategies, integral elements of this paper, by measuring
odor intensity and using building occupants as the sensory
evaluators.

INTRODUCTION

The science of smelling is an interdisciplinary science that
encompasses biology, physiology, chemistry, statistics, information
theory, and environmental sciences. Like all other sciences,
olfactory sciences have a basic research component and an
engineering application component. The basic research component of
odor sciences is probing into the possibility of integrating modern
biophysical and molecular advances to study chemosensory processes.
Issues addressed by sensory sciences include: the location of
molecular events of chemosensory transduction, the process of
peripheral inputs in the central system, the difference, if any,
between responses to mixtures of chemical stimuli and responses to
pure stimuli (Roper and Atema, 1987). Progress in the
investigations of basic olfactory sciences research clearly affects
application of odor sciences; environmental engineers, however,
continue to apply principles of olfactory sciences to resolve
current pollution questions. Indoor air sciences employ olfactory
sciences as a sleuthing tool to investigate sources of indoor air
pollution, to estimate the magnitude of the effect that an irritant
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may cause, and to gauge the effectiveness of mitigation strateaies
to reduce the impact orf a pollution souvrce.

Some indoor air investigators consider perception of odors in
an indoor environment a symptom similar to a headache, or elevated
temperature. Independently of whether odor perception is a symptom
of an unnamed health effect in irdocr unon-occupational
environmerits, it is a warning for the presence of low levels of
contaminant. The nose is a sensitive instrument, it perceives the
presence of pure chemicals and chemical mixtures at levels much
lower than the detection limit of most conventional analytical
instruments. The human nose samples continuously, there is a large
number of human sensors, noses, in the indoor environment, most
occupants are able to smell, and the cost of such odor monitoring
is minimal. The task for the indoor air scientist is to harness
this potential, and to avoid false positives as well as false
negatives.

This paper gives a summary of odor sciences from the
engineer’s point of view, it assesses the tools of olfactory
sciences used by indoor air investigators, presents some critical
results found in the literature, discuses briefly an odor index
beirg <developed to relate freqguency of SBS complaints with odor
perception, and addresses indoor odor models or, more precisely,
the lack of cdor models for indoor environments. Odor sources and
odor control strategies are addressed throughout the paper.

PRINCIPLES OF ODOR MEASUREMENT

Odor perception in an indoor environment is stimulated by
evposure to low levels of an odorant or, usually in non-industrial
environments, to a mixture of ndorants. Measurements of odors ara
either analytical, i.e. measurement of od.orant concentration, or
sensory, i.e. measurement of odor attributes. When used to
measure odors, analytical measurements of concentrations of target
compounds usually are not fruitful for three reasons: (1)
analytical methods are employed to save funds and consequently such
efforts do not use the most advanced analytical methocds; (2) target
compounds are selected because they are known to be odorous, yet
the presence of a small guantity ef a minor air constituent may
totally change the perceived odor; and (3) neasurements of
concentrations are irequently undertaken to satisfy the regulator,
yet investigation of warning signals is not regulated. In this
paper the focus is on sensory measurements.

Odor measurements are made with panels of individuals.
The olfactory system perceives over 4,0C0 different odors, yet the
average individual can describhe, name, only a sma’. nunber of these
odors, (Futh,i$86). Clearly, the cnreplexiiy inveived in the effort
to measure odors is larqe* racall, the concept of accuracy is

ro+1ly not applicable in sensory rweasurewx=o*; bu: the precision or
si.k peasusenents 1s quite aond. N30T nieasuriments use descriptive
arneivsis  cecin.iques. Ndnar charactey iraticn lavolves the

description 9:, and measurement fn, a fuir dlaeneisnai space with
detectability, invensitv. character, aad hadonics as axes.
Detectuzilitcy, or tareshold maisurements, d2t=ruwines the minimum
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concentration of an odorant or mixture of odorants that arouses a
response to a certain, predetermined, segment of the population.
Intensity is the strength of the odoriferous sensation. The third
odor attribute is the odor character, it determines the aroma
characteristics or what the odor smells 1like; fishy, fruity,
flowery, and the like. Hedonics, or the hedonic scale, refer to the
degree of acceptance (pleasant, neutral, unpleasant) of the
perceived odor. Fa

Odor Thresholds

There are two types of thresholds: the detection threshold,
and the recognition threshold. Detection threshold is defined as
the lowest odorant concentration that provokes a response by a
segment of the population. If the segment that detects the odor is
50% of the population then the detection threshold is denoted by
ED,,, which stands for effective dose at the 50% level. - The
recognltlon threshold is the lowest level at which 50% of the test
population attributes a characteristic odor note to the test
odorant, this threshold is denoted by RD;,, recognition dose at the
50% level Threshold values are statlstlcal measurements of best
estimates and involve considerable uncertainty; the literature
includes threshold values of the same odorant that vary by as much
as two orders of magnitude. Detection threshold is also defined as
the number of dilutions required to reduce the odor to levels that
will be perceived by 50% of the population. Several olfactometers
have been designed and are used to measure odor threshold values at
the source of odoriferous emissions, and downwind from such
sources, the American Society of Testing and Materials (ASTM) has
approved the Forced Choice Dynamic Olfactometer method (ASTM, 1982)
Such measurements of detection thresholds are most appropriate for
studies of source and ambient odors, (O'Brien,1991). Additionally,
these instruments have been used in controlled, laboratory
experiments where the odor magnitude can be controlled, (Cain 1987,
Moschandreas 1992, and others). However, olfactometers designed to
measure outdoor odor threshold values do not appear to be
sufficiently sensitive to study typical indoor odor levels
(Moschandreas et al.1990, and Relwani et al., 1990). Consequently
odor intensity appears to be the preferred odor quantity to measure
in indoor odor application studies such as the study of the Sick
Building Syndrome. i

Odor Intensity

Several methods are uséd to measure odor intensity. The well’
known Steven's law: S=KC" relates the perceived odor magnitude, S,
with the concentration, C; the factor that bridges these two.
quantities, .the exponent' n, .depends on the odorant and varies
between 0.2 tc about 0.7' (Cain and HMoskowitz, 1974) This law
establishes “that a. charige in the concentratlon of the. odorant
results in a relatively ‘smaller change of “the perceived odor..
intensity.’ ‘Odor intensity can‘be expressed by thegassignment of ~a
valie on a meaguremeant scale; Odor: intenalty scales are -either
catégorical, both number and/or word; or magnitude and estimation- .
ratio scalee, (ASHRAE,1992;.Cain and'Mosckowttz, 1974; Meilgaard et
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al., 1988; and others) The Dynanic Dilution Binary S8cale
Olfactometer ,also known &s the n-Butanol wheel, (Dravaieks, 13735)
is an inexpensive measuring device that uses principles of matching
intensities to measure the intensity of the test odoriferous air.
A scale of odor intensity measurement used widely is the line
scale, usually, a line of 10 cm in length. 7The subject is asked to
indicate (mark) the perceived odor intensity on the line between
two extremes of no odor, in the left end of the line, and very
strong odor, in the right end of the line.

Odor Character and Hedonics
Odor character profiles help distinguish odors from different
odoriferous air streams, in other words different odors result in

different sets of odor notes or cdor descriptors. An ASTM
committee produced a list of 830 odor notes, but Amoore, 1962,
generated a 1list with only seven notes. An Atlas of odor

charactei's was published by ASTM, it contains 146 odor notes, it
was used to characterize the odor of 180 chemicals, (ASTM,1985).
One of the most telling odor attributes is its hedonic nature,
odors that are unpleasant serve as warning agents of an unexpected
event. An hedonic judgement may be expressed at once on a category
scale (pleasant, neutral, unpleasant) and on a magnitude scale
(very pleasant, slightly pleasant, unpleasant, unbearable, and the
like. We may use similar tecihniques to measure odor hedonics and
odor intensity, , but we measure different odor attributes or
qualities. One of the interesting facts of odor perception is the
relation between odor intensity and odor hedonic character:
repeated increases of odor intensity of unpleasant odors result in
monotonic increases of odor unpleasantness, but the hedonic
magnitude of a pleasant odors does not necessarily increase with
increasing odor intensity.

Factors Affecting Odor Measurements

Measurement of odor gualities is affected by several factors
such as temperature, relative humidity and the general comfort of
the indecor environment, by the frequency and length of exposure tc
the odorant, by the education/culture of the receptor, snd by the
biological needs of the receptor. Additionally, odor perception is
affected by the olfactory acuity of the subject, olfzctory acuity
is defined@ as the ability , keeness, of an individual to detect and
discriminate odors. i

Given the nxzpected variation in odor perception, the size and
the guality of the panels ave nmost important in determining the
value of odor data generated by panels. Clearly, a small panel
repreg=nis itsz1f, &nd conclusicons reached by such panel can not be
generalized, yet a very lavrge panzl presents practical problems.
For outdcor setudies, parsls of nina %o ten properly sa2iected
panelists acpear te g2norate statistically robust deta. For indoor:
studies lzr1ge penel: ara necaesssrys Fancer and his assosliates use
iaege nenels, about fifty nenbers) Moschandress used 200 panalicts
oz o taboratoey exmeriment; {iMogchindreas and Relwani, 1202) and
o ainiwer of 13% of oscupants fr atudieczs cf potentially sick
buitdings, (Moschordreas and Relwani, 1290 and 19222) . Note, ASHRAE
rejuizes vesprmres te arn acdor guestionnaire fron at least twenty
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potential . occupants of the building under investigation to
determine whether the indoor air is acceptable.

MILESTONE STUDIES OF INDOOR ODORS

Historically, indoor environments with odors were considered
dangerous places, places associated with unsanitary conditions,
illness, hospitals, and generally places to be avoided, if
possible. Even though urban disagreeable odors have been mostly
brought under control, the perception of "evil smells" persists in
many developing countries. There is little doubt that odors or
their absence are poor indexes of toxicity. Yet, odors in indoor
environments are unwanted, because odors may be indices for
(1)irritation of the exposed occupants, (2) for low air exchange
with fresh outdoor air, (3) for indoor emissions of VOCs and other
odoriferous gases, and (4) for any combination of the above.

In indoor environments, the effort to control odors is closely
related with the effort to characterize odors, i.e. the effort to
formulate indoor odor profiles. Dilution by ventilation air is the
conventional, indeed the preferred, strategy for controlling
indoor residential odors; additional control systems may be used to
control odors in 1large non-industrial environments, such as
offices, theaters, sport arenas , and the like. Two hundred years
ago, Benjamin Franklin provided the first odor control strategy.
¥riting in defense of the Franklin stoves, he pointed out that the
odor, "the smell",attributed to the stove is not emitted from the
iron, rather it is the product of the "general uncleanly manner" of
using the stove.

Body and Tobacco Odors

Undoubtedly, good housekeeping remains the best known means of
reducing odors indoors. However in 1936 Yaglou and his associates
(1936) began to study odors systematically, body odor control was
the strategy they wused to determine minimum ventilation
requirements. Using a room sized chamber, these investigators
determined a ventilation rate range that would cause a visitor to
perceive a neither pleasant nor disagreeable odor. They concluded
that the range depends on the occupancy density, it varied between
7 to 25 cfm per occupant. A few years later, Yaglou.concluded that
control of tobacco smoke would require 40 cfm per smoker, this rate
it was concluded did not depend on the number of smokers, (Yaglou,
1955 :
- )In 1981 the American Society of Heating Refrigerating and Air
Conditioning Engineers (ASHRAE) published its standard on
Ventilation for Acceptable Indoor Air Quality, (ASHRAE Standard 62-

1981). 'ASHRAE defines acceptable .air: as'the air with .which a
substantial-majority (30%'or more)roﬁ%thempeople'exposed:do.not
express. d1ssatlsfachron ‘Theé ventilation.rate for environments

with non-sméking’ occupants was 7-cfm per .occupant, for: environment
occupled by ‘smokers the.rate was set-at 35 cfm per smoker- - In a
classic - study of body. and tobacco' odors,” Cain.et al- (1983)
generated odor descriptive data for' periods.of smoking and non-
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smoking inside a room sizad chamber. Cain and his associates
showed that omly 71% and “5% of visitors to the indcor environment
with nen smoking and smoking occupants, respectively, would be
satisfied with tlie ASHRAE ventilation requirement. Cain and his
colleagues at “he John B. Pierce Foundation Laboratory have
studied extensively these discrepancies and related issues of odor
perception. 1In 1989 ASHRAE issued a new standard for "Ventilation
for Acceptable Indoor Air Quality" (ASHRAE Standard 62-1989). This
standard does not set two distinct requirements for indoor
environments with smoking and non-smoking occupants, rather it sets
one ventilation requirement for most all indoor spaces. The
prevailing rate of the ASHRAE Standard is 15 cfm per person, but a
large number of specific indoor environments require higher rates,
frequently 20 cfm per person. The required ventilation rate for
smoking lounges is set at 60 cfm per person.

Inspired by the prevailing, but never verified, assertion that
visual contact with an odor source is 1likely to affect the
perceived odor intensity, Moschandreas and Relwani (1992a) used a
room sized chamber, a panel of 200 randomly selected subjects, and
an experimental design of two stages (contact-no contact) to test
the impact of visual contact on perceived odors. They concluded
that at least one in three subjects who can see the smoker will
perceive stronger oder intensity, more unpleasant odors, and more
odors that are characterized as tobacco odors than if they were
exposed to the same air but had no visual contact with the emitting
source, the smoker. If true in public indoor environments,
eliminating visual contact between smoking and non smoking sections
may provide a third centrol strategy for establishments that wish
to provide space for customers who smcke.

Odors, Irritation and Indcor YOC Exposures

Occupants of non-industrial indoor environments are likely to
be exposed to 1low levels of as many as 300 Volatile Organic
Compounds (VOC) ., Individual comnpounds rarely exceed the
corresponding threshold Limit Value (TLV), yet in a mixture
exposure to indoor VOCs is suspected of causing odor, irritation
and neurobehavioral effects. Molhave et al.(1986) studied effects
cn the air guality, odor, irritation and ability to concentrate of
individuals exposed te a mixture of 22 VOCs commonly fourd in
indcor environments. They performed a series of controlled
e¥periments by exposing 62 individuals to three levels of
concentration: 0, 5, and 25 mg/m’. The effect on odor perception
wae significant, as was the nonaceptabiligy of odor intensity when
the subijects were exposed to 5 and 25 mg/m’, In a related stndy by
Bach =2t &l. 1984, signlficant decreascs of scores of (1) memwory,
(2) ability to concentrate, and (3) irritation were weasured as a
function of exposure tc VOC concentrations. Finally, Melhave arnd
his agsociatoes suggest that the aucovs irritation threshold for
toteal oreanic vapors is in the range of 0.16 to 5.0 mg/m’. Using
thiz and roiated work, Tucker (1990) recommends that a single
irdoor scource chould not add to the indoor environment mere than
0.5 my/’ of srygadic vapors, one assumes that this guideline will
atfect occupzi:t cdor percepcion.

The approach of using of low emitting indoor materials and
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products, leads to a fourth odor control strategy: material
selection. These control strategies, and others, have been
employed by indoor and odor scientists to resolve the increasing
number of complaints registered by occupants of indoor non-
industrial environments. These complaints have led to an area of
specialized inquiry known as the Sick Building Syndrome (SBS)

S8ICK BUILDING SYNDROME

The term sick building syndrome is often used incorrectly, The
World Health Organization defined the SBS as an inclusive ternm
describing the following : the majority of the occupants register
complaints, specific cause of the complaints and symptoms is not
identified, but bad engineering, design and practice is not
included in the syndrome, symptoms fall in four classes sensory,
odor, general symptoms of fatigue, dizziness and nausea, and lower
airway and gastrointestinal symptoms, (WHO, 1984). Dry mucous
membrane sensation is noticeable in buildings with SBS, the onset
of the symptom is gradual, and the duration long. Molhave uses a
more extensive definition of the SBS concept in his effort to
provide an etiology for the symptom and to identify questions to be
addressed in planning research protocols for subjective symptom and
IAQ studies, (Molhave, 1992). SBS buildings are studied by a
combination of air sampling and analysis, and survey
questionnaires. Odor quantity magnitudes are usually obtained from
responses to a questionnaire that uses either pictures or word
descriptors, or the line scale.

Moschandreas and Relwani (1990) studied, among other
gquantities, the odor perception of visitors and occupants of two
buildings, one with a SBS, the other a Healthy building, i.e. no
registered complaints. Odor levels were measured with a
questionnaire and by analyzing air samples using a dynanic
olfactometer and panels of ten. A minimum of thirty occupants
(about 25% of the total number of occupants responded to the
questionnaire in each of the buildings. The questionnaire was
administered every day for twenty work days. The conclusions
reached are as illuminating as any in the literature: (1) odor
analysis of indoor air using an olfactometer and panels is not
sufficiently sensitive to quantify indoor odor thresholds and the
levels of odor intensity indicated by the occupants on the scale
line; (2) Indoor pollutant concentrations of total volatile organic
compounds did not correlate well with occupant perceived odor
intensity levels; (3) odor intensity levels, marked by ' the
occupants, varied markedly from day to day; and (4) the building
symptom index, the average number of symptoms indicated by
occupants per day, (Burge, 1990) did not correlate well with the
measured indoor pollution levels, or the building ventilation
levels. These conclusions are applicable to both the sick building
with a large number of complaints and to the. healthy building with
no complaints. Since the literature. includes 3 few episodic
studies that ‘have been successful in reducing indcor odors, ‘these
conclusions'are not universal, but they describe the fundamental
difficulties encountered in’ efforts designed to researuh the SBS.



The 0Olf Concept

Motivated by the irability of the indoor air sciences
community to establieh & cause and effect relationship between
indoor contaminant leveals and complaints of occupants, Fanger and
associates changed the focus from chemical analysis to sensory
analysis. They defined. the olf, a new measurement unit, as the
enission rate of air pcllutants (kioceffluents) from a standard
person, and determined the segment of people dissatisfied when
exposed to emissions from one persor as a function of ventilation
rate by fresh air. In essence the olf is an odor measuring unit,
it is used with an experimental design of multiple visits to the
subject building that allows the researcher to measure emission
rates, olfs. from the building itself, the occupants and the
ventilation system, and a combination of the above (Fanger, 1987,
1988, and others). In addition Fanger and associates defined the
decipol unit as the pollution caused by a standard, an olf,
ventilated by 10 1/s of unpolluted air, (Fanger, 1988). Using
these units and several designs, the Danish investigators were able
to correlate perceived air quality,as judged by a trained panel,
with prevalence of complaints, mucosal irritation, and general
symptoms in-schools, (Thorstensen et al. 1990)

The DEM Index

The Olf approach is a powerful tool that determines whether a
building requires further investigation of its indoor air quality,
and the specific, but generic, source of the building that should
be controlled. This approach requires repeated visits to the
building by a large and trained panel. Preliminary results from a
recent study by Moschandreas and Relwani (1992b) indicate an
alternative approach that uses occupants as the panelists, and
leads to the Degree of Effluvium Measurement Index (DEMI). A
characterization study was performed in five office buildings
occupied by a minimum of 8¢ individuals. Among the many
instruments of inquiry used, these investigators administered a
symptoms /comfort questionnaire that requested the occupants to rate
indoor air odor intensity and to mark health symptoms as they were
perceived at the time cf responding to the guestionnaire. The
number scale used varied from no odcr, from 1 on the line scale,to
bad odor, 7 on the scale.

The DEM index corresponds to the concept of percent
applicability emplcyed by Dravnieks in his odor studies (see ASTM
1985) The index was calculzfed using three statistical measures:
{1) percent usage, that is the s2gament of subject occupants who
rate the indoor odors as bzd cdore, i.e. greater than four; (2)
score level, the maximum scors sum is the number of subjzct
occupants multiplied by seven. Tha sum cf the scores higher than
four yiven by subient accupents is Zhen divided by the maximum
score to calculate the percentage of maxiiwuun score level in ndor
perception; (3) the cecretric mean of paroent usage and percentaqge
cf maximum score is the DEM ind=2y¥, Tais statistical approach is a
ncise reducing method that reduces time, space, and acuity
variation in odor perception by the occupants. The DEM index was
calculated after pooling responses from at least three days.

The difference between DEM index value of the sick buildings



minus the wvalue of the healthy buildings is statistically
significant. More importantly, there is a good correlation between
the index and the number of complaints register that day as well as
before the commencement of the study. The database is currently
analyzed to determine if this approach will help isolate areas,
within a building, where the cause of the complaints may be found.
The data are not as revealing toward this objective, but the
experimental design of the study did not seek to isolate the
sources of the complaints, a revised design and further research is
needed to investigate if the DEM index will isolate the source of
the complaints.

If successful, this index has many advantages over more
conventional odor perception approaches: it uses the occupants'
nose and sensory perception of symptoms and odors, it requires
short periods of time, it does not require trained panelists, nor
experienced analysts. If applicable to buildings, it can be
administered intermittently and will provide information that can
be used to avoid conditions that lead to large number complaints.
Clearly, more research is needed to determine the practical
implications of the index.

Indoor Odor Models

Deterministic models use fundamental mathematical equations of
indoor processes to relate the effect, odor perception , with the
cause, odor source emission. Statistical models use semiemperical
statistical relations between the effect, complaints regarding the
indoor environment, and the measurements of odor perception.
Deterministic models relating indoor odor quantities with emission
rates of odorant sources, temperature, relative humidity, occupant
density, and other factors that affect odor perception are not
available in the literature. Although the concepts are not brought
forward as modelling efforts, both the olf concept and the DEM
index may be considered as statistical models for determining if
the source of the indoor air pollution is the occupant, the
furnishings or the HVAC system, or for determining if an indoor
environment is a building with SBS.

A review of indoor odor studies can not be comprehensive
without mentioning the extensive and high quality work done in
Sweden by B. Berglund, T. Lindvall and their associates. 1In an
excellent review on measurement and control of annoyance, Berglund
et al., 1987, refer to a series of investigations that may fall
under the umbrella of statistical models for matching procedures,
undimensional and multidimensional scaling. These authors have
constructed a master scale with references that can be used as
common calibration of judgements of sensory stimuli independent of
peculiarities of individual subjects serving in a particular
experiment. A method such as the Master Scale has great potential
value for assessing odors in indoor environments where physical
measures have not proven sufficiently sensitive to measure odor
1nten51ty, unfortunately thls scale hasg’ not neen used extensively
1ndoors.l L Fely v e
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CONCLU S _REMARKS

A recent report from the Commission of the Eurcopean Cowmunity
(CEC) addressed the connection between Indoor environment and
sensory effects. CEC defines sensory effects as "the perceptual
response toO0 environmental exposures". Clearly sensory effects
include more than odor perception, yet the four reasons brought
forward in this report for investigating sensory effects in indoor
environment are most revealing. The first reason suggests that
sensory effects indicate health effects that demonstrate themselves
as sensory disfunction. Annoyance, an environmentally perceived
sensory response, may be an unwanted effect or it may be a warning
for a disease. The third reason refers to odors explicitly, and
reason that odors and mucosal irritation may indicate exposures to
toxic air pollutants. Lastly, belief that sensory effects may be
used as sensory bioassays. The last reason for including the study
of sensory effects in indoor investigations reflects the growing
An iilustration of this concept that has found great application in
indoor studies is the use of odor criteria for establishing
ventilation requirements. Additionally, there is a growing belief
among indoor air quality researchers that sensory effects can be
utilized to screen indoor pollution sources, i.e. building
materials, furnishings and others, to provide a perceived
measurement of VOC emissions from such sources.

A four odor attribute construct determines the odor profile.
Of the four attributes, odor threshold measuring devices do not
appear to be sufficiently sensitive to measure either recognition
or detection threshold values of typical indoor odors in non-
industrial environments. For application measurements of indoor
cders, the measurement of odor intensity is the most useful odor
quality. Sensory tools used for measuring odor intensity include
estimation-ratio scales, the line scale, the n-butanol binary
olfactometer, and Steven's law. The Ol1lf unit, and to a lesser
extent, the DEM index may be also thought of as statistical
indicators for odor intensity measurements. Odor hedonics, and
odor characterization notes are also used to characterize indoor
odors. Odor perception is affected by a large number of physical
and chemical factors, by the olfactory acuity of the exposed
subjects, by the frequency and duration of the exposures, and by
the ethnic and education of the exposed. The multitude of factors
that potentially affect odor perception requires that
investigations of indoor air odors use large panels. The need for
large panels constraints the measurement of indoor odors, yet the
use of occupants as panelists provide a powerful, inexpensive, and
continuous sensor. -

As we have seen, sources of indoor odors in non-industrial
environments include occupants (body odors), building materials
(several cdors related to VOCs), indoor furnishings (formaldashyde,
carpet odors, ozone, otnerg; and occupant activity (cooking odors,
tobacco odors, hobbies, cleaning solvent odors, and others). Good
housexeeping, dilution by ventilatien, and reduction of odor
emissions oy selecting low emitting products for use indoors are
control strategies used to reduce cdors indoors. A strategy not
addressed in this paper is the use of control systems to absorb

261



odoriferous gases. Several limitations are associated with this
strategy: (1) it is mostly applicable in large non-industrial
environments and rarely in residential environments, (2) their
effectiveness in reducing indoor odors is commercially claimed but
it has not been documented in the scientific literature, and (3)
the possibility of re emitting the absorbed gases, specially from
the stand alone room air cleaners that claim to reduce odors
associated with tobacco smoke, is quite strong and may defeat the
very purpose of using such cleaners.

Exposure to hydrogen sulfide causes adverse health effects,
but these effects are caused by the gas which is toxic, and not by
the odor that is perceived by the receptor. This may be obvious,
what is not as clear is whether odor-related health effects
constitute a public health problem. Discussion of this issue
revealed a schism in the scientific community of public health and
odor experts (NAS,1979). Independently of ones alliance with
respect to this controversial issue, odor perception in indoor
environment should be considered as warning of indoor: sources of
unwanted emissions, and as a potential surrogate for problems
associated with indoor air pollution. Elimination, or substantial
reduction of a persistently perceived indoor odor is a robust
indicator for improved indoor air quality.

REFERENCES

Amoore, J.E. 1962. The Stereochemical Theory of Olfaction 1,
Identification of Seven Primary Odors. Proc. Sci. Sect. Toilet
Goods Assoc. 37, 1-12.

ASHRAE Standard 62-1981: Ventilation for Acceptable Indoor
Air Quality. ASHRAE 62-1981. 1981. American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc. Atlanta, GA

ASHRAE Standard 62-1989: Ventilation for Acceptable Indoor
Air Quality. ASHRAE 62-1989. 1989. American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc. Atlanta, GA

ASTM. 1982. Manual on Sensory Testing Methods. STP 434. ASTM,
Philadelphia, PA.

ASTM. 1985. Atlas of Odor Character Profiles. DS 612. ASTM,
Philadelohia.

Bach, B., L. Molhave, and O.F. Pedersen. 1984. Human Reactions
during Controlled Exposure to Low Concentrations of Organic Gases
and Vapors Known as Normal Indoor Air Pollutants Performance Tests.
In Papers from Third International Conference on Indoor Air
Quality and Climate, eds Berglund, Berglund, Lindvall and Sundell.
August 1984, Stockholm, Sweden. Phlladelphla.

Berglund, B Berglund,”Uh. and T.'Llndvall. 1987 . Measurement.
and Control of 'Annoyance.  In Environmental ~ Annoyance:
Characterization, Measurement, and Control, Ed.. H.S. Koelega.
Developments in Toxicology and Env1nonmenta1 Science Volume .15,

26

e



Elsevier. The Netherlands.

Burge,P.S. 1990. Building Sickness- A Medical Apprcach to the
Causes. In the Proceedings of the Fifth International Conference on
Indoor Air Quality and Climate, Ed. D.S. Walkinshaw. Tecronto, 29
July-3 August 1990.

Cain, W.S. and H.R. Moskowitz. 1974. Psycholoaical scaling of
odor. Turk, Johnston and Moulton, ed. Human Responses to
Environmental Odors. Academic Press Inc. New York, p.1l.

Cain, W.S., B.P. Leaderer, R. Isseroff, L.G. Berglund, R.J.
Huey, E.D. Lipsitt, and D. Perlman. 1983. Ventilation Requirements
in Buildings~- I: Control of Occupancy Odor and Tobacco Smoke Odor.
Atmospheric Environment 17:1183-1197.

Cain, W.S., T.Tosun, L.C. See, and B.P. Leaderer. 1987.
Environmental Tobacco Smoke: Sensory Reactions of Occupants.
Atmospheric Environment 21: 347-353.

Dravnieks,A. 1975. Evaluation of Human Bcdy Odors, Methods and
Interpretations. Journal of the Society of Cosmetic Chemists
26:551

European Community Report. European Concerted Action: Indoor
Air Quality and Its Impact on Man. Environment and Quality of Life:
Report No. 10, "Effects of Indoor Air Pollution on Human Health"
EUR 14086EN.

Fanger, P.O. 1987. A Solution to the Sick Building Mystery.
Indoor Air'87, Eds. Siefert, B., H. Esdorn, M.Fisher, H. Ruden, and
J. Weyner. Institute of Water , Soil and Air Hygiene. Berlin

Fanger, P.0O., J. Lautidsen, P.Bluyssen, and G.Clausen. 1988.
Air Pollution Sources in Offices and Assembly Halls, Quantified by
the 01f Unit. Energy and Buildings, 12: 7-19.

Meilgaard, M., 6G.V. Civille, and B.T.Carr. 1987. Sensory
Evaluation Techniques, CRC Press, Boca Raton, FL.

Molhave, L., B. Bach, and O.F. Pedersen. 1986. Human Reactions
to Low Concentrations of Volatile Organic Compounds. Environmemnt
International, 12:167-175.

Molhave,l,. 1992. Coéntrolled Experiments for Studies of the
Sick Building Syndrome. 1In Scurces of Indoor Contaminants
Characterizing Emissions and Health Effecte Eds. Tucker, Leaderer,
Molhave, and Cain,Pnnals of the New York Academy of Sciences,
Vol.641.

Moschandreas, D.J., 8.M. Relwani, and D. Novosel. 1990.
Characterization of a Healthy Building. In the Proceedings of the
Fifth International Conference cn Indoor Air Quaiity and Climate,
Edt.D.S. Walkinshaw. Toromnto, 29 dniy-3 August 1990.

266



Moschandreas, D.J. and S.M. Relwani. 1992a. Perception of ETS
Odors: A Visual and Olfactory Response. Accepted for Publication by
the Urban Atmosphere issue of Atmospheric Environment.

Moschandreas, D.J. and S.M.Relwani. 1992b. Indoor Air Quality
and Energy Efficiency in State Buildings. Final Report to the
Department of Energy and Natural Resources on Illinois. Grant with
the IIT Research Institute, Chicago, IL.

NAS. 1979. Odors from Stationary and Mobile Sources. National
Academy Of Sciences Press, Washington, D.C.

O'Brien,M.A. 1991. Odor Panel Selection, Training and
Utilization Procedures- A key Component in Odor Control Research.
In the Specialty Conference on Recent Developments and Current
Practices in Odor Regqulations, Controls, and Technology Edited by
Derenzo and Gnyp. Air and Waste Management Association, Pittsburgh,
PA.

Relwani, S.M., D.J. Moschandreas, and D. Novosel. 1990. Indoor
Air Quality Capabilities of the Humidity Pump: A Field Experiment.
In the Proceedings of the Fifth International Conference on Indoor
Air Quality and Climate, Ed. D.S. Walkinshaw. Toronto, 29 July-3
August 1990.

Roper and Atema, 1987. Preface of Olfaction and Taste IX.
Editors S. Roper and J. Atema in Annals of New York Academy of
Sciences Volume 510. The New York Academy of Sciences, New York,
NY.

Ruth, J.H. 1986. Odor Thresholds and Irritation Levels of
Several Chemical Substances: A Review. Am Ind Hyg Asso J 47: 142-
151

Thorstensen, E., C.Hansen, J. Pejtersen, G.H. Clausen, and
P.O0. Fanger. 1990. Air Pollution Sources and Indoor Air Quality in
Schools. In the Proceedings of the Fifth International Conference
on Indoor Air Quality and Climate, Ed. D.S. Walkinshaw. Toronto, 29
July-3 August 1990.

Tucker, W.G. 1990. Building with Low-Emitting Materials and
Products: Where Do We Stand? In the Proceedings of the Fifth
International Conference on Indoor Air Quality and Climate, Ed.
D.S. Walkinshaw. Toronto, 29 July-3 August 1990.

WHO. 1984. World Health Organization: Indoor Air Quality
Research. EURO-Reports and S*udles No. 103. WHO Regional Office for
Eurcpe.Clopenhagen, Denmark

Yaglou, C.P., E.C. Riley, and D.I. Coggins. 1936. Ventllafion
Requirements. ASHRAE Transactions 42: 133-162.

Yaglou, C.P. 1955._Ventilatioﬁ Requirements for Cigarette
Smoke. ASHRAE Transactiona 61: 25-32.

267



+




