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" ABSTRACT

- o

This ?nvestigation was roncérned with evaluating
the relativelﬁérits of sensory—anélytical techniques for
elucida£ing the composition of odors originating ffom
typical distillery operations.

Available literature on the tﬁeories of olfaction
has been reviewed., with particular émphasis on fecently
‘proposed building biock and psychophysical models. The
current gtatg; of information regarding the chemical nature
of odorous emissions froﬁ industrial sources is also
presented.

In the experimental work, sensory-analytical
technigques were useé in an attempt to aralyse the odorous
components in spent grain syrup from a distillery operation.
The laboratory procedure utilized.infrared, nuclear magnetic
resonance and mass spectrometers as well a< a gas chromato-
graph equipped with a sernsory splitter. The infrared and
nuclear magnétic resonance speétra indicated absence
of aromatic compounds. The gas chromatograrh revealed that
there were at least ten major odorous peaks. Thelr odeor
gualities ranged from pieasant to burnt. o

The mass spectrometric results did not yield
positive.identif;cat%on of each odorous peak, possibly
due fo insufficient peak resolution in the gas chromato-
graphic column. The overall results indicate that thé

4 ) -
N
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éyrup odor consisted of organ.c compounds containing
sulfur, chlorine and ester groups.

Preliminary experiments were. conducted on stack

. ] _ .
emissions from two different spepft grain drying operations.

When the results of stack gas alyses were compared to

those obtained from the grainp6yrup, it was evident that --

-
+

a positive correlation existed betwean the two sets of
. . ¥ - -
observations. )
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I, INTRODUCTION

-
-

-
>

A sizable fraction of air quality complaints re-
ceived by air management authorities concerns odors.. These
‘reactions are usually Envestigated by onsite tesﬁing of”
ambient air quality, either bf human obser&ers alone or in
conjunction with dilution devices such a; scentometers. Al-
_though in Canada there are, at present, no specific tolerance
limits assigned 'to odorous poliution, the last twenty vears
have seen much work published@ that makes such limits a real
possibility in the near future. )
The major aims of odor investigations on industrial
sources may be identified as follows. |
i. to detgrmine detectability levels of odorous
: emissicns
ii. to determine the effectiveness of Qarious
control systems
iii. to establish the odor profiles in the neigh-
borhood of odor discharges
iv. to analyse odorous emissions in detail by

‘chemical and physical means to assist in

‘meeting objectives (i), (ii) ané (iii).

-
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Qf the four obiectivés enumerated previously, the
first three have received_the most attention due tg ;he :
practical|na€ure of the‘results obtainéd’from investigations
aimed at fulfilling these aims. The four;h 6bjecti§e, if it
can be met, will undoubtedly remove a lot of empiricism cur-
rently necessary_ﬁor describing, measuring and controlling
odors. It must:;e admitted, however, that the present state
of efforts, directed téwards this goal, does not provide a .

great deal of optimism.

* -

This rcpert deals with an investigation whose ob-
jective was to attempt a fingerprinting gxercise on an in-
dustrial odor. Several currently available aﬁalytical tech-
'niques were used in an effort to determine the odor composition,

\ .
and in the process establish relative merits and demerits of
the sensory-analytical approachito odor analysis. The work
described here should be viewed in relation to similar works
carried out by other researchers in the field. It is recog-
nized thaﬁ a complete analysis of most industrial odorous
streams will be economic&lly, if not technically, prohibitive.
Therefore, the objective of in depth analvtical investigations
is to establish a firmer understanding of the place of such
analysis in the overall £fielé of odor polliution.

Although most of the gngineering interest in ol-
faction is.related to industrizl odors and their control,

smell, as one of the primary humar senses, has much basic
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. 7. interest in +ts own right. Over the past forty vears, many
: B : .
scientific works have-attempted to explain the mechanism

-

of oclfaction. Of somewhat more practical interest than the

a mechanistic studies are the so calledftheories of olfaction
which are diécussed in Chapter II, where major emphasis is
placed on two recent olfaction models. -

The primary enginee?ing interest in analvtical odor

‘research is in determining which and what tvpes of compounds
are present in the odorous streams. Chapter III summari;eS"
the present knowledge regarding odorous emissions from dif-
ferent industrial operations. This chapter also reviews odqr

problems associated with grain drying operations, an area of

special concern during this investigation.

-

A combination oé sensory and anaiytical methods is
generally used to determine the nature of the compcounds in
an odqrous stream. A svnopsis of various sensory=-analvtical
meth;ds in current use is presented in Chapter IV. A part-
icular application of these methods was the essential subject
matter of this present wo?k. The results of analyses using
'“-‘;hfrared, nuclear magnetic resonance, gas chromatogranhy and
Tmass spectroscopy are presented in Chapter V.
*»
Chapter VI provides a discussion of the results andy .

some conclusions regarding the overall merits of sensory-

analytical methods in odor research.
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II. THEORIES OF OLFACTION

- Among the knqwn senseﬁ‘of man, olfact§9n haé been
the most negie;ted. As arreSult, very littlé is known about
the mechanism of olfaction. There is some ag:éement regarding
requirements that any material must meet ig order to be clear-
ly odorous. It is generally accepted, for éxample, that an
odorous material must have lipid solubility as wéll as water
solubility, although the latter can be very low. It must also
have sufficient volatility, and must be present iﬁ the air

>
surrounding the receptor site at some minimum level (threshold

concentration). The threshold concentrations can vary enorm-

ously for different odorants.

Along wiéh the above reguirernents, it is an accepted
fact that there must be a physical contact between the odorant
molecules and the receptor sites in order for the odor to be
perceived. Most researchers in this field also agree that the
odoranﬁ—receptor interaction is a physical'rather than a
chemical érocess. In other words, the odorant.dces not have
tc undergo a chemical conversion-in order tc be percelved.

Beyond the above agreements there is a great divers-

ity of opinion regarding the actual mechanism of clfaction.

‘some pq%ple believe that there is no general relationship
[

betWéeﬁ;pdor and chemical structure because there are as =
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many different odors as there arc odorous chemical structures..
Nonetheless, a number of theories of olfactién have been postu-
lated. The state of the art has been reviewed, among otheréj
by Dravnieks [l] and Xlopping [2]- Four of the many existing

theoretical viewpoints are discussed below.

n. Henning Olfactory Model

one of the earlieY oliaétory models was fhat pro-

posed by Henning. This model has_been discusseé in a number
-

of references [3, 4]. The model consists of a triangular
prism with 6 ' fundamental'® or iprimary' odors located at,
the corners of the prismlas shown iﬁ Figure 2.1. All other'
smells were considered mixtures of these six primary odors
and were located on the edges and surfaces of the prism. Thus,
odors consisting of two primary ones would be placeé along the
edges of the prism. The triangular surfaces would be occupied
by the odors consisting cf three primaries and the sguare sur-
faces by those consisting of four primary odors. Henning at-
tempted to associate each of the six primary odors with the
chemical constitution of the molecules. Far example, he said
that the flowery primary was due to the ortho (l:2} arrange-
ment of functional groups on a benzene ring. Spicy sme}ls
were associated with a para (l:4) arrangement. Thus Henning
concluded that any odorant showing both flowery and spicy
sensation would have becth ortho and para groups and would be

placed on the fiowery-spicy edge of the prism.
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FIGURE 2.1: Triangulaf Prism Proposed by Henning
as an Olfactory Model
Henning's model has several shortcomings. One of
the major ones is that it is not possible to place an odorous
mixture such as foul—fruity—burﬁt in the prism, because it
is placed on the rectangular gsurface. fo place it on that

surface, a resinous description must also be given,

B.  Dyson-Wright Vibrational Theory

In 1837-38 Dyson [5] suggested that in.order for
a compound to be 6Eorous, it must havé volatility, lipid
solubility and intermolecular vibrations which give rise
to Raman shifts in the region 1400-3500 cm-l. This theory

was not taken seriously because of a demonstrated lack cf



A

correlation between odors and the suggested frequency range.
Twenty years later, Wright [6] fqﬁnd that the olfactory recep-
vors are in fact sensitive to a certain range of vibraticnal

frequencies but that the frequency range suggested by Dvson
' 1

’

was wrong.‘ He proposed a vibrational range of 50-700 cm
which is in the far infrared region.

In Wright's theory, the guality of an odor is de-
termined by the vibrational freqguency, while the strengﬁh of
the odor depends on volatility, adsorptivity andﬂﬁater-lipid
solubility.

The;e are two.deficiencies in the Dyson-Wright theory
of olfacti;n. One of tﬁem is that isotropic molecules have
the same odor but different vibrational freguencies. Examples
S, CE,CHO and CD,CHO. The other draw-

2 3 3
back is that some optical isomers exhibit the same vibrational

of this are HZS and D

frequencies, But only one isomer is odorous.

The vibrational theory cannot account for the power-

ful odors of certain small molecules such as st, NH3 and
N\
HCN, which possess no low fregpenciles.

Al

C. Moncrieff-Amoore Stereo Chemical Theorv

-

Moncrieff [7] proposed a theory of olfaction in

which he/igated that the only prerequisités for odor were

’ \ ‘



volatility and suiteble sQlubility. A later modification (ﬁf_
[8] postulated that the two prerequisites were volatility -
and a molecular conflguratlon complementary to the sites of
the receptors. v ¢

Amoore [9, 10] extended Moncrieff's theory by determln-

~

ing how many tvpes of receptor sites exlsted. He also analyzed
the size and shape of the receptor sites through an extensive
survey of the llterature on compounds with recorded odors. By
grouping the compounds according to their characterlstlc odors
and then studvirng the corresponding molecular structures, he
con;luded that, aﬁong the rigid molecules, the most commoo odor
description indicates the identity of the.corresponding primary
odor (i.e. odor perceived when only one type of receptor site
is stimulated). . Amoore found that there were 14 groups into
which odors could be classified. Seven of the most freguently

occurring groups were considered to be primary odors. Table

.1 gives the frequency of occurrence of different types of

odors.
The shape and size of recéptor sites for gach of
the primary odors werg established from a study of the shapes e
. k> !

x
[}

and sizes of the molecules which had that primary odor.
This stereochemical description of odors implies that each
primary cdor originates from molecules that have similar

shape and size.
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7 Campounds
. l.| Camphoraceocus i ?0&
2.| Pungent 95
3.] Etheral 53
4.) Floral 71
5.| Pepperminty ) 77
6.| Musky 69
7.1 Putrid 49
8.| Almond 30
\b: Aromatic 27
1C.] Aniseed 12
11.| Lemon 7
12.| Cedar 7 ]
13.| Garlic 7
14.| Rancid 6
- 6l6 |

TABLE 2.1: Freqguency of .Occurrence of Different
Types of Odors [10] :

-Figure 2.2 shows_ﬁhe proposed human olfactory. re-
ceptor sites corresponding to the seven primary odors together
with molecules representative of each odor. In %his‘illustraf
tion, all the sites are shown in perspective, from above and
side, with dimensions given in Angstrom units.

The.basic postulation of the stereochemical theory
is that molecular models of compounds should correspond to
the oder characteristics as per Figure 2.2. Amocore demon-

k.
strates excellent size and shaﬁg fit for more than seventy

substances. The stereochemical theory has also been used
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The Human Olfactory Receptor Sites
Corresponding to the Seven Primary Odors

(9]
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with some success in predicting odor gualities fox newly.
. \
synthesized substances, and for tailoring a specific odor

by mixing up primary odors. The stereochemical theory, like

. the vibrational theory, is unable to explain odors of small

molecules.

D. The Profile-Functional Group (PFG) Concept

In 1957, Beets [ll] postulated that the odo; of a
molecule is determined by two separate contributions; one
from the form and bulk of the molécule and the other from its
functional group or groﬁps. Beets found?that the odor quality.

is more dependent upon the position of the functional group

than upon its nature. For example, upon compagisg the odors

_of substituted phenvlisothiocvamates he found that the odor

quality was far more dependent upop the position of substitu-

tion’ than upon the nature of the groﬁp. He noted that the

‘para position always corresponded to the ethereal odor and

the ortho and meta positions to pungent odors irrespective
of whether the group was acetyl, methoxy (I) or ethoxy.
Beets also found that if an aldehyde group is introduced

into the para position (II}, an odor similar to heliotropine

(III) is obtained. g . L

1o



\

12

- o H
N
\C/
N
N\
c

-

Based upon his research, Beets concluded that the

group dominates.

e

odor of a molecule'is determined by the dominant functional

group. In (I), -KCS group domirates and in (II) the aldehyde

[y
Theoretically, the Profile Group Concept is accept-

dominating.

able to an extent, but it will still take considerable ex-

perimental work to £ind which group in a given compound 1is

-
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E. Recent Advances in Olfaction’

There is no accurate model'avaiiablé that3cén pre-
dict the olfactory quality of a substance from its physio-
chemical pfopertiés. Many attempts have been made to relate
oaor quality to the physical and chemical.properties of mol-
.ecules, but each of them explains only part of the puzzle.

-

- In recent vears, more elaborate efforxts to establish

~

odor correlations or models have been made.

1. Building Block Models

Dravnieks [12] conducted a study to determine if
simple paperplane strugtural formalae, useful as"a shorthand
for chemical deduct&gg;, could aléb contain sufficient in-
formation for positive correlation with the principal odor
properties. ' Since the procesé_is basedﬁg} an enumeration of
the structural elements of the molecufes, models based on
this ‘approach may be regarded as buﬁ?&?ﬁq block models.

The psychophysical properties, stuéied by Dravaieks
were

i. odor threshold -
ii. psychophysical intensity functions that de-
scribe the change in odor intensity with the

odorant concentra%}on
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-iii. odor quality
. "
iv. structural features

a. Odor Threshold

bdor threshold is the concentration at which the
odor of a substance is just detectable by the humaﬁxnose.
To determine odor thresholds,; Dravnieks [12], used a triangu-
lar port technique. At eacﬁ odorant concentration, two room
air stimuli and one odorant “stimulus were supplied to three
adjacent porté:‘ Each panelist was asked to select the stimu-
lus having an odof-differegt f;om the other two. The procedufé
was repeated for each dilution level, always proceeding from
low to high odorént concentrations. Dravniéks assumed con-
sistent detection at three™consecutive concentration levels -
‘0f odor to be an ;ndication'tQat.detection began at the lowest
of these three levels. The panel observations were con&erted
to E-D;§0 values, called Effective Dosage at fifty percent
level, by a procedure evolved earlier by Dravnieks ana

coworkers. This number reoresents the dilution level at

which an odor will begin to be detected by 50% of the panel.

-

————
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b, ‘Psychopgysical Intensitvy Function *
Various dilutions of the vapor of an odorant were
matched against their odor intensities on an odor scale based

o, §
on l-butanol. The panelists were asked to ignore the odor-

character differences between the test substance and l-butano]l,

but to indicate at which point the intensities matched. Tyvpical

plots of the logarithm of the odorant vapor d&dilution vs‘the
logarithm of the matching l-butanol concentration are shown
in Figure 2.3. From Figure 2.3 it can be seen that the-

psych&physical function with reference to l-butanol can be
written as h

*

» . . . n
odor intensity = k (concentration)

-

Dravnieks 3}2] suggested that, since the psychophysical in-
tensity of 'l-butancl changes proportionallv to the 0.63 power

of its concentration, the slopes in Figure 2.3 multiplied by

¢.63 would give the true value of the psychophysical exponent,

n.

c. Odor Quality
In tests for odor quality thetodorants were rateé
on their odor similarity Qith respect to one another on a
0-7 scale (0 = no similarity; 7 = same odor).

-8

~

<
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FIGURE 2.3: Change of Odor Intensity with Dilution
. . of oOdcrant Vapor [12]

4. sStructural Features of Odorant Molecules

For each of the odorants the following features were
enumerated:

i. number of atoms in the molecule, which is -
approximately indicative of the size of the
molecule

ii. longest dimensicn within the mblecule, in
terms of the number of atoms, indicative of
. the length of the mclecule
iii. number of features generating bulkiness
iv. number of multiple bonds petween carbon atoms
v. number of sulfur atoms, except those connected

to oxygen
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¥L. number of nitrogen atams, except those
conneéted to oxygen ?
vii. number of halogen atoms
viii. presence of —OH gréup
1X. presence of —COOH group ’
X. presence of ester group
xi. presence of ether group
Xii. molar refractive increment of each of those
three bonds that exhibit the longest increments
'ﬁlargesﬁ electronic polarizability)
xiii, position of the most polarizable bond in the
molecule .
xiv. distance, in the terms of the number of atoms,
between the most polarizable and the next most

rolarizable bond.

£
A statistical analvsis was performed by Dravnieks
in an effort to find possible cor*elatlons between the odor
Dropertles and the previously llstea structural features of
the odorant. The eguation used was of the form
Y= A 4 P+ Foo+ . F 2 2 2 2 2
o ¥ A Fp * Ay, IR LSRR S PRL PPN W
. o o 2 2 2 2
+ A F.F .. B S ik - I F
12 F1Fp # Bi575F5 F O AF TRyealy FLOE 2.2

where F represents a feature.
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In Equatioé-Z.Z the terms Ai test for simple signifi-

cance of tﬁe respective features. The terms Ai2 contains

ﬁhe square of the magnitude of the feature ji, and test if
the odor significance of feature i may have a minimum, or a
maximum, or increase more than proportionately with the
magnitQS? o? feature i. The Aij te¥ms postulate that feature
ihas a diféerent effect at different magnitudes of feature j
or vice veréa. The Aij texm postulates that feature j

have a maximum effect, or a' minimum effect, at a certain wvalue

L]
“« Tu o

of feature i.

Dravnieks [12] reported values of ED Z and n

50’
for the 33 odorants shown in Table 2.2. The ‘magnitude of
Z establishes the dilution necessary to obtainp an odor in-

r
tensity equivalent to)that of 250 ppm of l-butanol in air.

Dravnieks s;bjected his own and five other seLs
of data to a muL?f@le regression analysis. Table 2:3 lists.
the results of Ehe<sequential multiple regression analysis
of the threshold data. Because the maximum number of in-
dependent terﬁs was limited to four, a restricticon was
imposed on the use of some of the more specific molecular

features that could occur in only one or a few of the odor-

ants. This abbreviated statistical treatment indicated that

P
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*n Mullipived by 0.63 gives t
13 1he SdoOrant conceniration.

TABLE 2.2:

el e e g -
Dilution ' Slope n vs
Odorant_~ to E.D.gp Log E.D 5o Log 2. 1.butanol *
1| Aocrons 400 2.60 1.87 1.38
2| Acstonitnile 100 2.00 1.32 1.24
3| Benzene ‘BOQ 290 2.01 1.20
4| 2-Butanone 1500 3.8 2.38 1.20
S»| Butyl ethanoate 26500 4.42 154 0.67
61 Butyl ether 6300 38 2.53 0.58
7| Carbon retrachiorde 220 2.34 .21 1.10
B8 | Chiototorm 820 pa B 1.87 1.07
9| Cyclohexane 140 2.15 1.32 - 1.23
131 1.2-Dichlorcethana 163 0.83
11 | 2.4.Dimethytpentans .~ 170 2.22 087 1.06
12| 1,4-Dioxane - 700 2.85 1.78 1.77
13| Ethanol 100 2.00 0.55 1.19
14 ] 1-Hexanal 312 0.98
15| 1-Hewano! 18300 4.26 1.27 Q.50
15| 2 Hewanol 2.46
17 | 1-lodobutane 2770 3.44 2.66 1.5
1B | Mewtylene 1580 2.76 1.49 0.79
15 | 2 Methyl-2propanol 50 1.68 T.01 1.03 o
20 | Nitropropane 90 195 1.51 1.33
21 1 10ctene 210Q0 4.32 248 0.63
22| 2-0ciene 17900 4.25 272 084
23 | 2-0ctynme 23700 4.47 . 3.60 0.74
22 | 3-Pentanane 25300 4.40 313 1.09
25 | 1-Propanct 660 1282 117 1.00
26 | 2-Prepanot . - 90 196 1.27 1.11
27 | 2-Propencl - 16200 418 2497 1.14
28 | Propyibutanoate ' 2453 0.75
29 | Pyridine 12200 4.15 3.79 054
30 | Sryrere %900 3.69 2.32 Q.88
3 1,1.2.2-Tetrgchloroethane 1130 3.0% 2.27 0.99
32 | Thigphene 4.08 0.62
33 | Toluene 2150 3.33 223 098
b - - - R At S .- - v e

he exponent o 1o the function ind

Experimental Data

Related to Odor Intensity

19

or intensity} - kG where

s

on Parameters
f121 =

/,
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-

for all six sets ¢f data there was a significant correlation
between the threshold values and the structural features.
Inspection of the structural featurestselected by the seguen-
tial regression process suggested that the important térms
,ware Hot independent features but the crossterms representing
inteyaction. For example the total number of atoms freguently
appeared either as a product of this number and the highest

(one or- moxre) boPd polarizabilities, or as a product with

the presence of -OH group, or with the number of multiple bonds,
or with the number of $§ or N atoms. g : '
. Dravnieks also correlated log (2), wvalues of which }
are shown in Table 5.2, to the structural features using a
regression eguation with five‘variables: Because the log (Z)
correlatiog was somewhat hetter than the threshold correlation
he concluded that it might serve as a better positioning
point for predicting the log (intensity) vs log {(dilution)
plots shown in Figure 2.3, ' .

When Dravnieks analyzed the odorants listed in !

Table 2.2 using a five term regressig% eguation he found
that a significant correlation existed between the exponent
of the psychophysical intensity‘function and the structural-
features. Figures 2.4 and 2.5 show the goodness of fit for
correlations of EDSO and log (Z) values for the Dravniéks

data [12]. -
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.Dravnieks acknowledges- that the huildiné
'mbaeis, of the type he investigated, will have to be.refined
con§iderably before generalized conclusions regarding the
significance of different features can be formulated.. -
In a more récent paper, Dravnieks [13] has extended
correlations between odor intensities and structural proper-
ties of o&orants. Using a butanol reference scale for measur-
ing intensities ‘he correlated them to thirtﬁleigh§\attributes
derived from an iﬁspection of Widaesser notations which utilize
symbols for certain sfructural characte;istics cf molecules
(2.g. U for double bond, R for benzene ring). He concluded
that this app;oach has promise, although the correlations
'obt§%B§E so far show considerable scatter.

L

2. Psychophysical Models !

Schiffman [l14, 15] has put forward a model based
on a psvchophysical approach to the determinatiocn of the
phvsiochemical dimensions of odor. She used a guantitdtive
approach relating psychoﬁeysical measures with physiochemical
values to compare her £findings with the theories put forward
by Henning, Amoore and Wrightl 2 multidimensional scaling meth-

// od provided the relationship between the nsychological dimension

)
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of ¢lfaction and theh physiochemical variahles. This multi-
L} dimensional scaling can place the results of experimentally
determined olfz&épry sensations from certain odors so as to
QJS '- reveal relationships and distances among thq olfactory stimuli.
In principle, i1f two substances are found to have a similarx
guality, they will be placed near each other in a multidimen-
jd;ional quality space, whereas substances judged not similar
will be located far away from each cther. To generate a multi-
dimensional quality space, she used the data of Wright and
Michels [18] and woskow [17]. Thé suiting spaces from these‘
two data sets are shown inm Figures 2.0 and 2.7. These two
) .
spaces are considered rather similar, in that thev both contain
distinguishable groups of pleasant (left of Figures 2.6 and

2.7) and unpleasant odors (right of Figures 2.6 and 2.7).

N
Further analysis of Wright and Michels dééa was carried out -
to break up each group into its own two dimensional spaces,
These spaces are shown in Figures Z.8 and 2.3. These Lwo
figures were used by Schiffman to investigafe possible oder
relafjonships to psychological variables such as odor guality

and tc physicochemical variables such as molecular structure,

functicnal greoaps, molecular weight and Raman spectra.
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a. Qdor Quality - ’

’

In goiné from rigﬁt to Yeft in Figure 2.8, the odor
gquality changeslfrem flowery, pleasant to more spiritSha,and
resinous. In going from top to bottom, there is a general
increase in sharpness o0f odor. These trends arc shown in
Figure 2.10. For the unpieasan;‘odors, no odor qualitx trgndé
are oﬁvious from Figure 2.11.

b. Molecular Structure

when Schiffman examined the molecular structure

-

- dependence of stimuli shéwn in Figures 2.8 and 2.9, she

found a slight trend, especiallv for cyclic molecules, but.

B .

it was impossibtle *to conclude whether stereacchemical proper- -

ties alone can determine the olfactory quality of a compound.

-

This observation seems in contradiction to Moncrieff-amoore

stereochemical theory discussed earlienTin this chapter:

C. Functional Groups : -Zj

After examining Figures 2.12 andé 2.13, which are

the functional group representations of Figures 2.8 and 2.9,

-,

Schiffman ccncluded that the functional groups seemed to he

good distinguishing parameters for odor guality. She found

that aldehvées, esters, alcohols, phenols, ketones and ethers

» 14
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all fell into the oleasant area oF the space whereas the sulfur
and nitrogen contalnlng compounds, as well as llght carboxylic
ac;ds, were located in the unpleasant reglon. In addition,‘
the funct%onal groups tended to cLuster tdgether. For ex-
ample, in Figure 2.i2, the aldehydes all appear in the upper

right hand vart of the schematic representation.

d. Molecular Weights and Boiling Points

Schiffman also examined the molecular weights and

Sciling points of the stimulj shown in Figugeé 2.8 and 2.9.
~

Because boiling points and molecular welghts are highly cor-
related, sHe concentrated on the molecular weights. This
approach indicated that there were general trends. For ex-
ample, the more flowery, fruityv odors tended to haove higher
molecular weights while molecular weichts for cdorants in tﬁe
unpleasant space were generally lower than :ba\ for the more

&

acceptable odors.

€. Raman Spectra

An eéxamination of the Raman spectra of the mclecules

cted in Figures 2.8 and 2.9 showed that the vibrational

fL/

v
~

. . -1 . .
requenciles in the 100 to 1000 cm range contained informa-
tion only about the "goodness” or "badness" of cne odor,

but could not Gifferentiate the gquality any further. 1In
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>
general, there was neo pa;ticular trend relating quality

to the number of douhle b&ds, dipole moments, water solu-
bility or freezing points,

Schiffman and coworkers [i4, 15] have bgen working

on a weighting scheme which, when applied to the physico-

’

chemical variables, could perha:s generate the kinds of spaces

shown in Figures 2.6 and 2.7. These researchers have achieved

-
hY

partial success in their efforts.

Although the Schiffman tedhnique of multidimensional

scaling has been guestioned by some researchers [18], it

does appear to be & potentially useful means of deciphering
-...-/ﬁ . .- . .
the fundamental dimensions responsible for the sensation of

odo;.
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ILI. ODOROUS EMISSIONS FROM INDUSTRIAL CPERATIONS

The following general survey of industrial odor
pollution provide? an introduction to the - emission problems
associated with the grain drying operations at the Hiram
ﬁalker and Sonéf Limited plant in Walkervllle, Ontario.

The major portion of the experimental phase of this inﬁesti—
gation was concerned with the identificatinn of comoounds
“LngﬂSlble for the odors generated during the reclamation

of .spent grain in a flash drying system.

f. General Classification

Dﬁe to the ‘complex nature o¢ most 1ndustr1al effliy
ents very little isg usually known about the composition of
cdecrant streams. For different industries, generalf classes
¢f chemicals have been identified as being associafed with
odorous effluenfs 4% shown in Table 3.1. A good review of
emissions, according to industry tvpe, has beer presenteg
by Haffgé, Okev and Turk [1). The following discussion is
adapted from this reference.

1. Pulp arng Paper Industry

This industry is a ma;or §ource of o#or pollutants,
Sodium sulfide, which is a maj;>\eémponent in ?bL alkaline
liguor, generates a numbor of odorants, including hydrogen

sulfide, mercaptans, sulfides and disulfides.

34
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2. Petroleum Industry :

!
This is another méjor source of #or pollution.
The emissions vary from reflinery to refinery, depending upon

thre cperations involved. The most common odorants are mer-

captans, organic sulfur compo s, ammonia, hvdrogen sulfide

. and sulfur dioxide.

-

3. Phthalic Anhydride'Prod'ction

. . . . Ly
During the production of phthal\c anhvéride frrﬁ
q
naphthalene or o-xvlene, naphthaquiporfe, maleic and beniQic
acids, cyclohexanes ané many other ‘odorous compounds are

cvolved.

4. ¢« Fertilizer Indusiri

-

In the feftilizer industry the major sources of
—

-

odorants-are nitrogen oxides from nitric acid, ammonia,

;urea/ﬂﬁé formaldehvde, as well as fluorides.

Rgsfnganufacture

Mest resins, particularly vinvl polymers and co-

f> -
/e >
, 1
/ ‘i
polymers, reguire plasticizers to improve their workabilitv.

Finished plastics are made with heated mixturcs of resins,

fillers and plasticizers. During these processes, odorous
vapors and mists are given off. ~
y
7 \
i , d
N



6. Rubber Processing : 1

Because raw rubber is too soft for most commercial

"

/ﬂ ) ' uses, 1t must be cured to reduce its plasticity. Many o

these additives used in the curing have substantial vapor

pressures.  When the rubber is treated odorous exhaust

gases are released. The common odorants are alkyl amines,

]
aldehydes, organic acids and plasticizers.

»
7. Adhesive Manufacture
L o The three common types of adhesives are protein,
starch and synt@éiic resins. The protein adhesives include
meny fish and animal by-products that are degreased with
petroleum naptha, hvdrolvzed by lime treatment and dried.
During these processes odorous nitrogen and sulfur compounds
R

are -~mitted.

- \

-
8. Pesticide Production

There are so many different pesticides that it is
iess . : 4 . -
difficult to generalize the tvpes of odors emitted from the
various plants. For example, during the manufacture of DDT,
vapors of alcohol, chlorine, chloral, chlorobenzene, sulfur
dioxide -and hydrochloric acid are emitted. The manufacture

-



ES

of the herbicide 2, 4-D is responsible for vapors of al-
cohols, chlorine, chlorol, chlorobenzene,-sulfur dioxide,
hyvdrochloric acid, phenol, chloroacetic acid, dichlorophenol
and many other odqrous compounds.

9. Pharmaceuticdl Preparation

. Although pharmaceuticals ccmprise a loné list of
synthetic compounds; two types of naturally occurring opera-
tions create especially difficult odor problems. F;}pen*“
tation ;s responsible for emissions oI gases produced during
the process itself or as/ﬁ\EEEﬁlt of treatment of waste
proddcts such as spent mashes and micellae. Biological
production schemes are alsc potential odor sources. One

example of odor generation is during the treatment of beetf

hung to produce a blood anticoagulant.

10. Essential Qil-‘Formulation

Essential oils are natural or synthetic chemicals

.

used for perfumes and for flavoring foods. Their cdors are

normally pleasant, but when present in high concentrations

~ear the manufacturing plant they cans.become obnoxious.




11. Textile Industry

The textile industry converts natural flbers and

””ntthlC organic polymers into finished materials. Most

rt,

oI the odor problems arise during the spinning operations

of:synthetic polg&é;s. They are generally due to the sol-
vents. During fiberglass spinning, phenolic and spent

phenolic odors are also produced.

- Food and Agricultural Operations : .

y—
3]

The food and agricultural industries are sources
of a wide variety of odors. 1In animal husbandry, the ma-
jor odorants are ammonia, hydrogen suifide, aliphatic
a copols, aldehydes, various organic amines, mercapténs
and sulfldes. In fermentation processes, the odor is due

to drying of spent grain, loss of alcohol in the fermenters,

-
stills and céuring storing. .
. . ~,
2
13. Tanneries

Tannery odors reflect the proteinaceous nature of
hides, hair ané flesh. The most common odor comporents are
- acids, alcohcls, aléehvdes, ammonia, hvdrogensulfides, mer-

captans, sulfides and phenols.

14. Municipal Waste Treatment

N
Municipal waste treatment plants emit many erganic
gases including mercaptans, sulfides, ammonia and hvdrogen

de.

(



8. Odor Problems of Grain Drving Operations

-

Most of the grain proceésing industries utilize

only the starch content of the grain. The remainder, known

e .

as spent grain, contains Almost all of the proteins, fats,
-minerals, vitamins and fibers of the original cereal {3].
This spent grain is an'impqrtant factor in the profitability
of several food processing industries since it can be sold
as feed for chickens, swinelénd cattle. 1In earlier times,
fresh spent grain was fed directly to local farm animals,
but as the grain processing industries expande@ the increas-

ing amounts of spent grain could not be‘used in the immediate
areas. As a resulf_sophisticated drving operations were
needed before the grain could be shipped to outlving regions.
According to First and coworkers' [3] analysis of
the distilling industry, de-alcoholized fermentation residues
are generally discharged-froﬁ beer stills as a mash con-
taining about 7% solids. This material is screened and pressed
to form a cake containing about 17% sclids before charging
to the dryer.- In addition, about 80% of the dried material,
containing 90% éolids, is recycled through the drver to
produce a combined feed stock containing up to 60% solids.
This mixing of dry and wet products provides thé additional
bulk needed for proper performance of the drver. Figuré
3.1 shows a schematic representation of a tvypical spent grain
recovery system in a distillery. Normal cperation conditions

and mass balances for each step of the process are also

provided by this illustration. :
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o &

- .'.‘- ) - N
N

) - Dryers used for spent grains have been of two .

general types

1. Indirect Heat Cvlindrical Ro%aﬁ& Shell Drver

) <
This class af dryer has the heating elements, often
4 : . .
. B
as steam jackets, well separated from the wet cake.‘.gh excel-

lent product can be expected, from such a syvstem, but the prod-

uction rate is low.

2. Direct-fired Cocurrent Rotarv Drver

This version is used more frecguently because of bet-
ter fuel economy and higher production rates 13]. In the

direct fired, c<ocurrent, rotary dryer, the flames and the

’ ]

spent graih enter the unit at the same general location. As
a result some sea}ing and burning of the feed stock cccurs.
This produces the typical 'burnt' odor commonly associated
with distilleries. : .

Along with the "burnt' odor, the drving of a number
of'components which occur naturally in the grain can génerate
'wet grain' or 'mash like' odors through volatilization.

Nelighborhood complaints are usually directed towards the

burnt grain odor.
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\ .

It is generally agreed that the characteristic

from the Hiram Walkexr plant is due to the drying of~spent
grain.| "The sﬁent grain, contaiging roughly 6% solids., is
dried according to tRhe schemes shown in Figureé 3.2 o:.3.3,
depending -upon the plant'operating'mode. Spent gragn.from
the stills is Sent to centrifuges where solids are separated
Srom the liqu;d. fhe liquid product with thé.digtinct Hiram
Walker'oéor p;sseslthrough~a four effect evaporator with a

finishing pan. This step lowers the moisture content to

4 ’

about.60%.

The product £from the.evaporatdr, a thick peanut
buttery sQrup, and the soliﬁs portion from the centrifuges
are conveyéd to a flash érver system. Each flash drver,
heated with natural gas, normaily operates with a:furnace
temperature of 600°F; The drying process is designed to
prevent the;spent grain and the syrup from making éirect con-
tact with the gas flames. Drying is due to the hot excess air
-and combustion gages leaving the furnace section. |

The Hiram Walker process involves three flash drvers. N

- o
When they arc operated in parallel, according to Figure 3.3,

each cdryer receives egual amounts of solids ané syrup. When

the plant is in the series mode, dryvers 2 and 3 receive only

.
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- -

the solids portion fram the centrifuge whereas dryex 1 xe-

ceives the end product of dryers 2 and 3 and all the syrup.
It has been found that during series operation, most of the

odor comes -Zrom drver 1 [4]. oot

-
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IV. SENSORY-ANALYTICAL METHODS FOR ODOR ANALYSIS

It has long been recognized that no analytical

.

device is as'séhsitive to odors as the human nose. Therefore,
ultimate judgements regarding odor acceptability will be,
probably, alwavs tempered bﬁ the presence of humans. Since
analytical devices such as gas chromatographs, infrared, nuclear
magnetic resonance and mass spectrometers, can provide,
either individually or collectively, a chemical signature for
a given cdor, %t‘was reasonablé'for researchers to attempt
to.combine theqbest features of the sensory and analytical
systems. Investigations of this rature have generally attempted
to isolate the odor causing chemicals by simultaneously smelling
. w

and analyzing an odor sample.

Before discussing previous applications of sensory-
analytical technigues, it is useful to briefly review the ba—.
sic principles of 6peration of the analytical ﬁeghods them-

selves. Most of the instrumental concepts are well known.

Literally dozens of excellent monographs are available for

-

detailed information.

A. Analvtical Methods

1. Gas Chromatography

Chromatography is a physical method of separation;

in which the components to be isolated are distributed between

48
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two phases as a result of a fluid moving through or along
a stationary bed of_large surface arqgg

In gas chromatography the moving phase is an
inert gas carrying'components which_interacf with the statggn-
ary phase or sorbent being used. Depending-on the +tvpe of
anaiysis to be carried out, two different sorbent types are
available. If the sorbent is a solid‘of la;ge surface area,
the technigue is called gas-solid chrcmatography kGSC). Gas
liguid chromatography (GLC) utilizes a s;ationary ohase con-
sisting of a non-volatile liquid coated on an inert solid
support. The GSC procedures are emploved primarily in tge
oeparation of gases or Felatively nOn—polac solutes of high
volatility, whereas the GLC approacq,is more broadly applicable
to a wider range of solutes. N

tThe gas chromatographic technigue involves injection

of a sample through a self-sealing diaphragm into a packed column
under conditions favoring volatilization of the compounds to
he separated. A carrier gas moves theseé compounds along the
column at rates which are dependent on their respective vol-
atilities and interaction with the stationary phase. Conse-
qhentlyrdiffereot compounds are eluted from the column at dif-
ferent times. Flame ionizatinn, electron capture or thermal
conductivity detoctors at the end of the column provide elec-

trical signals corresponding to the passage of any specific

compound towards the discharge side of the instrument.
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. 2.. Infrared Spectrometry

Infrarea radiation is that'part of the electro-
magnétic spectrum corresponding tg energy with w;velengths' -
longer ﬁhén the visible range but shorter than the microwave
:region. }nfrared radiation between 4000-660 cm_l is useful
for analytical purposes because it can be absorbed by organic
materials anad converted into energv of moiecular vibration._
The results‘of the interaction between infrared energy and
organic species are spectral plots generally expressed 1in

terms of intensity versuék%avelength.

3. Nuclear Magnetic Resonance Spectrometry

Nuclear magnetic resonance (NMR} spectrometry

| ﬁepends upon interaction betweén an external magnet and
magnetic nuclei, commonly hvdrogen. Under appfdpriate conditions
a sample can absorb electromagnetic radiation in the radio
ﬂt{igquency region of 10 to 100 MHz. Since frequencies that can
be absorbed are governed by the electronic environment in which
hydrogen atoms are located in a sample, a typical NMR spectrum
consists of a plot of fregquencies of the adsorption peaks ver-

-
sus peak intensity and indicates the number and kind of hyvdro-

gens present.

4. Mass Spectrometry

o~
In a mass spectrometer a sample is bombarded with

an electron beam and the damage is recorded as a spectrum of
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positive ion fragments and their relative abundance. By
design, éepafation of the positivé ion fragments is on a

mass basis. The sarple, as a vapor, diffuses into ;hg low.
pressure system of the mass‘spectrometer where it is ionized
witih sufficient energy to cause fragmentation of the chemical
bonds in the original molecules. The résulting positivelyv
charged ions are accelerated into a magnetic .field which dis-
perses ‘them and permits relative abundance measuremeﬁt of
ions of a given mass-to-charge ratio.

In general, mass spectrometers consist of four
major components, as shown in Figure 4.1. They are described
briefly below:

a. a source for producing a Seam of gaseous ions
from the sample being analyzéd

b. an analvzer for resclving the ion beam into its
characteristic mass components according to the
mass—-to-charge ratios of the ions present

¢. a detector for recording the relative abundaﬁce
0of each of the resolved ions

d. a vacuum svstem to provide the proper envircnment
for all of the above processes.

The sample‘*s wvolatility is the principal physical

characteristic that dictates the route of éample introduction

/;Rﬁ_ilso determines whether the sample 1is amenable to mass
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spectroscopic analysis. There ére three main methods of
introducihg samples 7
i. Reservoir: If the compound has a vapour pfes-
sure of at least 1072 mm Hg- af 100-200°C then
it can be injected into a heated reservoir
- that could be 2 to 3 ft from the ion source.
The reservoir preséure, which is much higher
than the ion source pressure, forces the sam-
ple vapor through a heated tube into the ion
source
~1i. Direct Inlet: Samples of extremely low vol—'
atility ére iﬁtroduéed directly into the ion
source
iii. Gas Chromatographic Coupling: Since inter-
pretable mass, spectra are best obtained with
pure compounds, it would seem an obvious
choice to use gas chromatogramhy to provide
samples for analysis. When combining a gas
chromatograph with a mass spectrometér, there
is a problem.of transferring the compound in
the gas chromatographic peak to the mass
spectrometer ion source. Over the years, sev-
eral different techniques have been developed

to obtain mass spectrometric data of compounds

eluting from a gas chromatographic coclumn [1-6].

-
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When suitable facilities are available, the ef-

fluent from the packed column is allowed to flow directly

into the ion source by direct interfacing of GC/MS instruments.

In the interfaced GC/MS svstem, the necessary pressure Grop
can be. achieved by preferentially removing the carrier gas

and then allowing the enriched sample into the mass spectro-

. -

meter ion source. -

When an interfaced GC/MS system is not aﬁailable,
then the simplest way of obtaining mass spectrum of an eluate

is to collect the peak of interest by means of a cold trap

and then transfer the sample to the mass szectrometer
reservoir.

Another method of collecting and introducing

small chromatographic samples into a mass spectrometer involves

using small pieces of capillary tubing packed with gas chrom-
atographic solid support to collect the fractions by adsorp-
tion of the compounds onto the packing. These small tubes

can then be placed directly into the ion source through a

vacuum lock.

B. Sensorv-Analvtical MSsbods

Chemical analvsis, combined with sensory measure-
ments, is an appresporrdie technigue for gaining detailed in-
formation about any specifr dor.//HSQéver, such a sensory-

~

analvtical approach can not vet be considered tc be a routine

. . . S .
procedure. The unigue description of a given odor, as

4
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picking up organic compounds [7]. 'A typical vapor collector,

55

determined by a combination of human andlinstgumental capabil-
-ities, can, in principle, find applixcation in both the regula-

- .
tory and control.aspects of odor pollution. . . -
It is usually necessary to concentrate the odorous

mixture prior to arnalysis on a gas chromatograph, infrared,

 NMR or mass spectrometer. The common methods of -odor concen-

~tration- involve {reezing, adsorptive or absorptive samplgng. Of

the three, adsorxptiv=> zampling offers certai. advantages in

that many adsorbents adsorb little or no water while adeqguately

~ ~

shown in Figure 4.2, utilizes five grams of chromosorb 102

b

h

IR )
LET . .

S 3
STAINLESS STEEL TUBING
™"""1/8 IN. OD (0.085 IN, 1D)

P

SPRING

iy 3 ——
3

——STAINLESS STEEL SCREEN -

)

7
M

h‘
%?.

O
T
A

i

"t POROUS ORGANIC POLYMER
SURFACE AREA

1500 m2

%
3

f

(AT
1
e

7

T
A
R E el

P

T

T

-

)

[ STAINLESS STEEL SCREEN
: 1 " <—1/8 IN. STAINLESS STEEL TUBING

L ——3/4 IN

| |

TO PUMP

FIGURE 4.2: High-8peed Vapor Collector "[7]



”

4,

. 56"

- \\

rather than activated carbon which adsorbs so strongly that

subséguent recovery is made diﬁfiéult. The collected vapors

are removed by heating the system while flushing with a small

‘stream of helium-.

The released organics are collected in a

small diameter cooled tubing and then injected into a gas

chrométograph for analysis. The GC sysﬁem is shown in

Figure 4.3

SNIFFING
PORT

DETECTORS

FLAME FLAME
IONIZATION PHOTOMETRIC

;ugnno.-v
UB8E TROME
ryse L ELECTROMETERS
COATING PEAR ARFA | d ’ -
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] I
\ 1 )
lf‘: RECORDER
. NC ODOR
PUTRID >
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, ] [ .
- 1 |
HELIUM ALL ORGENIC SULFUR
COMPOUNDS CoMPOUNDS”

~

FIGURE 4.3: Schematic to Obtain an Odoxgram [7]

.

4

The sniffing port permits smelling the\components as they

emerge from the column.

odorous peak approximately labelled,

to as an odorgram.

The resulting phromatogram, with

frequently referred
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This high speed vapor collector has. been used

N -»
by Dravnieks for investidation of air gquality in schools [8]

-

and in determinations of odorous components in tobacco

. <>
smoke [%2]. A similar device was employed by Arthur D. Little

researchers when characterizing jet exhaust [10]. These in-

vestigators utilized pentane for extraction of the sample

from the collector.

.

The applicaticn of mass spectrometry to odor

analysis has been more limited. It has been pointed. out

-

that identification of odorants through mass spectrometry
is possible, but very expensive [7]. There are/ﬁlso dif- -

ficulties resulting f£rom inadequate sample sizes and am-

biguities_in interprectation. . Recently Reid et al [11y

-

-

claim to have developed.a Trace Atmospheric Gas Analyzer
technigque in which they use a mass spectrometer system to
identify and guantify ultra~trace species in gases .at

. i \
atmospheric pressure. '

i
An example of the potential of sensorv-analvtical

methods for odor analygis is provided by the EPA supported

work on rendering plant ‘odors [12].

p . “'\
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V. RESULTS OF ODSR. ANALYSIS

~
- -~ -
» N .

Since it is believed that the odorous qoﬁpounds
in" the Hiram Walker emissions‘origlﬁate from the.syrup sent
to the flash dryer, this syrup was used toO generate an odor
that was subsequently analyzed in detail. For this analysis,
a comblnatlon of gas chromatogr phy, mass, infrared and nuclear
magnetlc resonance soectrometrv was employed in an ef‘ort to
fingérprint the odors. g >

The syrup used for generating odors was obtained
fyom Hiram Walker and Sons Limited. The sample was cdllected

essentially at the entrance to the multiple effect evaporation

unit as shown in Figure-5.1 by point 7 .

5. pProcedures for Generating Odor Samples

T

Two technigues were used to generate odor samples;

1. Extraction Method:

In the extraction procedure, odorous cCOmMpPONents
were recovered over a sixteen hour period from two hundred
grams of syrup in 2 soxhlet extractor. The odorants were con-

L4

centrated in a distillation column by removal of the acetone,
—r

ether or tetrahydrofuran extraction agents.

2. Adsorption Method:

This procedure utilized an adsorptidn concentrator

designed on the basis of units used by previous researchers
*
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(1, 2, 3]. The concentrator shown in Figure 5.2 maé-filled
with Apiezon L. Preliminary experimentation with the gas
chromatograph demonstrated that this material was a reasongblf
non§élective adsorbent.

The odor gene}ation technique with the concentrator
simply involved passing.nitrogen continuouéiy through the syrup
which was maintained at 150°C in an ﬁil baﬁh. The compounds
carried by the nitrogen to the concentrator Q?Kngirst massed
through a‘knockout trap to remove as muéh water as possible
accoréing to Figure 5.3. The concentration pﬂgcgdtréiwas cone

tinved until an odor coulé be detected from the éxit of +he

concentrator.

- Results of Qdorous Sample Analvses

1. Infrared Analvsis

An odor sample obtained bv the extraction procedure
was subjected to anaiysis on a Beckman IR 12 Infrared Spectro-
meter. From the spectrum shown in 3igurw 5.4, there appear
L0 be no brimary amines, nitrates, mercaptans or halogens
preéent in the oddr sample. The peak at 912 c-:n_l is possibly

< -
due to the solvent tetrahvdrofuran. The peaks at 1164 cm-f

anc the coupled peaks around 1250 and 1275 cm-l suggest the

bresence of esters and long chain fatty acids. Indication of

o
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o

the pregence oI C=0 esters (possibly @, B-unsaturated aryl
esters) and aldehydes is provided by the pgak near 1735 cm—l.
The peak at 2240 cm ™t indiﬁates the presence of C:C or Ca=N
bonds. Tetrahvdrofuran could possibly be responsible for the
. . peak ;t 2842 em™l, as well as for the peak around 2910 em L.
Olefins or aromatics could be associated Qith the peak at

3005 cm L,

R

2. Nuclear Magnetic Resonance (NMR) Analvsis
An extraction type sample was run in a JOEL C-60

“HL spectrometer. Since the 'spectrum in FigurélS.S shows
no peak bétween 6 and 8§, it is safe to”assume that no
benzene rings were present. If such rings were present-a
deflection should.have appeare at about 8%. The spectrum
also indicates that double bonds may be Present, hut the
deflection at 5.385 could also be due to the presence of

tetrahvérofuran.

3. Gas Chggmatographic Analvsis s
The gaé chromatograph used fogﬂanalysis-of osors
was a Varian 1520 programmable unit. Initial chromatographic.
runs were made with an odor sample obtained using the extraction

procedure. Many different columns, including PPE, FFAP, DC5590,

{
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er

SE 30 and Apiezon L, were tried. A PPE column chromatogram
is shown in Figure 5.6. Comparison with the Apiezon L
chromatogram illustra;gd ih Figure 5.7, indicates that
ﬁbiezon L provided é better separation. - ot

The ex£raction method of odor acguisition was
found to be generally inferior to the adsorption techniéue
because resclutions were not as good with the extraction
method. .

The ultimate gas chromatographic analysis was per-
formed with the splitter arrangeﬁent for odor sniffing gpown
in Figure 5.8. Since the lengths of tubes A and B were identi-
cal it was possible to simultanecusly sniff at port C as soon
as a compound appeared on the chrbmatograph recorder. This
splitter system was later used to collect samples for mass
spectrometric analysis.

Figures 5.9 and 5.10. are representative of the re-
sults obtained using the splitter equipped gas chromatograph.
Figure 5.9 depicts the cﬂaracteristics o?xbdor sample genera-
ted through adsorption while Figure 5.10 illustrates those
of specimens acquired tlircugh the extraction procedure. Both
indicate that there are at least ten major cdorous peaks.

The hedonic qualities of the odorocus p:aks in Figure 5.10 are

listed in Table 5.1.
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4. Mass Spectrometric Analysis -

The extraction technique was used to obtain a
concentrated sample for the‘gas-chroﬁgtographié—mass spectro-
metric analysis. .It was found that a larger amount of material
corresponalng to any gas chromatographlc peak could be collected
when concentrated extraction type samples were used rather than
those acquired according to the adsorption collection téchnique.

The system used for collecting the sampleé coming

out of the gas chromatographic splitter is shown in Figure 5.11.

azznzznnayf:fﬁ&ZZﬂﬂﬂﬂﬂagazzggzg?

Glass Wool Apiezon L Glass Wcol

.

FIGURE 5.11: ¢ llector for Introduction to Mass
Spectrometer

—

€y

AS soon as a peak appeared on the recorder, samplind was initia-

ted. Since there was ro app;opriate technique for establishing
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~ the gas chromatographic resolution needed fo; subseqyent maés-
spectrometrié-analysis, several successive collections of the
major peaks were made. .Because up to four gggples were col-
lected ffom some of the peaks a total of siiteeggspecimens were
available for mass spectrometfic analysis, as shown in Table
5,10

A major change had to be made in the mass spectro-
meter in order to-introdqce the samples. This$ modification is
shown in Figurg 5.12. Introduction of the samrle was accomplished
by first freezing it in a thimble kept in a iiquid'nitrogen bath.
valves 1, 2, 3 and 4 were'ﬁhen opened ‘and the system evacuated
to 10_6 Torr. Since the mass spectrometer operates at a pres-
sure of 10_6 Torr, the system must be evacuat«.d to that level in
order to get any meaningful results. In addition, this high N\
vacuum insures the removal of any residuals froﬁ previcus samples
and vaporization of any compounds that may have very low volatility. <«
After the system had been evacuated, Valve 3 was closed ané the
liguid nitregen bath was moved from the thimble to the cold
thumb: This was necessary to permit sample vaporization and
 subseguent trapping in the cold thumq.' After the system had
reached 10.-6 Torr pressure again, the liquid nitrogen was removed
and the computer associated with ,Jthe mass spectrometer ’stafted

scanning and acquiring data. “
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o Fourteen samples were run in a Varian CH5 double

focussing mass.spectrometer. Unfortunately the run for GC

peak No.'3:was ruiﬁed due-to leaks in the introduction system.
Because of {eaks and lack of sufficient sample in the collector,
the major MS peaks for GC samples, 5b, 6a, 7, 8 anﬁ‘Q of Table
S.l,‘were suppreésed'to such an extent that no significant results

could be obtained.

Typical MS scan results are given in Tables 5.2 to

5.5. Each scan provides mass per ggit chargs (m/e} under the

héading'of MASS. The intensity of each peak is designated by -
INT. In addition, the percent relative abundance of each
mass is designated.by % RA on the basis of maximum intensity
being given a value of 100. Alsolvalues of percent total in-
tensity (3 TI} are calculated directly from the intensity fig-
ures in the last column. It is immediately obvious from these
res:lts that complete identification of the odorous compounds
would be impossible due to the‘large number of peaks involved.
This problem arises from the poor fesolutign of the compéunds
by the gas chromagog;aph. It would appear that inadeguate
separation by the gas chromatograph led to too complex a mixture
as the input to the mass spectrometer. When too complex a mix-
ture is fed into a mass spectrometer the results cannot he

analysed to the extent of precisely identifying specific components.
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i)

_Under these conditions it is difficult to go beyond discussion
of the ty¥pes of,functiaﬁai;qroup; aﬁa oﬁhef general strucpural
features of “the odor sampie.‘. N

" Complete det;ils of the mass spectrdmetriclanalysis
are not giﬂﬁgrgpre.as they followed traditional practice (4, 5,
6, 7). Analysds.pof the ava;lable MS scans provides somé gen;
eral unde:étanding of the odor sample characterigtics.

i. GC peak 4: MS scan 4:1 LTable 5.2) suggests'
thg possiPftlity of sulphur being présen; as a
result of a major peak at;m/e = 47 (CQZSH).

~ According to scan 4.4 (Table 5.3), %-RA at
izqz is 78.9 and at 284, isotope peak P + 2,
it is'13.6. This combination for the inten;
sity of isotope peak to the parent peak 1is
'indicative.of 4 sulphurs being present in a
pdésible molecular structure of the form
CygHyg084- Since a peak appears at mass 356,
it is possibie that the species C10H18654 is'
a homoleog of C13H240384, from which an gster
group of m/e = 74 ha%lbeen removed (CHZEUCHB+H),

. The presence of chlorine cén be deduced
from MS scan 4.4 (Table 5.3} by the fact that
there is 100% RA at mass 281 and values of

65.5% and 4.4% RA at mass 283 and 285 respect-

ively (2Cl gives RA's of 100,%65.3, 10.6).



.

N
A

ii.

.1ii,

From the above analysis, it .appears that ester com-

90

GC Peak 5:' Analysis of peak 5 indicated that

sulphur (m/e = 47, CstH) and ester groups

. (eg. m/e = 73, CH2COOCH3) are present. -

GC Peak 10: From scan 10.1”{Table 5.5). it can
be seen that an ester compound of mass 355\ié pre-
sent. Peaks at 281,l207 and 133 suggest tﬂat these
arc homologs of the ester compound of ﬁass 355,

from which ester groups of mass 74 have been re-

moved.

pounds, in addition to the sulfur and chlorine containing or-

ganics, arc the major constituents of the odor sample. Though

aldehydes, ketones and acids do not seem to be presnnt in

significant amounts, their contribution to the overall odor

may, nonetheless, have been significant, since many of them

are known to be extremely odorous. Furthermore, some of thew

low boiling components that appeared as gas chromatograghic

peak 3 were lost during the subseguent mass spectromaotric

analye{gfﬂ#’-
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VI. CONCLUSIONS.

\\
)

The results from this study have revealed both the
strengths and weaknesses inherent in a sensory-analyticalf~\\

: e ) ,__/—'\_;/ ~
approach to odor evaluation. Extremely fine gas chromato-
graphic resolutions are required for subsequent identification
through mass spectrometry. Since most odors are very complex .
mixtures this requircément may not be easy to meet. In order to

obtain good input to the gas ;hromatégraph; two methods of
concentrating odors were invé;tigated. Both gave similar, but
not identical results. The degree of resoluticn was better with
the adsorption concentrator, as seen from Figure 6.1. Total
identification of odorous components by mass spectrometry was
not possible, possibly due to insufficient chromatographic
resolutions. Therefore, only tentative conclusions regarding
odor composition could be deduced.

It would seem that direct GC/MS interfacing is es-
sential if better identification is to be achieved. The
extreme sophistication needed for analysis, as well as the
c;?é that must be exercised 1in intézg}eting results, makes
it appear that routine @pplication of the sehsory-analytical
technique is not too practical for regulatory use at the pre-
sent time.

’Paraaoxically, the strength of the sensory-analytical

technigque is also well demonstrated by the information that

hz: been obtained during this investigation. Despite the

52
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tentative nature oﬁ the results,;tﬁgir vglue is undeniable. It
is believed that the results of pre;ént analysis céuld not have
been anticipated by anypge on an a priori basis. The surprising
identification éf sulfu}‘and chlorine, for example, seemed for

a th%e to be unéxplainable. Howeve;, some explanation for the
presence of sulfur did emerge from a consideration of the total

‘ . \
life cycle of the grain used in the fermentation process. During
. ! :

’

the storage of the grain, a number of chemicals are used as
? .

insecticides and pesticides. Some typical commercial product_sJ
approved for use in‘the Canadian grain industry are shown in :
Table 6.1. In view of the amounts of §quur'involved, it is
quite~possible that the pdorods constituents contain this.‘ o=
element as a result of proc s.originating from the earlier
phase of the cycle. The preance of chlorinated compounds

may also be attributed either to the pesticideg and insecti-

cides or even to the chlorinated city water used for the

fermentation process. Another surprising fesult 1is the ap-

parent absence of nitrogeneous compounds. e absence of

aromatics but the presence of esters is consistent with the

chemistry of the fermentation process.

Since it is quite evident that the adsorption
7

technigue used to concentrate or collect the samplé is more

- -

.. . A A~
efficient than extraction, it-would seem that the best system
for tr{iigodorous analysis-would involve a concentrator fol-
lowed by GC/MS interface. ©During analysis of any odorous

sample the following factors should be considered:

\-

P



(N

Fumigant

Composition Application.
_ Kemfume Bin ' cs, 16.4% 3-4 gallon} for 1000 .
T . bushels of grain
CCl4 83.6% . stored in sealed bins
_Kemfume Mill Machine ccl, 57% " 6% at’'21°C on equip-

Kemfume 59 Spot

LN -

i

C2H2C12-20.4%

CzﬁzBr2 19.6%
CCl4 32%

c.,H C12‘ 9%

C.H.Br. 59%

ment :

N
TABLE 6.1:

Tvpical Fumigants for Grain Storage

Facilities [1]

-

-




ii.

iii.

selection of ladsorber{: there is no single

.

adsorbent capaﬁie of collecting all the

compounds from -a very complex mixture. Also

there will generally be some losses.in the

concentrate because quantitative desorption of
- ) . 3

adsorbed species is not always possible.

selection of gas.chromatographic column: as.

mentioned earlier very fine resolution is re-

LS

quired in a gas chromatograph column. This

is generally achieved by using a very long
capillary tube at the expense of high pressure
drops. . -

. ‘f N
GC/MS interfacing: some loss of odorous mater-

ials can ogaur during.the removal of the car-

rier gas at th- interface of the GC/MS system.

It is evident that a complete identification of all

the components in an odorous sample cannot be guaranteed even

with the most sophisticated ana]lytical equipment. However,

it should alwavs be possible to obtain practically useful

information by analyzing odorous mixtures using a concentrator
- . .

-
and GC/MS interfacing.

Because complete jdentification of odorous constitu-

ents is seen to reguire much effort and expense, the potential of

sensory analytical methods for providing some appreciation of

.
-

r

-
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odorous'Saméleg short of.tolal‘ana;ysis-was_also exam:ined 1in
.this work. Stack gas emi§sions f{dﬁ two distillery sources

< - . - ¢t
were concentrated'using the adsorption technigue §pr~aﬁalysis-
by.gas ¢hromatography. The purpose was to compare stack
. emigsion characteristics with chromatograms from the- syrup
‘in-order to examine possible-corre%aticns between them, Stack
samples were collected bf passingvthe gases through an ad-
sorbent bed containing Apiezon L until an odor was detected

-

at the collector exfﬁ.

)

Figure 6.2 compares tﬂe grain svrup chromatogram
to a chromatogram obtained from a stack gas collected from .
the Hiram Walker flash drygr. A l:1 correspondence ié discernible
for a majority/of the peaks. Several new peaks appear, as
wquld.be expelcted, in the Qtack gas sample since the svrup
undergoes flasﬁ dryiné'at'high temperatures. Under such
conditions, some of the esters detected in the syrup odor
samples would be expected to break down to lower boiling
aldehydes, ketones and fatty acids. Suqh behavior is apparent
from the large number of compounds in the 0-50 minute retention
‘time range in Figﬁre 6.2. -7 ‘ 3

Figure 6.3 compares the chromatograms of stack Eas. -
emission from the Calvert and Hiram Walker distilleries. Al-
though it is apparent that thé‘sample collected from the Cal-
vert proceés was perhaps not concentrated sufficiently, it

can be seen that there are high boiling components in both

stack emissions. The peaks marked A, B, C a D in the

/
v—\
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60
L8
W'go b Injector Temp = 250°C
e Detector Temp = 300°C
Q ot Initial Isothermal Temp = 80° for 9 min
L@ Prog. [ate = 25°/min
. T Final Temp = 200°C
Calvert " Flow Rate = 25 ml/min
o 20}
. -
=
9 ot
)
&
0 X A . A A .
4] [ !2. e 18 24 3¢
-.Time,min. .
* - Injector Temp = 250°C
— <
gigileiSP :;ggomg/min Detector Temp = 300°C
B Initial Isothermal Temp =
‘ 80° for 50 min
- Prog. Rate = 25°/min
MW
o w
Hiram E 8
walker § &
G g
[

FIGURE 6.3: Comparison of Gas Chromatograph Results-
of Stack Gas Emission from Calvert and
Hiram Walker Dryers using ARdsorption Technigque

29 | .
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H;ram Walker sémpﬁé had a burét.type smell.~ These are mis-
sing in the ‘Calvert chromatogram. This difference can be
explained in terms of. the Calvert%Srying proceés which ugés
a cyl:ndricai rotary sheli dryer‘iﬁ which the heating ele-
ments gré steam jackets. The Hiram Walker syséem uses
.direct-fired cocurrent flash drvers. The spent graih is fed
ko thejlowgr end of the dryer where some burning of‘the g;ain
1s possible. The generakidn of new compounds could be ;és-

vty

ponsible for peaks A, B, C and D in the Hiram Walker

chromatogram.
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