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DISCLAIMER 
 
CANTOX ENVIRONMENTAL Inc. provided this report for JDEL Associates Ltd. (hereafter referred 
to as JDEL) solely for the purpose stated in the report.  The information contained in this report 
was prepared and interpreted exclusively for JDEL and may not be used in any manner by any 
other party.  CANTOX ENVIRONMENTAL Inc. does not accept any responsibility for the use of this 
report for any purpose other than as specifically intended by JDEL.  CANTOX ENVIRONMENTAL 
Inc. does not have, and does not accept, any responsibility or duty of care whether based in 
negligence or otherwise, in relation to the use of this report in whole or in part by any third party.  
Any alternate use, including that by a third party, or any reliance on or decision made based on 
this report, are the sole responsibility of the alternative user or third party.  CANTOX 
ENVIRONMENTAL Inc. does not accept responsibility for damages, if any, suffered by any third 
party as a result of decisions made or actions based on this report. 
 
CANTOX ENVIRONMENTAL Inc. makes no representation, warranty or condition with respect to 
this report or the information contained herein other than that it has exercised reasonable skill, 
care and diligence in accordance with accepted practice and usual standards of thoroughness and 
competence for the profession of toxicology and environmental assessment to assess and 
evaluate information acquired during the preparation of this report.  Any information or facts 
provided by others, and referred to or utilized in the preparation of this report, is believed to be 
accurate without any independent verification or confirmation by CANTOX ENVIRONMENTAL Inc.  
This report is based upon and limited by circumstances and conditions stated herein, and upon 
information available at the time of the preparation of the report. 
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1.0 INTRODUCTION 

The odour assessment was accomplished by comparing predicted maximum air concentrations 
for chemicals of potential concern (COPCs) from the proposed project’s air emissions, to 
established odour thresholds or, where applicable, to ambient air quality objectives that have 
been established based on odour perception.   
 
It is important to recognize that odours are most commonly observed over periods ranging from 
a few seconds to a few minutes. Accordingly, the assessment relied on predicted “peak” 
(predicted maximum three-minute average) concentrations for all of the COPCs, other than 
carbonyl sulphide and nitrogen dioxide.  
 
The relationship between the intrinsic odour of a substance and its toxicity (i.e., its ability to 
cause harm) differs between chemicals.  The detection of odour by humans may or may not be 
indicative of a potential health hazard.  For example, for some chemicals, the odour threshold is 
much lower than the concentration that would generate a toxic response.  Conversely, if the 
odour threshold of a chemical is much higher than the concentrations causing toxicity, then 
odour detection would not serve as a warning of potential health problems.  Accordingly, the 
significance of odour in terms of potential health hazards must be reviewed on a chemical-by-
chemical basis.  The presence of an odour therefore does not necessarily mean that an adverse 
health effect will occur.  However, detection of an unpleasant odour may potentially adversely 
affect an individual’s “quality of life”(i.e. an aesthetic or nuisance issue). 

1.1 Factors Affecting Smell 

The various individual, environmental and substance-based factors influencing the sense of smell 
are listed in Table 1.  On the individual level, it is clear that the ability of a person to detect a 
particular odour is strongly influenced by their innate olfactory powers (i.e., acuteness of smell), 
their prior experience with the odour and by the degree of attention they give.  These factors—in 
combination with the known differences in the ability of substances to excite the olfactory 
receptors due to differences in molecular structure and the multitude of environmental influences 
known to affect the detection of odours— interact  together to affect the sense of smell.  
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Table 1 Factors Affecting the Sense of Smell(1) 

Category Factor Affecting the Sense of Smell 
individual innate power of smell 

age 
sex 
prior experience with odour 
state of health 
degree of attentiveness 

environment temperature 
humidity 
wind speed and direction 

substance-based molecular structure 
stability/reactivity 
physical properties (e.g., vapour pressure, water solubility) 

(1) Ruth (1986) and Amoore and Hautala (1983). 
 
 
The number of components within a mixture may also influence the ability of humans to detect, 
identify and discriminate the components of mixtures.  Studies involving mixtures indicate that 
odorants in a mixture are processed and perceived in series, where odorants are temporally 
processed with up to several hundred milliseconds separating individual constituents.  The “fast” 
odorants have been found to suppress the “slow” odorants, possibly as a result of their relative 
chemical polarities, which affects access to and competition for membrane receptor sites in the 
olfactory epithelium (Laing et al. 1994a; Bell et al. 1987). 
 
As well, a study examining the interactions of different odorants emitted by sewage treatment 
plants measured the perceived intensity (odour strength) of individual odorants alone and in 
mixtures and the odour characteristics and unpleasantness of mixtures (Laing et al. 1994b).  The 
authors found that: 
 
• The perceived odour intensity of mixtures was equal to or greater than that of any of the 

individual constituents, but less than the sum of their intensities.  As the number of 
constituents in the mixtures increased, however, the intensity of the mixture was typically 
attributable to the intensity of the most dominant odorant. 

• The intensity of an odorant was never enhanced by another (i.e., no synergistic interactions 
were observed). 

• The greater the number of odorants in the mixture, the more difficult it was to identify the 
individual constituents. 

• The greater the number of components in the mixture, the greater the degree of suppression 
of the individual constituents. 

• The unpleasantness of the odorant mixture was typically greater than that of the individual 
constituents, indicating that models for predicting complaint levels in communities affected 
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by odorous mixtures, but which are based on single odorants, will usually underestimate the 
number of complaints. 

 
The current odour assessment incorporates the individual chemicals in the atmospheric emissions 
profile that are associated with the proposed project.  Mixtures were not incorporated with the 
exposures assessment.  The greater the number of odorants in the mixture, the more difficult it is 
to identify the individual constituents and the greater the degree of possible suppression of the 
individual odorants (Bell et al. 1987; Laing et al. 1994a; Jinks and Laing 2001). Thus, many of 
the odorants assessed may never be detected.  
 
Although it is possible that the individual odours could cumulatively register as a nuisance, the 
information on odorous mixtures that is currently available does not indicate that any odorants 
will be perceived at lower concentrations than the established odour thresholds or AENV’s 
AAQO values as a result of the odorant mixture. 

1.2 Determining the Threshold of Odour 

The odour assessment was directed at determining the likelihood that the proposed Project’s air 
emissions might produce or appreciably contribute to noticeable odours in the study area.  
Critical to this determination was the need to understand the intrinsic odour properties of the 
various chemicals emitted, including their odour thresholds.  The odour threshold refers to the 
lowest concentration of a chemical that can be detected by smell following presentation of the 
chemical in a clean, controlled environment, without influence of any outside odours (Ruth 
1986). 
 
Typically, odour thresholds are determined in clinical setting-type studies in which a panel of 
subjects is presented with a series of concentrations of a particular chemical, either in air or in 
water and then asked to record the concentration at which odour is first detected.  However, the 
procedures followed in these studies are rarely harmonized, with differences in sample 
presentation methods, panel selection, purity of chemicals used and data interpretation 
differences being common.  Moreover, the definition of the term threshold itself varies, with 
some studies reporting detection thresholds and others reporting recognition thresholds.  These 
differences contribute to a wide variation in the odour thresholds reported in the published 
literature for most chemicals, including the COPCs associated with the proposed Project’s 
emissions. 
 
In addition, methods of olfactory testing occur in an artificial environment unlike that of normal 
ambient conditions.  Odour thresholds are determined in a laboratory where the chemical is 
mixed with a highly purified gas, standardized and assessed by a trained odour panel.  These 
experimental conditions are not necessarily reflective of “real-world” conditions. Odour 
intensities determined in the field have reportedly been shown to poorly correlate with odour 
concentrations measured in the lab (Zang et al. 2002).  Sensitivities to odour are typically 
exaggerated in a laboratory setting, suggesting that laboratory-derived odour thresholds may in 
fact be conservative when considering “real-world” conditions.  Consequentially, when 
determining the odour impacts from any of these COPCs, it is necessary to consider the ambient 
conditions such as shifting weather conditions and the constant movement of people and the 
intermittent nature of some of the emission sources.  These conditions will lead to a continuously 
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changing odour environment at an individual’s breathing zone. Odours occurring as a result of 
these COPCs are unlikely to be continuous; rather, they are more likely to occur sporadically. 
 
 

2.0 METHODOLOGY 

Potential odours were assessed by comparing three-minute COPC concentrations, with the 
exception of carbonyl sulphide and nitrogen dioxide which was assessed on a maximum one-
hour basis, against established odour thresholds.  Three-minute peak concentrations were derived 
from the predicted one-hour ground-level air concentrations using the following equation: 
 
Predicted three-minute peak 
concentration 

= Predicted one-hour 
concentration 

× Three-minute multiplier1  

[(60 minutes/3 minutes) 0.2 = 1.82] 
 
The exponent (i.e., 0.2) for the three-minute multiplier used for this assessment is based on 
neutral atmospheric conditions (OMOE 1996; Duffee et al. 1991).  In the past, Alberta 
Environment has deemed this approach to be an acceptable way of estimating three-minute peak 
concentrations.   
 
Three-minute peak concentrations were required for most of the COPCs, given that odours can 
appear instantaneously and are most commonly observed over very short periods. Peak 
concentrations were assessed as follows: 
 
• To assess the potential impacts of nuisance odours to the receptors in the study area, peak 

concentrations were predicted for all of the receptor locations. 

• The three-minute peak air concentrations were compared to the corresponding odour 
threshold for each assessment case. 
 

The peak concentrations were predicted on the basis of the modelled one-hour 9th highest 
ground-level air concentrations and, thus, may exaggerate the levels of the chemicals that might 
be encountered under most circumstances.  This will result in conservative odour estimates. 
 
Odour thresholds were identified from review articles (Amoore and Hautala 1983; van Gemert 
1999; AIHA 1989) in which odour thresholds for a large number of chemicals were reported.  
The odour thresholds for the COPCs associated with air emissions from the proposed project are 
presented in Table 2.  For most COPCs, the average odour thresholds are listed, together with the 
range of values reported in the literature.  The lower the odour threshold the more odorous the 
chemical, with the lower end of the range representing the “minimum” odour threshold.  Because 
odour thresholds are not relevant for particulate matter (PM2.5), and are not available for   several 
PAHs with the exception of naphthalene (i.e. 2-methylnaphthalene, 2-methylcholanthrene, 7,12-
dimethylbenz(a)anthracene, acenaphthene, acenaphthylene, anthracene, benz(a)anthracene, 
benzo(a)pyrene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, 

                                                 
1 The predicted one-hour concentrations were converted to three-minute “peak” concentrations using a 
conversion factor provided by AMEC (2005).  
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fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, phenanthrene, pyrene), these COPCs were not 
addressed in the odour assessment.  
 
In addition, the odour thresholds were not determined for the aliphatic and aromatic groups as a 
whole, but were identified for the individual constituents whenever possible. Although these 
aliphatic and aromatic chemicals were grouped for the human health risk assessment as a result 
of a common health endpoint, these chemicals do not all posses the same odour character.  
 

Table 2 Summary of the Odour Thresholds for the COPCs 

Odour Threshold (μg/m3) 
COPC Odour Character(1) 

Mean Range 

Odour Threshold 
Reference 

1,3-Butadiene Aromatic, rubber 3,520 220 to 169,000 Amoore and Hautala 
(1983); 
van Gemert (1999) 

Acetaldehyde Pungent and fruity 90 2.7 to 1,800,000 Amoore and Hautala 
(1983); 
van Gemert (1999) 

Acrolein Pungent 368 50 to 4,100 Amoore and Hautala 
(1983); 
van Gemert (1999) 

Benzene Aromatic, sweet, 
solvent 

38,400 1,500 to 1,000,000 Amoore and Hautala 
(1983); 
van Gemert (1999) 

Carbon monoxide Odourless 116,000,000 -- Amoore and Hautala (1983) 
Carbonyl sulphide(2) Vegetable sulphide, 

medicinal 
30 70 to 1,300 AENV (2005); 

van Gemert (1999) 
Dichlorobenzene Camphor, mothballs 1,080 730 to <90,000 Amoore and Hautala 

(1983); 
van Gemert (1999) 

Ethylbenzene Oily, solvent 9,982 10 to 78,300 Amoore and Hautala 
(1983); 
van Gemert (1999) 

Formaldehyde Pungent 1,024 33 to 12,000,000 Amoore and Hautala 1983; 
van Gemert (1999) 

n-Hexane Sweet 457,600 107,000 to 875,000 Amoore and Hautala 1983; 
van Gemert (1999) 

Naphthalene Tar, creosote, 
mothballs 

437 7 to 5,340 Amoore and Hautala 
(1983); 
van Gemert (1999) 

Nitrogen dioxide Bleach 400 110 to 1,000 AENV (2005); 
van Gemert (1999) 

n-Pentane Sweet 1,180,000 350,000 to 
1,445,000 

Amoore and Hautala 
(1983); 
van Gemert (1999) 

Sulphur dioxide Metallic taste, sharp 
irritating 

2,860 870 to 21,000 Amoore and Hautala 
(1983); 
van Gemert (1999) 
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Odour Threshold (μg/m3) 
COPC Odour Character(1) 

Mean Range 

Odour Threshold 
Reference 

Toluene Sour, burnt 10,900 13 to 1,000,000 Amoore and Hautala 
(1983); 
van Gemert (1999) 

Xylene Sweet 4,774 350 to 86,000 Amoore and Hautala 
(1983); 
van Gemert (1999) 

(1)   Sourced from AIHA (1989). 
(2)   Carbon disulphide was employed as the chemical surrogate. 
-- no information available. 
 
 

3.0 RESULTS AND DISCUSSION 

The predicted peak air concentrations and associated odour thresholds are listed in Table 3.  The 
maximum predicted 3 minute air concentrations of all receptor locations are compared against 
the odour thresholds for each COPC.  The results for carbonyl sulphide and nitrogen dioxide are 
based one-hour air concentrations and the remaining COPCs are based on three-minute “peak” 
concentrations.  Odour assessments are typically based on peak concentrations but, because 
Alberta’s odour guideline for carbonyl sulphide and nitrogen dioxide are based on a full hour of 
exposure, the odour thresholds are compared to the one-hour air concentrations for these COPCs.  
Table 3 reveals that: 
 
• In all instances, maximum predicted peak 3 minute air concentrations and one-hour air 

concentrations are less than the mean odour thresholds. 

• The Project’s contribution to odour in the area is generally low to negligible, indicated by the 
similarities between the air concentrations for the Baseline and Application cases. 

• In most instances, predicted 3 minute air concentrations were less than the minimum reported 
odour thresholds. 

 
The predicted peak concentrations for 4 of the COPCs (i.e., acetaldehyde, ethylbenzene, nitrogen 
dioxide, and toluene) exceed the reported minimum odour thresholds, suggesting that individuals 
with very “keen” senses of smell might detect odours.  Individuals hypersensitive to particular 
odours are thought to make up only 7 percent of the population (Gouronnec and Tomasso 2000). 
Subsequently, area residents with a “keen” sense of smell might identify odours associated with 
these COPCs. However, the majority of individuals would be unaffected because the predicted 
peak concentrations for these COPCs are lower than the average odour thresholds, that would 
apply to most individuals in the general population. 
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Table 3 Comparison of the Modelled Peak Air Concentrations and the COPC Odour 
Thresholds 

Odour Threshold(1) 
(μg/m3) 

Maximum Predicted Peak  
3 Minute Concentration (μg/m3) 

COPC 
Mean Range Baseline 

Case 
Application 

Case 

Planned 
Development 

Case 
1,3-Butadiene 3,520 220 to 169,000 0.56 0.56 1.10 
Acetaldehyde 90 2.7 to 1,800,000 5.7 5.7 11.1 
Acrolein 368 50 to 4,100 0.72 0.72 1.4 
Benzene 38,400 1,500 to 1,000,000 65 65 64 
Carbon monoxide 116,000,000 -- 5364 5389 2985 
Carbonyl sulphide 30 70 to 1,300 7.3 7.3 6.6 
Dichlorobenzene 1,080 730 to <90,000 0.054 0.054 0.105 
Ethylbenzene 9,982 10 to 78,300 19 19 19 
Formaldehyde 1,024 33 to 12,000,000 12 12 24 
n-Hexane 457,600 107,000 to 875,000 81 81 157 
Naphthalene 437 7 to 5,340 1.7 1.7 3.4 
Nitrogen dioxide 400 110 to 1,000 211 211 187 
n-Pentane 1,180,000 350,000 to 1,445,000 117 117 227 
Sulphur dioxide 2,860 870 to 21,000 289 289 342 
Toluene 10,900 13 to 1,000,000 94 94 94 
Xylene 4,774 350 to 86,000 117 117 116 
(1) Odour thresholds were sourced from the scientific literature, which are identified in Table 2. 

-- not available 
 
 
The potential odours identified for COPCs are associated with identified minimum odour 
thresholds. It is important to consider the methods used to determine odour thresholds reported in 
the literature.  The odour threshold may be set at the lowest concentration perceived by a single 
subject (the so-called “absolute” threshold), which translates to a very low reported value. Other 
researchers report the threshold as the concentration where 50 percent of the test subjects notice 
the odour or recognize and describe the odour. Still other researchers require a 100 percent panel 
response, which translates to a very high reported threshold value.  Variation in reported odour 
thresholds from the study findings may be interpreted in several different ways, thus resulting in 
the wide range of odour threshold values that have been reported. 
 
The possibility exists that some individuals may detect nuisance odours from a few of the 
COPCs. In this regard, the following items need to be considered: 
 
• The presence of individuals possessing a “keen” sense of smell is possible.  Some local 

residents including men, women and children may detect and distinguish odours at low 
concentrations. 

• Individual variables, such as breathing patterns, state of physical health, past experiences and 
state of awareness can have a considerable bearing on the detection of odours. 
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3.1 Conservative Assumptions in the Odour Assessment 

Conservative assumptions that were incorporated into the odour assessment are summarized in 
Table 4. 
 

Table 4 Conservative Assumptions Made in Relation to the Odour Assessment 
Assumption Comments 

The peak concentrations of the chemicals predicted to 
occur at the receptor locations were representative of the 
levels that might be experienced by all individuals. 

The peak concentrations were the highest predicted to 
occur at each receptor locations in the resident and 
worker camp groups.  Most residents in the area are not 
expected to experience such high concentrations.  

Individuals who possess a very “keen” sense of smell 
live near the Project.  These individuals are capable of 
detecting the odours of chemicals at the minimum odour 
threshold. 

Individuals with a “keen” sense of smell represent a 
small proportion of the population.  However, the 
presence of such individuals at the receptor locations is 
possible. 

 
 
Given that none of the COPC peak concentrations (or one-hour concentrations in the case of 
carbonyl sulphide and nitrogen dioxide) exceeded their average odour thresholds, and the 
evidence provided by the results of the recent air quality monitoring in the area, there is high 
overall confidence in these findings. 
 
 

4.0 CONCLUSIONS 

The Project’s contribution to odour in the area was predicted to be minimal to undetectable, as 
indicated by the similar predicted maximum air concentrations for the Baseline and Application 
cases.  For the odour assessment, the predicted short-term peak air concentrations were 
compared to established average odour thresholds, and were less in all instances.   
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