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ABSTRACT

The University of Windsor Odour Impact Model was created as

a means of evaluating the impact of odourous emissions from

stationary sources on surrounding communities by providing

measures of

probability of detection

probability of diﬁcrimination
~

probability of complaint

degree of annoyance ‘ .

as functions of the dilution (concentration) of the odour.

Odour impact models have been developed for

4 -]

L-4

n-Butyl Acetate

Propylene Glycol Monomethyl Ether
Methyl Isoaﬁylketone

Isobutanol

n-Butanol

Octane

using a wide spectrum of panelists who differed in terms of sex,

age and odourous or non-odourcus working conditions. The models

for these six chenicals provide the following data:

-

Detection Discrinination

Chemical Threshold (pg/MS)' Threshold (ug/MB)
n-Butyl Acetate 1000 3100
Propylene Glycol

Monomethyl Ether 121000 215000

Methyl Isocamyllketone 630 1400
Isobutanol 2640 . 6700
n-Butanol 3100 _ 6500

Qctane 61800 129000



L . .
—~ . S8tatistical analysis of the responses of panélists between

18 and 27“‘years of’ age indicate that panelist gender and
émploymedtﬁ in odourous -or non-odourous envirbﬁnents do not
contribute to the differeﬁcqs‘in oifactory sensitivities among-
panélists, Hoqevgf. trends indicate ‘that there i; a loss of
sengsitivity to>9dour3 éith inéreasiﬂg age. 6Lereforg, sehsor?
panels should be composed of a variety of panelists who reflect.
the age distribution in the population. )

Representative panels consisting of ten memberé'demonstrate
the, responses and variations, in responses of the population.
Howevér, a single panel evaluation of an odour will not provide a
measure of theAconfidence limts associated with each odour impact
model curve. Multiple panels should be subjected to the odour so
that sufficient aata_are generated to determine tﬁe confidenée
limits. ‘ .

fhe evaluation af odours during sessions separated Sy a
period of one week demonstrates that no significant-variations
occur inl the Odour Impact Model as a result of temporai_
differences gxcept for the Degree of Annoyance curve. Futﬁre
research should concentrate on the development of a panelist
training/educating procedure that would make individual
expressions of annoyance more consistent and; therefore, more
reproducible. |

Several features of the Odour Impact Model must be refined
before it can be implemented as a testing procedure.q It is

recomnended that

o the degree of annoyance curve at any dilution level be

vi



calculated by averaging all =annoyance levels registered by

F
cmac o
<

pénelists.
e the proﬁability of comﬁlaint curve be eliminated from the
.6dour Impact Model and the probability of discrimination curve be
used instead. . ' - ‘J:JP‘
e the probability‘of discrimination curve should replace
the probability of detection curve as a measure of panelists’
abilities to perceive an odoué. The detection profile spould be
eliminated from the Odour Impact Modei.' | K*'
Mathematical relationships have been deve;opgd to
o provide a measure of the effect of s single panelist on
the evaluation ;f panel thresholds. \ -

e predict the number of panelists required to reduce the

effect ©f a single panelist to an acceptable tolerance.

( '
i ° relate the mean panel discrimination threshold to the

me;;ﬁaetection'threshold through the applicatgoi of probability
thecory.

In addition, it was confirmed that the volumetric
calibration technique which is normall} used to calibrate the
olfactometer is capab%éﬂ\of producing accurate measures of the

dilution levels provided by the device,
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I. INTRODUCTION

. . %

The University of Windsor Odour Impact Model was developed
ag a procedure for assessing the impact of odourous source
emissions on surrounding communities [15]. - Successful

implementation of this modelling procedure would furnish measures

of

*» the hedonic character of the odour
¢ the quantity of odour emitted at the scurce

e .the potential impact of the odour on the surrounding
community

The Odour Impact Model (OIM)} provides the

o probability of detection (PD)
¢« probability of discrimination (PDn)
# probability of complaint (PC)‘

s degree of annoyance (DA)

profiles as functions of the number of dilutions of the odour
from the source.

Prior to the development of the Odour Impact Model,
regulatory agencies had no objective methods for assessing the
impact of odourous emissions on residential areas surrounding
stetionary sources [15]. The Odour Impact Model will provide
thegse &agencies with a strategy for the control of industrial
odours., However, there is 3till a need for further development
of the Odour Impact Model beforeAit can be implemented as an
effective odour testing procedure. It was the intention of fhis

it

investigation to study these areas of concern.



~J

The objectives of this investigation were to

(1)

(i1)

{iii)

(iv)

(v}

(vi)

verify that the technique normally used to calibrate

~. -

the olfactometer is. capable of producing accurate

measures of the dilution levels provided by the

instrument.

establish whether factors such as sex, age, and
employment in odourocus or non-odourous conditions
should be considered important in the selection of
odour judges.

determine the minimum number of panelists necessary to

evaluate an odour so that consistent gnd reliable odour

impact models could be produced.

‘determine whether the results of the evaluation of an

odour by a sensory panel are dependant upon the session

during which they were evaluated.

refine parameters of the Odour Impact Model which

-presently leave the compliance testing procedure ' open

to criticism. Such criticism would hinder the
effectiveness of regulatory agencies in enforcing their

guidelines for odour control.

develop a mathematical relationship which provides a



[92]

measure of theA effecp Sf a single panelist on the
results of a sensory panei’s- evaluation of an odour.
This expression could then be used to predict the
minimum number of panelists required to evaluate an

odour given a tolerance value which describes the

maximum allowable effect of an individual on the panel

results,
R
(vii) develop a mathematical expression relating the mean
panel detection and discrimination thresholds based on

probability theory.

These objectives were accomplished through the analysis of
data collected during the development of odour impact models for
¢ n-Butyl Acetate
e Propylene Glycol Monémethyi Ether
¢ Methyl Isocamylketone
¢ Isobutanol |
¢ n-Butanol
_ - Octane
using a wide spectrum of panelists.
The development of these models required the design and
construction of an B&Eu; generator which supplied a steady flow

of gas with a constant odourant concentration.



II. LITERATURE SURVEY
_ “

Odourous emissions from atationgry aources tend to be the
most freqﬁent sources of air pollution complaint {2,15]. To
reduce odour complaints, a variety of control measures may be
taken. ﬁowever, in all caées some form of odour measuremept ig,
needed to establish the extent of the problem and tolassess the
degree of improvement achieved by the implementation of odour

control systems.

The objectives common to most odour evaluations are
t} .

¢ to gtudy the relative importénce of various  odourous
discharges to determing¢ the principal source of the odour
problem

¢ to study the effectiveness of odour control systems

s to quantify the odourant levels in discharges

e to forecast ddour levels at various distances from a
source based on source concentration, stack height,
effluent gas temperature, topography, and meteorology

e to predict the impact of the odourous emissions on the

~surrounding community. o

None of the curréntly implemented procedures for the
evaluation of odours provide an overall model of the impact of’an
“odour pollution problem on a community because they are not
designed to quantify the magnitude of the nuisance caused by the
odour [15}]. Although many methods exist for the evaluation of
odour detection thresholds, these procedureg fail to develop any
information related to the impact of the odour on a neighborhood
or panel of judges who hgve geen exposed to the oadour. Since

their development these methods have been used to quantify the



odourous emissions from industrial sources. Much work has been
"performed in the measurement of rodour thresholds and the values
corresponding to many pﬁre chemical odourants. are available in
literature f4,18,22]. However, Fhe literature values _of
thresholds ' for many compounds could vary by several orders of
magnitude [18,22].. These variations may be explained, in part, -
as being due to differences in the sensitivity'of‘panelists and
differences in the method of presentation of the odour to the
panelists for sensory evaluation [6,7,18]. This étresses the
need for some form of ggandardizatioﬁ of the odour evaluation
process.

Since one of the goals of any odour related studies is to
predict the impact of an odourous emission on a cﬁmmunity, odour
measurements are needed to establish the relationship between the
community’s reaction to an odour and the dose to which it is
exposed [2]. ~ This goal may be achieved through the use of the
University of Windsor Odour Impact Model which was developed and
applied to industrial situations by Poostchi {[15]. This mnodel
provides a practical procedure for the routine evaluation of
essential odour dimensions including probabilities of detection,
discriminati;n, complaint, and the degree of annoyance as
functions of.the-dilutions (cqncentration) of the odour.

The results of any odour investigation requiring the use of
sensory judgea are dependant upon the method of odour
presentation [18]. The recent use of dynamic olfactométry hasg
produced odour de;ection thresholds of much lower concentradions

AN
(sometimes by several orders of magnitude)} than previously



reported Qalues which wereA determined using static methods.
There is a definite preferen%e for dynamic dilution techniques =as.
opposed to static methods because: they are perceived geghrally_to
be more reproducible and to be better confrolled in delivering
the odour stimulus to a panelist {16]. The American Society for
Teéting and ‘Materials (ASTM) has recently received much criticism
concerning the "Standard Method for Measurement of Qdor in
Atmospheres (Dilution Method)" pubL}shed‘in the "Annual Book of
ASTM Standards"” [19]. This criticism has set in motion & search
for a better alternative to this standard method. This procedure
‘employed‘syringes to present the odour to the panelist.

Consensus may have been reached about the superiority of
using dynamic dilution techniques as opposed to a static method
but there is still much difference of opinion concerning the
flowrate at which the odour should be delivered to the panelist.
A difference in flowrates causes odour sensory results to vary.
widely among panels exposed to the same odour stimulus [16]. For
example, Duffee and Cha reported that a 100-fold variation in
flowrate can produce more than a 1000-fold variation in the
reported threshold by the same panel [7}.

Dravnieks contended that while higher flowfates are
preferable in odour testing, lower flowrates provide portability,
toe permit uging samble sizes that may be Qonveniently
'transported, and allow the use of testing rooms with lower
.ventilation rates [6]. 1In addition, Duffee doesn’t see the need
for high flowrates since he believes that individuals adjust to

"the available sample flowrate [8]. One significant disadvantage



of using a high flowrate relates to the olfactory fatigue which
could occur-due to the impingement of the odourous gas stream on
the olfact".oryg membrane [14]. Ag =a result‘there could be a
reducfion-in a paneligt’s ébility to distinguish the odour from a
clean air supply. Hesketh [6] believes that the flow supplied by
a low flow olfactometer must lead to dilution er?ors even under
the most ideal conditions: However, in response to Hesketh,
Dravnieka [6] claimed that data produced by the low flow IITRI

olfactometer are very similar to higher flow devices.‘

The low flow IITRI olfactometef was chosen because;

o 'the low background contamination requires lower
ventilation rates than for high flow devices

° the odour samples from an industrial source are
easily transported due to the small sample size
requirements

e there is less chance of causing olfactory fatigue
i " using the low flow olfactometer

’

o 1t eliminates the confusion often reported by
panelists who must decide whether they sense an
odour or are reacting to the odourous gas satream
pressure on their noses [16].

The intention of this investigation was to examine
parameters which could prove to be important in the odour
evaluation process. S8uch factors include panel size, panelist
characteristies, sessional variations, and certain model
definitions which nay not presently withstand the scrutiny of
members of the legal profession. Once thesge parameters have been
evalusted and the necessary refinements to the model have been
made, the Odour Impact Model can be implemented as an effective
tool for the regulation of odourous emissions from stationary

sources.



III. THE ODOUR IMPACT MODEL

The Odour Impgct Model. is basically an extension of the
currently used principle of ternary ‘fOrced choice detection
threshold ﬁetermination with a six level’dynamio olfactometer.
In addition to identifying the ports which are perceiﬁed to bg
eFitting odourous material, panelists are alsoc required to
sbecify the levels at‘whicﬁ they are sure, beyond a doubt, about
the presence of the odour. Furthermore, pgnel membérs. are
provided with a form on which they are asked to indicate at which
dilutions {concentrationa) they would conplain if fhey were
exposed to similar odouréus stimuli for an average perioa of
eight hours and to rate the degree of'c;mplaint at each dilution

level [15]. The panelists are advised to rate their annoyance on

a scale of 0 to 10 according to the categories in Table 3.1.

TABLE 3.1: Annoyance Categories

Anhoyance Range ' Descriptor
0-2 ' Tolerable
2-4 Unpleasant
4-6 Very Unpleasant
6-8 Terrible
B-10 Unbearable

The panelists are asaisted in this evaluation by the
pictorials shown in Figure 3.1 which provide a visual

representation of the annoyance categories.
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os,

10

- The first dilution levels beyond which’ ind1v1dual panellata_
make contlnuous correct ch01ces are taken as the basla for the

evaluation of the detection threshold profile, relating percent

probabilities of detection (PD) to different odour -levels as

illustrated hy éﬁrve I of Figure 3.2. ’

The odour discrimination threshoiﬁs profile is based on the
first dilution levels (concentrationp) from which the panel
members cbntinue to be certain about the presence of the odour.
Curve II of Figure 3.2 illustrates the location of a typical
didcrimination thresholh "(PDn) profiie with respect to the

detection threshold profile [15]. tg\‘

Similarly, the dilution levels (concentrations) at which

paneliats would complain (degree of annoyance greater than zero)

and the magnitudes of annoyance provide data for the generation
of probability of complaint (PC) and degree of annoyance {DA)
profiles as shown by curves III and IV of Flgure 3.2 [15].

The degree of offbn31veness of an odour at a source is a

function of the inténsity and hedonic character of the odour and

‘i3 defined by

DO = (MDL @ 100 PC)({(Da {3.1)

100’

the degree of offensiveness of an odour at
the source

where DO

MDL @ 100 PC the maximum number of dilutions of the
original sample for 100 percent probablllty

of complaint

DAIOO = the predicted degree of annoyance at
MDL @ 100 PC on a scale of 0 to 10. [11]



R

JONVAONNY 40 33¥93d

gl

N

nﬂ“\‘\frnﬂlﬂ.vv.
»

s 2 ~
oo

ﬁr_

- *S9TTJOId TOPOW 30oeduf Inopp pazITespl :Zz's MUMDId

¢ U]

SNO1LATIa
98 N@H_

¢

é

h 9 80T

4

T | " T T T 0
24 00T /"
CRITRE
— . ! - 0¢
_
|
I
- ! 1 Of
!
_
_
a I
‘ “ - 09
|
L 00lyg | - 08
“ .
)
[

-1 00T

dSNO4S3IY 40 ALITT19VdOY¥d

11



12

*

The MDL @ 100 PC: is used since it is nermally an
experimentally determined level at which all members of an odour
panel have complained and expressed their perscnal degree of
-~annoyance an a scale of 0 to 10.

It Bhoulﬁ be apparent that the DO is not a‘trué measure of
the potential odour impact of any particular source on- a
community without consideration of the amounts of odours emitted
per unit of time. A low emission rate of an odour with a high DO

can be less serious than a high volumetric flowrate of an odour

with a relatively lower DO. The odour impact model provides a
means of estimating the potential level of soufée annoyance {SA)
on the basis of the volumetric flow rate and degree of

offensiveness according to

SA

VO {MDL @ 100 PC)(pAlOO)

v, - DO {3.2)

o

where -SA = the potential level of source annoyance
Vo = the volumetric flowrate of odourous gas
DO = the degree of offensiveness. [11]

The SA provides ratings of different odourous sources at a
specific facility in terms of their hedonic and volumetric flow
parameters.

In qrder to quantify the impact of a particular source on
its surrounding community, it is necessary to assess the ambient

odour 1evels in the neighborhood as a result of atmospheric

transport over different distances with consideration of
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meteorological and topographiéal characteristics of the region.
bThis quantification can be achieved through appropriate
dispersion modelling in conjunction with the Odour Impact Model.
Estimates of the number of .dilutionas of the source emissions at
different downwind distances provide measures of PC and the
corresponding DA values from the Odour Impact Model profiles.

g The potential odour impact {OI) in the community at various
distances and elevations for a range of meteorological conditions

can be expressed as

OI = (PC)(DA) (3.3)

where O0OI

potential odour impact at any receptor location on a
scale of 0 to 1000

PC = percent probability of complaint at any receptor
location based on predicted dllutlons from source to
receptor

DA = predicted ‘degree of annoyance corresponding to PC
at any receptor location, on a scale of 0 to 10. [11]

For the purpose of this study it was neEessary to plot the
profiles of detecfion, discrimination, and complaint and the
degree of annoyance curve versus concentration instead of
dilutions. Consequently, it is possible to compare the response
of panels who have been exposed to the same odour as a function
of odourant concentration.

A common parameter used in many odour evaluation procedures
is the detection threshold. This is the dilution at which 50% of
the members of a sensory panel perceive the odour. It may be

determined from data generated by an odour panel in two ways:
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(i) The effective dosage at 50% probability of detection

(EDso) is calculated according to -
. n 1/n
ED = [ T ED ] {(3.4)
i

where ED50 = the panel effective dosage at 50% probability of

detection.

ED50 the detection threshold of panelist "i"
i

n the number of indiyiduals on the panel.

This value represents the geometric mean of the individual
panelist thresholds and is an estimate of the panel detection
threshold.

(1i) The dilution at which 50% of the panel begin to detec}
the odour can be interpolated from the detection profile of the
Odour Impact Model. This value, designated as Z @ 50 PD, &iffers
‘from the ED50 in that it is a single measurement involving the
full panel rather than the mean of ‘individual panelist
thresholds.

Similarly, there are twp definitions of the discrimination

threshold. One value, designated as D is the geometric mean

507
of the individual discrimination thresholds. Another wvalue,
designated as Z @ 50 PDn is the dilution corresponding to the 50%
probability of discrimination as derived from the discrimination
profile of the Odour Impact Model.

THe v;iues of ED50 and D50 will only be used to compare the

gsensitivities of individual panelists with the average

sensitivity., Their counterparts, Z @ 50 PD and 2 @ 50 PDn, are



15

S
true measures  of the panel detection and discriminhation

thresholds, respectivelyhli That is, they are measures' of the
dilutions (concentration) at which 50% of the panel responds to
‘the presence of the odour. Therefore, these are the actual panel.
thresholds, unlike the ED50 and D50 which are the geometric means
of individual panelist thresholds.

When the panel thresholds are to be expressed in

concentration units the detection threshold will be designated as

C @ 50 PD and the discrimination threshold will be designated as -

C @ 50 PDn.



IV. EXPERIMENTAL DETAILS

The objectives of the experiments performed in this study

were to

e validate the procedure normally used to calibrate the ¢
dynamic dilution olfactometer

» develop and validate an odour generator that can supply
the olfactometer with a continuous flow of odourous gas
at a constant odourant concentration

s+ generate the raw data necessary to produce odour impact
models from a wide spectrum of panelists subjected to six
chemical odourants

¢« generate enough data to detect variations in perfbrmance

of panelists who differ in terms of age, sex and
employment in odourous or non-odourous conditions.

A. Equipment Details

The equipment used in the odour evaluation ekperiments
included an odour generator, an IITRI olfactometer, and an odour

testing booth,

1. Odour Generstion
‘Generation of a continuous flow of odourous gas with a
constant odourant concentration required the design and

construction of ;

o an air preparation systen

e a gystem for the introduction of the odour into the
clean air at a constant rate

o a predilution system

A}

e a feed system for delivery of the odourous gas to
the olfactometer.

16
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These components were combined into'Ehe odour generator
illustrated achemat%cally in Figure 4.1.

Compressed air from the laboratory air line was passed
through a filter where oil ana dirt were removed: The flowrate
was controlled by a valve connected to the air line and measured
using a rotameter. The filfered air was bréught to a constant
temperature by passing through a 10;foot copper coil immersed in
a constahg temperature water bath. The air was then dehumidified
and its temperature was mea;ured in a chamber containing a bed of
Drierite .approximately' 5 inches in depth., The volume  of the
pgepared air was then measured with a dry test meter corrected to
25°C, Since the measured gas volume nust be corrected for
pressure in addition fo temperature, a U-tube water manometer was
cbnnected in line at the exit from the dry test meter for
pfessﬁre measurement. Subsequently, .the air stream - passed
through an activated carbon bed, six inches in depth, to remove
potentially odourous organic material from the air supEl&. A"T"
fitting in the line split the flow between two sections of the
odour generator. One line led to a regulating velve followed by
a rotameter which directed the gas to a horizontal cylindriecal
tube containing the odourant. The air passed over the surface of
the odourous material kept/gt a ﬁonstant temperature. The head
space above the odourant was continually flushed to produce an
odourous gas stream. The air diverted from the.odour generator
passed through a rotameter before mixing with the odourous air

exiting from the odour generating tube. This approach provides a
o=
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level of predilution of the odour before it reaches the
olfactﬁmeter. Wiéhout this dilutioﬁ.step; the odour delivered to
the olfactométer could be excessively intense. The odourous gas
was delivered to an odour chamber of approximately 3 litres
capacity. There were three exit tubes from this vessel. One was
a sampling port which was normally c¢losed unless the gas'was
being sampled for analysis. A second tube aeliQered the gas to
the olfactometer and the third tube allowed the unused portion of
the gas to exit to the atmosphere, outside the building.
Odourant was supplied to the olfactometer by means of a variable
speed peristaltic pump with a range of 60 to 600 RPM. The
odourous gas was removed from the supply chamber by the pump and
passed through a small chamber which dampened the pulsating” flow
of the peristaltic pump. The smoothed flow from the dampening
chamber then passed through a rétameter and into the olfactometer
supply.line. |

The strength of the odour from the generator was
adjusted by regulating thé proportion of air which bypagsed the
odour tube. In addition, .the amount of odour sent to the
olfactometer was varied by <changing the peristaltic ~ pump
flowrate. Care was taken to ensure that the flow being delivered
to the olfactometer did not exceed the flow of odourous gas to
the supply chamber. If this were to occur then clean atmospheric
air would enter through the excess odour exit tube and cause an
unpredictable additional dilution of the oaour.

For any spgcific test, the odourant tube was connected

to the system only after the desired flow had been established.
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B;fore panelists begaﬁ a tesé}\thq_systemmyas allowed to reach
eéuilibrium for a one—ﬁalf hour period. Af£ér‘the testing was
completed the supply of air from the compressed Qir line was shut
off and the change in ﬁéight of the odourant tubegand the volume
of air passed through thg‘odour generator over the testing period
were recorded. These vélues provided the basis for evaluating
the concentration of the odourant in the gas stream entering the
olfactometer.

A more detailed description of the odour generator and
an gxplanation of tﬂe experimental méthod used to verify its

capabilities are provided in Appendix I.

2. Odour Evaluation Equipment

The odour evaluation equipment consisted of a dynamic

olfactometer housed in an odour-free test room.

a. The Dynamic Olfactometer

The olfactometer used in this study was purchased
from.the I1IT Research Institute [15]. It consists of a dilution
air pump, a peristaltic odour pump, a signal box, air rotameters,
deodourizing chamber, six sets of sniffing ports, two manifolds,
and Teflon sample lines. This inst;ument provides six dilution
stations each equipped with a set of three glass sniffing ports.
Two of the porté emit deodourized room air (blanks) while the
third discharges the odourous gas ailuted with deodourized air.
The IITRI olfactometer is illustrated in Figure 4.2. The flow
patterns associated with this apﬁaratus are depicted in Figure

4.3.



The IITRI Six-Level Dynamic

Triangle Qlfactometer.

FIGURE 4.2:
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The, odourous éas is .delivered to the olfactometer
ag a rate chosen by the panel leader depending on the reqﬁired
rﬁnge of dilutions to be used in .an odour evaluation. " The
deodorized dilution air is supplied at a rate of approximately 10
L/min.' Two manifolds divide the odour and air flows among the
odour qtationS‘iﬁ gspecific ratios. Each port delivers between
600 and 700 mL/min of air or odourous sample. Preliﬁinary
testing showed that panelists could not sense any éas pressure on
their noses and, therefore, they were uipble to detect variations
in gas flowrates between ports. Consequently, the response of
the panelists were not influenced by the small differences in
total gas flowrates that occurred from port to port. ~ The
concentration of the odourant at each dilution level increased -
frdm\left to right by a factor of approximately 3.0.

A \signal box _with si% tripie sets of lights
provided panelists inside tﬁ% odour }ree room with a means of
communicating “‘their responses to the panelileader.‘

The dilution levei at each odour station was
estdblished using a volumetric flowrate calibration technique.
Experiments were conducted to prove that this technique provided
an accurate measure of the actual dilutions expefienced ét each
olfacéometer station. These procedures are described in detail
in Appendix II.

Following each teat, the olfactometer was purged
overnight wusing a high flowrate of deodourized air. This
cleaning process rendered the ports indistinguishable from each

other after several hours.
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A detailed equipment description is given in the

Instruction Manual for ﬁxnamic Triangle Olfactometer: 1977 Model
[123." - |

b. The Odour Test Room

Ail odour tests were carried out in an odour-free
environment maintained iﬁ a previously designed odour—f;ée test.
room. This 4 ‘ft wide by 4 ft long by 8 ft high chamber is a
double walled room equipped with a door, a glass window, an
interior light, an electric air” cleaner and an exhaust fan for-
remov§l//of odours introduced through the olfactometer. The
inside walls are constructed of washable arboritg;[zal. o

- The air cleaner delivers odour-free background air
into the test room at a low flow of 100 fts/min or a high flow of
150 ftalmin. It consists of a +two stage electrostatic
precipitator for particulate reﬁoval dowﬁ to 0.03 um {microns)}
with a disposable carbon filter for removal of odours. An
outside lint screen removes larger dust particles [21].

The test room houses the olfactometer and a wooden
stool used as a seat by the panelists during an odour evaluation.
Precautions were taken in the design of the test room to maintain
an atmosphefe free from distractions or outside noisge [21].

B. Panelist Selection and Training

Panel selection and the need for training procedures depend
upon the tasks that a sensory panel is asked to perform. A panel

to be used for making discriminating measurements such as
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measuring the quality and intenéitj’ Eharacteristics._ofi odours
would be selected on a different basis than a panel used to
measure adhoyance or the threshold responsge - of the .general
population [13]. |

While odour intensity and threshold measurements require
only a few trained experts, the evaluation of the impact that an

odour would have on a community requiges e panel representative

-

of +th 'entire population. Also, since go discriminating
seleétio of panelists is to be performed, a\ large number of
panelists is necessary to achieve reproducible odour evaluations.

“Consequently, in this study a large number of panelists was
used to create each odour impact model. The number of panelists
lvaried between 22 and 28 for each model. Five panels of ten
membe;s each were formed from the group participating‘in each
test to allow a statistical comparison between smaller panels.
In_ addition, panelists were chosen from different age groups
representing both sexes to produce panels that are truly
representative of the populatf%n. This yariefy also provided
enough data to compare the sensitivities of panelists who differ
in terms of age, sex, and the presence or lack of odoufain their
working environment. A list of panelists and £he data pertinent
to this ' investigation about_ each individual is included in
Appendix III. - ;

For tests invoiving the determination of odour thresholds
and odour character froﬁ which the population respongg?is to be

.estimated, the only training qgeded is how to proceed with

smelling and ;esponding to the specific odour [14].



C. BRBxperime Procedure
| Each chemical odourant was examined over a'period of one
day. During this time five pangls of 10 peop;e'were subjected to
the odour under investigation. Each panelist evaluated an
-. odourant an average of two times during the testing.period but

not more thaﬂ three times. | |

- Two of the chemicals were tested using seven 10-member
panels. These panels functioned on two different days with five
panels the first day and two panels a week later. This testing
protocol facilitated the comparison of panel responses between

different testing sessions.
The evaluation of each chemical was preceeded by =a
preliminary test which did not require the use of a full sized

‘panel.

1. Preliminary Test

The purpose of the preliminary test was to adjust the

gettings of the odour generator until an odour concentration was

achieved which

¢ could be detected by 3 panelists (who have exhibited
average sensitivity to odours in the past)
consistently near the middle of the dilution levels
available on the olfactometer.

o did not exceed the maximun short term exposure
limits published in industrial hygiene guidelines
[20].

The first objective was accomplished by beginning with

a low odour concentration which was slowly increased until three

panelists who were not overly sensitive or insensitive to most
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odours detected the odour consistently at, dr near, the fourth
dii;tion level. By centering the detection point near the middle
of the dilution range available on ' the olfactometer —it was
possible. to develop odour imp#&t models which extended both below
and above the average point of detection.

After all the ‘approﬁriate settings of the odour
generator had been determined ({(including rotameter readings,
generator internal pressure, and gas and bath temperaturesf the

system was shut down by opening the b&pass valve illustrated in

Figure 4.1. This valve is used since it is the only one that
provides an on/off capability. When the bypass valve is opened
the generator stops , producing an odour. Once this wvalve is

reclosed all rotameter settings return to their original
positions. This design makes it very easy to maintain consistent
operating conditions between tests. After shut down of the odour
generator is accomplisﬁed, the initial mass of the odourant tube
and its contents is measured. In addition, the diai reading on
the dry test gas meter is recorded. Following this, the valve is
closed and the odour generator begins to operate at its previous
settiég.

Once the odour generator and all other equipment used
during a normal testing session are operating they are allowed to
function for a period of 30 té 45 minutes. During this time no
panelists are required to evaluate the odour. This period is
used to equilibrate the olfactometer tubing with the odourcus gas
stream. This is a necessary step in order to minimize adsorption

of the odourant from the gas sgstream onto the tubing of the

W
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olfactometer during panel evaluation of the odour.

After this period was completed, the final mass of the
odourant tube and contents was measured and the volume of éir
passed through the systéh was recorded from the dry test meter.
Calculation 6f the odourant concentration was performed as
described in Appendix I.

The gxpected odourant concentration in the stream
coming from the olfactometer station with the lowest number of
dilutions was determiﬁéﬁffor comparison with maximum short term
exposure limits published in the most recent industrial hygiene
guidelines [20]. While this comparison may appear to be an
excessively cautious step due td the extremely small chemical
doses given to the panelist during the testing period, it was
fgund to be a great reassﬁrance to all panelists, many of whom
worried about the risks associated with their participation in
the odour study. Deapite verbal reassurances about the
negligible risks associated with their exposure, the “only
satisfactory way to reduce their apprehensions was to present the
paﬁelists with .actual measurements from the preliminary test and
to compare them with shor£ term exposure criteria.

If the calculated concentration were to exceed the
published guidelines then the odourant concentration must be
reduced and the preliminary teat répeated. Fortunately, this

situation did not arise during this investigation.

2. Panel Evaluation of the Odours

Inside the odour booth each panelisf was provided with
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a form for recording the individually perceived complaint level

asaociated with each dilution level., This form ig illustrated in

Figure 4.4. Participants were asked to

* proceed individually by starting from the most
dilute level (left) and proceed towards higher-
concentrationa of the sample

¢ sniff fresh air from the air cleaner, located to the

- right and behind the panelist, between dilution
levels especially when the panelist experienced a
loss of sensgitivity due to fatigue

¢ press the button corresponding to the port at which
they could perceive the odour. If unable to detect
the odour, the panelist was requested to make a
guess {forced-choice olfactometry)

. * identify the dilution level at which they are sure,
- beyond any doubt, about. the presence of the odour

» identify, using the preprinted form, the dilutions
at which they would complain if they were exposed to
similar odourous stimuli for an average period of

eight hours and rate their degree of_gnnoyance at
each level on a scale of 0 to 10 [15].

The panelists' selections of the ports at which they
perceived thé odour were recorded from the signal box responses
on a panel record sheet shown in Figure 4.5, The operating
parameters associated with each test were recorded on a Test Data
Sheet form illustrated in Figure 4.6.

N The information contained on these forms provide all
the date necessary to evaluate the percent probabilities of
detection, discrimination, and complaint as well as the degree of
annoyance as functions of odourant concéntration. The methods

used to reduce this raw data to the odour impact model a=are

described in Appendix 1IV.
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NAME -

At oy port whaTo you axe ¢ertadn, beyend a deubt, about the presencs efshnodor
inder {nvestigitio, clrcle & valus vhich expresses your degree cfmyﬂ:ca:or
potentisl cxplaint level £ you were upcsedmtsi::uxrodoreni‘:tedinum&mlr‘
cvar mm 8 hour period every day during the wamm izy taScptmbe-rﬂ:nths of avery yesr,
using & scale £ 0 to 10,

Sezpling ?
Statien C Q

HO ANTTANCE 0 0 0 0 0 0
1 1 1 1 t 1
2 2 2 Z 2 2
3 3 3 3 3 3
4 4 i 4 4 4
5 5 5 5 5 5
-] [} [} 4] 6 4
7 7 7 7 7 7
3 g 8 g 8 8
g 9 9 9 9 9
MAXTMIM ANNOYANCE 10 10 10 10 10 10

l. At what levels aro ycu sure that you can describe the odor?

1. Pleade describe tho odor in cna or two words by exmparing to your provicus
expariencss,

- FIGURE 4.4: Panelist Response Sheet.
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EDSO EVALUATION BY ASTM E&79 METHOD

Sample:

Evaluation Date Tine Termp.

“

Na. Nama of ' Diluticn Lavels
of Panalist

Panalists 1 2 3 4 5 P

Log
Individual
EDSo

DILUTION FACTORS

10

SUM LOG INDIVIDUAL EDSO: AVERAGE PANEL EDSO:

RESULT: EDSO:

FIGURE 4.5: Panel Record Sheet.




TEST DATA SHEET

Odour Impact Model Teats

Ient Descrivtion

Date:

Cdourant;

Teat No!: e L

Tecos Conditione e
|

Nusmsber ot Paneligta: -

Panel 1D #:

Dilution Alr Rotometer Setting:

Odour Supply Rotameter Setting:
Odour Genarator Rotameter A Setting:
Odour Generator Rotameter B Setting:

Odourant Tube Bath Temperature:

Dry test ﬂctér Prenaure:

Atmosphevic Prcosure:

Qdour Congentration Determinntion

Inttial Odour Tube Welght: (groma)
Final Odour Tube Weight: {grams)
Mangs of Odourant: {grams)

Initinl Dry Test Meter Rending: (ftal

Final Dry Test Meter Reading: tred)
Volume of Air: (ft3}
{Litres)

Calculnted Concentration: (pu/MJ)
{at 10°C and 760 mm Hg) ’

FIGURE 4.6: Test Data Sheet.




V. TRESULTS AND DISCUSSION

Odour impact models (QIM’S) have been developed for the six
chemicals listed in Table 5.1. The data fop each of the te%Fs
were analyzed to identify parameters which are important in the
OIM development process.

For convenience, the names of each of the six chemicals will

be shortened to the designations shown in Table 5.1.

TABLE &§.1: Chemical Odourants Investigated.

No. ' Chemical Name Designation
1 n-Butyl Acetate ’ Acetate
2 Propylene Glycol Monomethyl
’ Ether - Glycol
3 Methyl Iscamylketone
(5-Methyl-2-Hexanone) Hexanone
4 Isobutanol ) Isobutanol
5 n~-Butanol Butanol
6 Octane Octane

The six odour impact models were developed using five panels
consisting of 10 members each. The overall OIM for each odourant
is developed by combining each of the five panels into one large
panel consisting of 50 responses. Note that ‘these responses come
from between 22 and 28 panelisté; gsince, each panelist evaluated
the odour more than once. The final odour impact models for the

six chemicals under investigation are illustrated in Figures 5.1

33



through 5.6. Although only six dilution levels were examined.by
each panel, Figures 5.1 to 5.6 show twelve points correspbnding
to each curve of an OIM. This difference is the result of the
data from each of the five panels being interpolated at 12 points
to produce a smoother curve,

A. Verification of the Olfactometer Calibration Technique

The dilution factor af each of the olfactometer stations
must be gstablished if tﬁe_responses of an odour panel are to be
expressed on a.quantitative basis. The factors can be evaluated
by measuring the odour and dilution air flowrates delivered to
.éach port or by measuring the concentration of a known odourant
at each port and comparing them with the original odour samﬁle

3
concentration. <

The - dilution factors .determined at “each port using the

volumetric calibration technique are calculated from

7z = Qa,i + Qo,l
. i
o,1
-where Zi = the dilution factor at dilution level "i"
Qa i = the dilution air flowrate at level "i" {nL/min)
1
0.1 = the odour flowrate at level "i" (mL/min}
?

If the concentration based calibration technique is wused
T
then the dilution factor at each port is calculated according to




PROBABILITY (Z) OR ANNOYANCE X 10

PROBABILITY OF DETECTION
PROBABILITY OF DISCRIMINATION
PROBABLLITY OF COMPLAINT

1
2
3
4

DEGREE OF ANNOYANCE
1
: ST TT T T T V1717 f -
3 4 57391 2 3 455739] 2 ikl';—:]]lll
02 1 3 104 3 4 5751905

CONCENTRATION (uG/M3)

FIGURE 5.1: Odour Impact Model for n-Butyl Acetate.
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PROBABILITY (%) OR ANNOYANCE X 10

PROBABILITY OF DETECTION
PROBABILITY OF DISCRIMINATION
PROBABILITY OF COMPLAINT
DEGREE OF ANNOYANCE

N W B N

FT
2 3 4 S 6789 2 -3 456789' 2 3

Q3 - 10 103

CONCENTRATION (UG/M3)
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where Z1 = the dilution factor at dilution level "i"
Co = the odour supply concentration
C. = the odourant concentration at level "i"

The volumetric technique is normally used to calibrate the
olfactometer since it is very quick and requires no complicated
or expensive instrumentation. The concentration technique is not
as simple since it requires a sample collection apparatus and an
instrument which is capablé of accurately measuring a large range
of chemical concentrations.

In past work involving the IITRI olfactometer, it haé been
assumed that the volumetric technique provides accurate measures
of the dilution factbrs at each olfactometer station. However,
this assumption had never been verified Therefore, before odour
impact models for specific chemicals ‘could be developed with
confidence, it was necessary to confirm the results of the
volumetric calibration procedure using & concentration based
technique. )

An odourous gas stream of n-butanol in air was generated and
introduced into the olfactometer. The concentration of the odour
supply and of the diluted streams emitted from the olfactometer
ports were measured using an Organic Vapour Analyzer {(OVA).
These values were then used to determine the &ilution factor
corresponding to each olfactometer s;ation. During the same
testing period, the volumetric flowrates of dilution air and
odourous sample at each station were also measured and used to -

determine the dilution factors.

A comparison of the two techniques demonstrated that the
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methods produced results which differed by “less than 3%. The
good correlation between the two calibration techniques indicates
that the Qolumetric calibration procedure produces accurate
measures of the ‘dilution factors at each of the olfactomeéer
ports. ‘

The experiméntal procedure and the regults are presented in

detail in Appendix II.

B. " Panelist Characteristics.

o

The effect of sex, age and odourous workfng conditions on
the panelists!’ abi;itiea to detect odours were examined. Each
panelist was requested fo complete a '‘questicnnaire which ;aked
the sex and age of the panelist and whether or not the individual

worked under odourous or non-adourous conditions.

1. Sex

‘The detection thresholds of male and female paneligts
between 18 and 27 years of age were calculated for the six
chemicalsg. Subgequently, the average value for these male and
female panelists{ grouped separately, were determined and
compared using the Student’s t-Test for the comparison of two
means [9]. This test had to be performed in terms of the average
logarithm of the detection threshold instead of the actusal
threshold value because the detection thresholds are log-normally
distributed [51]. The results of the calculations are\sﬁown in

Table 5.2.

When the calculated values of the t-statistic are



TABLE 5.2: Comparison of the Mean Detection Thresholds
. of Male and Female Panelists.

Logarithms of Thredholds
Oggur Male Female t af
Mean s Mean a -
1 0.000 . 0.228 0.130 0.348 0.691 40
2 2.052 0.137 2.070 0.287 0.111 | 40
3 -.189 <| 0.263 0.070 | 0.267 1.133 | 37
4 0.395 0.336 0.451 1.020 0.199 38
5 0.533 0.170 0.548 0.475 - 0.089 44
6 1.617 0.220 1.812 0.024 1.216 36
— — — — ——

df = no. of degrees of freedom t = t-statistic
¢ = gtandard deviation ’

compared to the tabulated wvalues [15] at the 5% level of
significance, the results demonstrate that there 1is no
significant difference between the male and female panelists
between 18 and\27 years of age.

An additional comparison was performed using two panels
to develop two odour impact models for each of three odourants;
glycol, butanol, and octane. The first panel in each case
consisted entirely of males and the second consisted of females;
all being.between 18 and 27 years of age. The results of these
odour impact models were compared using the one-way Analysis of
Variance (ANOVA} technique explained in Appendix V. The ANOVA

test was applied at four evenly spaced concentration vaelues along
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the degree of annoyance curve and at the average detection

threshold (ED5 The results are tabulated in Table 5.3.

0)'

TABLE 5.3: ANOVA Comparison of OIM's Generated by
Male and Female Panelists.

_ : _Calculated F-statistic at Point
Odourant — : - :
1 2|3 | 4 D50
Glycol 0.871 { ©0.042 [ 0.110 | 0.514 | 0.319
Butanol 1.199 1.738 2.656 3.086 0.558
‘Octane 0.528 | 0.558 1.350 1.478 1.096

The critical value of F from statistical tables for the
comparison of two groups with 10 members each is 4.41 at the 5%
level of significance. This &ﬁizg‘is not exceeded at any of the
points of comparison along the. DA curve nor at the detection
.threshold. Therefore, it can be concluded that there is no
significant difference between male and female panelists between

18 and 27 years old.

A full distribution of ages representing both sexes was
not available and, therelore, a conmplete comparison between the
two genders could not be performed. However, the results for
this age group suggest that differences in sex are not largely

responsible for the differences in panelists’ abilities to

perceive odours.



45

2. W j tmosphere

The detection thresholds of panelists gétween 18 aﬁd 27
years old who are employed under odourous or non-odourous working
conditions iwere grouped separately and their averages“ were
compared using the Student;a t-test for significant differences.
The results of this comparison are shown in Table 5.4.

The values of the t-statistic do not exceed critical
values tabulated in the 1literature [8] for the 5% level of
significance. Thefefore, people between 18 and 27 years of age
who claim to be employed in odourous working conditions do not
exhibit any significant differences in their ability to detect

odours,

TABLE 5.4: The Effect of Odourous and Non-Odourous Working
Conditions on Detection Thresholds.

Logarithms of Thresholds
Oggur Odourous Non-0Odourous t af
Mean a Mean Lo
1 0.024 . | 0.223 -.149 0.236 0.942 | 33
2 2.081 0.147 2.032 0.186 0.388 | 40
3 -.284 0.212 -.260 0.112 0.158 | 32
4 0.383 0.306 0.457 0.779 0.326 | 38
5 0.589 0.225 | 0.633 0.288 0.281 | 40
6 1.679 0.186 1.651 0.182 0.203 | 36
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A full distribution of ageé for both groups was not
available and, therefore, insufficient data was generated td
measure the effect o% odourous and non-odourous working
conditions for all people. However, the results of tﬁis

experiment indicate that young people who are emploved in an

odourous atmosphere retain their ability to perceive odours as

least as well as those who are not employed in odourous working
conditions, Therefore, an odourous working atmosphere is not a
major contributing factor +to the differences in panelists’

sensitivities to ocdours.

3. Age , ' | )

The detection threshold.(EDso)\of panelists over the
age of 30 years and over the age of 50 years were grouped
*» geparately for comparison with the overalydmean panel threshold.
The results of these two tests ére shown in. Tables 5.5 and 5.6.

The value of t from statistical tables for 50 or more
degrees of freedom is approximately 1.65 for a 5% level of
significance, 1.96 for 2.5% significance, =and 2.34 for 1%
significance [9]. The wvalues in Tabl; 5.5 reQeal that in many
cases the threshold of the over 30 age group is significantly
different from the mean panel threshold. The over 50 age group
exhibits the same characteristics. Therefore, the age of the
penelist is an important factor in the odour evaluation
procedure.

There were not enough panelists available to make a



TABLE 5.5:

‘Comparison of Paneliats over the Age of
30 with the Overall Group.

Logarithms of Threaholds_

Oggur Group Older than 30 + df
Mean c Mean' o

1 0.068 0.258 0.278 0.295 1.027 56

2 2.027 0.164 1.892 0.164 0.926 | 58

3 -.119 0.252 0.168 0.297 1.855 62

4 0.528 0.519 1.022 0.610 1.951 58

5 0.549 0.257 0.620 0.058 -0.470 52

6 1.739 0.172 2.006 0.086 2.179 61

TABLE 5.6: Comparison of Panelists over the Age of

50 with the Overall Group.

Logarithms of Thresholds &:;?::j

Ogg?r Group Older than 50 ¢ af
Mean a Mean o]

1 0.068 0.258 0.268 0.411 0.842 54

2 2.027 0.164 2.140 0.036 0.611 54

3 -.119 0.252 0.209 0.376 1.577 55

4 0.528 0.519 1.247 0.261 2.541 55

5 0.549 0.257 0.790 0.115 0.663 50

6 1.739 0.172 2.037 0.056 1.972 | 56

47
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full statistical analysis of the rahge of ages betweén 18 and 63.
However, if the thresholda.for age groups are normalized with
reapect to the group average threshold, it can be seen that as
age increases there is a trend Aemonstrating a loss of olfactory

sensitivity. This trend is demonstrated in Table 5.7.

TABLE 5.7: Normalized Age Group Detection Thresholds
(ED50 expressed in concentration units)

Age (years)‘ Normalized Threshold (EDSd)
All (18-63) 1.00

30-39 . 1.33 .

40-49 2.19

50+ q 2.31

Since age appears to be an important parameter in the
sensory evaluation of odours, all odour panels should be composed
of people of a variety of ages to reflect the sensitivity and

regsponse of the general population to an odour stimulus.

C. Paﬂel Size

The human nose is the wultimate Jjudge of the sensory

characteristics of an odour. However, the responses of odour
: \

judges, even those that are highy trained, are extremely

variable. This means that more than one panelist is required to

obtain reliable odour data [21].

The objective of the odour impact model is to determine the
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relationships between odour levels and annoyance thresholds in
the community (11]. Any evaluation of community odour nuisance
would require a panel representative of the entire population.
In a random selection of panelists, the -panel reflects the
distribution of sensitivities of the population. Panelists
chosen for their closely similar sensitivities provide ‘more
reproducibie values but do not give an insight into the
population response [16]. Therefore, the panelists uéed in the
development of an odour impact model shouid be randomly picked in
ofder to adeﬁuately represent the population. This means that a
high-range of variability is fo be expected in the model results.
For +this reason, expériments are required to detérmine the
optimum number of-panelisﬁs needed to produce results that are
acceptable in terms of their reproducibility and their.
measurement costs.

It has been shown that the age of the panelist is an
important factor in the selection of odour judges. A large
random selection of panelists from the populatibn would reflect
the distribution of ages in the populatioh.'However,Asince the
panel sizes used in this study were not large enough to achieve
an adequate age distribution, this distribution had to be forced
onto the panels. That is, every panel of . 10 members were
required to have between 2 and 3 panelists who '‘were over the age
of 30. Panélists below the age of 18 could not be used since
they are considered to be migors under the laws of Ontario.

Each odour impact model  was developed from five panels

consisting of 10 members each. Individual panelists were usually
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members of more than one panel but never more than three. Ten
panel members was considered to be a minimum number of panelists
fér an odou¥ evaluation because past work has revealed that this
number is required to produce consgsistent and reproducible 6d;ﬁr
threshold measurements [14,21]: The odour impact models
developed from each 10-member panel are shown in the Appendices
corresponding to each odourant.

An analysis of_;ariance statistical teét was performed for
each odourant to compare the results of the 10-member panels.
This test was performed at six equallj spaced points along vine
degree of annoyance curve and at the mean detection threshold
(EDSO) f;r each panel, The calculated F-ratio for the test
lpoints corresponding to each odourant are shown in Table 5.8.

n

This table also includes the value of g calculated for
Cochran’s Test for the Homogeneity of'Va:iances. Th;a test may
be used to increase the confidence about conclusions reached from
the ANOVA test. Explanations of these‘testé are contained in
' Aprendix V.

The critical value of the F-ratio from statistical tables
for 45 degrees of freedom between panelists and 4 degregs of
freedom between panels is 2.57 at the 5% level of significance.
Since none of the calculated yalues of F exceed the table value
the conclusion can be .made that there is no sgignificant
difference among the 10-member panels and that each panel derives

from the same population. The latter coneclusion is critical in

odour evaluations since it is necessary to produce odour impact



TABLE 5.8: ANOVA and Cochran Test Results for
10-Member Panels.

) Comparison .Point
Odourant Test
1 2 3 4 5 6 ED,
Acetate F 2.4 { 1.9 { 1.4 [ 0.7 | 0.6 | 0.1 | 0.2
g 0.8 | 0.7 | 0.3 0.3} 0.3]0.31]o0.3
Glycol F 0.8 | 0.6 0.9 1.5 }|.1.6 | 1.2 | 0.3
g 0.9-/' 0.5 [ 0.6 | 0.4 [.0.4 [ 0.241] 0.3
Hexanone F 1.0 | 1.4 | 1.7 1.4 | 1.3 |.1.5 | 0.8
g 0.7 | 0.8 | 0.5 | 0.5 | 0.5 | 0.4 | 0.3
Isobutanol F 0.8 0.7 1.0 0.9 ]| 1.4 ]| 1.4] 0.5
g 0.9 | 0.4 0.3 ]0.350.3]0.3]0.3
Butanol F 1.0 | 1.0 [ 1.0 { 0.9 | 0.8 [ 1.0 | 1.3
g 0.0 { 1.0 | 0.4 | 0.3 { 0.3 | 0.3 | 0.4
Octane F 2.3 1.9 1.7 1.1: 0.3 0.1 0.8
g 0.8 | 0.4 0.3 ]0.3]0.3] 0.3 (.0.3
5(45,4) = 2.57 . g (.(10,6) = 0.3682

models which represent the reéﬁonse of thé overall population.
The results of the ANOVA test do not prove, hoﬁever, that
the 10-member panels produce the same set of curves. Rather, the
test results indicate that the individual panels produce
egsgentially the same ‘variability in their responses and that
these variations overlﬁp each other around some common valﬁe. AN

general, there are three possible conclusions which can be made

- ()
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from an ANOVA test: )

{l1) If the calculated value of F'exceeds the critical value
then there ia a significant differencé between groups.

{2) .If the calculated value of F is less than 1.0 and if
the value of g is less‘than its eritical value, then the means of
the compared groupsnare essentially theléame. _

(3) If phg,calculated valué of F is greater thgn 1.0 but
less than the critical value then no valid conclusioﬁ may be
drawn abouf the equality of the means. ‘

Before a concluéion may be made about the opfimum panél Bize
for an‘ odour evaluation, consideration must be given to the
intended use of the OIM.

[

1. Measuring the Impact of an Odour on_ the Community

Thé‘results_presented in Table 5.8 indicate that the 10
member panels produce no-significantly different'results at thé
5% le§¢l;of significance. Desﬁite this, it is apparent that mény
gf‘the éélculqtgd values of the F-ratio are between 1.0 and.the
c?itiéairvalue. Thig would leave some doubt about the 10-member
‘.panel belng a true representation of the general population even
though it 'shows close to the same variations as other 10-member
panels. This reéult~leads to the conclusion that a s¥ngle panel
of this size would not provide a satisfactorf measure of the
impact of an:odour on the community.

~In any analytical measurement, & certain minimum degree

of accuracy muast be achieved. In the case of the Odour Impact
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Model it is not easy to achieve a high degree of éccuracy withou£
using an unrealistically large number of pane;iéta. lUgually,-a
- compromise must be made between the reduired minimum degree of

accuracy and a practical numﬁer of panelists.
The accufacy of a-séries of measuremepta may be. judged

by the confidence limits asscciated with the measurements. These

confidence limiis are determined ﬁsing v
. . : -
. . o
p CL = X ta ;TTZ
_ = . .
CU = X + tF ;TTZ

where CL = the lower confidence limit
. o R *
= the upper confidence limit

the mean .value of the measured variable .

the standard deviation.of the measured variable

%y
X
@
n the ﬁumber of measurements of the variable
t
a

= the Student’s t-value at n-1 dégrees of freedom and
. a conidence level of l-a ‘

As the number of measurements incfease, the upper and -
. lower values. of the confidence limits convergé'toward each other.
This produces a smaller confidence interval associated with_the
mean. The smaller a confidence interval must be, the greater the
number of measurements required. '

If a sgingle panel of 10-members _evaluates an odour,

confidence limits may be q§termined for the degree of annoyance

S
-
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at ‘any dilution and the average panelist threshold (ED50).
Confidence limits may only be calculated for thesge points since
they are the only measuremehts in the Odour Impact Model which
depend bﬂ the single panelist. Limits cannot be determined for
any ppints along the probabilit} of detection, disérimination, or
complaint curves because these curves-are not dependant on the
individual panelist but on the panel as a whole. For. example,
the dilutions at which 75% of the panelists complain about the
odour cannot be assigned confidence limits ffom a single panel
since each panelist does not pr;vide a measure of this value. On
éhe other hand, each panelist has his own detec;ibn threshold and
a degree of annoyance at gll dilutions of aﬂ odour; therefore, it
is possible to calculate a éonfidence interval. for these values
based on the mean and the  variations of the values between
panelists.

In order to determine confidence limits for the
probability of detection, discrimination, and complaint curves it
is necessary to evaluate ﬁhe odour ﬁ%ing more than one panel,
The more panels that are used, the smaller the range of
confidence will becom;.

Therefore, when measuring the impact of -an odour on the
community "it is necessary to

° use panel sizes of no less than ten members,with at
'least 2 panelists over the age of 30, so'that the panel exhipits
the same-variatioﬁ§ as the overall population.

e perform multiple panel evaluations of the odour to

permit the calculation of confidence 1limits. The number of

-~
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panels that are required depends on the maximum acceptable size
of the cdnfidence limits associated with the odour impact model
curves.

2. Genperating a Standard OIM for a Chggiéﬁ;

-Normally the odour impact model describes community
reaction to an bdouf as a function of the dilutions of the odour
fer the odour source. An alternative use is to creaté standard
reference odour impact models which reflect the attitude of the
general.- population as a function of odoﬁrant concentration.

These curves may then be used to set guidelines for maximum

concentrations of odourous chemicals in ambient air based on the

- 1

annoyance potential of the odourant. For certain' chemicals
guidelines such as these are necessary even though'the‘chemicals
de not cause any immediatelf obvious health problems. For
example, it is possibie for an odourant to be present in a

working atmosphere at a concentration which is not considered to

-adversely effect the health of the worker but it may still be

deﬁected by thé senze of smell. If the exposed'persoﬁ findé this
odour to be offensive it may have an effect which. is not as
readily obvious =as symptoms of most work .related diseases.
Research has shown that prolonged exposure to annoying odours can
generate wundesireable reactions in people which nay includé
unease, discomfort, . irritation, anger,. dep;ession, headaches,
nausea and vomitting _[15]. To avoid, these consequences of

exposure to odours an odour impact mnodel may be consulted to

determine a concentration that is acceptable in terms of its
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annoyance potential.

The values in Table 5.8 indicate that while the
10-member paneis do not demonstrate any significant difference
between panels there are still largé Qariatibns in the responses.

This degree of 'variability is more obvious when the curves are

placed on the same graph for comparison. For example, Figures

5.7, 5.8, 5.9 and 5.10 are the superimposed curves for the

!

10-member panels evaluating n-butanol over a radge of
concentrations.

It is immediately apparent that any values read from

-

these curves would vary considerably. As an illustration,

consider the calculations necessary to determine the degree of

-

offensiveness of an odour. - The degree of offensiveness 1is

-

definedlby -

DO = (MDL @ 100 PC) (DA

100’

the maximum dilufion level at 100%
probability of complaint.

where MDL @ 100 PC

DA the predicted degree of annoyance at 100%

100
probability of conmplaint.

DO = the degree of offengiveneés

This calculation fequires two valies £o be determined
from the odour inmpact model curves. Unfortunatély, the values
corresponding to the . 100% probability of complaint were not
always ‘available since the odours exanined were not particularly
offensiQe. In addition, the probabilities of conplaint were

measured 88 a function of concentration and not dilutions.

i

b
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Therefore, another definition of the degree of offensiveness is
required before the calculations may be carried out. One such
definition which parallels the normally used definition of the

degree of offensiveness is . -

DA
MDO = 50 x 1 x 10°

C @ 50 PDn

where C @& 50 PDn the concentration at 50% probability of

discrimination (pg/ms)

DAy = the predicted degree of annoyance at 50%
probability of discrimination

MDO

the modified degree of offensivgness. .

This definition of the degree of offensiveness cannot
be used in practice because it depeﬁds on the od?urant. However,
it can be used to show the variations which would be encountered
in the eﬁaluation.of £he degree3ofloffensiveness according to the
unmodifiéd definition. MDO is a parallel definition to DO since
it is of the same form and because concentration is inversely
proportional to the dilution factor.

" The values of the concentration at which 50% of the
panelists.discriminated the odour and the corresponding degree of
annéyance were interpolated and recorded from each odour impact
model. The standard deviation of these values were calculated
and then expressed as a percentage of the mean. These values are
presented in Table 5.9.

Thexstandard deviation valuea in Table 5.9 vary between

approximately 10 and 60 percent for the concentration values and



TABLE 5.9: Standard Deviations of Interpolated Data
from 10-Member Panels.
Standard Standard "  Standard
Cdourant X Error in X Error in % Error in.
‘ C @ 50 Pbn DAso MDO
Acetate 42 10 50
Glycol 10 32 40
Hexanone 36 37 31
Isobutanol 39 29 26
Butanol 56 39 36
Octane 34 15 20
TABLE 5.10: High and Low Values of MDO from
10-Member Panels.
Degree of Offensiveness {MDO)
Odourant Low Value High Value ggtigwoia?izh
Acetate 120 352 2.9
Glycol - 1.8 5.8 3.2
Hexanone 200 500 2.5
Isobutanol 32. 180 5.6
Butanol 100 220 2.2
Octane 4.7 7.8 1.7

62




3 63

-

between 10 and 40 percenf for the dégree of annoyance. In odour
evaluations, large déviations are =a commopplace occurrence,
however, these deviations are excessive. If the high and low
values og' the calculated degree of offensiveness {(MDO) are
compared, it is immediately apparent that the 10-member panels do
not provide consistent results. _This may be seen in Table 5.10.
Therefore, a single 10-member panel is not large enough
to reflect the annoyance potentials of the general population.
However, since 10-member panels produce odour impact models which
gshow the same variations in responses, it is possible to genefate
standard reference OIM's by evaluating the odour using a multiple
.nﬁmber of panels. The number of 10-member panels fequired
depends on the maximum acceptable size of the confidence limits
associated with‘ each of the OIM curves. The odour must be
evaluated by independant panels until the confidence interval is
reduced to an acceptable size. It is beyond the scope of this

Study to determine the optimum size of confidence intervals for

standard reference odour impact model curves.

D. Variations in Thresholds Between 10-Member Panels

The panel detec£ion threshold, C @ 50 PD, and the panel
discrimination threshold, C @ 50 PDn, were interpolated from each
odour inpact nodel produced by the 10-nember panels. The values
corresponding to each odourant are presented in Table 5.11
through 5.16 with the computed values of the géometric mean and

the standard deviation of the logarithm of the thresholds.



TABLE .5.11: Thresholds for n-Butyl Acetate

Threshold (mg/MS)
Panel No.
Detection Discrimination
1 - 1.21 ' 4.0
2 1.21 5.0
3 0.96 4.0
4 0.91 1.7
5 . 0.77 2.1
Geometric Mean . 1.00 7 3.1
Log(Mesan) 0.00 0.49
Standard Deviation
of ng(Mean) 0.08 0.20
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TABLE 5.12: Thresholds for'Propylene Glycol Monomethyl

Ether.
_“Threshold (mg/M°)
Panel No.
: Detection Discrimination
1 106 219
2 | o137 220,
3 | 145 250
4 114 190
5 E 106 ' 210
Geometric Mean 17\ 121 ' 215
Log{Mean) 2.08 - 2.33
. ’ i k“‘
Standard Deviation ' V
of Log(Mean) 0.06 0.04
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TABLE 5.13: Thresholds f;r Methyl Isoamylketone

. Threshold (mg/M°) )/
Panel No. —_— :
Detection Discrimination

1 0.96 2.0

-2 0.58 1.4

3 0.54 1.3

4 0.43 0.8

5 0.74 2.2

Geometric Mean. 0.63 1.4

Log(Mean) © -0.204 0.161

Standard.Deviétion
of Log(Mean) . 0.13 0.17
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TABLE 5.14:.

s

Thresholds for n-Butanol -

Panel No.

Threshold (mg/M°)

Detection Discrimination

1 4.65 14.0

2 4.865 11.0

3 2.05,_ 5.0

‘n} 4 3.17 5.0
5 2.05 4.0
Ggometric‘Mean 3.10 6.9
Log(Mean) 0.491 : 0.838
Standard Deviation - 4 '
of Log(Mean) 0.18 0.24

4 i
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TABLE 5.15:

Thresholds for Isobutanol

Panel No.

Threshold (mg/M°)

of Log{Mean) [1-7]

. Detection Discrimination
1 ~ 3.9 B 6.0 .
2 1.8 4.9
3 5.6 41.0
4 1.2 4.7
5 . 4.6 9.0
Geometric Mean [1-5]. 2.95 6.7
Log(Mean) [1-5] 0.470 0.827
| o8 Log (Mean) [1-8) 0.28 0.16
¥ 6 2.7 9.0
£ 7 1.6 5.0
Gedmetric Mean [1-7] 2.64 6.7
Log{Mean) [1-7] 0.422 0.827
Standard Deviation 0.25 0.15

* second session
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TABLE -5716: Thresholds for Octane

Panel No.

Threshold (mg/M°)

Detection Discrimingtion
1 86.0 120
2 63.0 190
3 74.5 100
4 42.8 90
5 52.3 100
Geometric Mean [1-5] 61.8 116
Log{(Mean) [1-5} 1.7913 2.062 ™
Standard Deviation
of Log(Mean) [1-5] 0‘127 0.13
P 6 51.0 190
7 75.0 150
Geometric Mean [1-7] 61.8 129
Log(Mean) [1-7] . 1.791 2.110
Standard Deviation
of Log(Mean) [1-7] 0.11 0.14
* gecond session
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Based on the information in Tables 5.11 to 5.16, confidence
limits for the thresholds were determined according to procedures
discussed in Appendix V. These confidence limits are shown in
Table 5.17 and 5.18 for the detection ;nd discrimination
thresﬁolds, regpectively.

The mean standard deviation between'threshqlda for 10-meﬁbéf
panels is approximately" 0.14 légarithmic units. This is
consistent with the observations of Dravnieks [4] who performed a
detection threshold study using 9-member panels and reported a
mean standard deviation of 0.2 logarithmic units. ‘Thé mean value
.of the standard deviation for the discrimination threshold was
determined to be 0.16 logarithmic units.

The threshold value determined by a senéory panel depends on
the olfactometer used. Consequently, the results of this.study
cannot be compared with others unless they were performed with an
IITRI .olfactometer. The only chemical odourant of the six'
examined in this investigation that was studied by other
researchers using ;he IITRI olfactometer was n-butancl.
Dravnieks [4] reported a mean detection thresholdrof 1.7 mg/’l"l?i
for n-butanol with a low value of 0.59 mg/M3 and a high value of
4.1 mg/MB. His standard deviation was 0.37 logarithmic units.
The " current study produced a mean detection threshold value of
3.1 mg/M3 with a low value of 2.05 mg/M3 agi & high value of 4.7
mg/M3 and. a standard deviation of 0.18 logarifhmia units. Unlike.

most repcFted thresholdé which often differ by orders of

magnitude, these two latest studies have produced very similar
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TABLE 5.17: Confidence Limits of Detection Thresholds
Using 10-Member Panels.
Detection Threshold (mg/Ma)
No. of . ——
Odourant 95% Confidence Limits .
Panelsg Mean
Low High
Acetate 5 1.00 0.85 1.18
Glycol 5 121 107 137.
Hexanone 5 0.63 0.48 0.82
Isobutanol 5 2.95 1.65 5.27
7 2.64 1.73 4.03
Butanol 5 3.10 2.10 4,50
. Octane 5 61.8 48.2 79.3
7 61.8 51.3 74.4
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TABLE 5.18: Confidence Limits of Discrimination Thresholds
Using .10-Member Panels. :

‘Discrimination Threshold (mg/Ma)

-Odourant ggﬁegg Hean 95% Confidence Limits
Low High
Acetate 5 3.10° ©2.10 4.70
Glycol 5 215, 197 235.
Hexanone 5 1 . 1.40 1.02 2.06
Isobutanol 5 6.70 4.80 9.40
’7 l6.70 5.20 8.70
Butanol 5 6.90 4.20 11.3
Octane 5 116. 88.1 151.
7 129. 81.0 146.
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results. Some of the variations may be due to the‘gethod which
Dravnieks used to determine the concentration of his odour
s;pply. His concentration value was determined from vapour
pressure - temperature relationships rather than by performing

actual concentration measurements [4].

a

Two chemicals, octane and isobutapol, were evaluated during
two separate sessions to detect any differences that might occur
ags a result of temporal variations. hh Analysis of Variance test
(ANOVA) was performed to compare the results of the two sessions

scheduled approximately one week apart. The ANOVA test results

are shown in Table 5.19.

TABLE 5.19: ANOVA Test Applied to OIM’s Developed
During Two Sessions a Week Apart.

. F-statiastic at Point
Odourant

1 2 3 4 5 6 ED

Isbbutanol 0.8 0.8 1.2 1.6 3.6 3.4 0.7

Octane 2.3 1.8 1.4 1.1 0.6 0.4 0.7

F.05(63,6) = 2.25 F.01(63,6) = 3.12

This comparison reveals that at most points the panels

exhibited no significant difference at the 5% and 1% levels of

significance. However, in the second session evalustion of

isobutanol “one of the panels rated the annoyance of the odour
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abnormally high over the full range of concentrations. This high

rating causes significant differences to be noted between panels

at certain points along the DA curve.

the

need for

some

This variation stresses

form of panelist training to

variability of the degree of annoyance curve.

reduce

the

No additional variation was observed in the measurement of

the mean detection

values

between

sesgions.,

(EDSO)

That

is,

and discrimination

the

(D

50)
thresbold

threshold

values

determined during the second session were between the maximum and

minimum values from the firast session.

Tables 5.20 and 5.21.

This may be. seen

in

The comparisons between sessions show that no additional

variations are measured between sessions except on the degree of

annoyance curve.

curve depends on subjective responses of panelists.

This is most likely due to the fact that this’

An attempt

should be made to reduce this variability through the develdpment

of training procedures to make responses less subjective.

TABLE 5.20:

Comparison of ED50 Between Sessions
Session No. 1 Seggion No. 2
Odoursant {5 Panels) {2 Panels)
Low High Mean Low High Mean
Isobutanol | 1.23 | 4.58 2.95 1.57 | 2.66 2.05
Octane 42§§ 86.0 61.8 51.0 75.0 61.8
geometric mean (thresholds are log-normally distributed)




TABLE 5.21:

Comparison of DSO Between Sessions

Session No. 1 Seasion No. 2
Odourant . {5 Panels} {2 Panels)
Low High Meanx Low High Mean
Isobutanol 4.70 11.0 6.72 5.00 9.00 6.71
Octane 90.0 | 190. 116. 150. 190. 169.

geometric mean (thresholds are log-normally distributed)
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VI.  MATHEMATICAL ANALYSIS OF THRESHOLD DETERMINATIONS

Three mathematical relationships have been developed to
demonstrate how an individual 'panelist affects the thresholds

predicted by a panel evaluation technique. The results of this

"

investigation provide

¢+ an expression relating a panel's detection and
discrimination thresholds

» an expression showing the potential effect of replacing
one panelist with another panelist having a different
threshold

« a8 method for calculating the number of panelists required
to reduce the effect of a single panelist on the panel
threshold value to an zcceptable tolerance.

S

A. Detection and Discrimination Thfeaholds

" Most odour control regulations and/or guidelines rely on a
panel evaluation technique to determine the detection thresholds
of odourous emissions. The odour th?eshold value is commonly
referred to as the effective ddéage at 50% probability of
detection (EDSO).

Although odour threshold data do not characterize the odour
intensity of an.undﬂluted sample,; they are nevertheleas useful .in
pollution control. At dilﬁtions corresponding to the detection
threshold the presence of the odour is sensed but the character
of the .odour cannot be recognized. To recognize the odour
characterra higher odour concentration is required. Most odour

control regulations are based on detection thresholds, however,

many odour measurement practitioners contend that as long as the

W
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odour character is not recognizeable, the odour is not likely t;
be annoying [16]. As a result, the discrimination threshold may
be a ‘“better benchmark for odour control. A panelist
discrimination threshold is defined as the dilution
{concentration) at which a panelist is sure ,beyond a doubt,
about the presence of the odour. The discrimination threshold of
a panel 1is often expressed as the geometric mean of the
discrimination thresholds of all the members of_the sensory panel
(D50). Tﬁe panel detection threshold is the éilution at which
50% of.the odour Jjudges correctly identify the presence of the
odour consistently at this and lower dilutions. This wvalue £8
; ually approximated as the geometric mean of the panel members’

(jn vidual detection thresholds (EDSO).

An attempt has been made to relate the discrimination

N\

threshold, with the detection threshold, EDSO’ using

P50
probability theory.’

e n

If a panelist "i" evaluates an odour using a procedure with
“N" different dilution levels, and he begins to correctly

differentiate between the odourocus sample and the blank{s) at

dilution level "j" then his detection threshold is ca;culated asg

z.)1/2

; -1 2 (6.1)

where Xi the i’th panelist’s detection threshold

Z.
J

The overall panel detection threshold is calculated by -

the dilution at station (dilution level) J.
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n 1/n
% = [nx. ] (6.2)
4 (; i=1 1
) ,{\/\ 5
- 1 n
or Log X = = f Log Xi (6.3)

where X the panel detection threshold {ED

507

the number of panelist on the panel

If a panelist begins to correctly identify the presence of

n

-

the, odour at dilution level j he may not really be'sure about the
odour until the j+1, j+2, or eVen lower dilution levels. His
consistently correct identification of the odourous port at
higher dilution levels may be entirely due to chance since the
forced-choice method requi;es a guess from the panelist about
which tube is emitting the odour if the choice is not obviqus.
Therefore, this paﬁelist’s detection threshold.will be calculated

according to

. L a1/2
Xg = (25 4 Zy) (6.1)
and the discrimination threshold will be defined by
_ _ 1/2
Yy = (Zj+a—1 Zj+a) (6.4)

the i’th paneliat’'s discrimination threshold

where Y

the number of ports correctly identified before the"
panelist begins to discriminate the odour.

[v]
1]

Mathematical manipulation of equations 6.1 and 6.4 show that

the relationship between the two thresholds may be expressed as

x
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x = Y. M F (6-5)

where F = the multiplication factor relating consecutive
dilution levels (ie: Zj = F . ZJ.+1 y 3=0,1,...,N)

L1 B |

The value of "a" cannot be predicted fer a single paneiist."
However, for- a large number of panelists' the number of
individualﬁ who have a pﬁrticular value of "a" may be predicted%
using probability theory provided that "a" depeﬂds entirely on
chance. Assuming that "a" depends enﬁirely on ‘chance, a number
of relationships can be developed. The ~ validity of: thia
assumptioh will be checked wusing data from the odour impact
modeta developed inlthié study.

For examble, if "M" panelists guess "a" conéecutive ports
Qorrecﬁly before they begin to discriminate the odpur, the value
of X can be modified to remove these guesses. This modification
is accpmpiished by removing the "M" ©panelists detection
thresholds and replacing - them with their discrimination
thresholds. This adjustment to the mean detection threshold can

be expressed as

_ 1 n M M
Log X = = [ Z Log X, ~ ZLlog X, + ¥ Log Y. ] (6.6)
S S =1 I =1 J
where X = the modified panel thresﬁold
Xj = the j’th individual’'’s detection threshold
Yj = the j'th individual’s diserimination threshold

M = the number of people whose detection and
discrimination thresholds are related by a particular
value of "a" .
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This. expression can be simplified- to:

= _ 1 n .
Log Xm = H-[.z Log Xi + Log
i=1
————
T _ 1 n . M Y.
or . _._Logxm:i[zLogXiw\I,og[n J ]] (6.8)
) ’ ¢ izl . j=1 X.
r ’ J
' a ¥y Y Y )
Since X, =Y.,. F or . J_ = F ) {6.5)
' J J X,
J

.

_ 1 n M. -a .
Log X = 2 Z Log X. + Log [ I F ] ] {6.9)
m n |. i . )
Li=1 j=1
N _-a o
= = Z Log X. + M Log F {(6.10)
n li=1 i

.
The numberlof panelists, "M", wgo gueés\i&lﬂgg;ts correctly
before they begin to discriminate can be cglculated by evaluating
the probability of gueasing "a" ports correctly in a row give

"C" choices at each dilution level. This is represented by

i

. ,
P = [_1'_] (6.11)
| &

where P the probability of guessing "a" consecutive ports
' correctly ) : '
C = the number of choices available at each dilution level -
(1 odourous port, c-1 blank ports) {
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The number of peop;e who guess "a" ports in a _row correctly

is then determined by

= — (6.12)

N

whede n = the total number of panelists on-the panel.

Substituting equation 6.12 into 6.10 produces

—

1 n -a
Log X = = [ Z log X, + —— . Log F ]
o n i=1 1 c?
which reduces to '
-a J
_ 1 B a
lLog xm = 5 .f Xi + ‘Log (F ) {6.13)
1=1
Solving for im gives
n
L Log x -8
_ Ny i c?
X = 10 x F
o
4
—a )
a
=% .°r°C . (6.14)

Equation 6.14 defines a nodified value of the detédtion
threshold for panelists who have =a particular value of "a".
However, "a" can vary between 0 and the number of dilution levels

(N) presented to the penelist. Therefore, X mnust also be

corrected for values of "a" between 0 and N. The fully nodified



value of the threshold may be expressed as

-y

-
. .

0. B | -N
‘ U B S N
X xF 9 . x F ¢ = see x F €
LN -a_ .

‘N Y
£ .0F7F°
‘a=l
N —

-3 B

% . F a=1 CB

- 82

(6.15)

Since the value of X in equation 6.15 -has been modified to

‘exclude all correct guesses from the threshold, the resulting

value should be an estimate of the discrimination threshold
R t

provided that the detection and discrimination thresholds differ

oniy due

Therefore,

where D50

ED

50

N

C

to the

effects of chance (as

the two thresholds may be related by

the

1]

= the

= the

= the

= the

Itz

a
D - ED .F © 1 CB.

50 . 50

panel discrimination threshold
panel detection threshold

total nunber of dilution levels

assumed

earlier).

{6.16)

nuober of port choices at each dilution level

constant factor relating dilution levels
{ ie: Zj = 2 - F, Jg=0,1, ...,

J+1l
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The following parameters describe the IITRI olfactometer:

F = 3.0 (the value of F according:to design}
c=3 (3 ports at each dilution level)
N = 6 (6 odour stations)

Therefore, the factor-reiating D50 and ED50 according to

v
-

-f D50 = K - EDSO (6.17)

N . A
where . K = g 8°1C (6.18)
:fj' --’f.' a ‘
', [ - ——é-
will be / K =g3.0213 .
. ,
7 = 0.4412

An empirical value of K was determined using the data
‘collected from the six odour impact nodels discussed previously.

Experimental values were determined using the expression
1

D
K = 59 (6.19)
| ED50
but in a slightly different forno. Since equation 6.17 was

developed in termgs of dilutions, the eguivalent expression AE“,////—H

terms of thresholds expressed in concentretion units is

ED
K = 50

. D50

due to the inverse relation between concentration and the nunmber §>

(6.20)

of dilutions. The values of K from each 10-member panel

corresponding to each odourant are presented in Table 6.1.
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TABLE 6.1: Values of K from the Six Odour
Impact Models.

. Values o% K from Panel No. _

Odourant . Mean
1 2 3 4 5 '
Acetate | 0.4z | 0.33 | 0.27.| 0.43 | 0.46 | 0.37
Glycol 0.54 0.59 0.61 0.74 0.47 0.58 N

Hexanone 0.46 0.45 0.51 0757 | _0.41 0.48

. : ) _"’ {,_./’_ﬁ_’ :
Isobutanol O.EE 0.46 0.47 0.41 0.48 0.47
Butanol 0.37 0.46 |  0.30 0.58 0.52 0.44
Octane ~ 0.72 0.28 0.58 0.43 0.48 0.47
_]»Overall Medan Value of K 0.46

The mean of the wvalues of K is ﬁot calculated as an

arithmetic mean but rather as a geometric mean because the nean

-

detection threshold of all panels is calculated according to

_ o 1/
ED50 = [‘g ED50 ] {(6.21)
- i=1
where EBSO = the meax/;etection thresheld of all panels
ED50 = the mean detection threshold of panel "i"
0 = the total number of ponels
and the pean discrimination threshold ié calculated from
_ in} 1/n
D50 = [‘g D%O. ] (6.22)
i=1 i
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where 550 = the mean discrimination threshold of all panels

g
LL )

Dy, = the mean discrimination threshold of panel "i
i

{ﬁxlf m 'z the total number of panels
The medn values are'calculated as a geometric mean bécause the
threshélds are log-normaily distributed [5].
‘ . The mean value of K is the_ratio of the neanlaiscrimiqation
threéhold.to the meag détection threshold,. each being exp:éssed

in dilutions. Therefore,

(4]
(=]
| |
o

o
o

——

’-l. .

nepluwR

(6.23)

which ig the geonetric nmean of the o values gf‘K.

s The value of F for the IITRI olfactometer used in this study
is 2.88 which is only a slight deviation from the design value of
3.0. For this value of F, the predicted value of K using

equation 6.18 becones

-7 2
=
K = 2.88 2713 - g.455

1o,

0.46

14
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The ovérall mean value of K from all six odourants was calculated
to be 0.46. ¥ This extremely good correlation between the

calculated and predicted values of K supports the

ggumption that
the detecticn threshold (EDSO) and the discrimingtion threshold

(Dso) differ only because of chance. Theref re, the value of D

50
may be predicted if a large number.of'pane iats have been used to
determine the value of EDgqy -

The Odour Impact Model does not use the values of ED and

50
D50 a3 a measure of the detection and discrimination thresholds.
In;tead these thresholds are derived from the detection and
-discrimination profilesﬁéz the probability level of 50%. These
valués are designated Z @ 50 PD (detection) and Z @ 50 PDn
{(discrimination). Fortunately, the vglues of the two definitions
of the detection and discrimination thresholds are usually very
cloée. The exact value of K cannot be predicted mathematically
for the profile'method‘cf determining the thresholds, however, it
was found that equation 6.18 produces a good approximation of the
value. This is demonstrated in Table 6.2.

Therefére, the discrimination threshold of the Odour Impact
Model may be predicted if a detection threshold has been neasured
using a large number of panelists. This is inportant because the
discrimination threshold nmay be a better representation of a
panels'! ability to perceive an odour. Therefore, tprough use of
eqﬁation 6.17 and 6.18, past evalugtions of specific detection

thresholds could ©be wused to deternine the corresponding

discrimination thresholds.
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TABLE 6.2: K Values from QOdour Impact Models Using
Two Threshold Definitions.

Odourant K = .2 @50 PFbn | k = —Eig—;
: Z @ 50 PD ED50

Acetate _ 0.33 0.37
G}ycol ] ) 0.73 0.58

(Hexanéne 0.48 0.48

. Isobutanol | 0.48 , 0.47
Butgnol 0.44 : 0.44
Octane _ '0.4§ . 0.47
Mean 0.48 0.46
Value of K by Equation 6.18 0.46

B. Effect of a Single Panelist

OCne of the wpajor problems with any odour evaluation
technique is the high variebility in the sensitivities of the
individual panelists. For example, when a detection threshold is
neasured by a panel of 10 peéople it is poséible that if one of
those . panelistsdIWere replaced ‘by another person the same
detection threshold would not be obtained, despite the fact that
the panels were nearly identical. The same variations would be
expected for measurements of the discrimination threshold.

Tpe effect of exchanging one panelist for another may be
neasured mathematically using similar expressions to those that
were developed in the previous section.

[} v

A panel of "n" members would produce a threshold evaluated
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from
- 1 n .
Log X = a ['ZALog Xi ] . (6.2}

where X = the panel threshold (detection or discrimination)

X,

i the i’th individual’s threshold

n the number of panelists on the odour panel
If the same. test were performed using all but one member of
the original panel who is replaced by another panelist with a

threshold that occurs "a" dilutions later, the resulting

threshold would differ from the original by

c
0
m®
Pl
"
=1

n
[iilLog Xi - Log Xj + Log xj+a ] (6.24)

where iN = the new threshold resulting from the replacement of
. one panelist

X. = the threshold of the original panelist'who began to

detect/discriminate at dilution level j

b
"

j+a the threshold of the replacement panelist who begins

to detect/discriminate the odour "a" dilution levels
later than the original panelist

Equation 6.24 may be simplified to

N

- 1 n X'+a
Log XN = [ X Log X. + Log [ _J7e ] ] (6.25)
n |. i
i=1 X.
J .
X'+a -a '
Since —Jra - F (6.5)
X )
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L3

Substitution of equation 6.5 into 6.25 produces

n .
Log }'{N =1 [ Iz Lbg X, + Log F 2 ] (6.26)
n i
et i=1
J
SoXvi uation 6.26 fqr iN and using 6.2 to simplify gives
g =% . F2/" (6.27)

It is necessary to define
o a fadtor, "f", which is 2 measure oﬁ/ﬁsy an individual

panelist affects the panel threshold, according to

£ =N =g8/m (6.28)
X
e a range, "R", which is a peasure of the range of control

that the new panelist has wupon the o0ld panel threshold by

correctly identifying the odour "a" dilution levels away from the

original panelist, according to

g -
[ ~—-f X
R = — x 100%
%
1 ‘ ‘
= [.f - £ ] x 100% (6.29)

Accordingly, if the replacement panelist on & panel of 10

menbers detects the odour 2 ports earlier or later {(a=2) than the

»
tq



90

feplaced panelist (using the IITRI olfactometer with-F(f 3.0V,

the range, "R", is determined for

£ = F3/0 2 3 072/10 _ 5 goa7

td be R

[ — 1 _ o.8027 ] x 100% = 44.3%
0.8027 -

Therefore, the replacement panelist would change the
original detection threshold to a value over a range that is as
wide as 44.3% of the original threshold value. The range is

defined by

X - 0.8027 ¢ ¥ < _x
0.8027

This range is a measure of the effect that a single panelist
would have on the threshold of a panel of "n" members when the
replacement panelist has a personal threshold which differs fronm

the replaced panelist by "a" dilution levels.

C. The Mininum Number of Panelists for a Given Tolerance

The analysis applied in the previous section nay be used to
deternine the nunber of panelists required to reduce the effect
of a specific panelist to an acceptable range, "R". Equation

6.29 nay be sdlved to provide "f" in terms of “R".
Since R = [ % - f ] x 100 ({6.29)

it follows that



' o 2 fR _
and _ = + 00 -1 =0
Solving the quadratic expression gives t
£=_R Lous J RC 4 (6.30)
T 7200 : 10000 ° ot
From £ = p®/n (6.28)
Leg f = - .2 Log F .
-7
- -a Log F
and n = «— (6.31)
Log f
Accordingly, the number of panelists, "n", who are required

to reduce the effect of a replacement panelist whose threshold
differs from the replaced panelist by "a" dilution levels to a

range, "R", may be calculated frono

-a - Log F
n = N - {6.32)
Log [ -R_+ 0.5 J R .,
00 10000 :
If o tolerance, "T", is defined as the allowable range of

control that a panelist is allowed to exercise by detecting or
discrininating the odour at one higher or lower dilution level

{a=1} it follows that

-1/n

t = F {(6.33)
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and T = [ £t ] x 100% (6.34)
n - Log F _
‘and - n = (6.35) 4
' Log | =T + 0.5 J ™ L,
200 TI0000 .

where T = the tolerable range of control %ith az=1 (%)
F =-the factor relating consecutive dilution levels

t = the value of "f" when g:l

n = the minimum number of panelists required to meet the
tolerance value, "T"

For example, if the effect of the single panelist is to be
" reduced to a 10% tolgﬁgﬁce level when wusing the IITRI
olfactometer (F = 3.0), the minimus number of required panelisﬁ::}\

would be . -
- Log (3.0)

Log [ ~10 + o.s.J 10% . s
200 10000

It nust be appreciated that 22 is the number of panelists
required vto reduce the effect of only one dilution level
difference between the) thresholds of replaced and replacement
panelists. If there were a greater difference between .the two
panelists (a > 1), the number of panelists required to acconplish

the gsame tolerance would be

"
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h =a-n  (6.38) "

the number of panelista required to reduce the effect
of a one dilution level difference between the
replaced and r&placement panelists

1]

" where n

8 = the actual number of dilution levels between the two
panelists’ thresholds

"n_ = the number of panelists required to reduce the effect

of a replacement panelist whose threshold differs from
the replaced panelist by "a" dilution levels.

The optimum value of the tolerance, "T", must be defined in

terms of the maximum allowable panelist effect in the threshold
evaiuat{bn. -Thé‘determination of this wvalue is beyond the scope

;
of this study but is recommended for further consideration.

)
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VII. RECOMMENDATIONS

Several features of the Odour Impact Model must be modified
and others must undergo further study if the model.is to form the

basis of odour regulations.

There are a number of refinements which must be made to the
Odour Impact Model (OIM) to make it representative of the

reactions of the general population to any odour.
. ‘ . \
b S : .
-1, The Degree of Annoyance Curve

Two alternatives have been proposed for the method by
which points along the Degree of Annoyéncé curvé aree to be
calculated. '

The— first iéption ‘was used by Poostchi {151 in his

development .of the model in 1its present form;ﬁ- This method

involveés calculation of the anno&ance at a given dilution level

from
1 n
DAi = — Z Ai. ’ {7.1)
N j=1 J
- c .
where DAi = the degree of annoyance at dilution level "i" '
Aij'= the annoyance of panelist "j" expressed at dilution
level "i".
NC = the number of paﬁelisté.who express a non-zero

"o otr

annoyance at dilution level "i

n = the total number of people who evaluated the odoury

91
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Adcording to Poostchi ([15], onlyrthose panelists who
are sensitive to the odour and complain about it '(annoyance

greater. than zero?) are taken into account at each point alpng the
DA curve. The advantage of this approach iR that people /who are
g ; l

very sensitive to the odour are given a greater ¢eighting in the

evaluation of the hedonics of the odour.

The alternative to equation 7.1 is expressed as

1 n
4 DA- =T . d;:A.. . (7-2)

with all variaBles being the same as in equation 7.1. }his
expression evaluates the annoyance at a given Filution level from
a calculation of the ' average annoyance expressed by ali
panelists; whether they are zero or non-zero. The result is an
expression of annbéance of the general population to ag'odourOus
stimulus.

Equation 7.2 is consideP to be the better of the two
nnoyance ag,nhy given dilution
.

alternatives for assessing the
levgl. The advantage of the second approgch over the first may
be shown through a specific example.

For i1llustrative purposes, confider 25 people who are
asked to evaluate a particular odour at six dilutioq le;els;
After the. test, the raw data are reduced and the resulting
information is su&%&rized in Table 7.1.

As expected, with increasing concentrations the number

of panelists who detect, discriminate, and complain about the



TABLE 7.1: Example Odour Evaluation

>
Port No.
Number of (High Dflution) —— , (Low Dilution)
Panelists
Who... : :

’ 1 2 3 4 5 6
Detect 0 0 0 18 22 25
Discrimirate 0 0 1 17 22 ‘25
Complain 0 0 1 15 21 ‘25

Annoyance Level

No. of Complaints at each Annoyance

7-10

0 0 0 14 2 3
0 0 0 0 13 3
0 0 1 0 3 12
0 0 0 1 2 3
0 0 0 0 1 3
0 0 0 0 0 1
0 0 0 0 0 0

Equation No.

Calculated Degree of Annoyance

7.1

7.2 -

0 0 3.0 1.2 2.4 3.1

0 0 0.1 0.7 2.0 3.1

96
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odour increases. Despite the expected trends, an inconsistency

may be noted by examining the annoyance levels calculated at each

dilution. At ports 1 and 2 no complaints are registered. As a
result, the degree of annoyance is zero. At port 3 oﬁe person
complaing. In this exemple the person has expressed a personal
annoyance of 3. Therefore, by equation 7.1, the degree of

annoyance for the panel is recorded as the average of those who
complained resulting in a panel annoyance of 3.0. Equation 7.2
averages this non-zero value with the zerolvalues to provide a
panel annoyance of 0.10. At the fourth port a greater number of
people express complaints. The PDA value determined by equation
7.1 is 1.2 while the value calculated by equation 7.2 is 0.7.
This is the point of inconsistency. Despite the fact that ﬁore
people have complained about the odour at the fourth dilution
level, equation 7.1 evaluates the annoyance at this level to be
less than the previous level. Even if the person who complained
with an annoyance of é at the third dilution level had complained
with an annoyance of 10 at the fourth dilution level, the panel
annoyance would still be only be ‘1.6, Therefore, this
inconsgsistency causes the degree of annoyance curve to oscillate
when, in fact, it should -;ise with 1increasing odourant
concentration. For this reason, equation 7.2 should be used to
evaluate the annoyance potential of a panel.

The situation‘described above is a fictitious example
that does not necessarily occur all the time. However, during

the testing performed in this study it did occur several times.
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For example, such a situation arose for one of the 10-member’
panels who evaluated n-butanol. The odqur'imﬁact model for this

panel is shown in Figure 7.1. The dotted curve corresponds to

the DA curve calculated using equation 7.1 and the solid DA curve

was éalculated using e€quation 7.2.

_ A statistical comparison was performed on the five
panels using both methods of evaluating the panel annoyance. The
feéults of the .ANOVA test for the third dilution level are shown

in Table T7.2.

TABLE 7.2: Comparison of DA Curves at the Third
N Dilution Level for ﬂ\?utanol.

PDA Evaluated F-ratio at 3rd P01nb il
By Equation - Conclusion
i Calculated Critlfﬁi
) ; )
7. 18.24 2.53“\ - Significant
- ) Pifference
7.2 Q.37 2.569 No Significant
Difference

This table suggests that there is a significant
differenée among panels when equatioﬁA7.1 is used to evaluate the
annoyance but there is no significant difference if equation 7.2
is used. To demonstrate the approach of using the first equation
in the development of odeour impact models, examine Figure 7.2.
The dotted line represents the use of equation 7.1 and the solid
line results from the use of equation 7.2 to compute the degree
of annoyance curves. The conseduences o; using equation 7.1 show

up as oscillations, or irregularities, in the final odour impact

model unlike the use of equation 7.2.
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Therefore, - the predicted degree of . annoyance curve
should be plotted using annoyance values at each dilution level

that are calculated according to

DA.:L-
i

= {7.2)

n e~
]

1 td

where n = the total number of people who evaluated the odour

DAi = the degree .of annoyance at dilution level "i"

-
H

ij the annoyance of panelist "j" expressed at dilution

level "i

2. The PC_and PDn Curves of the Odour Impact Model

Figures 5.1, 5.2, 5.3, 5.4, 5.5, and_5.6 demonstrate
that the probability of discrimination (PDn;‘énd‘the probability
of complaint (PC) curves are very similar and in some cases are
coincidental. Such agreement occurs because panelists that are
able to discriminate an odour often have a tendency to express
sone degree of annoyance (whether it be very small or large).

Poostchi [15] suggested - that for practical pufposes the
Odour Impact Model should be simplified to exclude one of these
curves since they are usually redundant. He argued that ﬁhe
probability of discrimination curve should be eliminated from the

model leaving the probability of complaint curve for the

3
evaluation of the potential Odour Inpact (01} at any dilution as

e
P

defined by
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0I =-PC x DA ' . {(7.3)

where " O0I = the poténtial odour impact at any receptor location
' on a scale of 0 to 1000

PC

the percent probability of complaint at any receptor
-location based on pred1cted dilutions from socurce to
receptor.

DA = the predicted degree of annoydnce corresponding to

the PC at any receptor location, on a scale of 0
to 10.

A more suitable alternative would be to eliminate the
PC curve instead of the PDn curve .so that OI values would be
calculated according to

.0I = PDn x DA {7.4)

where' PDn = the. percent probability of discrimination at any
receptor location based on predicted dilutions from
source to receptor.

The reason for this change is simple. A person is
considered to have complained if he expresses an annoyance due to
an odou; at a level greater than zero, Thias is a completely
arbitrary definit;on of complaint. It is posasible to argue that
if a person complains about the odou: with an annoyance ranging
between 0 and 2 he is not really complaining at all because such
an annoyance value is still_én the "tolerable rangeJ as defined
in Table 3.1. Therefore, the complaint profile does not provide
a real measure of complaint potential.

It is possible to arbitrarily choose any value on the
annoyance scale as the point where a person ﬁay be considered to
have complained; but,'to avoid any arbitrarineass, the probability

of discrimination curve could be used. Since, the PDn curve isg
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based on the panelists’ abilities to perceive the odqﬁq, the 0OI
values calculated from. this curve prdvide a measure of . the
reaction of the entire pobulation and not just the reaction of

those people who complain beyond some arbitrarily chosen

annoyance value.

At pre5$nt the gohcentratiom of an\odour is expressed
in terms of odour units (o.u.) per unit volume of gas. This
value is determined by calculating the detection threshold of a
panel exposed to.the odour over a range of dilutions. The number
of dilutions required to reduce thg original odour concentration
to the detection threshold value corresponds to.the hﬂﬁber of
odour units per volume of gas.

ii has been gshown that the detection thresholdﬁand the

discrimination threshold may be related by the expression

Dy, = K - EDg, (6.17)
N
_ a

where Kk = 2°1C : (6.18)

The value of K represents the elimination of correct
guesses from the detection threshold value. The excellent
correlation between - the predicted and measured values of K
suggests that the detection threshold differs fron the

discrimination threshold only by chance. Therefore, the
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detection threshold is not a meaningful measure of a panel’s
ability to perce;ve an cdour.

An additional numerical‘ simulation  was lperformed to
confirm this concept. if a &etection thresﬁold is affected by
chance then .its reproducibility,_shodld be less- than the
reproducibility ' of the discrimination threshold. Such a -
) differenge was confirmed for all six chemicals when a comparison
~ was made betwee; their mean detection and discrimination
thresholds. Table 7.3 shpﬁs that the variﬁtion among
individualé’ is consistenﬁly less for the discrimination

threshold than for the detection threshold.

TABLE 7.3: Compariscen of Variations in Detection
and Discrimination Thresholds.

Odourant gzgn(ggso) Variance Ei;é‘g:o’ Variance
Acetate , 0.068 0.258 . 0.497 0.178
Glycol™ ~ 2.027 0.164 2.263 0.107
Hexanone \;0.118 O.ZSé 0.203 0.200
Isobutsnol 0.528 0.519 0.858 0.289
Butanol 0.549 0.257 0.910 0.197
Octane 1.739 0.172 2.063 0.087

The conéarison in Table 7.3 was nade between the means
of the logarithm of the thréshold values because the thresholds
are log-normally distributed [5}.

These resﬁlts lead to the conclusion that the

discrimination threshold is a more relisble measurement of a
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panel’s ability to perceive an odour. Consequently, the
- . ) "

- concentration of an odour in odour units {o.u.) should be based
on the dilutions required to reduce the odour concentration to

the discrimination threshold wvalue. - If the discrimination

N

threshold has not been determined, its value may be estimated -

using the the relationship between the discrimination and

detection thresholds expressed by equations 6.17 and 6.18.
!

1

4. The Degree of Offensiveﬁess

The present Odour Impact Model defines the degree of

offensiveness of an odour in terms of ‘ “.

DO = (MDL @ 100 PC) (DA (3.1}

100)

where DO

the degree of offensiveness of an odour at
the gource.

MDL @ 100 PC

the maximum number of dilutions of the
original odour sample for 100 percent
probability of complaint
DnlOO = the predicted degree of annoyance at MDL @
100 PC on a scale of 0 to 10.

This definition is not appropriate for several reasons.
First, it has already been shown that the use of the probability
of complaint (PC) curve should be replaced by the probability of
discrinination (PDn) curve. Secondly, it is not always possible
to measure a dilution at 100% probability of conﬁlaint or
discrimination if the hedonics of the odour are not sufficiently

of fefisive. Thirdly, the dilution level at 100% probability of

complaint or discrinination should not be used because these
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values depend too heavily on the respcnse of the final panelist
tg discriminate or complain about the odqur. Fourthly, equation
3.2, which depends on the value of DO, cannot .be used reliably to
rank odours in termé of their offensiveness no matter what
ﬁercentage'of complaint or discrimination is used as a point of
reference. This wili be demonstrated through the use of an
example.

Cohsider the situation presented in Figures 7.3 and
7.4. Two hypothetical odour impact models are shown\for odours
with different hedonic characteristics, as demonstrated by the
differences in the degree of annoyance curves. If the degree of
offensiveness is calculated for each odour using the 50% and 90%
levéls of probabilit} as a point of reference, the values listed

in Table 7.4 are produced.

TABLE 7.4: Degree of Offensiveness of Two Odours
Evaluated at the 50% and 90% Probability
Levels {(either PC or PDn).

. Dilutions DA
Odour @ 50% Level Q 50% Level DO Ranlt
A 20.0 2.0 40.0 2
B 40.0 1.5 60.0 1
Odour 0 90% Level Q 90% Level DO Ranl
A 3.0 6.0 18.0 1
B 4.3 3.1 13.3 2
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Using the first definition of the degree of ~

A

-

of fensiveness,

(Z @ 50 PDn)(DASO)

O
H
n

‘Z @ 50 PC)(DASO)

.. "~ the ranking of the offensiveness of the two odours is
. -~ _

ﬁi;fd : DO{odour B) > DO{odour A).
.’é?;lf the second definition of the degre of

offensiveness,

-

(Z @ 50 PDn) (DA

E P = 90’
or g: = {(Z @ 90 PC)(DAQO)
E\

is used then the rankiﬂé"6¥“fhé'offensiveness of the odours is
- DO{odour A} > DO{odour B).

% Since the ranking of the offensiveness of the odours
‘could depend on' the arbitrary choice of a.baée value for the
\h\hgsycg&t'.probability of discrimination or compleint it is
reasoﬁable to conclilude that this definition of the degree of
_offensiveness does not meet the needs of the Odour Impact Model.

An alternate method of evaluating the degree of

offensiveness is to consider

Z @ DA=O

DO = J DA(Z) 4z (7.5)
Z=1
where Z = the dilution factor
Z @ DA=0 = the dilutions of the odour to achieve no
annoyance.
DA(Z) = the degree of annoyance at dilution 2.
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This definition is fundamentally of the same form as
the ériginal definition of the degree of offensiveness in that it
involves the multiplication of the predicted degree of annoyance '
by the corresponding dilutions. However, this definition differs
in that it involves all values of tﬂe degree of annoyance between
the original source concentration and-EHevconcentration at which
no annoyance is registered by the panel (Z @ DA=0}).- This -
definition takes into account the annoyance experiencea by the
population at all dilutions of the odour rather than one dilution
corresponding to an arbitrarily chosen proﬁability of complaint
or discriminatién. It could pfovide a truer estimate of the
potential offeﬁsiveness of the odour.

Equation 7.5 cannot be tested using the information
collected during this study. In future work, odaﬁrs must be
examined wusing the usual Odour Impact Model but with one
additional measurement; each panelist must evaluate the odour at
its original concentration (Z=1). This additional information
will allﬁw the calculation of the area under the DA curve between
the source concentration and the concentration at which no
complaint is recorded {(equation 7.5).

The calculation of the potential level of Source

Annoyance (SA) should still be calculated using

SA = (Vo)(DO) {3.2)

where Vo = the volumetric flowrate - of odourous gas

DO

the degree of offensivenesg
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B. Recommepdationgs for Further Resgearch

There are several features of the Odour Impact Model that

require further research.

1. va ua.' the noyance of an Odou

When a panelist evaluates an odour ﬁe is asked to
assign annoyance values corresponding to the categoriesrl{sted in
Table 3.1. Observations of panelists who are evaluating an odour
for the first time"have generated the suspicion that soﬁe
panelists do not actually respond with an annoyance level which
describes the hedonic character of the odour. Instead, if the
odour is not particularly offensive the panelists may tend to
respond with an annoyance value which is a measure of their
confidence in their ability to detect the odour at that dilution
ievel.

A study must be performed to determine if paneiists who
respondﬁin tbis way have a significant effect on the annoyance
qufve. In Qddition, method;xshould be developed to help train
the inexperieﬂced'panelists to respond Eith an actual measure of

their annoyance when exposed to an odour.

2. Maximum Panelist Effect

Equationa 6.28 and 6.29 define the extent of the effect
of a single member of an odour panel in determining detection or
discrimination thresholds. A statistically valid study should be

' a

performed to determine how large an effect one panelist should be

allowed to have in the odour evaluation process. This number
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-

could then be used in conjunction with equation 6.35 to determine
the minimum number of panelists required to evaluate an odour for

legal purpdses.

3. Réfe;ence Odour Impact Models

The accuracy of a particular odour impact model would
be measured according to the size of the confidence intervals
associated with the detection, discrimination, complaint, and -
degree of annoyance profiles. Odour impact models which describe
the effect of an odour on the general population with a high
degree of accuracy require a large number of panelist
evaluations. A study must be ﬁerformed to determine how accurate
‘a reference-odour impact model must be in order to make it a

useful tool in the management of odourous emissions.

4. The Degree of Offensiveness

The revised definition of the degree of offensivenesé,
as expressed equation 7.5, should be applied to an industrial
situation to determine its validity. This study would reguire
the evaluation of the undiluted odour by each paﬁelisﬁ in

addition to the normal evaluation procedure.



VIII. CONCLUSIONS

Odour impgct models have been developed for
¢ n-Butyl Acetate
. PropylenelGlypol Monomethyl Ether
e Methyl Isoamylketone
. = Isobutanol
* n-Butanol
* QOctane
On the basis of the results of these odour impact models, a

numpber of conclusions regarding the sensory evaluaticn of odours

can be made.

A. Panelist Characteristics

Statigtical analysis. of the wvariations in individual
panelist thresholds indicate that factors such aé panelist gender
and employment in odourous or non-odourous conditions do not
contribute heavily to the differences in olfactory sengitivity
among panelists. However, trends indicate that there is & loss
of sensitivity to odours with increasing age. Therefore, sensory

panels should be composed of a variety of panelists who reflect

the distribution of ages in the population.

B. Panel Size

The odour impact models were developed using panels

consisting of ten members each with at least 2 members being over

L

the age of 30. Statigtical analysis of the models produced by

113
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each .10—member panel suggests that no significant differences
will be noted between panels of this size. That is, each
10-member panel reflects the response and variations in respdnse
of the general populaiion.

A single 10-member panel would produce an odour impact model
which is a measure of the panelists’ reaction té the odour but
which may not provide an accurate déscription of the reéponse of
&he pépulation. The accuracy of an odour impact model may be
measured by the size of:the confidence interval associated with
the model paraﬁepers. In order to determine the confidence
limits associated with a given model, more than one }O-member
" panel is required to evaluate the odour, The number of panels
appropriate to a specific odour study depends on the maximum
allowabie size of the confidence intervals for the measurements

of interest.

C. Sessional Variations

.The evaluation of odours during sessions Nééparated by a
period of one week demonstrates that no significant variations
occur in the Qdour Impact Model except for the Degree of
Annoyance (DA) profile. Therefore, future research "should
concentrate on the development of a panelist training/educating
procedure that would make individual expressions of annoyance

more consistent.

D. Mathematical Expressions

Expressions have beem developed to

¢ provide a measure of the effect of a zingle panelist on
the evaluation of panel thresholds

Fl
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* predict the number of panelists required to reduce the
effect of a single panelist to a given tolerance

¢+ .relate the mean panel discrimination threshold to the

mean detection threshold through the application of
probability theory

The first two relationships‘ﬁay be used tc esatablish the
minimum number of panelists that. are required to evaluate an
odour when a maximum allowable panelist effect has been defined.
The third expression may be wused to predict discrimination
thresholds from a detection threshold that has been determined

using a forced-choice procedure.

E. Refinements of the Odour Impact Model

Several refinements ﬁust be m;de in the Odour Impact Model
before it can be implemented as an odour testing procedure.

The degree of annoyancé at mny diluticn level must bev
calculated by averaging all zero and non-zero annoyance levéls
registered b& panelists. Evaluation of these magnitudes using
only non-zero values can create oscillations of the Degree of
Annoyance (DA) profile and can cause statistically significant
differences among 10-member panels.

The Probability of Complaint curve should be eliminated from
the Odour Impact Model since it is based on an arbitrarily chosen
degree of annoyance level as the point where a2 panelist is
considered to have complained. The Probability of Discrimination
(PDni curve should be used instead because this curve depends
only upon 'ﬁanelists' ability to perceive the odour and not o?

any arbitrarily chosen parameters.

The good agreement of the expression relating the detection
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and discrimination thresholds of a panel with empirical data
demonstrates that the detection threshold is significantly
affected by \chance. Therefore, any use of the detection
threshold for legal purposes should. be replaced with the
discrimination.threshold since this parameter is a true measure
of a panel's ability to perceive an odour. As a consequence, the

detection profile should be eliminated from the Odour Impact

Model.

F. Odour Evaluation Equipment

The odour generator developed for fhis study facilitates the
developmeﬁt of odour impact models for pure chemicals. This unit
provides a éteady flow of odourous gas with a constant odourant
concentration. The concentration of the generated odour can be
varied'between levels ranging from the undetectable up to a level
limited only by the vapour pressure of the odourant. ‘

The magnitude of the dilution levels supplied at each
station of the IITRI olfactometer are usually determined using a
technique involving the measurement of volumetric flowrates of
odour and dilution air at each sgstation. This calibration
technique produced the same dilution measurements as ‘- those
obtained using a concentration based calibration technique. Cn
the basis of this good agreement, the number of dilutions of the
odour at each station of the olfactometer can be asseased
accurately using the volumetric calibration procedure described

in Appendix II.
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The Odour Generator

An odourous ga§ gstream is delivered to the olfactometer by
means of the apparatus illustrated in Figure 4.1. The
description of its components has already been provided in a

previous section.

A. Operation

. -The concentration of the odkoant in the gas stream supplied
to the olfactometer can be varied by adjusting the proportion‘of
air that bypasses the odourant tube and_the‘total flow of =air
iﬁto the odour generator. The system has demonstrated the
capability of providing an odou; which varies En concent?ation
between levels that cannot be detected by the human sense of
smell up to concentrations limited only by the vapour pressuée of

the odourant. -

.

Once a satisfactory odogr strengtih has been selected, the:
cdnéentration of the odourant is determined by measuring thé
total volume of air that has_passed through the system and the
mass of odourant that has been vapourized from the odour tube
over a specific period of time. The gas volume is determined by
evaluating the difference between the initial and final readings
of the dry test meter. The mass of odourant that has been
vapourized into the air stream is assessed by weighing the
odourant tube before and after the known volume of mir has passed

through the odour generator. This methed of determining odourant
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concentration will be designated as the Change in Masas an47V6lume
(CMV) procedure for later reference.

;“fThe concentration of the odour in milligrams per litre can

be calculated from

and av = (V, - V) x '28.32 L/ft3
. 4dm TIn + 273 P
according to Co = ‘ b% L
Ay,‘ T + 273 P_+ P
\-—_\/ r a g

-

where J4m = change in amount of odourant in tube (mg)

B
[y
n

initial mass of odourant tube (g)

=]
n

£ final mass of odourant tube (g)

ailr volume passed through the odour generator (L)

4V =

V, = initial reading of the dry test meter (ft3)

Vf = final réad%gg of the dfy test meter (ft3)

- Tm = tempefqtufe at which volume of gas is measured {(°C)
T = temperature at which odour concentration is to be
r

reported (°C)

Pa = atmospheric pressure (inches of H,0)

Pg = the  gauge pressure af‘the exit of the dr& test
meter {(inches of H,0) .

Pr = pressure at which odour concentration is to be
reported (inches of H,0)

Co'= odourant concentration at Pr and Tr

-
B. Evaluation of the Odour Generator

The purpose of the odour generator is tovﬁeliver a constant
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flowrate of odourous air to the olfactometer at a constant
odourant concentration. Before the odour generator was used its
capablllties were‘verlfled in a series of experiments.

The reproduc1b111ty of odour levels supplled by the odour
génerator were  assessed through the repeated measurement of
odqurant concentration over a period of six hours. The
concentration of the odourant, n-butanol, was determined using

the CMV method described earlier. The results of this study are

presented in Table I.1.

"TABLErIul: Concentration Variations of n- Butanol over
) a Six Hour Period.

“Test m, - ‘ De ‘ Vi Vf Co
1 39.12160 | 38.95179 | 710.409 | 716.455 | 0.992
2 38.85179 38.81586 716.695 721.495 1.000
3 38.81586 | 38.65524 721.642 727.245 1.012
4 38.65524 38.51744 727.365 732.146 1.018
5 38.51744 38.36439 732.295 737.550 1.028
6 38.36439 38.22509 737.660 742.430 1.031
7 38.22509 38.04930 742.560 .748.595 1.029
8 38.0493 37.90683 748,722 753.642 1.023

m,me - g V.,V - ft° @ 448.8 in. H,0, 25°C
Co - mg/L @ 1 Atm, 16°C

According to the data in Table 1.1 the concentration of the
odourant from the odour generator did not vary significantly over

time. The small variations that are evident (slow increase to a
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peak value and then slow decrease) may be explained by the
changing area of the cdourant surface exposed to the air streanm.
In}tialiy the area increases as the volume of the odourant jn the
tube decreases due to th; cylindrical (oriented horizontally)
shape of the odqdfant tube. When the odourant deﬁth corresponds
to the axis of . the cylinder, the concentration of the resultiﬁg
gas is ; maximum due to a maximum exposure of surface area. As
tﬂe depth decreases further, the geometry of the éylinder causes
the liquid surface area to decrease with a resultiﬁg decrease in
the odourant.concentration. As shown in Table I.1, the change in
concentration due to the fluctuation in surface area was minimal
and therefore was not considered to be a significant source of
error. In future experiments involving very volatile 1liquids
{resulting in large changes in area over the testing period) the
horizontal cylinder could be>replaced Qith an odourant tube with
a box-like geometry.

During the period of this test the flowrate of air into the
odour generator from the compressed air line was monitored by
means of a rotameter. No measureable variations in the flow were
noticed over the full testing period.

The CMV method of determining the odourant concentration was
verified by passing. a known volume of the odourous gas- being
produced by the odour generator through a tube containing
activated carbon. The odourant collected on the charcoal was
desorbed from the carbon into a known volume of carbon disulfide.
The concentration of the resulting solution was measured'using a

gas chromatograph. This value wrzs then used to calculate the



124

concentration of the original gas sample. . The results of two

test samples in which concentrations were measured -using both
methods are shown in Table I1.2.

&

TABLE I1.2: Comparison of Two Methods Used to Determine
the Qdourant (n-Butanol) Concentration.

Odou?ant Concentration .
Semple GC Method CMV Hethod Egglgzgg“( i‘;"m
(mg/M™) (mg/M™)
1 0.965 0.951 0.73
2 . 0.978 0.970 0.41

Concentrations reported at 10°C and 1 Atmosphere

The very good agreement between the two methods used to
determine the odourant concentration indicates that the CMV
procedure is accurate and will serve the needs of the odour
impact mbdel exﬁeriments very well,

These experiments have shown that the odour generator‘meets

its objectives of providing

{l) & constant flow of odourous gas

{2) a constant concentration of the odourant in the gas
atream :

{3) an odour concentration which can be varied by the
operator. -

Therefore, the odour generator can be used confidently as

the source of an odour for panel evaluation.
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Olfactometer Calibration -

The dilution factor at each of the six olfactometer stations
must be establishe@ feliably if the responses of an odour panel
are to be expressed on a quantitative basis. These dilution
factors can be evaluated by meaéuring_the odour and dilution air
flowrates delivered to each port or by measuring the
concentration of a known odourant at each port and comparing ghem
with the original odour sample concentration. The former method
1s simpler and is used on a regular basis because of ﬁhis
simplictty. The lattér method can be used to verify the results

r‘,'

of the first approach.

A. Volumetric Calibration Procedure

The volumetric <calibration procedure depends on the
measurement of the odour and dilution air flowrates.at each port
of the olfactometer.

The calibration procedure begins with the setting of the
odour and dilution air pump flowrates to a predetermined level.
This level may be set and monitored for any changes in flow by
connecting rotameters to the air and delivery lines before they
enter the olfactometer. Before flowrate measurements at each of
‘the ports can be initiated, the pumps must be allowed to run
until the rotameter readings stabilize to steady values.

Flowrate measurements are performed by pulling off the glass
ports, removing the upper plastic ring from the cups carrying the

K
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ports to expose the ends of the Teflon lines, and measuring the

flow from those lines with a soap film flowmeter {bubble meter).

.- The low flows from the odour delivery lines are measured using a

10 millilitre graduated tube with a8 soap film solution reservoir.
The comparitively higher flowrates of the dilution air lines are
measured using’ a 1.0 litre soap film flowmeter. The time for a
bubble to pass from the l&wer to the ﬁpper markings on the tube
is measured and recorded. This step is repeated until a set of
three reproducible figures is produced for each port.

The gems flowrates through each of the lines is calculated

using
V
Q = —E— x 60
t
where Q = the gas flowrate (mL/min)

Vb = the volume of the soap film flowmeter (mL)

t = the time for a.soap bubble to pass between flowmeter
markings (sec).

The dilution factor at each port is calculated from

7 = Qa,l + Qo,l
' Qo,i
where Zi = the dilution factor at Qilution level "i"
Qa,l ='the dilution air flowrate at level "i" (mL/min)
Q = the odour flowrate at level "i" (mL/min}.
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1. Example Volumetric Calibration

 A calibration was performed using the volumepric
calibration procedure with odour rotameter and dilution air
rotameter readings of 9.0 and 40.0) respectively. It should be
noted ghat these values cannot be compgred to determine the
‘relative amounts of odourous 1and clean air supplied to the
olfactometer since the rotameters are of different sizes and have
different scales to indicate the respective gas flowrates.

Table II.1 lists the time required for the soap‘bubble
to pass between the markings on the scap film flowmeter. Table

IT.2 includes the odour and air flowrates and the dilution

factors at each po}t determined using the information in Table

II.1.

The caliﬁration was repeatedAone'week later for the
same odour and dilution air flowrates. Table 11.3 presents a
comparison of this and the previous calibration results. The

data indicate that the calibration performed initially differed
from the subsequent calibration by about. 1%. Therefore, the
first calibration was adopted as a standard program as long as

the same flow rates were maintained.

B. Concentretion Based Calibration Procedure

Two procedures were developed to verify that the dilution
ratios evaluated using the volumetric ecalibration procedure
represented reliable values. Once it had been established that

the volumetric procedure produced accurate results, it would not



TABLE II.1:

Measured Time between Markings on
the Soap Film Flowmeter.
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Flow Time Between Bubble Meter Markings

Port :

Voo || Dilution wir | yean | Ofoureus Gas [ e,
1 92.0 91.6 91.9:§ 91.8 223.64 220.54 221.25 221.81
2 93.6 93.4 93.5 93.5 75.77 75.79 75.70 75.75
3 90.4 90.9 90.8 90.7 26.16 25.13 25.17 25.15
4 96.2 96.3 96.4 96.3 8.60 8.60 8.62 8.61
5 92.3 91.9 92.1 | 92.1 3.17  3.15  3.14 3.15
6 97.2 97.5 97.3 97.3 i33:94 134.21 134.20 | 134.12
Units of odour flow at Port No. 6 are sec/L -

\‘_,-— el
TABLE II.2: Air and Odour Flowrates and the
Resulting Dilution Factors.
Eg?t ' . EIOW Rate (mL/min) Dilution Factor
Dilution Air Odourous Gas
1 653.6 2.7 242.2
2 641.7 7.9 82.0
3 661.5 23.9 28.7
4 623.1 69.7 9.9
5 651.5 190.5 4.4
6 616.6 » 447.4 2.4
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TABLE 1I1.3: Comparison of Two Calibrations with
Air and Odour Rotameter Readings of
8.0 and 40.0, respectively.

Dilution Factor . .
Deviation
Port from the
No. First Second the Mesan (%f
Calibration Calibration Mean

1 242.2 238.9 240.6 0.7

2 82.0 81.0 Bl1.5 0.6

3 28,7 28.2 28.5 1.1

4 9.9 9.8 - 9.9 0.5

5 ’ 4.4 4.5 4.5 1.1

6 2.4 2.4 2.4 . 0.0

be necessary to perform a concentration based calibration”again.
The concentration based technique requires an odourant to he
generated and introduced at a known concentration into the

olfactometer. The concentrations of the resulting diluted
odourous streams can be measured and compared with the original
odourant concentration to determine the dilution factors. The

dilution factor at each port is calculated using;

Co
Zi:_.
C.
1
where Zi = the dilution factor at port "i"
C0 = the concentration of the odour introduced into

the olfactometer
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Ci = the odourant concentration at port "i" (same units
as Co). : f

1. Organic Vapour Analvyzer Technique

An organic vapour analyzer (OVA) was used to measure
the relative concentrations of. n-butanol in gas samples. This
instrument was chosen as thg means bf measuring the odourant
concentration due to the simplicity of analyzing the gas s;mples
without elaborate calibrations. In. addition, the OVA allowed
nultiple analyses to bé-ﬁade in rapid succggsion. As a result,
tests could be performed until reproducible results were.
obtained. The OVA utilizes the principle of hydrogen flame
ionization for detection and measurement of organic va;ours. It
measures an organic vapoﬁr concentration by producing a response
to the unknown sample which can be related to a gas of known
composition with which the instrument has been calibrated
previously. The relationship between the response to an unknown
vapour and a known vapour is linear. Consequently, it is
unnecessary to perform an instrument calibration using the same
vapour that is being exgmined. Instead, the concentration of the
unknown sample may be asgssessed in terms of, say, methane and the
results multiplied by a&a constant factor to determine the actual
concentration of the compound :of interest. Since this factor is
constant over the full range of the OVA's measuring ability, it
is not neceséary to calibrate the ingstrument at all if only
relative concentrations are required.- This oprinciple is
demonstrated by the calculation Qf the dilution factor at each

port using the response of the OVA according to
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A :_0: =
C.

i i i

b
=2
]
2]
n
o
n

the OVA response to the original odour supply

R, = the OVA response to the gas sample collected at .

port "i

K = the constant relating the response of the OVA to the
concentration of the organic vapour.

Therefore, is isn’t necessary to evaluate the constant
"K" if only the relative concentrations, or dilution factors,-are
B

required.

a. Experimental Setup

The odour supply was generated in advance of the
calibration procedure By' continuously renewing the head space
above the liquid surface of an 0@ourant contained in a horizontal
cylindrical tube. This apparatus ig illustrated in Figure IX.1.
The odourocus gas exitiﬁg from the odourant tube was collected in
three 15 L capacity,K Tedlar bags connected in series. This
arrangement’ of the bags was used to ensure a homggeneous odourant
concentration in each container. A measure of predilution was
necessary so that the odourant concentration did not exceed the
maximum measuring ability of the OVA. This was accomplished by
partially filling the odour bags with clean air before the
cddourant was introduced. The odourant used in the calibration
experiments was n-butanol.

The OVA could not be connected directly to the
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&5 =

ATMOSPHERIC
AIR ROTAMETER PERISTALTIC ACTIVATED CDOURANT TUBE
. PUMP CARBON IN WATER BATH
DECDOURIZER

TEDLAR ODOUR BAGS {15 L s1ze)

FIGURE II.1: Generation of a Gas Sample for the
Olfactometer Calibration.
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olfactometer gince it required a sample floqrate greater than
1500 mL/min.  This flowrate could not be provided by ‘the
olfactometer at each port, therefore the samples had to be
collected in airtighF bags and then analyzed using the OVA. The
saﬁple collection appafatus is shown in Figure 1I.2. Six
identica; versions of this apparatus wgrerusgd simultaneously to
collect all samﬁles at all dilution levels at the same time.
Before sample generation could begin, it was
'necessary to prove the integrity of the sampling apparatus.

Since the flow of the dilution air can often be much higher than

the flow of the odourous gas it is possible that some air flow

may be diverted from the samp%f:line into the odour manifold.
This diversion would restrict the flow of the odouf~from the
manifold and would produce reéults“ inconsistent with the
volumetric calibration method. Verification of the apparatus was
made by measuring the odour flow and dilution flowigeparaiely and
adding them together to produce a predicted'total flowrate. The
total flow was then be measured and compared with the predicted
total flow. If the Zmeasured flow is less than the predicted
flow, it is 1likely that -some of the dilution air has been
diverted into the odour manifold. It must be noted that all the
individual and combined flows must be measured with the sampling
appératus in place so that all flowrates are measured quer the
same experimental conditions. This is especially critical
because the flow of air and odour to each of the olfactometer
ports is extremely pressure sengitive and any change;uin pressure

resulting from the connection of the. sampling apparatus to the



135

"UOTIBIqTTE) I933WOIDBFTO 8Y2 Joy smiereddy uoT109770) ordues :z°IT MINOIA

SISATYNY DD

04 NO11VYLN3IINOI3IHd UNOAo

dHNd
IdHYS

31714
AVOJYVHD

w_m>u¢=< YAO ¥04 HOILITTI0D ¥NOAO

ava dvaal

]

dHnd 31dWVS a
. Y

g ¥0 v 0L

Y3IL3IWOLIVA0

mm e e e e st -

YIEHYHD

P EEL L dhnd

H3L3WV10Y

3804 ITLIVLISIHIY

il

rr yiv
HOTLNT G
ATgH3SSY
lH0d
JNIT
IdHYS
JYIHLSOWLY

0l 1H3A

Addns
4noao




136

v

olfactometer must be taken into consideration.

Theﬁe verification measurements were performed
twice using two different sets of gas fiowratéé. The resulté‘ﬁfé
presented in Tables I1I.4 and II.S5.

The results shown in Tables II.4 and II-5 did not
demonstrate any significant deviation of the measured total flow
from the predicted total flow. Therefore, it can be concluded

that the sampling apparatus would collect the sample without

interrupting the odogr flow from the odour manifold. P

o

b Volumetfic Calibration
Since it was the purpose of the concentration
based calibration procedure to-verify the volumetric calibration
'procedure, it was necessary to perform both calibrations with the
sampling apparatus in place. The results sho#ﬁ in Tabiés 1I1.1,
I1.2 and II.3 were made with this apparatus in place. Theref;ré
these dilution ratios are 'valid for any experiment run with the

same odour and air flowrates.

c. Concentration Based Calibration

v

A dalibration ﬁas performed with +the odour

rotaﬁeter and dilution air rotameter settings of 40.0 and 9.0,
respectively. The bag samples collected at each pogt and the
T~—original odour supply were analyzed using the Organic Vapour
Analyzer. The results for ‘this calibration are shown in Table

IT.6.
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TABLE I1I.4: First Verification of Sampling Apparatus.

Port Flowrapes (nL/min) Deviation from
No. QCdour Air Predicted Measured ;h:airgggstfg)
Flow Flow Total Total o _
1 1.9 | 632.1 634.0 637.9 +0.6
-2 5.3 632.0 | T 637.3 643.7 +1.0
» .
3 16.2 | 654.9 671.1 672.3 +0.2
4 47.9 | 576.0 623.9 640.4 +2.6
5 131.7 641.0 772.7 780.8 +1.0
o —
6 337.1 | 597.9 935.0 941.5 +0.7
TABLE 1I1.5: Second Verification of Sampling Apparatus.
, Flowrates (mL/min) Deviation'from
Port the Pradicted
No. Qdour Air Predicted Measured Total Elow (%)
Flow Flow Total Total ©
1 3.0 | 654.7 657.7 657.0 -0.1
2 8.7 | 648.2 656.9 659.9 +0.5
3 26.0 | 665.0 691.0 697.3 +0.9
4 76.1 | 619.2 695.3 700.4 +0.7
5 199.6 .| 660.1 859.7 861.6 +0.2
6 487.2 | 618.7 1105.9 1114.1 +0.7




TABLE II.6:- OVA Calibrafion of the Olfactometer.

- OVA : Dilution Factors Deviation

Port # Response From The

OVA Method Volume Method Mean (%)
1 2.5 230.0 : 240.6 2.3
2 7.6 75.7 ,. 8i.5 ) a7
3 24.0 24.0 28.5 8.6
4 66.0 9.0 9.9 4.8
5 135.0 4.4 4.5 1.1
6 260.0 2.2 . 2.4 4.4
Bag 575.0 - S -

The results in Table II.6 show that the volumetric
flow measurements provide a good evaluation of the dilution
factor at each port. ‘Much of the variation encountered may be
due to the low concentrations of the samples that were generated.
In order to determine if +this measufement difference could be
reduced, anéther caiibration was performed using a slightily
modified experimental setup.

Instead of using Tedlar bags as the odour supply,
an odour generator was connected directly to th olfactometer.
The odour generator supplied a gas stream with a very high
n-butancl concentration which exceeded the measuring capability
of the OVA. However, the n-butanol concentrations at each of the

ports were within the measureable range. Therefore, a comparison
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between the fwo calibration methods can be made by normalizing

the dilutionk with respect to the dilution factor at port 6.
These normaliled dilution ratios are presented in Table I1I.7.

TABLE II™ OVA Calibration Results Relative

Dilution Factoré\ Deviat i ]
Port OVA Relative to Port 6 Fev1aT}J;on
Nol Response . Mrom %e
OVA Method | Volume Method ean (%)
1 5.0 104.0 100.3 - 1.8
2 14.5 35.9 34.0 2T
3 46.0 11.3 11f9 2.6
4 125.0 4.2 4.1 1.2
5 270.0 1.9 1.9 0.0
6 - 520.0 1.0 1.0 -

These results indicate that less variation occurs
during OVA measurements with higher n-butancl céncentratioﬁs.
This improvement in the agreement of the two calibration
procedures furthr supports the contention that the volumetric
calibration technique can adequately predict the actual dilution

levels produced by the olfactometer.

2. Preconcentration Technigue

A second technique was used to verify the dilution
factors predicted by the volumetric calibration procedure. This

approach involved passing a known volume of the odourous gas from
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each of the-ports through an activated carbon filter. The amount
of odéurant collected on the carbon was determined by extracting
th o&durant into a known voluge of carbon disulfide liquid with
su:::;Ez;:\pnjection of a fraction of the solution into a Gas
Chromatogfgph {GC). The response of the GC can be related to the
original mass of odourant collected on the carbon filter and ,
thus, the odourant concentration in the gas.

.

The odour generator illustrated in Figure II.1 was used i

L +

to generate an odourous stream of n-butanol in air éf a high
concentration; The.sampling apparatus shown in Figure 1I.2 was
used simultaneously at all six ports and at the effluent point
from the odour generator to generate charcoal filter samples for
analysis. _ Once the samples had been analyzed and the
Qoncentrations of the gas at each port and in the original odour

supply were established, the dilution factor at each port was

calculated from %
» ’ C °

where Z. = the dilution factor at dilution level "i"
C0 = the odourant supply concentration
Ci = the odourant concentration at port. "i"

The results for two tests performed in this manner are
presented in Table I1I.8.

The very poor. agreement between the two calibration
procedures, except at low dilutions, may be explained by the

difficulty in extracting the odourant from the charcoal when

'
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TABLE II.8: Dilution Factors According to the GC
Analysis of Charcoal Filters.

Dilution Factor
Port No.
Volumetric Method Test #1 Test #2
1 240. -—- - 970.
2 81.0 360.0 . 164.0
3 28.2 58.0 36.3
4 9.8 14.8 11.1
5 4.5 ‘ 5.6 1.6
6 ' 2.4 2.6 2.3

concentrations are very low. An a£tempt was made to increase the
mass of odourant collected on the charcoal by inéfg;;ing the
odour concentration being supplied to—the—vlfactometer and by
drawing larger volumes of the odourous gas from each of the ports
through fhe charcoal tubes. Unfortunately, the supply stream
concentration exceeded the capacity of the charcoal tube and
therefore %Pis concentration was not measured. However, when the
dilutions from each of the ports were normalized with respect ég
port 6, the results shown in Table II.9 are produced.

The results of the third charcoal filter test showed
much better agreement between the two calibration procedures
except at very ‘high dilutions where the amount of odourant

collected on the charcoal was relatively small. The good

agreement at the majority of the ports, however, supports the



TABLE I1.9: Normalized Dilution Factors

Dilution Factor
Port No. ;
Volumetric Method Charcoal Test #3
1 100.3 200.5
2 34.0 40.9
3 11.9 11.8
4 4.1 4.0
5 1.9 1.9
6 1.0 1.0

142

contention that the volumetr;c calibration procedure is a
gsatisfactory method for assessing the dilutions at each port.

) If it is necessary to perform tests such as this in future
regsearch, it is suggested that the OVA technique be choseﬁ over
the option of using the GC method. Another alternative that
could be used ih place of these two techniques would be thé use
of a MIRAN ‘Gas Analyzer for which a trac?r gas such as sulfur
hexafluoride or Freon could be introduced into the olfactometer

at a known concentration. The gas analyzer response at each port

could be used to determine the appropriate dilution factors.
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Name

Akers
Berends
Bewtra
Bewtra
Bures
Cavallaro
Chan
Chandra
Chevalier
Chodola
Coon
Dick
Doan .
Ellwood
Ferranti
Gelmini
Gnyp
Godo
Godo &
Iravani
Jennings
Jones
LaPointe
Lappan
Lashkari
Liehsch
MacInnis

Rzazouzky

.

McDonald
McKennie
McIntosh
Miller
Nease
Nicell
Palmer
Ramos
Rogers

. Ryan
St.Pierre
Scott
Simon
Stager
Stein
Stephan
Sullivan

MODATODCYOONQPEEUIEICTIOUARITZOQYIrrEARYOEOY >

MecCorquodale

Panelist Information

Age

23
25
51
21
25
21
30
18
21
25
24
24
29

22,

25
55
23
25
29
27
25
60
23
40
20
61
19
21
62
46
49
26
23
23
30
24
53
48
22
25
49
23
33
24

Sex

Female
Female
Male
Male
Male
Female
Male
Male
Male
Male
Female
Male
Male
Male
Female
Male
Male
Female
Male
Male
Female
Male
Female
Male
Male
Male
Male
Male
Female
Male
Male
Male
Female
Male
Female
Male
Female
Male
Male
Male
Male
Male
Female
Male
Female

Odourous Working

Atmosphere?

Yesn
Yes
No
No
Yes
Yes :
No
No
No
No
No
Yes
Yes
No
Yes
Yes
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
Yes
No
No
Yeg
No
No
No
Yes
No
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Name

C. Talpas
Thanik
Watt
Wellisch
White
Wollin
Wong
Youdelis
Zytner

A roRoz

Group

Age between iB and 29

Age

21
20
48
24
25
30
19
54
27

Total No.

Over the age of 30
Over the age of 40
Over the age of 50

" Male
Female

of Panelists

¥

-

Sex

Male
Female
Male
Female
Male
Male
Male.
Male
Male

Odourous working atmosphere
Neon-odourous working atmosphere

145

Odourous Working
Atmosphere?

No
Yes
No
No
Yes
No
No
No
No

= 54

% Of Total Group

70
30
24
13
69
31
28
72

* People below the age of 18 were not asked °
to participate in these experiments because |
they are considered to be minors under the
laws of Ontario.
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Analysis of Raw Panel_Data

For illustrative pﬁrpoées,"consider. a 10-member panel
evaluating an odour with a six level dynamic olfactometer using a
ternary forced-choice technique in ascending series of
concentration. Typical raw data collected during a test.are
sunmarized in Tables IV.1 and IV.2.

The data in Table IV.1 can be simplified b& replacing the
panelists’ identification of the odourous ports with the numbers
zero (0) or one (1}); zero {0) indicating an incorrect choice andK
one (1) indicating a correct choice of an odourous port. These-
simplified data are presented in Table IV.3. At each port the
number of panelists who correctly choose subsequent odourous
ports consistently from their initial correct choice are totaled
and expressed as a percentage of the full panel. These
percentages are the wvalues of the percent probability of
detection at each of the six dilution leveis.

‘'The percent probability of discrimination is determined from
the panelists’ indications of the dilution level at which they
are certain, beyond a doubt, about the presence of the odau;.
Care must be taken to ensure that tge panelists’ claims of the
dilution levels at which they begin to discriminate the odour
correspond with the dilution levels after which they consistently
detect the odour. If there 1isn’'t correspondence then the
dilution level at discrimination for that particular panelist is

adjusted to a dilution level at which the individual consistently
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TABLE IV.1: Panelists' Indication of Odourous Tubes

Dilution Level No.
1 2 3 .4 5

) Correct Tube Choice

Panelint
2 3 1 1 3
Dilution Factor
1765. 575.8 182.9 57.9 21.3

C.T. 3 1 I 1 3
D.S 2 1 1 1 3
M.W. 3 2 1 1 3
L.G. 1 1 1 1 3
R.I. 3 3 2 2 3
D.St 1 2 1 1 3
C.M. 1 2 3 3 1
R.S. 3 3 2 1 3
W.M. 1 1 2 2 3
K.E. 3 3 1 1 3
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TABLE IV.2: Panelists'’ Degree of Annoyance and
Dilution Level of'Discrimipation.
Dilution Level No. i
_ Disc?imipate,
panetioe | 1 [2 ] 3 T4 s pityeion |
X -Degree of Annoyance (0-10)
C.T 0 1 2 3 4
D.S 0 0 0 0 3
MWL 1 1 3 4 4
L.G. 1. 1 2 3 4
'RiI' o 0 0 o 3]
D.St 0o |0 [ o 3 5
CiM. 0 0 0 0 6
R.S. -0 1 2 4 3
V.M. 0 o | 2 2 4
K.E. 0 0 0 1 4




TABLE IV.3:

Summary of Correct and Incorrect Responses
and the Resulting Probability of Detection

150"

Dilution Level'No.'

2 3 T4 5 6
~Panelist . -
Dilution Factor
1765. | 575.8 | 182.9 57.9 21.3 7.3
C.T. 3 0 I T | 1 1
D.S. 1 0 1 1 1 1
M.W. 0 0 1 1 1 1
L.G." 0 0 1 1 1 1
R.I. 0 1 0 0. 1 1
D.St 0o 0 1 1 1 1
C.M. 0 o 0 0 a0 1
1 1 1
0 1 1
1 1 1
Correct . )
from this 0 10 70 90 100
port on’ 4
(%)
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detects the odour. The dilution levels at which tﬁe panelists
discriminate are identified in Table IV.4 by t{é lette;f"b". The
peréentage of peopie who discriminate at eachhpofffﬁroduces the
values for the percenprprobabiliiy’of d%sqyimination curve of the
Odour Impact Model. ' . o

A person 1is considered to have  complained if he/she
expresses a degree of annoyance greater than zero. Table 1IV.4
indicates the panelists who have complained at each dilution
level with %he'letter B o hThe‘percent probability of complaint
curve encompasses only those panelists who both discrimin;te and
complain about thg cdour. These panelists, are identified in
Table IV.4 with both a "D" and a "C" at certain dilution levels;
"Complaints which.do not correspond to =a concentrafion at which
the panelist discriminates the odour cannot be ascribed to the
odour and, thereforé, they are adjusted to zero. These adjusted
complaint levels are shown in Table IV.5.

The predicted degree of annoyance is calculated by averaging
the panelists’ complaint levels at each dilution level. Two‘sets
of panel annoyance values have. been includgd. The method of
evaluation depends on whether the sannoyance of those who
discriminate and complain about the odour is to be evaluated
(only non-zero annoyance valueg are included) or if the full
panel’s annoyance (all annoyance values are included) is wanted.

The results of the odour impact model calculations are
summafized in Table 1IV.6, If the odo;r impact model i3 to be

pressfted as a function of concentratioh rather than dilutions,

-



TABLE IV.4:
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//”

-

Panelists’ Probability of Discrimination

and Complaint.

-~

AN

Dilution Level No.

1 2 3 4 5 6
Panelist :
Dilution Factor

1765. 575.8 182.9- 57.9 21. 7.3
C.T. - L, - c DC DC DC

D-Sn - - D D D . D
M.W. C C C bC BC DC
L.G. c c c DC DC DC
R.I. - - - - - DC
D.St - - - - DC . bC
C.M. - - - - - DC
R.S. - - C DC DC DC
W.M. - - - C DC DC
K.E. - - - D DC DC
% Discrin. 0 0 10 60 - 80 100
% Complaint 0 0 0 40 Yo 90

N

1



TABLE IV.5: Degree of Annoyance at Each Dilution Level.
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Dilution Level No.
1 2 3 4 5 6
Panrelist -
Dilution Factor
1765. 575.8 182.9 57.9 21.3 7.3
C.T. 0 0 0 2 3 4
- D.S. 0 0 0 0 0 -0
M.W. 0 0 0 3 4 8
L.G. 0 0 0 2 "3 3
R.I. 0 0 0 0 0 2
D.St 0° 0 0 0 3. 3
3
C.M. 0 0 0 o 0 .2
R.S. 0 0 0 - 2 4 4
- W.M. 0 0o 0 0 2 2
K.E. 0 - 0 0 0 1 4
Meanl(only 0.0 0.0 0.0 2.3 2.9 3.7
non-zero)
Mean {all 0.0 0.0 0.0 0.9 2.0 3.3
values)
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TABLE 1V.6: Reduced Data for the Odour Impact Model.
Point | Dilutions C°“°e“t§3ti°“ p | Pon | Bc | DA
(ug/M")
1 1765. 95.9 0 0 0| o
2 576. 294 10 0 0 0
3 _183. 925 60 10 0 0
4 58.9 2920 70 60 | 40 | 0.9
5 21.3 7950 90 80 70 | 2.0
6 7.3 23200 100 | 100 50 | 3.3
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the concent?ation of the odour supply must ke known. In this
example, the data that héve been used correspond to methyl
isogmylketone with an odour supply concentration of 1.692 x 105
.,ua'/M3 . ' 3 '

The data presented in Table IV.6 are illustrated in Figure

IV.1 as functions of odour concentration.
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"FIGURZ IV.1: Odour Impact Model for Methyl Iscamylketone
Using a 10-Member Panel.
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Statistical Analysis of Odour Impact Model Data

It is often useful to compare the mean scores of a number of -

samples to determine whether a statistically significant

difference exists with respect to a particular measuring»'

instrument. The intent is to establish whether a difference
between. sample means should be regarded as evidence that there is
a 'real difference on some measuring scale between means of the

examined groups and not just & difference which has occurred

because of sampling errors. This analysis is called a test of

significance.

AL fhe Null prothesis

| The question of whether or not a sample could havé been
drawn from a particular population can be examined through use of
what ié known as a "null hypotheéis". _ fhis hypqthesis is ‘a
statement making the proposition that there is no real difference
between the sample mean and the corresponding population mean.

That isg, Hy = Hy OF py- p, = 0 represents the null hypothesis

"designated as Ho' If there is an observed difference, this is

agsumed to be due to chance or sgampling error. Therefore, the
aim of the null hypothesig is to set up a test situation in which
the it can be exanmined and a conclusion can be made as £o whether
the hypothesias may or may not be rejected. If the null
hypothesis is rejected, then the observed difference between the

means is considered to be signifipant and not due to chance.
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To test aAnull hypotl;esis, Ho’ it is necessary t;a assume
that no difference exists between the population means. When
measurements have been made, the differences between the sample
means are observed, and then the probability of obtaining an
d;;ference; il - iz; which is larger than the observed difference
is determined. The sample means, il and 22 are estimates of the
pepulation means, Hy and Hoe If the probability is small, the
examiner may reject the null hypothesis. If Ho is retained at =a
specified level of significance, this would indicate that the
difference between sample means was nof sufficiently large to
rule cut those differences which may arise by chancg. Rejectioh
of the null hypothesis would indicate that the differénce between
-the observed means was so large that the difference would rarely
occur due to sampling error if the value Ky had equaled Ho e When
a null hypothesis is rejected, it is conciuded that there is =a
real difference bhetween sample means [17].

The "'rejection or retention of Ho depends on the level of
significance chésen as a basis for’ the. decision. The most
commonly used levels are the Sﬁ and 1% levels of significance.
The 5% level of significance specifies that the chances are 5 inr
100 that differences in the means due to experiment coulaﬂbe
obtained when in reality there were no differences between
population means. The 1% level of significance would be used to

make the chances 1 in 100 of incorrectly concluding Hy = Hy = 0

- X.,. [17]

based on the sample mean difference, il 2
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B. 8 -Variance \'

The previou§ diseussion was limited to the comparison of two
sample means, however, the same procedure may be extended to the
comparigon of any number of sample means using a method called
the Analysis of Variance (ANOVA).

. -

1. Theory [1,17] - |

When K populations are to be studied it is assumed that
each will be normally distributed and to have the same variance,
02. Also, the hypothesis is made that the population means, p;,
Ho cay Hg» are all identical. If a random sample of sgize N is
drawn from each of the K populations, then a set of K meana.(il,

iz, ey iK) and K variances (sf, sg, ..f,sé) can be cdalculated.

Since the population variances are all assumed to be equal to oz,

all sample variances, sg‘s, may be averaged to produce an

estimate of 02. This estimate is calculated according to
1. K
Mv = L oz g2 (V.1)
wg K j=1 9

where MVw the Mean of Variances withing groups

the number of populations being compared.

'

g
K
3 the variance of sample j

S.

Since each sample variance is of the form

g% = J (V.2)
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where 8s8. = the sum of the square of measurepents within a

J
sample ;

Nj = the number of measurements within a sample.

v

and the Nj's are equal, therefore the mean variance,'Ez. may be

written as

K
I s8s8. {(V.3)
K(N-1) j=1 Y

-2 _ 1
s

-

Also, since it has been assumed that the K different X's are
estimates of the same quantity, u, the variance of the sample

means,

| (V.4)

K .
;:L- I (X, - X)
K-1 J=

is an estimate of ole, the wvariance of the sample distribution
of X, which is the mean of K sample means. Therefore, N times

the variance of the means provides an estimate of the common

population variance, 02. This estimate is written as
MV = N - 82 {V.5)
bg X

This quantity will be referred to as Mng, representing
N times the Mean of the Variance between groups.
When K samples are randomly drawn, the two quantities

Mvwg and vag are independant estimates of the same variance, 02.

If the peopulation means, His Hor «ocs Hys are different from each
other in any way, the statistic vag will estimate a8 quantity
lafger than 02. Therefore, in analysis of wvariance the sample
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values of vag and Mng are compared by forming their ratio, F,
in terms of
MV

: | . F = __ b2 | (V.6)

Mvwg
. fga'
When this ratio is iarger than unity by some
substantial amount, dictated bf the chosen level of significance,
this is taken to indicate that the population means differ from
one another._ The ratio, fc, may_exceed-unity by mere chance due
to the random sampling from the respective popuiationst Also,
this ratio can be less than unity. If this is the case, then
evidence suggestsithat any diffefence among population meansli;
only slight when compared to the variance, o?.

Once the F-statistic has been calculated for a

particular set of sample data, a table of values of the "

-

13

F-distribution may be consulted to determine if significant
differences exist between groups being studied. In this table two
sets of degrees of freedom {(df) are always involved. The two

degrees of freedom are calculated from

dfbg = K - 1 (Vv.7)
qfwg = Nt - K (V.8)
where dfbg = the degrees of freedom between groups
dfwg = the degrees of freedom within groups
Nt = the total number _ of observations
K = the total number of samples.

The value of Fa from the table determines whether the
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null hypothesis is to béfrejected,.or not. If Fc > Fa at a

bdrticular level of significance, a, then the null hypothesis is
rejected and the conclusion is made that the sample means ij are

not all drawn from the sampe population. That is, there is a

'statiétically sigpificant difference between means.

.

2- E s !o ! 'II -B » ! L] E !] I[ ]] Il !] 0]
Two cases may arise from the use of ANOVA. if F_ g'Fd

then the null hypothesis is immediately rejected and the

conclusion is made that there is a gignificant difference between

= .

the means. However, if F_, < F_ then the null hypothesis is not

rejected but. neither is it accepted. That is, the alternative to
rejecting the null hypothesis is not necessarily to accept it.

A significance test. four possiﬁ%e

-

may result in

situations as demonstrated in Table V.1.

TABLE V.1: Situations Arising from a Significance
{\ L Test.

Conclusion

Actual Situation

Sample is from

Sample is not

from population

{Type II error -
accepting a fmlse
hypothesis)

. Population from Population
! {accept H ) (reject H )
o o
Samnple is from ] CORRECT INCORRECT
population: : (Type I error -
rejecting a true
hypothesis)
Sample is not INCORRECT

CORRECT
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1
4

The error in concluding that the sample doesn't come

from the population when, in fact, it does is called a Type I,

errof. "The éfrpr'.iﬂ concluding that a sample is from the
population when in reality it isn't is called a Type II error.
In most.cases, the aim is to avoid a Type 1 error. But if the
gltefnative to rejecting the H0 is to accept it, in -reducing fo a
minimum level the ppobability of_rejecting a true hypofhesis, the
probability that a Type II error will be made is incrgased. That
is, a false hypothesis will .be accepted. |

In order to estimate the pfobability of committing =a
Type Il errdr; it is=s necessa@i}to'hypothesize a true population

mean. This is not pogsible very often. Therefore, one must be

~aware of the conditions under which an acceptance of the null

L

hypothesis can be made ETEB a low probability of making a Type II

error.

-

The alternative to rejecting the null -hypothesis when

F_ ¢ F_ requires careful consideration. For small wvalues of FC

c a
(less than unity), accepting the null hjpothesis is reasonabBle.
Also, ‘wheh -F;' = 1.0, it 1is still pﬁésible to Jjustify the
conclusion ?hat the null hypothesis, Ho, is true. But for
intermedinte wvalues where 1.0 < Fc < Fa' the most realistic
alternative i8° to withold judgemént since the probability qf
making a Type I;_error is sgubstantial. Effectively, these are
the best conclusiéns which cah be made about the equality of
sample means.[1]

It is possible to increase the confidence in making a

~conclusion to accept a null hypothesis by perfofming the Cochran

-
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Test fbr the'Homogeﬁeity of Variances. If the variances for e;ch
of the sample populations aréﬂequal and thi ANOVA test doésnyt.
allow a reJeElidn of Ho tﬁen the Aull hypothesis may be accgptgd
with a lower probabilityJof making a Type II error. The test for
the homogeneity of. varignces_ may ‘be ﬁ;de by éaiculatiﬁg ‘a
parametefﬁnﬁ, acgordihg to |

[=4

Maximum Value of sg

K
z s%
j=1 7.

This parameter is the 'ratio_’of the largest sample

variance to their total. Thefhypothesié that 02 = 02 = oi

i 2 T e is

accepted if
g ¢ Ea

where g, is given in a.table at levels of significance, 1-a.
This standard table is entered with n, the-number of observations
wighig each groﬁp, and K, the number of variances being"
cohsidered; This test is only applicable to comparisons between
eqﬁal sized samples. )

If it ¥s found that the variances are not equal then it
is not adviseable to accept the null hypothesis unless Fc is very

small since one of the requirements of the ANOVA method is that

the variances should be equal. i ) -

C. Confidence Limits of a Mean

Once a value has been determined from measurements performed

on random samples it is useful to determine the limits between
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which the mean, X, would be expected to occur if the test were

e

repeated with any other random samples. --That is, two values may

be determined which shall be designated iL and iU and which will

)

be smaller and larger than X, respectively. These upper and
lowef values of the mean are called the "confidence limits" of X

and define a confidence interval in which X may be expected ‘to

occur.

The first step in ‘finding the confidence 1limits of X
consists of deciding how often a wrong statement of confidence
limits 1is tolerable. If it is teclerable to be wrong not more
than 5 times out of 100, then a 95X confidence level may be
chosen. Once this wvalue hég been decided upon, the values of X

L

and iU may be determined by making use of the values of X, the

sample mean, and s, the sample standard deviation, which are

‘calculated using

- 1 N
X=2=.3z Xi (v.8)
‘ N i=l i
4 - R
N
z (xi—}'()z )
g = i=1 {(V.9)
(N - 1)
where X = the sample mean .
Xi = observation i of the sanple

a = the sanple standard deviation
- N = the number of observations'in the sample.
The population mean will lie somewhere between the limits

defined by
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- 7 . S .
XP = X % ta —ET/Z (V.10)
where'ta is the Student’s t-statistic whose value depends on the
value of N and the confidence.level which is chosen. Therefore,

the lower and upper bounds of the limits are defined by

s _ T _ 8
XL = X ‘ta ";T/2 {V.11)
and *
- - - . s
\ XU =X+t —;le _ (v.12)

The dete;minatiAn‘ of the confidence 1limits for a mean
depends on the faldt that the data are normally distributed. If
the data are’tun: normally distributed then confidence limits
canncot be ‘calculated unless the aata can be functionally altered
to‘produée a normal or Student’s t—distribution. For example, if
a sét of -méasurements is log-normally distributed then the
confidence limits of the data can be determined by performing the
same palculations as shown above except the logarithms of the
measurements must be Hsed instead of thé actual values of the
measurements. Once th% upper and lower bounds of the confidence
limits have béen determined for the 1logarithm -“of the
measurements, then they can be converted to the original form of
the data by taking the antilogarithm of the limits. The
confi@ence interval for this type of data will not be distributéd
evenly sn both sides of the'mean.as shown ip equation V.10 but

instead will be skewed due to the log-normal distribution of the

data.
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a

The Analysis of Variance (ANOVA) may be used to -compare the
annoyance of a'"\panel at any odourant concentration, theq mean
detection threshold (ED50), and the mean discrimination threshold

(Dso) with similar values produced by any number of other panels.

1. Ihe Degree of Annovance Curve

Unfortunately, a statistical test does not exist which
may be used to compare an entire curve with -anpther without
mathematicai expressions which describe the curves. Since no
equation has been detepmined which fits a panel’s degree of
annoyance curve, one must be content to compare the curves at
certain selected points;

In this study, ANOVA was applied to six evenly spaced
{on- the logarithmic; scale) concentration values at whf&h the
panel produced annoyance ratings of the odours. The test was
applied to see if the mean anhoyance ratings of individuals on a
panel differ with respect to the means of other panels at the
same comparison points.l ANOVA requires values of the mean and
variance of each-pénel pefore a comparison may be made. Thése
are calculated for the degree of annoyance curve at any chosen

concentration by

1

DA . 5 ——_—
3ok N. i
J
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. N. '

and _sﬁ’k = N_l___; 152 (A, 5 - DA, 0% (Va1

J )

where ij,k = the mean degreé of anneyénce of paﬁel J at

comparison point k
'DAi,j,k = the degree of annoyance of panelist i on panel j
at comparisoh point B -
sg'; = the variance of panel j at comparison point k.

These calculations result in a mean and variance value
for each panel at each comparison peint. The results may be used
to perform the ANOVA test and to determine confidence limits at

eacdhcomparison point.

2. Thresholds
The detection and discrimination thresholds are
log-normally distributed. Therefogg ANOVA cennot be applied to
thresholds in their usual form. ﬁ;ther. the logarithm of each
value must be determined to convert the values to a coordinate
‘system in which the data are normally distributed.

The calculation of the mean and variance are performed

using
N,
— L. " _
(Log X.) = — +« £ {Log X. .) {(V.15)
J N, i=1 2
J
. ’ NJ
and s2 =1 .5 (Log X, . - Log X%  (v.16)
J N -1 i=1 yJ J
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the mean logarithm of the panelists’ thresholds

where Log X‘j

Log xi,j = the logarithm of the threshold of panelist i on
panel j
s? = the variance in the logarithm of the thresholds
of panel j
-Nj = the number of pane}ists on panel j. .

ANOVA is applied to these values. .in the usual maﬂner
since thesé figures meet the normal distribﬁéion requirements of
the statisticél test. Confidence limits must also be developed‘
using these values due to the method’s restriction to norm;lly
distributed data.

-

3. Statistical Analvsis of Results Between Panels

Confidence limits may be calculated for the results of
a éingle panel for such values as the degreé of annoyance and the
mean panel threshold. However, confidence limits cannot be
determined for points along the detection, discrimination, and.
complaint curves because oﬁly one value is produced at each
concentration for  _each panel. Therefore, for these curves
confidence limits must be determined using the results of a
multiple number of panels.

Tests like ANOVA require a mean and a variance from
each panel. Therefore, the analysis of variance technique cannot

be used to compare detection, discrimination, and complaint

curves.
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n-Butyl Acetate
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Synonyms:~"n=butyl acetate
butyl acetate

n-Butyl Acetate

butyl acetic ether

. —

m: CH,CO,(CH,;),CH,

Physical Properties:

Molecular Weight: = 116.16
Melting Point (°C): 78.
Boiling Point (=C): 126.5

Specific Gravity: 0.882
Vapour Pressure {(mm Hg) Temperature (°C)
1.0 T~-16.0
3.0 0.0
5.7 10.0
7.5 15.0
10.0 20.0
30.0 40.0
70.0 60.0 -
100.0 68.0
340.0 100.0
600.0 118.0
760.0 126.5

C.A.S. Nof 123-86-4

Chem}cal Supplier: Aldrich Chemical Company, Inc.

" Chémical Purity: 99.8 %
i GLC Grade

0.003 ¥ Water’

0.0005 % Evaporation Residue

ACGIH Threshold Limit Values (mg/M®)}: [20]

Time Weighted Average (TWA)

Short Term Exposure Limit (STEL)

”
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Odour Data: .
Characteristic/quality [22] sweet, este§ﬁ>
Hedonic Tone [22] . pleasant
Lowest Reported Threshold (mg/M’) (18] 33.1
Highest Reported Threshold {(mg/M*) [18]} 94.7

Odour Impact Model Detection Threshold (mg/M?) 1.00

Odour Impact Model Discrimination Threshold (mg/M?) 3.10

Qdour Impact Mod

+ evaluated by 5 10-member panels in a single session

s+ 23 panelists participated _
w* sSee the figures for the individual panel models and the

combined odour impact model



Indication of Odourous Tub;Lj
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TABLE VI.1: Panelists’'
for Panel One.
Dilution Level No.
1 2 3 4 5 6
Correct Tube Choice-.
Panelist
1 2 3 1 2 3
Dilution Factor
1497. 506.2 176.2 51.5 19.7 7.4
1 3 2 3 1 2 3
2 3 3 3 1 2 3
3 3 1 1 3 2 3
4 2 1 3 2 2 .3
5 1 1 2 1 2 3
6 2 2 3 1 2 3
7 2 3 3 1 2 3
8 1 1 2 1 2 3
9 1 3 3 2 2 3
10 3 3 3 1 2 3
Odourant Concentration = 2.14 x 105 pg/Ma
. —

7
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TABLE VI.2: Panelists’ Degree of Annoyance and Dilution
Level of Discrimination for Panel One.

Dilution Level No.
h Discriminate
Panelist 1 2 3 4 5 - 6 at Dilution
Level No.
Degree of Annoyance (0-10)

1 0 0 0 1 4 6 5
2 0 0 1 2 3 4 3
3 0 1 1 1 3 4 5
4 0 0 0 1 2 3 4
5 0 0 Y] 4 4 5 5
6 0 0 0 1 2 2 3
7 0 0 0 1 2 4 4
8 0 0 0 1 2 3 4
9 0 0 0 0 0 1 6
10 0 0 0 0 0 1 4




60. 00 80. 00 100. 00

40, 00

PROBABILITY (Z) OR ANNOYANCE x 10
00
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PROBABILITY OF DETECTION
PROBABILITY OF DISCRIMINATION
PROBABILITY OF COMPLAINT
DEGREE OF ANNOYANCE

1
2
3
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lIIII[‘ I T ¥ T TTY
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CONCENTRATIONl(UG/M3)

FIGURE VI.1: Panel One Odour Impact Model.
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TABLE VI.3: Panelistsg’ Indiéation of Odourous Tubes
for Panel Two. | -

177

Dilution Level No.

1 2 3 4 5 6 .
Correct Tﬁbe Choice ?
Panelist: _ . .
) 1 2 3 1 2° 3
Dilutioﬂ:Factor
1497. | 506.2 |.176.2 | 51.5 | 19.7 | 7.4
1 1 3 3 1 2 3
2 3 2 2 ‘3 2 3
3 1 1 1 3 2 3
4 3 2 3 1 2 3
5 3 2 3 1 2 3
. 6 3 3 1 - 3 2 3
7 3 2 2 2. 2 3
8 3 1 3 1 2 3
9 1 1 1 1 2 3
10 2 2 3 1 2 3
Odourant Concentration = 2.14 x 10° yg/M§~
) o~
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TABLE VI.4: Panelists’ Degree of Annoyance and Dilution
Level of Discrimination for Panel Two.
Dilution Level No.
: - Disc;imipate
Panelist 1 2 3 4 5 i;vgilszfon
Degree of Annoyance (0-10)
1 0 0 1 2 4 4
2 0 o 0 0 0 5
3 0 0 1 1 2 3
4 0 0 0 1 1 4
5 0 0 0 1 2 4
6 0 0 0 0 2 5
7 0 | 0 0 0 2 5
8 o 0 0 0 1 3
9 0 0 0 0 2 5
10 0 0 0 1 2 6
‘ 2
.
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FIGURE VI.2: Panel Two Odour Impact Model, /
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TABLE VI.5: Panelists' Indication of Odourous Tubes
’ for Panel Three.
Dilution Level No.
1 2 3 4 5 6
) Correct Tube Choice
Paneligt — -
1 2" 3 1 2 - 3.
‘;
Dilution Factor

1487. 506.2 176.2° 51.5 19.7 7.4

1 3 2 1 1 2 3
2 2. 3 2 1 2 3
3 1 3 3 1 2 3
4 2 1 3 1 2 3
5 2 2 2 3 2 3
6 1 3 3 1 2 3
7 3 1 2 1 2 ‘3
8 1 3 3 1 2 3
9 3 2. 3 | 1 2 3
“Yo 3 1 31 2 3

Odourant Concentration = 2.08 x 10

5 pg/M3




181

t

TABLE VI.S; Panelists’ Degree of Annoyance and Dilution
Level of Digscrimination for Panel Three.

Dilution Level No.
: Discriminate
Panelist 1 2 3 4 5 6 at Dilution
" Level No.
Degree of Annoyance {0-10)
Fu
1 0 0 0 0 4 6 5
2 "o 0 1 2 3 3 3
3 0 0 0 2 4 4 4
4 0 0 0 0 1 2 5
5 1 2 2 3 4 5 4
6 0 o 0 1 2 3 g
7 0 0 0 0 2 3 6
8 0 0 0 0 1 1 4
9 o 0 0 0 2 4 4
’/ v
10 o/ o 0 2 4 6 4
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FIGURE VI.3: Panel Three Odour Impact Model.
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Indication of Odourous Tubes

TABLE VI.7: Panelists’
for Panel Four.’
Dilution Level No.
1 2 3 4 5 8
Correct Tube Choice
Panelist
' 1 2 3 1 2
Dilution Factor Ty L
- .
Sy
. 1497. 506.2 176.2 51.5 19.7 ..
N .
1 3 1 2 1
2 3 2 3 1
3 2 3 3 1 2
4 2 2 2 1 2
5 3 3 2 2 2
6 1 3 3 1 2
T 3 3 3 1 2 3
3 1 3 1 2 3
9 3 2 3 i 2 3
10 3 1 2 1 2 3
Odourant Concentration = 2.08 x 10 yg/Ma

N



"TABLE VI.8:
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Panelists' Degree of Annoyance and Dilution
Level of Discrimination for Panel”Foup.

Dilution Level No.

AN
Y

!

Disg#imipate

Panelist 1 2 ? 4_ > i:vgilngon
Degree of Annoyance (0-10) -
1 0 0 o 2 2 4
2 0 0 0 0 2 5
3 0 0 1 1 2 3
4 0 0 0 0 0 6
5 0 0 0 0 1 WG
6 1 1 1 2 4 4
? 9 0 0 1 1 3 .3
8 0 1 2 2 3 3
9 0 o 1 1 3 3
10 0 0 0 0 2 4




PROBABILITY (Z) OR ANNOYANCE x 10

100. 00"

GP. 00

oo

LW N =

DEGREE OF ANNOYANCE

PROBABILITY OF DETECTION
PROBABILPIY OF DISCRIMINATION
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FIGURE VI.4: Panel Four Odour Impact Model.
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TABLE VI.9: Panelists’ Indicabion of Odourous Tubes

|

for Panel Five.

186

Dilution Level No.

1 2 3 4 5
Correct Tube Choice
Panelist
1 2 '”ﬁ 1 2
Dilution Factor
1497. 506.2 176.2 51.5 i9.7
\ .

1 3 3 3 1 2
e 2 3 3 1 2
3 2 1 3 1 2
4 1 .3 1 1 2
5 . 2 3 2 2 2
6 3 2 3 1 2
7 3 2 3 1 2
8 3 2 1 3 2
9 1 1 3 1 2
10 2 1 3 1 2

Odourant Concentration = 2,08 x 105 yg/Ms
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- . . \
TABLE VI.10: Panelists' Degree of Annoyance and Dilution
~ Level of Discrimination for Pahel Five.

Dilution Level No.
/" Disc;imi9ate
Panelist 1 2 3 4 > f“/ls ;:vzilngon
Degree of Annoyance (0-10) S '
1 0 o 1 3 4 5 3
2 0 0 0 0 0 1 o4
3 0 0 6 0 2 2 ‘ 4
-4 0 0 0 1| 3 6 4
5 o | o o | o 4 E 5
6 0 o | -0 1 2 2 4
7 0 S 1 2 2 3
8 0 0 ] 0 0 1 2 5
9 0 0 0 1 2 5 4
10 0 0 o |1 2 | a s




PROBABILITY (Z) OR ANNOYANCE x 10

W N

PROBABILITY OF DETECTION

PROBABILITY OF DISCRIMINATION
PROBABILITY OF COMPLAINT
DEGREE OF ANNOYANCE

T T 1717 - T 111
4 56?89' P4 3 4 SG‘IGg—l

=
102 104 10°

CONCENTRATION (UG/NS)

FIGURE VI.S5: Panel Five Odour Impact Model.
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FIGURE VI.6: Odour Impact Model for n-Butyl Acetate.



Appendix VII

Propylene Glycol Monomethyl Ether
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Propylene_dlycol Monomethyl Ether

Synonyms: propylene glycol monomethyl ether
: l-methoxy-g-propanol

Formula: CH;CH(OH)CH,OCH,

Physical Properties: ‘ : .
‘Molecular Weight: 90.12

Melting Point (°C): -
Boiling Point (eC): 118.5
Specific Grgvity: 0f922 -

C.A.S. No: 107-38-2

Chemical Supplier: Aldriph Chemical Company, Inc.

Chemical Purity: 98+ %

ACGIH Threshold Limit Values {mg/M?) [20]

Time Weighted Average (TWA) : 360
Short- Term Exposure Limit {(STEL) - .540

Odour Data:
Lowest Reported Threshold (mg/M’) [18]

Highest Reported Threshold (mg/M®) [18]
Odour Impact Model Detecotion Threshold (mg/M®)

Odour Impact Model Discrimination Threshold (mg/M?®)

QOdour Impact Models:

191

360.

'360.

121.
215.

evaluated by 5 10-member panels in a 31ngle sessgion

23 panelists participated

see the figures for the 1nd1v1dual panel. models and the

"combined odour impact model
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TABLE VII.1: Panelista’ Indication of Odourous Tubes
- for Panel One.

Dilution Level' No.
1 2 3 4 5 - 6
* Correct Tube Choice
Panelist . .
1 - 2 3 1 2. 3
Dilution Factor
1497. | 506.2 | 176.2 51.5 19.7 7.4
1 3 3 1 3 2 3
2 2 3 2 1 2 3
s N
3 1 2 1 i 3 3
4 2 1 2 4 2 1 3
5 2 1 1 3 2 3
6 3 1 2 2 2 3
7 1 1 2 1 2 3
8 3 2 "3 2 2 3
9 3 3 pA 1 pA 3
10 1 3 2 2 2 3
Odourant.Concentration = 3.72 x 10s ,ug/M3
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TABLE VII.Z:

Panelists’

193

Degree of Annoyance and Dilution

Level of Discrimination for Panel One.

Dilution Level No.

Disc?imigate
. . Leve ve "
Degree of Annoyance (0-10)
1 0 0 1 2 6
2 0 0 0 0 6
3. 0 0 0 0 5
4_ 0 0 0 0- 6
5 0 0 0 0 .6
6 0 o . 0 1 3
7 0 0 1 2 3
8 0 0 0 1 5
9 0 0 0 3 5
10 0 0 0 0 6
ﬂ\\'\



PROBABILITY (7) OR ANNOYANCE X 10
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FIGURE VII.1: Panel One Odour Impact Model.



TABLE VII.3:

Panelists' Indication of Odourous Tubes
for Panel Two.

195

Dilution Level No.

-

1 2 3 4\1 5 6
Correct Tube C Lice
Panelist
1 2 3 1 2 3
Dilution Factor -~
1497. 506.2 176.2 51.5 19.7 7.4
1 1 2 3 3 2 3
2 2 3 1 1 3 3l
3 3 2 3 2 2 3
4 3 3 2 3 K | 3
5 1 2 2 2 2 3
6 2 2 3 2 1 3
7 2 1 2 1 2 3
8 3 2 3 2 1 3
9 1 3 2 1 2 3
10 1 1 2 1 2 3
Odourant Concentfation = 3.72 x 106 pg/M3




TABLE- VII.4:
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Panelists’ Degree of Annbyance and Diluﬁion
Level of Discrimination for Panel Two.

Dilution Level No.
Discriminate
. 1 2 3 4 5 6 at Dilution
Panelist ‘Level No.
Degree of Annoyance (0-10)
1 0 0 0 -0 ] 1 5
;

2 0 0 o |0 0 2 6
3 1 |1 1 1 1 2 6
4 0 0 -0 - 0 0 ) 6
- -‘_: )
5 0 (¢ N N ¢ 0 0 1 6
6 0 0 0 0 0 1 6
7 0 0 0 0 0 2 5
8 0 0 0 o 0 2 6
9 0 0 0 0 0 1 4
10 0 0 (4] 0 1 3 5




PROBABILITY (%) OR ANNOYANCE X 10
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FIGURE VII.2:- Panel Two Odour Impact Model.
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TABLE VII.5: Panelists’ Indication of Odourous Tubes
for Panel Three.
-~ Dilution Level No.
1 2 ) 3 1. 4 5 6
- Correct Tube_Choice
Panelist :
1 2 3 1 2 3
Dilution Factor
1497. 506.2 176.2 51.5 19.7 7.4
1 3 3 3 2 1 3
2 3 2 2 1 3 3
3 2 3 3 3 2 3
4 1 1 2 1 2 3
i
5 2 2 2 2 2 3
6 2 2 3 3 2 3
7 3 1 2 3 T3 3
8 3 2 1 1 1 3
9. 2 1 2 2 2 3
10 1 3 3 1 2 3

Odourant Concentration = 3.64 x 106

pg /M
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TABLE VII.6: Panélistg}»Degree of Annoyance and Dilution ;
Level of Discrimination for Panel Three.

PN - Dilution Level_No. :
‘ .o Discriminate
SRS L N L L N B
Degree of Annoyance (0-10) - ‘
1 0 o 1t o | o 0 3 6
2 0 1 1 I 1 6
3 0 0 0 0 0 1 i 6
4 0 0 0 6 0 2 6
5 0o { o 0 0 0 1 6
6 0 0 0 0 0 0 6
7 0 0 0 0 0 1 6
8 0 0 0 0 0 1 6
9 0 0 0 0 0 1 6
10 0 0 1 1 3 5 3

4
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80. 00
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FIGURE VII.3: Panel Three Odour Impact Model.



TABLE VII.7: Panelists’' Indication of Odourous Tubes
for Panel Four. :

Dilution Level No.
1 .2 -3 4 5 6

Correct Tube Choice

Panelist
1 2 3 1. 2 3
Dilution Factor
1497. | 506.2 | 176.2 51.5 19.7 7.4

1 2 1 2 1 2 3
2 1 3 2 3 2 3
3 3 3 1 2 3 3
4 3 pA 3 3 2 3
5 2 2 1 3 3 3
6 3 1 2 3 1 3
7 2 1 3 2 2 3
8 3 1 1 3 2 3
9 17 1 2 1 2 3
10 3 "2 2 1 2 3

Odourant Concentration = 3.64 x 10 yg/M3




TABLE VII.8:
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Panelists’ Degree of Annoyance and Dilution
Level of Discrimination for Panel Four.

Dilution_Level Np.

- Disc?imiqate
Panelist 1 2 3 74 5 6 Ezvgil;;Ton
Degree of Annoyance (0-10)
1 1 1 2 _3' 3 4
2 0 "0 o f 1 3 7 4
3 0 0 0 0 0 i 6
4 0 0 0 0 1 .;'1%" S8 -
5 3 3 3 3 3 4 5 .
6 0 0 0 0 0 2 6
[ 0 0 0 0 0 0 T o6
8 0 0 0 1 1 3 PRI
9 0 0 0 0 3 4 3
10 0 0 0 0 W@;& 3 5
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FIGURE VII.4: Panel Four Odour Impact Model.
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. TABLE VII.9: Panelists’ Indication of Odourous Tubes

"+ . for Panel Five. (ot
Dilution Level No.
v o2 3 4 - 5 | &
, —
o -+ Correct Tube’ Choice
Panelist : L
' S 2 3 | 1 2 3
i Dilution Factor

1437. | 506.2 | 176.2 51.5 18.7 7.4
1 1 2 2. 2 1 3
2 3 3 1 1 2 3
3 2 2 1 3 2 3

s
4 2 ° 1 3 1 2 3
5 ~ 3 2 3 2 3
6 3 3 3 2 2 3
7 3 3 3 1 2 3
8 3 1 3 2 2 3
9 2 3 1 | 1 1 3
-~ ) e . i
10 .2 3 2 1 1 3
Odourant Concentration = 3.38 x 10°  pg/m°
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" . TABLE VII.10:

\; i , '
, A
,- LT

. ¢
.o {-.
! o .
Panelists’ Degree of ‘Annoyance and Dilution
Level of Discrimination for Panel Fivé. .~

Dilution ﬁevel No.
5

i — Qisq?imipate.
JPanelist 2 3 % 4 5 6 ;géggilﬁzfon
Degree of Anﬁoyance é0f§0) - ' _,Q;
1 0 '0 0 ;1:0 ‘ 1 . 6
2 0 0 0 o | 1 | ~j’}“;53'
3 0 0 0 2 i 7 fs
4 0 0 1 ]:\L\ 4 } 6
5 - 0 0 0 7 Yoy E
6 0 0 0- 0 1 6
T 0 0 0. 1 1 % ’
: o | o i 2| 2
9 0 0 0 1 I i
10 0 0 0 0 0 p
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FIGURE VII.S5: Panel Five Odour Impact Model.
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FIGURE VII.6: Odour Impact Model for Propylene Glycol
. Monomethyl Ether.
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Methyl Isoamylketone
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Methyl Iscamylketone

Synonyms: methyl isoamylketone
" S-methyl-2-hexanone -

Formula: (CH,),CHCH,CH,COCH,
Bhysical Properties:
Molecular Weight: 114.19
Melting Point (°C): -
Boiling Point (eC): 145.0
Specific Gravity: - 0,888

C.A.S. No: 110-12-3

Chemical Supplier: Aldrich Chemical Company, Inc.

Chemical Purifx; 99+ %
ACGIH Threshold Limit Valﬁes {mg/M*): [20]

* Time Weighted Average (TWA) 240
Short Term Exposure Limit (STEL}. none
Qdour Data:

T

Characteristic/quality [22] sweet, sharp
Hedonic Tone [22] ) pleasant
Lowest Reported Threshold (mg/M®) [18] 0.06
Highest Reported Threshold {(mg/M?) [18] ©0.34
Odour Impact Model Detection Threshold {(mg/M?) 0.63

Cdour Impact Model Discrimination Threshold (mg/M®) 1.40

Odour Impact Models:

o

evaluated by 5 10-member panels in a single session

26 panelists participated .

see the figures for the individual panel models and the
combined odour impact model



TABLE VIII.1:

Panelist

8’ Indication of Odourous Tubes

for Panel One.

210

Dilution Level No.

1 -2 3 4 5 6
Correct Tube Choice
Panelist
2 3 1 1 3 2
Dilution Factor
1765, 575.8 182.9 57.9 21.3 7.3
1 3 1 2 1 3 2
2 1 1 2 3 1 2
3 2 2 3 1 3 2
4 1 1 3 1 3 2
5 2 1 1 1 3 2
6 1 2 1 3 2
7 3 2 1 3 2
8 2 2 1 1 3 2
9 2 1 2 1 3 2
10 2 2 1 1 3 2
5

Odourant Ceoncentration =

1.39 x 10°  ug/m°
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TABLE VIII.2: Panelists' Degree of Annoyance and Dilution
Level of Discrimination for Panel One.

Dilution Level No. ' .
Discyimigate
Panelist N 3 - ° ° Ezvzilngon
- Degree of Annoyance {0-10)
1 0 0 0 o 0 1 4
2 0 0 0 1 1 2 5
3 0 0 0 0 Q 0 4
4 0 o o | 1 1 2 4
5 0 0 1 1 2 3 5
6 0 0 0 0 2 6 5
7 0 0 0 0 1 2 5
8 0 0 0 1 3 4 4
9 0 0 0 1 3 ] 4
10 0 0 0 1 2 3 4




PROBABILITY (Z) OR ANNOYANCE X 10
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FIGURE VIIJ.1: Panel One Odour Impact Model.
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TABLE VII1.3:

Panelists?

‘for Panel Two.

Indication of Odourous Tubes

Dilution Level No.

1 2 3. 4 5
Correct Tube Choice
Panelist -
2 3 1 1 3
Dilution Factor
1765. 575.8 | 182.9 57.9 21.3
1 2 2 1 1 3
2 1 3 1 1 3
3 1 2 1 ‘1 3
4 1 3 2 1 3
5 2 3 3 1 3
6 3 2 3 3 3
7 2 2 1 1 3
8 1 ,__2/\, 1 1 3
9 2 1 2 1 3
10 2 2 1 1 3

Odourant Concentration = "1.33 x 105 pg/MB
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TABLE VIII.4: Panelists' Degree of Annoyance and Dilution
Level of Discrimina;ion for Panel Two.

Dilution Level No.
Disc;imipate
Panelist i 2 3 4 3 6 igvgilngon
Degree of Annoyance (0-10)
1 0 0 0 1 3 4 5
2 0 0 1 3 4 5 3
3 0 0 0 0 1 4 ; 5
4 0 0 0 1 1 2 4
5 0 0 0 0 0 2 3
6 0 0 0 0 1 4 5
7 0 0 0 1 2 3 4
8 0 0 0 2 3 4 4
S 0 0 0 1 1 2 4
10 o | o 1 2 | 4 7 3
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FIGURE VIII.2: Panel Two Odour Impact Model.



TABLE VIII S Panelists’ Indication of Odourous Tubes
for Panel Three.
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R

Dilution Level No.

1 2 3 4 5 6
_ Correct Tube Choice
Panelist '
’ 2 3 1 1 3 2
Dilution Factor
1765, 575.8 182.9 57.9 21 7.3
1 2 2 2 1 3 2
2 3 3 2 1 3 2
3 3 3 1 1 3 2
4 2 1 i 1 3 2
.5 3 52 1 1 3 2
6 3 2 1 1 3 2
7 2 2 3. 2 3 2
8 1 3 1 1 3 2
9 2 3 2 1 3 2
10 1 1 1 1 3 2
Odourant Concentration = 1.33 x 105 yg/M3

<
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TABLE VIII.6: Panelists’ Degree of Annoyance and Dilution
Level of Discrimination for Panel Three.

Dilution Level No.
— - Discriminate
Panelist 1 2 3 4 5 6 at Dilution
_ Level No.
Degree of Annoyance (0-10)
1 0 0 0 1 2 3 4
2 0 0 0 2 | 4 7 4
3 0 0 Q 0 1 5 4
4 0 0 0 0 1 3 4
5 0 0 0 1 2 3 4
6 0 0 0 1 1 1 3
7 0 o |-0o | o 0 2 6
8 0 0 4 A 9 10 3
9 ] i 1 3 4 ] 1
10 0 0 1 2. 5 8 3
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FIGURE VIII.3: Panel Three Odour Impact Model.
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TABLE VIII.7: Panelists’ Inaicatidn,of Odouroﬁs'pres

for Panel Four..

Dilution Level .No.

1 2 37 | 4 5

Correct Tube Choice

Panelist . '
' 2 i3 1 1 3

Dilution Factor

1765. 575.8 182.9 57.9 21.3

1 ~ 3 3 1 1 3
2 3 2 1 1 3
3 3 ‘3 1 1 3
4 3 1 2 1 3
5 1 3 2 3 3
6 3 3 1 1 3
7 3 1 3 2 3
8 1 3 1 i 3
9 3 1 1 1 3
10 1 2 1 1 3

Odourant Concentration = 1.69 x 105' pg/ms

A
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TABLE VIII.8: Penelists’ Degree of Annoyance and Dilution
Level of Discrimination for Panel Four.

Dilution Level No. }

Diseriminate

Panelist 1 2 _ 3 4 5 6 at Dilution

) - Level No.
Degree of Annoyance (0-10)

1 0 0 1 1 2 3 3
2 0 0 0 0 1 5 - 3
3 0 1 1 2 4 6 2
4 0 0 0 2 3 4 4
5 1 1 1 1 2 3 6
6 0 0 1 2 4 - 5 3
7 0 0 0 1 2 4 5
8 1 1 1 2 4 4 4
9 0 0 1 a2 2 3 3
10 0 0 o | o 1 1 3
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FIGURE VIII.4: Panel Four Odour Impact Model.
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TABLE VIII.9: Panelists' Indication of Odourous Tubes

for Panel Five.

222

Dilution Level No.
1 2 3 4 5

. Correct Tube Choice

Panelist
2 3 1 1 3
Dilution Factor
1765. 575.8 182.9 57.9 21.
1 3 1 1 1 3
2 2 1 1 1 3
3 3 2 1 1 3
4 1 1 1 1 3
5 3 3 2 2 3
6 1 2 1 1 3
7 1 2. 3 3 1
8 3 3 2 1 3
9 1 1 2 2 3
10 3 3 1 1 3
Odourant Concentration = 1.69 x 105 ,ug/M3




TABLE VIII.10:
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Panelists’ Degree of Annoyance and Dilution
Level of Disecrimination for Panel Five.

Dilution Level No.
Disc?imipate
Panelist | ° 2 3 4 5 at Diiution
Degree of Annoyance (0-10)
1 o 0 1 2 3 4
2 0 0 0 0 0 3
3 1 1 1 3 4 4
4 1 1 1 2 3 4
; 5 0 ] 0 0 0 6
6 0 0 0 0 3 )
7 0 0 0 0 ¢ 6
8 0 0 1 2 4 3
9 0 0 0 2 2 4
10 0 0 0 0 1 1
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FIGURE VIII.5: Panel Five Odour Impact Model.
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. FIGURE VIII.6: Odour Impact Model for Methyl Isoamylketone.
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Appendix IX

Iscbutanol
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Isobutanol

Synonyms: isobuﬁanol
isobutyl alcohol
2-methyl-1l-propanol
Formula: (CH,),CHCH,OH

Physical Properties:

Molecular Weight: 74.12
Melting Point (*C}: =108,
Boiling Point (°C): 108.

Specific Gravity: 0.803

Vapour Pressure {mm Hg) Tenperature (°C)

1.0 -9.0

5.0 11.6

10.0 21.7

20,0 - . 32.4

40.0 44.1

60.0 51.7

100.0 61.5

200.0 75.9

400.0 91.4

760.0 . 108.0

C.A.8. No: 78-83-1

Chemical Supplier: Aldrich Chemical Company, Inc.

Chemical Purity: 99+ %
: ' Spectophotometric Grade

ACGIH Threshold Limit Values {(mg/M?): [20]

Time Weighted Average (TWA) 150
Short Term Exposure Limit {STEL) 225
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Qdour Data:

Char#cteristic/quality [22] sweet, musty
Hedonic Tone [22] - pleasant
Lowest Reported Threshold (mg/M*) [18] 0.36,
Higheat Reported Threshold (mg/M*) [18] 225.
Odour Impact Model Detection Threshold {mg/M?) 2.64
Odour Impact Model Disgscrimination Threshold (mg/M?) 6.70

Odour Impact Modeis:

e evaluated by 5 10-member panels in the first session
and "2 additional 10-member panels one week later

25 panelists participated in the first session

20 panelist participated <in the second session

a total of 28 diffefent panélists participated

see the figures for the individual panel models and the
combined odour. impact model



TABLE IX.1:

Paneligts’ Indication of Odourous Tubes

229

for Panel Cne.

Dilgtion Level No.
1 2 3 4 5

_ Correct Tube Choice

Panelist
1 "2 3 1 T2
Dilution Factor
1497, | 506.2 | 176.2 51.5 19.
1 3 1 2 1 2
2 2 2 1 3 1
3 2 2 3 1 2
4 3 1 1 1 2
5 3 2 3 1 3
6 1 1 3 1 2
7 2 2 3 1 2
8 1 2 3 1 2
9 : 2 2 2 1 2
10 2 | ‘3 1 3 2
Odourant Concentration = 4.55 x 105 yg/Ma
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TABLE IX.2: Panelists' Degree of Annoyance and Dilution
Level of Discrimination for Panel One.

Dilution Level No.
. : Discriminate
Panelist | . 1 2 3 4 5 6 at Dilution
- Level No.
Degree of Annoyance (0-10)
1 0 0 0 1 2 4 4
2 0 0 0 0 1 1 5
3 0 0 0o ] 2 3 3 4
4 0 0 0 1 2 q 4
5 0 0 0 0 0 ¢] 6
6 0 0 3 | 3 4 5 3
7 0 0 1 2 2 2 3
8 0 0 1 2 K 6 4
9 0 0 0 2 3 3 3
10 1 -1 2 3 4 5 4




PROBABILITY (Z) OrR ANNOYANCE x 10
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2 PROBABILITY OF DISCRIMINATION e
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FIGURE IX.1: Panel One Odour Impact Model.,
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" TABLE IX.3: . Panelists’ Indication of Odourous Tubes

for Panel Two.

232

Dilution Level Na.

1 2 3 4 5 - 6
. Correct Tube Choice
Panelist
1 2 3 1 2 3
Dilution Factor
1497, 506.2 176.2 51.5 19.7 7.4
1 1 2 3 1 2 3
2 2 2 3 i 3 3
3 1 3 3 2 1 3
4 3 2 3 1 2 3
5 3 1 3 1 2 3
6 2 1 2 1 1 3
7 3 1 3 <1 2 3
8 1 3 3 1 2 3
9 1 1 3 2 1 3
10 1 3 2 1 2 3

Odourant Concentration = 4.55 x 105 pg/M3




TABLE 1X.4:

Panelists’' Degree of Annoyance and Dilution
Level of Discrimination for Panel Two.

Dilution Level No.
Discriminate
Panelist 2 3 4 5.‘ E;Qgilggfon
Degree of Annoyance (0-10}

i 0 0 0 0 4
2 0 0 0 1 4
3 0 0 0 0 6
4 0 0 4 4 4
5 0 1 1 2 2
6 o | o 0 0 6
7 0 0 0 1 3
8 0 1 2 2 3
9 1 1 1 1 6
.10 0 0 0 1 4




PROBABILITY (%) OR -ANNOYANCE X 10
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FIGURE IX.2: Panel Two Odour Impact Model.
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TABLE IX.5:

Panelists’ Indication of Odourous Tubes
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for Panel Three.
. Dilution Level No.
1 2 3 4 5
Correct-Tube Choice
Panelist -
1 2 3 1 2
~DPilution Factor
1497. 506.2 176.2 51.5 19.7
1 1 1 3 1 2
2 3 3 3 1 2
3 2 3 1 1 2
4 1 2 1 1 2
5. 3 3 1 2 2
6 2 3 1 2 3
7 3 2 1 1 2
8 1 2 2 2 2
9 3 2 2 2 2
10 1 1 3 1 2
Odourant Concentration = 4.37 x 105 ,ug/l"i3




TABLE IX.6:
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Panelists? Degreé of Annoyance and Dilution
Level of Discrimination for Panel Three.

Dilution Level No.

Discriminate
Panelist 2 3 4 5 at Dilution
Level No.
Degree of Annoyance (0-10) ‘
1 0 0 0 3 5
2 o | o 1 2. | 4
3 0 0 0 1 5
4 0 0 0 1 3
5 0 .3 3 3 4
6 0 0 0 1 6
7 0 0 1 2 4
8 1 L 1 1 1 6
9 0 0 0 0 6
10 0 1 2 4 4

4f‘“
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- FIGURE: IX.3: . Panel Three Odour Impact Model. . .
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TABLE IX.7: Panelists' Indication of Odourous Tubes
.for Panel Four.

Dilution Level No.
1 2 3 4 5 "6

Correct Tube Choice

Panelist
1 2 3 1 2 3
Dilution Factor

1497, 506.2 176.2 51.5 19.7 7.
1 1 1 3 3 -1 3
2 3 2 3 1 2 3
3 3 2 3 1 2 3
4 1 1 3 2 2 3
5 1 2 3 1 2 3
6 2 3 1 2 3 3
7 1 1 3 1 2 3
8 2 3 3 1 2 3
9 T2 3 3 1 2 3
10 2 2 3 1 2 3

Odeourant Concentration

= 4.37 x 10°  pg/md
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TABLE IX.8: Panelists’ Degree of Annoyance and Dilution

Level of Discrimination for Panel Four.
Dilution Level No. :

Disc?imigate

Panelist 2 3 4 ,5 g;vgil§ZTon

Degree of Annoyance (0-10)

1 0 0 o] 0 6
2 0 1 2 2 3
3 1 2 2 3 2
4 0 _q—a 0 1 5
5 0 0 0 1 4
6 0 0 0 0 6
7 0 0 1 3 4
8 0 0 1 2 3
9 0 0 1 2 4
10 0 0 2 3 4




PROBABILITY (7) oR ANNOYANCE X 10
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FIGURE IX.4: Panel Four Odour Impact Model.
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TABLE IX.S8: Panelists' Indicetion of Odourcus Tubes
for Panel Five,
Dilution Level No.
1 2 3 4 5
Correct Tube ChoiEe .
Panelist :
1 2 3 1 2
Dilution Factor
1497. 506.2 176.2 51.5 | A 19.7

1 1 2 X 1 2
2 3 é 1 3 2
3 3 1 2 1 2
4 1 1 1 1 1
5 3 2 3 1 2
6 2: 2 3 1 2
7 3 3 1 3 2
8 2 1 3 1 2
] 3 1 2 3 2
10 2 3 3 1 2

Odourant Concentration = 4.37 x 10

5

pg/M3




TABLE IX.10:

Panelists’

Degree of Annoyance and Dilution
Level of Discrimination for Panel Five.

242

Dilution Level No.
- Discriminate
Panelist 1 2 .3 4 5 at Dilution
- Level No.
Degree of Annoyance (0-10)
1 -0 0 0 1. 2 4
2 0 0 0 o - 0 6
3 0 0 ] 2 2 4
4 1 1 1 1 2 5
5 Q 0 0 0 1 6
6 0 0 2 3 3 3
’ a
7 0 0 0 0 0 : 6
8 0 0 1 2 2 "3
9 0 0 0 0 ] 4
10 0 0 1 1 2 2




PROBABILITY (Z) OR ANNoYance x 10
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FIGURE IX.5: Panel Five Odour Impact Model.



TABLE IX.11: Panelists’ Indication of Odourous Tubes

for Panel Six.

244

Dilution Level No.
1 2 3 4 6
Correct Tube Choice
Panelist . -
1 2 3 1 3
Dilutiop Factor
1497. 506.2 176.2 | 51.5 19. 7.4
1 1 3 3 1 .3
2 1 1 1 1 3
3 2 3 2 2 3
4 1 1 2 1 3
5 1 2 3 1 3
6 2 2 3 1 3
7 2 1 2 3 3
8 1 3 3 1 3
9 3 3 1 3 3
10 1 2 1 1 3

Odourant Concentration = 4.68 x 105

pglma
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TABLE IX.12: -Panelists' Degree of Annoyancé-and Dilution
Level of Discrimination for Panel Six.

Dilytion-bevel No.

Discriminate
Panelist 1 2 3 4 5 at Dilution
Level No.
Degree”of-Annoyance (0-10) ’
1 0 - 0 0 0 0 6
2 0 0 0 _ 0 2 5
3 0 0 0 0 0 6
4 0 0 1 2 2 3
5 0 0 0 1 1 3
6 0 0 0 1 1 3
7 Q 0 0 0 0 6
- 8 0 0 0 0 1 5
9 0 0 0 0 0 6
10 0 0 0 d 0 6




PROBABILITY {3) OR ANNOYANCE X 10
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FIGURE IX.6: Panel Six Odour Impact Model.
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TABLE IX.13: Panelists’ Indication'of-oddurous Tubes
for Panel Seven. T .

247

Dilution Level No.

P B! 2 3 4 5 6
ICorfe;t Tube.Choice
Pgnelist + =
1 2 3 1 2. 3
L
Dilution Factor

1497- | 506.2 | 176.2 | 51. 19.7 | 7.4
1 1 1 3 1 2 3
2 1 2 1 1 2 3
3 2 2 3 1 2 3
4 3 2 1 1 -2 3
5 1 3 3 1 2 3
6 2 2 3 1 2 3
7 1 2 37 1 2 3
8 1 3 3 1 2 3
9 1 1 3 1 2 3
10 2 2 1 1 2 3

Odourant Concentration = 4.68 x 105 pg/M3

b
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TABLE IX.14: Panelists’ Degree of Annoyance and Dilution
Level of Discrimination for Panel Seven.

Dilution Level No.

Discriminate
menias | 11 2 10 [ 25 10 e
Degree of Annayance (0-10)

1 0 0 1 3 4
2 0.{ o 0 3 4
3 0 0 1 2 4
4 0o 0 1 3 5
_5 0 0 3 4 4
6 0 1 1 2 3
1 0 0 1 1 6
8 0 2 3 5 3
9 0 3 4 6 -3
10 0 0 0 2 5




PROBABILITY (Z)- OR -ANNOYANCE X 10
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FIGURE IX.7: Panel Seven Odour Impact Model.
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FIGURE IX.8: Odour Impact Model for Isobutanol.
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Appendix X

n=-Butanol
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n-Butanol

~

Synonyms: n-butanol
butyl alcohol
l-butanol

Formula: -CH,(CH3),OQ

Physica)l Properties: .
Molecular Weight: 74.12
Melting Point (°eC): -90.
Boiling Point (°oC): 117.7
Specific Gravity: 0.810
Vapour Pressure (mm Hg) Temperature (°C)
1.0 -1.2
5.0 ¥ 20.0
10.0 - 30.2 oo o
20.0 41.5 >
40.0 53.4 .
60.0 60.3
100.0 | 70.1
200.0 ) 84.3
400.0 ; ' 100.8
760.0 117.7

C.A.S. No: 71-36-3

Chemical Supplier: Aldrich Chemical Company, Inc.

Chemical Puritv: 99.9 %
GLC Grade

ACGIH Threshold Limit Velues {mg/M?): [20]

Time Weighted Average (TWA) 150 (ceiling
Short Term Exposure Limit (STEL) none .



Qdour Pata: ' o
Characteristic/quality [22] rancid, sweet
Hedonic Tone [22] neutral to

' pleasant
Lowest Reported Threshold (mg/M?*) [18]} 0.356
Highest Reported Threshold (mg/M*} [18] 150.0
Odour Impact Model Detection Threshold {mg/M?) 3.10

- Odour_}@pact_ﬂodel Digcrimination Threshold (mg/M?) 6.90

Odour ct Mo
"« " evaluated by 5 10-member panels in a single session
28 panelists participated
¢ see the figures for the individual panel models and the
combined odour impact model

[



TABLE X.1l: Panelists’ Indication of Odourcus Tubes

for Panel One.

[}
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Dilution Level No.
1 2 3 4 5 6
Correct Tube Choice
Paneligt -
2 2 2 2 2 2
Dilution Factor
1651. 549.8 184.6 60.6 21.1 7.3
1 1 1 2 2 2 2
2 2 3 2 2 2 2
3 3 1 2 2 2 2
4 2 1 3 2 2 2
5 1 3 1 2 2 2
6 1 2 2 2 2 2
7 3 2 _ 2 2 2 2
8 3 2 1 3 3 2
9. 2 3 2 2 2 2
10 1 3 3 2 2 2

Odourant Concentration = 1.13 x 106

pg/M°
Y
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TABLE X.2:_ Panelista’ Degree of Annoyance and Dilution
Level of Discrimination for Panel One.

Dilution.Level No.
DPiscriminate
Panelist 1 2 3 4 5 6 at Dilution
. Level No.
Degree of Annoyance (0-10)
1 0 0 0 1 3 5 5
2 0 0 0 1 "3 5 4
3 0 0 0 i 2 2 5
4 0 2 2 5 8 10 4
5 0 0 0 1 2 2 5
6 0 3 4 4 5 6 2
7 0 0 1 3 6 8 4
8 2 2 4 5 7 7 3
9 0 0 1 2 4 . 5 4
10 0 0 0 3 | 4 {1 4 4
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FIGURE X.1: Panel One Odour Impact Model.
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TABLE X.3: Panélists’ Indication of Odourous Tubes
for Panel Two.
Dilution Level No.
1 2 -3 ‘4 5
Correct Tube Choice .
Panelist
2 2 2 2 2
Dilution Factor
1651. | 549.8 | 184.6 | 60.6 | 21.1
1 2 2 2 2 2
2 1 3 2 2 2
3 2 3 2 2 2
4 1_ 2 2 2 2
5 3 2 1 ‘1 3
6 2 1 2 2 2
7 3 1 1 3 2 kﬂ
8 1 2 1 2 2
9 3 1 2 2 2
10 1 3 1 2 2

Odourant Concentration

= 1.13 x 105 pgd
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TABLE X.4: Panelists’ Degree of Annoyance and Dilution
Level of Didcrimination for Panel Two.

_bilution Level No. |
) DiscFimipate
Panelist -} -2 3 4 5 6 i;vgil:ZTon
Degree of Annoyance (0-10)

1 1 1 3 4 4 . 3

2 2 2 | 2 4 3 5 4 :

3 0 0 2 2 3 4 3

4 0 0 4 5 8 10 3

5 0 0 o 0 0 1 6

6 0 0 0 1 2 z 5

7 0 0 1 1 2 2 5

g 0 0 0 1 2 | 3 1

9 0 0 2 2 2 | 2 3

10 0 0 0 0 1 3 5




PROBABILITY (2) OR ANNOYANCE X 10
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FIGURE X.2: Panel Two Odour Impact Model.



TABLE X.5: -Panelists’ Indication of Odourous Tubes
for Panel Three. oo

Dilution Level No.

1 2 3 4 5 B
. Correct Tube Choice
Panelist - — ' -
2 2 2 2 2 2
- Dilution Factor
1651. 549.8 184.6 60.6 21.1 7.3
1 3 1 1 2 2 2
2 3 2 2 2 2 2
3 1 2 2 2 2 2
4 1 3 1 2 2 2
5. 2 2 2 2 2 2
6 1 1 2 2 2 3 2
7 2 3 2 2 2 2
8 1 3 -2 2 2 2
9 3 2 2 2 2 2
10 3 2 2 2 2 2
Odourant Concentration = 1.13 x 10° yg/M3
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TABLE X.6: -Panelists’ .Degree of Annoyance and Dilution
- Level of Discrimination.for Panel Three.

"~ Dilution Level No.’

Discriminate

-,Panqlist : 2 3 4 o 6 | iz;gilngon
- Degree of Annoyance (0-10) - )
1 0 0 0 1 1_' 5.
2 0 2 4 7 4 9"' 5
3 1 3 3 /4\ 4 3
4 2 2 1 5 5 3
5 2 5 5 8 10. 3
6 0 0 1 2 3 3.
7 0 2 3 4J 7 4
8 0 0 0 0 1 6
9 0 1 1 6 7 3
10 1 3 5 6 8 3

2%
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FIGURE X.3: Panel Three Odour Impact Model.
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TABLE X.7: Panelists' Indication of Odourous Tubes
: -for Panel Four.

Dilution Level No.

1 2 3 4 5 6
Correct Tube Choice-
Panelist
' 2 2 2 2 2 2
Dilution Fector

1651, | '549.8 | 184.6 60.6 21.1 7.3
1 1 3 2 2 2 2
2 2 3 1 2 2 2
3 v 1 2 2 2 2
4 3 2 3 2 2 2
5 1 2 2 2 2 2
6 3 3 2 2 2 2
7 1 2 2 2 2 2
8 2 3 2 2 2 2
9 1 2 2 2 2 2
10 1 3 2 2 2 2

A

~

Cdourant Concentration = 1.13 x 106 yg/ﬁs
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TABLE X.8: Panelists® Degree of Annoyance and Dilution
Level of Discrimination for Panel Four.

Dilution Level No.
_ — DiscFimigate
“Panelistﬁ 1 2 3 4 5 6 izvgilggfon
Degree of Annoyénce {0-10)
1 0 0 1. 1 1 1 3
2 0 0 0 1 3 7 4
'3 0 0 1 2 7 7 a
4 0 0 0’ 2 4 7 4
5 0 0 ] 1 2 4 3
6 0 0 1 3 3 4 3
7 0 0 2 3 4 6 3
8 0 1 2 3 3 3 4
S 0 0 1 2 4 6 3
10 0 0 1 1 2 2 3

v
\/
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FIGURE X.4: . Panel Four Odour Impact Model.
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TABLE X.9: Panelists' Indication of Odourous Tubes
for Panel Five.
Dilution Level No.
1 2 3 ' 4 5 6
' Correct Tube Choice
Panelist
' 2 2 2 2 2 2
~DPilution Factor
1651. 549.8 184.6 60.6 21.1 7.3
1 1 3 L 2 2 T2 2
2 3 2 - 3 2 2 2
3 2 3 2 2 2 2
4 3 1 2 2 2 2
Y

5 1 2 2 pA 2 .2
6 1 2 2 2 2 2
7 3 2 1 2 2 2
8 1 2 2 2 p 2
9 1 2 2 2 2 2
10 3 2 2 2 2 2

" Odourant Concentration = 1.13 x 108 pg/M3




" TABLE X.10:

N 267

Panelists’ Degree of Annoyance and Dilution
Level of Discrimination for Panel Five.

Dilution Level No.

Discriminate
" Panelist 1 2 '3 4 5 6 at Dilution
- : Level No.
Degree of Annoyance {(0-10)

1 ‘0 0 1 1 3 5 3
2 0 0 0 1 3 7 4
3 0 0 2 3 4 4 3
4 o | o 1 2 2 3 3
5 0 2 2 8 8 8 3
6 0 0 1 1 2 5 3
7 0 0 2 4 8 10 4
8 0 0 1 3 4 5 3
9 1 1 2 4 4 4 4
10 0 0 1 3 3 3 3

P
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FIGURE X.5: Panel Five Odour Impact Model.
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- 'PROBABILITY (Z) OR .ANNOYANCE X 10

CONCENTRATION (UG/MB)

FIGURE X.6: Odour Impact Model for n-Butanoi.
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Octane

270



271

- Octane
Synonyms: octane
: n-octane
Formula: CH,(CH,),CH,
Physica (o] ieg:
Molecular Weight: 114.23
Melting Point (°C): -57. : -
Boiling Point (<C): 125.6
Specific Gravity: 0.703
Vapour Pressure (mm Hg) Temperature (°C)
1.0 -14.0
5.0 . 8.3
10.0 19.2
20.0 31.5
40.0 : - 45.1 -
60.0 : 53.8
100.0 65.7
200.0 83.6
400.0 104.0

760.0 125.6 T
C.A.8. No: 111-65-9

Chemical Supplier: Aldrich Chemical Company, Inc.

Chemical Purity: 99+ %

ACGIH Threshold Limit Values (mg/M*): [20]
v

Time Weighted Average (TWA) 1450

Short Term Exposure Limit (STEL) 1800

L%
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Odour Data:

Characteristic/quality [22] none available
Hedonic Tone [22]) none avaeilable
Lowest Reported Threshold (mg/M?) [18] 725,

Highest Reported Thresheld (mg/M*) [18] : 1208.3
Odour Impact Model Detection Threshold {mg/M?) 61.8

Odour Impact Model Discrimination Threshecld (mg/M*) 129,

Odour Impact Models:

¢ evaluated by 5 10-member panels in the first session
and 2 additional 10-member panels one week later

22 panelists participated in the first session

20 panelists participated in the second session

a total of 27 panelists- participated .

see the figures for the individual panel models and the
combined odour impact model .



Panelists’ Indication of Odourous. Tubes
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TABLE XI.1:
for Panel One.
_ Dilution Level No.
1 2 3 4 5 6
_ Correct Tube Choice
Panelist
2 | 3 1 1 3 2
Dilution.Factor
1765. 575.8 182.9 57.9 21;3 7.3
1 3, 2 2 3 3 2
2 1 2 ] 1 3 | 2. 2
3 1 2 2 1 3 2
4 - 3 1 1 1 3 2
5 2 2 1 1 2 2
-6 1 2 1 3 2 2
7 1 3 2 3 3 2
'8 3 2 2 3 3 2
9 3 2 2 2 3 2
10. 1 3 2 2 3 2

Odourant Concentration = 2.73 x 10

6 .ug/M3




274

TABLE XI.2: Panelists' Degree of Annoyance and Dilution
‘ Level of. Discrimination for Panel One.

Dilution Level No. .
S Discriminate
o . 1" 2 )3 T4 5 6 .| at Dilution
_Panel1sp - > Level No.
Degree of‘Annoyaﬁce’(O-lO)
¥
1 0 o | o 0 2 2 5
2 0 0 ‘0 1 1 2 . 4
3 0 o | o 0 1 2 ) 4
4 0 0 0 0 0 1/ 4.
5 0 0 0 « 0 2 2 5
4
6 0 0 0 0 0 2 6
7 1 1 1 2 3 4 5
‘8 0 0 0 0 0 1 6
9 0 0 0 1 1 2 6
10 | o 0 0 o | 1 4 5 .




PROBABILITY (%) OR ANNOYANCE X 10

D
-]

1 PROBABILITY OF DETECTION
= 7?7 PROBABILITY OF DISCRIMINATION
o 3 PROBABILITY OF COMPLAINT
[wm]
~7 U4 DEGREE OF ANNOYANCE
[ ]
Q
o
o
[am ]
a
=3
w
[
[am}
]
-
Q
o
=2
[
&
o
D._ 4 T T T T T
103 2 3 4 5678190‘ 2 3 155?81965 2 14

CONCENTRATION (uG/M

FIGURE XI.1: Panel One Odour Impact Model.
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TABLE XI.3:

Panelists’

Indication of Odourous Tubes
for Panel Two.

Dilution Level No.

1 2 3 4 5 6.
Correct Tube Choice
Panelist
2 3 1 1 3 2
Pilution Factor

1765. 575.8 182.9 57.9 21 7.3
1 3 1 3 1 1 2
2 3 2 2 3 3 2
3 3 1 3 3 3 2
4 3 3 1 3 1 2
5 1 2 1 1 3 -2
6 1 1 3 1 3 2
7 3 1 2 3 2 2
8 1 1 1 1 3 2
e 3 3 3 3 3 2
10 3 1 2 1 3 2

= 2.62 x 10°  pg/md

QOdourant Concentratiam




TABLE XI.4:

| S¥]

~
Panelists' Degree of Annoyance and Dilution

~J

.Level of Discrimination. for Panel Two..
Dilution Level No.
: Discriminate
Panelist 2: 3 4 S i:vgil;g%on
Degree of Annoyance (0-10)}

1 0 0 0 0 6
2 0 0 0 0 6
3 = 0 0 0 0 6
4 0 0 0 0 6
5 0 0 0 0 6
6 0 0 0 0 6
7 0 Q 0 1 "6
8 0 0 0 0 5
9 0 0 0 0 5
10 - 0 0 0 0 . B




PROBABILITY (%) OR ANNOYANCE x 10

I W N
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FIGURE XI.2: Panel Two Odour Impact Model,



TABLE XI.5: Panelists’ Indication of COdourous Tubes
for Panel Three.
Dilution Level No.
1 3 4 5 3]
\ Correct Tube Choice ’
' Panelist
2 1 1 3 2
Dilution Factor

1765. ‘182.9 57.9 21.3 7.3

1 3 1 1 3 2

2 1 2 2 2 2

3 3 2 1 3 2
a7 3 2 2 3 2

5 3 2 3 3 2

6 3 2 3 3 2

7 2 1 3 3 2

8 1 3 2 3 2

9 3 1 2 2 2

10 3 3 3 3 2

Odourant Concentration = 2.62 x 106 pg/M3
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TABLE XI.6: Panelists’ Degree of Annoyance and Dilution
Level of Discrimination for Panel Three.

Dilution Level No.

Discriminate

Panelist 1 2 3 4 5 6 at Dilution

Level No. o

Degree of Annoyance (0-10)

1 0 0 0 0 1 2 5
2 0 0 0 0 0 1 6
3 1 1 1 1 2 2 5
4 0 0 0 0 1 1 6
5 0 0 0 0 3 5 5
6 0 0 0 0 0 1 6
7 0 o 0 0 0 1 5
8 0 0 0 0 1 3 5
9 0 0 0 0 1 3 5
10 #] 0] 4] 0 1 2 5




PROBABILITY (%) OR ANNOYANCE X 10
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FIGURE XI.3: Panel Three Odour Impact Model.
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TABLE X1.7: Panelistg? Indicafion of Odourous Tubes
for Panel Four.

Dilution Level No.

1 2 3 4 5 - 6

Correct Tube Choicq-
Panelist

2 3 1 1 3 2
Dilution Factor

1765. 575.8 182.9 57.9 21.3 7.

1 2 1 1 2 3 2
2 3 1 KE 3 3 2
3 2 2 3 1 3 2
4 1 2 2 1 3 2
5 2 1 3 2 3 2
6 2 1 2 1 3 2
7 1 3 1 3 3 2
8 3 3 2 1 3 2
9 2 2 1 1 3 2
10 3 2 2 - 2 3 2

Odourant Concentration = 2.48 x IOS yg/M3




TABLE XI.Q: . Panelists’ Degree of Annoyance and Dilution
: Level of Discrimination for Panel Four.

Dilution Level No.

Discriminate

" Panelist 2 3 .4- > i;vzilggfon
Degree of Annbyance-(O—lo)

1 3 3 3 3 5 'j

2 0 0 0 0 6

3 0 0 1 2 4

4 0 0 0 0 . 6

5 0 0 0 0 6

6 0 0 0 1 4

7 0 0 0 1 5 '
8 0 0 0 1 5

9 0 0 0 1 5

10 0 0 0 0 5
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FIGURE XI.4: Panel Four Odour Impact Model.



TABLE XI.9: Paneligts’ Indication of Odourous Tubes
for Panel Five.

Dilution Level No.
1 2 3 4 5 6

Correct Tube Choice

Panelist
2 3 1 1 3 2
Dilution Factor

1765. | 575.8 | 182.9 | %7.9 | 21.3 | 7.3
1 1 1 2 1 3 2
2 3 2 1 2 3 2
3 2 1 3 2 3 2
4 1 3 2 1 3 2
5 1 1 3 2 3 2
6 2 2 2 2 3 2
7 2 3 3 1 3 2
8 1 3 3 1 3 2
9 2 2 3 2 2 2
10 2 1 2 3 3 2

Odourant Concentration = 2.48 x 108 ,ug/M3
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TABLE XI.10: Panelists’' Degree of Annovance and Diluticon
Level of Piscrimination for Panel Five.

Diluqﬁon Level No.
— Discriminate
p list 1 2 3 4 5 6 at Dilution
anelis Level No.
Degree of Annoyance (0-10}

1 0 0 0 0 1 2 5

2 . 0 0 0 0 0 1 6

3 0 0 0 0 1 1 5

3 0 0 0 0 0 1 6

5 0 0 0] 0 1 2 5

6 0 0] 0 0 2 4 5

7 0 0 0] #] 2 5 5

8 0 a 0 0] 0 2 5

9 0 0 0 0 0 1 6

10 0 Q 0 0 o 2 B ¥
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FIGURE XI.5: Panel Five Odour Impact Model.



TABLE XI.11:

for Pane

1l Six.

Panelists’ Indicatidn‘of Odo

urous Tubes -

288

Dilution Level No.

1 2 3. 4 5 6 -
Correct Tube'Chaice
Panelist
. 1 2 3 ‘1 2 3
Dilution Factor

1497. | 506.2 | 176.2 51.5 | 19.7 | "7.4

1 3 "3 3 3 1 3
2 2 2 2 2 1" '3’
3 1 3 2 1 2 3
4 1 3 2 1 2 3
5 3 3 2 1 2 3
6 2 1. ¢ 3 2 2 3
7 3 2 1 1 i 3
8 2 3 1 1 2 3
9 2 3 2 2 2 3
10 2 1 1 1 2 3

Odourant Concentration

= 2.63°x 10° g/




TABLErﬂ.lz:

)
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Panelistsg' Degrée of Annoyance and Dilution
Level of Discrimination for Panel Six.

Dilution Level No.
- Discriminate
Panelist - 1 2 3 4 5 at Dilution
. - ‘ Level No.
Degree of Annoyance.(0-10)
1 0 0 0 0 0 6
2 0 0 0 0 0 7
3 0 0 4] 4] 0 5
4 0. 0 0 0 1 5
) 0 0 0 0 0 6
6 0 0 0 0 0 6
T 0 0 0 0 0 6
8 g,f}s" 0 0 0 0 0 6
g 0 0 0 0 2 5
10 0 0 0 0 0 6




PROBABILITY (7Z) OR ANNOYANCE X 10

100. 00
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FIGURE XI.6: Panel Six Odour Impact Model.
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TABLE XI.13:

- Panelists'

for Panel Seven.

Indication of Odourous Tubes

.Dilution Level No.

1 2 3 4 5
. Correct Tube Choice
Paneligt .
1 2 3 1 2
Pilution Factor
1497.' 506.2 176.2 51.5 19
1 2 1 1 2 3
2 1 1 2 1 2
3 1 1 2 2 2
4 2 2 . 3 3 2
5 3 2 1 3 2
6 2 3 2 3 2
7 3 3 2 1 2
8 1 1 3 1:_" 1
1
9 3 1 3 2/ 2
10 3 2 1 1 2
Odourant Concentration = 2.63 x 106 ,ug/M3

201



TABLE XI.14:
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Panelists' Degree of Annoyance and Dilution
Level of Discrimination for Panel Seven.

Dilution Lewvel No.
Discriminate
Panelist 1 2 3 4 5 at Dilution
Level No.
Degree of Annoyance {(0-10)
1 0 0 0 0 0 6
2 0 0 0 0 0 5
3 0 0 0 1 3 5
4 0 0 0 1 2 4
5 0 0 0 0 1 5
6 0 0 0 0 0] 6
£
7 0 0 0 0 0 6
8 0 0 0 0 8] 6
9 0 0 0 4] 0 6
10 0 0 0 "0 0 6




PROBABILITY (%) OR ANNOYANCE x 10
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FIGURE XI.7: Panel Seven Odour Impact Model.
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FIGURE XI.8: Odour Impact Model for Octane.
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Major Equipment Components
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Major-Equipment‘Compdnents

Six Level Dynamic Triangle Olfactometer
IIT Research Institute
USA Patent No. 3,802,851

"Dilution Air Pump

Thomas Industries

1419 Illinois Ave., Sheboygan, Wisconsin

53081

‘Catalogue No.-907CA18-TEF

Odour Pump .

Masterflex Peristaltic Pump (60-600 RPM)
 'Cole Parmer )

Catalogue No._7553—20

Masterflex Pump Head
Model 7017-21
Patent No. 3,358,608

Tygon Food Grade Tubing
Catalogue No. 6419-17
1/4 inch ID

Dry Test Meter

Rockwell International

M & U Div. Guelph, Ont.

RC-415 Meter o

No. EG-171824 .
Temperature compensated to 25 <C

U-Type Manometer
The Meriam Instrument Co..
Cleveland, Ohio, USA.

Model 20BA10WM

Weighing Balance
Sartoriug 2474
Sartoriusg

Germany

Precision - 0.0]1 mg
Range - 160.0 g
Type 247450008

96
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