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.potential level of source annoyance defined as product of the

ABSTRACT

! Regulatory egenciea are expected to deel.routinely with
comminity odor problems yet they‘have no objective methode for
agsessing the effects of odorous EOurcee._ A three etep strategy has

been developed for quantifying the impacte of existing or proposed .

etationary odorous sources on their eurrounding communitiee.}

"Successful lmplementation of the'propoaed protoeola wouldreetablieh

m—

e  whether there is a recognizable odor problem in
the community - L -G

=4

0"

o:.' "how bad" the odor is

[N

e - "how much" odor thereﬁie.

. A publie attitudeieurvey'has been designed to aid in tbe

: confirmation‘of reoogniéable odor-problems in the'community

Quantification of odora with respect to “how bad" is done

through an evaluation of the degree of offeneivenesa (DO) as the

product of 3
. intensity; expressed as maximum dilution level at
100 percent probability of complaint (MDL @ 100 ‘
PPC) 7 .
) hedonios, evaluated in, terms of predicted degree

of annoyarice’ (PDAIOD)

A

‘The-VErione odor emitting sources are ranked in terms of o

. -

] degree of offensiveness (DO)

‘e volumetric flow rate"(VO) ')



“The odor impact -on the surrounding community is assessed
uaing a potential odor impact (POI) Vvalue, at downwind locatione for
varlous diatancee end.elevatione under a variety of meteorological

'.conditiohe,.aa the product of

.. percent probability of complaint (PPC)
* predicted degree of anhnoyance (PDA)

- The PPC and PDA valuee are obtained from the Odor Impect,Model
.'followinF~1he application of appropriate diepereion modele.
. ‘-Sipce an odor free-environment ie not attainahle some
:maximum accepteble magnitudee of POI PPD PPC AND PDA must be egreed
L to by ‘the community,,the aesooiated induetries and conoerned

regulatory agencies.

. Application of this model to the odorous emissions from

e a'weetewater treatment‘facility-’- . Loy
o'_ a paint manufactoring plant
e & municipal waste landfill site

.0 -an automotive foundry‘

indicatef that e-PO; = 20 could be-a poeeibly acceptable atandard for
a edmmuhity'experieqcing odorous insults from four stationary sources.
Since a .POI = 20 does not .provide .protection for the estimated 15 to

20% of society that may have developed hypersensitivities, regulatory
agenciee may be urged to adopt even lower POI values as a basis for

" development of standards and regulations:

vi . s
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I. INTRODUCTION - = -

Community odor pbllution‘probléms_%§f vgfy.cdmplex in

nature. They generally start when a aource'(br g number of soufces)'

. a manufacturing plant
.. a landfill slte.
e . & wastewater treatment facility C

"@ a fast food restaurant

’

sltuated close to a residential area, ehits odorous gases or
partliculate matter..
The odor impacts are most obvious during the summer months,
especlally under unstable meteorological conditions when
e  the emissions are not well dispersed. or diluted in
the atmosphere

. the plant 1s running at full lead but 1ls not
‘ equipped to control its maximum odorous em}ssions

] there is a malfunction in the operation of the
- ~ plant or the control equipment.

A. Baslc Problems

Although most stack emissions are visible in the form of
white, black or grey plumes, many odorous discharkes cannot be seen.
Furthermore, a significant part of the odor impact may be the result

of sporadic fugitive emissions from the open doors and windows of the
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facility or even from open field opérations or the waste stream fed .
into fhé sewer system ér to a néarﬁ& watérway.

" The response from the community towards theée impacts 1is

initially that of indifference. In the beginning, it is the elderly,
»,the‘allefgié and “the éick nho feél the effect. Then the working.
.aection of the community begins to feel the‘impact during the early
‘ morning hours while going to waork or in the evenings when- coming home

,fbr suppér or, late at night. Generally,vcitizena may feel that there

is nothing wrong with the air in their localify. However, it is when

they find that

. '@ .- eplsodes are repeated often
e the nlderly cough more
° . ifrignds visit thelr homes 1&33_ ‘
. the value of their homes depreciate

" that tney'realize there is definitely something wrong with the air in

their community..

At this point in time, spontaneous complainta are made to

:thé_bffice‘éf the air pollution control ngency and tne-managera of
_th ndof_emitting Bnurces in‘the area. However, most of these
'citiéen.feactionp are treated as statistical 1nf6rnation.
~0ccasionn11y, an 1népentor from the air pollutidn control agency maj

. visit the site of. the complaint. The officer may or hay not be able

to detect the odor, dependling upon the frequencyldf the emissions and

changes in.meteorolcgical'conditiona. Even if he is.able to detect

-

N



the odors on the site of the complair:-t he 18 not in a positlon to |
objectively determiﬂe the impact of the odoroua emisaions on the’

‘ complainer. Although he may be prepared ﬁo issue odor violations,_r
this approach ‘does not solve the problem. The process contipues to_.

+

"the point where complainers give up £iling complaints. It is only

:iwhen a large nuﬁber of_concerneq_residente in the community volce

-
.

‘»their“viewe-that regulatory ageocies are ab}e.to ask the managers'of
fhe suspecped pdorous sources to call for a study of thelr
errséions. At tois poinr public meetings and environmental’ heeringa : L
are held with the hope that, ultimately, some solution can be found.
However, public hearingszcannot be very fruitful without objective
quehtificariod ofvsource and smbient odor levels and cltizen

responses. i ‘ ' . : "

B. Addressing .The Problems

v
N L

This research program was ipitieted.in order to develop

procedures for assessing the impgct‘of odorOus source emissions on

L)

surroun&ihg communities. Hany odorous pollutants,”detected et parta"
per billion by the human nose, cannot be measured objectively by |

| available analytical inetrumenta.' Perception of odors from person to

L -

person (and even with the same’ person) varies with time, place,

~

concentration and context.

Odorous emlssions are generally sporadic rather than

continuous. The 1mpact‘fhatﬁa gource creates is often the result.of
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a large number of compounds being present rather than z .aingle .

. odorant. . S _ o

Operators of odor emitting_sourceo-and sometiﬁeé regulatory
agencies discouragé}environmentel reseerchera from‘initiating atudies
in communities experiencing adverse air quality They try-to'prevent
the generation(of \what they consider, unwarranted awareness among
citizens who have not been concerned about odor problems earlier..

) Often mﬁpagers of residential apartments deny access %o their "

buildings while surveys are belng carried out. They do not want to '

have their current or potential residents upaet by alleged odor

" . problems in their neighborhood.

Citizen complaints concerning odor pollutlen problems are

generally well documented but seldom verified. Very 1ittle has been

~ done to Telate odorodsAepisodes‘to‘community health problems}

Although 1aboratory ‘studies with animals have shown. that gome
.odcrants can cause marked physiclogical and morphological changes in
“terms of cardiovascular and respiratory performances, [1] there is
very little informntion available about the toxlecity or hazardous
effects ofiocqroua substances on man. In some cases chenges can
-occur without being perceived hy the person undergoing them. In.“
communities close to odorousisourcesf there may not be excesd‘diseaae‘

»

or infirmity, but there certainly is not a state of complete mental,

soclial or physical well-being. This follows from the recognition

that prolonged exposure to foul odors usually generates undeslirable

reactions in people, which can vary from



¢  unease

=

.- ' diec_omfort >
* irritetionl e ” . .
c , anger . -
e  depression ”
. _heedechese .

e  nsusea | .’ . R . o

® vomitting.

To avoid.future eommunity displeaeures, studies ere'needed
[1] to predict the degree of odor control that will be demanded
before a potential odor emitting source is constructed Attempts ‘
hould be made to develop dose—responee 1nformation for a wide
spectrum of" odorous sourcee._- . |
_Successful verification that a suspected eource (or

gources) is or is not responsible for alleged odor probleme in a

- community requires correlation of data from

. on-site
e . off-site
e  Teceptor responsé

studies However,'the present etate of the art of odor regulatdone
has_ left air pollution control agenciea in a very difficult poeition
when determdnlng.if e‘specific odor source 1is causing a nuisance in
tne commundty;. ln order to‘eolve.an odor pollutlon problem, it ls.

necessary to



..‘--

e . evaluate the impact of the odor source on ite_'r:
-, surrounding commnity without causing any -

antagonism in the community towards the odor source
;o N \ ) -

e  find what is 21 fair degree of control’

‘ "detefﬁine if, indéed, the existing or proposed.
‘odor source 1s or would be a caugde.of annoyance in
: the-community. :
‘Reviews of'technical litersture'[2] snd-government“documents
. )
[3] as- well ‘a8 discuesions with personnel from the Ontario Ministry

of the Environment [4] indicate that there is & pressing need for the-
:development of a technological hasis for odor control in North

o America before effective odor compliance programs can be. -

'implemented; The technclogical needs include develophent of

- procedures for establiehing the validity of
spontaneous ‘odor comﬁlaints‘ '

. ,’methods for assessing the perceptions of the
community without creating any adverse reactions
to suspected sources

e rrelationships ‘between odor levels and annoyance °
thresholds for different odor sources in
e communities

e 'guidelines for locating and defining the alleged
. gource Or sourcés causing -an odor problem in a
community :

: Since people differ in their'responses,‘it-has become -
traditional to define the 50% thresholds as the minimal'

concentrations at which half the subjects in a population

‘o respond . to
o -discriminete

e "gat-annoyed by an odorant.

-



Z,_Tﬁia.defiﬁitidn is ih‘accdrdance with the mean effective ﬁosage,

g ED, s used ‘in toxicological work. :

The traﬁitioqél sensory dimensions for deseribing any odor
. R ., . J . 4 - .
have been . . o
© e . detectabllity .
' intensitj |
. '-hedonics

* quality.. ;

jOnly fecentiy, have attempts been made to express odors in terms of '
real lifé dimensions which have‘digéét 1ﬁpact on'a community as

-

¥
1

é . probabilities of'qomplaint:'

E ™ predictéd'degrees~of annoyance. a ’ -

‘ Thejpanking—plotting_[S, Gj and ASTM E6T9 [7, Bi ﬁethoda.
b ;have béenruaed to ﬁrovid;'dkfect odor;detection,thre;hqlds b;se& on
50% panel rggpoﬁses éd exblained‘in detail in‘Appendix I.
“The maxi;um }iﬁélihood estimator model [9, 10‘ 1}j goeq‘oﬁe

Btep'further.by‘providing ﬁiscrimination'threshoida as ouflined,in

Appendix II.

|
In order to account for and evalﬁate the real 1ife .odor
-gjmenaiéna, a faqt, simple method of presenting an ové:ail view of_an
ﬂ:;gor impact on a community is necessary to facilitate the regulation
‘ of.odorous emisslons. h
New app:o@chea_thﬁ}d provide.pyactical prqce&ures for .

rout;neiy evéiuating all the essential odor dimensions including



! r

percent probabilities'of‘detection and.cbﬁpiaint a8 well as predicted

degrée of annoyance nréfilea.

C. Solutions to Odor Problems o ¢

"In order ‘to achieve the‘basic‘objegtives, a research program

was designed

v e ‘to validate spontaneous odor complaints

° to determine percebtions of the community towards .
‘odor Bources through a’well designed and tested
public attitude survey

* to develop and implement an odor impact model that
would relate community percent probabilities of
" odor detection, complaint -and predicted degree of:
annoyance profiles to the odor levels under
investigation. '

h-d

preliminary examination of several odorous sources showed
that
LY

. citlzen responses .could not be readily collected .
without creatlng unwarranted antagonism towards
‘the'odorous sources in the community if a
carefully designed questionnaire was not used

e . ‘many odorous emisslions are too sporadie for
. routine ambient odor sample collection or real
time instrumental monitoring of any Kkey components.

In an effort to ovércome these limitations a systematic

search was conducted for odor sources where

° cltizen complainta to n'regulatory agency are well
documented



) emissions are relatively constant rather than  ~
: * sgporadic '
e  emissions may-be discussed in terms of readily

identifiable major compcnents.

~

During the past S years, cdor sampling programs and/or

nelghborhood public attitude surveys have been conducted gheﬁ'

,o'-“ a wastewater treatment facility 1
e a peint manufacturing plant . -

. . several fast food restaurants
‘e a municipal s0lid waste landfill site
‘e an automotive foundry

° an.automotive,paint,fadilit&._



‘., - ‘e

TI. . LITERATURE SURVEY

0f the varlous categories of air pollutants, odérs.are :
generally ranked as the major génerators:bf publie complgints to
regulatory agencles in Nofth Amerlcan communitiea. It 18 estimated

. that -more than 50%of the complaintg related to air pollution deal

with exposures to odors [1, 12]. -

: Q: Recognition of Odor Pdllution Problems

Survéys of citizens ‘Yiving in the neighborhoods of odorous
statlionary sourcesiindicéte that odors can.cause mental and
physiological stresses on humans. Receptors describe thelr

" perceptions of odorous énﬁirohmenfs‘in terms of.

. toférable .
o unpleasant
e  very unpleéaant o ) -

. terrible
.. _unbearable
conditions. Typical human reactions. are - ° :': oL
] | nausea
° headache
o  loss of appetité L -
o impaired breathing .

o " in some cases,” allergies [13, 14].

10



1

On the basis of a recent'study [151, it appears’that nore S

" than half of the people in the 65 to 80 year age category have major )

olfectory-impairments., Consequently many senior citizens csn

L 5

esperience adverse health reactions without being aware of their

exposure to odorous environments.

In recent years, odorous sources heve received considersble

attention from the public and regulatory agencies; In practice, the
existence of an odor pollution problem must be established before any

steps towards control can, ‘be attempted..

B. Community Annoyance .

Annoyance is & common reaction of residents in communities.

~

'where unpleasant odors are encountered [16] Relisble relationships

between ambient odor 1evels and odor annoyance thresholds for
different sourcss-must be determined.before_ambient odor etandards
can be established | |
| The scentometer and ASTM syringe methods are considered to
be inadequate for regulatory purposes [17]. There has been a geﬂ&ral
trend towards the dynamic'olfsctometric approach. However; there is
still a basic need for the development of sensory methods that are
capable{of messuring'odors objectiuely and reliably to yield.results
that can be related to community annoyance. o _ ty
.To be rated as a community problem, an odor must cause
substantisl'annoysnce by the standards of an ordinary,.reasonable

person living in that locality [1]. Consequently, an unusually

®



L )
- R

_sensitive person-may find:it'impoeeible to establish a nuisance on

.:the basis of odor pollution in an industrialized neighbourhood

§ ——

'partly because the odor is characteristic of the locality and because
_it is considered harmless by most residents of the area. )

‘Since.the most~important impact of_a*majority of odor
. probléms is community annoyance;-objective measurement of annoyance

‘is essential to the euccess of a regulatory strategy for odor

control; "Two - approaches have been used to assess community reactions'.

togodoroue sources. One relies on;spontaneous complaints and the xi

other .on social surveys. -

c. Spontaneous-Complaints

The use of odor complaints provides a simple and
straightforWard approach to exerting pressure on the people .
responsible for the sources of offending odors. Odor complalnts are
indicators that.a potential odor problem may -exist in the‘community
[18]. 1In general, veryffew people register formal'complaints with
authorities with respect to any enuironmental'problem [171.

| A study of annoyance-created'by'aircraft noise showed that .

’

the main characteristics distinguishing complainants from
'noncomplainants were related to education, value of their home and
membership in organizations.. On this basis, the number of complaints
recelived by officials may reflect not so much the amount of

discomfort experienced by the exposed population, but its social

class composition and level of community orgsnization [19,20].



However, studies have ahown that persona who volunteer their opiniona

'-may tend to overstate their concern [21] Some courts heve indicated

) that the difficulty of relying on odor complainte to. prove a nuisance

-

liee in the poeeibility that the complainanta do not represent the

a £eelinge of the community as a whole [22]

P T

D. Social Surveys

Socidl aurveye can be ueed to estimate the true feelinge of

. a community by including controls for bias. Fieldvproceduree involve
asking questions whether odors have been perceived whether the{-have

f caueed annoyance and under whet conditione [23] Questionnaires are .

the most widely ueed method for collecting information about people 8

'attitudee and behavior [24] .Questions about the backgrounde‘of.the

reepondents are added to facilitate correlation of date. Additional

'queetions about other forme of pollution are included if the main

interest in edora ie_to be de-emphaeized to those being eurveyed;
- The major objectione‘voiced'hy enforcement.agencies that

have used this‘approach are generated by the cumbersome procedures

involved [25].

E. TRegulating Odorous Emissions

The basic goal of odor regulations .is to eliminate or

.

prevent the occurrence of objectionable,odofs-in_the community. An

objectionable odor can'be defined as one_caueing harm or discomfort"



nto‘a péreon[a)?with aniaverage olfactory sense to an unreaaonable
extent [18] Tbe phraeea, ‘harm or diaconfort' ‘average olfactorv
aense'l and 'unreaaonahle extent' may be difficult to define and often
,pdepend upon subjective judgementa. Thia ia the fundamental iaaue to
“the problem of odor regulationa.

! In 1982 " the National Renderere Aaaociation conducted a
aurvey of air pollution control agenciea in North America, in order
.to claaeify thelir current odor;regulatione {25] Of the 60 agencies
approached, 17 bad no:odor regulatione, not even an odor nulsance .
typeAalthOugh;they-hadVa_general.nuieance type regulation. Silxteen
agenciea apecified'odor 1evela:in the .ambient air-[beyond-property~
lines of a plant] that are not.to be enceeded. .Six agencies

-apecified source emisaion or . stack type odor 1imita which are not to
be exceeded. Table 2.1 aummarizea ‘the reeulta of the eurvev _

The San Francieco Bay Area Alr Pollution Control Diviaiou
pioneered the concept that =a specified number of complaints muat be -
" received within a specified time period before compliance is required
for a aource-[zs].. These complainta are to be validated by the
agency beforeiany action is taken. S .

~The Wayne Gounty Alr Pollution‘Control Divieion in Detroit,
Michigan has adopted a similar but atricter approach. The ﬁayne‘
County’ regulationa apecify that 3 or more complainta verified by the
APCD must be received within a three—month‘period,before emission
1imits, are applied to the aource [25]. |

In Ontario, odor nuisance type regulationa for ambient air

are applied, but no epecified 1evela at the source or ambient '

~

7.
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'locations [26] are used G )

In Manitoba, the specified maximum desirable level is less

.than the odor‘ihreshold based on two tests not less than 15 minutes

In residential areas, the maximum

m‘nor ‘more’ ‘than 60 minutes apart
- &

‘jacceptable level is two dilutions to threshold and in- industrial

: gonea, seven dilutions o threshold [27]. S

The Province of Quebec specifies\source emission standards

E lfor rendering plants and plant ventilating alr emissions as shown in

'-'Table 2 1 Table 2.2 summarizes odor regulations in Canada.

. The' use'of information obtained from-spontaneous complsintst-

'about odors is a poor method [l] of measuring community reaction

towards en odor pollution problem. A properly developed and

implemented public attitude survey can yield results related to
v :

n

annoyanoe in the community.

" TABLE 2.2: A Summary of Odor Regulations in Canada
Province | Ambient.or - Odor .0dor Level Specified
or City Source: Nuisance -
Lo Emission . ‘ . Ambient Air Source
Standard ' Emission
‘British | - Ambient Yes - -
Columbia - o
" Manitoba Ambient - Yes -
~ Ontario T Ambient Yes - -
Quebec . - Sourcé No - ‘Yes
i Monmtreal Both Yes - © 994 reduction
' from Process

1

L4
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| III.. DEVELOPMENT AND IMPLEMENTATION OF AN ODOR ATTITUDE SURVEY

Regulq;ory agencies are often embaraaaed when environmental
disputes hetween odorous sources and their eurrounding communities N
are to be’ resolved through legal court proceedings or quasi legal
;environmental hearings. To be eucceaafnl in theee encounters, a

regulatory agency must be eble.to answer the three fundamental

. questions- - .
o'-;'is there a “recognizable" odor problem in the
_community’
) “how ‘bad® 1s the odor°
' f“how much® odor. is there? , .Y
. . o . .

N Coneidering, the first dasic question, “Is there‘al
recognizahle‘odor problggginnthe'commnnity?“,-records show that overi
. several years many residentalinjthe neighborhoods of'odoroneleouroes

have oomplained re.gularly and'-\-rigorous‘lt about odor problems.- In’
certain communities, as many as 340 complaints ha;:'teen registered
byveome residents In one year {13]. It is important to appreciate
that one or two-complaintslper year heve been‘generated'by many other
residents in the same comnnnitieejdnring the same period. Generally
) the.number of different compleiners is less than;15% of the number of
doonnented residencee. Although many complaints are validated by
members of air pollution control agencies, municipal: engineering or
fire departments, no corrective actions are usually taken. In fact,
chronic complainers are treated With suanieion by odor emitting

-
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- source owners and even some regulatory agency personnel.

The oroﬁiem"facing~regulaporg egencies is how

. to establish that there is a genuine odor problem
in the community°

-

e  to prove that spontaneous complainers arg not juat _' _ S
trouble makera° ) ) . ; .

Is it possibie that chronic complainérefaré:begicaliy oormal

citizens responding to a definite community odor”problem? V)

this question it becomes necessary to determine whether people in the- _z.-

’ . . - . PR 4

community under investigation are géieqing nbr@aiiytpoQ Eompering L
their attitudes towards commonly encountered'odoréﬂwitﬁ thoeeiof"'
citizens in other neighborhoods or a control group In ad&ition it -
'ia esaential that they should be able to apontaneously identify any

odors or odoroqﬁ sources that are reapohsible for the alleged

hY

. community problems.

. Y
To help regulatory agencies approach “odor problems more -

objectively a public attitude survey was designed and implemented 1n

v

a number of communities.

A. The Public Attitude Survey’

o

) R E .| B ;‘ . ) .
The survey.was designed to exﬁoﬁl individual attitudes

towarde commonly encountered odors on the basis of pastlexperienoes

or prejudices. The ultimate goal was o determine if there were any

odors or odorous sources in the neighborhood'that would seriously

bother the people.

sélve -



1. Formulation of Questions

Questions were modified several times during‘preliminefy

;ielq trials to accomplish the objective of the survey. Thé’final/i
vereion‘in‘Appenﬂix”lIl represenis the qﬁeeiions after a number of.
revieions. ' o

. The questions were worded so that they c oule'Be understood
by hoth young and old as well as people ‘with limited educational

beckgrounde. 'During preliminary trials, changes were made after .

-

) people complained that the questions were not
'clear enough

. participante had difficulty completing the
questionnaire

. in?ividuals found it difficult to record responses
® complaints were mede that the questlonnaire was

too long..

‘Questions l.fb'S were included io provide data that might
.relate responses to the'backgrounde of the oarticipante. Although
questions 6 to 31 were formulated specifically to de-emphasize the
objective of the eurvey, they helped to eetablish the hedonie ratings
[pleasantness-unpleasantness] of various odors commonly encountered
in any community.

' The basic objective was to be achieved from answers to the
question “ﬁhat smells in the ein seriously botner you? Please list"™
which was introduced as Question number 32.

The_format of Question 33 is flexible and is deeigned:to-

N
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determine the cltizen reactions to changes in the character of the

odor in the community as a result of implementation of specific odor
control techniques to an offending odorous source. The example ;n
'Appendix III was formulated to assess the application of hypochlorite a
'solutions -to the control of odors from fast food restaurantss:

) The number oi questions was limited to 33 in order to enable

"the participants to complete the’ questionnaire in 5 to 10 minutes.'

2.' Recordingeﬁesponses

Every ‘effort was made to simplify the recording of
responses. Experience showed thst individuals resisted quantifying
-
their reactions numerically to’ any particular oder. In all the
lpreliminary surveys, “the young, old educated and uneducated were
prepared tthespond in general terms using expressions such as '0K',
'Not at All' and ‘Very Much' 'In order to\simplify the fleld
activities respondents were simply "asked to circle the arrows that
most closely rspresented their attitudes ranging from “"Not At All to
"“Very Much" as illustrsted in Appendix III. For statistical

purposes, a scale ranging from -10 to +10 was used %o quaﬁlify the-

responses varying from *"Not At All"™ to "Very Much".

B. Implementation oflthe Survey

The optimized version of the public attitude survey was

presented to people in the neighborhoods surrounding

-



e =& faat food rehtaurant

. a municlpal waate treatmént plant L
. an automotive paint application facility
e _ 4 foundry

.. an actlve municipal waste landfill aite. s

An innoor ahOfPing‘mall in Windsor, Ontario waa selected as a control;
area slince it;;rovided reaponaea from different parts of the city 8s
well ‘as from out of town visitors. |

In each community, reaidents were selected on & random
basls. The responses ‘were obtained voluntarily, with no compulsion.
Care was taken. to engure that the preaence of the aurvey team would
-‘not create any feelings of antagonism towards any exiating or
potential odor emitting sOurcea_by emphasizing the scientific nature
of the investigatlon. The aurvey teams were made up_of individuals-
who had no knwoledge of.the alleged odor problems in any of the
communities under investigation. | |

In every neighborhood, many citizens,refuhed to complete the
survey because of apathy, dafeatiam or fear. Statements like “we -
have complained a_number of times tut nothing has happened", 'this
has been golng on for many years“,'"l_am'very busy_ and have no time
for tha ", were heard many timea.. In some apartment buildings close
to odorous sources, the managera refuaed to cooperate. They claimed
that they did not want tenants upset by such surveys. This was most
common in ‘areas where community action groupa*were organizing aupport

agalnst the suspected odorous sources.



- G...ngulte'of the -Survey

_ this investigation. '

Lo

L

1. ;Ahelysia.of'Hedenic Ratihge

Table 3 1 comparea “the hedénic ratinge, of twenty six

- commonly encountered odors, as expressed by reeidents in the
communities eurrounding the five selected odorous eourcee with those
+in a'control_area and a simiiaf stuuy,of iiGﬁodor‘deecriﬁtore

,reported by Dravnieks et al [28 29]."For eoﬁpariedn burpoeee, the

Dravnieks data were multiplied by a factor of 2. 5 to convert the

'retings from =& —4.0 to -+4.0 scale to the -10 to +10 scale used in

According to Table 3.1, theeqverall community attitudes

toward different odors are essentially identical in all the areas

surveyed. It must be emphasized that in every neighborhood-there are

individuals whoae appreciation of several-ddors would be distinctly
different from the community average. A detailed‘analysis of Table

3.1 shows that, generally, people do not like the smell of

® ‘gasolihe

° paint -
® .cigerettes

. ‘1ecker/dueseing rooms

° ‘ammonia, |

o ear/truck fumes

EY:



The Control Group and Those

v
ki

i

-Commun

iledonic Ratings -of Odors Expressed by People

Published by Dravnieks et al. [28]

Fl
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TABLE 3.1
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Dravmieks et al. [28]
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. e  Bewers
"e . pgarbage. - - - Lo

HOn-the other haﬂd; they'do.1ike_£he'odofe'aseb&ieted with

. baking_b:ead . u" S

] .fe.barbeqee_

o .;feees . '

' Aﬁeod-fires :
‘; - eheceiafe_- PR | i ' C -
... freehhpepeo:h. ;.

However,, they‘are‘neet:el with respecf to the odore‘common to

e - ffied chicken qutlefe
‘e,l hamburger eefabiishments‘ .

e . Chinese restaurants.

From the survey results of 649 people, it is poaaible to

separate the 26 commonly encountered odors Into the three categoriee

. pleasant

® neutral o N
[ . unpleasant

on the basis of the hedonic ratings falling in the ranges 10 to 5, 5
to -5, or —5 to -10, respectively. Pable 3.2 Bhows the three

classifications.




1

o TABLE‘3122; . Three Categoriga of Odore Baeed on Their Pleasantneas,‘:

Neutrality and Unpleaaantneea_f’

L)

. Pleasant . . - Nentral . _.:t . " Unpleasant
'roses . =~ cut grass A garbage '
barbeque |, - fried chicken outlet .;' -l v - sewers
.- baking bread .',‘hamburger restaura.nt RV 'car/truck fumes
‘ " © ' vinegar . _ -+ ammonia -
beer .© .. " ° - . gasoline
fruit markets'. ~ .. " .. paint A )
) ‘outside Chinese restaurant-- . .. cigarettes -
. earnival - . " - .. .. - Jocker/dressing room
peanuts .+ hospital - '
. coffee ' : T Cn

. fresh popecorn
Teather jacket -
chocholate o . o
‘wood fire . e

Figuree 3. 1 to 3. T compare the hedonic ratings expreseed by

the different communities and Dravnieka data to the ratings by the

‘control group, Table 3.3 summ&rizea_the results of statistical to

- test for paired data. The good agreements betWeenxthe ratings from

the various eemmunities, Dravnieks data and the control group
illuetrate the conslstency of‘people's reéponsee to common.oders
Such a generality suggeata that citizen reactions to - odors in the
.neighborhooda of various odorq.f sources are no different from those

: in the'control area.- Consequently their spontaneoua complaints can’

be interpreted.as honest responses to offensive odors and not gimply

.

as frivolous exerclises by nelighbors who may .be antagonistic towards a

‘particular facility.

The data from the community in the vicinity of the golld

waste landfill site, where 282 people had reaponded indicated that-

R R
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. HEDONIC RATINGS OF FAST FOOD RESTAURANT COMMUNITY - N

Pleasant ..

.
CARN.

.
\-

Unpleasant & -

%10 ——

| o L Cc:nﬁdence Level>99 9%
Lo ..-___.; o C Level of Slgmﬁcance>95%

1. - n - S
L 0. o0
Y '....‘ -. ol
.Q '

AR Correlation cbeﬁcient,'r' : 0.98.

 FIGURE 3.1

5. _6 ¥5  +10 -
Unpleasant < —> - Pleasant

HEDONlC RATINGS OF CCNT"OL GROUP -

Correlatlon Between Hedonic Ratmgs of Odors . :
' Expressed by People in the Neighborhood of the Fast Food
Restam'ant and the Control Group
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- Pleasant
1;; _

s
-~

. _l . -

- Unpleasant -

iy O

.
o

Ooj o
o
Correlahon Coefﬁc:ent, r: 0.984

Conf‘dence Level > 99.9%
Level of Significance > 99%

. HEDONIC RATINGS OF SEWAGE TREATMENT PLANT COMMUNITY:

0 -5

Unpleasant

o +3 - #+10
Pleasant

- L
T : . ra

HEDONIC RATINGS OF CONTROL GROU®

- FIGURE 3.2:

Correlation Between Hedanic Ratn.ngs of Odors
Expressed by Residents in the Neighborhood of the

- Sewage Treatment Plant and the Control Group :

33



.

10~

_Pleasant -
8

e
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el 0
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.
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X .
O

o c:onﬁdfe'h@":lee_"él > 99.9%
8 et e

. Unpleasant = = - <

'-h‘é' |

— 5. - 0. .+ ° =10
- Unpleasant” <—— —> - Pleasant
~ HEDONIC RATINGS OF CONTROL GROUP -

FIGURE 3.3 -__Cor_i‘é_l‘ation Between Hédonit; Rafings of Odors. B
_ Expressed by the Residents in the Upwind Commmity

of the Paint-Auto Plant and the'gqntrol_Group_ .
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HEDONIG RATINGS OF PAINT AUTO PLANT DOWNWIKD COMMUNITY
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Correlatlon Coeﬂ" c:ent, r: 0.981

Conf‘ dence Level > 99.9%
' Level of Slgnrﬂcance > Q9. 9°6

‘..L
Lo

-5

Unpleasant - <

: 'HEDO mc_

FIGURE 3. 4

o - '_" ¥5
—— —* . Pleasant
m_\mes OF CONTROL GROUP

Cor‘relatmn Between Hedonlc Rat:.ngs of Odors,

Expressed by

’_of the’ Pamt

‘the Residents in the Downwind Area
-Auto Plant and the. Cont'rol G*oup
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- HEDONIC RATINGS OF LANDFILL COMMUNITY - |
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“Unpleasant

A
3 -
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 Correlation Coefficient, £ : 0.99 |
Confidence Level > g9.9%
" Level of Signiﬁéanc'e > 99% |
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A

Unpleasant <

> P!easant

HEDONIC RATINGS OF CONTROL GROUP

'EIGURE 5.5: Correlation Between the Hecionlc Ratings of Odors ‘
S - Expressed by the Conmmity in the Neighborhood of the.

o Active Solid Waste Landf111 Site.and the Control Group o
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. HEDONIC RATINGS OF FOUNDRY COMMUNITY
o
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&

T F -

f .
B * ) L

.',6 s . Level ofSngmﬁcance)BS%

&
O 2
&
- T,
00 '
ot o 0.
..-?.~ ..‘-.- o * O
o _

. ° o .ICorre!ationCogfﬁc:ent,r 0-98
B Confidence Level > $9.9%

A
.. -.O

| g fFoundry and the Ccntrol Group

=5 “.0-1 T +5 - +10
Unpleasant < —i Pleasant :

| . HEDONIC mmues OF com'ao:. eaoup

. ‘Correlatitn Between the Hed.én:Lc.Rat:Lngs of Odors -
.Eltpressed by .the.Residents in the nghborhood of the

B

- 37

-



HEDONIC RATINGS OF CONTROL GROUP

+10

"5 . .
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e |
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. | . O o
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S ° 0o -

o
, % | ‘ Correlahon Coefﬁc:ent, r: 0.979

S o - Conﬁdence Level > gg.g%

10! ® ' Level of Significance>95%

-i0. =5 S o~ +5 . +10
Unpleasant — —>  Pleasant o

HEDONIC RATINGS Pl.B!J"HED BY DRAVNE(S ET AL. (28)

ﬁ' .

FIGURE 3: 7 Correlatlon Between Hedomc Ratmgs of Odors - .
. © Expressed by the Control Group and Those Publlshed
by Drameks et al (18) R
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ihe aée of respondénts cén-affect their.hedonic.rﬁtinga of'odorst
Table 3.4 éérfelateé theiﬁedpnic values of odors for the_differenf
. age. groups, along with the weighted averages and the standard
deviations from the average values. 7 -

" A comparison of these data shows that teenagers do not like

.the smell of

N cdt.géass (ip.f)

® : coffee (—2.di
whereas other age group fatingsjvéried from

. +2.0 té +4.6-f0r cut gfass

e  +3. 1 to +8 0 for coffee.-
. On the other hand teenagers do like the smells associated with
' fried chicken outlets (+1.7)
. hampurger establishmenfé (+1.3) .
. Chinese reataurants.(;l.O)

. leather jackets (+0.7).

Other age groups rated these odors to be neutral to negative with values

ranging from ) N . .

° -0.2 to r2.8 fbr’fried chickeﬁ outlets,

o -1.3 to —5 0 for hamburger establishmenta
° —0.5.#0 —4 2Lfor Chinese restauranta

° ;0.3,t0 -5 0 for 1eather jackets.

o An analysia of the gtandard. deviatlons of hedonic ratings

‘from the average values shbws that people 1n the 20 to 49 age group
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lére‘mofe,repregeﬁtéfivg of fhe communitﬁ tgan teenagers or éitizgpé
&1n'ihéiovér1$6 géé byapke£tr ]

| ‘Uaing qténdgrd déviéﬁions‘of 11;5 as an arbitrary basis,
'd@éfs éaﬁ be gfbuped‘into two.c;tegbrieé. In Table 3;5 éategory I:
: 1repres§nts.thosé qdoré éﬁout whoselhedqnic ratings there waa;close
fag;eément‘among all ;ge classificéfionslliCategory IT inéludes-thoae
édoré‘for which_thére'wefe significant differences ;n hedoni; fatings
ffém the ﬁiff;rent'agé groupg..
TABLE 3.5: Two Categorlees of Odoré Based on Agreement Among the

| Varlous Age_Groups .

Category 1 . Coe Category 1II

(A1l Age groups Agree) - {Disagreement Among Age Groups)
~ car/truck fumes ‘ cut grass o
. sewers - - : - fried chicken outlets

garbage vinegar

gasoline hospital

fresh popecorn fruit market

paint oo ammonia

carnival : ' roses

beer

outside Chinese restaurant
locker dressing room
baking bread
odfire
chocolate
clgarettes
peanuts
barbeque
leather Jacket
coffee



[

Cowy

',.From Table 3 5 it is evident that people of a11 age groups agree

_,closely on the hedonic ratings of most .of - the offensive odors.

ratings of’ most of'the neutrai and pleesant odors.

C2, Ydentification of Odor Sources in a Community’
* 1] . . o .

The answers to Question 32 help to confirm the validity of

Vsponteneous complaints which are generally generated by less then 15%

-

of residential sites.
Table 3 6 provides the-responsee to Question 32, "What odors

in the air seriously bother you?“ The descriptions and frequenciee

of identification of odors encountered in the various locations

provide'a means- of defining the odorous gsource or sources creating
the alleged odor prohlens in the different'commnnities:

From isble 3.6, it is apparent that peopie in the control
group, who represent a hignly heterogenous community, are bothered:

geriously .by. the smells associated with -

- ) cigarette smoke ‘
e  auto ‘and truck emissions | ' a )
e fact;ry pollution L _' I
‘e ., gasoline ' B ':5: : "
° garbage ) . -
o . sewers

o ' skunks:

43

- However there is considereble difference of opinion ebout the hedonie
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‘In addition to these odors, residents living in any neighborhood

. might also be bothered by the odors associated with certain

»induetrial or commercial operatione existing in their locality

. Fcr example, in the case of the community in the

'neighborhood of'the fast food restaurant,,only‘?% of-the people‘were.

bothered by the fast. food.fdors. This community responee ia .-

. oneistent with the total absence of complaints.about fast food odors

to the. local air pollution control agency office.' The locatlion of
}
.the facility is in a very high traffic density region (51% annoyance

by autos, buses and trucks) which is subjected to industrial

. LA

Vemissions from the U S..side of the Detroit River causing annoyance

among 37% of the respondents. In addition 23% of the reeidente were

'disturbed as a result of being on the direct route of garbage trucks

moving to and from a private waste hauling parking area.

In the.neighborhood of the sewage treatment pl ', 334% of

. 3 | . ' | \U
the residents surveyed were bothered by this.operatf%nf Thiax

significant adverse .response vallidates the spontaneous complaints

-

e

recorded by the local regulatory agency. The annoyances regietered

' againet bus and truck fumes (26%) reflecte the community 8 proximity

to a major highway Fallout of particulate matter and odors from

: industriel operations acrose the Detroit River are responsible for

the 32% adverse reactions to factory smoke and emells £rom Zug Island.-

Residente living upwind from the automotive paint

application faoility ‘'were. bothered more by automobile emisslons (24%)

and general factory smoke (30%) than by paint‘fdmes (15%). It must

-
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,‘;' . " " ’ : "/- )
.be appreciated that the lS% annoyance'level ie Bufficient/to:generate
more than 12 oomplainte in ein months and encourage the/citizena to,.
:join a community action group. Seventy-nine percent-of thoee
aurveyed An the downwind community identified the upwind paint
application facility as -the source of community odor probleme.- A
well organised community action grpup is led by~people from thie
" area. They havé enliated the aid of municipal andiprovincial
Jpoliticians to help solve their problem.- . - \:t;_. .
The 76% of the reaidents surveyed in the neighborhood of the

landfill site who identified garbage odor as & oommunity problem

representefmore individuala than the total number of\complainere

\

‘documentated over a two year period. In other communitiee, including

" the control area, garbage odors were listed as problema by ﬂeea.than :

25% of the respondente: .With 76% of thoae.aurveyed inxthe landfill
community identifying garbage odors &8 a eerioua prohleme there is no
doubt that the landfill site s oreating-a detrimental efféct on:the
_air quality in that locality. The activitea of the citizen action
.group that foroed an envirOnmental hearing emphasized the-seriousness
of the odor pollution problem.
In the neighborhood of the foundry,‘a oitizen action group

has enlisted the support of. municipal and provincial politiciana who
enoourege regular public and private meetings ‘between the community,

foundry operators and regulatory agency members. The epontaneoue

complaint level leading to the formation of the action group is -

confirmed by the 48% of those eurveyed who identified foundry odore -

ae'bothersome.



3. Reaction to' Changes in Odor Character ..

reactlions to changes in the character of the odor in the community as
n-resnlt'of tredtment eﬁ fast food: restaurant odors with hypochlorite

scrubbing solutions.‘T

Table 3.7 Bhows the average ratings of five specific odors

~ by the respondents Ln variopdr/ecalities, on a scale of 1 to 5, where

*®
o
1]

the best

®
o
"

'fhe.least.{

| I% ;s evident that the emells associeted with hay; a
hanbunger restaurant and a svimm;né pool are ranked an the same
'.leveiu:whereas barbeques An& gerbage'are at the extTeme of the scale
for the best and the leasv preferred odors,. respectively

The data in Table 3.7 suggest that installation of expensive
senubning devices using hypocnrorite‘ee}nfien cen-be as objectionable
oriwdrSe than the:original fast food odors if‘excees chlorine odors
are omitted to’fhe neighborhood.

4. Valldation of Spontaneous Complaints

On the baeis of public attitude surveys carried out in_T
different complaint boudaries, it is evident that idenfication of a
'specific source by 15% or more of the people surveyed in a 1ocality
. is indicative of a community odor problem. Regulatorv agencies

should_consider spontaneous-eomplaints-from_euch areas to be real

~ Question 33 was formulated specifically to esseeg citieen‘”_ S ~
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~of poor ambient air quality. “
- In order to estahlish the validity of the compleints for

legel purpoees, it isg recommended thet regulatory agencies

® .survey a representative number of residents of the
community in the neighborhcod of’ the suspected
odor source )
e . survey an equally representatlve number of people
in a community which is not directly under the
influence of the emigslons from the suspected

source’
e . analyze the data from the ‘two Yocations separately .
e compare the hedonic ratings of the respondents

ffrom both locations to check "if there are any
differences in the reactions of people towards .
. commenly encountered odors *

- ‘evaluate the percentage of people who are bothered -
by speclific odorsz in their 1ocelity in terms of
M : their responses to Question 32.
| B 1nveetigate a source or sources if fhe percentage

of peoplé identifying a suspected odor source 1is
-15% or higher.

Tue resulfs of this exerclise by the regulatory agency wili
provide the answer to the question "Is there a recognizable‘odoﬁ |
problem in the communitp?

If 1% is established that there is & genuine cdor ppobiem in

e\comuunifg, it then becomes important to determine
. ' ’ £

o “"how bad" is the odor?

o "how much" odor 1is there?
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'IV. QUANTIFICATION OF COMMUNITY ANNOYANCE -

S ‘ At the present time, there are no documented procedures for

'_ assessing'the magnitude of a community annoyance due to- odors. Tﬁé*

current methods of data analysis provide only detection threeholds._'

T4

Appendix I ] In.order to account for the effects of successful .

guessing by panelists on the magnitudes of detection thresholds, the

maximum likelihood estimator (MLE) model .was developed as descrihed

in Appendix II.

picture of the impact of an odor. pcllution problem on a-community -
since they are not designed to quantify the magnitude of the nuisance
caused by the odor. Although the maximum 1ikelihood estimator model
can, in principle provide discrimination thresholds (that is, |
thresholds at which panelists are sure that they can establish the ‘
presence of an odorant), it fails to develop any information related
to the impact -of an odorous stimulus on & neighborhood or a panel of
judges in terms of complaint levels or degrees of annoyance which are
the most important dimensions for defining an odor nuisance in a ‘
locality ‘

For legal purposes it is necessary to establish some T
quantification of the offensiveness of an odor at its -gource and in
the downwind community by assigning magnitudes to the odor character

at each location.

ln order to account for and evaluate the pertinent odor

" 50

The ASTM E679 and ranking—plotting methods are described in detail in

None of the currently available models provide an overall ~]:_

3 .
i J UV R P



'dimeneiona;,a fast,'simple and'acceptably‘accarate‘method of
presenting an overall view of an odor impact on a community waa
developed and applied during this program. ?hia new approach
providea a practical procedure for rodtiqely evaluating all the;

essential odor dimensions including needed probabilities of

P

_ . e " detection

o",_complaint.' S R

aa‘well aa predicted degree oflannoyance profiles in terms of the

- Odor -Tmpact Model (OTM) deacribed,inldetail in Appendix IV.

.'Aa.existing or potential neighborpood odor iﬁpgct can now be

assesaed in the 1aboratory by a panel of judges repreaenting a .
community wpere an odor source 1is or will be located. The propoaed

: model has been aucceasfully applied to a variety of odorous aouroes
during this program ?he detection threahold results agree well with

..those obtained from-ranking—plotting‘and ASTM methods which provide.

only detection thresholds.

-

-
A. 0Odor Impact Model

4 ,

~

The- 0Odor Iapact Model ia baaically an extenaion of the:
detection threehold determination with a’ five or six level dynamic
dilution olfactometer. In addition to identifying the ports that are
perceived to be emitting odoroua material, paneliats are also
required to speclfy the porta at which they are poaitive about the

presence of the odor. This exercise produces the panel



. -

-

'discrimination profile.

Furthermore panel members are-provided with

a preprinted form on which they are aaked %o indicate at which

dilutions they would complain ir they were exposed to simiLar odorous
stimuli for an average perlod of 8 hours."
In addition they must . rate their perceived magnitude or:

. intensity of annoyance at each dilution on & scale ranging -from O’ to

10- using B

-

® 0 as no amnoyance

[ 10 as maximum measure of annoyance{~

-~

b )

-\wFor quantification purpoees this scale has been subdivided

into 5 categories in order to relate qualitative perceptions of odors

\,_

to numeriecal ranges that

* Octo 2

e 2 to 4

’.o 4 to 6 =

. 6 to

@
It

(14

‘e 8 to 10

zones. .

profiles of

) percent probabilities of diacrimination, (PPDisc)
o ._percent probabilities of complaint, (PPG)

) predicted degreesa of annoyance, (PDA)

R .. ' . . .-

+
i

Iy

provide the,

tolerable
unpleasant;
very unpleasant
terrible -

unbearable '

" Using thisfapproach an odor panel can provide.complete

TR

] percent probabilities of detection, (PPD)
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‘B: "MHow-Bad" is ‘the Odor?. .

:to their complaint thresholds.

-l could detect the presence of an odor (ED50 or D/T) was ueed to

53

- . . .
. B . o

" for any odor sample. Figure 4.1 illustrates. idealized odor Impaet -

..Hodei profiles:"'

]

Laboratory data alwaye indicate that paneliste will not

3.complain about an odor until the number of dilutions is reduced well .

) below the detection threahold value.

' w.j.- .
In order to quantify “how bad" an odor is, it ie neceeeary e

to determine-the dilutione at which some specified fraction or all )

panel members would complain Furthermore 1t ie essential to'

-

establieh their intensity of annoyance at the dilutions correeponding

kol

In the past the dilution leuel at which 50% of a panel s

T describe the concentration of that odor.. Many regulatory.agenciee_

-specify the ED50 (D/T). value in terms of odor units or the number ~ *

of dilutions to threshold as a level not to be exceeded at the source ;"'
“or in the ambient atmosphere ag illustrated in Table 2.1. In effect;

- this magnitude is a crude measure of “hoﬁ bad" an odor 1ls. .

Intensity has been regarded as e'seneory counterpart of

‘odorant concentration‘[30]: It has been used to express-Thow weak"
: : N _

or “how strong" an odor might be using, for example, a categoryrsca1e~

where
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- 55
e 1 =  very weak
e 2 = weak | o
e & -=-“Btnong. ' : :
'.o. 5 =2 very stroné,' . )
'However it. does not quantify "how had" an odor really is. .
CQnsequently, intensity has not been used by regulatory agencies for . .
'.control purposes Do l.'- . ';' S "f_ ff'f_7 I
The. use of ED (D/T) or . intensity magnitudes 18 of 1imited .fcf
value‘since .
- . people do tot normally complain about ‘an odor at P p
- the detection level - ’ .
A T neither accounts for the hedonice of the odor._.-
: Uaing the Odor Impact Model ae the basis, it is possible to .
.‘; describe how had“ an, odor is, in terms of components that quantify:f : “]1 o if‘l..
e 'intensityf. T e AR

. - hedonics.

1.,:Heasure of Intensitx.,‘

)

’ I &

The intensity of an odor can be'appreciated'in termsVof-an

[

_experimentally determined dilution level at which all panel members‘

complain. Such a dilution level is ahown in Figure 4. l ‘as the

_maximum dilution level at ‘which 100% of the panel membere would still"

gomplain about the odor under conaideration (designated as MDL-@‘IQO

: o . t
PPC). S ' . : -

R e T e i T e e R P T
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2. Measure of Hedonics

The magnitude of annoyance.nt'any diiution level:acdountﬂ ‘
B ' v

":for the hedonics of'the'odor. In”Figure 5. 1, the measure of hedonics

.o

' is provided by the predicted degree of annoyance at 100% probability'

of complaint designated asg PﬁA 100"

3..'Meaauré-of OdornOffensivenesB.

. The offensiveness of an odor is determined by its
e  intensity (MDL @ 100 PPC) : ST

e  hedonics (PDA X
‘ s ( ) 100)

' On this basis it is possible to quantify "how bad® an odor is in

tarms of what can be considered g8 the degree of offensiveness (DO)

'defined by-

= (MDL'@ 100 PPC) (PDA . ) - (1)

where
. . \
'MDL' @ 100 PPC = maximum number of dilutions of original

sample to 100% complaint fhreahold,'odor"

units/£t° or £65/£4°

-PDA100= predicted degree of annoyance at the 100%

complaint ~threshold on & scale of 0 to 10.

t 56
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-The HDL @ 100 PPG ia taken as a aignificant quantity since it is
normally an experimentelly determined dilution level at which all
members of a panel heve complained end expressed their pereonal
'degree of ennoyence on a eeele of 0 to 10.- |
| It must be emphasized.that the degree of offensivenesﬂ (DO)
ia only A meeeure of “how. bad" an oder is at the eource. ‘It does not
eay anything abou_t the impact on ‘e. _dopmwind receptor. :
In eituations where thereﬁare severai.odor:aources et a

eingle facility or several. different odor sources in the community,
.'each with different odor hedonics, the Do becomes particularly
_importent as & means of ranking the sourees 1n order of their
offensiveness.' This ranking becomes 1ndispensab1e for preliminery
.prioritizetion of budget ellocatione for control equipment for the -
Marious.sources. . .

| In spite of.ite importance,.it.ehould‘he:epbarent that ther

‘degres of offensiveness (DO) is not a true measure of the' odor impact

of eny particular odor -source on 8 community withoutfcons;deretion of

.the samounts of cdorslemftted ber unit-time. A }ow‘emieeion rate of
an odor wdthxa hign bO'can be less sertous than a high voluﬁetrdc
flow rate of an;odor with a relatively lower DO in terne ofiimpect on
a downrind community or.degree of-control reguired at tne eource.

.

C. "How Much" Odor is There?

Traditionally the dilution -level at which 50% of a penel

cannot detect the.presence of an odor (Ed50 or D/T) is.muliplied by

57
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. the source volumetric flow faté,'Vo,_to provide the édor emiasion
rate according.to
Q = (ED__ or D/TY (V). S (2)
-’50 o} = o }

where, .
. . J .

'Q = odor emission rate, odor units/min op.ffBImin

\'ED;O or D/T =_di1gtion'1évg1 at 50 pgréent.probgbility:'
ﬁf of‘detéction, o&of;uhifs/fta or
_i"t3/£'1;3 (5ugge'_sted t..éx_‘mir;'plégy, DL @ 50 |
PPD) o . )
‘.'_Vd . = source bé}ﬁ&et;ic fipw_rgté,‘fﬁélmin

LI

This cléasicallodor‘emission'rate does_nbtiprovide a feaiistic

measufe of how much'bdor fhere is to deal with'becauée 1t fails to
. . . . - . . ' . . )

recognize - T ' a : d
" .
e ' the hedonics of. the odor

i

" @ - that complaints are not generated at the'detection:
threshold level. '

A more realistic approach would incorporate the volumetrlc flow rate
with the DO to provide a ﬁotentiai level of source annoyance (PLSA)

aecording to

PLSA = (MDL @ 100 PPG) (PDA_ ) (V)
. 100 o .

(00) (V) | | o . (3)

The PﬁSA;provides ratings of different odorous sources at a specific

—_
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_facility.in termslof their hedonic>and volumetric flow parameters.
'Figure 4 2 illustrates how -y number of sources can be ranked in terms
“of DO and PLSA magnitudes. Although Source ¥1 is emitting a very
:ohnoxious odor with the highest degree of offensiveneas such that

'DO DO > DO
0, > 09, 3’

'_its impdet on the’ community is less significant than of Sourcea #2
'and #3 which have considerably higher volumetric flow rates since ce

PLSA < PLSA2 < PLSA3

Successful evaluation of DO and -PL3A. values will provide .

answers to the questions R "_' . ._‘ Ar:'; R o "ft

‘e - how bad ig the odor? .
: e 4 how mich odor is‘there?'7-dlf L Co
T JE - o . B i.-:
. ' . - -. N .- “ R S l_
-However, to quantify the impact of a particular aource"on-its"

surrounding community, it is necessary to aasesa the amhient odor

,levels in the neighborhood as a result of atmospheric transport over

different distanoes with due consideration ‘of meteorological and

topographical characteristics of the region.'

D. Quantification of Odor Impact .

‘Quantification of odor impact on a community can bhe achieved
through appropriate dispersion modelling in conjunction with the Odor
Impact Model. Estimates of the number of dilutions of the source
'emissions:ai different:dounwindIdistances provide measures of PPC and'

. corresponding PDA values from the Odor Tmpact Model profiles.




CUSORCE L - SDURCE*Z '_ . SOURCE 3.~ |

(MDL 2 100 PPC)l > GiL 9 100 PPC)2 ) (DL 8 100 PPC)»l '

(PDAmU)l - (PDAmO 2 > - cPDAm 5

Do_1
BUT
PLSA, < PLsAs

PLSA;

~ \/f\‘_/

FIGURE 4.2: Sources Ranked in Terms of DO and PLSA Magnitudes
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.
|

1‘. - .
The Potential Odor Impact (POI) in the community at varioue |
:‘distances and elevationa for a range of meteorological conditions cah
-be-expreseed'es . | i 7 | _
"'_;51 = (-PP.C.)(PDA)_‘ - E . "_'-(4)
POI = potential odor impact at any 1ocation for epecified
- 'conditions on a eoale of 0 to 1000 .
'fﬁc‘.; 'percent probability of complaint at any 1ooation £or°:
| specified oonditione, on a ecale of 0 to 100 ‘
EDA = 'predicted degree of annoyance oorreeponding to PP&

1at any 1ooation for specified oonditione, on a scale

of 0 to 10




e

LA 'Dcscription of Equipment for Odor‘Thréshold Determinations

air (blanks) while the third discharges the odorous gas diluted with

deodorized air.-

ﬂsnd air ssmplcsfinto-speciiic ratios. ‘Capilisry tubes of different

S . . o ¢
‘lengths - regulated the amounts of samples required to make'up the

* Tesponses to, the panel coordinator. A schematic diagram of the ' ) i

V.. °DEVELOPMENT OF EXPERIMENTAL PROCEDURES

A six level dynamic dilution olfactometer designed by ‘
Illinois Institute of Technology Resesrch Institute (IITRI),aChicsgo,
Illinols [5] was - used in this program for highly odorous samples.
This‘instrument provides six dilution levels each equippe@ with a sget

of three glass sniffing ports. Two-ofrthc ports~emit.deodorized‘room

1

- The odorous ssmples were delivered o the olfsctometer from
Tedlar_bags.at a rate of .100 cm3/min by means of & peristaltic -
pump. The deodorized dilution air was supplied at a‘totalhrate of

9000'cm3/minll'Two manifolds were provided for dividing the odor

-

spccified oilution‘levcls._-Esch port deiivcred approiimately 5@0
cm /min ofiair or odorous‘sample.' The concentrstions of -odors at . .
each dilution level incressed from left to right according to the = | ‘...5ﬂ
approximate dilution factors of 1440, 490 162, 56 20 and 7
. The instrument could also be exterded to provide higher
dilutions by the use of attenuators. o -
A signal box with six triple sets of 1ights provi&ed

panelists inside an odor free _room with means of communicating their

L4 . !

olfactometer is shown in Figure 5.1, ©° - | I B
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In order to evaluate'more dilute samples, a five dilution

1eve1 olfactometer was. designed to provide dilution factors of 17,

6,3 and 1.°

. _B...ddor Testlhoomz': :flﬁwt‘”

‘VAllfodor‘stimuli-determinations-were'carried:ont-inw

.7-odor—free environment maintained inside a previously designed odor

" test room [31] This 4 ft x 4 ft x 8 ft._ high facility is a.

:double walled chamber equipped with a door, a glass window, an . ._7

interior 1ight an electric ‘air cleaner and an- exhaust fan for

gventilating odors, The inside walls -and- ceiling of the room are

I

‘*constructed of washable arborite. A‘remote control signal-box-is

'“'mounted on one exterior wall for communication of panel responsee to_

L the panel coordinator.'”"w

The air cleaner is capable of delivering odor free

'background air into the test room at low and high flows of 100 -

ft /min and 150 ft3]min relpectively. It consists of a .two stage

electrostatic precipitator rated for particulate removal down to 0.03:

lmicrons 321, & replaceable activated charcoal filter for smoke and

odor elimination and an outside lint scteen for trapping larger dust’

particles.

.C. ~Selection of Panel ‘Members
Thelobjective 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 odor detection

S
. o



65

threshold of the ropqlation atilarge, no.aelecrion of panelists is
- _ , : . - .
' necessary ané as ﬁany;;;nelisteﬂas-poeeible should be used [331.
Epr‘EOme oﬁors, people_oen-be founﬁ who are significantly
lesa_sehsiriﬁe than the average population [33,34]; However, 1oééf‘
; eepsitivify of any individual‘to & specified odorkdoes,not o . C
‘ autohatioelly 1mply.1ower sensitirity ta a}l odors [35].
C Some researchers reoommend using the more sensitive fraction
of paneliste in order to provide a safety factor in the results ;w
[36] Others would use a more homogeneous group whose.sensitivity is
average to produce a higher degree of reproducibility. ‘
In the present program, panelists were selected from a | ) :
_ . _ ;/,,_f—"“'

i

'1arger'group of panei members after eliminating extremely sensitive

or insensitive individuals based on previous experienoes.with them

. and their aveilabi%}ty. .They were. chosen from different age_grodps

representing both sexes.

D. Exgerimental Procedure . . - . - ' !
Ineide the\ifgr/booth each panelist was provided with a

prepriﬁted form for reoording the individually percelved complaint

intensity at each dilution level. Pigure 5.2 illustrates the design

of the complaint ratihg form. Participants were asked to:

e © proceed individually by starting from the most
) diluge level (left) and proceed towards higher
/ coneentratione of the sample
-® ~sniff fresh air from the air cleaner provided in
..thé odor booth to sharpen thelr senses:of smell
between dilution levels and ports within a
dilution level.
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o
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. press the switch corresponding to the port -at
‘ which they could detect the odor.

) identify the dilution level at which they were
’ _sure, beyond any doubt about the presence of the -
..edor. . .
' 'expresa, using the preprinted form, the dilutions
‘at which they would complain if they were exposed
to .similar odorous etimuli for an- average perioed
of eight hours and rate their degree of annoyance -
at each level on a ascale of 0 to 10 using 0 as no
.——__a-f”'Ennoyance and 10 as the maximum measure - of
: annoyance. : . ‘ : )

The panel responees through the signal box were also
: recorded by the panel leader 1ocated outside the odor test room for
subsequent evaluation of percent probabilities of detectlon and

complalnt as Well as the predicted degrees of annoyance in terms of

the odor impact modelling technique. . a




© VI.- RESULTS AND -DISCUSSIONS

- The results of this study are ciscueeeq'in'terme of typical

-

odorous emissions from-

e a waatewater treatment facility

e a paint manufecturing plant
e ° several fast food-resteurante .

o amnicipal solid waste 1éan11l aite
h io an autonctive'foundry. ‘

At each site, date ecquietion wae limited by the extent of
the problem that had to dbe resolved. At times, some bf the sampling
and analysis programs were governed by the peliticel gituations that
develoged as a result of involvement by citizen action groups and
:elected politicians. As a result, access to some facilities was

terminated once-political pressure.wes reduced on‘nlent'operetorel
"Studies lnvolving.industrlal operations can be carried ont only with

the full cooperation of the plant management. Consequeritly it was

not always poseible to complete comprehensive scilentific

investigations within the time periode ‘allotted.
The reeultatare,preeented in chronological order to
,empﬁaslze‘the successive improvements in aeeeseing'the'impact of

. odorous sources on the surrounding communitles.

. 68 - ' \ )
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The automotive foundry provided the hest opportunity for

iimplementing the capabilities of ‘the Odor Impact Model C . }_'

i.

] i
. . : , . !
" - A. Wastewater Treatment Facility- ]

The wastewater treatme'nt facility provided an ideal locatlon-

for initiations of field studies because hydrogen sulphide total

reduced sulphurs and Bulphur dioxide could be identified and
i

collected at various loctions as major odorous components. The.

steady state operatione of the plant ensured a conatant emission rate .
l .

that could be handled by conventional dispersion equationa. Because

of the quality and hedonios of ‘the odorous components, there were
-_documented citizen complaints defining a complaint area. In

“-addition, the operational scrubber provided an opportunity'for

assessing odor removal efficiencies in terms of

° overall odor on the basis of ED50 (D/T)?velues

'3 hydrogen sulphide

C - s

® total reduced sulphur

¢ - overall odor on the basis of degree of
offensiveness (DO). '

Pigure 6.1 illustrates the relative.locations of odor

-.sources at the wastewater.treetment»plent. The Odor Impact Model

Profilee for the odorous emissions from the_variou&/gourcee are




ODOR MASKING'
AGENT ADDITION

" HOLDING. -
oSG L\ TANK -
‘l' /7 n-'{l . ? . ‘. #3‘
HOLDING. L ' T
TANK. IR B HOLDENG .

SCRUBBER [NLET'

|| SCRUBBER EXIT
STACK

CLARTFTER

177N

. scaussaaﬁﬁ”;
-

S\
N

> REACTORS

. N
- ALUM MIX TANKS

3

V

REACTOR DUMP SUMP IN ' -\\\

BASEMENT

##3 RECLAIMED ALUM TANK

. l Indicates sample location

4.

FIGURE 6.1: Relative Locations of Odor Sources at The
Wastgwater Treatment Facility
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provided in Figurés.6:2 to 6.6. ' | o .

. ' Table 6.1 illustfa£éﬁ tﬁe'profile data in terms oflloo; 50
and zero.perceﬁf probabillities of dgteption'(PPD) and coﬁplaint (PPC)
“aé wgll as prédicted degrees of annoyarice (PDA) and degrees of
offensiveness (DOS of the odors. | .

Althougklthe levels of offensiveness of the head shaée
reactor dump (D0=150) and the alum tanks (D0=88) gre relatively high,
these emiésions are di}uted with high voiumes ‘of ambienﬁ air befdre‘
.they ente; tﬁe scrﬁbber {D0=38). S}nce fhe-alhm tanks are totally
englgsed, they néed not' be consldered as direct édor-aoufces into the
.atmospheré. In brinciple, the reactor dump 1is partially enciosed and
its contributions to thelpddrrproblem ;ould be consi@ered in terms of"
fugitive'odor emigaiona through open plant doors an@ windows.

‘ Generally, holding tanka (D0=50) become'significant odor
emitfers when they are belng figbed. Howévef, even uﬂdeﬁ holding

L3

'conditioqg they can be recognized as sources of odore on hot, windy

days. The clarifier ia not generally_offéneive except if there are *

unpfedictable upsets in plant operations. The scrubber exit stack
[
(D0=3%4) represents the main point of direct odor release to the

* ‘environment.

Table 6.2 summarizes the data collected at various locations

of the wastewater treatment facility in terms of ED5 values as

well as_hydrogen sulphide, total reduced sulphur and sulphur dioxide

concentrations.

Since the odors from the exhaust stack gases consisted of
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‘ TABLE 6.2:,; . Summary of Odorous Emission Levels -at Wastewater
. E " Treatment Fac‘:ility :

78

S Sai_np.lé“ o 3'ED50' - Hydmgen_' | ¢ Total Sulphur
o e . Y7 7 | . Sulphide " Reduced | Dioxide .
Ranking-Plotting o Sulphur . -
N - (ppm) (ppm) - | - .(ppm)
“Scrubber Exhaust
_..Stack . 7
| rInlet- +135 - 3.20 Not Done | Not Done
Test #1{ R :
loutlet 34 l.24.
7 Inlet " 282 * Not Done 3.4 2.8
‘Test #2{0-‘. . : - o :
. tlet 96 0.03 2.2 4.2
Inlet 141 Not Done Not Done | Not Done
Test #3{ L
outlet | r 159
(odor rﬁasking) o
"Holding Tank #3 71 None Detected | Not Done Not Done
.Reclaim Alum Tank . 282 None Detécted Not Done | Not quie
Reactor Dump 'Sump 1330 .- 1.80 " Not Don_§ Not Done - :
\
"



s

, - / o : . _— 79_'_‘

hydrogen sulphide, tofal reduced aﬁlphur, suiphur dioxide and often

odor masking agents that weré'themselvgéwqdoroua,'it was difficult to

‘relate degree of offensiveneqs,(DO) values to gas compoaitions.

V-Conaeduently the-impéct of- the wastewater treatment plant on the .

-

. surrounding éommunit&'waé'adaesaed only in terms of hydrogen sulphideA'

-

i&ﬁingement levels in thg ngighborhood‘from.concentrationa that cquld
be détermihed‘iﬁ the sfackhgasea; The atmoapheric diépersion [éﬁj of
th; steady state emissions of hydrogen sulphide showed'that the
impingement concent:ﬁtibns could create ﬁdverse communitj féactibné

at'distances of 875 feet and 1560 Feet from the exhaust stacks fof C

-

and D staﬂilities, respectively, éincefleVels exceeded published

GRS -

detection’ threshold values. According %o the';nformatioh;pfqy;ded'by

the operators of tﬁe.wasfe@ater treatment plant, the'maqori%y of the - &

docuéénted cltizen compla;nﬁs originated from homes located 900 feet

to 1800 feet from the wastewater treatnient plant: . |
Al%hough tpis.preliminary study showed_thaf it would be

possible to raﬁy vérious odorous sources at ; single faclility in

terms of their DO values, it emphasized the limitations of focﬁssing‘

attontion on major odorous components.

o There are still no established procedures for evaluatling

- -

performance characferiatics of odor control equlbment handling

"multicomponent gas streams. Table 6.3 illustrates the variability in

‘calculate& removal efficlencies for a wet scrubber when different

4

~



TABLE 6.3: Perfomrmance Charaéteristics of The Scrubber

Component . ' ‘ _ - Removal Efficiency
. . :
Total Cders (based on EDSO) 75 Test 1
| 66  Test 2
‘Hydrogen Sulphide ' N 51 Test I
Total Reduéed Sulphur ' ' 35 -Test 2
Degree of Offensiveness | - N 20 Test 1
.




components are used as a basls of evaluation. Since the removal of
hydrogen sulphide and total reduced sulphur compounds prbduce sulphur

dioxide, which 1s odorous, remotal efficiencies‘based on removal of

single components will not provide a true plctur _'f the rbdu;tion of
odor impact on the surroﬁnding community. BEva uﬁtion bf removal
efficiency us;né ﬁo as a basis is mor;.realié 'c_than th EDSO
approach'sihce £he DO provides meaéures of intensity and hedonics of

the odors before and after-the scrubber.

B. Paint Manufacturing Plant

The odor related conflicts in the community surrounding the
paint_manufacturing facility, made it difficult for this

B

investigation to be accepted as an objéctivq attemﬁt to establiaﬁ
odor impacts from the élant. ‘

The existence of multiple odor sources at néighhoring*
industrial establishments in the area under investigation created
additional tgchniéﬁl\problems,“ : . -

Iéentificatioh of over 20 potential odorants as raw
materials or finished products belng emitted by various plants in the
area illustrated the difficulties that citlzens and regﬁlatory
agency personnel would have in relating‘odorous eplisodes to emissions

from any specific industry in the locallty. Although the complaint
< :

area appeared o be well defined, the citizen complaints were not

-

]

specific to individual odor emitters.

81
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The potential for a fundamentﬁ atudy existed but the
adverégrial atmoaphere created b& an 1mpeﬁding -legal action limited
the e#tentrbf sample collection. N

- There wag no doubt that the emissisns‘f;pm stacks créated
odor problems in the downwind, community, howéver, ;omblainfa from
upwind areas could not be expléinealﬁntil persondl inspections ofythe

Jneighborhood were.carried out. A tour of the neighborhoods ihdicéted
that aignificant odor problems were recognizable'along the stre;ts at
'manhdies and catch basips} Apparently discharge Af scrubber 1iqﬁora
and perhaps even pr;dqcfa into the sewer system'créaééd unpleasant i
conditions 1n'a;eas that were not neceés;rily.downwind from suspected
sourceg. |

The paint manuf%Fturing plant provided an oppbrtunity for
odor collection from 13 stacks.- Flgure 6.7 shows the relative
locations of the exhaust stacks on the Rgsin aﬁd Paint Manufacturing
bulldings of the facility; To meet immediate political and
regulatory requirements dataﬁanalysis was limited to traditional
EDSOFD/T) evaluations. Consequently, odor 1eve1§ levels from the
Resin and Pgint ﬁanufacturing exhaust stacks are summarized in Tabieé"
6.4 and 6.5 in terms of Ebsd—magnitudes. 'The'odor thresholds were
determined using Ehe Ranking—?lotting method. The plots are provided
in Appendi¥ V. ”

Unfortunately; the relation of source odor 1e§eia'to

‘citizen reactions and locations of'spontaneous complaint areas were

not well deocumented by.the regulatory agency. Consequently, an
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TABLE 6.4: Sﬁnum:y of Resin Plant Exhaust Odor Levels

Date  .Stack . Volumetic - .Odor Level, . Notes

1982 . Flow Rate ‘BDSO Odor '
. . ‘ ~ Acfm Units
‘Dec. 9 R3 e 630" ; Normal operaticn
‘ ~R3 . o _ | 73. ' 6Sd ;Venturi only |
L R 13 720- ALl water. off
R3 ' f3‘_ ' 1000 i”Spra§ only. :'
Dec;'IO'.. -RBV_. '." N.ﬁ. L 280’ Normal obepation ‘
Dec. 14 RI . | 96 630 Normal oéeration
. Dec. 9 R 2. . w0 ' Normal operation
. Dec. 10 Ry S 2 | 110 jNofﬁal‘operation
. _ ) o S
Dec. 13 RS 2.2 1500 Normal operation
iDec._g | "Rl - '52,300 60 Normal operation
Dec. 10 Rl N.M.i- 135. ' Normal qperation
Dsc. 13: ﬁl ‘20,600 o T3 " Normal opération
Dec. 14 ~ Rl __.. ﬁ&;.. ' 55 - Normgl operation
Dec. 9 R2 _ 3,760 50 - . Normal operation
Dec. 10 R2 | S oNMY , 80 Normal operation
Dec. 13 ‘R2 ) 3,000 - 280 - Normal operatign
. Déc. 14 Ré - .M. - 25 . Normal operation
N.M. =

Not Measured
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TABLE 6.5:

Levels

)

Summary of Paint Manufacturinghﬁuilding Exhauat Odor

" Stack

Date Volumetic ‘0Odor Level,
1982 Flow Rate ED50 Odor
) Acfm Units
Dec. 8(PM) M1 M 70
Dec. 9(PM) M 1,100 MM
“Dee. 13(AM) ML 1,300 8'_ 1‘64 o
Dec. a(pm M2- \ 9,‘000 50
Dec. 14(AM) M2 .. 11,200 10.
Dec. 8(PM) M3 3,900 -léq : |
~Dec. 1&(AM) M3 3,100 150 &w
Dec. 8(PM) My 6,000 30 '
Dec. 14(AM) My 5,800 96
Dec. 8(PM) MS. 800 15.
Dec. 13(AM) M5 800 12
Dec. B(PM) M6 4,800 20
Doc. 13(AM) M6 5,300 130
Dec. 8(PM) M7 8,500 T
Dec. 13(AM) M7 8,900 " 100
 Dec. B(PM) M8 1,900 40
Dec. B(AM) e 11,900 160

NM = Not Measured
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' _arbitrary decision was 'made to define a "probable complaint area™ in

‘terme‘of-ambient odor levels exceeddng 1.0 odor units being

-

“sufficient evidence for "prebable" compleint generation. - Odor

levels ranging between 0.5 and 1.0 odof units were agsigned a rating

of "possible odor impact™. Preddeted ambient odor levels below O.Sl

odor units were nrojected'to have minimal or zero effect on tﬁe

_;hurrounding.'community. Ambient 1mpingemeanodor levels-were :

calculated using appropriate modificatieﬁe (1n ferms of'aource and

'ambient dilution ratios) of pertinent diaperaion equations provided

in Regulation 308 under the Environmental Protection Act [26]

_ Tables 6 6 and 6.7 111ustrate the definition .of areas of

"nrobab1e“ and "possible“ odor complaints as determined by odor

levels exceeding 1.0 odor units Bnd ranging between 0 5 to 1'0 odor
: '

lunits, respectively considering the- combined maximum odor emissiona

from all 13 stacks of the facility. The 8 meter elevation odor
levels are relevant for aseessing the impact on neighbo;ing 2~étorey
residences. It must be emphasized that the criteria,uaed to define
“probable" and "possible" complalnt areas are censiderably more
restrietive than those adopted_by varione Jurisidictions for odor
control purposes. Normally, reeidential zone odor levels ane

expected to be maintained below 2.0 odor units through regulationa or

criteria objective standards [3,25,27] as ‘shown in Table -2.1.

The sample collection needed to extend the program in the

~neighborhood of the paint manufacturing facility wag discontinued

when a major health study was announced.

-
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Vconaumption [38], are exempted from ambient odor regulations

specific odors by the residents in the nelghborhood of the fast food

89

—

C. Past Food Restaurants

R
To date, there have not been any complaints regarding odors :

emitted from fast_food restaurants in the Windsor area. However, a

féw\have been registered in downtown Toronto, Ontario and Chatham,
\ - . .
Ontariq [371. In certain American states, Louisiana specifically,
N - L _ ‘

restauraﬁta aﬁd other establishmenta preparing food for human

A fasf\food facility provided an opportunity for odor Bample
\

collection and the\eurrounding community for running the odor

~ survey. This exercise ‘was & sensltive undertaking because the

- N .

regulator agency did not Wapt the survey team to arouse any awareness
. : AN . .

 that.may have never surfacéd\ﬁithout this activity. .
o . . AN

‘Taﬁlg 6.8 provides the hedonic ratings of odors'expresséd by
the residents in‘tﬂe‘viqinity of the fast food outlet and those py.:
the'cohtrol~groﬁp., Fiéﬁre 3.1 1llustrated the good agfeement between
the values from tﬁe twd groups. This agreement shows that people's
;eactioné.to odors in the.neighborhooq of the fast food restaurant
wers ﬂd different ffom those in the control area.

k]

Table 6.9 provides the descriptions of odors and percentages

of people bothered by them in the neighborhood of the outlet and the

"control group. It is evident thatAthe resldents in the vicinity of

the restaurant are not significantly bothered by the odors emitted
from the outlet and, as a result, there have not been any spontaneous
complaints to the local air pollution control agency.

Table 6.10 provides a comparison of average ratings of five

»



TABLE 6.8: Compérigon;of'ﬂedonic Ratings gf Qdors Bxpressed By
People .In The Neighborhood Of The Fast Food Restaurant

And The Control Group.

-

Odor ﬁeacrip#ioﬁ ) ' .Fast Food Restéﬁrant' Contro; Group
_cut graas ' ‘ : . +0.7 . - - +2.6 .
car/truck fumes R -9.1 _‘ T - -8.9
Fried chicken outlets - —1:3 B -0.7
Vinegar. I ‘ \ —5.5 PR B o 3.9
© garbage | ‘__ : o -9:6 _ - -9.8
hospital - _ x . ;5.2 -3.7
gasoline ; ) .-3.8 o N -5.5.
haﬁburger restaurants ’ -2.2 . . -0.9
freah popcorn 422 b ' +4.f
ammonia | 8.2 _ . -8.5 -
paint ’ 5.8 . -5.9
roses . +6.0. o +T.8
beer A S -1.6
outside chinese restaurant 0.7 o -0.7
locker/dressing room =~ = - ' o -T:4 e -8.4
baking bresd ' - . +6.0 ’ +7.9
wood ‘fire . | S al.8 _ +6.0
chocolatel_ e A' ) +3.2 +3.0
cigarettes’ | - -6.5 -7.8
carnival = . 2.4 -1.5
peanﬁts : N . . +0.5 . '+2.8
barbeque o o +6.0 . +6.2
}eaﬁher jaqket _ . . +0.1 . ) +1.3

t'tegt paired data level of s;gnificance > 95%.

90



-

TABLE 6.9: Corparison of Descriptions of Odors and
Percentages of Pecple Bothered by Them .
in the Neighborhood of the Fast Food
Restaurant and the Control Area

Percent Pecplc?" Sericusly Bothered -

Description of Cdor " Control . . Fastfood

) Group Restaurant
Cigarette Smoke ) 28 N
Auto Emissions- 22 23
“Polluticn : - 22 9
Bus § Truck Fumes 21 28 .
Gasoline - 13 8
Garbage 11 21
Sewers 9 -
Sulphur 9 9
Skunk 5 -

. Strdng Perfumes 4 -
Foundry 3 -
Ammania (bleach) 2 7
Tar Roofing (hot asphalt) 2 2
Burning Rubber 2 ™ -
Methane 2 -
Sewage Treatment Plant 2 -
Melting Metal Fumes 3 -
Brawery' 2 -
Burning Leaves 2 -
.Factory Smoke - 26
Burning Garbage - 2
Paino Fumes 1 4
Fertilizer /? - 4

- Smells from Factories ’ 1. 9 -
in Detroit . .
Smells from Garbage Plant - z

. Ammonium Hydroxide ' - 2
Smells from Zug Island 1 \ 2
Dust . . - .
Insecticide o - 2
Fastfood Restaurant ‘ 1 2

*Multiple complalnts from respondents allow the sum of
percentage Tesponses to exceed 100

%l
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TABLE 6.10: Comﬁariaon of Avérage Ratings of Five Speciflic Odors by

the Residents in the Nelghborhood of the Fast Food

Restaurant -and the Conirol Group

Source of Odor

Average Response (1-5)

(1 = Best & 5

Fast Food Restaurant

Least)
Control Area

Barbeque

Hay - ot

-

-Hamburger Restaurant

Swimhing Pool.

Garbage

1.4

3.1

1.6
2.5
2.9
3.0

5.0

{3
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et e

. restaurant and the control area. - The responses were particularlx
important in the case of potential control of faat food restaurant

odors with hypochlorite acrubbing solutions. From Tﬁble 6 10. 1 is

apparent that the chlorine pipr is just ‘as unaggeptable as the qdors L

. " N - - R T TR
associated with hamburger restaurants. -There would be no 1mprovement

] - .
'1n the community odor problems if the original fast food odors are

replaced with the amell of chlorine. 

A portable Miran infrared (IR) gas analyzer was used fo

o - -

- - o
. “,

determine if the restaurant emissions could'be diacuased tn terms ofﬂt

-

- a major component.” Figures 6.8 and 6.9 111uutrate IR scans of clean .
~air and the emissions from the fast food fabilfty,'rennentivéiy.‘;K;L-."'
comparison of these two figures suggests that fast food emissions !~

could be discussed in termgs of olelc acid {measured at 3t36 u m

wavelength) which is a major -component of emissiong‘fnom hahburger"
restaurants.

The operation of a faut food r;ataurant was simulntéd in_th;_
laboratory using the raw materials suppliéd*by the manuéément'for
development of the Odor Impact Model profiles The emiséions
generated in the laboratory were fed directly into the olfactometer )

andpresented to the odor panel members in the odor‘test room.

~ Figure 6.10 illustrates'the odor Impact Modei brofilén for the
emissions from the simulated process. Flgures 6.11 and 6.12 deplict
the Odor Impact Model profiles for two typical emissions from' the -
fagt food facility. . T . . - i

The data from the Profilus are provided in Table 6.11 in

térms of oleic acid equivalent (gpm).and numbers of dilutions of the -~ -
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" oriéinal Bamplee. -The relatively good agreement between the
laboratory and source generated odors ehown in Table 6 11 suggests
that the'use of oleic acid as a key component for faat food
feetaﬁrant odors hes censidefable'merit for future ethiee.;

The magnifudea of the degree of offensivepess fDO) ?n Table

6.11 also provides evidence that continuous emissione of high .

. eoncentratione of fast food:reatqurant odors in a congested highrise

99

area can generate spontaneous complaints, as have been shown to occur

‘in downtown Toronto. I% must be emphasized that the odor panel
members were not informed that the aamples were typlcal fast food
restaurant emissions, in order to minimize any bias on their part.

Although, the degree of offensiveness, DO, of the fast food odors

increase significantly with concentrations of oleic acid equivalent

ag is evident fromrTable 6.11,‘the potent}al impact of ‘any level of -

faet food odors on the community will be minimal Bihce'the emissions
are generellyfaporadic'rathef than.contieuous. In eddition, there
have nof been any odor complaints about the fast food restaurant
mnder investigation because

o the odor source under conslderatlion 1is involved 1n
preparation of food for human coesumption

| o the reaction. towarde fast food odors is neutral
based on the hedonic ratings from the survey

o the fast food odors are considered to be harmless

o] the neighborhood 1s not densely populated.

. The fast fog§ restaurant proved to be unsuitable for further

investigation slince

-

L3NS

P



100

-

e "the odorous emissions were too’ Bporadic for
) reliable aample collection rat downwind locations

. 'aample collection created smoke problems inside ‘
the restaurant due to limitations of the exhaust )
' fan

e  there were no registered spontaneous cbmplaints
that could be related to publiec attitude survey
results

..Df Solid Haate Landfill Site

The unique. poaition of University of ‘Windsor permitted and
fncilitated participation in a cooperative program'with'the Alr
. Pollution Control Division of the Hichigan Department of Natural

Resources, the Environmental Protection Diviaion of the Department of

- BN

Attorney General, ‘State of Hichigan and the Engineering Department of
~ the ChartervTownship:qf“Avén, M;chigan. A T74 unit mobile-nome‘park,
located léss than 560 feetnfrom a domestic sclld waste landfill sitg
serving 14 Michigan townahips provided a,convenient study areé

The relative locations of the mobile home park and the
active landfill site are 111ustrated in Figure 6.13.

| Odor complaints from the nobile homes were most numerous

during calm, humid evenings or night time neriods. pight‘ﬁinds from
the southeast directfbns also generated 6 tn 15 odor complaints per.

day. 4

- -

The Avon Township Engineering and/or Fire Departments
reglstered citizen reactions and provided validation of complaints

~
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) whenever pereonnel were available to visit complainente usually
within 15 minutes after telephone caIle were completed Figure 6. 14
111uetretee the complaint form ueed by the municipelity-to record'

citizen reeponeee to the odors apparently.treneported from the , . -

landfill eite._.

A review of the daily complaints for the yeare 1982 and 1983
'indicated that the deye for which the number of compleinte was
:greater than. five should be used‘for correlation of complaints with
meteerologicel data., Surfece weather obgervatlons recorded on an
,houriy basls at Pontiac Airport weether station, which is within 15
milee of the landfill site, wefe used for the meteorological

]

analysls. . Flgure 6.15 shows a typical surface weather obeervation
"record. .7 |
Table 6.12 provides a 11st of "bad days" when the number of
eomplaints were gresater than fiveL This table also summarizes the
'tlﬁe'periode when odore were noticed and complaints were made,.ee
'well ag the wind directions and speeds for those datee and periode:
From Table 6.12, it is evident that whenever the wind direction was
from the eoutheaet (i e. ﬂrom the }endfill site towards the trailer
perk?, the number of complainte due to the landfili oders:wee higﬁ.
| Figure 6.16 shows typical 1bcat;ona in the trailer park
where eemplainte were regietered due to the landfill odore-on Janhery
28, 1983.
Figure 6.17 eumeariﬁee the major locations and tee tetel
nuﬁber-of complaints registered from the moblle home park during 1982

and 1983.‘ According to these data some residents in the eoutheeet

"



AVON TOWNSHIP CITIZEN COMPLAINT REPORT

COMPLATNANT- _Philipson ' SECH_
ADDRESS 140 Fontainbleau . _ _
OATE 10-18-83 - TIME-_1825 P PHONE 65238267
REPORT TAKEN 8Y: 107 . DEPT.___ Fize _
\ECESSARY TO CHECK:  DMMED: __ MITHIN 28 #RS. _.= A.S.A.P.. 3 oo
‘CD'HPLAIN‘.l' odor coming from the. dump o

.- it

1852 hrs. 105 advised odor wis defegted at "

time of investigatiom - « SEOCIA advised

ROUTING VERIFICATION-BYr _

REFORT RQUTED TO: .

__ DEPARTMENT OF PUSLIC SERVICE ... _ .ASSESSING DEPARTMENT

L .Euemaanj;ns_':n‘seﬁﬁmm. i SUPERVISOR'S QFFICE
__ BUILDING DEPARTMENT - - FIRE DEPARTMENT

HOUSTNG & ZONING INSPECTOR' "OAKLAND COUNTY ROAD COMMISSION

ATTENTION: l': ,gQng ___- OTHER (specify) )

O R R 2k O TR R I I Ak N ++ .

] HAVE ALWAYS HEARD THAT FOR EVERY CALL WE GET OF A COMPLAINT
THERE ARE AT LEAST 25 or 50 OTHERS WHO ARE MAKING STATEMENTS
LIXE "WHY DON'T THEY DO SOMETHING ABOUT .THAT" BUT DON'T BOTHER
T0 CALL. [ LIKE TO FEEL WE'RE HELPING MANY MIRE PEQPLE THAN
THE COMPLAINANT BY ADDRESSING THE CONCERNS BROUGHT TO OUR
ATTENTION, E. Borden . .

INSTRUCTTONS FOR USE: . :

T} The person receiving the complaint fi1ls cut the

top portion -who, what, when, where, and signs it after “Report
Taken 8y". . . .
2) The form {(both white and cream parts st111 intact)
is then forwarded to the Department Head of the camplaint re-
corder. The Department Head checks the routing, signs after
"Routing Verification By". .

3). The white part is then sent to the Supervisar's
office and the cream (larger) part sent to the action department.

FIGURE 6.14: Avon Township Complaint Form
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TABLE 6.12:

Ey

Llst of ""Bad Days" in Relation td Time PerlodeWhen~
Complaints Were Made and Correspondlng Surface Weather
Observations

105

Date Time Period Wind Data " No. of
(LST) Complaints -

Direction. B
(Degrees) _

July 14/82 . 0818 to 1045 140-170 g

27/82 1410 to 1953 60-140 < 6.
Nov. 18/82 | 1709 to 2139° 140-170 6
Jan. 28/85 0830 to 0845 120-130 7
29/83 1630 to 1917 180-160- 6

~ Feb. 01/83 * | 1035 to 1736 70-110 7
. May 11/83 - | 2017 to 2154 160-180 .. 5

June 08/83 : 2101 to 2300 .. 170-160 6 -
"12/83 - | . 0825 to 0837 250-280 7
12/83 | . 1905 to 2117 190-200 3

. 15/83 | 0707 to 0708 - 00-00 2
15/85 | . 1140 to 1145 280-230 . 2
15/83 .| 1635 to- 1648 240 - 2
120/85 | 2022 to 2150 160-120 6
22/83 1838 to 2131 160-180 15
30/83 0610 to 2109 160-220 8
Aug. 15/83 0855 to 2115 260-160 g
16/83 1912 to 2036 ~200-220 9
18/83 2038 to 2148 010-000 8
Sept. 04/83 | 2154 to 2205 230-180 7

(knots x 1.15 = statute miie/hour)
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. corner of the community had registered as many as 40 complsints in
’ one year. Although . more thsn half of all complaints were’ validated
Ithrough independent investigations by members of the Municipal
Engineering or Fire Departments freguent complainersrwere viened
'with suspicion-by regulatory agencies and the onerators offthe
landfill site. . '_ S o L
In"order to get a more objective assessment of the community
,odor'prOblem, the local eir nollution control agency surveyed'42"
residents in the neighborhoods surrounding the landfill site. '?he
results of this survey .are summarized in Figure 6 18 It is“evident
that 88% of those.surveyed were - aware of‘a community odor problem end
could identify the landfill site as the suspected source.
The format of the local air pollution contnol agency

community survey was criticized because no efforts were made to_

control bias. Objections by the operators of the landfill site
emphasized'the highly leading nature of the 6 questlona which tended
to encourage perticipsnts to respond towards the formulation of a
predetermined conclusion.

-.As a result, the designed questionnalire in Appendix III was
implemented in the community adj)acent to the landfill site, 1in order
to determine the general reactlions of people towards various odors
and to assess if there were any odors in the ambient air whieh would
seriously bother them. Out of 774 home unitst 282 responded to the
survey.

Table 6.13 provides the hedonic ratings of common oders as

expressed by the residents in the neighborhood of the landfill site



)

. AIRiPOELUTIU! CONTROL DIVISION.
MICHIGAN DEPARTHENT OF HATURAL- RESOURCES
CD[E“"ITY SURVEY t ’

42 Residents Surveyed'.":

1. 00 ey HOTICE ARY POLLUTION PROZLEMS AROUND YOUR WEIGHGORMOGD? =~ .
yes 37 po 5., . : .

2. IF 50. couLD YOU PLEASE. DESCRISE THE TVPE UF PoLLUTION? .
air 37 ‘water - moise - = aesthetic - -other .

dESCT"IPt’Uﬂ ‘Stench; Mustv, Rotten Garbaqe, Landfill

.smell; Smells Like Someone Died. .

3. CAN YOU IDENTIFI THE SOURCE OF THE POLLUTION? yes 37 no S

~identification: _ Landfill site.

Y

4. DOES . THE FOLLUTIGN APPEAR T8 B BOTHIRSOME AT ANY PARTICULAR TIMIS?

-descripticn: Late at Night; When winds from South:

In Evenings- when Real Humid; Depends. on Wind Direction

5. HON COSS THE POLLUTION AFFECT 10 CR YOUR PROPERTY? Makes

Stomach Turn; Cannot Relax Outside in the Evenings; Bothers

Friends who.Visit;'Visitops Leave; Could Not Sell Home:

Affe;ts Property Values; Some Nights Must Close Windows.

6. WOULD YQU DESCRISE THE [MPACT COF THE PCLLUTICN OH YQU Q0% YOUR PROFER{Y?

slight 6 modzrate . 11 wveryv muzh 12 extreme 8  none -
description: God Help Us; Real Nuisance; Mostly Early AM:

Bad Between Midnight and Noon; When Wind from Southeast,

REME

ADORESS

cIvY

NUMBER OF RISIOCUTS I ThD LIVIRG V)i

DATL: ' : PRTER .

FIGURE 6.18: Summary of Community Survey
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“TABLE 6;13: .Compariéon‘o£ the HedonichaiingS‘6f'C0mmon
: : - 0dors Expressed by the Residents in the
Neighborhood of.the Landfill Site and the

Control Group .
-
N
.- Odor. Description - Control .- |: ~Landfill -
S o . .o Growp  Site . -
clit grass - c o +E6 e - +2.58
car/truck fumes - . | S -89 ' - ~9.3
fried chicken,outlets "~ - -0.7 -0.8 -
sewers . . -9.6 -9.9
vinegar LT ' -3.8 -5.3
garbage , L -9.8 . . -9.90
hospital - = _ -4.7 -5.4 .
fruit market _ - +2.0 +0.5
gasoline . . : - =5.5 » -5.6
‘hamburger restaurants -0.9 -1.8 -
fresh popcorn. C 4.7 +5.2
ammonia : - -8.5 -8.6
paint T -5.9 -5.1
TOSes ‘ +7.4 +7.3
beer . - -1.6 -2.9
outside chinese restaurant . -0.7 -1.8
locker/dressing roam ' -B.4 -8.2
baking bread +7.9 +7.7
wood fire : - +6.0 +5.0
chocolate +5.0 +3.5
cigarettes . -7.8 -6.3
carnival ' _ -1.5 -3.0
peanuts +2.8 +2.9
barbeque - +6.2 +5.7
leather jacket : +1.3 -0.7

Statistical t test level of significance > 99%
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ard tﬁe centrol gfbﬁp: FiéureiB.Sﬁiiihatrated the cdﬁperison'betweeﬁ
:the ratinga from the two groupe The good agreement betWeen the
l-hedonic values euggests*that the reactidns to- odore in the _
‘neighborhood of the solid waate landfill aite are no different from

: fthoee 1n.phe_control;erea.--f—
L™
and the- percentages of the people of various age groups bothered by
‘-them in the vicinity of the 1andf111 site. It ls. apparent ‘that the
'_proportioneof people of any ge that was eeriously bothered by the
‘fgarbege'oders‘in'tee prcximity-ef the-landﬂill site, was

' .sig'nifit:a:;tly'-high‘er.than in the control area. éiﬁce it ‘has been
A‘ehoﬁn in Tarler3 1 that eitizenireactions to common odore in thie
‘community are normal the identification of the landfill site as a
potential source of odorous emissions and the generation of
sponyanedus compleinte from the neighborhood} are valid.

| Bxtenaive oe—eite obserratiens‘showed that at a well run
1and£ill Bite where.adequafe cover 1srprouided after daily operations
Ere eompleted odors are emitted |

e  durlng dumping of freshly collected garbage

e during dumping of incinerated garbage

. from invisible cracks in the caps of completed
cells

® from stagnant water pools through*which gases
percolate

. from large cracks that appear suddenly in the

caps of completed cells. They can emit very
strong odors from depths of 10 to 30 feet.

iTeble 6 14 eUmmarizee the deecriptiens of neighborhood cdors

111 -
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COneequently, odor semplea were collected ;d

of during dumping of freshly collected garbage

;o '.during dumping of incinerated garbage

i LN

-9 18 inehes above: ground level where odors were o L
detected : : v
. ‘above a stagnant pool of water through which gasea
s percolatbd . . : )
es- froma 2- inch observation well pipe eunk 30 feet

: below the cap of a completed cell."

- Aequisition of repreéentative samples_during-the'dumping of

garbage trucks or during sporadic gas evolution through the cap.on & -

-'completed cell etill representa a technical challienge. However,

reliable samples were collected above the stagnant water pool and
from the observation well for the development of Odor Impact Models.-'

Figures 6.19 and 6.20-illuetrete Odor Impact Hodel profilee

for typical odorous emissions'from a stagnant waterlpool and an

observation well of the .landfill site. The data from these profiles
are summarized in Table 6.15. .It is evident that the emis&laons from
thelobservationlwell have a significantly higher degree of
offeneiveness (DO = Tla} than those from the water pool (DO = 13).

Table 6 18 indicates that the odorous emissions from the observation

well mast undergo 50,000 dilutions.before they reach the residents in.

the neighborhoed of the landfill site, if the percent probability of

complaint is to be reducedito zero. At 200? dilutions, the chances

of complaints are 50% and the predicted degree of annoyance is 2.9 on

"a scale of 0 to 10. If the number of dilutions is reduced to 84, the

percent probability of annoyance rises to 100 and the predicted
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r

. degree of annoyance to 8.5 on the same scale of 0 to 10.

A

Ce Extensiv on-\Ife observations showed that odors are

released from cra ks in completed caps as distinct puffs that can .

‘l,fmove considerabl distances without losing their ability to create

-adverse receptéﬁ reactions Emitted easentially at’ ground level the‘
-‘puffs move raédomly for long diatances along the surface at heightsl
'below the normal breathing zone levels of the 6 to 8 human observers.
‘tracking their progress._ Under'favourable atmospheric conditions-the
' odors can reach ‘theé neighborhood adjacent to the 1sndfill site to: _
,create unpleasant conditions in highly localized areas of the
;communitylin the general direction of the prevailing-wind.

| th is now. oossible.td quantify "how bad" ‘odors are from. s
_‘different 1ocations of a landfill site as long ag- represenf&tive

samples can be collected for analysis AnBWering the question "how

much" is virtually impossible at this stage of development since
'measurement of flow_rates of pporadic emissions from cracks in the:
caps of completed cells.or those asgociated with the dumping of fresh

or'incinerated garbage is still difficult.

E. Automotive Foundry

The cooperation of plant management'and regulatory agency
personnel facilitated the implementation‘of the Odor Impact Model as
a means of assessing the relationship between an odorous stationary
sanrce and 1ts surrounding community.

Sporadic‘spontaneous complaints by the residents in the

neighhorhood-of the foundry have been recorded at the local air
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pollution control‘agency aince 1979t Analyaie of'the‘complaint aaia'
showed that moet adverse reactiona were generated by the reaidenta of
'highriae apartments located within 1500 metera of the plant, It ia e
not surprlsing that the apartment residenta would complain more
severely, aince they would be affected by'plume center line
concentratione rather than grqund level impingement valuea.. Table
. 6 16 aummarizes the complaint Btatistics for the 1979- 1984 period
Figure 6 21 shows that the locations of “the majority of odor'
complainta during the 1982-1983 period which were moatly from high
. rise apartments situated downwind of prevailing south to
south—weaterly winds.

The publie attitude survey descrided in Appendix III wae'
implemented in the neighborhood of the foundry with full cooperation

of plant management and the regulatory agency.' Tabhle 6.17 summarizee

the average hedonic ratings of the twenty—six commonlycehcountered
odors hy the people surveyed. The responses to the same queations
‘from the control group are also included for comparison purpoaee.
The comparison between the hedonic ratings 1s provided in Figure
3.6."' The good agreement between the values from the two groups
indicate that the people living in the vicinity of the foundry are no
different from those in the control group.

The responses to the question "What odors in the air
seriously bother you? Please 1ist" are .provided in Table 6.18 for the
residents from the foundry area and the control group. It is evident

that almost half of those surveyed in the neighborhood of the foundry



TABLE 6.16:% Number Of Complaints Per Year Recorded At The Local Air
Pollution Control Agencj'nﬁe To Odorgs Emii;'i:ed From The
Foﬁngiry.

| a0 | " 'NUMBER OF COMPLAINTS.
: Jowere. ) L
- 1981 o v','i B '_,io”‘ﬁ
1982 RN R ':‘“_‘ﬁﬁ
1983 \ | BT
“ 1985 T s
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TABLE 6.17:

Hedchic Ratings of Odors Expressed bfLPeonle;}

in the Neighborthood of the Foundry and the

Ccntrol Group .

Odor Description - Control™ ..« Foundry: -
- Cos - Group - L
.cut grass +2.5 +.2.8° .
; ck’ fumes -8.9 -9.1. .
‘| =fried chicken outlets -0.7 - 1.4,
s sewers -8.6 -10.0
| -vinegar ’ -3.9 . - 2.9
garbage -9.8 - 9.8
hospital’ . -4.7 - 4.2
fruit market +2.0 + 1.8
gasoline -5.5 - 6.4
~hamburger restaurants -0.9 - - 2.3
fresh popcomn +4.7 3.9
ammonia -8.5 - 7.2 -
paint -5.9° - 5.5
roses +7.4 3.3 -
beer .-1.6 -4.3
. outside chinese restaurant -0.7 - 2.7
locker/are551ng ToCom -8.4 = 9.0
baking bread - +7.9 + 8.8
-1 wood fire +6.0 + 6.5
chocolate +5.0 + 3.8
cigarettes -7.8 - 6.9
carnival -1.5 - 2.3
peanuts +2.8 + 3.0 -
barbeque +6.2 + 5.6
. leather jacket +1.3 - 1.9

Statistical t test level of significance > 85%
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- TABLE 6.18: - Comparlson of Descnptlons of. Odors and

Percmtages of Peaple Bothered by Them
" in the Neighborhood of the Foundr)r and -
: the Centrol Area -

Percent People Senously Bothered

Description of Odor. .. =~ - CControl | Foundry
: Cigarette Smoke 17
.71 . Auto Emssmns : 18
- Polluticn 2 8.
~ Bus'§ Truck. Pumes - 2 15
Gasoline a ' -
Garbage - gl
Sewers 7
Sulpﬁur
Skunk -
Strong Perfumes -
Foundry - . 48

Amnonia (bleach)'’

Tar Roofing (hot asphalr)
Burning Rubber '
Methane

Sewage Treatment Plant
Melting Metal Fumes
Brewery

. ) e B oo r K
MR WO R R OR T W B OO (N ST NI
1}

Bumning Leaves

\Iultlple complaints from respondents allow the sum of
percentage Tesponses to- exceed 100

Ft122 g
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. Qere aerioualy:ﬁothe:ed by the odorous emissiana from_thé foundry
whereas only 3% from the control group expfeéaed annoyance with'

' foundry odors. Such a ﬁigh_commuhity identificdtioﬁ,indfcafgs that
.tﬁe foﬁndry ﬁaa a potehtial source of odo;ous emissions in the
néighbérhood and that_tﬁe odor relatedlspoptaneous cémplaints to the
106&1 air pollutIon control agency regardiﬁg-thg fdundry od;rs were
vﬁiid.  This process established that there was a recogniz#ble odor

problem in the comminity.. §
|

A tour of the plant site iﬁdiégted that the foundry had over
* one hundred stacksd serving vapious gygrétions, Discussions ﬁith tge
plant personnel suégestgd that qﬁxfiiﬁ‘stacks were major odor
‘emitteré. Consequentiy, odoroué samples-were collectéd from tﬁese
.stacké for subsequeht aﬁélysis.t A pr imiﬁar& sc;eeﬁing using
traditional.EDéo vaiues showed that 7 of the 16 stacks were emitting
re}atively low odor levels. Table.6.19 quvidea the ED50 data for
the low odor emltters. —

. The remaining 9 stacks were subjlected to Odor Impact Model
analysls. Figures 6.22 and 6.23 illustrate the Cdor Impact Model
profiles for the slulce #1 and the amine stack emissions. The
profileq for other stacks are presentéd in Appendix VI.

| Table 6.20 summarizes the data from the Odor Imbact Model
profiies for the 9 major odor emltiing stacks. Tﬁe earlier test
déta, representing the results of 60 to 97 minutes integrated

sampling periods, provide average odor levels. The second set of

datas provides measures of maximum odor levele in the gases exhausted -

e

over a 20 minute period.



TABLE 6.19:

ED

T

50 Date'foriLow Qdor Level Emitters B

Date

Sampling

Stack ED 0
' .. - Time ™ AS
. ~ (minutes) E679
: ' (o.u.)
Bag House - Aug. 22/84 90 < 2.0
Nov. 6/84 - 20 < 4.0
. B8 Aug. 22/84 90 < 4.0
- Nov._l/84 C 20 < 5.0
D6  Aug. 23/84 79 < 2.0
Sept. 5/84 20 < 3.0
8 Aug..23/84 47 < 3.0
. Oct. 31/84 - 20 < 2.0
B3 Aug. 29/84 62 < 2.0
Nov. 6/84 20 < 3.0
B7 Aug: 29/84 74, < 2.0
Nov. 1/84 20 < 5.0
Sluice #3 - Aug. 31/84 60 < 3.0
Jan. 15/85 20 < 2.0
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-Uaihg tﬁe ﬁO‘Qaiuéa as crigeriﬁ-the §vstécka'uﬁdéf'f
.conaideration ean’ be ranked 1n terma of "how bad" their odoroua
) emiesiona are for worst caae conditiona ag ahown in Table 6.20. It
18" evident that o "l"' : ‘: . ‘ ‘:,” oo
| e sluice £1 (D0 = 960)
"o aritne (DO T
o '09 (DO = 366)
‘, :qcupqla #} (DO = éTO)
L'sﬁapka:émit relat;vely moré offensive odors thqh
] . B:f(pon;'loz). | |
e m (D0 = 102)
. cupola #5 (Dd = 96)
e D9 (DO = 53)

-« D8-(DO = 50).

..To‘anéwer_thq question "how muhh odor'ié theré?“,.it'is
necessary ' to evaluate PLSA values:for éach of the major oﬁor séurggs
by ;ccounting.fof both the offenaiveneas of the cdorous emissioﬁé and
their VOlumetric fl6w rates. Table 6.21'Bﬁmmarizea'the ranking of
the 9 major odor:e@itting stacks on the bdsié of PLSA magnitudes.

On the basis of relative PLSA values, it 1s clear that the
.. cupola #1
e C9
'@  sluice #1 .

stacks ‘are responsible for more than 65% of the overall odor problem

originating at the foundry.
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“Knowing "how'nuch odor" ie beingremitted by induetriel;
”iaourcea in terms of PLSA values provides management with the
7background information needed to prioritize the budgeting of funde
for implementing appropriate odor control techniquea. The selection‘
.of the best odor control technology will depend on the | |

e ‘physical properties of the emieaiona {whether
- odorous gases or particulate matter are to be

removed)
e - chemlcal propertiea of the emiséione .
] levels of odoroua componente in the exhauated gas
stream. -

’,

Ty

In order to:qnantify the impnet of a particular sourceion
l its surrovnding communitv, it 1is neceseary‘tersseas-the embient
odor levele 1n.thelneighborh00d as a reault of atnospheric'traneport
over different distances with consideration of meteorological and
topographical cheracteristice of the region.‘ Thia QUantification can
. be achieved through eppropriate dispersion modelling in conjunction
with the odor Impact Model. Estimates of the number of dilutions of
the foundry.emissions at different downwind distances provided
measuras of PPC and corresponding. PDA valuee from the Odor Impact
Model profiles.

~ The flat option of the Valley Disperaion Model [40] was used
to estimate the annual average dilutions which the foundry odors
would undergo from the atacks to the various reslidential locations in

& WOTsSe case scennrio in the neighborhood of the foundry Although

the Valley Hodel hes been traditionally used for specific pollutants,
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1in this study, the model has been apnlied to_eetimate the.order of

magnitude_of dilutions whieh the - odors would'undemgo from the foundry

to the.reoeptors.. This was accompliahed by dividing the number of
"odor nnite per 1 unit- volume. emitted at the source by . the number of
" odor units per unit volume estimated by the_model at.the reoeptorl
:Iocations.' Ten years of meteorologicel data ftom Windsor Airport,
"~ along with experiment311§-determingd'eetimates of. odors belng- |
. emitted were used for modelling purposes. The analysie‘of the:.
"meteorologicalndata byAtmospheric_Engironment.éervioes,'Environment

‘Ceneda,-in the form of Jjoint freqﬁéﬁéy funétions of 6 wind- speeds, 16

wind directions and 6 stabilities 'is provided in Appendix ViI. The

: model results showed that on an annual basis, there could not be any

odor problems in the community surrounding the foundry,

" However, on.a short term basis, the Industrial Source
-

Complex Short Term (ISCST) model [41] estimates of the. number of

dilutions which the odors would undergo during favourable

7
/ﬂﬁx\xneteorological condltions suggest that odor complaints from the

eommunity can be expected. A worst case scenarlo was created by

combining all the .odorous emissions from the various sources in the
foundry into one hypothetioal stack with Odor Impact Model profiles
of sluioe #1 reépresenting all the foundry odors. This is a
régsonable approximation since
® the distances between the foundry stacka are
negligible in comparison to the distances from the

stacks to the residential locations

. e  the sluice #1 emissions are most offensive in
’ terms of the DO criterion.



'With these simplifications it is possible %o quantify the impact of
the foundry odors on the surrounding community at various distances

from the plant.

132

Forty six hours of typical meteorological data were used in —_

.

‘  the analyhis to characterize forty-six atmospheric conditions. The

-ISCST model provided the maximum number of odor units per unit volume‘:

that would be expected to ‘occur at receptor sites located at |
specified distances from. the hypothetical single stack. Application
of the Odor Impact Model to the estimated receptor sites ‘odor levels
' established the percent probabilities of complaint (PPC) and

predicted degrees of annoyance (PDA) in the community under the worst

‘meteorological conditions.

'Based on the. analysis of ten years of meteorological data

collected at-windsor Airport'[ha]{for the period 1972-1981! the'most>

. dominantpatmospheric.conditions in the reglon are Class R(D)‘and 6(?)'

~ stabilities with.wind-speed~ranges of 5.5 to 8.0 and 0.0 to 3.0
meters per second respectively'snd southwest wind. directlon as
illustrsted-in Appendix VIII.

i ,
-8ince most of the spontaneous complaints originated fromlthe
hign rise apartments in the neighborhood of the facility when the

"wind direction was from.the southwest, itlis important to examine
rsceptor'ooncentrations at various elevations witn respect to the
stack height. Tables 6.22 to 6.25 provide the PPC and PDA estimates
in the community for the worst case meteorological conditionsrwhen

the.source elevations above the receptors are 0.0, 10.0, 25.0 and

50.0 meters respectively.
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FABLE 6.22: "PPC and PDA Est}mates Due to Foundry Odors at Varioua

3'Distances From the Plant For Worst Caae Meteorological

‘

‘Conditiona when the Difference Between Source and

' Receptor Elevations 1is. 0. 0 Heters
Wind.  Stability Distance from Number of  -PPG at’  PDA at ERER
Speed Category .~ Source to. Dilutions  Receptor ..Receptor.- .~ - °* ;
{meters - 1-6 - Receptor-Site From‘Source'tg'w-'Site‘:. Site’ S
per sec.) .. (meters) :  Receptor Site (0-100) (0O~ ~10) .

7 % 30 3 L1000 7 10.0°
7 4 &0 . .8. - 100 9.

5 6 70 o - 100 9.2 - .
5 6 90 .15 - 100 9.} . )
5. 6 w00 - 17 . 100" 9.0
5 6 195 g2 o ,1'06:' 8.8
5 6 156 28 100 - 8.6
5 6 250 57 . 100 7.9 :
3 6 0 T2 100 7.4 |
2 6 400 85 . 10 .71
2 6 500 102 w0 . 6.8 .
2 6 700 . " 100 6.1 | ‘
2 6 850 - -* 287 98 5.7
2 6 1000 231 96 5.2 ‘
2 6 " 1200 298 on 5.7
2 6 1500 396. 90 5.1
2 6 2000 - 581 . 3.1
2 6 2500 B & & LT 2.1
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TABLE 6.23: -ppc and’ PDA Eatimatea Due to' Foundry Odors at Various
Diatances From the Plant For Horst Case Heteorologica1 fi,
Conditions when the Differance Between Source and
’ . Receptor EleVationa 15 10 Heters
Wind  Stability Distance from .- - Number of  :PPC at -~ PDA at
Speed Category - Source to-. - Dilutions ~ Receptor .Recepton .
(meters ~ 1-6 - Receptor Site From Soyrce to Site - . Slte
- per sec.) (meters) L Receptor Site- (0 100) © (0-10)
12:0 & o 5 . 30, 9.6
10.0 5 Cos0 . a3 - 100 9.1
1000 . 4 ‘0 T T T es. o 1000 8T
L 7.0 'y 90 .. .. 3T 200 . 8.3
7.0 5 "0 . . & w0 8.2
7.0 EY 25 . - 61. " w0 7.8
7.0 4 s . 83 - 100 7.2 -
5.0 6 250 -~ 98- w00 6.9
5.0 6 7300 112 © 100 6.6
‘2.5 6 . .400 o 143 w00 - 6.2
2.0 6. . .500 .. Y 100- 6.1
2.0 6 ' 700 . . ' 184 \ 99 5.7
2.0 6 © 00 184 99 5.3
2.0 6 1000 - 265 ©95 4.9
2.0 , 6 1200 327 93 4.5
2.0 6 .1500 330 89 3.9
2.0 6 2000 | 613 70 2.9
2.0. 6 2500 810° 46 2.0
& -1
3, .
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TABLE 6.25: PPC and PDA Estimates Due to.Foundry Odors at Various = -
Diatanées From the Planf For Hbrst'6ase,Het§9;ologicél%-i
Conditions when the_Diffefence Between Source and' 

Bpéeptor Elevafipns is 25 Meters.

. — - - e
. Wind . Stability Distance from  Number of PPC at  PDA at
Speed Category .~ -Source to _Dilutions Receptor Receptor
(meters 1-6 ‘Receptor Site From Source %o Site Site
per sec.),- : (meters) - ~ Receptor Site (0-100) (0-10)
15 3 - 30 - 162 S 100 ‘6.0
15 3 50 100 100 6.8
15 3 0 110 100 6.7
12 4 90 - ' 120 100 6.5
10 3 100 ~123 100 6.5
T 3 125 © w3 100l ‘6.2
7 5 150 - 162  100- 6.0
3 ! 250 258 . 95 5.0
5 6 300 - 256 95 5.0
5 6 . 400 | 280 94 5.8
2 6 s00 315 93 Tu.6
2 6 700 -7 325 92 s
2 6 850 . 363 ° .91 . 4.3
2 6 1000 S U 1 5.0
2 6 1200 . sz . 88 3.6
2 6 100 . 623 . i 7O 209
2 6 2000 . 864 . A3 .. 1.8
2 6 - 2500 1123 22t 1.0
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:‘fA#LE.éfés:_"Pfc‘gnd.PDA ﬁétimgtes‘nﬁe o founhfy-ddérs at”Vdfioua" 
SRR 'DiQtanéga-Eiom'the'Planf éof.ﬁbrgtVCaqe;ngteorbidgichlf
'thditiﬁﬁé when ﬁhg Differe;pe Bétweqn Soqrcésaﬁq -'
' Recéptéf Elévations is 50 Hbteré.p

~

Wind  Stabllity Distence from  Number of ' PPC at  PDA at.

. 8peed - Category Source to . - -Dilptions Receptor Receptor

{meters 1-6 _ Receptor Site From Source to Site Site

per_sec.) {meters) " Receptor Si#e_-(O-lOO) . (0-10)
5.0 3 30 - - -

'15.0 3 50 - - - -

. 15.0 - 3 0 . 3550 o 0.0
5:0 2 - 0 ' .1288 10 0.5
5.0 2 100 95T 33 1.5
5.0 2 125+ 683 . 62 - 2.6
7.0 3 150 _ 630 . 68 2.8
3.0 3 250 . 613 - .l7° 2.9
2.0 3 300 600 72 3.0
1.0 7 1 300 ©670, 63 2.6
1.5 ) ' 500 . 7630 - 68 . 2.8
1.0 . 4 700 . . - 650 66 2.7
1.0° 3 850 700 - 60 T 2.5
0.5 3 1000 786 50 2.0
0.5 4 1200 792 49’ 2.0
0.5 3 1500 - - 880 . w0 1.7
0.5 3 2000 1150 . 20 0.9
0.5 -~k 2500 1470 0 0.0
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An examination of Table 6 22, shows that for receptore
lwithin 700 meters of the plant the percent probability of complaint
is 100, and the predicted degree of annoyance varies from 6.1 to
10. 0.‘ However, for the range-TOO to 2500 meters, the percent
probahility of complaint (PPC) decreases from 100 to 50 and the : 2
corresponding predicted degree of annoyance from 6.1 to 2.1

respectively : It is evident from consideration of Tables 6.22 to

6 25 that as the height of odorous emissions above the receptors

increasee, the impact at various distances from the plant would

decrease.

Table 6 26 summarizes the data from Tables 6. 22 to 6. 25 in '

terms of the Potential Odor Impact {POI) of the foundry odors at

'receptor sltes located at selected distances from the plant for

various differences in source and receptor elevations Table 6.26

clearly demonstrates that the'impact of the foundry.on the residents

in the'highrise apartments in tne vicinity of the plant ia mnch‘
higher than on those at ground level. The impact also increases with
proximity to the odorous source.

From the model results in Taole 6.26, 1t is apparent that
}or tlie range 250 to 1500 hmeters from the plant the percent
probabilitysof complaint varies“from 100 to 30 depending upon source
to receptor elevatlions. The predicted degree of annoyance‘for this

range would vary from 7.9 to 1 7 on’ a scale of 0- 10 and the Potential

'Odor Impact at the receptor gltes from 790 to 68 on a scale of 0~1000.
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TABLE -6.26: Impgc% of Foundry odore at-Variﬁua Distarnces From the

‘Plant Por Hopét‘Caae_Meteorbloﬁic&l-Coﬁditiohs when

Differencea Betﬁeen'sdu;ce and Receptor Elgvations'Are

:;/
Varied.
‘Difference  Distance from . PPC &t PDA at, - POT at
"Between Source Source to ‘Receptor .  Receptor . Receptor
and Receptor .Receptor Site Site - - .+ Site . Site
Blevations (meters) (0—100) (0-10) (0-1000)
(meters) . T ' S
0.0 250 © 100 7.9 190
0.0 so0 100 6.8 680"
0.0 1000 BT 5.2 500
0.0 1500 . 90 3.1 369
10.0 250 - . 100 © 6.9 690
10.0 500 .. 100 6.1 610
10.0 1000 =95 5.9 166
10.0 1500 - gy 3.9 347
25.0 250 . 95 5.0 475
25.0 500 .93 4.6 328
25.0 1000 90 5.0 360
25.0 1500 - T0 2.9 203
50.0 250 70 2.9 203
50.0 500 68 2.8 190
50.0 1000 50 2.1 105
50.0 ' 1.7 68

1500 10
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Thé éqéd ngeemént;'between_the model‘q§du1ta.fllustrayed in
Table 6.26 and the actual complgihf data regisfered at the local alr
: pollﬁtion controi‘dggncy; illustrated in Figﬁre.G,?l;jaﬁd the ﬁurvey
reéulté.presented in Figure 3.6 and Table 6;18,”shoﬁé the vali&itf‘of

this quantffication proceas.



VII. GUIDELINES FOR REGULATORY Acsncms

If.regulatoryﬁagénciea.aré to"degllwith'community-odﬁr,
'problema objectively they muat have some couumnly acceptable basis
for establishing regulationa. Ideally, regulatory action should |
protect the 1ntere3ts of all members of a c;mmmnity, including the
-very old, the very young, individuals with specific health problema,
and the industries in the neighborhocd. When attempts are made.to
- establish atandards, it must be recognizeﬂ that in any population,
many individinals may have developed.multiple sensitivities to
industrial chemicals or other contaminants aé a tesult of their
normal activiiies over their 1lifetimes. Sweet [33] has suggested
that 15—205 of a community ﬁay fall into this categoyy. éuch
individuals may react more severely to environmental insults. As a
‘result they may becomekchronid complainers to regulatory agencles.
In Ontario, a committee has recently been formed [44] by tﬁe Ministry
of Health to study environmental hypersenaitivity diaorders.‘

In this pfogram a éonyenient procedure has been developed

Ifor.the quantification of the impact of existing or proposed
. éfationary odorous source emisslons on surrounqing communities. As 8
result, to solve ‘an existing odor pollution problem, a three step
'prgcedure is recommended.

'The first step involves review and analysia of aponfaneous
com%laint data. These data are early 1nd1catora that there might be
an odor pollution problem in the community ’

A S

The second step involves validation of the spontaneous
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complaints and confirmation that the citizen reactions are generated
by the alleged source.r A representative number of the reaidents at ‘
_least 20 or preferably 30 familiea [1] should dbe aurveyed uaing the -
odor attitude survey that was designed and teated during thia program

in the neighborhood of

. a .fast food restaurant
‘@ a sewapge treatment facility
] upwind and downwind -communities of an automotive

palnting plant
s a solid waste landfill site' -
. a foundry

c.' an indoor mall serving as a coﬁtrol area.

It 18 now poaéible to compare the survey results from an affected

community to the control group, to establish whether

] the residents show typical reaponses to common

odors
) their 1dentification of a suspected odor dource or

sources is valid.

. Completion of the first two steps would establiah "whether
there is & recognizable odor problem in the community".

The third step is concerned with assessing

e

® "how bad" the odor 1s at the source

®  "how much odor" there is at the source .
. the impact of the source on the surrounding

community.
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In order to. complete the third atep, the Odor Impact Hodel

(OIH) must. be used to relate'

e percent probabilities of d#tecfidn (?PD)
e  percent probabilities of complaint (PPC)
. predicted degree of annoyance (PDA)

“to the odor levels under investigation.

- A. How Bad is the Odor?

To account for thé hedoﬁica of the source odors (how bad)

it is necessary to quantify fhe degree of offensiveneés '(DOJ as a

product of the

- o maximum dilution level st 100 percent probability
‘ of complaint (MDL @ 100 PPC)

»

e corresponding predicted degree of annoyance

PDA_ ).
¢ 100)

The DO would provide ‘'how bad" an cdor 1s at the source.

-
[

B. How Much Odor is There?

Since a low emissidn rate of an ddor with a high DO can be
less serious than a high volumetric flow rate of an odor with a
relativelj_loﬁer Do; the potential level of source annoyance (PLSA)
was introduced as.a<means of ranking the seriouéness of various odor
emitting sources with different volumetric flow rates and degrees of ..
_foensiveness. This is accomplished hy multiplying ‘the degree of
' offénsiveneés by the.VOlumetric flow rate. The 'PLSA rating

eétabliahes "how much" odor there is at the‘aourcé..
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c. ”Impaét on tﬁe Cqmmuhitj

To ssgess the impact of the emlsslons fpom an,odorous‘source
or sources on the surround;ng community, 1t isieaaentiai to quantify
the potential oder 1ﬁpact (POXI) values in the doﬁnwind neighborhood
_at various distﬁnces and eleVAtions under & variety of_meteorological
conditions. The POI magnitudes are quantified as can be quantified '
as the product of the gercent probability of complaint (PPC) times .
the predicted degree of annoyance (PDAY. This is achievpd-by |
.application of the Odor Impact Model in eonjunction with aﬁpropriéte
dispersion modelling tgchniqués.

' Consequently, the gseverity of the impacts from different
sources in a nelghborhood can ﬁe ranked according to their POI
magnitudes. Figure\T.l provides cémparisons of POI profiiea of &4
different odor sources over a wlde range of dilutions. According to

this 3llustration the odors from the 1andfill site test well would be
expected to create more adverse reactions in a community than odors
from a foundry stack, a wastewater treatment plant or a palnt

manufacturing facility.

D. Setting Odof'Regulations

Ideally, for an odor freelenvironment, POI, PPD, PPC and PDA
values should be zero. Realistically; these 1imits are ﬁot
‘attainablef Consequently, some maximum acéeptable magnitudes must be
agreed to by the community, the aasociated‘industries and cbncerned

Tegulatory agencles. : : .

The establishment of pdssibly'accaptable magnitudes 18
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illuatrated from a congideration of Figurea 1.1 and 7.2. For i
) example. Figure 7 1 ahows that to achieve a POI 20, the 1and£111
' observation well sample muat be diluted about 22, 000 times.

_According to Figure 7.2 thds-number of dilutions will provide values

oﬁr X
‘\\ . . ' \\
\ PPD = 26 % o
R . B ‘.-" : . % .
PPC = 20 S
PDA = 0.9 - - .

L

able 7.1 summarizes PPD, PPC and PDA estimates for assumed

values of I = 100; 50 and 20 forln different odor‘dources. The

_£¢3u1ts éhow that the magnitudes of PPD, PPC and PDA are sensitive to
_dhanges 1d Poi; For the 1and£111 well sample, the PPD value
decreases from T2 to 26 when the POI decreapes from 100 to 20. . There
are 6Brresponding reductions in PPC and PDA magnitudes.

Selection of POI = 20 as a possibly acceptable gtandard for
a community experiencing odorous insults.frqp 4 stationary sources
" provides upper limits of 40, 28 and 1.2 for PPD, PPC and PDA values,
respectively. This arbitrary standard would provide. protection for
72% of tﬁa populatlion becausd only u#0% will probably detect the odors
from & waste water treatment facility while 28% will be tempted to
complain with a PDA of only 0.7. The‘mdst severe reactlon would be a
tolerable zone value of 1.2 to paint.odors. Since & POI = 26
apparently does not provide protection for the estimated 15 to 20% of
aociety that may have developed hypersensitivities, regulatory
_agencies may Qs\rrged to adopt-even lower POL values as & basls for
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TABLE 7.1: Comparison of PPD, PPC and PDA Estimates fdr'POI_Values\Eﬁazﬁéf-
. - - .50 and 20 for Four Different Odorous Sources .

"POI  Source- - Mmber of PPD PPC PA
- . .- Dilutions - L
+ of Original: : L '
Sample . 0-100 0-100  0-10
100 - Landfily 4,500 72 4 2.5
. Well Sample . ' ‘ S
~ Fomdry . . 800 60 - 49 . 2.0
Wastewater - 190 77 65 - 1.5
Treatment Plant o ‘ : - .
Paint Y 0 96 . 85 . 43 2.3
Manufacturing _ o
Facility
50 - Landfill =~ 10,000 50 31 1.7
Well Sample ' o |
Foundry ° 950 S50 L34
Wastewater I 250 59 © 46 1.1
Treatment Plant _ _— _ L
¢ Paint’ 120 ; 46 3. 1.7
Manufacturing - , -
Facility o ' S
4 20 Landfill 22,000 2% 20 0.9
oLt Well Sample | ' .
Foundry 1,100 36 23
. Wastewater - 330 40 28
Treatment Plant _
Paint . - 150 37 17 1.2
Manufacturing
Facility
Possibly Acceptable Values - 50 20 <2
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development of etenderde and regulationa that will provide protection

for the more eeneitlve members_of a'community.

~B. Implementation of* Odor Regulationa

Recent experiences with 1egal rrobleme involvlng odoroue
stationary sources [13] 1nd1cate that in order to verify thet a
reuepected source (or sourees) is or is not responsible for’ alleged
' odor probleme in & community, it is neceeeary to prove that ‘a
scientifically and 1ega11y valid protocol Las been followed with
reepect to data acquieition.r‘ : ‘ o %“

.

The protocol recommended on the basls of this investigation

epeciflea.meaeuremente to be madenat three-levels involving the

w

._-.:-. .8
‘ o. . source(s) | T
e ambient air -

e affected population

1. 6n—Site Measurements

'

: : - .
in order to characterize the nature of any source emissions

gxperimental programe should,

] jdentify the different lbcations where odors are
released -~
. \
e determine the frequency,and duration of odorous
emissions at each location

. determine the quantities (volumes) of typical
odorous releases at each- locatlon

e  ostablish the odor levels in typical releases. at
each location, using the Odor Impact Model, in
terms of
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OrfA percent nrobabxliﬁy-of’detecfion?(PPDi:
‘o percent rpfobabnity' of "compla‘int (PPC)
o, fpredicted degree of annoyance (PDA) <o i ST

o l"degree of offensiveness (DO) “how ba@JLIJ"V

o potential 1eve1 of ‘Bource annoyence (PLSA) ‘
"~ “how much™ coe

©  potential odor'impact-'(POI)'

e . identify, wheneVer possible, any key odérants
 that . could be responsible for community . -
complaints, through infrared. spectrometry and/or
gas chromatography/massg. apectrometry. .

“

It must be emphasized that,- generally, 1t ia difficult to
relate’ odordus impacts to major components in the source gases
because interactions between different chemicals in multieomponent :

systems can lead to

. odof‘masﬂing
] odor enhancement
L] synergisfic effects - '_: . s,

In the case of'the wastewater treatnent-pient,‘thé;amoente; .
of hydrogen eulphide and tota;‘reduced eulphufieomﬁoundslnere reduced
by .the scrubben but this reduetion”resulted'inLtheﬁbroducfion of' . :
sulphur dioxide which is alsolodoroqs. .ﬁltnough'leﬁeiﬁ ef-the maﬁor
components were lowered, thendegree oéioffene?uenees wée\neeA_ ;Tﬁ '

gignificantly chenged:



e, Off Site Heasurements

' In order to eetabliah the magnitude of a. communlty odor
problem it willfbe meortant to .
e _  ‘identify the locations where odore have been and ’
‘are perceived

. determine the frequency and duration‘of perceived
odorous impacts

. agsess whenever poesible the. odor levels at the ;
: various locations where odors have been perceived

in terms of . ‘ : C : N

v

o percent.probabilitg‘of detectiop (PPD)
o . percent -pro'bal)ility'of eempllairit : (pp_cj
o eredicted degree'of annoyance {PDA)

o potential odor impact (POI)

3 A-identify, whenever possible, any key - odorente that
' can be related to percelved odors.

T -

Puring. this programia portable IR enalyzer was dsed to track

B

fast food .odors in the_neighberhood,of_the facility in terms of oleic

acid equivslent. The instrument responded to odorous puffs which

" could also be detected by the human nose.- Pigure .7.3 illustrates the

frequency and duration of typlcal odorous puffs detected
instrumentally and olfactometricelly In principal the key odorant,

oleic acid, facilitated identification of approaching odorous puffs

. from the source but instrumental readinge could not be correlated to

responses from humans tracking the progress of the puffe through the
neighborhood. The instrument was not aenaitive enough to register

low concentrations which could be readily detected by the human
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FIGURE 7.3: Typical Results of Tracking Fast Food
Restaurant Odor Emissions
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'hose} TFurthérﬁare;:iﬁte;fereﬁcea by,oyhef cbﬁpbnents produced.higﬁ

'éignéls'fhat'were‘iﬁcohsiéténf with oifactometfic aéaessmehté. . This‘f
. was apecially true during high traffic density periods. |
. In the neighborhood aurrounding the automotive.paint
facility, the principal odorous components being emitted were thé

solvents

e °~ methyl amyl ketone

. methyl ethyl ketone

. n-butyl acetate
. xylene .
) toluene

Although many residents identified the odors of methyl amyl
ketone and/or xylene or toluene, many complained about an odor that
reminded them of mush;ooms. Investigations with the portable IR -
device indicated that itAwould not be possaible té‘relaté Instrument
signals to odor 1ev;$s. Conséquently, the qgncept of id;ntifﬁiné a
principal odorant was abandoned. Subsequent collection of gaaeou;'
compounds from the stack and ambient upwind and downwind locations,

. . -
using Tenax collectlion media, helped to 1dentify'tpe presence of‘25
to 35 major compounds in the stack and ambient gases using GC/MS
t;chniqﬁes. There were perhaps as many peaks corresponding to trace
levels of other compounds that weFe‘not identified.

Examination of the Tenax tubes, using a2 GC/olfactometric

method,.indicated that up to 45 different odorous compounds could be

distinguished. The odor of mushroom was recognized three times over .
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:-'a'éSnminute-GC)sniffing:analyticalzperiod. Independent work by
jllEastman Kodak Company of Rochester; New. York-confirmed that -
: 1-octen—3—one could exist in-ambient air samples;- Although the T
”T‘formation of this compound has been explained by the presence of
:trace contaminants in solvents supplied to the paint manufacturer,
ongoing litigation involving the supplier of the solvents, the paint
menufacturer end automotive company limits isseminetiongof relevant
.linformetion. 'Neverthelesa,'lressl et 51.' 5] have indicated that
lhocten—3—one belongs to =, family of” compounds demonstrating fungal
"odor qualities | .
| Although portable instrumentation may not be sensitive
lenough to detect the presence of, or quantify the ‘levels of perceived
odors, it is possible to identify principle odorants at extremely
low eoncentrationsqthrough collection techniques that.provide highly

preconcentrated samples on appropriate adsorption media.

3. Receptor Resdponses

Communlty reactions to existing ambient odors must be

cheracterized through valid odor dosage-response correlations for a

~

variety of conditions. This phase of the protocol wculd involve

. analysis of past and current odor complaints where
available

., . analysis of the demographic nature of the affected
. community (age distributions, socilo-economlc
activities and political forces are lmportant)



P T

e ‘anelyeis'of answers %o an appropriate -public
- attitude survey cgonducted in the affected
'community and a matching control area to determine

. .

E citizen prejudices
ii i individual reactions tc_perceived odora

11 validity of ‘spontaneous complaints.

Successful verification that a suspected source (or sources)

S

is or is not responsidble for alleged odor prodlems in a community
' ‘ . . ' . .
will reQui:e correlation of the data from on-site, off-site and
‘recebtor reapqnae‘studiés. ‘The .characterization of odor transport

from source to receptors would require acquisition of

. "topographlcal data ineluding locations of any wind

screens
. meteorological factors including wind speed and
" direction as well as.frequencles of wind
dirEctiona
’_.o_ .embient alr parameters including temperatures,

humidities and ecloud covers

. locationa of alternate odor sources such as sewer
manholes, 'garbage bins and/or mobdblle sources

o

, Continued studies are still required if North American -
regulatory agencles are to develop legislation pertaining to odorous
emisslons. Recent devolopment of objective techniques for the
measurement of source and ambient odor levels and community
responses to odor episodes will help control agencies to consider

cdorous industrial discharges to be more than "nuisance" problems.
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t . . VIII. CONGLUSIONS
A three step‘strﬁtegy has been developed“fbr quantifying the
1ﬁpacts of exiasting or proposed atationary odorous sources dn_their
rsurrounding communities. Successful implementation of the prop@sed

R . _J.
protocols would eatablish

e whether there 1s a recognizable odor prodlem in
the neighborhood ' ‘ s -
. how bad:thg odor 1is .

. how much odor there 1g.

., The first atép involves review and analysis of spontanebus

[

complaint data that are early indicators thét therﬁ/%gght be an odor

/
pollution problem in the community. . /

The second step is concerned with th;J:;Iidation of
apontaneoﬁs-complaints and identification of the source or sources
suspected of creating the odor problem. This 1s accomplishe& by
conducting a public attitude survey in the affected community and a
socio—economically similar control area using the queationnalre
designed and tested durlng this program. If the comparlson of the
survej résults show that residents 1n_£ﬁe test area exhibit normal
reaétion; to common odors, then 1dentification of any source by More

than 15% of those surveyed is indicative that there is a recognizable

odor problem in the community.

155



S 156 "

The third step is_deaigned'to‘asaeas': .

@ - "how bad" the odor is at the source
° how much odor" there 1is at the source
[ [.thé impact of the-source on the surrounding
© communlity.

Ihforder to éompleté thg third step, the Oﬁof Impact Model

(0IM) must be used to establish

e percent probahilitieé-of detection (PPD).
® percent probabilities of complaint (PPG)

. predicted degree of annoyance (PDA)

profiles for the odorous emissions under.inyestigation.

Quanﬁ%fication of "how bhad" an‘odof is at‘the gource 1ls-

provided by the degree of offensiveness (DO) as
DO = L @ 100 PPC)(PDA
(Mp )(PRA, )

Since a low emlission raie of an odor with a high DO can be
1eas~a§rious than a high volumetric flow rate of an odor with a
relativeij lower DO, the potential level of source annoyance (PLSA)
has been introduced as a means of ranking the aeriouangéa of varlous
odor emitting sources. The PLSA 1s evalﬁated as

PLSA = (nb)(vo>
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To asses§ the 1mpa§t'of odorous emissions Bn fhé éurroundihg
commuﬁity, it is essentlial to'quantify the ;otentiai odbr.iﬁpﬁcﬁ
(POI) values at do;ﬁgindilocgtiona fdr'varibﬁé‘diatQcha gh&-
elevatione‘under,a'G;riety of meteorolpgical_56nditions;' A-PQI:

-magnitude is quantifled as
POI =-(PPC)(PDA) . N

l The'appropriate-PPC_aﬁd PDA .values are obtained from the Odor Impact
”_Hodel éftef-implementation of'aﬁjlicable dispersion modelling
tecﬁhiques. - . ' 1

r

' Ideally, for an odor free environment, POI, PPD, PPC and PDA
. values shbﬁld be zero. - Realistically, this 1limit is not attainable.
Consequently, some maximum acceptable magnitudes must be agreed to by’

v

" the community, the asadciated industries and concerned regulatory

agencies.-
Application of the quantification process to the odorous

emissions from

(] a wastewater treatment facility
. a paint manufacturing plant - ™~
. a minicipal waste landfill site

. an automotive foundry

showa that the magnitudes of PPD, PPC and PDA are sensitlve to

. changes in POI.



for a community éxperienéing odoroqé insults from four sﬁatignary
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»

.Settiqé POI eqﬁal't¢f20 ag a possidly gcceptabie etandard'

sources provides upper_iimita of 30, 28 and 1.2 for PPD, PPC‘ahd'PDA

values, reapectivély, Since a‘PQI equal to 20 does not provide

'pfdtec%ion for the estimated 15 to 20% of society that maylhéﬁe

developed hypersensitivities, regulatory agencles may be urged to
adopt even lower POI values as a basis for development of standards

and regulations that will provide protection for the more sensitive

members of a community.

ar
3
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DL @ 50 PPD

DL @ 0 PPC

DL @ 50 PPC

bo

D/T

ED
50

MDL @ 100 PRC

]

0IM

“NOHENCLATURE

-

Dilution Level at 50 Percent Probability of

3 3

Detection, o.u./ft> or ££5/28%

Dilution Level at Zero Percent Probabllity of

Complaint, o.n./ft3 or'ft3/ft3

'

Dilution Level at 50 Percent Prohabil;tykof

Complaiﬁt, o.u./ft3 or ftalfts

Degree of Offensiveness, o.u./ft3 or ft3/ft3

Dilution to Detection'Threéhold Based on 50 Percent
3 3 .3

of Panel Responses, o.u./ft” or ft /£t
Rffective Dosage at Whiech 50 @:ent of Pa.ne’l

Members Report Detection of the’ Odor, o.u./£t3 or

ft3/ft3

Maximum Dilution Level at 100 Percent Phobability of

Complaint, o.u./ft3 or ft3/ft3

<

Maximum Likelihood Estimator

Odor Impacﬁ Model
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- PDA

PD
A50

PDA_
100

PLSA

POl
PPC
PPD

PPM

um

Odor Units

predicted Degree of Annoyance, (0-10)
Predicfed ﬁegree of Annoyance at 50 Percent

Probability of Complaint, (0-10)

Predicted Degree of Annoyance at 100 Percent

Probability of Complaint, (0-10)

Potential Level of Source Annoyance, o.u./min. or

£t>/min.

Potentlal Odor Impact, (0-1000)

g& ‘ | .

Percent Probability of Complaint, (0-100)

Percent Probability of Detection, (0-100)

Parts Per Million on Volume Basls

3
.0dor Bmission Rate, o.u./min. or ft /min.

Micrometer

3
Volumetric ow Rate, ft /min.
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T,k

-~

Expected ?roportion of Paneliéts wWho Are Wrong r

Times Out- of k Trials

Observed Proportion'of Panelists Nﬁo Are Wrong r

Times. Out of k Trials |

Proportion of People Who Can Discriminate at Any

Given Time

An Eztimate of a
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0d6r Detection Threshold Determinations

4

Ranking-Plotting and ASTM E679 Methods
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A. Ranking—Plottin ng Method

According to this’ approach, reaponseé from panelists oo
participating in a ternary forced choice six level dynamic triangle
olfactometer s, 6] are recorded on a preprinted form shown in Figure
I.1.

The first dilutionvlevel at wﬁich any panel member makes a
COrre;t‘choice and confinues to be cof?ecf'ia taken to be the correct
judgment level. In the event that a-panelist is correét at all

(1eve15, or wrong at all levels, a hypo%hetical dilution level that 1s
higher By the appropriate gecmetrilc r&tio than the hiéhest dilution
jevel available or lower by the appropriate gebmetric ratio than the
lowest dilution lewel, is takén to be‘the‘cdrrect judgement level for

-

the panellst.

The evaluation of the frequency of detection by panelists at
each dilution level can be dichésed in‘terms of the data in Figufe
I.1. Since one panelist detected the odor at the second level, the

Vfraquency tally for level No. 2 is 1. Three panellsts began to
detsct the odor at level N6. 3. Consequently, the frequency tally at
level No. 3 is 3, and so forth.

The next step is to convert'the frequenciles to average
ranks. The small column of numbers under the heading "“For Rank

¢ .
Count" 1is provided for this conversion. The level No. 2 is the firset
occuped in the fally by one panelist only. This corresponds to an
average rank of 1. Level No. 3 is occupled by three panelist. These

correspond to ranks 2, 3 and 4, or an average rank of

(2 +3 +4)3 = 3



Sample: 52,06 pgm n-butanol measured a3 THC butase equivalant

B EE ’ lution Lave Nmnber_ - :
' - b1 12 {3 | & | 6 l"'r' - :
Cons. | Panelist TIRCE ice Would Sa: _ .
Na. | - _ (£ = top, ¢ = cguter, b = bottom) - - :
c 1 8lc | el c] cl  lm .
. A — comnections
[ Panelist Iadicacad: i in olfictcmermy
R K ct.al o c c
. -~ ;
2 |xm T 3 8 1 ¢ c c Tor
3 208 - 8 ! 3 i ¢ e ¢ ‘iank Count:
4 | ¥ARY T t{ B} T ¢ c 1y 32
F . 2
s |taG 3 B r_! B ¢ ¢ 2 }*;
¢ '|MAG T c cf e ¢ ¢ g
[ 3 & 1 14
« 5 |mmE c T c | ¢ cl ¢ 213
2RA vl T ¢ c ] ei ¢ 8
8 ! | O 9 Les
o |MoE sl cf al] ¢ I el « 10 |5
w0 | s 8 B4 ¢ | c f <y ¢
. W 3 i 1] & how many begga
equency Tally : I ; | i g ; | o detacz
' & izom fraquency
Average Ranic L 3 & 2 count
' ‘ & from averag=s
X = Plocring Value ~7L.33|=0.60]+0.11/+0.3L ranlk and table
{ = Log(Tolarancs 2.92| 2.45| 1.98] l.30 1.07\ & average of
Leval) ) Log(DLil. Facz.)
Log(Bilucicn 3.16 | 2.9 [2.20 | L.75] 1.30| 0.35 efrom flow
Tactor) . ¢zalibrarion
Dilution 1 u ol
Lavel No. <l - 1 2 3 4 5 6 wr
?loc ¥ versus X Panel Laader _E. Poossshi___ . .. “-
¥ at X=0 i3 Log EDeqg -

FIGURE I.1: Evaluation Form By Ranking Plotting Method Using
glk Level Dynamic .Triangle Olfactometer
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Similarly level Numbers 4 and 5, are rank;d accordingly.

| The average‘rank‘numbers afe convq;xé; to plotting values
correapondihg to'the.apprbpyiate pangl-sizea uaing Table‘I.l._ For
Vkipstqnée, the:plqtting value is -1.33 for anlaverﬁge rank of 1, when
the panel.slze is 10. These‘plotfingHQalues corfespond to x

coordinates. The y coordinates are found by taking averages 6f the

1ogarithms of the dilution factors.

To evaluate EDSO (odor detection threshold) as an average
-eaponae from the panel the y coordinates are plotted against
corresponding x coordinates. The best straight line 1= drawn through
the gfaphical representation by using the lgast sdﬁares technique.
50" .
effeb%ive dosage is obta;ned. To express_the EDSO in terms qf ppm, -

 The y value at x=0, corresponds to log ED from which the average

the original concentration is divided by-the number of odor units

obtained from the Plot. .

B. ASTM E679 Method

fThis technlique was deyelopbd as'&n'ﬁlternative to the
Rgnking—quﬁting approach, in or&er to avoild plottiqg the panel
Tesponse aata [7,8]. Basically, it involves estimation of the
individual maximum likelihood threshold for each panalist and
calculatiﬁg from these values a geometric mean threshold for thé‘
entire panel.

For example, consider that a ﬁﬁnelist makes the set of
judgments'correspoqging to I/C/I/C/C/C, where the first response from

the left is for level No. 1 (highest dilution} and the last is for



. TABLE I.1: Conversion of Average Rank Numbers. to X-Coordinate

-

Plotting Values [5,6]

-

Number of Panelists
‘average Rank' | -6 - 7. 8 ‘9 10
1.0 ° |-1.07 |'-1.15 |-1.22 | -1.28 | ~1.33
1.5 -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 | ~¢.18 | -0.32"} <0.43 | -0.52 | -0.60
3.5 0 | -0.16 |-0.28 | =0.39 | -0.47
4.0 v0.18 | . 0. | =-0.147| ~0.25 | -0.35
45 l+0.37 | +0.16 | o | -0.13 | -0.23
5.0, +0.57 .| #0.32 | +0.14 | O 20.11
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 C#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 +1.10
10.0 +1.33
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‘level-No. 6 (loﬁeﬂt dilution); Capital Curepresents a correct cholce
of port at any qilution level whereas a capital I, an incorrect |
choice. Since this panelist msde three correct judgements
consistently from the fourth level onwards, the usual statistical
assumptions [7,8] imply that this particular individual would  be
- capable of making a correct judgement somewhere between the third and
fourth levels, if the instrument provided finer sutdivision of
-dilution levels. Consequently, the most 1ikely dilution threshold“
for this panelist would be the geometric mean of the dilution factors
for levels 3 and 4. | -
Ifra panelist misses at the lowest dilution factor available

(D), it is assumed tnat a correct choice'would be made at a~higher
concentration tthat is at‘a lower dilution level). Conseqdently, a
hypothetical dilution factor (of D/3) is postulated as the best
estimate. Similarly if a panelist has made correct choices
throughout all dilution levels, a hypothetical dilution factor, which
is three times the highest dilution prouided by tne instrument is
tsken as the best estimater The individual dilution threshold for
‘each panelist is ottained 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 individual dilution

oy

threshold of each panelist is also determined.  The EDSO_value of the
panel is calculated by adding the logarithms of the individual
_thresholds, dividing by the number of panelists and taking the

antilogarithm of the result.

{
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The Ranking-Plotting and ASTM 8679 methods for the
determination of odor detection thresholds depend on forced choice
decisions by panelists who often resort to guéss work for £he1f
responses. Nelther gpproach accounts-for the uncertaintiéd
experienced by panelista while making their choices.f/;;‘minimize the
effect of -guessing quiing the determination of an effective dosage
for an average panél member, the concept of discrimination threshﬁld
was introduced. The disérimination threshold is deflned as the 1euei
at whiéh 50% of a panel can distinguish between the odor and

oo .
non;oddrous air with certainty. To determine an estimate of the
discrimination threshold based on all panelist‘responses and ﬁo
account for successful guesses, the development of a probablility
model [9,10,11]1 was initiated. The pertinent exﬁressions are derived
as follows:

' 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
jdentify which port is delivering a stimulus. On the other hand,
panellists who are not positive about the presence of the odor, have

to make & guess.

i If o represents the proportion of people wﬁo are sure
about thelr cho;ces at any dilution level and any number of trials
{(true discriminatorsj, then (1- &) is the proportion of pure
guessors. in general, for a forced ternary choice .technique, the

proportion of panelists who are correct k times out of k trials (no

wfong in k trials) will he:



. - - 178

ke
wo,k =a + (1/3) (l-w) ' (1)
Similarly, the proportion of panelists who are wrong in all of k
trials can be expressed byﬁ

. 2)

' k. r - k-r
W = (Y (2/3) (/3 (1- a) _ - (3)
r,k‘ r .
where T =-1,2,3, .... k - - 0
. d (k) x!/(k 1 pt . m
an E = k! -r)t rt s/p

The method of maximum likelihodd estimate provides 4 value & , sn =
estimate of « . It involves multiplication of the logarithm of

the number expected in each class W K and W k_.(Equat‘.l.c:ms [1] and
o, r,
31 by the number observed (wo K and wr k), summation for all classes
] r

and determination of the expression for the unknown parameter (8)
for which the sum is a maximum. Accordingly, the logarithm of the

likelihood function is:

. ] K )
L= “o,klog[u ¥ (%)k(l-u)] + rEl wr.klog[(b (%)r(%)k T(1-0)) (5)

,Differéntiatipn of L with respect to @ and setting the derivative equal
k .

03 ‘

to zero glves: (3 '1)“o,k - 5.51 ik
g =
K

-k
(1) I ¥ x (6)

For one trial, Equation (6) reduces to:

g = L TR T
20y 3 Y Y1 (1)
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Similarl&, for two and three trials,

ge Y02 " Y10 "V . (8)
Svg,2 * 1,2 * %20 .
and )
L 325"’3 ; §w1’3++ww2’3++ww3=3) . S (9)
, 0,37 ¥1,3 " ¥2,3 " Y530
respectively. '

A plot of log concentratlon of odoraﬁt versus & determined
for each dilution level provides the disecrimination threshold of the

panel in terms of the odorant concentration corresponding to & = 0.5:

'e : =
-



APPENDIX III

A Sample of

Odor Survéy Queationnaire



1.
2.

‘5.

* Univérsity of Windsor

DEPARTMENT OF CHEMICAL EXNGINEERING

- 4

Environmental Study

Age s o _ Laﬂ
Sex (circle one} M r
Address ‘
Occupation
Health (check one)  Excasllent O
’ ' Good !
3 Average B
E Faix 1.
"Poor _[]

1£ problems, please list£

The f0110winj statements relate to various odours normally
present in ‘the air. Please read carefully and then rate cach
one individually based on your personal reactions. To complets

the question circle the arrow {4+ ) which most closely matchas

how you feel about “it.
Example: I like baseball.

2 T D 7

Not at all " O.K. - Very much
I like the smell of cut érass. . ‘\Lﬂé
0 7 - 0 T
Mot at all - 0.K. . Very much

‘I like the smell of car and truck fumes.

R S T4

‘Not at"all 0.X. Very much

N— . 181 . -



13.

14.

15.

l6.

17.

I

like

like

like

dike

Tike

like

like

like

like

like

th at all

the smell of fried chicken outlets.

~
|

q. L CAe 5'4‘ . ..q..'

Not at all o.X.

the smell from the sewers.

T o S |

Very much

T

O.K.
the smell of vinegar.

R 7

. Very much

Not at all- Q.K.

the smell of garbage.

1 T 1

.Very much

1.

Not at all 0.K. .

the smell of.a hqﬁpital.

Very,much

T

7 1 1 7
Not at all o.K. ’

the small_at a Fruit Market.

T4 7 1

Very much

"~

Not at all O.K;

the smell of gasoline.

T T 1 1

Very much

o)

Not at all O.X.

the smell of hamburger restaurants

2 2 (R

r

- Very much

the neighbourhocd.

T

ot at all O.K.

the smell of fresh popecorn.

1 i T

Very much

T

Not at all

the smell of ammonia.

N 4 4. 1(

Very much

A

Not at all

182

‘Vcry much



T,

18. "

19. .

20.

21,

22.

24.

25.

26.

27.

iike the smell of paint.

183

T 1 T T
Not at all ) 0.K. Very much
like the smell of roses.
T~ . 4 T T T
Not at all O.X. Very much
1like the smell of beer.
1 . » e . D
Not at all . 0O.X. Veiy much.
like the smell outsiae a Chines§ restaurant. '
i i 7 s 2\ .
Not at all .. . O.K. Very much |
,likc the smell of a_locker/dressing room.
T > T . T
Not at all - 0.K. Very much
like the smell of baking bread.
1 T 4 T T i
Not at all - . 0.K. ' Very much
-'like the sméll of a wood fi;g.
£ S n
Not at all - - Q.K. Very much
like the smell of chocolate. )
T T T T T ,
Not at all 0.K. Very much
like the smell of cigarettes.
T T T T T
Not at all O.K. Very much
1ike the smell of a carnival. ‘
_’I‘ . Ir ¢ 1 T I
Not at all O.K. Very much



"u ) v
28. I like the smell of peanuts.
A 4 4 A 4

Not at all 0.k " Very much

29; I like the sHell of ‘a barbeque.

A A ) A A
Not at all 0.K. ~ Very much
30. E like the smell) of a leather jacket. ‘
A A A A A
Not at all : 0.K. Very much

31. |I like the smell of coffee. ‘
4. A A 4 A

Not at all ’ O.K. Very much

32. Wwhat smelis in the air éeriously bother you ? Please list:

-

33. This last guestion requires that you rank (in order of preference)
5 pdors. Write the number which indicates your preference,
below each odour. &
1l = I like it best.
5 = I like it the least.

Example: football’ baseball haockey soccer basketball

i N "—.-\_‘____ .
Hay Swimming Pocl Barbegue Hamburger Joint Garbage
)

Please rank:

Many thanks for your cooperation.

o

184
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APPENDIX IV

Odor Impact Model
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A The Odap Impact Model is [11] ba;ically an extension of thq
currently used principle:of ternary forced cholce dgtection threshold )
déterminaﬁion with a five or six level dynamic‘o}?actbmeter. In.
addition to identifying the porfs which are perdeivéd to be emitting °

rl

odorous material, panellsts are also required to specify the levels

at which, they "are sure, beyond a daubt, about the presence of the
odor. Furthérmore, panei members are provided with a preprinted form
on which they‘are asked to indicate at which dilutions 7
(concentrations) they would ‘complain if they were exposed to similar
odorous atimuli for an avefage period of eight hours and to rate the
degree of complaint at each level on a scale ranging from O to 10,
‘uging 2ero as no'annoyancerand 10, a8 the maximuﬁ measure of annoyance.

The first dilution levels beyond which individual panelists
make contlnuous correct cholces are taken as the basis for the
ovaluation of the detection threshold profile, relatiné percent
probabilities of detection (PPD) to different odor levels as
illustrated by curve f oé Figure IV.1.

The odor discrimination thresholds profile is based on the
first dilution.levela (concentrations) from which the panel members
continue to be certain sbout the presence of the odor. Curve II of
Figure IV.1 illustrates the Tocation of a tgpical discrimination
threshold profile with respect to the detection threshold profile.

Similarly, the dilution levels {concentrations) at which
panelists express a .tendency to complain and their magnitudes of

~

annoyance provide data for the generation of percent probability of

~

complaint (PPC) and predicted degree of annoyance (PDA) profiles as

shown by curves III and IV in Pigure IV.1.
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For iliustration purposeg, consider a panel of 10 members
evaluating an odor stimulus‘;hrougﬁ 8 8ix level dynamic olfactometer
using a ternary forced choice technique in an ascending series of

concentration.

‘:pr, for the sake of argument, suppose- that at the first

level, no“panel member begins to conéisténtiy detect the presence of )
the odorpunder investigation. This meéns that the }ercent
'probability of detection of the panel at this level is zero. At
level No. 2, lef us assume that two of the panelists begin to
"_consistently detect ;he presence of the odoro;a,stimulus.
Accordingly, the percegf probability of detecéion'of the panel at
this level would be‘(2/10) x 100 =.20. At level No. 3, let us say
that thrée more pahelists begin to deteect. At this level the percent
probability of detection of the panel on a cumulative basis would be
({0 + 2 + 3)/10) x 100 = 50. This process is repeated until all
‘dilution levels have been examined.

A plot of the percent probabilitieg of detection versus the
corresponding dilution levels on semi-log coordin@tes, provides the
detéction profile of the panel.

The percent probabilities of dlscrimination and complaint
profiles of the panel are determined in a similar manner and results
are plotted on the originél coordinate sysfem.

The magnitudes of annoyance evaluated in terms of individual
panel member ra£ings at sach cdor leve% are averaged over the number
of complainers for each odor concentration. The mean values define

the predicted degree of annoyance {PDA) profile of the panel which 1is

plotted on the same coordinate system.



APPENDIX V
Ranking Plotting Diagrams
for Typical Emizaions -From

tﬁe Paint Manufacturing Plant
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LOoG(TOLERANCE LEVEL)

.Y

30}

3.5

FIGURE V.1:

15 -0 -05 O 0.5 10

X PLOTTING VALUE

Ranking Plotting Diagram for Odorous Emissions

from M6, M7 and M8 Stacks Sampled on:

December 8, 1982
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LOG(TOLERANGCE LEVEL)

Y

1.0

30 L M

1.5 F

0.5

9] 1

15 -1.0 .-0.5 0 0.5 10

X PLOTTING VALUE

FIGURE V.2: Ranking Plotting Diagram for Odorous Emissions

from M1, M2, M4 and M5 Stacks Sampled on
December 8, 1982
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Y
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0 ! ! ‘ ! ]

45 -0 -05 o 05 10

X PLOTTING VALUE

FIGURE V.3: Ranking Plotting Diagram for Odorous_EmissionS
from R1 and R4 Stacks Sampled on
December g, 1982 :
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LOG(TOLERANCE LEVEL)

Y

0.5+

N

0 | ) !
-1.5 -1.0 -0.5 0 0.5 .10 1.5

X PLOTTING VALUE

FIGURE V.4: Ranking Plotting Diagram for Odorous Emssmns }
from R2 and R3 Stacks Sampled on :
December 9, 1982
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Y LOG(TOLERANCE LEVEL) -

1.5
1.0

0.5 k&

-1.0 -0.5 o 0.5 1.0

X PLOTTING VALUE

Ranking Plotting Diagram for Odorous Emissions
from R3 Stack_During Low Water (LW), No Water. (NW)
and Venturi Only (VO) Conditions Sampled on
December 9, 1982

*
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Y LOG(TOLERANCE LEVEL) = . =

05+

0 ¥ i !
5 -0 -05 0 05 10 15

. X PLOTTING VALUE

FIGURE V.6: Ranking Plotting Diagram for Odorous Emissidns
from R1, R2, R3 and R4 Stacks Sampled on
December 10, 1982
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LOG(TOLERANCE LEVEL)

Y

FIGURE V.7:

40 -05. 0 05 10 15

X PLOTTING VALUE

Ranking Plotting Diagram for Odorous Emissions
from R1 and R5 Stacks Sampled on
. December 13, 1982
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LOG(TOLERANCE LEVEL)

X PLOTTING VALUE

. |
FIGURE V.8: Ranking Plotting Diagram for Odorous Emissions
. from M6, M7 and M8 Stacks Sampled on

December 13, 1982 .
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"FIGURE V.9: Ranking Plotting Djagram for Odorous Emissions

from M1, M2 and M3 Stacks Sampled on
December 14, 1982
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X PLOTTING VALUE'

FIGURE V.10: Ranking Plotting Diagram for Odorous ]:mlssmns
from R1, R2 and R3 Stacks Sampled on
December 14, 1982
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APPENDIX VI

Odor Impact Model P

- For Typical Emissions From

the Foundry

rofiles
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APPENDIX VII

Meteorological Data from Windsor
Airport in Terms of Joint Frequency
Functions of Wind Speed, Wind

Direction and Stability [4#2] -
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- APPENDIX VIII

Dominant Meteorologlcal

.Conditions ilr-x Windsor, Ontario [42]



TABLE VIII.l Domma.nt Stabllltles in Relation to Wind Data from
_ Windsor Airport, 1972-81 [42]

CLASS REL.FREG. DOMINANT WINDSPD  WIND DIRECTION CALME
» pA m/s ) 1st 2nd i
A - oy - o=t.s NE  SW 0.2
B 4.9 0 < 1.5 iﬁE =t “ lq.4
C 5.3 | 5.5 - 5{6 g « Sk - NE 0.3
D . eo.4 5.5 - 8.0 . suw NE &~ 0.8
3 11.6 5.5 - 8.0 S NE " 5.0
F 13.1 0 - 2.0 sw - NE . 2.
\
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Some Technical Presentations and Publications

Development of.a Strategy for Predicting the Impact of Odorous

Pollutants From Fast Food Restaurants on the Surrouncing
Cdmmunity,.Technology Transfer Conference No. -4, sponsored by

Ontario Ministry of Environment, Toronto (Ontario), (November, '

1983), A.W. Gnyp, C C. St Pierre and E. B M. Poostchi

. . Resolution of BSource Contributions to the Ambient Levels of Legd

and Cadmium in the Windsor Area, presented at the 2Tth

_International Conference on the Great Lakes Research, S5t.

Catharines (Ontario}, (May, 1984), E.B.M. Poostchi, A.A. Gnyp.and

‘AW, Gnyp.

.

Comparison of Models for the Determination of Odor Thresholds

_(accepted for publication in the Journal of Atmospheric

. Environment), A.W. Gnyp, C.C. St. Pierre and E.B.M. Poostchi.

Quantification of Community Annoyence Due to Odorous Eﬁissions
From Stationary Sources, presented at the Joint Annual.Conference
of Air Pollution Control Association Ontario Section Pollution
Control Association of OntarioJ Toronto (Ontario), (April, 1985),
A.W. Gnyp, C.C. St. Pierre and E.B.H. Poostchi.

Assessing'the Impact of Odorous Emissions From Municipal Waste

Landfill Sites on tbe Surrounding Community, presented at the

78th Annual Heeting of the Alr Pollution Control Association,
Detroit (Michigan), {June, 1985), A W. Gnyp, C.C. St. Pierre and

E. B M. Pooatchi
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