
Behavior Research Methods, Instruments, & Computers
1999,31 (4), 674-679

A delivery system für olfactory stimuli

BENJAMIN R. PALMER, CON STOUGH, and JOHN PATTERSON
Swinbume University ojTechnology, Hawthom, Victoria, Australia

Thispaper describes the design of a new method for controlling and adrninistering olfactory stimuli
narnely,the hood system. The hood system involves a strearn ofvaporized odor (at known concentra
tions) mixed with odorless air and pumped (at a constant flow rate) into an oxygen therapy hood. It is
designed to be used with odorants in solution, such as essential oils, as the olfactory stimulus. The use
of oxygen therapy hoods allows for the precise control of a constant concentration of odorized air over
time, while allowing subjects to breathe normally. The hood system provides a natural administration
of olfactory stimuli and the exact determination of the stimulus concentration. The use of this system
will allow experimental conditions to be completely defined and results and replication studies to be
accurately interpreted. The hood system is portable, cost effective, and constructed from readily avail
able components. It is proposed that the hood system could be adopted to suit a wide range of olfac
tory research, particularly that in which the effects of chronic exposure to olfactory stimuli on cogni
tion are exarnined.

Aromatherapy (the therapeutic use of scented oils) has
long involved the claim that the odors ofessential oils not
only have a therapeutic effect on a variety ofdiseases and
ailments, but also modify a wide variety ofpsychological
states. It has been suggested that the odors of these oils
not only can influence subjective psychological attributes,
such as emotions and mood, but also can exert neuro
physiological effects, such as sedation and stimulation of
the brain (Oavis, 1988). Over recent years, there has been
a growing interest in scientifically validating these claims.

Recent research has suggested that olfactory stimuli
modify memory, concentration, and attention (Baron,
1990; Ludvigson & Rottman, 1989; Schab 1990; Warm,
Oember, & Parasuraman, 1991). However, there are many
inconsistent results within the literature from this and
other olfactory research. Several factors may have con
tributed to these inconsistent results. Lawless (1991) has
suggested that the effects of odor exposure might be too
subtle to produce replicable results. Another possible ex
planation is the disparate methodological procedures em
ployed in these studies, particularly in the administration
ofthe olfactory stimulus. Few devices for olfactory stim
ulus control are commercially available, and this has lead
to the construction of many one-of-a-kind odor delivery
systems, for which the effectiveness of the delivery and
control of olfactory stimuli is unknown (Cain, Cometto
Muniz, & Oe Wijk, 1992).

Generally, these one-of-a-kind delivery systems have
been ofthe dynamic type-that is, systems in which odor
iferous vapor flows continuously, carried by a dilution
gas, (typically, odorless air) toward the nose of the sub-
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ject. A number ofresearchers have constructed dynamic
type odor delivery systems that use aroma disc player dif
fusers (e.g., Ludvigson & Rottman, 1989; Schab, 1990).
These diffusers vaporize specified amounts of olfactory
stimuli over controlled time periods, typically into a test
ing room designed to minimize outside air disturbances.
However, these testing rooms cannot precisely control for
variables that influence vaporized odor concentrations,
such as the flow rate of both recirculated and outside
(fresh) air (Cain et al., 1992). Such systems only allow in
vestigators to report the amount ofolfactory stimulus va
porized over time into a specified volume. They do not
control the specific concentration ofodorized air to which
each subject is exposed, nor do they allow the specific
concentrations at which a stimulus has an effect to be de
fined. Other researchers have constructed constant flow
olfactometers (Lorig & Roberts, 1990), which also dif
fuse specified amounts ofodorous substances over spec
ified time periods. However, these systems have similar
limitations. Ineffective delivery and control of olfactory
stimuli may cause difficulty in defining the concentra
tion at which olfactory stimuli influence cognition and
may make it difficult for future research to adequately
replicate previous experimental conditions.

Other researchers have adapted static type odor deliv
ery systems, in which the odoriferous vapor is in semi
enclosed volumes. For example, Baron (1990) "sprayed"
commercial air fresheners into an experimental room;
Knasko (1992) placed perfume blotters around a testing
room; Schiffman, Suggs, and Sattely-Miller (1995) and
Schiffman, Sattely-Miller, Suggs, and Graham (1995) had
subjects "spray" themselves with commercial colognes;
Torii et al. (1988) had subjects smell filter paper impreg
nated with essential oils. The use of these odor delivery
systems does not allow for adequate replication, since the
amount and concentration of olfactory stimulus cannot
be determined.
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Arguably, one of the better odor delivery systems to
appear in olfactory research to date is that ofWarm et al.
(1991). This odor delivery system consisted of an air
pump, a charcoal filter, a 35-ml glass reservoir housed in
a refrigerator that maintained olfactory stimuli at a con
stant temperature of 70°F, and a modified horne oxygen
mask. This system allowed the odor concentration at the
mask to be controlled by the flow of air from the pump
and the approximate concentration ofthe olfactory stim
ulus that subjects received to be measured. However,
problems also exist with the delivery of olfactory stimuli
via oxygen masks. For example, breathing through oxy
gen masks can alter subjects' normal respiration, causing
them to breathe more deeply, depending on the available
air flow from the mask. In addition, wearing an oxygen
mask can restriet vision and impair speech, thereby re
stricting the use of experimental paradigms that involve
them, which is required by many cognitive tests of at
tention, concentration, and memory.

In a review oftechniques previously used in olfactory
research, Cain et al. (1992) argue that odor environmen
tal chambers provide the greatest systematic ability to
control and deliver olfactory stimuli. Cain et al. report
that, with environmental chambers, air flow can be pre
cisely controlled and monitored, while allowing the ad
equate mixing of any stimulus without creating disturb
ing air currents. In addition, such chambers are reported
to offer the greatest freedom for odor sampling by humans,
providing the most natural administration of olfactory
stimuli. However, setting up environmental chambers
with the necessary appliances, such as heating and cool-

ing systems, as weil as desiccant and humidifying de
vices, is very expensive and requires much space. As a
result, much ofthe research in which the effects of olfac
tory stimuli on cognitive function are examined has been
restricted to more primitive delivery systems.

In order to scientifically claim that olfactory stimuli
modify cognition, there is a need to establish experimen
tal conditions that are completely defined and replicable.
Furthermore, in order for olfactory stimuli to be validly
used in practical settings, there is an urgent need to de
fine the type(s) and concentration(s) ofodors that influ
ence cognition. There is a need for future research to es
tablish not only an economical olfactory delivery system
that can accurately control and administer olfactory
stimuli, but also one that can be utilized by different lab
oratories. The present paper outlines the development of
a new system that meets such requirements.

TUE ODOR DELIVERY SYSTEM

The design of this odor delivery system is of the dy
namic type. It consists ofan air pump, an aromatizer, and
an oxygen therapy hood (OTH), as illustrated in Figure I.

The operation ofthe delivery system involves a stream
ofvaporized odor (at known concentrations) mixed with
odorless air and pumped (at a constant flow rate) into an
OTH. It is designed to be used with odorants in solution,
such as essential oils, as the olfactory stimulus. The hood
system creates a constant symmetrical odorized environ
ment inside the hood, in which subjects breathe nor
mally. Despite this system's "unnatural" appearance, the
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Figure I. Diagram ofthe odor delivery system.
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Figure 2. Weight of nebulizer and 1 ml of oil being vaporized
overtime.
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The Oxygen Therapy Hoods
Amron Oxygen Therapy Treatment Hoods (Amron In

ternational, California), shown in Figure 3, are used to
contain the olfactory stimulus. The OTH comprises two
main components, a neck ring and a clear soft-vinyl hood.
The neck ring contains an O-ring seal for the vinyl hood
attachment and has inlet and outlet locations designed to
allow air to circulate throughout the hood with minimal
noise. The inlet and outlet pipes are attached to the neck
ring and are easily removed, providing an easy discon
nectlreconnect procedure, should the subject need to
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As is shown in Figure 2, 50.39 mg of peppermint oil
was vaporized over 40 min at pump setting one (PS I),
and 36.1 mg was vaporized at pump setting two (PS2).
Figure 2 shows that the rate at which the aromatizer va
porizes peppermint oil is relatively constant over a pe
riod of 40 min, both for PS1 and PS2. The amount of oil
vaporized over 40 min established that, at PS I, the aroma
tizer vaporized peppermint oil at an average of 1.26 mgl
min, whereas at PS2, the aromatizer vaporized pepper
mint oil at an average ofO.90 mg/min.

Independent referees rated the strength of the odor at
the PS land PS2 settings. The scent of peppermint from
the aromatizer at PS I was, as expected, always rated as
stronger than that at PS2 (while in the OTH), confirm
ing PS1 and PS2 as high- and low-odor settings, respec
tively. Odor is delivered to the system by first opening
the odor inlet valve, as is illustrated in Figure I, and then
switching the aromatizer pump on. To stop the olfactory
stimulus (odor off), the aromatizer pump is switched off,
and then the odor inlet valve is closed. This procedure is
important, since it ensures that no leakage of odorized
air occurs in the odor inlet line. With this procedure, the
same subjects were consistently able to correctly iden
tify the presence ofthe odor. The high flow rate from the
air pump ensures that the odor quickly enters and leaves
the hood environment when the odor inlet valve is
opened and closed.

The Air Pump
The purpose of the pump is to supply a flow of air to

the OTH, which is connected to the pump via 20-mm
plastic tubing. First and foremost, the flow rate of the
pump needs to be set at a level that ensures the safety of
the subjects by preventing rebreathing of expired air in
side the OTH.Continuous positive airwaypressure (CPAP)
also needs to be assessed, so that the pressure inside the
OTH does not hinder normal breathing. These require
ments are easily established by performing CO2 and CPAP
analyses with a subject wearing the OTH. For the present
study, the flow rate ofa variable flow Sullivan CPAPpump
(Model APD 2E, Medical Gases Ltd., Vic., Australia)
was determined, using a MedGraphics Cardiopulmonary
Exercise System (Model CPX-IOI, MedGraphics, Min
neapolis, MN), which contains an infrared CO2 gas ana
Iyzer. Placing a tube inside the OTH connected to a water
column assessed CPAP. The flow rate of the pump was
continually increased from 6 IImin until CO2 levels in
side the hood were always below 0.05%. A flow rate of
180 IImin was established to meet these criteria.

At this flow rate, subjects' normal breathing is not
hindered either by rebreathing expired air or by positive
air pressure. The second criterion ofthe airflow from the
pump is to create the hood environment. The high flow rate
of 180 I/min established previously was found to create
a satisfactory hood environment. This flow rate provided
a symmetrical and constant stream ofodorized air (when
being mixed with the olfactory stimulus) that remained
constant over time and did not ramp up or ramp down
with respiration (the inspired/expired volume is a small
percentage of the hood volume). The high air flow rate
also minimizes the adsorption of odor vapor, as weil as
condensation on the walls ofthe tubing and hood, keep
ing them from becoming a major source ofcontamination.
This flow rate has also been observed to help cool subjects
inside the hood, while continuously keeping the optical
quality viewing window free from fogging.

odor delivery is "natural" in that the flow of stimulus to
each nostril is determined by respiration, as air flow is not
restricted or directed artificially within the hood.

Odor Vaporizer
Olfactory stimuli are vaporized in this system by an

Aromatiser Essential Oil Diffuser (model 101, Essential
Therapeutics, Vic., Australia). This model aromatizer
consists ofa variable flow air pump and a nebulizer, which
creates a stream of odorized air at vapor saturation for a
given temperature. Odor concentration is determined by
the airflow from the aromatizer pump; hence, a wide
range ofodor concentrations can be easily established by
changing the pump flow rate and the mixing proportions.
As an example, high and low odor concentrations ofpep
permint essential oil for two aromatizer pump settings
are illustrated. Figure 2 shows the weight of the nebu
lizer with I ml of peppermint and the weight after being
vaporized for periods of 10, 20, 30, and 40 min.
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Figure 3. Amron oxygen therapy hood.

leave the experimentallaboratory briefly. The hood at
tachment is also easily removed from the neck ring,
should there be a need to, or should a subject wish to, stop
the experiment or remove the hood quickly. The neck
ring is placed over the head of the subject and has a
replaceable surgical latex neck seal, which gently fits
around the neck of the subject. The soft-vinyl hood has
a large optical quality window, which allows visibility
from the hood to be relatively unaltered.

The outlet from the hood is connected to 20-mm tub
ing that carries the expired air and odor to an exhaust fan.
This ensures that the exhaust from the hood is immedi
ately removed and does not contaminate the room with
odor. This also ensures that odor does not get drawn back
into the air pump. Providing that the rest ofthe system is
set up, it takes around 5 min to fit a subject in a hood and
familiarize hirn or her with it. The hoods are easily cleaned
in warm soapy water. The neck ring of the OTH has a re
placeable surgicallatex neck seal with various size trim
lines. By measuring the neck size of a subject, a neck
seal trimmed to size can be fitted, allowing for maxi
mum comfort while wearing the hood. The unfamiliarity
ofthe hood can cause some subjects to be apprehensive
about wearing it. It is necessary to give subjects a demon
stration of the equipment, allowing them to experience
the flow of air through the hood and showing them how
to remove it should they feel any need. Once subjects are
acclimatized with the hood and realize how easily it can
be removed, most feel at least comfortable, and some ac
tually enjoy the novelty ofwearing it.

System Configuration
The system should be installed in a temperature

controlled or constant temperature environment. This is
important because essential oils are known to vaporize
differently for given temperatures. The air pump and aro
matizer are best kept out of the view of the subject by a
subject-viewing shield, shown in Figure 4.

SUMMARY

Although the hood system cannot offer the freedom
for odor sampling by humans that environmental cham
bers can, it does deliver constant odorized air over time.
As with environmental chambers, the precise moment of
olfactory stimulation cannot be specified. However, the
hood system has major benefits for research involving
chronic odor exposure, since the stimulus is constant
over time and does not ramp-up and then ramp-down.
Suitable methods for sampling the odor concentration
are being investigated. The flow rate of fresh air is sup
plied and regulated by a variable flow air pump. Because
the air going into the system is controlled and does not
involve recirculated air, it is free from extraneous vari
ables that can influence vaporized odor concentrations.
Although the hood system does not provide a completely
natural administration of olfactory stimuli, it does allow
subjects to breathe normally, providing a somewhat nat
ural administration of olfactory stimuli.

The hood itself is made ofa clear soft-vinyl, which has
a typical vinyl smel!. However, when wearing the hood,
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the air flow (no aroma, just air from the air pump) mini
mizes the vinyl smell because of the high air flow rate
necessary to maintain low ambient (in hood) COzconcen
tration. Also, during testing involving odor and no-odor
conditions, this plastic odor is always present during
control (no-odor) and test (odor) conditions and is, there
fore, counterbalanced. However, this background odor
may form a synergistic relationship with some types of
olfactory stimuli. It is important that there should be fu
ture research with the hood system to investigate the pos
sible synergistic effect between this background odor and
the olfactory stimulus. If this problem exists, it is sug
gested that the inside of the hood (except the viewing
area) be coated with a teflon spray (i.e., Camie 2000 TFE
coat), since this may reduce the possible effect without
any substantive changes to the system. The large optical
quality window means that vision is essentially unre
stricted by the hood. This allows for the administration
ofvisual stimuli in olfactory or environmental research.

The air supply and exhaust locations on the neck ring
of the OTH allow air to circulate easily throughout the
hood without creating disturbing air currents and with
minimal noise, while providing an odorized environ
ment. As with environmental chambers, heating and cool
ing systems, as weIl as desiccant or humidifying devices,
could be adopted according to the requirements of an
experiment through the multipurpose port located in the
neck ring. These accessories are, however, not necessary
for the operation of this system, and therefore, the cost
ofthe present design should prove considerably less than
that associated with environmental chambers. Electrodes
could be run through the multipurpose port, allowing
EEG analysis to be carried out. The large soft-vinyl hood

Arnron"
oxygen
therapy

hood

allows room for electrode caps to be worn while wearing
the hood. Headphones could also be worn inside the hood,
allowing the administration ofauditory stimuli. This sys
tem could be modified to meet the requirements ofmost
research in which the effects of olfactory stimulation on
cognition are examined.

This system is compact and can be transported easily
to different locations. Unlike research involving experi
mental chambers, the experimenters are in elose contact
with the subjects at all times, without exposure to odors.
In addition, auxiliary equipment is not contaminated by
ambient odors.

The multipurpose port on the neck ring ofthe hood al
lows for gas analysis via air sampling, in order to deter
mine exact "air" environments inside the OTH. Further
studies using this system will validate actual concentra
tions of different odors, which is necessary for every odor
and every subject, given that different head volumes and
respiratory rates will affect the actual dilution factor and,
therefore, odor concentration, as with environmental
chambers. The proposed system allows the experimental
conditions to be completely defined and easily repro
duced. Using gas chromatography analyses ofsampies of
"hood air", the exact concentration ofolfactory stimulus
exposed to participants can be determined. The use ofthis
system should allow future researchers to completely de
fine experimental conditions, allowing for more accurate
interpretations of results and replication studies.

The present paper outlines a feasibility study in which
the human and technical aspects ofthe practicality ofthe
hood system were evaluated. The hood delivery system
provides solutions to some of the problems of odor de
livery. This system may suit a wide range of chronic ex-

room
exhaust fan

exhaust from hood

aromatiser essential oil

Figure 4. Experimental setting.
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posure studies similar to those that would utilize an en
vironmental chamber or oxygen mask. Although the hood
system may not be a solution to all delivery problems, it
does provide a convenient, effective, and portable deliv
ery device suitable for olfactory research involving the
effects of olfactory stimulation over time.
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