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CHAPTER 12

ODORS

ARIOUS factors make odor control an important consideration

in ventilation engineering: (1) contemporary construction meth-
ods result in buildings that allow less air infiltration through the build-
ing envelope; (2) indoor sources of odors associated with modern
building materials, furnishings, and office equipment have increased;
(3) outdoor air is often polluted; and (4) energy costs encourage lower
ventilation rates at a time when requirements for a relatively odor-free
environment are greater than ever.

Since Yaglou et al.’s (1936) classic studies, the philosophy be-
hind ventilation of nonindustrial buildings has mainly been to pro-
vide indoor air that is acceptable to occupants. Air is evaluated by
the olfactory sense, although the general chemical sense, which is
sensitive to irritants in the air, also plays a role.

This chapter reviews how odoriferous substances are perceived.
Chapter 45 of the 2007 ASHRAE Handbook—HVAC Applications
covers control methods. Chapter 10 of this volume has more infor-
mation on indoor environmental health.

ODOR SOURCES

Outdoor sources of odors include automotive and diesel
exhausts, hazardous waste sites, sewage treatment plants, compost
piles, refuse facilities, printing plants, refineries, chemical plants,
and many other stationary and mobile sources. These sources pro-
duce both inorganic compounds (e.g., ammonia and hydrogen sul-
fide) and volatile organic compounds (VOCs), including some that
evaporate from solid or liquid particulate matter. Odors emitted by
outdoor sources eventually enter the indoor environment.

Indoor sources also emit odors. Sources include tobacco prod-
ucts, bathrooms and toilets, building materials (e.g., adhesives,
paints, caulks, processed wood, carpets, plastic sheeting, insulation
board), consumer products (e.g., food, toiletries, cleaning materials,
polishes), hobby materials, fabrics, and foam cushions. In offices,
offset printing processes, copiers, and computer printers may pro-
duce odors. Electrostatic processes may emit ozone. Humans emit a
wide range of odorants, including acetaldehyde, ammonia, ethanol,
hydrogen sulfide, and mercaptans.

Mildew and other decay processes often produce odors in occu-
pied spaces (home and office), damp basements, and ventilation
systems (e.g., from wetted air-conditioning coils and spray dehu-
midifiers).

Chapter 45 of the 2007 ASHRAE Handbook—HVAC Applica-
tions gives further information on contaminant sources and genera-
tion rates.

SENSE OF SMELL

Olfactory Stimuli

Organic substances with molecular weights greater than 300 are
generally odorless. Some substances with molecular weights less than

The preparation of this chapter is assigned to TC 2.3, Gaseous Air Contam-
inants and Gas Contaminant Removal Equipment.

300 are such potent olfactory stimuli that they can be perceived at con-
centrations too low to be detected with direct-reading instruments.
Trimethylamine, for example, can be recognized as a fishy odor by a
human at a concentration of about 10~* ppm.

Table 1 shows odor detection threshold concentrations for
selected compounds. The threshold limit value (TLV) is the con-
centration of a compound that should have no adverse health conse-
quences if a worker is regularly exposed for 8 h periods (ACGIH,
revised annually). Table 1 also includes the ratio of the TLV to the
odor threshold for each compound. For ratios greater than 1, most
occupants can detect the odor and leave the area long before the
compound becomes a health risk. As the ratio increases, the safety
factor provided by the odor also increases. Table 1 is not a compre-
hensive list of the chemicals found in indoor air. ATHA (1989) and
EPA (1992) list odor thresholds for selected chemicals.

Olfactory sensitivity often makes it possible to detect potentially
harmful substances at concentrations below dangerous levels so that
they can be eliminated. Foul-smelling air is often assumed to be
unhealthy. In reality, however, there is little correlation between

Table1 Odor Thresholds, ACGIH TLVs, and TLV/Threshold
Ratios of Selected Gaseous Air Pollutants

Odor Threshold,2  TLV,P
Compound ppmv ppmv Ratio
Acetaldehyde 0.067 25-C 360
Acetone 62 500 8.1
Acetonitrile 1600 20 0.013
Acrolein 1.8 0.1-C 0.06
Ammonia 17 25 1.5
Benzene 61 0.5 0.01
Benzyl chloride 0.041 1 24
Carbon tetrachloride 250 5 0.02
Chlorine 0.08 0.5 6
Chloroform 192 10 0.05
Dioxane 12 20 1.7
Ethylene dichloride 26 10 0.4
Hydrogen sulfide 0.0094 10 1064
Methanol 160 200 1.25
Methylene chloride 160 50 0.3
Methyl ethyl ketone 16 200 12.5
Phenol 0.06 5 83
Sulfur dioxide 2.7 2 0.74
Tetrachloroethane 7.3 1 0.14
Tetrachloroethylene 47 25 0.5
Toluene 1.6 20 13
Trichloroethylene 82 10 0.1
Xylene (isomers) 20 100 5

Sources: ACGIH (updated annually), AIHA (1989).

2All thresholds are detection thresholds (EDs).

YAIl TLVs are 8 h time-weighted averages, except those shown with -C, which are
15 min ceiling values.
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odor perception and toxicity, and there is considerable individual
variation in the perception of pleasantness/unpleasantness of odors.
When symptoms such as nausea, headache, and loss of appetite are
caused by an unpleasant odor, it may not matter whether the air is
toxic but whether the odor is perceived to be unpleasant, associated
with an unpleasant experience, or simply felt to be out of appropri-
ate context. The magnitude of the symptoms is related to the magni-
tude of the odor, but even a room with a low but recognizable odor
can make occupants uneasy. Several papers review sensory irritation
and its relation to indoor air pollution (Cain and Cometto-Mufiiz
1995; Cometto-Muiiiz and Cain 1992; Cometto-Muiiz et al. 1997;
Shams Esfandabad 1993).

Anatomy and Physiology

The olfactory receptors lie in the olfactory cleft, which is high in
the nasal cavity. About five million olfactory neurons (a small cluster
of nerve cells inside the nasal cavity above the bridge of the nose)
each send an axon (an extension of the neuron) into the olfactory bulb
of the brain. Information received from the receptors is passed to
various central structures of the brain (e.g., olfactory cortex, hippo-
campus, amygdala). One sniff of an odorant can often evoke a com-
plex, emotion-laden memory, such as a scene from childhood.

The surrounding nasal tissue contains other diffusely distributed
nerve endings of the trigeminal nerve that also respond to airborne
vapors. These receptors mediate the chemosensory responses such
as tickling, burning, cooling, and, occasionally, painful sensations
that accompany olfactory sensations. Most odorous substances at
sufficient concentration also stimulate these nerve endings.

Olfactory Acuity

The olfactory acuity of the population is normally distributed.
Most people have an average ability to smell substances or to
respond to odoriferous stimuli, a few people are very sensitive or
hypersensitive, and a few others are insensitive, including some who
are totally unable to smell (anosmic). The olfactory acuity of an
individual varies with the odorant.

Hormonal factors, which often influence emotional states, can
modulate olfactory sensitivity. Although the evidence is not uni-
formly compelling, research has found that (1) the sensitivity of
females varies during the menstrual cycle, reaching a peak just
before and during ovulation (Schneider 1974); (2) females are gen-
erally more sensitive than males, but this difference only emerges
around the time of sexual maturity (Koelega and Koster 1974);
(3) sensitivity is altered by some diseases (Schneider 1974); and
(4) various hormones and drugs (e.g., estrogen, alcohol) alter sensi-
tivity (Engen et al. 1975; Schneider 1974).

Other factors that may affect olfactory perception include the
individual’s olfactory acuity, the magnitude of flow rate toward
olfactory receptors, temperature, and relative humidity. Olfactory
acuity can also vary with age (Stevens et al. 1989; Wysocki and Gil-
bert 1989), genetics (Wysocki and Beauchamp 1984), exposure his-
tory (Dalton and Wysocki 1996; Wysocki et al. 1997), and disease
or injury (Cowart et al. 1993, 1997). Humans are able to perceive a
large number of odors, yet untrained individuals are able to name
only a few (Ruth 1986).

Individuals who are totally unable to detect odors are relatively
rare (Cowart et al. 1997). A more common occurrence is an inability
to detect one or a very limited number of odors, a condition known
as specific anosmia. Although the huge number of possible chem-
icals makes for an untestable hypothesis, it has been posited that
most, if not all, individuals have a specific anosmia to one or more
compounds (Wysocki and Beauchamp 1984). The fact that individ-
uals with specific anosmias have normal olfactory acuity for all
other odors suggests that such anosmias may be caused by genetic
differences.

In olfactory science, adaptation refers to decreased sensitivity or
responsiveness to an odor after prolonged exposure. This exposure
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can selectively impair the perception of the exposure odorant, but
there are also examples of cross-adaptation, where exposure to one
odorant can result in adaptation to other odors as well. Adaptation
can occur in the short term, where perception of a room’s odor begins
to fade within seconds of entering the room (Cometto-Muiliz and
Cain 1995; Pierce et al. 1996). With long-term adaptation, an indi-
vidual who habitually returns to the same environment does not
smell odors that are quite discernible to a naive observer. This effect
appears to shift both the threshold and the suprathreshold (stimuli
above the threshold level) response to the odor (Dalton and Wysocki
1996). This is an important phenomenon for indoor air quality (IAQ)
personnel to be aware of because it is often one of the biggest reasons
for variations in detectability or response in real-world environments
and makes the choice of test population or panelists for air quality
evaluations a critical one.

FACTORS AFFECTING ODOR PERCEPTION

Humidity and Temperature

Temperature and humidity can both affect the perception of
odors. Cain et al. (1983) reported that a combination of high tem-
perature (78°F) and high humidity exacerbates odor problems.
Berglund and Cain (1989) found that air was generally perceived to
be fresher and less stuffy with decreasing temperature and humidity.
Fang et al. (1998a, 1998b) and Toftum et al. (1998) found little or no
increase in odor intensity with increasing enthalpy (temperature and
humidity), but reported a very significant decrease in odor accept-
ability with increasing enthalpy.

Not all researchers have supported these findings. Kerka and
Humphreys (1956) reported a decrease in odor intensity with
increasing humidity. Berg-Munch and Fanger (1982) found no
increase in odor intensity with increasing temperature (73.5 to
89.5°F). Clausen et al. (1985) found no significant change in odor
intensity with increasing relative humidity (30% to 80%).

Although the findings are not homogeneous, they do show that
temperature and humidity can act together to affect one’s perception
of odors. Air that is cooler and drier is generally perceived to be
fresher and more acceptable even if odor intensity is not affected.

Sorption and Release of Odors

Because furnishings and interior surfaces absorb (and later
desorb) odors during occupancy, spaces frequently retain normal
occupancy odor levels long after occupancy has ceased. This is
observed when furnaces or radiators, after a long shutdown, are
heated at winter start-up and when evaporator coils warm up. The
rate of desorption can be decreased by decreasing temperature and
relative humidity, and increased (as for cleaning) by the reverse.

Environmental tobacco smoke may desorb from surfaces long
after smoking has taken place. This phenomenon has caused many
hotels to establish nonsmoking rooms.

Where the odor source is intrinsic to the materials (as in lino-
leum, paint, rubber, and upholstery), reducing the relative humidity
decreases the rate of odor release. Quantitative values should not be
used without considering the sorption/desorption phenomenon.

Emotional Responses to Odors

There can be considerable variation between individuals regard-
ing the perceived pleasantness or unpleasantness of a given odor.
Responses to odors may be determined by prior experiences and
can include strong emotional reactions. This is because one of the
brain structures involved in the sense of smell is the amygdala, a
regulator of emotional behaviors (Frey 1995). Some IAQ com-
plaints can involve emotional responses completely out of propor-
tion to the concentration of the odorant or the intensity of the odor
it produces.

Two theories describe physiological reasons for these strong
responses. One of these is kindling, in which repeated, intermittent
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stimuli amplify nerve responses. The other is response facilitation,
in which an initial stimulus perceived as strong is facilitated
(becomes greater) rather than adapted to (Frey 1995).

Because of this emotional aspect, JAQ complaints involving
odors can be very difficult to solve, especially if they are coming
from a few sensitized individuals. It is important to respond quickly
to complaints to minimize the risk of kindling or response facilita-
tion.

ODOR SENSATION ATTRIBUTES

Odor sensation has four components or attributes: detectability,
intensity, character, and hedonic tone.

Detectability (or threshold) is the minimum concentration of an
odorant that provokes detection by some predetermined segment of
the population. Two types of thresholds exist: detection and recog-
nition.

The detection threshold is the lowest level that elicits response
by a segment of the population. If that segment is 50%, the detection
threshold is denoted by ED5,. Recognition threshold is the lowest
level at which a segment of the population can recognize a given
odor. Thresholds can be attributed to 100%, which includes all
olfactory sensitivities, or to 10%, which includes only the most sen-
sitive segment of the population. Threshold values are not physical
constants, but statistical measurements of best estimates.

Intensity is a quantitative aspect of a descriptive analysis, stating
the degree or magnitude of the perception elicited. Intensity of the
perceived odor is, therefore, the strength of the odoriferous sensa-
tion. Detection threshold values and, most often, odor intensity
determine the need for indoor odor controls.

Character defines the odor as similar to some familiar smell
(e.g., fishy, sour, flowery). Hedonics, or the hedonic tone of an odor,
is the degree to which an odor is perceived as pleasant or unpleasant.
Hedonic judgments include both a category judgment (pleasant,
neutral, unpleasant) and a magnitude judgment (very unpleasant,
slightly pleasant).

Important questions are

¢ What is the minimum concentration of odorant that can be
detected?

* How does perceived odor magnitude grow with concentration
above the threshold?

No universal method has been accepted to measure either the
threshold or perceived magnitude of the odor above threshold. How-
ever, guidelines and conventions simplify the choice of methods.

Detectability

Perception of weak odoriferous signals is probabilistic: at one
moment odor may be perceptible, and at the next moment it may not.
Factors affecting this phenomenon include moment-to-moment vari-
ability in the number of molecules striking the olfactory receptors,
variability in which of the receptors are stimulated, concentration of
the odor, the individual’s style of breathing, and the individual’s pre-
vious experience with the odor. The combined effect of these factors
may prevent an individual from perceiving an odor during the entire
time of the stimulus. During odor evaluation, dilution to detection or
recognition threshold values allows determination of the largest
number of dilutions that still allows half of the panelists to detect or
recognize the odor.

Determination of Odor Thresholds. Odor threshold testing is
over a century old. The process is complex, and several different
methods are used. Partly because of variations in measurement
techniques, reported threshold values can vary by several orders
of magnitude for a given substance. To minimize variation caused
by experimental techniques, a standard set of criteria has been
developed for the panel, presentation apparatus, and presentation
method (ATHA 1989; EPA 1992).
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The panel should

Include at least six members per group.

Be selected based on odor sensitivity. Factors to be considered
include anosmia, pregnancy, drug use, and smoking.

Be calibrated to document individual and group variability.

Considerations for the presentation apparatus include

Vapor modality: choice of a gas/air mixture, water vapor, or other
substance.

* Diluent: choice of diluent (e.g., air, nitrogen), how it is treated,
and what its source is.

Presentation mode: delivery systems can be nose ports, vents into
which the head is inserted, flasks, or whole rooms.

 Analytic measurement of odorant concentration.

System calibration: flow rate should be approximately 0.1 cfm;
face velocity should be low enough to be barely perceptible to the
panelists.

Criteria for the presentation method include

Threshold type: detection or recognition.

» Concentration presentation: this must take adaptation into ac-
count. Presenting ascending concentrations or allowing longer
periods between concentrations helps avoid adaptation.

* Number of trials: test/retest reliability for thresholds is low. In-
creasing the number of trials helps correct for this.

» Forced-choice procedure: panelists must choose between the
stimuli and one or two blanks. This helps eliminate false positive
responses.

» Concentration steps: odorant should be presented successively at

concentrations no more than three times the preceding one.

For more details regarding psychophysical procedures, ways to
sample odoriferous air, handling samples, means of stimulus pre-
sentation, and statistical procedures, consult ASTM (1996).

Intensity

Psychophysical Power Law. The relation between perceived
odor magnitude S and concentration C conforms to a power
function:

S=kCn 1

where
S = perceived intensity (magnitude) of sensation
k = characteristic constant
C = odorant concentration
n = exponent of psychophysical function (slope on a log-log scale)

This exemplifies the psychophysical power law, also called Ste-
vens’ law (Stevens 1957). In the olfactory realm, n < 1.0. Accord-
ingly, a given percentage change in odorant concentration causes a
smaller percentage change in perceived odor magnitude.

Scaling Methods. There are various ways to scale perceived
magnitude, but a category scale, which can be either number- or
word-categorized, is common. Numerical values on this scale do not
reflect ratio relations among magnitudes (e.g., a value of 2 does not
represent a perceived magnitude twice as great as a value of 1).
Table 2 gives four examples of category scales.

Although category scaling procedures can be advantageous in
the field, ratio scaling is used frequently in the laboratory (Cain and
Moskowitz 1974). Ratio scaling requires observers to assign num-
bers proportional to perceived magnitude. For example, if the
observer is instructed to assign the number 10 to one concentration
and a subsequently presented concentration seems three times as
strong, the observer calls it 30; if another seems half as strong, the
observer assigns it 5. This procedure, called magnitude estimation,
was used to derive the power function for butanol (Eigure 1). Ratio
scaling techniques allow for such relationships because they require



124
Table 2 Examples of Category Scales
Number Category Word Category
Scale 1 Scale 11 Scale I Scale 11
0 0 None None at all
1 1 Threshold Just detectable
2 2.5 Very slight Very mild
3 5 Slight Mild
4 7.5 Slight-moderate Mild-distinct
5 10 Moderate Distinct
6 12.5 Moderate-strong Distinct-strong
7 15 Strong Strong

Source: Meilgaard et al. (1987).
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Fig.1 Standardized Function Relating Perceived Magnitude
to Concentration of 1-Butanol
(Moskowitz et al. 1974)

subjects to produce numbers to match perceived sensations in which
the numbers emitted reflect the ratio relations among the sensations.

The labeled magnitude scale is a hybrid of category and ratio
scales (Green et al. 1996). This scale is intended to yield ratio-level
data with a true zero and an orderly relationship among the scale
values, such that any stimulus can be expressed as being proportion-
ately more or less intense than another. Because it allows subjects to
use natural-language descriptors to scale perceived experience, it
often requires less training than ratio scales and produces absolute
intensity estimates of perceived sensation (Eigure 2).

A fourth way to measure suprathreshold odor intensity is to
match the intensity of odorants. An observer can be given a con-
centration series of a matching odorant (e.g., 1-butanol) to choose
the member that matches most closely the intensity of an unknown
odorant. The matching odorant can be generated by a relatively
inexpensive olfactometer such as that shown in Figure 3. Figure 4
shows, in logarithmic coordinates, functions for various odorants
obtained by matching (Dravnieks and Laffort 1972). The left-hand
ordinate expresses intensity in terms of concentration of butanol,
and the right-hand ordinate expresses intensity in terms of perceived
magnitude. The two ordinates are related by the function in Figure
1, the standardized function for butanol. The matching method illus-
trated here has been incorporated into ASTM Standard E544.

Character

The quality or character of an odor is difficult to assess quantita-
tively. A primary difficulty is that odors can vary along many
dimensions. One way to assess quality is to ask panelists to judge
the similarity between a test sample and various reference samples,
using a five-point category scale. For some applications, reference
odorants can be chosen to represent only the portion of the qualita-
tive range relevant to the problem under investigation (e.g., animal
odors). Another procedure is to ask panelists to assess the degree of
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Subjects use a cursor (on a computer screen) or a pencil to mark the location on
the scale that represents their judgment of intensity. They do not see numbers,
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association between a test sample’s quality and certain verbal
descriptors (e.g., sweaty, woody, chalky, sour).

The number of odorant descriptors and descriptors to be used
have been subjects of disagreement (Harper et al. 1968). The num-
ber of descriptors varies from a minimum of seven (Amoore 1962)
to as many as 830 used by an ASTM subcommittee. An atlas of odor
characters, containing 146 descriptors, was compiled for 180 chem-
icals by ASTM (1985).

An odor can be characterized either by an open-ended word
description or by multidimensional scaling. Multidimensional
scaling is based on similarity and dissimilarity judgments in com-
parison to a set of standard odors or to various descriptors.

In some cases, the interest may be merely whether an odor’s
quality has changed as a result of some treatment (e.g., use of a bac-
teriostat). Under these circumstances, samples of air taken before
and after treatment can be compared directly (using a simple scale
of similarity) or indirectly (with appropriate verbal descriptors).

Hedonics

The acceptability or pleasantness of an odor can be measured
psychophysically in the same way as odor intensity. Both ratio and
category scaling procedures can be adapted to odor acceptability.

Odors do not always cause adverse reactions. Products are man-
ufactured to elicit favorable responses. Acceptance tests may
involve product comparison (frequently used in the perfume indus-
try) or a hedonic scale. The premise of acceptance tests is that the
larger the segment of subjects accepting the odor, the better the odor.
A hedonic scale that allows for negative as well as positive
responses is likely to better determine how acceptable the odor is.

All persons exposed to a given odor are not likely to agree on its
acceptability. Acceptability of a given odor to a person is based on
a complex combination of associations and is not simply a charac-
teristic of the odor itself (Beck and Day 1991). Responses to odors
are determined by both bottom-up factors (attributes or properties
of the odorant) and top-down factors (expectations, attitudes, and
associations from prior experience stored in memory, and appropri-
ateness of the odor in its present context). Both factors are activated
when an individual detects an odor, and the individual’s ultimate
response (e.g., perception of intensity, hedonics, irritation, or symp-
toms) is a joint function of both (Dalton 1996; Dalton et al. 1997).
In some cases, the interpretation provided by the top-down process
appears to override the outcome from the bottom-up process, result-
ing in complaints, symptoms, and reports of illness.

DILUTION OF ODORS BY VENTILATION

The size of the exponent # in Stevens’ law [Equation (1)] varies
from one odorant to another, ranging from less than 0.2 to about 0.7
(Cain and Moskowitz 1974). This determines the slope or dose
response of the odor intensity/odorant concentration function and
has important consequences for malodor control. A low slope value
indicates an odor that requires greater relative dilution for the odor
to dissipate; a high slope value indicates an odor that can be more
quickly reduced by ventilation. For example, an exponent of 0.7
implies that, to reduce perceived intensity by a factor of 5, the con-
centration must be reduced by a factor of 10; an exponent of 0.2
would require a reduction in concentration by a factor of more than
3000 for the same reduction in perceived magnitude. Examples of
compounds with low slope values include hydrogen sulfide, butyl
acetate, and amines. Compounds with high slope values include
ammonia and aldehydes.

The ability of ventilation to control odors also depends on the
strength of the source generating the odorant(s) and the nature of the
odor. An odorant with a stronger source requires proportionately
more ventilation to achieve the same reduction in concentration.
Odors that are perceived as unpleasant may require substantially
greater reduction before being perceived as acceptable. In addition,
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some sources, such as painted walls and flooring materials, may
show increased emission rates in response to increased ventilation
rates, which further complicates the issue (Gunnarsen 1997).

ODOR CONCENTRATION

Analytical Measurement

Performance data on control of specific odorants can be obtained
using suitable analytical methods. Detectors can sense substances in
amounts as little as 1 ng. Air contains many minor components, SO
gas chromatographic separation of the components must precede
detection. Because odor thresholds for some compounds are low,
preconcentration of the minor components is necessary. Precon-
centration consists of adsorption or absorption by a stable, suffi-
ciently nonvolatile material, followed by thermal desorption or
extraction. NIOSH (1993) reviews techniques for sampling and
analysis of VOCs in indoor air.

Mass spectrometry can be used with gas chromatography to
identify constituents of complex mixtures. The chromatograph
resolves a mixture into its constituents, and the spectrometer pro-
vides identification and concentration of selected constituents.

Several other detectors are sufficiently sensitive and specific to
detect resolved components. Hydrogen flame ionization detectors
respond adequately and nearly mass-proportionally to almost all
hydrocarbons, though their responses to organic chemicals contain-
ing other atoms (e.g., oxygen) are more variable. Flame photomet-
ric detectors can pinpoint with equal sensitivity compounds that
contain sulfur; many sulfur compounds are strongly odorous and are
of interest in odor work. A Coulson conductometric detector is
specifically and adequately sensitive to ammonia and organic nitro-
gen compounds. Thermal conductivity detectors are generally not
sensitive enough for analytical work on odors.

Frequently, a sniffing port (Dravnieks and Krotoszynski 1969;
Dravnieks and O’Donnell 1971) is installed in parallel with the
detector(s). Part of the resolved effluent exhausts through the port
and allows components that are particularly odorous or carry some
relevant odor quality to be annotated. Usually, only a fraction of all
components studied exhibits odors.

Airborne VOCs cause odors, but the correlation between indoor
VOC concentrations and odor complaints in indoor environments is
poor. Considerable work has been done on artificial noses, which
may offer objective determination of odorants (Bartlett et al. 1997;
Freund and Lewis 1995; Moy et al. 1994; Taubes 1996). However,
because the physicochemical correlates of olfaction are poorly
understood, no simple analytical means to predict an odorant’s per-
ceived quality and intensity exists. Moreover, because acceptability
of an odorant depends strongly on context, it is unlikely that analyt-
ical instruments will supplant human evaluation.

Odor Units

Odor concentration can be expressed as the number of unit vol-
umes that a unit volume of odorous sample occupies when diluted to
the odor threshold with nonodorous air. If a sample of odorous air
can be reduced to threshold by a tenfold dilution with pure air, the
concentration of the original sample is said to be 10 odor units.
Hence, odor units are equivalent to multiples of threshold concen-
trations. Odor units are not units of perceived magnitude.

Odor units are widely used to express legal limits for emission of
odoriferous materials. For example, the law may state that a factory
operation may not cause the ambient odor level to exceed 15 odor
units. For every odorant (chemical), odor units and parts per million
(ppm) are proportional. The proportionality constant varies from
one odorant to another, depending on the number of ppm needed to
evoke a threshold response. Perceived odor magnitude (intensity),
however, does not grow proportionally with concentration ex-
pressed in ppm. Therefore, it cannot grow proportionally with con-
centration expressed in odor units. For example, a sample of 20 odor
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units is always perceived as less than twice as strong as a sample of
10 odor units. Moreover, because the psychophysical function
(slope) varies from one odorant to another, samples of two odorants,
each at 20 odor units, may have unequal perceived intensities.

Although odor units are not equivalent to units of perceived mag-
nitude, they can be useful. Most indoor and outdoor contaminants
are complex mixtures, so that the actual concentration of the odor-
iferous portion of a sample cannot be expressed with certainty.
Thus, the odor unit is a useful measure of concentration of the mix-
ture when evaluating, for example, the efficiency of a filter or ven-
tilation system to remove or dilute the odor.

OLF UNITS

Sometimes [AQ scientists cannot successfully resolve com-
plaints about air in offices, schools, and other nonindustrial environ-
ments. Customarily, complaints are attributed to elevated pollutant
concentrations; frequently, however, such high concentrations are
not found, yet complaints persist.

Assuming that the inability to find a difference between air pol-
lutant levels in buildings with registered complaints and those with-
out complaints is due to inadequacies of prevailing measurement
techniques, Fanger and others changed the focus from chemical
analysis to sensory analysis (Fanger 1987, 1988; Fanger et al. 1988).
Fanger quantified air pollution sources by comparing them with a
well-known source: a sedentary person in thermal comfort. A new
unit, the olf, was defined as the emission rate of air pollutants (bio-
effluents) from a standard person. A decipol is one olf ventilated at
a rate of 20 cfm of unpolluted air.

To use these units, Fanger generated a curve that relates the per-
centage of persons dissatisfied with air polluted by human bioefflu-
ents as a function of the outdoor air ventilation rate and obtained the
following expression:

D =395exp(-3.66¢%-3%) for ¢ >0.332
D=100 for ¢<0332 ?)

where

D = percentage of persons dissatisfied
g = ventilation/emission ratio, cfm per olf

This curve (Eigure 9) is based on experiments involving more than
1000 European subjects (Fanger and Berg-Munch 1983). Experi-
ments with American (Cain et al. 1983) and Japanese (Iwashita et al.
1990) subjects show very similar results.

The idea behind the olf is to express both human and nonhuman
sensory sources in a single unit: equivalent standard persons (i.e., in
olfs). A room should therefore be ventilated to handle the total sen-
sory load from persons and building. The olf concept is used in
European publications for ventilation (CEN 1998; ECA 1992) to
determine required ventilation and in several national standards,
including the Norwegian Building Code. Table 3 shows the sensory
loads from different pollution sources used in CEN (1998).

Example. Office, low-polluting building, occupancy 0.007 persons/ft2

Occupants 0.007 olf/ft?
Building 0.01 olf/ft?
Total sensory load 0.017 olf/ft?

30% dissatisfied requires 8 cfim per olf ventilation rate (Eigurg2)
Required ventilation: 8 x 0.017 = 0.14 cfm/ft?

The sensory load on the air in a space can be determined from
Figure 5 by measuring the outdoor ventilation rate and determining
the percent dissatisfied, using an untrained panel with a minimum of
20 impartial persons (Gunnarsen and Fanger 1992). The panel
judges the acceptability of the air just after entering the space. The
required ventilation rate depends on the desired percentage of occu-
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Table 3 Sensory Pollution Load from Different Pollution
Sources

Source Sensory Load

Sedentary person (1 to 1.5 met) 1 olf
Person exercising
Low level (3 met) 4 olf

Medium level (6 met) 10 olf
Children, kindergarten (3 to 6 yrs) 1.2 olf
Children, school (4 to 16 yrs) 1.3 olf
Low-polluting building 0.01 olf/ft2
Non-low-polluting building 0.02 olf/ft2

Source: CEN (1998).
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Fig. 5 Percentage of Dissatisfied Persons as a Function of
Ventilation Rate per Standard Person (i.e., per OIf)
(CEN 1998)

pant satisfaction. In ASHRAE Standard 62.1, 80% acceptability
(20% dissatisfied) is the goal; European guidelines offer three qual-
ity levels: 15%, 20%, and 30% dissatisfied.

Although this system has much to offer from a theoretical stand-
point, its use is controversial in some areas. Problems have been
found in cultural differences among panel members and access to
outdoor air for dilution (Aizlewood et al. 1996). The trend is now to
use untrained panels, as described in the previous paragraph. Knud-
sen et al. (1998) showed that, for some building materials, the curve
giving the relation between percent dissatisfied and ventilation rate
is less steep than that in Figure 5, whereas it is steeper for others.
The sensory load in this case depends on the ventilation rate. The
constant sensory loads in Table 3 should therefore be seen as a first
approximation.
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