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OLFACTOMETER

OLFACTOMETER

Primary Disciplinary Field(s): Psychophysics, Sensory Science, Environmental Engineering,
Neuroscience

1. Core Definition and Fundamental Purpose

The olfactometer is a specialized scientific instrument designed for the controlled generation,
mixing, and delivery of specific odorous stimuli (odorants) for quantitative analysis. Its fundamental
purpose is to measure the parameters of odor perception, including detection thresholds, intensity
levels, adaptation rates, and hedonic ratings (pleasantness or unpleasantness) in human or animal
subjects. Unlike simple odor presentation methods, the olfactometer ensures that the
concentration, flow rate, duration, and temperature of the stimulus are precisely regulated, thereby
allowing researchers to establish reproducible dose-response relationships critical to the study of
the sense of smell, known technically as olfaction.

The instrument operates on the principles of psychophysics, which relates physical stimuli (the
concentration of the odorant) to the resulting psychological experiences (the perception of the
smell). By systematically varying the concentration of a chemical vapor introduced into a clean,
neutral air stream, the olfactometer enables the determination of the absolute minimum
concentration required for a subject to reliably detect the presence of an odor--the odor detection
threshold. This precise control is essential because olfactory perception is highly susceptible to
contextual factors, including the rate of airflow across the olfactory epithelium and the background
concentration of ambient air pollution or masking agents.

Furthermore, modern olfactometers are critical tools in both basic academic research and applied
regulatory science. In research settings, they help unravel the neurological mechanisms underlying
odor processing and memory. In applied settings, particularly environmental engineering, they
are mandated instruments for monitoring industrial emissions and determining compliance with air
quality standards, where the nuisance level of an odor must be objectively quantified and
compared against standardized metrics, such as the European standard EN 13725, which
specifies the methodology for odor measurement using dynamic olfactometry.

2. Etymology and Historical Development

The term olfactometer is derived from the Latin root olfacto, meaning "to smell," and the Greek
suffix metron, meaning "measure." Early attempts to quantify smell date back to the late 19th and
early 20th centuries, often involving rudimentary devices that sought to standardize odor delivery.
One of the earliest formalized instruments was developed by Hans Henning in 1913, known as the
Henning Olfactometer. This device typically employed porous tubes or cylinders saturated with
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odorants that could be adjusted relative to the nostril, allowing for a somewhat graded exposure to
the smell. While crude by modern standards, Henning's work marked a significant shift toward the
controlled, quantitative study of olfaction, moving away from purely descriptive methodologies.

The evolution of the olfactometer was closely tied to advancements in gas chromatography and air
flow dynamics. The introduction of precision pumps, mass flow controllers (MFCs), and inert
materials in the mid-20th century allowed for the development of the dynamic olfactometer.
Dynamic systems revolutionized the field by enabling the creation of smooth, continuous dilutions
of odorants with clean air, solving the inherent problems of evaporation variability and short
presentation times associated with static methods. These technical improvements provided the
necessary reliability and repeatability that propelled olfactometry into accepted scientific and
regulatory practice.

In the latter half of the 20th century, the focus shifted toward systems capable of handling complex
mixtures and maintaining stringent quality control, especially concerning environmental odor
assessment. This led to the standardization of operational procedures and the establishment of
regulatory requirements, notably within the European Union, which standardized the methodology
for determining odor concentration via dynamic olfactometry. Today, olfactometers are highly
automated, computer-controlled systems that often integrate sophisticated software for precise
flow management and data acquisition, reflecting over a century of refinement in sensory
measurement technology.

3. Mechanism of Odorant Delivery

The operational mechanism of an olfactometer hinges on the principle of controlled dilution. The
instrument typically begins with a source of highly concentrated odorant (the primary odor stream)
and a source of ultrapure, odorless dilution air (the carrier stream). These two streams are mixed
using highly accurate flow control devices, such as mass flow controllers (MFCs), which regulate
the volume of gas flowing through the system irrespective of minor pressure fluctuations. By
adjusting the ratio of the concentrated odor stream to the clean air stream, the olfactometer can
generate precise, verifiable concentrations of the odorant at the final delivery port, often ranging
across several orders of magnitude to determine subtle differences in sensitivity.

Delivery systems vary based on the application. The source content notes two primary methods:
direct nasal tubes or diffuse dispersion. Systems utilizing **nasal tubes** (or masks) provide
localized delivery, ensuring that the stimulus reaches the subject's olfactory epithelium without
being contaminated or diluted by ambient air in the testing environment. This method is preferred
in clinical and psychophysical research where maximal control over the inhaled volume and
stimulus duration is necessary. The presentation sequence is often carefully timed, including clean
air flushes between odor presentations to prevent adaptation or residual contamination.
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In contrast, environmental or industrial dynamic olfactometers often employ a delivery system
where the odor sample (collected from a source like a sewage plant or factory stack) is diluted and
presented to a panel of human assessors through standardized sniffing ports within a controlled
laboratory environment. The key operational requirement for these systems is the use of inert
materials (such as Teflon or stainless steel) throughout the flow path to prevent the loss of odorant
molecules through adsorption onto the tubing walls, which would otherwise skew the actual
concentration delivered to the human panel. Maintaining this integrity ensures the validity of the
measurement, providing an accurate quantification of the odor concentration in European Odor
Units (OUE/m3).

4. Types and Classification of Olfactometers

Olfactometers are typically categorized based on their method of operation, primarily divided into
static and dynamic systems, with further specialization based on application:

Dynamic Forced-Choice Olfactometers: These are the standard instruments used in
environmental and regulatory compliance testing. They continuously generate a specific odor
concentration by dynamically mixing a sample stream with a clean air stream. The standard
configuration requires human subjects (panelists) to participate in a forced-choice procedure, often
involving two or three sniffing ports--one containing the diluted odor and the others containing
blank, neutral air. The panelist must identify which port contains the odorant, allowing for objective
threshold determination following the guidelines of standards like ISO 13300 or EN 13725.

Continuous Dilution Olfactometers (CDOs): Primarily used in psychophysical research, these
systems allow for rapid, sequential presentation of varying concentrations, enabling researchers to
track phenomena such as odor adaptation or habituation in real-time. They are essential for
studying the temporal dynamics of olfactory perception, often employing specialized head-mounted
interfaces for precise delivery directly into the nasal passage, bypassing the ambient air altogether.

Static Olfactometers: These older or simpler systems rely on presenting a fixed, non-flowing
volume of odorant, usually created by placing a measured quantity of the substance into a
container of known volume (like a flask or bulb). While easier to construct, static methods lack the
control over flow rate and concentration stability required for precise psychophysical
measurements, as the concentration changes rapidly due to human sniffing, adsorption, and
evaporation. They are rarely used in modern quantitative research.

The selection of the appropriate olfactometer type depends critically on the scientific question
being addressed. Environmental compliance requires high flow rates and reliance on panel
consensus, necessitating large, robust dynamic systems. In contrast, neuroscientific studies
focusing on individual neural response may utilize smaller, more localized olfactometers that are
capable of millisecond-accurate switching between odorants and neutral air, often integrated
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directly with EEG or functional MRI equipment.

5. Applications in Scientific Research and Industry

The utility of the olfactometer spans numerous scientific and commercial domains where the
guantification of smell is essential. In psychophysics and neuroscience, olfactometers are
fundamental tools used to map the relationship between chemical structure and perceived odor
quality, identify individual differences in odor sensitivity (olfactory ability), and explore disorders
related to smell loss (anosmia) or distorted smell perception (parosmia). By precisely controlling
the stimulus, researchers can isolate the effects of neural adaptation, cross-adaptation, and
sensory fatigue, contributing significantly to our understanding of how the brain processes
chemosensory information.

In the environmental sector, olfactometers play a crucial regulatory role. Industrial facilities (e.qg.,
wastewater treatment plants, rendering facilities, agricultural operations) often emit odorants that
become public nuisances. Dynamic olfactometry provides the legally standardized method for
quantifying the concentration of these ambient odors. Samples collected in the field are taken back
to the lab, diluted, and tested by certified human panels to determine the concentration in objective
odor units. This quantitative data is then used by regulatory bodies to assess permit compliance,
model odor plumes, and enforce restrictions, helping to mitigate community complaints resulting
from environmental odor pollution.

Furthermore, the food and flavor industry relies heavily on controlled odor presentation for
quality control and product development. Olfactometers, often integrated with gas chromatographs
(GC-0O, or Gas Chromatography-Olfactometry), allow chemists and flavorists to separate complex
aroma profiles into their individual chemical components. The system delivers these separated
components sequentially to a human assessor, who can then identify and describe the specific
aroma associated with each chemical peak. This process is invaluable for identifying the key
volatile compounds responsible for desirable or off-flavors in beverages, spices, and processed
foods, ensuring consistent product quality and aiding in the creation of new flavor formulations.

6. Methodological Considerations and Challenges

Accurate olfactometry requires stringent methodological controls due to the inherent variability and
subjectivity of the human sense of smell. One of the most critical considerations is the selection
and training of the human sensory panel. Panelists must be screened for normal olfactory function,
trained rigorously to maintain consistent judgment criteria, and certified according to relevant
standards (such as EN 13725). The panel itself acts as the "detector” in the measurement system,
and its reliability directly impacts the validity of the resulting odor concentrations. Panel size and
rotation are also managed carefully to prevent fatigue and sensory bias.
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Another significant challenge lies in the calibration and maintenance of the instrument itself. All
components that contact the odorant must be chemically inert, and the flow controllers must be
periodically calibrated using traceable standards to ensure precise dilution ratios. Environmental
factors must also be strictly controlled within the laboratory, including temperature, humidity, and
atmospheric pressure, as these can affect the volatility of the odorant and the physiological state of
the panelists. Furthermore, the selection of the reference odorant--often n-butanol--is crucial for
quality assurance; the panel's sensitivity to this reference gas is measured before every test run to
verify their current state of olfactory responsiveness.

Finally, handling complex odor mixtures presents a substantial methodological hurdle. Odor
perception is often non-linear; the perceived intensity of a mixture is frequently not the simple
additive sum of its individual components (a phenomenon known as synergy or suppression).
Olfactometers provide the means to test these complex interactions, but interpreting the results
requires advanced statistical models. When the source sample contains unknown or highly
variable concentrations of hundreds of compounds, as is common in environmental samples, the
resulting measurement represents a composite sensory experience rather than a specific chemical
concentration, highlighting the conceptual complexity involved in measuring perceived odor.

7. Limitations and Future Directions

Despite significant technological advancements, olfactometers face several limitations. The
reliance on human subjects introduces unavoidable biological variability, making inter-laboratory
comparability challenging, even when standardized protocols are followed. Human panels are also
expensive and prone to fatigue, limiting the duration and volume of testing that can be practically
conducted. Moreover, while olfactometers excel at measuring concentration and threshold, they
are less adept at reliably quantifying the subjective quality (what the odor smells like) or the
hedonic tone (how pleasant it is), parameters that are highly relevant to human nuisance
perception.

Future directions in olfactometry are increasingly focused on integrating instruments with objective,
non-human detection methods. The development of electronic noses (e-noses), which use arrays
of chemical sensors to detect and classify volatile organic compounds (VOCSs), offers a potential
substitute for human panels. While e-noses currently lack the sophisticated pattern recognition
capabilities of the human olfactory system, ongoing research seeks to improve their sensitivity and
selectivity, potentially allowing them to correlate sensor readings directly with human sensory
output, reducing reliance on subjective assessment.

Further research also involves enhancing the precision of vapor delivery for neuroscience
applications. Miniaturized olfactometers capable of delivering odorants directly to single neurons or
specific brain regions are becoming essential for mapping the neural circuits of olfaction. This trend
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toward high-throughput, highly localized delivery systems promises to unlock deeper insights into
the mechanisms of smell perception, paving the way for improved diagnostic tools for olfactory
disorders and more efficient regulatory methods for monitoring environmental air quality.

Further Reading

Olfactometer (Wikipedia)
Olfaction (Wikipedia)
Psychophysics (Wikipedia)

Mass Flow Controller (Wikipedia)
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