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. ABSTRACT
_ X 1’ ’ . |

There is an 1ncreasmng need to develop procedures for
asse551ng the lmpacts of odorous emlsSLOns on communltles
surroundlng statlonary Sources. The formulatlon and mmplementatlon.:
of regulatlons depend on the availability of acceptable sampllng
technlqnes and ob]ectlve measurément procedures. ‘

This report deals with-tﬂ; development of objective measure—
ment proqedu;ee through which odorous impacts can be evaluated
in.terms ef.detectiee, discrimination and coﬁblaint potential“
thresholdslas well as degreeslof complaint related te concen—
trations of a major compenent.or indicatorqof'en odorous source
emission. This work emphasizes the need for both sgnsory and
analytical measurbment of oddrs.

Health aspects oflodors in terms of their effeqte oe the
general public ﬁéve been reviewed. The need for control ;
regulations has been emphasized- Current methods of measuremen£
of public 'reactions to odors in terms of spontaneous complaints
-and social surveys have been discussed. Traditional sensory ‘
dimensions of odorous materials, such as detectabl;lty, lnten51ty,
"hedonics and quallty have been described brlefly. New dimensions
defined as discrimination thresholds, complaiet potentials and
. degreesAof complaint have been.iﬁtroduced. Several methods of -
data analysis used %or the evaluation of odor detection thresholds
were examlned through appllcatlon to two samples of n-butanol.

Panels of 7 and 10 people worklng with a six level IITRI ternary

forced-choice dynamlc olfactometer were presented with initial

\
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’4eoheehtrations of 99.46 and 52.Q6ippm n;butanol durihg“three
trihls. The Hall-Ellis Rankmng‘and Modified Dravnieks methods
were also applled to the evaluatlon of discrimination thresholds

of the odorous samples. It was found that Sthle eveluatlons of

' detection or dlscrlmlnation thresholds by either hethods woulé

lalweyg be within + 50% 6f the mean of six trials. The effect of

. successful guessing on the magnitude of detection thresholds

was examlneZ in terms of the pr1nc1ple of maximum likelihood
gstimation of one, two and three trials of panel responses.l The
discrimination threshold obtained by this method alweys falls
betﬁeen the detection and discrimination thresholds evaluated
by the currently used models. The mean discxzimination thxeshold

- of n-butanol for six trlals was found to be 0.65 + 0.25 ppm
measured as butane equivalent. It would appear that the magnitude
obtained from one trial would he suffiqtently reliable for-most
_practicah purposes, since any subsequent trials would not produce
threshold valueg, better than + 40% of the mean.of six triels.

The models were also applied to pgectical'situations |
involving emissions from a fast food testaurant and vegetable oil

odors geherated in the laboratory. The use of oleic acid as the

major component for the measurement of sensory prope

odorous em1551ons from fast food restaurants is sugg sted. Th
appllcatlon of the Major Compeonent Odor Impact Model was
demonstrated through the assessment of the impact of fish odors,
in terms of triethylamine cqntent, using a portable Miran Infra- .
red General Purpose Gas Anaiyzer. The use of triethylamine or
ammonia as a major component for the measurehent of’ sensory

proberties of fish odors is recommended.
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- 1: INTRODUCTIbN

It is estlmated that more than 50% of the complalnts related
,to alr pollutlon deal with exposures to odors (1). Extensmve

studies with anlmals show that some odorants can 1nduce marked

’

phy51olog1cal and morphologlcal changes. Some are recognlzed,as
cardiovascular and respiratory effects {1}. Consequently, there‘ﬂ

are possibilities that expressions of irritation Oor ‘annoyance by

humans exposed to odorous air pollution could be due to similar

physiological changes.
g o S o , :
Although it is now becoming apparent %ﬁat pdors can have

‘more serious effects than just creating nulsaneé reactions, to
date, there are no regulatlons regardlng odorous source emmssxons-
or ambient standards in most of the Canadlanaprov1nces due to a

lack of technology for the measurement and conxrol of odors.

-

The Environmental Protectlon Act‘g% 1971 and its regulations,
p

specify that "there shall not be gontamlnants emltted into the

atmosphere which $

i. cause impairment of the quality of the natural environment
*

~Tt

for any use which can be made of~it
ii. cause harm or material discoﬁfort to any person" (Seetion 14).
The regulations also indicate that "no person shall emit
contaminants thatl

'd

i. cause discomfort to persons - '
ii. cause loss of enjoyment of normal use of property

iii. interfere with the normal conduct of business

iv. cause damage to property (0. Reg. 15 Section 6).

1 R



- e 2

- Thls lack of regulatory strategy can be attrlbuted to the .o
'many problems 1nherent in any attempted control program not . ’
speclflcally_related to odors.r In praotlce, éhe exlstence of.ad‘
odor pollutlon problem must be establlshed before any* steps
towards control can be- attempted Rellable relatlonshlps
between amblent odor levels and odor annoyance thresholds for e
dlfferent communltles muSt be determined before ambient odor
standards can be establlshed The scentometer and ASTM syrlnge
methods (2) currently used by environmental agenc1es are ﬂ‘
con51dered to be 1nadequate for regulatory purposes. There has
been a general trend towards the dynamlc olfactometrlc approach.
Although cons1derable research has been focussed on odor measure—
ment technology, therE‘lsrstlll a basic need for the development
of sensory methods that are capable‘of measuring odors objectively,

and reliably and vielding results that can be related to

community annoyance.

The current phllosophy expressed by most air pollution’ coqtrol-
agencies in the U.s. A. is to concentrate on those sources which
cause the_majority of citizen complalnts. - The list of offenders
includes |

i. pulp mills, kraftfmills, wood products
ii. land fills, dumps, open burning
j“iii.‘ frult and vegetable processing
it iv. fisheries and flsh processing facilities
V. petroleum and natural gas- refining, dsphalt production

L}
vi. rendering, meat Packing, slaughter houses, tanneries

vii. fertilizer plants



viii. sewege’and-humaﬁ waste_;reatmenf plahts
iX¢"feed lops‘aﬁd s?ock‘yardSV

e‘ﬁ.f inéine:ators‘-

'xi, :coffee roasting and spiCe processors
':xiiQ'_commerlcal restaurants and dry cleanlng operation®
ekiii.‘.palnt, varnlsh and lacquer producers and hendlers
, ’xiv; coatlng appllcatlons (palnt coating, baking and drying)
xv. diesel (and other mobile source) exhausts.

It is significant_tq‘appreciate tha& since most citizen
complaints are related to a relatively few source.cetegoﬁies,
a successful regulatory strategy devised for one could provide
a frame work for the others.

Recegnizing the obstacles to'iﬂe successful implementation
Vof.ddbr-regelations, the objectiveslof the present investigation
were to |

i. examine ﬁhe current methods of~determihing odor threshold
values using the‘f;ve‘or six £2vel'dynemic ternary fbrced
choice olfactometric technique

ii.‘ examine the objectivity of current approaches to the

.evaluation of the existance of an odor pollution prdbiem
Aid. develop.a fast aﬂd simple procedure for determining not

only detection but also discrimination_and complaint
potential thresholds; as well as degrees of complaint
profiles by a panel of judges representing a; affected.
EOpmunity

iv. account for the magnitudes of the uncertainities introduced

into threshold determinations thfough successful guesses by



panellsts in making decisions durlng dynamlc ternary forced

chomce olfactometry

™

apply qurrently used and newLy developed models for odor
L, 4

threshold evaluatlons to practical 51tuatlons 1nvolv1ng

3
|
emLSSLOns from a fish processing plant and fast food .

restaurants
vi. inﬁestigateWthe pracﬁicality of applying one or two major
components as indicators- of odor levels and representlng
[+

. the sensory propertles of an odorous sample in terms of the

-

concentration of the major component(s)

Chapter II deals with the health aspects of odors in terms

of thelr effects on the general publlc. It emphasizes the need

to measure citizen responses to odorous stimuli and implement
regulatory strategies ts deal with practical situations.

Chapter I1II discussés the various sensory properties of
odors including the new concepts defined during this program.

The currently‘used models for evaluating sdor threshold
data are discussed in Section IV along with the Impact Model
developed during this project to provide a comprehensive picture
of any odor pollution problem.

; Chapter v describes the experimental phase of the program.

The major component approach is particularly important in terms

of regulatory standards concerning odors emitted from fish

processing operations. "

Chapters VI, VII and VIII are devoted to the results,

discussion of results, concluSions and recommendations.



x II. LITERATURE SURVEY _

Th§ §erceivednconh§Cti6ﬁ between odors and disease has
resultéﬁ primarily from an aFtual association between disease
_ N .
and poor hygiene. When hyqiéne is poor, both odors and the
incidence of disease are high. Throughout the‘lasf century,
standards of hygiené have " improved significantly; however,
”-odors'ﬁrom industrial sources have increased dﬁfing this time.
Since the ambient'atmosphere is still unpleasant, an average
citiien‘could infer that risks to his health have not been

3

reduced.

A. Health Aspects of Odors

Some odors (for example, the putrid smell 6f rotting flesh
and ﬁhe smells of vomitus and raw sewage) cause most individuals
to withdraw from the odorant sources. If forced to éndure them
for more than a few seconds, people will often report adverse
éh&siﬁlogical reactions such és headache, dizziness and nausea -
. (1) . Studies with experimental animals show that some odorous
materials may damége tissue (3,4), but there is no direct
evidence of éhe same phenomena in man due to lack of research
in this area.

Persons who live in malodorous environments report
adverse somatic symptoms. For example, Winneke and Kastka (8§)
found that the majority of pefsons living within 1 km of a-
tar oil plant in Duisburg, Germany, and an insulation plant
in Cologne, Germany, experienced occasional tb frequent periods

of "odor-induced"nausea and headache. Arguments against the

[N



conclusion that these‘édyerée reactionéyresulted directly
from the odor sensations must accéunt for the immediacy of

o PR

the reported reactlons.

| One or two 1nhalatlons of the malodorous air surrouﬁdlng
many industrial operations w1ll often lnduce nausea (l), just
as one or two inhalations of rancid leftovers in the home can
cause nausea. Odors rated as neutral or pleasant within a

.

proper context may créate annoyance whqn présent‘at.the
wronéftimes. Odors often regarded as unpleaéant,_irrespective
‘of context, may generate nothing more seripus than annoyance.
However, to categorize all negative reactions to community
'odors as annoyance, tr1v1allzes the problem of odor pollutlon
Some lndustrlal odorants prqduce conditions that aze simply
too revolting and 51cken1ng to waérant the deSLgnatlon of
annoyance which is deflned as (6) an effect which may not be
_Pdemonstrably pathogenic",lbut which involves a negative
factor for an ihdividual's'comfort and well being. Even if
odors do not cause recognizable pathogenic changes; the”’
symptoms of nausea, headache, and dizziness seem to tranchLd
annoyance. Due to the lack of objective verifiéation and
measurement of these common symptoms, victims of odor pollutioﬁ,
particularly those exposed only briefly, are medically ignored
(1). "

Groups that are particularly susceptible to odor pollution
are asthmatics and individuals with pPre-existing respiratory

and cardiovascular diseases and allergies. Prolonged exposure

to foul odors usually evokes reactions in people that can
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. range from uneasiness, discomfort, irritation and anger .to
. . o N

vidlent physiologicdl manifestations, including eirculatory

and- respiratory effects, nausea, vomiting and headaches severe '

. . , - ' ~
’‘enough to lead to prostration (1). Consequently, the regulation

of substances that are released’to-the atmosphere and are of
public concern for no other re4$

son’ than thelr characterlstlc v
- foul odor is a necessary functlon of air pollut;on-control

L\

agencies (1). _
. : ¥

B. Effects of Odors on the General Public

The foul odo;s most commonly encountered are associated
with emissions from poorly designed and badly operated sewage
treatment fac1llt1es, renderlng and fish meal plants, cattle
feed lots, farms w1th garbage*fed pigs and a variety of rubber,
-petroleum and chemical manufacturing operations, including
- .wood pulping (1). Although these processes may not be
.responsible for any diseases or infirmities, they do deprive
neighbouring citizens of‘com%lete mental, social and physical
well being. .7 |

Many people show distaste and annoyance when exposed to
foul odors of moderate or even’low intensity, but they are not
prepared to express their reactions. Exposures to odorants
that have unpleasant characteristics are often,associated with
a small number of chronic and persistent complainers, plus a
majority of indifferent neighbours. Without substantial
citizen reaction, the air pollution control officer ekperiences

great difficulty in deciding whether a situation merits official



. ' / " b ) " . ’ ~ \\ B
control action in the face of an odor exposure that may be
'con51dered trivial (l). Norma ly exposure to odors constitutes

£

. a matter of public concern when the intensity, duration,
‘character and degrée of unplé_santness of. an odor craaté
COncertéd public readtioa.' 7_ _l o

Since responses-tb odbra‘have been measured subjectively,
to date, it has been hypothe51zed that object1v1ty could be

"attalned by monltorlng some somatlc responses medlated by the
cégg}al-ne:yous system that might be closely ralated to the
perceived annoyance. Although measurements have been proposed

for monitoring central nervous system activity, their validity

is yet to be estaBlished (3,6).

C. Need for. Regulations to Control Odors

Odoroua substances maj have adverse effects on the public
simply because they are perceived as malodorous and also because
they are actually harmful substances (1). Consequently,
controlling a malodor may also serée, in whole or in part, to
‘reduce the harm that is caused dlrectly by the. substance itself.
The nature of a regulatory program, including choice of
standards and enforcement tools, depends largely on what is
known about the probe;ties of an odor and on the technology
available for measuring and controlling it. It has been well
documented (7) in the U, S. A. that 50% of all citizen
complaints to local air quality agencies are associated with
odors. Not much can be done to rectify the sources of

complaints because there is little objective documentation
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of odor levels. For example, a renderlng plant was said to

hbe resp0n51ble for "a putrid smell whlch brlngs tears to the
eyea of hea;by residents, drives them from thelr yards to
the protection of their hoﬁes and robs them ot their sleep“ (8):
In. another case,‘odors from the-.defendarts' chlcken—proceSSLng
- plant made the plalntlffs unable to_eat their meals without
nausea" (?)-' Prolonged and. repegted expostre to offensive
;odors in a third case made people "very irritable, upset and
nervous"'and promoted one witness to move. to another town' |
"because of the stink" (10).

Without quantitative measuremehts, citizen reactions
can be’ coni;dered only in terms of nuisance type violations.
The American nuisance law is the olgeat and most pervasive
source*of_regulations fqr oontrolling-ooors. However,’
regulatione.based on mofeksciehttgic approaches are needed (1).
HThe{ngdsancellaw encompasses t%o;distfhct fields of liability,
termed “bubiic'nuisance" and "orivate nuisance"”.

A public nuisance is created when a right common to all
the members of society is invaded, as for example, enjoyment
of a park. A private nuisance invelves an invasion of a

private party's interest in the use and enjoyment of his land.

1. Private Nuisance

To rate a nuisance level, an odor must cause
substantial annoyance by the standafds of the ordinary,
reasonable person living in that locality. Consequently, an .-~
unusuall¥ sensitive person may find it impossible_to est 'iish

a nuisance on the basis of odor pollution in an industrialized
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neighbourhood, partly because the odor .is characteristic of

the locality and because it is conSLdered harmless by most .

residents of the area. However, the odors from a well maintained

= 24

horse barn may be deemed a nuisance in a residential community
ere the average home owner is not .used to the - smell of manure
(1 ) . The fact that an odorous actfvrty substantially impairs
an ther! s right to the use and enjcyment of land does not -
tomatically subject a polluter to llablllty. The ‘plaintiff

who is troubled by odors wiil usually find himself without a

remedy. He has to establish that’the harm to him is greater .
than what he should be required to ‘bear' without compensation.
A‘private plaintiff may have_difficulty making such a showing,
especially against an 1ndustr1al source on whigqh the local
economy depends. Even if he successfully demonstrates that he
is entitled to compensation, the usual remedy would be an
,award of damages rather than an injunction forCing the

.defendant to abate the cffending odor (l)

2. Public Nuisance o _ '

The puﬁlidﬁnuisance action avoids many of the
previously discussed difficulties, but has limitations of its
own as a tool for odor regulation. An action can be initiated
by public authorities since public nuisance is usually a

crime at ccmmon law. However, problems with evidence, inertia
or bias on the part of the enforcing authority can stand in
the way of forceful public litigation (1). Although it need

not be shown that the whole community has suffered, it must be

established that the alleged nuisance interferes with some
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exercise.bf public ‘xights. 'The strength of the case depends

mainly on the number and reliability of witnesses who.testify
N ' .

to the existence of the nuisance.

"3. Nuisance as a Private and Public Concern

When disagreeable odors are dispersed widely enough

to interfere seriously with publicsjﬁmfﬁrQi\:Zey also infringe
on the riﬁht df‘private individuals’to use and enjoy land

affected by'the emission source. This makes the ﬁﬁisance a
private as weil as a‘public concern. injury to health, such
as persistgnt nausea and headaches, is uSually‘consideredl
sufficiently harmful 'in the U. S. A., -to form the basis for a
leéal suit (1). Tesﬁimony from affected residenﬂs of the

.- community initiates official investigation and'public prosecution
of cases that Qould otherwise be left to the law of private
nuisamtce (1). Consequently, ﬁo control odors, regulations and
standards are needed to establish limitations both on emissiqn
sources and maximal ambient air concentrations for the major
components identified as the most likely causes of industrial
odof in any region.

The ordinance proposed by Copley International Cdfp—
oration. (12) relies on public attitude surv?ys to establish a
cohmunity odor problém. Odor panels consisting of randomly
selected residents from the affécted community and a control“
group drawn from a nearby odor-free cémmunity of similar sécio-
economic characteristics ‘would be used tE identify an odor
problem. If a significantly greatef propor;ion of residents

in the affected community than of residents in the control
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community are bothered by odors, then an odor problem has been
establlshed. ' | : *

The most 1mportant lmpact of a majority of odor
problems is community annoyance (1). Objectlve measurement of

annoyance 1s§£ssent1al to the success of a regulatory .

.strategy for odor control (1). It should be understood that f

reported surveys in any area w1ll respond to shifts in
communlty attltudes over time, especrally when abatement of
some odorant sources makes others become more recognlzable

D. Measurement of Public Reactlon to Odors

Annoyance is a common reaction of inhanitants in
communities where unpleasant odors are encountered. (6) Decision
on when to. control unpleasant odors and what degree of control to
exert, has been dependent uponlthe choice of methods (1). Two
approaches have been used for thls purpose. One relies on
spontaneous complalnts and the other on social surveys

1. Spontaneous Complaints

Many complaints are initiated spontaneously‘by
citizens in a community. Almost all grievances are received
by telephone and handled by inspectors or clerical personnel.
Most U. S. agencies maintain records of odor complaints on
some type of standard form. -

Odor complaint data have been used (12) to

i. alert local authorities that odors were detected at
specific times and locations and that possible odor

problems exist

ii. help determine whether local laws governing odors have



been violated
iii. describe the conditions under which odors were detected

and to enumerate ﬁhé effects of odors experienced by

the persons who coﬁplaineé

iv. help identify the offending odor sources, so that steps:
can be-taken to eliminate the odor problehs.
Environmental and enforcement.agencies havé used odor
complaints as measures of community reactions in several.
different ways Cl2,13): In certain jurisdictions in the U. S. A.;
local.laWS'rEQUire that a specific number of complaints be
received before initiation of enforcement procedures. Since
complaints represent an ipexpensive‘means of gathering
infdrmatipn, other methods of measuring community reaction are
considered to be too elaborate and expensive for purposes of
enforcement. The use of odor complaints provides a simple and
straightforward approach to exerting pressure'on the people |
responsible for the sources of offending odors.
In general, véry few citizens register formal

complaints with authorities with respect to any environmental
problem (6). A stﬁdy of anno&ance created by aircraft noise

showed that the main character%stics distingu;ﬁhing comp;ainants
from non-complainants wete related to education, value of

their home and memberggip in organizations. On this basis

the number of complaints received by ocfficials may reflect not
so much the amount of d;scomfort experienced by the exposed

population, but its social class coméosition and level of

community organization (14,15). However, studies have shown
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tnat persons who voiunteer their opinions may tend to oner—
state their concern (16). This does not mean that all petltlons
are unrellable, but possibly that community-initiated actions
are likely to contain unmeasurable bias. Social surveys,
however, when conducted by properly trained persons, can be
used to estimate the true feelings of an average citizen in
a community by 1ncluding controls for bias.

-

2. Social- Surveys

The enforcement of public nuisance laws is usually
decided on the basis of the number of perscns who have
cemplained. These laws are applicable to widespread odor

situations, but not xerlocallzed odor problems where a few

- e .

persons are affected oF in cases where the odors are-
tranSLent and the complaints cannot be validated. Without
validation of citizen complaints by a recognized enforcement
agency, courts often consider community reactions as biased
or eccentric (1).
M

To avoid these problems, social survey methods,
also called public opinion or public attitude surveys, are
proposed (1). This method involves asking quesﬁions whether

i. odors have been perceived

ii. odors have caused annoyance and under what conditions.

Questions about the backgrounds of the respondenﬁs
are added to characterize those who state that they have been
bothered. Additienal questions about other forms of pollution
are included, if the main interest in odors is to be de-empha-

sized to those being surveyed.
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A .
An important task is to define the region affected

_by:an‘odor, in terms of a "test area". The sovio-economic
charécteristics of the test area should be examined by
referring to pdblished census information. The names and
addresses‘of-the families living in the test area must be
‘obtained. 1In order to desigﬂ a questionnaire that will provige
the information needed to achieve the survéy objective, ié‘is;
necessary to consider -
i; the way the questionnaire is to be administéféd-
ii. each gquestion with respect‘to its ability to communicate
and Qlicif accurate information |
iii. instructions for interviewers
iv. linstructions.for the reépondentSfif the questionnaire
is to be self-administered
v. pretesting the questionnaire in a ¢Qmﬁunity siﬁilér to

r

the one where it is to be used
vi. ' changes in the question&éire and in the instructions

for. administering it, if neceséary, on the basis of the

results of the pretest. |

Throughout the survey, precautions should be taken

to control bias. For example, a sample of completed
questionnaires should be validated by non-interviewing
personnel. A numbef of néw respondents sﬁould be contacted,
and the gquestionnaire should be administered to them. Random
selection of the residéents or workers to be contacted, careful

design and pretest of the guestionnaire, thorough training

of interviewers, validation of completed interviews, £\ and
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.‘intervigwé“bf new'respondgpt;-are.some of.the prébautions
that can be taken to avoid bias.

- Simultaneous surveys should be conducted in a
matéhing odor—frée communify désignated as -the "control area"
‘cOmparlson of the results serves several purposes. _Assuming
that people in both areas have equal rights to ocdor~free air
the comparlson provides an equitable basis for a legal dec151on.
Critical evaluatlon of results from the test and control areas
permits an estimation of two attitudes.

Several. criteria shﬁyld be used to select the
control area (17). It is important that the.control area
i. be free of odor as much as possible‘ ThlS implies that
the local air pollutlon control agency should not have
received any odor complaints from peopie living or
working in the area during the past 12 months.

ii. be close to the test area, preferably within 10 miles

-of it
iii. have similar access to heavily travelled roadways

iv. be within approximately the same-distance from commercial

or industrial establishments
v. median incomes and gross rents not differ from those in
the test area by more than 20% ,
vi. median number of rooms per housing‘ﬁi}t not differ ffom
that in the test area by more than 10%. |
The major objections voiced by enforcement agencies

that have used this approach .are generated by the cumbersome
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procedurés required (12). To reduce tlme, effort and money,

the deSLgn of'a brlef questlonnalre and a. plan requlrlng

as few as 60 1nterv1ews to reach a decision has met with some
success (17). However, even this effort requirés at least

. _ Y . |
one week of interviews and about $1500 each time the method

is used..

3. Comparison of Spontaneous Complaint and Social
Survey Methods

Of the two methods used to meﬁsuré the social
effects of odors, the soc1al survey approach is recognlzed
by scientific groups as the better one (13 According to the
Fourth Karollnska Institute Symp051um on Environmental Health
(6), spontaneous complaints such as letters to newspapers-or
health authorities méy indicate the existence of annoyance.
However, popﬁlation éﬁrvey techniques for determining
annoyance; when properly and expéft;y de&elogedﬂcan be applied
to yield valid aad significant evaluations of annoyance.

4. Dosage Approach J

Air pollution control officials have expressed an
‘urgent need for the development of more straightquward
procedures prbvidinglquantitative méasurés of ambient or
source odorant dosages, instead of subjective human responses
(1). An objective dosage approach would define.a performance
standard that could be evaluated at the stack or an ambient
air standard that could be quaﬂtified in the commun%ty.. This
procedure would provide practical ‘advantages of convenience,

‘reproducibility and proof of violation or compliané} with
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regclatiohs. In order to relate cdor ccncéntrations or.

dosages to community reaction, dose-responée relatlonshlps

must be developed (1). Slnce.people.dlffer in their responses,
it has become traditional to define the 50% thresholds as
the-miniﬁal concentrations at which half the subjects iﬁ c T
'populction respond to, discrininate, ‘or get annoyed by an
odorant. Thls definitign is also in accordance with the

"median effective dose", ED., used in toxicological work.

L



III. DEVELOPMENT OF ODOR DOSAGE-RESPONSE DIMENSIONS

Odorous source emissions‘and ambient'air normally-containa
large. numbers of odorous cohpOnents. Consequently, the odor
sensations commonly expérienced in a community are due to
mixtures of odofants rather than single chemicals. The
concentrations and properties of the component compqunds
determine the character of any odorous stimulus. Because of
the complex nature of typical odorous émissions a
neighborhood odor problem must be considered'in‘terms of

i. analftical teéhniques that identify sample components

o and their'concentrafiqns

ii. sensory techniques that measure- human responses to odor

samples.

Analytical data are more precise than sensory evaluations.
As A result they are useful in identifyinglodor-sources, plotting
the dispersion of odorous emissions under complex meteorological
and topographical conditions and in selecting emission abate-
ment methods for odor reduction.

" The traditional sensory dimensions for describing any

odor have been detectability, intensity, hedonics and quélity

{18).

l. Detectability

Detectability is the threshold concentration at which
a specific fraction, usually 50%, of a panel of human judges
can detect the presence of the odor under investigétion.

Although this value is often determined by successful guessing

19
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on the part of members of a panel, the effect of such guesses

"has not been taken into.account in the past.

2. Intensity ‘\“;f““

Intensity refers to.the magnitude of pérceived

sensation (19). According to Steven's Law, intensity‘is

-

related to concentration according to

'L = g ¢t
where ,
I ; subjectiﬁe intensify
C = stimulus concentratioh
K,n = constants | |

3. Hedonics
Hedonics refers to the degrée of pleasantness or
! / .

unpleasantness of‘an odor (20).
4. Quality .
Quality is used _to describe the dififerentiating
character and degree of odor similarity to other odors, which
can be readily recognized by panelists. .

‘5. Additional Odor Dimensions

Until very recently, no significant attempts were
made-to express odors in terms of their real life dimensions
. which have direct impact on a community, as complaint ﬁotential
thresholds and degrees of complaint. |

During this program, a procedure has been developed
for the simultaneous evaluation of detection, discrimination,
complaint poﬁential (or annoyance) thresholds and degrees of

complaint of an odor.
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a.\' Discrimination Threshold

e »The concept of a dlscrlmlnatlo hreshold has

Jl"

been 1ntroduced to account for ‘the level at whlch panel

. members are sure, beyond a doubt, about the- presence of an

odoy.

ot

b. Complaint Potential

. The complaint potential or ennoyance.threshold
has been developed to express the levei at whichjany EractioﬁwJ
(usuaily 50%) of the‘oenel members Qould be annoyed when
exposed to an odor for a specific period of time, usually, an

average period of 8 hours.

¢. Degree of bOmplaint-

A scale of 0 to 10 has been suggested as a means

of expressing the degrees of complaint at different fractioﬁe

-

of panel responses.

L]

d. Major Component Measurement

Gas Chromatographic separation of odorous

~ sample components with subsequent mass-spectrometric identi-
v -

ficatien of the sequentially elpted components, from their
ionized molecular fragmentation spectra, has been used to

“finger-print" complex odorous samples. Recently Shibamoto

~et al. (21) identified fortyefour of seventy-three compounds

in sukiyaki volatlles obtained from beef, heated with
vegetables and ‘seasonings (sugar .and soy sauce) us;ng gas-liquid

chromatography/mass spectrometery. However, these methods are

-

very ekpensive (22) and malnly suitable for exploratory '

ad

“research rather than routine monltorlng Consequently, the gas

':chromatographic/mass spectrometric approach has limited

-

- -~
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applications since the integrity of an'odorous sample can not.

be preserved if it can‘not be‘evaluated in the field without
storage and transport {l}). There are also difficulties
”resulting from inadequate sample sizes and amblguities in
interpretations (23).

. Due to the limitations of the gas chromatographic/
mass spectrometric techniques with respect to routine monitorlng '
of odors for regulatory purposes it would be useful to deuelop
procedures for relating the analytical and sensory dimensions
of a complex odorous mixture in terms of one or more potential
chemical indicators that. could be monitored Wlth some form‘of
portable instrumentation - The v1ability of this approach is
suggested by.the fact that, although in many cases of odorous
air pollution a large number of odorants are present, ohly
a few are responsible for the characteristic odor of a complex
mixture. For example, aromatic and oxygenated organic
compounds typify diesel exhausts (24,25), while organic acid
groups and methyl sulphides are associated with rendering
plant emission (26). The extensive investigations conducted
by Pyysals and Suihko (27) into the role of specific rolatiles
associated with the sensory characteristics of mushrooms
indicate that l-octene-3-one was one of the most potent
compounds with an odor threshold of 0.004 ppm.

In the present program, the practicality of
relating analytical and sensory dimensions of an odorous mixture
in terms of a oajor chemical component was examined in terms of

fish odors emitted by a typical fish Processing plant.

Fish, like meat, is composed of protein, oil and water. Most
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fish is considerable distances for processing

- v

!\- and sale. Eve

\

\ degradatlon occurs and off- flavours can develop to such a
\

\ degree-that_the fish. can become inedible (28). Investigators
\, v

! have.attempted to identify and quantify volatile flavour

when _stored’ 1n 1ce, bacterlal and enzymatic

\compounds from naturally-spoiling fisn tissue. This-reseafch
\has provided con51derable data on the identification of classes
of chemlcals such as amines (29, 30, 31, 32, 33); acids (34, 35);
Hcarbonyls (36, 37), sulphur compounﬂs (38, 39), aromatics (40)
.and total vclatlles (30). Of the many individual chemicals

\

that have been 1dent1f1ed the most prominent are trlethylamlne,

trlmethylamlne{ ammOnia, acrolein, butyric acid, indole, methyl

mefcaétan, dimeth&l—sulfide and hydrogen sulfide (1).

1 ‘ After an extensive analysis of fish‘odors,
txlethylamlne was selected as the basis of measurement of flsh
odor levels. A portable smngle beam Lnfrared analyzer with

- fleld\monltorlng capabllltles was used for the analytical
measurement of trlethylamlne concentrations in fish odor
samples. The sensory dimensions of the same fish odors were

.evaluated uslng a recently developed five dilutionﬂleuel
olfactometer. The responses from panelists provided detection;
dlscrlmlnatlon and complalnt-potentlals at different dilution
levels in terms of fish o@or concentrations based on, the -
major component at each level. The degrees of complaint
for_each‘dilution level were averaged for the entire panel .
and related to the concentration levels on the same coordinate-

N . 1

‘system. - ' - : ‘
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‘IV. DEVELOPMENT OF MODELS FOR EVALUATING ODOR THRESHOLDS -

N
pe 1/—'\.‘_‘* [

The numan odor detection spectrum can be subdividied into
three reguons {l); At_eufficiently_high oriutions, odor detection -
by many peopie is almost impossible. On the other hand, at low
dilutione, odors can be easily detected by most humans. Between,
these two extremes, there is an intermediate region where odor
detectlon may or may not be possible depending on the sensitivity
of the individual sense of smell. Because-of the variability
of the human nose, an odor threshold cannot be con51dered as a-
definite property of a pure or complex odorant, as is for:
example, a vapor pressure defined by the temperature of any.
liquid. |

A number“of paremeters influence the results of odor thresh—‘
o0ld determinations (1). Although individual sen51t1v1t1es to

dors can ‘differ by a factor of 20 or even more, these varlatlons
a*e"still within the limits of normal probability of dlstrlbutlon
in the population. 'DifferenCee in personal judgment criteria

and in design of sample presentation, anticipation effects,
olfactory fatigue, lack of verificetion that an odor was perceived
-~ when the panelist stated that it was, can influence the final
results. The multiple sample, forced choice, ascending—concen¥
tration design is essentially free of most of ‘these problems and
is economical of the penelists' time (l). Measurement methods
that use dynamic mixing and controlled rate of sample delivery

‘ére_more-suitable than the static methods such as the- ASTM

syringe-dilution test for sample handling in that‘they minimize

<
24



25.

+ . : . S

adsorption 1os§es and!provide'better control of the rate of
‘samplé delivery to the nose.“ The rate of sample dellvery to

the nose has a great effect on the odor threshold of an odorous

- sample. The optlmum.rate has not yet been standa;dlzed.
Different methods\of panel'data analysis can also ihfluencg -~
threshold values.

Unless all factors that can affect odor thresholds are
standardized, widely different values are 1ike1y;to'be reported
for the same samples by different reseqrchérs. | |

The traditional methods of daﬁa ahalysis for the determination‘.
of odor 'detection thresholds haﬁé been the

i. Hall-Ellis Ranking, and

ii. Modified Dravnieks

N
v

techniques.

A. Hail—Ellis,Ranking Method

' According tb this apﬁroach, responses by panelists are
transmitted from a ternary forced choice six level dynamic
triangle olfactometer (41) through a signal box.to the panel
leader, who records them on a pre-printed form whichlis shown in
Figure 1.

The first dilution level at which any panel member makes a
correct choice and continues to be correct is taken to be the
correct judgment level. 1In the event that a panellst is correct
at all levels, or wrong at all levels, a hypothetical dilution
level that is higher by the appropriate geomg&ric ratio than
the highest dilution levei available or lower by the appropriate

geometric ratioc than the lowest dilution level, is taken to be
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the correct judgement‘level for ﬁhe panelist.

" The evaluatmon of the frequency of detection by panellsts
at each dilution level can be dlscussed in terms of the data in.
Figure 1. Since one panellst de;ected the odor at the second
'levei,-the frequency tally'for‘level No: 2 is 1. 'Thrge panelists
began to detect the odor at le&el No. 3. Consequently, the
frequency tally at level No. 3 is 3, and sé forth..

‘The next step is to convert the frequencies to avérage ranks.

The small column of numbers -under the heading “For Rank Count”
is provided for this con@ersion.: The level No. 2 is the firét
occupied in the tally by one panelist oniy. This corresponds

to an average rank of 1. Level No. 3 is occupied by three

panelists. These correspond to ranks 2, 3 and 4, or an average

~rank of

Similarl§ level Numbers 4 and S are'ranked accordingly.

The average rank numbers are copﬁertéd to plotting values
correspénding to the appropriate panel sizes using Table I.
For instance, the plotting value is -1.33 for an average rank
of 1, when the panel size is 10. These plotting values correspond
to x coordinates. The y.coordinates are found by taking averages
of the logarithms of the dilution factors. |

To evaluate ED., (odor detébg%on threshold) as ah average
response from the panel, the vy coordinq?es are plo?ted against
corresponding x coordinates. The best sﬁraight line is drawn

through the graphical representdtion by using the least squares



Number of'Pgneiists

Average ,Rank 6 7 8 9 10
1.0 -1.07 | -1.15 |'-1.22-1 -1.28 | -1.33
1.5 1=0.79 | -0.89 | -0.97 | -1.04 | -1.10
2.0 -0.57 | -0.67 | -0.77 | -0.84 | -0.81
2.5 -0.37 | -0.49..| -0.59 | -0.67 | -0.75
3.0 -0.18 | -0.32 | -$.43 | -0.52 -0.60
3.5 0 ~0.16 . | -0.28 | -0.39 | -0.47
4.0 +0.18 | 0 -0.14 -0.25 | -0.35
4.5 +0.37 | +0.16- | o -0.13 | -0.23
5.0 +0.57 | +0.32 | +0.14 0 -0.11
5.5 +0.79 | +0.49 | +0.28 | +0.13 0
6.0 +1.07 | +0.67 | +0.43 | +0.25 | +0.11
6.5 | +0.89 | +0.59 | +0.39 | +0.23
7.0 +1.15 +| +0.77 | +0.52. | +0.35
7.5 | +0.97 | +0.67 | +0.47
8.0 +1.22 | +0.84 | +0.60
8.5 +1.04 | +0.75
9.0 +1.28 | +0.91
9.5 S| +i.10

1 10.0 +1.33

TABLE I: Conversion of Average Rank Numbers to

X—Coordinate_Plotting Values (41)

28
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techniquef Tﬁe;y value at x=0, correspbnds to log EDSD' frqm which
the average effectivé dqsgge is obtained. ?o express the EDSO
in terms of ppm;.the original concentration is divided by the

number of odor units obtained £rom the plot. This method ¢alls

for only 'one trial with seven to ten panelists.

]

- B. Modified Dravnieks Method

B This techniéue was developgd as an alternative to the Hall~-
Ellis Ranking‘approaéh, in order to avoid plotting the panel
_response data (42). Basically it involves estimatibn of 'the
individual maximum likeiihood threshold for each panelist and
caiculating from these values a geometric mean threshold for the
entire panel.

For example, consider that a_panelisﬁ\makeg the set of
judgments corresponding to I/C/I/C/C/C , where the first respsnse
from the left is for level No. 1 (highest dilution) and the last
is for level No. 6 (lowest diiﬁtion). -Capital C représents a
correct choice of port at any dilution }evel whereas a capital I,
an incorreét choice. Since this panelist made three correct
judgmentS'consigpently from the fourth level onwards, the usual
étatistical—assumptions (42) imply that this particular'individual
~would be capablé of makiné a correct judgment somewhere between
the third and four£ﬁ leQels, if the instrument provided finer
subdiyision of dilution levels. Consequently, the most likely
diiution threshold for this paneligt would be the geometric

mean of the dilution factors for levels 3 and 4.

If a panelist misses at the lowest dilution factor available
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oD}, it is aesumed that a‘corgﬁce-choice would be made at a
higher concentration fthat ie'a£ a lower dilutiod leVel). ‘ .
"cOﬁsequently,‘a hypothetical dilution factor (of %) is postulated
as the best estimate. Similafiy if a éanelist}hae made‘
correct choices ggfoughout all dilution levels, a hypothetidal'.
dilution.factor, which is three times the highest dilution
provided Ey phe‘instruhent is taken as the best estimate. The
individual dilution:threshold for each panelist is obtained by
taking the geometric mean of the level beyond which the subject
has consistently made correct choices and the previous level
The logarithm of the 1nd1v;dual dilution threshold of each
panellst is also determined. The ED50 value of the panel is ?
calculated. by adding the logarithms of the individual thresholde,
dividing‘by the number of panelists and taking the antilogariﬁhm
of the resﬁlt; This method is alse based on only one trial by

seven to ten panelists.

C. Development of Probability Model

The Hall-Ellis Ranking and Modified Dravnleks methods for
the determination of odor detection thresholds depend on forced
choice decisions by panelists who often resort to guess eork for
their responses. Neither approach accounts for the uncertainities
experienced by panelists while making their choices. To
minimize the effect of guessing during the determination of aa
effectlve dosage for an average panel member, the, concept of
discrimination threshold was 1ntroduced The discrimination

threshold is defined as the level at which 50% of a panel can
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dlStlﬂgUlSh between the odoxr and norr-odorous, air Wlth certalnty.
Both the Hallﬁﬁllls'and Modlfled Dravnleks methods were applied
to the data defining the dilution levels at which panelists

were sure about the presence ‘of the odor under investigation.
Becau;e panellsts are required to be 9051t1ve about the' presence
of‘an odor the discrimination threshold approximates the
reccgnition threshcldldefined as the level at whicn 50% of a
panel can recognize the character of the odcr. In practice, the
experimentally determined value is probably an overestlmatlon

of the true dlscrlmlnatlon threshold of the panel because
‘individuals often tend to reccgnize the odor character before
expressing certainty of detection. Consequently, to determine
an estimate of the true discrimination threshold based on. all
panelist iespénses and to account for successful guesses,,the¥~
‘development of a probability model (43, 44) was initiated.

In the current program, a probability model has been
proposed on the basis of the maximum likelihood estimate
method for one, two and three trials of sample presentation of
the same odorous material to the same panel'members. The
maximum likelihood estimation‘method has been used since it is
regarded as a standard of reference in many cases where estlmates

of populatlon parameters are sought (45).

1. Derivation of Pertinent Expressions

For -every dilution level, the panel members can be
considered to fall into two distinct populations. Those who are
sure about the presence of the odor at any dilution level can

easily identify which port is delivering a stimulus. On the
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other hand, panelists who are not positive about the presence
of the odor, have to make a guess.

If & represents the'esfimate of the proportion of people
who are sure about their choices at ;hy dilution level and any
number of trials (true discriminators), then (1 - &) is the
p;opér£1on of pure guessors. Foé a forced ternary choice
technique, the p;oportion of panelists who are correct once out

-

of only one trial (no wrongs) will‘be

_ 1., _
Wo/l—&+"3-(l _&)

. . J
The proportion of panelists who are correct twice in two trials

(no wrongs out of 2) will be

- 1.2
Wo/2 =8+ (5 (1= @)

In general, the proportion of panelists who are correct K. times

out of K trials (no wrong in K trials) will be

lK
W/R =8+ (3) (1=~ 8

Similarly, the proportion of panelists who are wrong at ény one

level will be expressed in terms of once for one trial by,
W, /1 = (1 - a)
1 3 :

twice for two txials by,

» 2.2 .
w2 = - a

rand, three times for three trials, by \
W./3 = (3 (1 - a)
3 3

In general, the proportion of panelists who are wrong r times out
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of K trlals for a ternary forced ch01ce situation will be

_ 2. T 1 K- -
Wr/K = ( )(—) (3) ‘(l = &)
where r =1l}2,3, eees K
and o (K) = K.

r K- r)! r!

2. One Trial Ternary Forced Choice

In a ternary forced choice technigue, the proportion of

panelists who are correct once in one trial will be,
Wo/l =8 + 3(1 - &)

which reduces to

, _ 28 + 1 .
N/l = =5— . (1)

and the proportion of panelists who are wrong once in one trial,

will be
W/l = 2(1 - &) (2)
1 3 ~

Equations 1 and 2 give che expecced values of WO/l‘and Wl/l.
The observed magnitudes of'wo/l‘and Wl/l are obtained through
actual experimentacion., |

The method of the maximum likelihood estimate (44) involves
multiplication of the logarithm of the number expected in each ~_
class (Equations 1 and 2) by the number observed (Wo/l and Wl/l),
summation for all ciasses and cetermination‘cf the expression
for the unknown parcméier (&) for which the sum is a maximum.

Accordingly the sum’}” S, becomes

2& + 1

S = W_/1 log( ) + W /1 log %(1 - &)

For this sum to be a maximum, differentiation with respect to



" & and subsequent equation to ‘zero, yields

2W /1 W/l | o
. TR TISES 0 L e \

which on rearrangement gives

2 W /1 - W /1 |
= 2(wo/1 + | ' -3
UEIRIL VA - o

Equatlon 3 prOV1des the max imum llREllhOOd estlmate of @ for

'one trlal for each dllutlon level based on the observed values
of W /l and W /l at those levels. A plot of log concentration of
odorant versus § determined for each diluticon level e;ov1des .
the true discrimination threshold of the panel in terms of the’

odorant concentration corresponding'to & = 0.5.

3. Two_Trial Ternary Forced Choice

For two trials in a ternary forced choice situation,

the pr?pﬁftion of panelists who are correct both times out of

two trials will be,-

W0/2 =& + () (1L - &)
from which

T4 _ 88 + 1
"o/2 = T - (4)

The proportion of panelists who are wrong once out of two trials

will be,

. _ ! 2° 1 n
Wi/2 =g x3x3x (1 -4
or
W./2 = 21 - g (5)
1 3 | |

and, the proportion of panelists who are wrong both times out of

’



(3

two trials will be

2, .
Wp/2 ='gizr (39 (1 -8
which is equivalent to
W,/2 = &(1 - 8) | (e
2 g'- | o

Equations 4, 5 and 6 give the expected values of WO/Z, W1/2~énd
W2/2. The'observed values of WO/Z} wl/z and W2/2 are obtained
through actual experimentation. Application of the hethog_éf
maximum likelihood estimate (46) to the sum, S, for two trials,

gives .

_ B& + 1, . . . . 4(l - Q)" 4(1 - Q)
S =Ww/2 log (==—5—) + wl/?. log —=—5—= + wz/z log —=—ag—.
from which
_ 8 Wo/z - wl/z - W2/2 .
B(Wo/z + wl/z +4W2/2) ‘

Equation f gives the beét estimate of;& at each dilution level
on the bagis of two trials providing éxpefimentally determined
valﬁes of Wo/2, wl/z and W2/2_at those levels.‘

A plot of-iog concentrazion of odorant.versus &
determined for each dilution levél, yields the'gpue.discrimination
threshold of the panel in terﬁs of od&fant‘concéntration

corresponding to & = 0.5.

4. Three Trial Ternary Forced Choice

For the case of the three trial, ternary forced choice

situation, the proportion of panelists who are wrong a specific
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v
«znumber of times can be developed using the .general expression,

~
K, ,2 % K< .
vk = (DG 3 -8

where Wr(K is the proportion of'paneliéfs who are wrong r timeS"

out of K trials, and

K!
o Yerme e

Consequently, the proportion of pPanelists who are wrong once

- out of three trials, will be,

Wl/3 =
which reduces to - _ -
| - o201 ~8) . |
MW= T - (8)

and the proportion of panelists who are wrong twice qut of three

trials, will be given by

' 2
73 = 3 (3L -
W,/ i T A= e
which simplifies to = :
W ‘ _ 41 - &)
W2/3 - 9 (9)

The proportion of panelists who: are wrong all three times out of

three trials, becomes

'\_‘ . ..' . 3 0
. ' = .3 (2,71 -
Wy/3 = 5T 3730 (3 A -8
- which is equivalent to .
_ 8(1l - &) - '
Wy/3 = = (10)

The pfoportion of people who are correct in all three trials,

becomes
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_ 1 oAy
| Wo/3“;§;f (3) (1 -48).
: ,which‘reduces to |
s o m . L =8 - L
'WO/B = &. b | | (11).

'Aéplication of the method of the maximum likelihood estimate (46)}

gives the sum, S, £for the three trials, in the form

v

W lea 2L -8) Y~ &), . B8 . (268 + 1
s' Hl/:i log 3 ‘+ w2/3 log —59— + w3/3 .‘?g.%—(—ﬁ—————w w6/3 log (—3-.-,——)

- ‘ M ) . . '

.
N
g

The process of differentiation with respect to.&, and equating -
to zero, lendsjto

s

. - W 3 W/3 Wy/3 . 26 W /3

I =% " 1-3 1-3at7zes+1°°

which ultimately reduces to
oL B W/ - W3 wys
. 26(W /3 + W,/3 + W,/3 + W,/3)

Eqﬁation 12 gives the maximum likelihood estimate of & for each
dilution level based on the oﬁservedlvélugs of W, /3, Wi/3, W2/3
and W,/3 at those levels. | |
A plot of log concentrations of -odorant versus &

dete;mined for each dilution”ievel,.provides fhe true discrimination

threshold of the panel in terms of odorant concentration

corresponding to & = 0.5.
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' D.. Development of Odor Impact Model

k3

All of the three previously descrlbed models have their

merlts and llmltatlons. For example, both the Hall -Ellis and

. Modified Dravnleks approaches have been applled only. to _the:
eveluatlon of odor detection thresholds based\on 50% panel
responses; Neither,model provides measures of other fractional
‘responses which could be useful for the development of an
_overall plcture of the 1mpact of an odor pollution problem on

a communlty. They aﬁe also not designed to evaluate complaint

L
Tr—.
-
-

.

potential profiles or degrees” “SE- complalnt of an odor by -a
panel of judges representlng the affected communlty
Although the‘Probablllterodel can, in principle, provide
discrimination thresholds for-O < &8 ¢ 1, it also‘feils to
develop a@@_information related to the impact of an odor stimulus.
on a. nelghbourhood or a panel of Judqes in terms of complalnt
levels or dedrees of complalnt which are the most important
dimensions for defining an odor pollution problem in a locality.
In order to account for and evaluate these essential odor
dimensions{ a fast, simple and acceptably accurate method of
presenting an.overall view of an odor impact on a community was
developed duringt this program.. This new approech provides a
practical procedure for routinely evaluating all the essential
odor dimensions including detection, discrimination‘and complaint
potentialxthresholds as well as degree of complaint profiles.
An existing or potential neighbourhood odor impact can now be.

assessed in the laboratory by a panel- of judges represeﬁting a
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community where an odor séurce is or will ke locatéd.

Bééically, thé newly developed procedure involves an
extensmon of the currently used prlnc1ple of ternary forced
choice detection threshold determlnatloh w1th a five or six-
level dynamic olfactometer. In addition to~identifying the
ports w@ich they perceive to be emitting bdbrous material,
,'panélists are also rquirgd to specify the levels at which
they are sure, beyond a doubt, about the presence of the'odog.
Furthermore;rpanel members are provided with a preprinted éorm .
on Whichléhey'ére asked to indicate at which dilutions (concen—
trations) they would complain if they were éxposed to similar
odorous stimuli ‘for an average period of eight hours and to
rate_thg degree of cbméiéint at each level on a scale fanging
ffbm.o to 10, using zeroc as no complaint and 10 as the maximum
measure of annoyance; | |

. The first dilution iééels beyond which individual paneiists
méke continuous correct choices are taken és the baéis for the
evaluation of tHe deteétion threshold profile, relating
fractional panel respoﬁéeé to different odor'ieQels as illustrated
by curve I of Figure 2.

The -odor discrimination threshold profile is based on the
first dilution levels (concentrations) from which the panel
members continue to be certaip abqut the presence of the odor.
Curve II of Figure 2 illustrates the location of a typical
discrimination threshold profile with respect to the detection

threshold profile.

Similarly the dilution levels (concentrations) at which
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L]

 panelists expreés a tendency to complain andttheir maénitudes
of cémplaints'pfovide data for.Ehe generation of complaint
potential.ahd mean gnnogénce profiles for the panel as shown
by curves III and IV in Figure 2., ‘

'Fon illustrative purpoéés, conside; a/panel of 10 members
evaluating an odor étimulus through a five levél-aynamic
olfactémeter using a ternary forced choice techniﬁue in an
. ascending series of concentration.

| Now,fo; thé sake of_afgument, suppose ﬁhat-ét the first
level, no.panél member begins ;6 consistently detect the
presence of the paor under investigation. This means thét the'
fractional response of the panel at this level is zero. At
level Né. 2, let us._assume that two of thelpanelists begin to
consistently detect the preseﬁce of the odorous stimulus.
Accoraingly,-the fractional respohse of the paqél at this levei
would be 2/10 = 0.2. At level No. 3,'let us séy that three
more panelists.begin to detect. At this level the fractional
- response of the pgnél on a cumulative basis Qould be
Q_f_%ai_1-= 0.5. This process is repeated until all dilution
levels have been examined. .

A-plbt-of the fractiénal responses versus the corresponding
dilution levels in‘terms of odorant concentrations, on
rectangular coordinates, provides the detegtion threshold profile
of the panel under the specified conditions. |

Tﬁe discrimination and'complaint potential threshold profiles

of the panel are determined in a similar manner and results

are plotted on the original coordinate system.



-The-magnitudes of.ﬁomplaints evalﬁaﬁed in terms of
individual panel member ratiﬁgs at each odor level are aveéraged
6ver thé'§n£ire paﬂel for ééch oddr concentration. The_gean
- values define the mean annoyance profile of the panei which is
plotted on the same graphical coordlnate system

The newly proposed model has been successfully applled
to f}qL dors<dur1ng this program. The results agree well with
those obtained from the Hall-Ellis and Modified Dravnieks

methods which were originally designed +to provide only. detection

thresholds in terms of 50 percent responses from a panelt‘
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- V. EXPERIMENTAL PROGRAM

A. 0Odor Threshold Determination

1. Description of Equipment
A sik level dynamic dilution olfaétgﬁeter;designed b§.

Illinois Institute of Technology Research Institute, QIITRI),
"Cﬁicago, Illinois_(4l) was used in this part of the program.
This instrument provides six dilution levels each equipped with
- a sét.6£ £H;;;$;}§§;‘§nif%ing ports. Two-of the ports emit
deodorized roém air (blahks) while the third.discharges the
odorous gas diihted with deodorized air.

| The o@orous samples were.delivered to the olfactometer
from Tedlar bags at a rate 6f 100 cm3/min by means of a peristaltic

’

pump. The deodorized dilution air was supplied at’'a total rate
of 9000 cm3/mint Téo manifolds were provided for dividing the odor
‘and air%samples iptb specific ratios.- Capillary tubes of
different lengths regulated the amounts of samples required to
make up the specified dilution levels. ‘Each port delivered
approximately 500 cm3/min of air or odorous sample. The concen-
trations of odors at each dilution.level increased from left to

right according to the approximate dilution factors of 1440, 490,

162, 56, 20 and 7.

]
*

A signal box with six triple sets of lights provided
panelists inside an odor free room with means of communicating
their responses to the panel coordinator. A schematic diagram

of the olfattometer is shown in Figure 3.

43
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2. 0Odgqr ‘Test Room

- %} odor Istimuli.' determinations were carried out in
an odor-free environment maintained inside a previouSly‘designed
odor test room (44). This 4 ft". long x 4 ft. wide x 8 £t. high
fac111ty was a double walled chamber equlped with a door, a
glass w1ndow, an interior llght, an electric air cleaner and
an exhaust -fan for ventilating odors. The inside walls and
CElllng of the room were constructed of washable aroborite. A
remote control signal box’ was mounted on one exterior wall for
communication of panel responses to the panel.coordinator.

'The air cieane; was capable of delivering odor free

baokground air into the test room at low ano high flows of
100 £t3/min and 150 ££3/min respectiveiy. It consisted of a
two stage eiectrostatic precipitator for particulate-;emoval
down to 0.03 m;crons (47), a replace¢able ectivated charcoeal
filter for smoke and odor elimination and an outside lino screen
for trapping lerger dust particles.

3. .éelection'of Panel Members

~ The objective of any odor evaluation program determines

the rationale for panelist selection. For example, if the goal
is to measure odor sensitivity distribution and the mean odgQr-
detection threshold of the population at large, no selection of
panelists is necessary and as many penelists as possible should
be used (48).

For some odors, people can be founé,who are significantly
less sensitive than the average population (48, 49). However,

I

lower sensitivity of any individual to a specific odor does not
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‘aﬁtomatically imply 1o§er sensitivity to all odors (26) .

Some researchersfrécommend using the more sehsitive_
fraction of panelists in order to provide a safety factor in the
results (50). Others would use a more homogeneous group whose
-sen51t1v1ty is average to preduce a hlgher degree of reproducrblllty.

In the present program, paneilsts were selected from
different age groups representlngtboth sexes._ Most had

previous experlences with the odor evaluatlon procedures.

4, Procedures

The panel members were required to
i. function individually by starting from the most‘dilute
level (left) and proceed towards hlgher concentratlons

-

of the sample.

ii. sniff fresh air from the air cleaner provided in the odor
booth to sﬁarpen their senses of smell between dilutdon
levels ‘and ports within a dilution level.

iii. press the switch corresponding to the port at which they
could detect the odor.

iv. report to the panel coordiﬁator, the ports at which they
were sure about the presence of the odor. _ t

The responses from the panelists conveyed through
the:signal bor‘were recorded by the panel coordinator for

subsequent evaluation.

5. Application of Models

The various models for odor threshold evaluations were
applied to two samples of n-butanol vapours whose initial

concentrations were 52.06 and 99.46 ppm measured as THC (total

*

-
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hydrocarbon content) based on butane as“the calibrating gas.
The standard IITRI six‘level, dynamic, ternary, forced choice
olfactometer was used to present the odors to panel members. .

To valldate the models with actual-field samples,
odorous emissions were collected from the maln grill of a fast
food restaurant. These were evaluated using a five level
dynamlc dilution olfactometer with higher flow rates than prov1ded
by the IITRI instrument. The models were also applied to

vegetable oil emissions created in a laboratory odor generator.

B. Major‘Component Approach

After an extensive infrared analysis of fish odors with a
portable instrument provrdlng potential field capabilities, it
seemed that ammonia and trlethylamlne were two of the major
components Characteristic absorption bands were detected at
10.4 and 9.3 um wavelengths as suggested by the literature (S1).°
Comparison tests showed that triethylamine smells much like the
typical odors -associated with the fishing industry. Consequently,
triethylamine (TEA) was taken as the basis for measurement of
fish odor concentrations. The odorous properties of triethylamine
reported by Hellman and Small (52) are listed in Appendix I.

l. General Description of Miran Gas Analyzer

The Miran-1lA Portable Gas Analyzer (53) shown in
Figure 4; is a sixgle beam, variable filter spectrometer,
capable of scanning the infrared spectral range between 2.5 and
14.5 um. Essentially the instrument consists of two ‘components,

the gas cell and the analyzer. The variable path length gas
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cell haeia 5.6 litre cebecity boéy that is vacuum tight to"lo_-5 torr
r_and pressurlzable to 1000 K Pa (10 atmospheres) The gold plated
. internal optlcal system has an optlcal path whlch is vartable
.1n 1.5 meter lncrements between 0.75 and 20.25 meters. Interlor
| 11n1ng of the cell w;th polytetrafluoroethylene minimizes
k sample absorpt}on and cqrrosxon. )

' The‘analyzer consists of a radiation source, mirror
system, mechanical choPRer, circulaxrfilter (variable in’ three
‘segments between 2.5 and. 14.5 um), a scanning‘motor,'polyelectric“
‘detector, a signal preamplifier, logarithmic range compensating - -
circuitry, regulated power supplies, a meter providing
absorbance and percent transmission scales and a 0-1 volt eutput
for a strip. chart recorder.

/

2. Calibration of Miran Gas Analyzer

-

The gas analyzer was calibrated with triethylamine
(TEA) by settlng a zero absorbance reading at a wavelength of
9. 3 um for a 20.25 Meter path length and a 1 mm slit w1dth
using "zero gas" passed through a carbon filter. The optimum
sensitivity ranqgiproviding stable readings was found to be |
0-0.1A. The closed loop calibration arrangement is shown in
Figure- 5.

Liquid triethylamine was injectéd in incremental
amounts. Subsequently, stable absorbance-readings were recorded,
after a steady state was obtained. Plots of abeorbance versus
concentration were prepared for two different rangee of
'concentrationﬂ The 0-28 ppm and 0-7 ppm ranges are illustrated

in Appendix II.
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FIGURE 5 ': Schematic Diagram of Closed Loop Calibration

System : -
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3. Vvariation of .TEA with/Fish Ageing

[N
-

: S \ - ‘ . o
The aim of this particular experiment was to measure
changes in'TEA concentrations with time‘when fish or fish.waste

products created durlng commercxal proce351ng are not eff1c1ently-

refrlgerated.
PleceS\of fresh smeit'fish'were piaced‘in a one litre

container connected to the Mmran lnstrument and pump in a closed

loop system as shown in Flgure 6. \The era?igas analyzer was

suglat the 9.3 am wavelength and other specifications mentloned :

in Appendix III. Beforeistartlng, the absorbance readlng was

zeroed using carbon filtered-labdrator§‘air. After the'loop'

was reconnected, the'pump_was_turned on and the absorbance readings

were recorded with respect to time.

4. Determination of Fish Odor Dimensions

a. Experimentai Approach. -
| The ‘olfactometer used in this’program,provided
five dilution'lévels, each centaining three sniffing petts. .Two
of the ports at each level delivered deocdorized air. The third
_ one provided an odorohs sample. - - ‘

The five levels, designed to provide dilutien
factors of 17, 8, 6, 3 and 1, were calibrated witn a bubble flow
meter. The level corresponding to a.dilution factor of 1 L
represented the orlgmnal flSh odor sample%w1thout any dilution.
In practlce, the fish odors were drawn by a perlstaltlc pump
from a vessel containing several pieces of fish, as shown in
Figure‘7. Thls arrangement was deSLgned to 51mulate odor release

from fish exposed tg amblent air movements in a normal fish
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packaging operation. |

Each port supplled approxlmately 1000 cm /mln
of the odorous sample or. pure alr.e Panelists were asked
to identify at which dilution level they could detect the.fish
odor uSLng a forced choice methcd.

Ind1v1duals parthlpatlng in these tests were
from different age groups, representlng both sexes.
| i A signal box with flve triple. sets of llghts
provided a means of. communlcatlon between the panel members and
the panel coordlnator who was located outside the odor booth.
© This arrangement mlnlmlzed the potentlal for the panel leader eo B
influence the judgement of panel members subjected to the odorous |

stimuli.

b. Experimental Procedure

‘Inside the odor boeth each panelist was provided
with a preprlnted form for recordlng the individually. percelvea
complaint level at each dllutlon level. Figure 8 1llustrates‘
' the design of the complaint rating form. "Participants were

asked to

1

i. start'from*left to rignt in.ascending order of concentratiqn
(from dilution factor 17 to 1) '
"ii. sniff all 3 ports at each level and using a forEed choice
-technique to specify the port which was delivering the odor
by pressing the corresponding signal button;

1ii. identify the dllutlon level at which they were sure, beyond

any doubt, about the presence of the odor.



At any port wha:a youfnrn certain. beyond a doubt, about the
presence of the.odor under investnqation, circle a value which
expressaa your degree of ‘annoyance or potential complaint laval
$84 you wara axposed to the odor for -an average pe;iod of 8 hours)

L}

using a scale from 0-10. .

Sampling ‘ . ‘ Q
Station Q) t
No Complaint, | o 0 0 o~ | o
Lavel : .
1 1 1 R B
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
5 5 5° 5 5
6 6 6 § 5
7 7 7 7 7
8 8 8 8 8
Maximum 9 9 g ° S 9
Complaint - ‘ S
Lavel 10 - 10 10 10 1o

FIGURE 8: Typical Complaint Rating Eorm
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iv. express, us;ng the form. prov1d1ng a scale from 0 to 10,
T ~

the degree of annoyance that would be created by

, exposure for average B hour periods to odors associated

“

.

witﬁdeach dilution level.
| ” The paneiists were advised to sniff ftesh air,
from the air cleaner provided in the odor booth, to sharpen
thelr sense of smell between dilution levels and ports w1th1n a

dllutlon level.

The panel responses through the signal box Qere
also recorded by the panel leader located outside the odor

b ]

test rbom for subSequenﬁ evaluation of detection, discrimination

. and complaint potential thresholds and the degrees of complaint

for fish odors in terms of the newly developed. odor impact

modelling technique. -

s The TEA concentration of the original odor sample

was measured using the Closed Loop Miran System.

¢



VI. RESULTS =~ >

A. OdornThreshold'Determinétions

The results of the application of various methods of data
-analysis to oaor detection and discrimination threshoid"
determinations are presented in terms of: |

i. ‘Hall-Ellis Ranking
Cii. -Modified Dravniekg, and

iii. Maximum Likelihood Estimator Probability Model

techniques. ‘ ‘ o o .
To compare the effect of -the numbe%:gifigia%s, initial
. . \
concentrations and panel sizes on odor thresh vaalues, experi- .

ments were conducted with
i, two éamples of n-butanol wﬁose initial concentrations were .
99.46 and 52.06 ppm |
ii. panels of 7 and 10 members.
iii. . each sample being pfesenfed three times to eachlpanel.

T'J Tables 2, 3 and 4 summ&éize the experimental data obtained
from three trials with the IITRI dynamic olfactometer. The
oriéinal concentration of the sample was 99.46 ppm of n-butahol.
The panel consisted of seven individuals. | ' N

| Tables 5, 6 and 7 provide the experimental data derived from
three t;ials using a 52.06 ppm n-butanol: initial concentration
and a panel of 10 members.

- The dilution levels at which the panelistg ﬁade correct
choices and continued:to be correct were used for odor detection
threshold evaluationf. Odor. discrimination thresholds have been
based on the levels at which the paﬂel judges were first certain

about their choice of port emitting the odor under investigation.

. 57
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5 : 9, L6 DUl -
. Temperature : 25°¢ : ¢ Correct
' ~Date i July 8 . 1980, I ;' ipcorrect

~ ‘ Dilution Levels
1 | 2 3 4 5 5
Fanelist Dilution Factgrs"

50 | ag0 | 162 56 20 ?

DAY I s I c *C c
EIN ¢ L ¢ ,5'5‘ . c c
NaG I I c - c c
RIX c * c c I *C c

' ANL I o o C . e
MEE c [ c < . c c
LI I - C C C .c c

. " indicates diluticns from which onwards-panelists are
certain about the vpresencs of thae odor under investigzation.

. %ABLE 2: odor Panel Responses During First Trial Using
Dynamic Ternary Forced Choice Technique :



Igggg:géu:g i 25 ¢ C : Correct
: 28Q. . I : Incorrect
Dilution Levels
1 2 | 3 4 5 6
Fenelist Dilution Factors
40 | 490 162 56 20 | 7
DAN ¢ c | = c *c c
+ KIM 1 c I o *C c
NAG c c c c *C c
RIX I I I *C c c
ANL c I I c *C c
MER c I C c c ¢
LI I I c 1 *C c

*+ indicates dilutions from: wWhich onwards-panelists are
certain about the nresence of the oder under investigation.

TABLE 3: Odor Panel Responses During Second Trial
Using Dynamic Ternary Forced Choice Technique
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S H L ‘ - t
Temperatuge : _ 25°C € : Correct
Qggg\ P Julvy 8 . 1980, H c act
Dilution Levels
1 2 3. L 5 6
Panelist -
Dilution Factors
1440 490 162 56 20 7
(\—5‘“\\\
DAN ¢ T - I c w - c
EIN I c c c C ¢
NAG c c «C c c c
RIX I c I C *C C
ANL c c c *Q c c
MER c I o c c c
LI o o T . C L2 c

e indicates dilutions from. which onwards-panelists are
certain about the presence of the odor under investigation.

TABLE 4: Odor Panel Response During Third Trial Using
Dynamic Ternary Forced Choice Teghnique
r

4



Temperatyre : 26 C G s Gorrect
Date : Julv 11,1980, I : Incorpect
. Dilution Lavels
1 2 3 L | 5 6
Panelist Dilution Factors
10 | 490 182 56 20 ?
DAN ¢ . c I . c
KIM I ¢ I c *C c
ROB I I I I *C c
LAG c . c I 0 c e
MAY I I c c *C c
MOH I c ¢ ¢ "C c
NAG I c T . c c
MEE T c c *C c c
| : “
oRA ¢ c *C e ¢
. PAL I I c *C c ¢

* indicatas dilutions from which onwards panslists wers

cartain about the presence of the odor umder invastigatiom.

TABLE 3:

Odor Panel Responses During First Trial with
Ten Membexr Panel Size Using Dynamic Ternary
Forced Choica Technique

4
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b

Temperature : 26 ¢C- & gorrect
Date s July 11.1980, A lacorrect
Pilution Lavels
1] e, 3 4 5 5
Panelist’ ) - Dilution Factors
L] Lo 490 162 | 56 ~| 20 7
DAN I ¢ I "c ¢ ¢
EIM I c I wr ,kc c
R0B c "1 1 *c o c
LAG I c I *c < ¢
MAY I c c c *C o
MOE ¢ c c *c e ¢
NAG X z .| ¢ c
MEE X c | e ¢ c
PRA I I I "c ¢ ¢
PAL i c e ¢ c c .
. »

* indicates dilutions from :
cartain akout the presence of the odor umder investigation.

TABLE

which onwards panelists wers

6: Odor Panql Responses During Second Trial With

Ten Membér Panel Size Using Dynamic Ternary

Forced Choice

62
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. Temperature ; _ 2§°¢ . . i Gorrect

L 1 (=] I : Incorrect

Dilution Levels - .
1 2 3 4 5 6

Panalist_ bilutién Factors

1440 4390 . 162 | 58 20 7
DAN I I I I *c . C
XM r | c S *C c c
ROB I C 1 T g o c
LAG I c I T *C C
HAY o I I I *c ¢
MOE T I I c *C c
NAG I I c *C c C
MER ¢ I 0o c c c
BRA I , I c *Q c c
PAL I c c " ¢ c

* indicates dilutions from . which onwards panelists were
certain ‘about the presence of the odor umder investigzation.

TABLE 7: Odor Panal Responses During Third Trial With Tan
' Member Panel Size Using Dynamic Ternary Forced
Choice Techniqua
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) ‘ . , ‘ . |
These levels have been designated by the symbol * on the data =

. N ,\ ' '
sheets.

1. Héil-Ellis Ranking Method

Evaluatlon of odor thresholds 'by the Hall- Ellls Ranklng
Method (41) involves plottlng of average rank responses from the
panellsts (converted into plottlng values) versus average log
édllutlon factors} ‘also called’ log (tolerance level) for each _
separate trlal. The method of gna1y515 has been fully‘described
in Chapter 1IV. .

Figure 9 lllustrates the evaluation of the detectlon
'thresholds of n-butanol odorﬁfor'the presentatlon of a 99.46 ppm
initial concentration to' a panel of seven members during ree
trlals. From these Plots, the detection thresholds of n-Butanol
odor were found té be 0.28; 0.63 and 0.36 Dpm.

Figure 10 illustrates the eﬁaluation‘of n-butanol odor
‘discriminatibn thresholds froﬁ-three trials based on the dilution
“leve;s beyond which the panelists continued to be’ sure aboué
‘the presence of the odér. From these plots the discrimination
thresholds of n-butanol odor were determined to be 1.98, 2.23

and 1.57 ppm.

.-,

The evaluation of detection thresholds of n-butanol
odéf of original concentration 52.06 pPpm i; depicted in.
Figure' 11. For Ehe lower initial concentration, the detection
threshold of n-butanol odof was deéermined to be 0.33, 0.28 and
0.42 ppm. | |

Figure 12 illustrates the- evaluation of discrimination

thresholds of n-butanol odor with a ten member panel. . For the

three trial presentations of 52.06 ppm n-butanol to 10 panelists,
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Using Hall Ellis Ranking Method With
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3.0
@ 1. lst run: LOG EDgy = 2.2
’ A . . - :
@ <" EDgy 158.5 0.U.
= (.33 ppm
2.5 L 2, 2nd run: LOG EDg, = 2,27
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S — = 0.28 ppm
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FIGURE ll: Evaluation of Detection Thresholds Usihg Hall

Ellis Ranking Method With Ten Membar Panel Size
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‘the_discrimihahioﬁ thresholds:we;e calculated to be 0.93, 0.55

and 0277 ppm. ,. _ . - S | T L : ‘f
i _Table 8 suﬁmafizee-the resuits of both detectionaand~

“diSEriminatiqn threshéhd.eveluations by the.Hall—Ellis Renking

Methbd fbr‘the~six trials-involving two different initial

concentrations of‘n—butanol and panel alzes of 7. and 10 members.

2. Modlfled Dravnleks Method

This method developed by Dravnleks et al {42),
eliminates the need for plottlng-the'panel response data. Their
procedure inveives ‘the eséimation‘of a maximum likelihood thresh-
old for each panel member and flnally ‘determining a geometric
mean threshold for the entire panel. * Tables 9, 10 and ll
‘lllustrate the conversxon of 1nd1V1dual judgements to the
maxlmqm likelihood threshold for each panel;st for three trials
based on‘dilutiens from which the panelists continued to correctly

detect the odor. The mean threéhold of the panel for any one

trial is obtained'by adding the 1o

eithm of the individual
maximum llkellhood thresholds, di | l
and, taklng the antllogarlthm of the result. _
For an 1n;t1al concgntration of n—hut%nol corresponding
te 99.46- ppm as butane equiyé[ent and a panel size of 7, the
detection thresholds were found tb be 0.;0: 0.40 and 0.26 ppm.

Tables 12, 13 and 14, illustrating the evaluation of discrimination

thresholds for the same conditions, prOV1de values of 1.90, 1.90 .
v

and 1.40 ppm,.

-

Tables 15 to 20 provide the results of the evaluation
of détection and discrimination thresholds of n-butanol odof

’

when an original concentration of 52.06 ppm was presenged'three



Initial Panel| Trial Thfesholds b&
Concentration | size No. Hall—Ellig Approach
Detection Discrimination
Ppm Ppm pPpm
1 0.28_ . 1.98
99.46 7 2 0.63 2.23
3 0.36 "157
1 0.33 0.93
N 52506 10 2 0.28 0.55
3 0.42 ﬁ.??
Arithmatic Mean (aM) 0.40 1.34
Standaf&kseviatipn (SD) 0.15 0.63
AM %+ SD 0.40 + 0.15] 1.34 + 0.63
'TABLE 8:° Odor Thresholds of n—Butanol by Hall-Ellis

Ranking Method




cor
Dilution Levels
—r « 6 ch
3 & 5 . d
Dapelist Individual
Dilution Factors ED50
a0 | 90 162 56 20 ?
DANA 1 I I c c c 1.98
KIM c c o c c c 340
©NAG 1 I < c- | ¢ c 2.45
RIX c . < - c I c c 1.52
ANL I c c c ¢ c 2.92
MEH < I, < c c c 2.45
LI T c c c N ¢ c 2.92
Sug Los [ndividual EDcq 17.65 - » Loz EDzq 2.52 )
Segult - EDSO 332 0.U., 0.30 ppm -
Evaluation of Detection Thfeshold By Modified

TABLE 9:

Dravnieks Method for First Trial
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\ Dilgticn Lavels
-2 3 5
Panelist ladividual
Dilutiorn Factors
- 490 162 20
-DANA c e c c c c
KIM T c I C . C c
NAG c ¢ c c cg;,) c
RIE I I I c c c
ANL c I I c c c
MEH c I a c c c
LI I I c c C
6.7
Sum Log Individual =D 1 1 Log EDEO
MBO P 244 00., 0.40 ppm

Evaluation of Detaction Threshold
By Modified Dravnieks Method for




5 : 99,48 vem p-But

=t "+ ¢_: Correct
mem Dilution Levels
. ‘ ) Log
oameliat 1 2 1.3 4 3 6 = |tndividual
Dilution Factors ' EDBO
W40 | 490 12 | 6 20 | 7 |
DANA c I I ¢ -3 c 1.98
EIM oI [¢ c c c c 2.92
- NAG c c c c c c 3.40
= RIK I I I 'C .C c 1.98
ANL c c ¢ c c c 3.40
MEE c I ¢ c c c “2.45
LI c Y ¢ I c c c 1.98 "
Sun Log Individual 3250 + 18.11 | . LQS-EDSO : 2,59
o . D 386.50 0.U., 0.26 ppm .

50 *

n

TABLE 1ll: Evaluation of Detection Threshold
By Modified Dravnieks Method For
Third Trial
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i

Date : July 8 . 1980,

Dilution Levels
Log
Panelist : 2 5 : 2 ; Izdividual
Dilution Factors EDSO
1440 | 490 162 | 56 20 | 7 i
?'DANA I I r c *C o 1.52
KIM c c c *C - c. g 1.98
| wac 1 1 c c Jc ¢ 1.98
RIK c c c I. *C C 1.52
ANL I ¢ c c *C c 1.52
MER c r c *C c c 1.98
LI I c c c *C c 1.s52
Sﬂg Log Individual TDEG : 12.00 , Loz %D o 1.72

Mso ! 52.40 O.0U., 1.950 ppm .

TABLE 12: Evaluation of Discrimin

By Modified Dravnieks Method For
First Trial
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-

S H L - .
Temuerature :  25°C €.: Gorrect
Datd : July 8 , 1980, - I .: Ipnsoryect
Dilution Lavels -,
Log
Sanellist 1 2 3 & 3 6 Individual
: Dilution Factors lEDSO *
440 | us0 162 56- 20 7
DANA C C c C *C c 1.52
KIM I c- I c *C c 1.52°
NAG c c c *C c c 1.98
QI I I I c *C C 1.52
ANL ¢ I 1 c *C c 1.52
MEH c I 1 *C [od C C 2.45
LI I | ¢ I *C c 1.52
sum Log. Individual EDsq ¢ 12,00 y ROB ED=n f 172

Result EDSD :

~

52.40 0.U.,-1.9 ppm

-

TABLE 13: Evaluation of Discrimipation Threshold By Medified
Dravnieks Method .For Second Trial
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€ i Correct
Date ¢ Julv 8 ., 1980, - 3 rract
) D;lﬁtion Lavels ‘ )
. Log
Pamelist |l—— b2 L 4] 5 8 ftadividua
Dilution Factors . EDgq

1440 k90__ - 1&2 56 (9] 7
DANA c I I c \c c 1.52
KIM I ¢ c c *C c 1.52
NAG c c *C c o c 2.45
. RIX I c I c " c 1.52
ANT, ¢ c c *C c c 1.98
MEH c T " c c c 2.45
LI c ¥ C T ¢ *C c 1.52

T M . < .
S div so 12.9¢ y WOK unso v 1.8%8

: 71.00° 0.U., 1.40
50 Bpm

TABLE l4: Evaluation of Discrimination Threshold
By Modified Dravnieks Method For
Thizd Trial
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Lty

Date -: Julv 13", 1980.

1

' Dilution Levels
. Log
- I .2 3 " 5 6
Panelist Iadividual
Dilution Factors EDSO
1440 490 162 56 20 7
DANA c < c I c c 1.52
XIM I c r - c ¢ ¢ 1.98
ROB I T I T c c 1.52
. .
LAG c c I [ c c 1.98
MAY T I c c- - c c 2.45
MOR pd -c ¢ c o C 2.92
YAG I c I c c c 1.98
MER r c c c c c 2.92
PRA C c b c - c < 1.98
PAL I I c |, ¢ c c 2.45,
Sun Log Individual EDcp . 21.70 s . Log TDegy 2.17
-
Result ¢ EDEO- .+ 148 0.U., 0.35 ppm

Evaluation of Detection Threshold By

Mocdified Dravnieks-Method With Ten

Member Panal Size For First Trial
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» . . %
t : . - : .'-
Dilution Lavels ’

! Log

1 2 . 3 4 5 6 - e
’ Diluticn Faotors EDSO
1640 | u90 162 56 - 20 7 '
DANA I o I c c c 1.98
iIM I - T ¢ c C -~ 1.98
ROB c I I c c c ©1.98
LAG dI c I c W \C 1.98
MAY I c c c c c 2.92
MOE c c c c ¢ c 3.40
NaG I T c c c o 2.45
M r ¢ c I c c- c 1.98
SRA I T I c .C c 1.98
PAL - I c c C c c 2.92

Sun Log Ipdividual .5 : 23.57 1- W& ey 2.36

Resylt : ED=0 :

227.50 0.U., 0.23 ppm

Evaluatiog of Datection Threshold By
Modified Dravnieks With Ten Member
Panel Size' For Second Trial

78




- >
. woile s ; Byt Jl‘-
Temperaturs :  26.G G Corpect
Date ; Julv il . 1980. I:_incorrect
Dilution Lavels
, - Log.
1 2 3 b | S 6 Tndd vidual
Panelist _ ‘
Dilution Facters EDSO
1440 | 490 162 56 20 7
‘ DANA I I I I C C 1.52
KIM T c 1 ¢ c ¢ | 1.98
ROB T .C I c c c. 1.98
LAG I c I I o c 1.52
' MAY I, I T I C c L.52
MOH iy I I c c c 1.98
. NAG T I . c c c ¢ 2.45 .
MEE . C I c c o c 2.45
PRA T T o ol c c 2.45
PAL b o c c c c 2.92
Sum_Log Imdividual ey : 20.77 - Lo EDgy * 2.10
Hesuylt : =D + 1l9.40 o0.0., 0.44 ppm
50

TABLE 17: Evaluation of Detection Threshold By
Modified Dravnieks Method With Ten
Member Panel Size For Third Trial
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3y Modified Dravnieks Mathed Using Ten
Member Panel Size For First Trial

80

-]
—
§Hn§]§ N 52 QE !m D-E!!SEHQ] ‘
- Temperature : 26 C C_: Corresct
Date  : July 11 . 1989. : Incorpe
Dilution Levels )
' Log
1 2 3 & 5 ] :
Panelist — Indifidual
) ‘ Dilution Factors Enso
‘| w0 | ouso 162 | s6 20 |7
DANA c c ‘e I *C c 1.52
KIM I c .- ¢ *C c 1.52
. e
ROB I I I I C c 1.52
LAG c c’ B *C C c " 1.98
MAY I I C C *C [nd 1.52
MOE 1 ¢ c c . c 1.52
NAG LI c L *C c c 1.98
MEE - I c o 7 c c 1.98
PRA c. c I *C c C l.98
DAL I I c *C c c .l.98
Sum Log Individual :-1)50 +-17.50 ’ - L.QE EDSO 1.75
Result : EDgq 56.23 0.U., 0.93 ppm
& D‘
TABLE 1l8: Evaluation of Diserimination Thrashold

rd



- 380, : rac
it
Cilution Lavels ff .
- Log
. 1 2 3 b 5 6 .-
Panelist . individual
' Dilution Factors . EDSO
1440 450 162 56 20 |, 7 :
DANA I L e.|. x C ¢ \/ 1.98
KIM c I I T wg c c. 1.98
- ROB. T c I " c C 1.98
LAG - I ko I *C c Cc 1.98
MAY I c c . c *C c 1.52
MOE C c C *C c c 1.98
S M '
NAG \ I I c *c c ¢ 1.98
MEH tr c T * ¢ c 1.98
. PRA I S *C ] c 1.98
PAL I c *C c C c 2.45
Sup Log individual EDey @ 19.81 1o RQZ EDey 1,98
7 -
esult ?.Dso ¢ 95.70 0.U., 0.54 ppm -

~

TABLE 19: Evaluation of Discrimination Thresheld By
Modified Dravnieks Method Using Ten Member -
Panel Size For Second Trial
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Dilution Levels .
Log
Penelict |— 2 |3 | 57 ] 8  {individual
Dilution éﬁctors ,EDSO
1440 L90 - 162 56 }0 7
DANA | I 1 I I .| ¢ 1.52
KIM I ‘c I *c‘ ‘! C\_ Cc 1.98
ROB I o I *C c c 1.98
LJ;G I c I I *C c 1.52
MAY I I r I *C ¢ 1.52
MOE I I I S c *C c 1.52
NAG I I c ‘ *C c . C 1.98
MEQ c Il T B o c o 2.45
oRA I I c *C c c 1.98
PAL I C C* . *C (o! c 1.98
Sus Loz [ndividual Dey : 18.43 ,. Log gy : 1.84
Resuit : EDgy ¢ 69.66 0.U., 0.75 ppm

w

TABLE 20: Evaluation of Discrimination Threshold By
Modified Dravnieks Method Using Ten Member
Panel Size For Third Triail

82
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times té a, paﬁel of 10 members. From this da;L, thé"detection
thrééholds of n-butanol odor wére evaluated td be 0.35, 0.23
;nd 0.44 ppm, whereas the discrimination thitesholds of the same.
odorous sample ‘afh 0.93, 0.54 and 0.75 ppm. L

.Table 21 summarizes the overall résults of‘detédtioﬁ
- and discrimination threshold magnitude evaluations by the
'-ModifiediDravnieks approach for six-trials involving two
diffgrent initial. concentrations of n—buténol and panel size§ of

7 and 10 members.

3. Maximum Likelihood Estimator Probability Model

The discrimination threshold of n-butanol odor has
also been‘dgtermined using a probability model based on a maximum

likelihood estimator, for one, two and three trials when two
. v

initial concentrations of 99.46 ppm and 52.06 ppm were presented

L}

to panels consisting of 7 and 10 members respectively.

a. Higher Initial Concentration

i. One Trial
Table 22 provides the experimental data for
one trial with the IITRI dynamid olfactometer for a 59.46 pPpm ‘
initial concentration and a seQen member panel.

A.J;? The maximum likelihood estimates of the
proportion of discriminators, 8, for each dilution level were
computed using Equation 3.

A plot of the logarithm of odor concentration
versus @ provides the panel discrimination thresﬁold in terms
of the concentration corresponding to & = 0.5 as shown in

Figure 13.



NN

Initial Panel Trial ' ]
) Thresholds by
Concentration . . s A
Size NQ\ Modified Dravnieks
' Detection Discrimination
PpPm ppm ppm
1 0.30 1.90
99.46 7 2 0.40 1l.50
3 0.26 1.40
1 0.35 0.93
52.06 10 2 0.23 0.54
3 0.44 0.75
Arithmatic Mean (AM) . 0.33 1.24
- \
Standard Deviation (SD) 0.073

0.53

AM

Ll

+ SD

0.33 +6.073

1.24 + 0.53

TABLE 21: Odor Thresholds of n-Butanol .
By Modified Dravnieks Approach -
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n-BUTAROL CONCENTRATICN (ppm)

10.0

" 1.0

P

PROPORTION OF DISCRIMINATORS
FIGURE 13: -Evaluation of Discrimination Threshald Using

-Maximum Likelihood Estimator Probability
. Model Mor One Trial
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ii. Two Trials o ' TN A

Table 23 summarlzes the comblned data
obtalned from two. trials Wlth the IITRI dynamlc olfactometer for
a'99.46 ppm lnltlal concentratlon.of nrbutanol and a seven member
panel. The maximum.likelihood estimate of the;préportién of
discrimination,'&, for each dilution level was-computed using
Equation 7. The results are listed in Table 2%.

L

Figure 14 provides thé plot of the logarithm

- of odor concentration'versus @ from which the panel dlscrlmln—

ation threshold, in terms of the concentratlon corfésﬁandlng to
& = 0.5, was found to be 0.96 ppm.

iii. Three Trials

Table 25 summarizes the expérimental data
cbtained for three trials with the IITRI dynamic olfactometer
fof_a 95.46 ppm initial\concentration of n-butanol presented to
a panel of 7 individuals.

| "The maximum likelihood estimate of thé
@roportion of disqr;ﬁiﬁgiors,'&; for each dilution level was
computed using Equation 12. The derived results are tabulated
in Table 26.

-Thé‘piot of the logarithm of odor
concentrépidn versus &,'prbvidés a value of 1.05 ppm for the

estimated panel discrimination threshold in terms of the

concentration corresponding to & =.0.5, as shown in Figure 15.

b. Lower Initial Concentration

Experimental data obtained with the original concen-

‘tration of 52.06 ppm n-butanol and a 10 member panélvusing the

'IITRI dynamic olfactometer were also analyzed in terms of one, two



Sample: 99.46 pbm n—Butanol

Temperature: 25°C

-

Date: July 8, 1980

-

R

Sample No. .of No. of No. of
Concentration Subjects Subjects Once Wrong
as THC Correct Wrong - - | " and
m ' in Both in. Both Once Correct
PP Trials Trials in Both
Trials
. 0.07 L1 1 5
0.20 1 1 5
0.61 3- 1 3
1.77 5 0. ° 2
$
5.00 7 0 0
- 14.20 7 0 0
TABLE 23: Combined Experimental:Data From
Two Trials for Evaluation of
.Qdor-Discrimination Threshold
of n-Butanol
)
.




Temperature:

Sample:- 99.46 ppm n-Butanol

25°C

Date:

July-8, 1980

i

Sample Proportion Proportion Proportion
Concentration | of Subjects of Subjects of Subjects a
as THC Correct Wrong. Correct
in Both in Both Once and
Trials Trials Wrong
' . Once
ppm ' wo/z W2/2 W;{Z
0.07 0.14 0.14 0.72 0.04 |
0.20 0.14 0.14 0.72 0.04
0.61 .0.43 0.14 0.43 0.36
1.77 0.71 0 0.29. 0.68
+5.00 1.00 0 0 1.00
14.20 1.00 0 N 1.00

1

:

. TABLE 24: Application of Maximum Likelihood
) . Estimator Probability Model to

Two Trials

89



S

n-BUTANOL CONCENTRATIONS (ppm)

0.

1 . ED50 = 0.96 ppm

N\, ] i I { . i
0.01 0.9 0.4 0.6 0.8 1.0

& = PROPORTION OF DISCRIMINATORS

FIGURE l1l4: Evaluation of Discrimination Threshold Usmng
Maximum Likelihood Estimator Probablllty Model
For Two Trials
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Saméle: 99.46 pbm n-Butanol

Temperature:

25°C -

+
&

‘Date: July 8, 1980

f

Sample '’ ’No. of " No. of No. of No. of
Concentration Panelists | .Subjects Subjects Subjects
as THC Correct "Wrong Wrong Wrong
4 in all in One in Two in All
Three Trial . Trials Three
" pPpm Trials Trials
0.07 1 3 3 0
0.20. 1 - 3 2 1
_D.61 2 3 2 1
1.77 5 .2 0 0.
5.00 7 0 0 0
14.20 7 0 0 0
TABLE 25: Combined Experimental Data From

Three Trials for Evaluation of
Odor Discrimination Threshold
of n-Butanol
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n-BUTANOL CONCENTRATION (ppm)

. L]

0 0.2

a8 =

—rhl

0.4 0.6 0.8 1.0

BT

PROPORTION OF DISCRIMINATORS ;

Evaluation -of Discrimination Threshold Using
Maximum Likelihood Estimator, Probablllty :
Model for Three Trials

wﬁ

&3 » -
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o,

"and three trials. ‘Equationé'3, 7 and. 12 provided thé maximum

likelihood estimates of.discriminaﬁion thresholds.

L

i. One Trial
From the plot of logarlthm of odorant concen-

tration” versus the maximum llkellhood estmmate of the proportlon

L

of dlscrlmlnators, &, determined for each. level, the panel dls-

c:imihation thfeshold correspondiﬁg to & = 0.5, was found to be

.0.55 ppm.

“ii. Two Trials

- . ' R
: The evaluation of combined experimental data

C——

for two trials for the same sample and same riumber of panelists
on the same day provides a discrimination threshold of 0.40 ppm.

iii. Three Trials

The panel dlscrlmlnatlo;\;hreshold for the
combined responses of three consecutive trials of the same sample
and the same number of panelists was fourd to be 0.54 ppm. .
Table 27 summarizeé the panel discrimination threshold_values for

a total of six trials involving 99.46 and 52.06 ppm initial

concentrations of n-butanol vapors.

B. Major Component Approach

The. results obtained during this part of the pE®yram are
discussed in terms of . ‘
i, a basis of measurement ofkfish odors
ii. calibration of Miran Gaé Analyzer for measurement of TEA
‘1ii, wvariation of TEA with fish ageing

iv. determination of pertinent odor dimensions including

detection, diserimination and complaint potential thresholds



o

. Initial | Panel No. of Probability Model
Concentration | Size Trials Discrimination Threshold
ppm- ' ppm’ '
1, 0.41
" 99.46 7 2 0.96
3 L 1.05
1 0.55
52.06 10 2 . 0.40
3 0.54
Arithmatic Mean (AM) 0.65
Standard Deviation {(SD) 0.25
AM + SD 0.65 + 0.25
TABLE 27: Evaluation of Odor Discrimination

ThresholdS‘oﬁ n-Butanol From Six Trials
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| | | 96
and degrees of complaint of typical fish odors in terms of
the Odor Impact Model.

1. Basis/of Measurement of Fish Odors -

i -

~ The#e is stili a genuine need for a capability of ...
. { \ N - ' " .

measuring odors objectively. Odor regulations and control

' technologies cannbt:be implemented sdccesgfully without'

reproducible odor level measuring teéhniques..

During this program; infrared absorbance bandé,
characteristics gf fish odors, were det;éted in regioégmfree
from atmospheric ihté;%g;ences as shown in Figure 16. Tri-
ethylaming has been reported és one of the méjor componeﬂts of
fish odors (1). This compound [TEA] has a strong characteristic
infrared absorbance band ét the 9.3 um wavelength (51).

| Absorbance bands in thié wavelength region were detectéd
duri repeated,expe;iments with fish odors. However; they were
abéent‘during analysis of fish odor-free air as illustrated by
Figure 16.

Comparison tests also éhowed that triethylamine is
similar to the odors associatéd with fish processing industries.
On this basis, triethylamine was éaken as a reference éfandard

for the determination of fish odor levels.

2. Calibration of Miran Gas Analyzer

The calibration of the Miran (Miniature Infrared
Analyzer) provided capabilities for measuring the TEA content of
fish odors at concentrations as low as 0.3 ppm as indicated by

the data in Appendix IT.



9.386 g.90

.82

l10.28 9

10.74

11.20

aouejjrusuer],
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jussasag

- 11.64

Wavealength (pm)

pectra of FPish Odors

Gas Showing Ahsorption Bands

Characteristic of Ammonia and Triethvliamina.

: Comparigson of Infrared S
and Zerc

FIGURE 16
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3. Varlatlon of TEA with Fish Ageing

) y o uantltatlvely assess the .impact of a fish process-
ing pl nt on azpommunlty it is necessary to have a-reproducible '

analytical te 1que for evaluating magnltudes of odor levels

of tepresenta ive odor samples. 'Changes in absorbance due to
variahions in TEA content of ddofs released by ageing fish

. have been sucéessfully recorded under laboratory cdnditions as
illustrated by Table 28. '

4, Application of Odor Impact Model

s 4T

The respohses from panelists Efgyided a basis for the
detérmination of detection,‘discriminatioh,and comﬁlaint
pohential thresholdé as well as dég%ees of complaint (on a‘hcale

yi of 0 to 10) for typical fish odors. &ll diluhion.levels‘were
o canverted to coréeéponding TEA cqncentrahionsrusing the TEA
concentration of the original odor sample as the basis.

The fractional responses as functions of TEA concentr-

3
W\

ations are showh in Figure 17. This approach provxdes a very
convenlent method for correlating the reactlons from odor panel
members. In principle, a 50% panel response can be taken as the
representation of an average human nose.

Table 29 provides the-threshold values and degree of
complaint. for the 50% panel response level to fish\odor

generated under laboratory conditions.

h—--;s._



.
‘
, \
- '
n ’ ' Py - Time
Absorbanée | t (minutes)
0 d | ) ‘ . - “ | . : 0
© 0.0110 . S ‘ o ) 7
. 0.0130 A | S 26
0.0148 - . S .45
e ~ 0.0150 T | : 75
.+ .~ o0.0165 . . :1__;# ) 100
0.0170 | 130
0.0180 - ' 185

TABLE 28: Absorbance vs Time Measurements at 9.3 um
Wavelength for TEA Generated by Ageing

Fish .
!::‘. s
) .‘t .
o
! {}r
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Fractional Responga

0.7

0.6

0.5

‘0.3

0.1

o .

: Discrimination
Dataction . .

Msan
Annoyanca
Profila

1 i L L

0.1 0.2 0.3 0.4
Concantration as TEA (pom)

FIGURE' 17: Evaluation of Fish Odor

1400

Dimensions

y10.0

6.0

3.0

peqgree of Complaint



' Detection Threshold

Discrimination Threshold

Complaint Potential_Threshold

Degree of Complaint
. (Scale 0 - 10)

~

O.li ppm
0.13 ppm

0.14 ppm

2.3

‘ ]

TABLE 29%: Threshold values and
for an Average Human
Odors

1ol

‘Degree of Complaint
Nose Exposed to Fish

Yy



VII. DISCUSSION OF RESULTS = - <

Previous investigators (54, 55, 56) have indicated that

many factors can affect th

ults of odor threghold determin-

ationse Earlier studies show thady

i, séx_and age of respondents
ii. smoking and eating habits of panelists
iii. sample humidity and temperature
iv} backgrqund odors and noises
v. mode of odor presentation
vi. zsample flow rate
vii. measurement techniques
viii. anticiéation effects and olfactory fatigge,'
have influenced experimentally detérmined threshold wvalues. ‘It
is, therefore, not surprising that during this investigation
the same panels repeatedly judging the same odor sample with the
same olfactqmeter under the same conditions did not provide the

same detection and discrimination thresholds eéch time.

A. Hall Ellis and Modified Dravnieks Approaches

Since odor thresholds are based on sdbjective deﬁerminations,
it is not possible to evaluate an absolﬁte magnitude that defines
a "true" threshold value. Consequently, the concept of
accurécy'is not applicable to sensory odor measuremenfs. The
scatter in repeated odor evaluations must be discussed in terms
of an acceptable range. For example, the data in Tables 8.and

21 show that a single evaluation of a detection or discrimination

1lg2 :



lo3

threshold by the Hall-Ellis or Modified Dravnieks procedures.

will always be within + 50% of the mean of sxx trials. This

E

variability lS conSistent with evaluations reported by other

investigators. Dravnieks and Jarke (57) havé suggested that

- properties determined by sensory techniques“can be discussed N

‘Iin terms of the ratio of the highest to 1owest panel responses.

They have shown that if R denotes the ratio between the

highest and lowest odor thresholds measured for the same odorous

air sample, the observed scatter in evaluated data can be

correlated in terms of

i.

ii.

iid..

iv.

R = 2.5, for‘thelsame panel of nine, on the same day,

with the same high-state—of art system ‘ - .
R = 4, for the same panel and same systems on the same day
but the flow rate from sniffing ports changed fromlO.S

to 9 L/min. ' ! \\\ | "

R up to ZOO;Afor the same panei, same day, but different
olfactometric¢ systems ‘

R = 10, for static systems, different panels deiiberately
selected to consist‘of normally sensitive people, but

one panel at the lower end,.the other at the higher end

of the sensitivity spectrum.

All the threshold values determined during this program fall)

within the range of data reported in the literature {58} . The

variability 'in the measured threshold values evaluated from

current studies is summarized in Table 30. It is evident that

the R values are consistent with published results.
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B. Maximum .Likelihood Estimator Probability Model

In all cases, the dlscrlmlnatlon threshold values

_evaluated by the Maximum leellhood Estimhatoxr Probab;.l:.ty Model, f

v

E "fall between the detectlon and élscrlmlnatlon thresholds
evaluated'ty Hall-Ellis or Modified Dravnleks methods. _
The dlscrlmlnatlon tﬁresholds evaluated by the Probablllty‘.

Model approach must be hlghe: than any corresponding detection
thresﬁold because succesefol guess work is eliminated by this
mode of data analysis. The discrimination threeholds evaluated
by Hal;-Ellis and Modified Dfavnieﬁs procedures {re higher than
the maximum likelihood‘estimator.Probability Model values

because they apptoximate recognition thresholde. In practlce,.

panellsts often admlt to recogn121ng the character of an odor

N
when denoting positive detection under forced choice decision

conditions. The ratioc of the highest to lowest odor

. \\——h_
discrimination threshold for the higher concentration of n-butanol T
is 2.5, while for the lower initial concentration it is 1.4.

The overall R value for six trials is 2.6. The arithmatic mean

for the s;x trials is 0.65 + 0.25 ppm.

The current results agree very weli with the earlier work P
of Viswanathan (59) who applied the maximum likelihood estimator //
Probability Model to two trials with n-butanol of 69 ppm e

initial concentration. A nine member panel provided a 0.64 ppm

odor‘discrimination threshold.

S

c. Compafison of Three Approaches with Reported Values

Table 31 summarizes the odor threshold values of n-butanol

-as determined by various approaches and investigators, using a

M
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107
a ternary forced choice IITRI dynamlc olfactometer technique.
The detection thresholds evaluated during this program agree
well with those reported by other researchers (59, 47). The"
panel -discrimination threshold evaluated b? the Probability -
Model also agrees with the results obtained earlier by
Vlswanathan (59). The various odor thresholds of n-butanol

determlned by Hellman and Small are summarized in Table'32;

D. Application of Models to Practical Sltuatlons

1. Fast Food Restaurants‘

Fats and oils are used extensively for fast food
réstaurant gooking. They are the essential media for deep
f;ying. Animals fats are solid at.room temperature. Their
hardness is directly proportlonal to the degree of saturation
of the fatty acids which constltute part of the. glycerldes.

In contrast the flUldlty of oils is proportional to the
unsaturation of the glyceride fatty acids.-‘Freqhently a fat
-oxr oil willldevelop an unpleasant odor or taste on storage
which renders it unsuitable fof the originally‘intended purpose.
A general indication of rancidity is evidenced by the
production of free fatty acids through enzymic'action on the
glycerides.

Both animals fats and vegetable oils are composed of
glycerides, which, in turn‘are made up of fatty acids, the most
common.to both is oleic acid (58)- Fats play a major role in

the generation of flavour and aroma compounds in meats while

cooking.



Type odor Threshold Investigator
PpPm |
Detection 0.3 Hellman et al.
L] .
50% recognition 1.0 Hellman et al.
100% recognition 2.0 Hellman et al.

" TABLE 32:

Odor Thresholds of n-Butanol -
Evaluated by Hellman and Small (52)
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In an analytical study of meat, Hornstein and

Crowe (60) concluded that the flavour was associated with the

.
-

fat. They examined the. free fatty acid composition ©f beef and .
pork before and after heating in air at 100°C for 4 hours. Their

finaings revealed the predominance of oleic acid in both meats

’

and also éhowed an increase in all acid concentfaﬁioné
following the heat treatment.
. The volatiles in dry—cured country style ham were the
subject of in;estigation by odkerman, Blumer and Craig-(sl).
They fbuné carbonyls and fatty acids to be major volatile
contributors. |
The previously- described odor threshold evaluation
models were applied to odorous emissions from a fast food
.restaurant. Odorous samples were collected into Tedlar bags
with the aid of a dynamic dilution device in order to minimize
adsorption, absorption and condensat{on of condenéible materials.
inside the bags. These sample bags (see Appendix IV for
~properties) are noted (59) not only for their ca?acity to retain
y odors without permeation tﬁrough their walls, but also for
negligible adsorption on the walls.
Analyses were carried out with panel sizes of 8 and
10 people using a five level dynamic ternary forced choice
olfﬁctometer.
Tables 33 and 34 summarize the results of the fast
food restaurént odor studies. The threshold values are indicated

in terms of both oder units and ppm as THC based on a butane gas
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equivaleﬁt. The Hall-Ellis and Modified Dravnleks methods
- provide detectlon and dlscrlmlnatlon thresholds whlch are in
close ‘agreement. The discrimination thresholds evaluated by
the Probébi;ity Model fall between the detection and discrimination

?

thresholds determined by the other models ‘as expected. The
experimental observations and analytical calculations are
provided in Appendix V.

2. Végetable 0il Emissions

‘ The previously described models were also applied to

végétable oil emission; generated in the labﬁratory. ‘The
6dorants wefé evolved from an electrically heated pan covered
with a cone supportlng an elght inch diameter stack. The oil
odors were sampled with a dynamlc dllutlon device lnto Tedlar
bags from where they were pumped into the dynamlc_olfactometer
for sensory evaluations by panels of eight and nine members.
Table 35 summarizes the results derived from the three methods
‘of data analysis. .
Froﬁ the studies performed during-this program, it
became evident that research should be directed towards the
‘utilization of oleic acid as a majér component reference for
analytical measurement of odorous emissions from fast food
restaurants.- The sensory properties of these odors c&uld then
be related t& and expressed in terms of this reference material.
The successful application of this procedure to f£ish
odors emitted from fish procgssiﬁg plants during this project is

#

described in the following -section.
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3. Application of Majbr Componént Odor Impact Model

The application of the Odor Impact Model has been
* demonstrated in terms of the sensory characteristics of fish .
: ; . P
odors. Triethylamine, which is-a major component of fish odors,

was selécted #s tte basis of aﬁé;zti?al measurement. The
fractioﬁtl-responses_of panel members at various dilution igvels
are shown in Figufe 17. The value for the 50% panel :qﬁbonse
agrees very well with those calculated by the standard Hall Ellls
and Modified Dravnleks methods. . i Ny

Table 36 provides a compatison of fish odor threshold
values evaluated ty four approaches includiﬂé the Probability
~ Model. The Impact Model prov1des not only the detectlon and
dlscrlmlnatlon thresholds for 50% panel response, which agree
well with values derived by other methods, but also complalnt'

potential and degrees of complaint for various fractions of the

panel representing a community.
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VIII. CONCLUSIONS AND RECOMMENDATIONS
| : . . o

A. Odor Threshold Determinations

From the results obtained during this part of the program,

e

several conclusions can be drawn with respect to the application

of the various models.to the determination of odor thresholds.

-

1. Hall-Ellis Ranking Method '

This approach has been the traditional procedure fdr
the evaluatidﬁ of odor detection threéholds from ternary forced
éhoice experiméntation. Tt is usually based .on one trial with
seven tqﬁ}en panelists.. The effect of succesSfuL guessing on the
part. of the pénelists cannot be eliminated from the evaluation
of the detection threshold values since their magnitudes are
based on the dilution levels from which paneliéts continue to
make correct choices.

In-order‘to dbtaiﬁ more objective threshold values from
this procedure, in terms of the responses from the panelists, '
the dilution levels at which individuals were .sure about the
presence of the odor were used for calculation purposes. On this
basis a new odor dimension called the q;scrimination thresheld
was defined. This sensory dimension tends to‘épproximate the
recognition threshold of the odor under investigation since
panelists often reco@nize the character of the odor at the levels
where they begin to be sure about its presence.

It can also be concluded that a single evaluation of a
detection or discrimination threshold, by the HalfﬁEllis Ranking

Method, utilizing a teérnary forced choice dynamic olfactometer,

116
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w11l be Within + 50% of the mean of 51x trials performed w1th
dlfferent lnltlal concentratlons and panel sizes: of 7 to 10

1nd1v1duals.
\.‘

2. Modified Dravnieks Method -
| This technigue islbased on the estimation of a maximum
likelihood threshold for each panel member and ultimqtely
determining a geometric mean threshold for the entire éanel. The

need_fbr plotting is eliminated. Like the Hall—Eliis Ranking
"appfoach, this method is 'also usually dependent en one'trial with
seven'to ten, paneliSts. Tradltlonally, lt has been used ‘for

the evaluatlon of odor detection thresholds. However, in this
program; it was also applied to the evaluation of discrimination
thresholds. -Both the Hal)Y-Ellis add Modified Dravnieks approaches
were feund to produee v éi closely related results.
4 | A single.evafZation of a detection or discrimination!
threshold by the Modified Dravﬁiéks technique, utilizing a ternary
forced choice dynamic olfactometer, will be within + 50% of the
mean of six triale performed with different initial concentrations

and panel sizes of 7 to 10 individuals.

3. Maximum Likelihood Estimator Probability Model

. To determine an oder_discrimination threshold of a
panel on the basis of all the responses from the members it is
necessary to accouﬂt for successful guesses. This can be
accomplished by applying the currently developed probability model
utilizing the principle of thermaximum likelihood estimator.
burihg this ipvestigatiod, this model was applied to one, two and
three trials of the same odorous samples. The R value, defining
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the ratio of maximﬁmﬂto minimumipanel threshold magnitudesifor
six trials was 2.6. Tﬁe mean discrimination threshéld from six
.tfials for n-butanol odor is‘O.GS_i 0.25 ppm.measured as butane
eqﬁivalent. Sincewﬁhis magnitudelfallé between the detection
and discrimination threshold evaluated by previously described
- approaches, it provides a more realistic meésure of'the true
discrimination threshold..;For routine work the success of one
trial is particularly impdrtanﬁifrom the econpmic and time
requirem;nt points of view. :The magnitudg oan tﬁreshold
evaluated from a single trial can be expected to be within

+ 40% of the mean of six tests.

4. Odor Impact Model

The Odor Impact Model was developed dﬁring this pnégram\
in order to facilitate prediction of the reactions to.olfactory‘
stimuli by a dbmmunity.in terms of‘responses from a panel of
—~judges workiné'under-controlled conditions. This approach provides
a fast and reliable method of eva;uating such iméortant odor
dimensions as detection, discrimination and'complaint potential
thresholds, aé well as degrees.of Eoﬁblaint profiles. The
magnitudes of the detection and discrimination thresholds for 50%
response from the éanel, agree very weli with those evaluated by
the currently used approaches. - The Odor Impact Model is based on

one trial with at least seven panelists.

B. Major Cohponent Approach

Odor control technology is still severely handicapped}by the

serious lack of representative sampling techrniques and objective

analytical procedures. Sample collection in plastic bags for

-

-l g
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uitimate pfesentapion to'a panei,in a labqratory‘éreventsaany
~real tame analysis of source and related ambient:odor levelsﬂ

Due to the variability of the human nose as a measuring tool,

the conventlonal approaches provmde very controversial
evaluatlons of performance characterlstlcs of currently available

odor control devices.

-
S -

Fcrtunately,la portable 1nfrared gas analyzer appears to
provxde the" dgeded capablllty of measuring real time odor levels
objectively. Its,potential for general use can be inferred from
the present application to the determination of flSh odors
”assoc1ated with flSh processmng plants.

1. Basis of Measurement of Fish Odors

The need to measure odors objectively will increase as
-citizens continue to expect 1mprovements in ambient air quallty.
The results of current lnvestlgatlons show that trlethylamlne_

can be used as a rational basis for the approximatipn‘of the '
‘concentrations of fish odors in and around fish processing plants.-

2. Calibration of Miran Gas Analyzer

To date, the only ahalytical instrument that exhibits
any potentlal for the objectlve measurement of fish odors under
field conditions is a portable infrared gas analyzer. When
calibrated for the.tfiethylamine (TEA) content of £ish odors,
this device provides a reliable means of quantitatively assessiag'
the magnitude of odorous assaults in the vicinity of fish processing
plantsa |

3. Variation of TEA with Fish Ageing

Under laboratory conditions the Miran Closed Loop
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System was capable;of-quantifying the increasing olfactory

' annoyance resulting from increases . in concentratlons of TEA

. ~

~when fresh flsh was kept at temperatures ranging from 68 72°

for extended perlods of tlme. These measurements prov1de basrc

lnformatlon forxthe assessment of the 1mpact of fish odors on

'the neighboring community wrthurespect~to tlme. If the fish and

resulting by-products are not handled effectively, especially

durlng warm weather condltlons, “the extent of the lncrea51ngly

b
s -

‘unfavorable env1ronmental problems can now be determined

quantltatlvely for regulatory purposes.

4. Determination of Fish Odor Dimensions

As a result of this lnvestlgatlon, the current methods

" used for the evaluatlon of sensory propertles ‘of odors have been

3 .
improved. Reliable assessment’of odor lmpact on the publlc can

be obtained with the ald of the Odor Impact Modet.

3

¥
The detection, discrimination and gcomplaint potential

tnresholds as well as degrees of complaint profiles of fish odors

were evaluated in terms of triethylamine (TEA) concentrations.

'These profiles provide magnitudes on which regulatory standards

could be based. 'The complaint potential or annoyance profile is
partlcularly 1mportant because it establishes: levels Wthh can

protect the public welfare as well as the people working in the

‘plant. Knowledge of the’severity of panel reactions over a wide

range of odor levels prov1des flexibility w1th respect to
establlshment of emission and ambient standards consrstent with
the soc1oeconomlc structure of the community and the importance

of the odor.em;ttlng source in any locality.

3
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On the basis of the fish odor experiences, it would
appear that détedfidg, discrimingtioh and complaint potential
threéholds, as weii as dégrees of complaint profiles‘for fast
food restaurant emissions can be relatéd to- a major component
suéh as oleic acid. éucceséful correlations would‘provide

meaningful ddta for maintaining odorous emissions at levels that

would minimize citizen complaints.

C. _Regqulatory Agency Strategies

The regulation of odors presents many challenges. Technical

uncertainties, varying perceptions of and social attitudes

N .
Eowards odors tend, to undermine any uniform regulatory strategy.

According to the  recent US EPA publication on Regulatory Options

for Control of Odors (2), "the most serious problem is the
Q .

absence of meéningﬁul data that could help to relate emission

rates or ambient odor levels to cpmmunity annoyance. In the
final analysis, it is Ehe elimination of communiﬁy annovance that
ought to fd}m the policy.basis of odor regulation."

Based on the experiments performed during this program, the
implementaﬁion'of the newly developed and tested Magor Component
Odor Impact Model is highly reéommended. This model provides all
the necessary sensory propérties {detection, discrimination and
complaint potentiglifhresholds aé well as degrees of complaint
profiles) that.would describe the impact of any odor on a
community. These sensory ﬁroperties can be expressed in terms of
a major component which couid be monitored;objectively, both at

+

the source and at ambient locations, by an -analytical instrument
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suchlas a portable lnfrared gas analyzer whlch is capable of
responding over a wide spectrum of gas concentratlon ranging
from sub-ppm to the percent levels, Although reflnements of
analytical instruments for measuring conéentr&tion of éases in
terms of ppb levels should be contipued, thé Miran gas analyzer
-used in this program-can serve the purpose for the immediate future -
in many situations. | | |
" The panel evaluating the sensory propgrtleslof any odor
should consist of at least seven 1nd1v1duals representing the
diverse spectrum of the community. The Impact Model needs only
one trial of panel responses from a five or six level dynamic
oifactometer using a terqgry forced Ehoice*technique for
computation purposés. | o

Based on the exéeriments perqumed during this program, the
model is suffiéiently reliable for'regulatory implementation. It
provides threshold values that aéree well with the results
obtained from current methods such as the Hall-Ellis and Modified
Dravnieks techniques which can be used only fof the evaluation "
of 50% panel detectiop and discrimination thresholds. With the
aid of the Impaét Modgl, sources of odoroué emissions in a

community can be asseysed to determine if they create any

problems. If they -, emission and ambient standards based on
the model cgn be set by an appropriate local agency which can
account-for the population distribution, socioceconomic activity

and lahd use zoning of the area.
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TEA
THC
Hm

WO/K

Ww_/K

T NOMENCLATURE

Effective Dosage based on 50% response from the

pangl B - - . .
Liters/minute

Miniature Infrafed.Analyzér
Maximum Likelihood Estimator
Odor.Units

Parts pg; million op volume Easis'

Ratio between the highest and lowest odor thresholds
measured for the same odorous air sample ' .

Triethylamine
Total Hydrocarbon Content
Micrometer

Proportion of Panelists who are Correct K times
out of K trials

]

Proportion of Panelists who are Wrong r times
out of K trials, where ¢ = 1, 2, .... K.

Estimate of the Proportion of People who are sure
about their choice :
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TRIETHYLAMINE
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. The odorous properties
by Hellm&n-and small (52) are:

4

Detection

50% Recognition

100% Recognition

' Quality =

Hedonic. Tone ="

.\
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of Triethylamine as reported

~

0.28 ppm
.b.28 ppﬁ
fishy/amine .
unp;easant‘to

pleasant
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APPENDIX II

MIRAN CALIBRATION DATA
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'Miran_Calibration Data

Absorbance Concentrations (ppm})
0 | 0
.. 0.0005 - ‘ - 0.31
 o.000. | .. 0.63
" 0.0020 T 1l
0.0030. . - | . > 1.88
0.0040 - 3.13
0.0080 4.38
0.0120 d 6.26
0.0225 - - . 9.39
- 0.0300 ~ 12.52
0.0390 - . 15.65
0.0470 o 18.78
0.0560 | N 21.91
0.0660 ' 25.04
- - 0.0750 ©28.17

TABLE II.l: Data Calibration of Miran .
Instrument with ‘ )
- Triethylamine

1

AR
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o
0.08
0.07
0.06
" 0.05
. 0.04
. - "8"
£ 0.03
-
]
Q
[++]
2

I i L P TT PP

- .
i
e

Wave length = 9.3 m

Path langth = 20.25m"‘ . V
" Slit width = 1lmm - -

Rangae = 0 -0.18 "

. o)
12 16 20 24 28

‘Concentration of TEA (pom)’

PIGURE TI.l: Calibration Chart for Triethvlamine
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'APPENDIX IIT

b

'MIRAN OPERATING SPECIFICATIONS
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MIRAN OPERATING SPECIFICATIONS

Closed Loop Measqrement of TEA

¥

Operational Wavelength . . A9.3 uél

Path Leﬁgth ' - 20.25 m.

Slit Width ' _ - =1 mm

Operating Teﬁﬁér;tufe _ 23°C;

Ambiéh#.ﬂumidity , 1.6%

Atmospheric P;éssure 29.25 in-Hg
N
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APPENDIX IV

Properties of Tedlar Bags
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Properties of Tedlar Bags -

The Tedlar bags used in thlS program were made from transparent
Dupont polyv1nyl fluorlde synthetlc polymer. The general properties

of these bags include:

i. very high retention capacity for. odors
_ _ _ .

ii. low adsorption of odors

iii. resistance to cracking or opening of seams even

under 50 1b pressure
“iv. minor wrinkling even after repeated use

v. high durability and ruggedness

v



APPENDIX V

Experimental Observations
~ and Bvaluations of ’
Emissions from a Fast I\

Food Bestaurant
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‘Sample : Fast Food Resturant Em1851ons
Temperature : 27 c ‘

Time : 3:00 PM L : C :. Correct
Date : July 17 ,-1980. o ' I : Incorrect .

Dilution Levels -
- 1 -2 3 & | 5
\H\P Panelist Dilution Factors
4 — .
- 17 8 6 3 AN
BOB C I *C o C
COUG ‘I I *C C c
RICK C c c *C c j
CARL I c *C c c |7
ALEX I I I I *xC
MEH C C- *C C- C
AKHR C I c C *C
BTS - I . c c xC
* indicates dilutions from  which onwards panelists £

are certain about the presence of the odor under investigation,

TABLE V.l: Panel Responses to 8.4 ppm as Butane
Equivalent Emissions from a Fast Food
Restaurant Using Dynamic Ternary Forced
Choice Technique
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Samglé : Fast Food Resturant Emissions -

Temperature : _g7°c : . ‘
Time : -3:30 BM - ' C_: Correct’
Date : July 17 , 1980. I : Incorrect
Dilutioh Levels
1 | 21 3 | & |5
Panelist Dilution Factors
17 8 6 3. 1
BOB - c S *C c
DOUG C I *C C o
RICK I C I *C o
CARL I *C C C o
ALEX C I C *C C
MEH c *C c c c
AKHR I | I. *C
BTS I c I *C

* indicates dilutions from which onwards panelists
are certain about the presence of' the odor under investigatio:

r

TABLE V.2:

Replication of Panel Responses to 8.4 ppm
as Butane Equivalent Emissions from a
Fast Food Restaurant Using Dynamic Ternary
Forced Choice Technigue

142



¥ = LOG(TOLERANCE LEVEL}

i {

Log EDSO = 1.02

.7. EDSO = 10.5 0.0.

¢ = 0.80 ppm
S

Log EPgy = 0.83

ED = §.8 0.0.

S0
= 1,23 ppm

-0.5

Ole—— m e -

X PLOTTING VALUES

FIGORE V.l:

Evaluation %f Detaction Thresholds of

Odorous Emissions from a Fast Food
Restaurant Using Hall-zZllis Ranking

Mathod
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3.0 .
2.5 |
.Q l. Log ED50 = 0,65

2.0 -7+ EDgy = 4.5 0.0,
ﬂ = 1.90 ppm
5 |

A 2, LOG ED.. = 0.675
= 50
"2 l.s5|. . o e
5 -7+ EDgy = 4.7 0.U.
3 = 1.80 ppm

o
e .
& 1.l
]
™

0.5 { (:>_

| Ok
1 I
| 1 ! | i _
-1.5 -1.0 -0.5 0 +3.5 - +1.0 +1.5

FIGURE V.2:.

1

X PLOTTING VALUE

Evaluation of Discrimination Thresholds
of Qdorcus Emissions from a Fast Food
Restaurant Using Hall-gllis Ranking
Method :
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Sample : Fast Food Resturant Emissions

[« ] ol -

Temverature : 27 C : - C : Correct -

Date : July 17:-, 1980. . I : Incbrreét~f
. . . Lo
Dilution Levels
' — 1  Log .
R - 3~ -4 -5 Individual
. Panelist . — EDSO
: L. Dilution Factors
NIRRT 8 .6 3 1
BOB - I I c | ¢ c - 0.84
POUG I C C C C 1.07
RICK . C C C C C 1.38
CARL I C C o] c 1.07
ALEX I I I I c f 0.24
MEH c c C C C - 1.38
AKHR I I c c c 0.84
BTS | T c c C c '1.07
Sum Log Individual ED5O I 7.90 , Log EDBO I 0.99
Result : EDEO : 9.7 0.U., 0.86 ppm

TABLE V.3: Evaluation of Detection Threshold
of Emissions from a Fast Food’ .
Restaurant by Modified Dravnieks
Method
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Sample : Fast Food Resturant Emissions

emperature : 27°C ' ' C_: Correct
Date : July 17 . 1980. - : - I Inoorrect
} Dilution Levels
) T . ' ng
. _ 1 2 3 S 5 Individual
Panelist ' ED50
Dilution_Factors
17 8 6 | 3 1
BOB I 5 S C C C 0.84
DOUG I I C c C 0.84
RICK | © | 1 I c c 0.63
CARL LI I c c Ke 0.84
ALEX e I 1 1 ch 0.24
MEH I I c c c | o.84
AKHR I’ I I I C 0.24
BTS ' I I I I C 0.24
Sum Log Individual EDc4 4.71, . s Log EDBO : 0.59
Result 2250 + 3.90 0.0., 2.20 ppm

TABLE V.4: Evaluation of Discrimination Thréshold of
: Emissions from a Fast Food Restaurant by
Modified Drawvnieks Method
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ggpl ngt Fo od Resturant Emissions o
emperature : 2 C : - €+ Correct

Date : July 1 _ 0. . ' I Incarrect
Dilution qugés | K | ‘
- ¥ . . Log
.1 2 3 4 5 Individual
Panelist , — ED50
- Dilution Factors ‘ :
17 | 8 | 6 31 1
BOB I ‘1 I c c 0.63
DOUG r /o1 c c c | o.84
RICK 1 ¢ c c c | 1.07
CARL I C C C o 1.07
ALEX . I I C c C. 0.84
| MEH c c C c c 1.38 -
AKHR I I I, C c | -0.63
BTS ‘I I. I I c 0.24
Sun Log Individual ED., : 6.70 , Log ED ¢ 0.84

‘Result : EQSO ‘6.9 0.U., 1.22 ppm

TABLE V.5: Repllcatlon of Evaluation of Detection Threshold
of Emissions from a Fast Food Restaurant by
'j Modified Dravnieks Method 3

147 -



+

§§mglg : _Fast Féod Resturant Emissioné

smperature : 27 C : - C : Cor;éFt
Date : July 17 , 1980. - ) ~I: Incorrect
‘Dilution Levels K |
: N 2 3 L .5 Individual i
Panelist : —e . : ‘ EDSO, ) B
S , Pilution Féctors
) 17 8_ | 6 -3 .l A
OB 1 I I c ci | o.83°
DOUG I I c c c 0.84
RICK I I I C C 0.63
U
CARL I C C C o 1.07
ALEX I I I C C 0.63
MEH I c | ¢ c c 1.07 O
AKHR I I 1 I ‘c 0.24
BTS I I I I c 0.24
‘ 5.35 - 0.67-

~ Sum_Log Individual EDBO

' Reéult

; ,EDEO

TABLE

V.6:

Replication of Evaluation of Discrimination®’

s LOgZ ED50 :
: 4.7 0.U., 1.80 ppm

Threshold of Emissions from a Fast Food
Restaurant by Modified Dravnieks Method
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THC CONCENTRATION (ppm)

10.0

1.

©

0.1 | |

L
—_——y —— —

L |

2 ‘ 0.4 0.6 0.8 1.0

0.
& = PROPORTION OF DISCRIMINATORS

FIGURE V.3: Evaluation of Discrimination Threshold

. of Odorous Emissions from a Fast Food
Restaurant Using Maximum Likelihood
Estimator Probability Model
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Sample: Fast Food Restaurant .Emissions

%
Temperature: 27°C

. Date: July 17, 1980

Sample No. of No. of No. of .
. Concentration | = Subjects- Subjects . Subjects
as THC g Correct - Wrong - Wrong Once
fr PPM in Both - in Both and
A . ~ Trials . ‘Trials Correct Once
: in Both
Trials
. 0.44 1 - 1 5
1.05 4 ' .03 1
1.40 3 - 5
2.80 6 - 2
8.40 ' 8 ' ’ - -—

TABLE V.8: Combined Experimental Data From Two.
. Trials for Evaluation of Odor
Discrimination Threshold of the

Restaurant Emissions

L1
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Sample:

'Temperature: 27°C

Fast Food Restaurant Emissions

Date: July 17, 1980
v
Sample Proportion Proportion Proportion
Concentration | of Subjects | of ‘Subjects | of Subjects a
as THC . Correct: Wrong Correct Once MLE
N in' Both in Both and ‘
Trials Trials + Wrong Once
: in Both:
. - Trials -
prm W0/2 W2/2 wl/z
0.44 0.125 0.25 0.625 0.015
"1.04 0.500 0.375 0.125 0.438
i - N
.40 0.375- 0 0.625 0.300
2.80 0.750 0 0.250 0.7290
_ rw
8.40 1.0 0 0.0 1 1.0
TABLE V.9: Application of Maximum Likelihood

Estimator Probability Model to

Restaurant Emissions for Two Trials
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THC CONCENTRATION (ppm)

0.1 L | {

0 0.2 0.4 0.6 . 0.8 1.0

@ = PROPORTION OF DISCRIMINATORS

FIGURE V.4: Evaluation of Discrimination Threshold
of Odorous Emissions from a Fast Food
Restaurant for Two Trials

‘
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kSalee: Fast Food Restaurant Emissions

Temperature: 27°C
Time: 12:00 PM C = Correct
Date: July 22, 1980 - I = Incofrect
. . x\
:Dilution Levels
| 1 2 5 A 5
Panelist
Dilution Factors
17 8 6 3 1
LI I C c c | c
DOUG *C C C C ' ¢
JVD c c *C c c
RICK I c I- *C o
XIM T c T TkC . o
DANA | ¢ | *c c c C
MUTU c *C c c C
ALEX c I *C c c
CARL c *C c C C
MEH I *C c C C

* indicates dilutions from

TABLE V.10:

Panel Responses to 5.4 ppm
Butane Equivalent Emissions from
a Fast Food Restaurant Using
Dynamic Ternary Forced Choice
Technique

154

_ whitch onwards- panelists are
certain about the presence of the odor under investigation.




Sample: Fast Food Restaurant Emissions

Temperatufe: 27°C

 Time: 12:30 PM '~ C = Correct
Date: July 22, 1980 . I = Incorrect
* Dilution Le#els
L 1 2 |3 L S5
Panelist '
' Dilution Factors
1% 8 6 3 1
LI C e | T c *C
'DOUG *C C c c c
JVD T *C c c . C 4
RICK 1 ¢ c I c *Q
, -
KIM *C . C C e C
DANA *C C c ¢ C
MOTY o c o *C o
ALEX | I I I - *C . C
CARL ) C _C *C C ' C
MEH o C Cc | *C C C

* indicates dilutions from which onwards panelists are
xertain about the presence of the odor under investigation.

TABLE V.11: Panel Responses to 7.1 ppm
. Butane Equivalent Emissions
from a Fast Food Restaurant
Using Dynamic Ternary Forced
Choice Technique .
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Sample} Fast Food Restaurant Emissions

Temperature: 27°C. | N
.Time; 1:00 PM | ' S . €= Correctfﬁ?
Date: July 22, 1980 - I = Incorrect’
- Dilution Levels
. L 1 2 5 L 5 '
. Panelist .
- - Dilution Factors
. | 17 | 8 | 6 3 1
LI . | | .I iiﬂ\ *C Cc j Q
DOUG _kC o4 o C. C
JVD 1z C ¢ | *c C
RICK c *C o) C C
KIM C I *C C E‘ ‘
DANA c -*C | c c C
MOTT I . *C C o - C
M;m: I I *C c c
CARL *C C C ol C
MEH C *C c C C
.

* indicates dilutions from.  which onwards panelists are
certain about the presence of the odor under investigation.

TABLE V.1l2: Panel Responses to 10.8 ppm Butane
Equivalent Emissions from a Fast .
Food Restaurant Using Dynamic Ternary
Forced Choice Technlque

-
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LOG {TOLERANCE LEVEL)

¥.=

. A1 log EDgy = .1.125 S ‘-
@. (D ;7. EDgp = 13.3 0.0. |
1.50 @ EDg, = 0.40 ppm
2 leog EDSO = 1.2 (?‘
' . ED., = 15.§. 0.U. o,
1,25 30, :
bt — — - = =_.0.45 ppm
1.0 =
0.75
0.5 [
o3 1log EDgq = 1.16
i 7. EDg, = %4.5 0.0. _
0.25f | = 0.75 ppm
|
|
|
0 1 | { L 1
-1.5 -1.0 ~0.5 0 0.5 1.u 1.5

X = PLOTTING VALDE

FIGURE V.5: Evaluation of Dataction Thresholds
of Odorous Emissions from a Fast
Food Restaurant Using Hall-Ellis
Ranking Method
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Y = LOG(TOLERANCE LEVEL}

O 1 tog EDgy = 0.93

EDSO = §.52 0.0.°

2.5 |- = 0.7 ppm
O 2 Log E:Ds0 = (.83
2.0 | -
_ EDS0 6.8 O.Uf
= 1.0 ppm
A 3 Log EDJ = 1.0
1.5 L 50
EDS0 =10 OfU:
1.0 ppm
1.0 feem i e =

-1.5

X = PLOTTING VALUE

FIGURE V.6:

Evaluation of Discrimination

Thresholds of Odorous Emissions

from a Fast Food Restaurant
Using Hall-Ellis Ranking Mathod
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Sample: Fast Food Rastaurant Emissions

Temparature:; 27°C . ) ' .

Tima: 12:00 PM © C = .Corract

Date: July 22, 1980 I = Incofrect

"~

Dilution Lavals
1 2 3 | s | Lo
A Panelist Individual
' Dilution Factors - ~ EDgy '
1w 8 5 3 |
LI I -3 c ¢ c . 1.07
ﬁouc c c c ¢ c 1.38
JVD c c c ¢ c 1.38
_ RICK I I I ¢ c 0.63
KIM I I I ¢ < 0.63
DANA - C c ¢ c ‘o 1.38
: \ MUTT c c . c c 1.38
ALZX I I c c c 0.84
. CARL c c c c c 1.38
MER I c c c’ o 1.07

s . 11.14 E + 1.1
Sum _Log Individual EDc, : » Log ZRsy ¢
agult * = . 13.0 0.0., 0.41 ppm

-

TABLE V.13: Evaluation of Datection Threshold of
5.4 ppm as Butane Equivalent
Emisaions from a Fast,Foocd Restaurant
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Sampla: Fast Food Ragtaurant ﬁmissions

Temgorature:' 27°C .

.Data: July 22, 1980

C = Corrcact

I = Incorract

Dilution Levels
1l 2 T3 4 5 . Log 1
Panelist Individual
Dilution Factors sy
17 8 6 3 1
LI t ¢ c c c 1.07
DOUG c. -¢ c | € ' c 1.38.
VD t r ¢ c c 0.84
DANA I c C C c- ) 1.07
MUTT I c c c c 1.07
CARL I c ¢ o c 1.07
MEE I c c c ¢ 1.07
M_I‘OE_IBMEO 9,7 . MEO : 0.97

Result : Doy ¢ 9.3 0.U., 0.58 ppm

TABLE V.1l4: Evaluation of Discrimination Threshold of
5.4 ppm as Butane Equivalent Emisaions

from a Fast Food Restaurant
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Samplag Fast Food. Restaurant Emissions

-

" Tamparature: 27°C

Time: 12:30 PM

Data: July' 22, 1980

C = Corract

I = Incorract

Dilutioz Levels "
1 2 - 3 4 5 Log
Panelist: Individual
Dilution Factors ED50
17 - 8 [ 3 -1
LI I I I c c 0.63
DOUG c c c I c 1.38
JUD I c- c c ¢ 1.07
RICK s T I c c 0.63
KIM c ¢ c ¢ c 1.38
. DANA c c ¢ c c 1.38
MUTT . C c ¢ c c 1.38
ALZX I I I [»d c 0.63
"CARL c - c c C c 1.38
MER ¢ c c c < 1.38
Suty dividua : 11.23 » L& EDc, 1.12

Result : ED...: 13.370.0., 0.51 p

TABLE V.15:

161

Evaluation of Detacticn Threshold of
7.1 ppm as Butans Equivalent Emissions
from a Fast Food Restaurant
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Sample: FaQt Food Restaurant Emissions

Temparature: 27°C ' CoT _
Time: 12:30 PM f ‘ C = Corract .-
Data: July 22, 1980 _ - ‘\' S I = Incorract
]
v ' Dilution Levels - - = . N i
1 2o 1 3 {1 & 5 Log
Panslist : ~—| Individual
Dilution Factors  IDgg
17 v 8 6 3. ] 1
LI . I I 1 I c 0.24
Doug c c c c® c l.38
NI B c c c 1,07
ol aex I T I c 0.24
ok c c o e ¢ |~ 1.38
. 3@,\;; c T C c c c - 1.38
Y . LT
‘ LTT I o T c c 0.63 °
' ALZX I T x ¢ c 0.63
1. CARL I X c c c 0.84 ol I
MEH I I o c ¢ 0.84
Sum Log Individual ZDsy Y g.64. » Lo EDcy ¢ 0.86.7
Besult : ZDon ¢ 7.30 0.U., 0.97 ppm 2 :
TABLE V.16: Evaluation of Discriminatien Threshold of
+7.1 ppm as Butane Equivalent Emissions
from a Fast Food Restaurant ) i
. - N ' )
e
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)
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Sample: * Fist Food Restaurant Emissions °

Tamper&tute:’ 27°C N

Time: 1:00 pM

Date: July/22, 1980

C = Corract

I = Incorrect

-

Dilution Lavels
1 2 3 5 5IL05 o
‘Panelist . Individuyal
) " Dilution Factors 'EDSO
17 K 8 6 3 1 -
. — —
LI I I c c c 0.84
1 potc c e | ¢ c |:c 1.38
JVD I c c c c’ 1.07
. RICK c c c ¢ c ,| i.38
KIM I I c . c c 0.84 .,
DaNa c C ‘e M ¢ o 1.38
" uuTU 1 ¢ c c = 1.07
= I I ¢ - ¢ c 0.84
CAZL .C c c W] o« c 1.38
¢ MEH c c c’ c C 1.38
6 - :

*

Sum Lo dividual 3 o11.60. » Leg ZD

Besult i SRBoh 4.5 0.U., 0.75 ppm

t.

. -

1.16

TABLE V.17: EvaluatiomSof Detection Threshold of

10.8 ppm as Butane Equivalent Emissions

from a Fast Food Restaurant Uaing
. , Modified DrAvmieks Method



sgmpia: Fast Food Restaurant Emissions

Tempe_x_:ntura:

27°c” . -

Timea:

1:00 PM

‘ C = Corract

Date:s July 22, 1980 I = Incorract
‘Dilution Lavels
i 2 .3 4 S Lag -
Panalist Individual
Dilution Factors ' L EDgq
17 8 6 3 1l
LI \‘A\ T I c c c 0.84
poge | ¢ c c ¢ c 1.38°
o I T I I c ¢ 0.63 ..
RICK I ¥ c | ¢ c 1.07
' KIM O T S c c (o3 0.84
. ' 4
DANA I c c c c '1.0_7
MUTT s © ¢ c c c 1.07
' ALEX - I I c c c 0.84
CAHL c . c c c c i.38
MEE I ¢ | ¢ c c 1.07
Sum Log Iad;gdggl = Qso Po10.2 s LOE Enso = l.02

esylt : o:

" TABLE V.18:

16.5 ,0.0., 1.03 ppm

Evaluation of Discrimination Threshold of
1¢.8 ppm as Butane Equivalent Emissions
from a Fast Food Restaurant Using Modified
Dravnieks Maethod
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10.0

1.0

THC CONCENTRATIONS {ppm)

0.1

|
|
I
|

1 ' 1 !

0 . 0.2 0.4 0,6 0.8 1.0

8 = Proportion of Discriminators -

FIGURE V.7: Evaluation of Discrimination
Threshold of Odorous Emissions
: S ' from -a Fast Food Restaurant
L Using MLE Probability Model
for First Trial
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©10.0

THC CONCENTRATIONS (ppm)

- - '
!
i I
_ l
| 'EDSO = 0.76 ppm
| #
0-l 1 ’ 1 l L 1
0 0.2 0.4 0.6 0.8
& = Propbrtion of Discriminators

Evaluation of Discrimination
Threshold of Odorous Emissions
from a Fast Food Restaurant
Using MLE Probability Model
for Second Trial

FIGURE V.8:
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THC CONCENTRATIONS (ppm)

1 20.0 ' T :
' .
A1 " ‘5
10.0 }—
1.0} — __
ED50 = 0.%7 ppm ’
O‘l 1 1 i L
0 0.2 0.4 0.6 - 0.8

& = Proportion of Discriminators

FIGURE V.9: Ewvaluation of Discrimination
Threshold of Odorous Emissions
from a Fast Food Restaurant
Using MLE Probability Model
for Third Trial
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APPENDIX VI

Flow meter Calibration

Data
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Flow Meter Time Air Flow Air Flow Rate
Setting | _ 3. a? 24.6°C
: ‘(secs} (EL™) (liter/sec)
0.9 118.0 0.1 0.024
3.0 51.5 0.1 0.055
4.9  +32.67 0.1 0.087
7.0 21.0 0.1 0.135
9.0 “1s.0 0.1 ) 9.157*
11.0 14.0 0.1 0.202s
13.0 11.0 0.1 0.25%
14.9 10.0 0.1 _6.233.
16.9 . 9.0 0.1 - ‘.0.315

TABLE VI.l: Flow Meter Calibration Data
’
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AIR FLOW RATE X 10 (LITERS/SEC)

! | ) |

0 T4 8 12 16

ILOW METER SETTING
FIGURE VI.L: Flow Meter Calibraticn Curve
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JAPPENDIX VIIT

Total Hydrocarbon (THC)

Measurements
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Total Hydrocarbon Measurements

A Varian Aerograph serles 12Q00-2 chromatograph, modlfled

. by the Air Quality Group Qf the Un1versmty of Wlndsor, was @
used for fhé determination of Togal;Hyd:ocarbon Content (THC).
,Thi; analyzer, equippéd with a flame ionization deteétor,
lincorporated a six port”gas sampliné valve with a:l ml sample
loop and a recorder, Model No. 4272a, supplied by Varian
Aeiograph‘Corpbrétion. This recorder provided a 0-1 millivolt .

-scale for data‘acquisitigg. Odor samples were trgnsferred
into the analyzer sample loop through Teflon tubing- and air
tlght fittings by applylng pressure on the odor sample bag.‘

' The THC analyzer measured the hydrocarbon content as butanem
on the basis of calibration Wlth standard 98 ppm and 980 ppm |
butane gas. The analyzer response was a linear function q&,
butane cqncentration. All data wer® recorded on»the basis

of 3 constant peak heights.
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