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The question “How Much does it Stink?” is surprisingly difficult to answer! It is nevertheless an
essential parameter when trying to assess the efficiency of techniques used to reduce odour
emissions associated with certain agricultural practices. The research team at the IRDA (Research
and Development Institute for the Agri-Environment) is leading the Fugitive Emissions Following
Manure Spreading - Risk Assessment and Engineering Controls project that is currently trying to
determine the health and environmental risks associated with manure spreading operations. Being
able to measure the odour emissions from each of the tested methods for spreading manure is
therefore vital to the success of the project.  But how do they do it?

The main difficulty with measuring odours is that they are
fundamentally a sensation or perception, i.e., only a nose can
determine whether a substance actually has a smell. Sophisticated
gas sampling and analysis equipment can be used to measure the
concentration of an odorous substance in the air, but they cannot
infer anything regarding its odour or even if it has an odour.
Furthermore, odours in nature are rarely composed of only one
substance; for example, 168 different compounds have been
identified in livestock odours (Zhang et al. 2002).

How Much does it Stink?

Therefore, the only way to assess an odour is to use qualified
personnel who have a representative sensitivity to smell or
who have been specially trained, such as a sensory analyst for
wine or food. With the help of this qualified personnel, odour
emissions are generally characterized by three properties:
concentration, intensity and hedonic tone. Both the
concentration and intensity are objective properties while the
hedonic tone is subjective and measures the level of
pleasantness or unpleasantness of an odour. When dealing
with manure, hedonic tone is rarely used since there is little
debate whether manure odours are pleasant or not! In some
cases, an odour may also be qualified according to a set of
descriptors, such as fruity, chemical or earthy. As with
hedonic tone, this method is rarely used for measuring odour
emissions in agriculture. Figure 1. Dynamic olfactometry

sample presentation
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Odour Concentration

The concentration of an odour is defined as the
number of times a sample must be diluted before
the odour is no longer detected. For example, a
sample with a concentration of 1000 odour units
means that the sample had to be dilution 1000
times before the detection threshold was reached.
This odour detection threshold is determined by a
qualified panel of judges using a technique called
dynamic olfactometry. The diluted odour is
presented to the panelists by continuously injecting
a stream of odorous air at a known flow rate and
pressure into a stream of filtered odourless air
(Zhang et al. 2002). Most dynamic-dilution
olfactometers use a 3-port forced choice method of
sample presentation where the diluted sample is
only present in one of the ports (Figure 1). Panelists
must sniff each port and identify the location of the
diluted odour sample. High dilution rates are first
used before increasing the sample concentration
until each panelist can consistently identify the
correct port. The resulting odour concentration is
then calculated according to the preferred standard
(ASTM E679 or EN 13725). 

Figure 3. Gas
sampling bags

Figures 2. Dynamic dilution olfactometer

Figure 4. Odour
sampling lung

Odour samples can be pumped directly to an olfactometer, but, at the IRDA, samples are first
collected in proprietary gas bags (Figure 3) before being sent to an external lab. A sampling lung is
used to avoid contact between the odour samples and the air pump (Figure 4). Sampling bags are
placed inside a sealed vessel and a pump is used to create a vacuum inside the vessel which forces
the sampling bag to expand and draw in the odour sample. Many odours are “sticky”, meaning that
they can easily be adsorbed on surfaces and contaminate equipment between uses. Therefore, any
material used for sampling and analysing odours must be inert and odourless, such as stainless steel,
glass and some plastics, PTFE (Teflon    ) or PET (Nalophan    ) for example (Capelli et al. 2013).TM TM

Most modern dynamic-dilution olfactometers have multiple stations to
accommodate several panelists at once (Figure 2). In order to comply with
applicable standards and provide a neutral environment for the panelists,
olfactometry laboratories are also typically equipped with a sophisticated
system for controlling ambient conditions. The air ventilation, temperature,
relative humidity and ambient odour are all controlled inside the labs. 



Measuring a sample’s odour concentration is a
reliable and robust method that is recognized
around the world, but it can be very costly due to the
specialized equipment and personnel required. A
more economical method of characterising odours
is to measure their intensity. This technique
quantifies the strength of an undiluted odour by
comparing it to known concentrations of a
reference compound, generally n-butanol. Highly
trained and qualified panelists are required for this
task since it is surprisingly difficult to compare the
intensity of two samples that do not have the same
odour. For example, it is entirely possible for a
sample of rose petals and a sample of swine manure
to have the exact same intensity! 
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Odour Intensity
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Since no dilution equipment is required, this method can be relatively easily deployed directly in the
field. A sophisticated system can be used to dilute pure n-butanol and present exact concentrations
to the panelists. The IRDA, on the other hand, uses a simpler method which consists of preparing
different pre-determined concentrations of n-butanol in water. These solutions are then placed in
glass containers and panelists sniff the n-butanol vapor in the container headspace (Figure 5). When
evaluating samples in an odorous environment, gas masks with cartridges that filter out all odours
are used to make sure panelists do not get accustomed to the odours and lose their nasal sensitivity.

While this method might not be as reliable as measuring the concentration
of an odour sample with a dynamic olfactometer, it can be used on a wider
scale and on a more regular basis due to its simplicity and low cost. During
the Fugitive Emissions Following Manure Spreading - Risk Assessment and
Engineering Controls project, both the dynamic olfactometry and odour
intensity methods were used for the manure spreading tests in the wind
tunnel (Figure 6) to compare odour concentration and intensity values. For
the upcoming intensive field sampling campaign, only the intensity will be
used to quantify the odour emissions following manure spreading.

Figure 5. Panelist sniffing n-butanol solution
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Figure 6. Wind tunnel tests
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