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Introduction

Odour measurements are dealt with by a
branch of metrology called odorimetry.
Odour is an important quality of textile
objects, especially those which influence
odour formation inside rooms and in the
vicinity of human beings. It is important
not only for net curtains, drapes, linens or
garments, but also for carpets, covers,
tents, upholstery fabrics etc. Odour is also
measured in many other industries, such
as the chemical, food, oil and motor indu-
stries, as well as in animal breeding and
environmental protection. Until recently
the only methods used were organoleptic
methods, based on human olfactory sen-
sations. For a number of years attempts
have been made at establishing a scienti-
fic objectivity of this measurement by con-
structing a variety of technical devices.
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Following the first enthusiastic reports
about the possibility of measuring odour,
it appeared that the problem had not in
fact been solved. The evidence of this was
a lack of correlation between the indica-
tions of the devices and the assessment of
experts, the so-called sniffers [1]. At pre-
sent, there are a number of well thought-
out and mature constructions of measu-
ring equipment units which yield compa-
rable, numerical results; however most of
them still requires the direct participation
of a human in the measurement. This in-
dividual's task is to use their olfactory per-
ception as an odour detector. So what does
progress consist in, and where do the new
problems result from? The material pre-
sented below is an attempt to answer this
question.

Odour as an Object
of Measurement

In general, an odour is a perceptive sensa-
tion caused by the stimulation of the ol-
factoreceptors by odoriferous substances.
From the metrological point of view, odour
is a feature of a portion of the air conta-
ining odorants, i.e. particles of gases, li-
quids and/or solids which stimulate the
olfactory organ and its sense. Odorants act
on the olfactoreceptors located in the nose
mucosa, or more precisely in the olfacto-
ry epithelium covering part of the nasal
cavity. These are two-pole neurons pro-
jecting over the surface of the epithelium
and covered in a serous secretion. The re-
ceptors thus constructed generate neural
impulses which spread along their axons
to the olfactory bulbs of the brain. There,
the axons branch off widely and are lin-
ked to the so-called mitral cells. The axons
of these cells, in turn, form an olfactory
path to the olfactory cortex placed in the
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telencephalon. It is here, in the part of bra-
in called the olfactory lobe, that the ana-
lysis of odorous stimuli is made [34].

The olfactory sense is organised differently
to our other senses, since many classes of
receptors (each of which is stimulated by
different groups of odorants) can be distin-
guished. This means that each class reacts
to a different type of odour. This accounts
for the existence of fundamental odours,
characteristic of a given group of odorife-
rous substances. It can thus be concluded
that substances of a similar structure sho-
uld have a similar odour, which is not al-
ways the case [4]. At the same time, sub-
stances of a different structure happen to
have similar smells, e.g. hydrogen cyanide
and nitrobenzene. The relation between the
kind of odour and the concentration of the
odoriferous substance is a curious matter
that makes the determination of the odour
extremely difficult. How mysterious must be
the phenomena occurring between the re-
ceptor and the brain lobe (or perhaps in the
telencephalon itself), if at one time one can
smell the lily of the valley and immediately
after that the disgusting odour of fecal mat-
ter! This happens while inhaling indole, a
substance used in the perfume industry [29].

There are two basic causes of the existen-
ce of a great variety of odours and the re-
levant troubles with their classification.
The first, the physiological cause, consi-
sts in a rich and complicated structure of
neural connections within the area of the
olfactory bulbs; the other, of a physico-
chemical character, is the lack of any clo-
se relation between the chemical structu-
re of odorants and their physical proper-
ties and the odour that they produce.

All the remarks presented above illustrate
the statement that measurements of odour
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are counted among the most difficult ta-
sks of metrology [14]. It appears that odo-
ur as an object of measurement requires
the participation of a human in the me-
asuring process, in the role of a unique
measuring apparatus.

In the system-cognitive understanding of
the measuring process [10,17], the perfor-
mance of a measurement is closely linked
with the modelling of the object under
measurement; the knowledge of the ma-
thematical model is a necessary and suffi-
cient condition. Building a qualitative
mathematical model of every object con-
sists in specifying a set of affecting quan-
tities w and output quantities y, which are
the results of the measurement [26]. Fol-
lowing the decomposition, this model can
be presented in the form [13]:

Y=F (W, Wy, W) (1)

where:

y - one of the outputs,

F - the function of the real variables
i+j+k.

The set W of the affecting quantities w
contains i of the measuring quantities x,
also known as input quantities, j of the
quantities ¢ constant during measurement
and k disturbances z. In other words,

W= {wi+j+k} ={xp.0X, CpponnCy zp..2; (2)

where k is an unknown value.

If among the affecting quantities mentio-
ned there is no time, then the model is of
a static character. In a dynamic model:

Y(¥) =F [x,(1), ¢, z,] (3)
where: a=1,...,i; b=1,....j; d=1,...k.

The latter formula results from an ideali-
sed character of the constant quantities and
the fact that time has only a scheduling
effect on the occurrence of disturbances.
In the case of odour, time is always im-
portant, and hence the models presented
in form (1) implicitly take it into account.

The input quantities in the odour model
shown in Figure 1 are time and concen-
trations of odorants. However, it should
be stressed that odour cannot be directly
identified with the chemical composition.
The constant quantities determining the
conditions for making measurements are
as follows: the volume of a gas sample,
its temperature, the content of odourless
substances and the distance from the so-
urce. In the model, there is a considerable
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Figure 1. A qualitative mathematical model of odour.

number of disturbances. The following
factors contribute to these disturbances:
the individual psycho-physical qualities of
the sniffers, a set of substances of con-
centrations below the discrimination thre-
sholds of the apparatus, which actively -
although frequently in an unknown man-
ner - affect the fragrance, as well as unk-
nown interactions between odorants.

Intensity, aggressiveness, type, quality and
noxiousness are output quantities. Dura-
bility is also frequently defined. However,
assuming that the model is of a dynamic
character, the durability of each output
quantity should be considered separately.
Thus, it is more convenient to regard each
of these quantities as a function of time.

Each of the output quantities is measured
in a different manner. Intensity is defi-
ned as the multiplication factor of the di-
scrimination threshold. It is expressed as
a ratio of dilution to discrimination thre-
shold [30], since the sample taken is gra-
dually diluted in a controlled manner until
the odour cannot be sensed by the snif-
fers. Thus, the value of this quantity is
measured according to the quotient scale.
The relationship between the intensity /
and the concentration C of the single odo-
rant is usually defined by a logarithmic
relationship resulting from Weber-Frech-
ner's law [15]:

I=klogC+b )

in which & and b are the constants charac-
teristic of the odorant. The simultaneous

presence of more than one odoriferous
compound makes the above relationship
difficult to establish.

A different scale of intensity is also used.
It is an ordering six-degree scale, in which
particular degrees are ascribed the follo-
wing denotations of odour: 0 - impercep-
tible, 1 - very weak, 2 - weak, 3 - percep-
tible, 4 - distinct, 5 - intensive, very di-
stinct.

Aggressiveness [28] is related to the di-
scomfort of inhaling odours perceived as
unpleasant. This is assessed according to
the multi-degree ordering scale. Ammo-
nia of different concentrations is someti-
mes used for comparison. This quantity is
most often determined during measure-
ments associated with the assessment of
the effect of large breeding farms [30] and
textile factories (especially finishing mills)
[9] on the environment.

Type of odour is described verbally and
differently in a different branch. The fol-
lowing words can serve as examples of
such terms: 'floral', 'almond', 'hop', 'cara-
mel', "foul', 'pungent’, 'maize' etc. When the
more detailed characteristics of the odour
must be described in scientific research, a
more extensive description of the type of
odour is given. For example, to define te-
trohydrofuranoids and pyranoids, the fol-
lowing terms have been used: 'sweet, in-
teresting, pleasant, similar to the odour of
the orange rind'. The odour of rose-oxide,
in turn, has been described as 'very cha-
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racteristic, green, penetrating, slightly re-
sembling the odour of the rose and gera-
nium' [22].

In the perfume industry, the quality of
odour is described; in standardisation do-
cuments it has been evaluated (among
other ways) in a six-degree scale (from
zero to five). This is a notion connected
with the possibility and manner of repro-
ducing the odour of, for example, a flo-
wer. The following terms are ascribed to
the particular degrees of quantity: strange
(not floral), does not resemble the flower,
resembles the flower to a small degree,
slightly resembles the flower, resembles
the flower, is perfectly associated with the
flower. Odour is also described by means
of a feature called hedonistic quality [33],
which is related to the permissible time of
exceeding the threshold concentration of
the sensibility expressed, in per cent, as a
part of a year. Attempts at the determina-
tion of this feature are at a stage of prepa-
ration of the standard project.

There have also been attempts to measure
the noxiousness of odour [20], which can
also be defined as a number of compla-
ints of a given population over a definite
period of time. This feature is indirectly
connected with aggressiveness, but is de-
fined in a different manner.

Measuring Methods
and Apparatus

The use of purely electronic devices me-
asuring odour without human participa-
tion is not satisfactory [24]. They react to
one or a small number of odorants, and
are sensitive to substances that do not
smell, hence to those that are not odorants.
Most devices employed for industrial me-
asurements of the odour of different pro-
ducts are based on gas chromatography,
but even modern constructions require the
observer's direct, manual participation in
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the measurement. This also applies to the
attempts at the application of mass spec-
trometers. The human nose remains the
best detector of odour. Therefore, in most
of the methods of odour measurement pre-
sented below, the evaluation of experts -
sniffers - is still more or less directly used.
Sometimes they use certain technical me-
ans that facilitate this assessment [2]; ho-
wever, they will often base their opinions
only on their general olfactory sensations,
e.g. when assessing perfume products.
These are always subjective and depend
on a number of factors, such as psycho-
physical qualities, instantaneous condi-
tion, the fatigue caused by a long-lasting
assessment process, etc. On the other hand,
only a human can determine all the out-
put quantities in a model, while no appa-
ratus is capable of evaluating, e.g. the type
of odour. It should also be remembered
that sniffers have limited possibilities; a
human can detect over 1000 different odo-
urs but can identify only a small propor-
tion of these. Teams of experts are orga-
nised into so-called panels, consisting of
three to over ten people. The odour is ge-
nerally stored in balls of cotton placed in
sealed containers.

A popular device for the assessment of
odour is the so-called dynamic olfactome-
ter [24], which can also be called a meter
of olfaction sensitivity. The device makes
it possible to transfer definite samples of
air to the sniffer's nose. Measurement is
frequently made by a group of 4 to 16 snif-
fers, who are successively presented with
samples of increasingly high odorant con-
centrations. The sample in which the ma-
jority of the panel will sense a definite
smell constitutes a point of reference for
further measurements. This concentration
is called 'dilution-to-threshold' (DT), and
corresponds to the mean threshold of the
panel's excitability. Further measurement
consists in the comparison of successive
samples of air with DT. This device is con-
sidered expensive and the measurement

-
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Figure 2. Formation of a charm-chromatogram for one odour in the CharmAnalysis System.
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itself time-consuming. Matrix devices are
an example of recent attempts at scienti-
fic objectivity of odour measurement.
Their basic part are matrices of chemical
gas sensors of a varied character, whose
task is to create an image of the odour as a
characteristic set of results of detecting the
presence of different chemical compo-
unds. Sensors are now constructed in the
form of an integrated sensor matrix in the
MOSFET and fuzzy neural networks tech-
nology [7,8]. A more interesting construc-
tion is that of matrix sensors made of con-
ducting polymers [16], which have high
sensitivity and low power consumption.
Compared with the conventional MOS
technology, polymer sensors do not need
to be made in special types for particular
chemical compounds, since the sensor
matrices can be used to provide the cha-
racteristic response patterns to the presen-
ce of a specific odorant. This is conside-
red essential in a situation when the odo-
ur is a rich mixture of components, which
is always the case when assessing food-
stuffs or perfume products. Polymer sen-
sors have already found use in a number
of devices, such as in the olfactometers of
Neotronics or Alpha MOS. However, a
discussion on the correlation between the
results yielded by them and the sensation
of the human nose is still continuing [11].

The Headspace method [32] is used for
taking a sample of the air in strictly defi-
ned and reproducible conditions. It allows
the sample to be transported to a chroma-
tograph for a quantitative analysis of the
chemical composition of the sample taken
[22]. In the case of measurements of odo-
urs, partition gas chromatography using
conductometric detectors of the presence
of odorants plays the most significant role.

CharmAnalysis [3] combines the elements
of gas chromatography and olfactometry
(System GCO). An appropriately prepa-
red sample of odoriferous air is supplied
to the sniffer, who operates a push-button
pressing it when s/he senses an odour, and
keeps it pressed until the odour disappe-
ars or its feature changes; a computer re-
cords the times of these pressings. A sam-
ple is prepared by being diluted with fil-
tered, odourless air using a constant fac-
tor 2 or 3. This yields a set of 7 to 10 dilu-
tions, in which concentrations of the odo-
rants are equal to 1, 1/3, 1/9, 1/27, etc. of
the original concentration. The sample
must be diluted until no odour can be sen-
sed. A reverse situation may happen when
an input extract is weak and must be con-

55



centrated to make the detection of all si-
gnificant components possible. The por-
tions of the samples thus prepared are in-
jected into the stream of inert carrier gas
moving inside a long chromatographic
column, in which the mixture is separated
into components supplied to the olfactor-
meter.

The pressings of the button cause rectan-
gular impulses to be plotted as a function
of retention time, and the duration of one
impulse exactly corresponds to the time
of flow of one odour (Figure 2). The dia-
grams concerning particular dilutions are
summed up and integrated. The device can
also be used to characterise the portions
of the air containing several different odo-
urs. As aresult, a diagram similar to a chro-
matogram is formed; it is called a 'charm-
chromatogram'.

Odour Measurements
in Textile Industry

Investigations carried out recently around
the world lead to the common awareness
that odour has a fundamental influence on
people's general comfort and even on the-
ir health. This influence can be as much
of a positive as of a negative character.
For example, the reassuring effect of la-
vender and the harmful influence of am-
monia on humans is known. This is why
it is very important to create the possibili-
ty to form an appropriate odour in rooms
and in the environment immediately sur-
rounding people. This especially concerns
textile products, which in the form of un-
derwear, clothes, bedclothes, sheets, blan-
kets, and textile furnishing of living ro-
oms of all kinds accompanies humans day
after day without interruption.

Chrom—-Card

Figure 3. Aromatic fibre. Product of Ka-
nebo Ltd.

The manufacture of aromatic fibres desi-
gned for such everyday textile products as
bedclothes, apparel, curtains, and drape-
ries appeared to be a very good solution.
The Cripy 65 fibre, developed after inten-
sive research conducted in Japan [30] and
manufactured in the Mitsubishi Rayon
Laboratories [23], can be mentioned here
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as an example. This hollow fibre contains
flavouring extracts in its structure which
yield a sufficiently intensive and durable
fragrance. The aromatic substances are
displaced in four longitudinal channels
arranged at angles of 90 degrees around
the central hollow channel. A polyester
fibre manufactured at Kanebo Ltd (Figu-
re 3) can be an example of a fibre of op-
posite action, aimed at removing unple-
asant odours. This fibre is applied in the
production of stockings and everyday clo-
thes. A fibre which possesses very strong
fungicidal properties and at the same time
is able to effectively suppress unpleasant
odours is similarly offered by the Tejin
company [25]. This fibre is manufactured
as a core-crust system in which the crust
consists of a co-polymer of ethylene and
acrylic acid, and the core can be made, for
example, of polyester. Additionally, the
core contains pulverised copper. This
structure possesses the possibility to che-
mically assimilate the odorant, whereas the
regeneration of the structure is achieved
over the period of washing and drying.
Aromatic substances can also be placed
in microcapsules dispersed uniformly over
the cross-section area, which forms such
durable connections that the flavour ce-
ases only to an unimportant degree and
over long periods of use.

Odour is also a very important element of
technological processes in the textile in-
dustry. Many finishing departments exist,
in which the so-called open processing
methods have been used up to now; these
are characterised by the use of acetic acid,
formic acid and sodium hypochlorite,
which all cause sharp smelling effects. A
finish application of a different kind, such
as antimite finishes, is an example of other
processes which results in a long-lasting
characteristic smell markedly distingu-
ished by users. Smell also has marketing
importance, as it is the first feature esti-
mated after entry into a shop with textile
products, fabrics or clothes.

For smell estimation of raw materials and
textile products and for an analysis of the
efficiency of odour removal, objective
measurement methods of this quality are
necessary. The measure of odour, similar
to the measurement of many other textile
properties, proved a very difficult and tro-
ublesome problem. The emanation of odo-
ur from fibres depends not only on their
temperature but also on their humidity.
The intense smell of damp wool fibres and
wool products (which ceases after their

drying) is a well known feature. An im-
portant problem is the smell emanating
from nonwovens destined as filtration in-
sertions for protecting the upper respira-
tory tracts. A problem of similar or even
greater importance is the odour emitted by
floor coverings and furnishing materials.
All tests of the above mentioned fabrics
demands the necessity of temperature and
humidity stabilisation over the time of
measurement. Odour is a feature of the
volume of a given air sample, and not of
the tested textile, which is only the emit-
ter of the smell. Taking this into account,
it is evident that not only is the manner in
which a sample of fibres or fabrics is ta-
ken for the test very important, but also
the sampling method of collecting a pre-
set air volume at a given distance from
the odour source.

An attempt at odour estimation was car-
ried out at the Faculty of Textile Engine-
ering and Marketing of the Technical Uni-
versity of L6dZ [9]. An aromatic finish was
applied to a draping manufactured of po-
lyester fibres. Two kinds of finish, one
containing an iris flavour and the second
with a lavender flavour, were applied to
the final product. The finish was applied
by immersing the curtain in an acetone
solution to which the flavour ingredients
were added. The smell intensity and dura-
bility were estimated according to the
triangle test [6]. The lavender flavour was
more durable, and the smell of lavender
was perceptible even after two washing
processes and some weeks of use. Howe-
ver, it should be stressed that the method
of flavour application described yields
smaller durability than the use of aroma-
tic fibres.

Tests with the use of the Headspace me-
thod and a chromatograph were also car-
ried out at the Technical University of
L6dz. Two samples of cotton fabrics were
prepared. The first was in direct contact
over 15 minutes with a fabric which had
absorbed a Johnson odorant (' Autumn Flo-
wers'). The second fabric was placed at a
distance of 10 cm from the flavoured fa-
bric. The measurement results of chroma-
tographic tests are shown in Figure 4. The
comparison of the chromatographs sho-
wed a significant difference between both
fabrics. The first fabric absorbed 58 com-
ponents of the flavour composition, whe-
reas the second absorbed only 32. What
is more, the amounts of the particular com-
ponents were much greater in the first fa-
bric than in the second. A precise identi-
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fication of the chemical content of the
absorbed components was not possible for
both fabrics because the concentrations of
the odorant were too small. Further tests
carried out proved that, in general, the
odour measurement of textiles demands
an increase in the odorant concentrations
which is only possible by using special
devices, for example, with such devices
equipped with the 'CharmAnalysis' measu-
rement system. Observations made during
this investigation confirmed that 'pure’
chromatography has unfortunately only
small usability for odour estimation. In-
dependent of the reasons mentioned abo-
ve, this results from the features of the
disturbing factors of the measurement
model and the impossibility of making an
explicit relation between odour impres-
sions and the human sense of smell. Ano-
ther cause is the creative character of odour
measurement.

Creativity of Odour
Measurements

The measuring process always proceeds
in a three-element measuring system,
made up of an object of measurement, a
measuring device and an observer. Accor-
ding to the definition described in [13],
the measurement is an identification of a
mathematical model of an object [19] (per-
formed in definite conditions and at a de-
finite accuracy). The definition is a gene-
ralisation of the classical one which re-
fers to parametric identification only. In
the author's opinion, the identification is
parametric during routine measurements
as usually carried out. Besides this, cre-
ative measurements are performed [18,12]
in which structural identification takes
place. The creative measurement is per-
formed without a fully defined structure
of the model of the object under study; it
has properties of a scientific research.
Such a case occurs during the first me-
asurement of the object feature which has
not yet been defined. The question of the
'first measurement' [12] consists in the
definition of the object and formulation
of a hypothesis of the existence and the
structure of its model. Activities carried
out then, such as planning and making the
measurement, comparing the results with
the expected features of the object model,
and evaluating the differences and the
model adequacy, are equal to making a
scientific investigation [21,31]. Thus it can
be stated that the character of the 'first
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measurement' departs from successive
measurements made following the confir-
mation of the adequacy of the model. A
creative element can be seen in this, which
makes it different from the routine one.
The main feature of creative measurement
is that a human observer with appropriate
metrological and methodological qualifi-
cations is needed to participate in the me-
asuring procedure. Most odour measure-
ments show the same feature because they
are carried out with the help of sniffers
who are able to assess all the input quan-
tities of a model of odour. Each time, a
new model of this quantity is created in
their consciousness. The model contains
limited information on the set of odorants
and the time that has passed since the for-
mation of the odoriferous mixture. The use
of odourmeters and olfactometers is also
closely related to the work of sniffers.
Matrix devices are the only example of
apparatus which allows a partial routine
measurement. It should be remembered,
however, that they have limited possibili-
ties and are capable of evaluating neither
the type nor the quality of odour. Gas chro-
matography, in the positive meaning of
this word, is the closest to 'routinisation'.
To make a chromatogram play the role of
a standard, long-lasting and costly inve-
stigations are necessary. These should re-
sult in an adequately extensive library of
chromatograms corresponding to all odo-
urs, including chemically active odourless
substances. At present this seems impos-
sible, and the sensitivity of the method is
the decisive limitation. Hence the best
solution with present-day technology is a
combination of chromatography principles
and human skills, as is the case with Char-
mAnalysis.

To perform the measurement in a fully
routine manner, a complex identification
of the qualitative mathematical model
shown in Figure 1 should be made. To do
so, the knowledge of all the forms of the
function and values of the parameters in
the system of equations is necessary.

v =Fixp..x),
Yy =Fy(x)...x), %)
Vs = FolXpp.Xy)

on condition that
¢, = const, ..., ¢, = const (6)

Such identification is impossible, due to
the definition of odour which appeals to
subjective human feelings.
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Summary and Conclusions

Odour is one of the most important featu-
res of textile objects, especially of flat te-
xtiles. It is very important to develop new
methods and instruments for measuring
the odour of textiles, because the result
could decide its market value.

The decisive majority of odour measure-
ments require the use of teams of experts,
since the present-day electronic devices
find a limited use because of the great
number of odorants. Matrix devices which
use scoured neuron networks appear to be
the greatest hope. By comparing a num-
ber of measuring methods, it can be sta-
ted that a combination of gas chromato-
graphy and olfactometry, into a system of
CharmAnalysis, for example, can be the
most universal solution.

Odour is a quantity whose measurement
manifests the features of creative measu-
rement. This results from the fact that there
is no parametric, quantitative model of this
object. Such a model may be created when
the conditions for artificial, reproducible
representation of human reaction to sen-
sual stimuli are laid down. It seems, ho-
wever, that in spite of considerable pro-
gress in the analysis and formation of neu-
ral networks, it will be a long time until
such a model can be formed.
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