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BLAST OLFACTOMETER

Primary Disciplinary Field(s): Sensory Science; Experimental Psychology; Neurobiology

1. Core Definition

The blast olfactometer is a highly specialized piece of apparatus within the field of

psychophysics, designed for the controlled measurement of the sense of smell, or olfaction. It is

fundamentally defined by its unique method of stimulus delivery: the test odorant is introduced into

the subject's nasal cavities not via a steady, continuous stream, but as a sudden, brief, high-

velocity pulse or "blast" of air. The instrument's core function is to achieve an extremely rapid onset

of the odor stimulus, facilitating precise measurements of temporal factors in odor perception, such

as reaction time and latency of detection. However, this method carries significant operational

trade-offs, primarily involving the mechanical stimulation of non-olfactory sensory systems within

the nose, which ultimately limited its widespread and long-term application in rigorous scientific

research.

The theoretical advantage of employing a blast technique lies in ensuring that the concentration of

the odorant reaching the olfactory epithelium shifts instantaneously from zero to a specific,

measurable value. This sharp change is crucial for experiments that depend on isolating the exact

moment of chemical sensation, distinguishing it from the gradual buildup that might occur in slower

delivery systems. Historically, the development of the blast olfactometer represented a step

toward greater technological control in sensory testing, moving beyond simpler, passive systems

like the Zwaardemaker olfactometer, but it highlighted the critical necessity of managing the

physical interaction between the delivery mechanism and the sensitive nasal environment.

2. Mechanism of Pulsatile Delivery

The operational mechanism of the blast olfactometer requires a system capable of generating

and releasing air pressure with high precision and speed. Typically, the apparatus incorporates a

sealed reservoir containing the odorant, which is saturated by a continuous flow of a neutral carrier

gas, such as purified air or nitrogen. The release is controlled by a high-speed solenoid valve or a

similar mechanical gating system, which opens and closes rapidly upon activation. This brief

opening allows a fixed volume of the odorized gas, under controlled pressure, to be forcibly ejected

directly toward the subject's nostrils.

The velocity of this pulsed air delivery is significantly higher than that used in modern, constant-

flow instruments. This high kinetic energy ensures maximum rapidity of delivery but simultaneously

generates a significant tactile effect. The goal of the blast mechanism is to ensure that the

chemical stimulus reaches the target receptor sites--the olfactory cilia--before the subject can
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initiate significant compensatory actions, such as subtle changes in respiration or sniffing patterns.

While achieving temporal precision, the reliance on mechanical force introduced confounding

variables that proved difficult to eliminate or account for in psychophysical models.

3. Historical Development and Context

The need for sophisticated olfactometers arose in the late 19th and early 20th centuries as

experimental psychologists sought to apply rigorous scientific methods to measure sensory

experiences. Early techniques, such as those developed by Hendrik Zwaardemaker, relied on

displacement--a telescopic tube saturated with the odorant was extended a measured distance,

increasing the exposed surface area and, consequently, the perceived intensity. While these early

tools offered standardized measurement units, they lacked the ability to control presentation speed

and maintain stable concentration levels over prolonged periods.

The invention of the blast olfactometer was a response to the need for better temporal control.

Researchers recognized that measuring reaction time to an odorant required an immediate and

unambiguous stimulus onset. The blast method provided this temporal resolution, representing an

early technological push toward active, machine-driven stimulus presentation. Although limited in

long-term viability, this apparatus was instrumental in the intellectual development of the field,

demonstrating that simple presentation mechanisms were insufficient for high-fidelity sensory

research and paving the way for the complex gas chromatography and airflow control systems

utilized today.

4. Key Operational Drawbacks and Confounding Variables

The inherent design of the blast olfactometer generates several severe operational drawbacks

that ultimately led to its restricted use in contemporary research:

Trigeminal Stimulation: The foremost limitation is the strong mechanical and thermal stimulation

of the trigeminal nerve, which innervates the nasal mucosa. The high-pressure air blast generates

a tactile sensation--a distinct feeling of pressure or irritation--that occurs simultaneously with, or

slightly before, the purely chemical olfactory sensation. Since the trigeminal system responds to

physical irritation, temperature, and pain, its activation can easily mask or distort the subject's

perception of the odor itself, making it impossible to isolate the true olfactory threshold.

Nasal Desiccation: The introduction of air in sudden, high-velocity pulses, particularly if the air is

not perfectly humidified and warmed, can rapidly dry out the delicate nasal passages and the

olfactory mucosa. This desiccation causes physical discomfort, which limits the number of trials a

subject can comfortably participate in, and, more critically, may physiologically alter the sensitivity

of the olfactory receptors, leading to unreliable data across successive measurements.

Turbulence and Odor Distribution: The force of the blast can introduce significant turbulence
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within the nasal cavity, potentially causing the odorant to be distributed unevenly or delivered

inconsistently across the olfactory epithelium, leading to measurement variability that is

independent of the odor concentration itself.

5. Significance and Influence on Modern Olfactometry

Despite its technical shortcomings, the blast olfactometer holds significance as a pivotal historical

device. Its use highlighted a fundamental methodological principle in sensory science: the stimulus

delivery system must be as inert as possible, affecting only the modality being measured. The

difficulties encountered by researchers attempting to separate the tactile component (trigeminal

input) from the chemical component (olfactory input) using the blast method underscored the

necessity of precisely controlling all physical parameters of the carrier gas.

The critical analysis of the blast olfactometer directly informed the design specifications for all

subsequent generations of olfactometers. Its legacy is the rigorous requirement that modern

olfactometers must maintain constant flow and pressure regardless of whether the odorant is

present, ensuring that any perceived change is purely chemical. Thus, the blast system, through its

limitations, provided crucial empirical evidence guiding the evolution toward sophisticated,

electronically controlled dilution and mixing systems.

6. Evolution to Stream Olfactometers

The modern successor to the blast principle is the stream olfactometer, sometimes referred to as

a continuous-flow or constant-flow system. These instruments were specifically developed to

eliminate the tactile artifacts inherent in pulsatile delivery. The operational premise of the stream

olfactometer is that the subject is continuously presented with a stream of purified, temperature-

and humidity-controlled air. When the stimulus is to be presented, the odorant is smoothly blended

into this constant stream without altering the total flow rate, pressure, or temperature delivered to

the subject's nose.

This steady-state approach ensures that the subject perceives only a change in the chemical

content of the air, thereby effectively isolating the olfactory system from the trigeminal system. The

constant flow system is crucial for conducting detailed psychophysical studies, including measuring

odor detection thresholds and concentration-response curves, making it the standard delivery

method in contemporary chemosensory research, relegating the blast olfactometer to historical or

occasional, specialized applications where its speed of onset is deemed more important than the

purity of the sensory input.

Further Reading
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Olfactory Epithelium (Wikipedia)

Trigeminal Nerve (Wikipedia)
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