
Volume	  56	   2014	   CANADIAN	  BIOSYSTEMS	  ENGINEERING	   6.1	  

Determining tolerance to odour annoyance in 
communities near hog operations 

Amy La1, Qiang Zhang1* and Zhu Gao2 
1Department of Biosystems Engineering, University of Manitoba, MB R3T 5V6, Canada 
2Division of Environmental Engineering, University of Saskatchewan, Saskatoon, SK S7N 5A9, Canada 
Email: qiang.zhang@umanitoba.ca http://dx.doi.org/10.7451/CBE.2014.56.6.1 

Received: 2014 November 2, Accepted: 2014 December 29, Published: 2015 January 26. 

1

La, A., Q. Zhang and Z. Gao. 2014.  Determining tolerance to 
odour annoyance in communities near hog operations.  
Canadian Biosystems Engineering/Le génie des biosystèmes au 
Canada 56: 6.1-6.11.  Quantifying the impact of odour from 
livestock facilities has been a challenge to researchers and 
environmental regulators. Physical and sensory odour attributes 
are commonly used to define the odour impact. However, 
people’s responses (tolerances) to odour may be affected by 
many other nonphysical factors. The objective of this study was 
to determine odour impact in broader scopes and domains by 
considering such factors as quality of life and community values. 
Face-to-face survey interviews were conducted in five 
communities to assess the residents’ responses to odour from hog 
operations. Based on the interview data, odour annoyance to 
residents was quantified and their tolerance to odour was 
determined. It was found that the annoyance at hog odour was 
greater than at other odour sources. Some residents (13%) would 
not tolerate hog odour even if they indicated that they were not 
annoyed by odour. On the opposite side, about 13% of residents 
would tolerate hog odour even if they indicated the highest 
annoyance level (10). Residents living in the rural areas were 
more tolerant of hog odour if the odour sources (hog operations) 
had previously been in existence. Very few (<1%) residents 
identified hog odour as the cause of headaches, waking up at 
night, and nausea. Five percent of residents indicated that their 
outdoor enjoyment was disrupted by odour, but only rarely or 
sometimes.  Keywords: hog, odour, community survey, 
annoyance, tolerance.    
 Quantifier l’impact des odeurs provenant des élevages 
constitue un véritable défi pour les chercheurs et les organismes 
de réglementation environnementale. Des caractéristiques 
physiques ou sensorielles sont généralement utilisées pour 
déterminer l’impact des odeurs. Toutefois, la réaction (tolérance) 
des gens aux odeurs peut dépendre de plusieurs autres facteurs 
qui sont non physiques. L’objectif de cette étude était de 
déterminer l’impact des odeurs de manière large en considérant 
différents facteurs telles la qualité de vie et les valeurs locales. 
Un sondage, fait lors d’entrevues personnalisées, a été réalisé 
dans cinq villages pour évaluer la réaction des résidents aux 
odeurs provenant de porcheries. À l’aide des données recueillies, 
les désagréments liés aux odeurs ont été quantifiés et la tolérance 
des résidents à celles-ci a été déterminée. D’après les résultats, 
les désagréments liés aux odeurs porcines seraient plus élevés 
que ceux liés à n’importe quelle autre source d’odeurs. Quelques 
résidents (13%) ne toléreraient pas les odeurs porcines même 
s’ils avaient répondu qu’ils ne seraient pas indisposés par des 
odeurs. À l’inverse, environ 13% des résidents toléreraient des 
odeurs porcines même s’ils avaient répondu que celles-ci avaient 
le niveau de désagrément le plus élevé (10). Les résidents des 
milieux ruraux étaient plus tolérants aux odeurs porcines si les 
sources d’odeurs (porcheries) étaient déjà présentes. Très peu de 
résidents (<1%) ont identifié les odeurs porcines comme étant la 
cause de maux de tête, d’éveil durant la nuit et de nausées. Cinq 
pour cent des résidents ont affirmé que les odeurs perturbaient 
leur plaisir d’être à l’extérieur rarement ou parfois.  Mots clés: 
porcs, odeur, sondage communautaire, désagrément, tolérance 
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INTRODUCTION 
Odour annoyance is a common problem for residents 
living in the vicinity of hog production facilities. Major 
challenges in dealing with hog odour are the understanding 
and quantification of odour annoyance and people’s 
tolerance for odour annoyance. Annoyance caused by air 
pollution has been suggested as an indicator for ambient 
air pollution exposure (Jacquemin et al. 2007). Lindvall 
and Radford (1973) defined annoyance as “a feeling of 
displeasure associated with any agent or condition 
believed to affect adversely an individual or group”. As an 
air quality indicator, annoyance is a subjective score that 
incorporates broader scopes and domains such as quality 
of life and community values, in comparison to odour 
exposure, which is often, quantified using such terms as 
frequency, intensity, concentration, duration, 
offensiveness, and hedonic tone (Sheridan et al. 2004).  
 Frequency and intensity were reported as factors that 
affect the odour annoyance of waste odours (Aatamila et 
al. 2010). Studies have used the recommended EPA value 
of odour concentration 6 OUE /m3 at a 98 percentile as an 
odour threshold (Sheridan et al. 2004; Hayes et al. 2006). 
An odour intensity of two on the zero-to-five scale was 
utilized as an odour-annoyance-free threshold, under the 
assumption that it was the “threshold for human 
annoyance” (Nimmermark et al. 2005), in setback distance 
studies of hog production facilities (Nimmermark et al. 
2005; Guo et al. 2001; Guo et al. 2006a; Stowell et al. 
2005; Niemeir et al. 2008; Jacobson et al. 2005; Sheridan 
et al. 2004) as well as a poultry production facility (Hayes 
et al. 2006). Sucker et al. (2008b) found that the hedonic 
tone of odour affected the relationship between odour 
annoyance and odour exposure in residents, i.e., 
unpleasant odours led to higher levels of annoyance with 
increased amounts of exposure than did pleasant odours, 
and that odour intensity, as long as it was greater than 
zero, was capable of causing odour annoyance. While 
these studies addressed the use of the intermediate factors 
for describing an odour annoyance threshold, limited 
studies have dealt directly with odour annoyance and 
people’s tolerance for odour from hog production 
facilities, in particular at the community level (in contrast 
to sensory panels).  
 VDI (1997) stated that odour annoyance of residents 
is not guided simply by sensory stimuli alone and that 
other non-olfactory factors could affect the magnitude of 
odour annoyance, even in the presence of the same odour. 
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The importance of measuring odour annoyance or odour 
impact directly from residents as opposed to using trained 
panelists was discussed by Sucker et al. (2008a). They 
performed a study to determine if the odour impact 
measurements of trained panelists correctly characterized 
the odour annoyance of residents living in the vicinity of 
various industrial odour sources. Residents provided 
higher intensity ratings as well as higher hedonic tones for 
all odour sources compared with those provided by trained 
panelists. Additionally, the trained panelists perceived that 
hedonic tone increased with intensity for pleasant odours 
and strongly decreased with intensity for unpleasant 
odours; in contrast, the residents perceived a decrease in 
hedonic tone with an increase in intensity regardless of 
pleasantness or unpleasantness of the odour. Overall, 
Sucker et al. (2008a) explained that panelists produced 
ratings based on their sensory experiences (odour) due to 
the presence of a stimulus (odourants), while the ratings of 
residents are guided by memory and a pre-existing history 
of odour experiences.  
 Several other studies have found that differences in 
individual residents can affect their odour annoyance. Age 
(Cavalani et al. 1991; Steinheider and Winneke 1993; 
Blanes-Vidal et al. 2012), perceived health (Steinheider 
and Winneke 1993), children at home (Blanes-Vidal et al. 
2012), time spent at home and job (Blanes-Vidal et al. 
2012), coping mechanisms (Cavalani et al. 1991; 
Steinheider and Winneke 1993), and other variables were 
found to affect odour annoyance. Increasing noise 
annoyance and quality of the residential area also 
increased the odour annoyance for those who were 
seriously annoyed (Sucker et al. 2008b). Using 
multivariate logical regression analysis, Steinheider and 
Winneke (1993) and Sucker et al. (2008b) found that 
odour frequency explained more of the variance in odour 
annoyance within residents than the other factors, such as 
noise disturbance, length of residence, gender, age, marital 
status, and level of education. VDI (1997) elaborated that 
these non-olfactory factors bring about the need to 
investigate the odour annoyance of many individuals (a 
community) to determine the mean odour annoyance 
response to odour. 
 An effective way of measuring odour annoyance at 
the community level is surveying the residents. Guidelines 
such as VDI (1997) and MOE (2003) described methods 
of quantifying the level of odour annoyance in a 
community via surveying. Surveying was previously used 
to quantify odour annoyance of residents living in the 
vicinity of waste treatment facilities (Bruvold et al. 1983; 
Aatamila et al. 2010; Aatamila et al. 2011), livestock 
facilities (Blanes-Vidal et al. 2012), and various industrial 
plants (Steinheider and Winneke, 1993; Winneke et al. 
1996; Sucker et al. 2008b; Sucker et al. 2009; Axelsson et 
al. 2013; Cavalani et al. 1991). VDI (1997) introduced a 
seven-point verbal scale and an eleven-point graphical 
scale that were used to measure odour annoyance. Several 
studies adopted these scales to evaluate odour annoyance 
(Steinheider and Winneke 1993; Winneke et al. 1996; 
Sucker et al. 2008b; Sucker et al. 2009). Other studies 
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chose a less complicated method of quantifying odour 
annoyance, using 3-point scales (Axelsson et al. 2013), 4-
point scales (Aatamila et al. 2010; Aatamila et al. 2011), 5-
point scales (Botteldoren and Lercher 2004; Blanes-Vidal 
et al. 2012; Cavalani et al. 1991), 7-point scales (Nicolas et 
al. 2008), and 10-point scales (Bruvold et al. 1983). VDI 
(1997) also addressed the importance of quantifying the 
tolerance to odour annoyance. Sucker et al. (2008a, 2008b) 
used the residents’ acceptance of odour to evaluate how 
the percentage of unacceptability of odour varied as the 
odour annoyance increased and used this percentage to 
categorize odour annoyance into categories of: not 
annoyed; moderately annoyed; and seriously annoyed. 
VDI (1997) also elaborated on the indirect measurement of 
odour annoyance, which is the quantification of the extent 
to which an odour affects the daily life of a neighbor to an 
odour source. Bruvold et al. (1983) identified these types 
of effects as interferences to everyday activities, including 
the frequency of filing official complaints, considering 
relocation, becoming sick, or having a disrupted outdoor 
gathering. Several studies adopted five-point scales to 
evaluate the frequency of socio-emotional effects similar 
to those listed above, as well as somatic effects such as 
sleeping difficulties, waking up in the night, experiencing 
headaches, etc. (Steinheider and Winneke 1993; Winneke 
et al. 1996; Sucker et al. 2008b; Sucker et al. 2009).  
 It is clear that assessing the impact of hog odour 
requires not only sensory variables but also a broadly 
scoped consideration of socio-emotional effects. The 
objectives of this study were: (1) to conduct a survey in 
communities in the vicinity of hog operations to assess the 
level of annoyance towards odours, and (2) to determine 
residents’ tolerance to odour annoyance collectively at a 
community level and in the context of odour effect on the 
quality of life. 

METHODOLOGY 
Site selection 
A selection process for potential surveying sites was based 
on two main requirements: a single odour source and 
sufficient number of households surrounding the source. 
The single odour source requirement was to ensure that the 
responses of interviewed residents to odour was indeed 
from the hog operation being studied and the sufficient 
number of households was the key to obtain statistically 
valid data. Although locations with one hog operation as 
the primary odour source were preferred, this was not 
always feasible. Preference was given to sites with at least 
one hundred households that were “uniformly” distributed 
over the defined area of the surveying site in order to 
represent a broad range of odour exposure. Manitoba 
Agriculture Food and Rural Development (MAFRD), as 
well as two large-scale hog corporations in Manitoba were 
consulted to find facilities that matched the criteria. The 
recommended facilities were firstly examined on Google 
Map and Google Satellite (Google 2011) to investigate the 
areas around these facilities and a preliminary selection 
was made. The sites in the preliminary selection were then 
visited to confirm the precise location of the facility with a 
GPS unit and to observe and record other points of 
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interest, such as other potential odour sources. Pertinent 
information was recorded on a map covering a six-mile by 
six-mile (9.6 × 9.6 km) grid with the hog facility at the 
center. Finally, five sites (communities) in Southern 
Manitoba were chosen for this study. The first community 
(#1) was contained within two overlapping areas 
surrounding two independent hog farms that were 
separated by a distance of six km. Both farms were farrow 
to finish operations, with 400 and 800 sows, respectively. 
The second community (#2) was within an area with a 
single 756-sow farrow to nursery operation. The third 
community (#3) had a single finishing operation with 5935 
pigs. The fourth community (#4) had a single 975-sow 
farrow operation. The fifth community (#5) was in the area 
surrounding a cluster of three hog facilities that were 
located a short distance (1 to 3 km) apart. The first facility 
was a 1250-sow farrow operation; the second facility had 
2064 nursery pigs and 3414 grower/finisher pigs; and the 
third facility had 2295 nursery pigs and 3873 
grower/finisher pigs.  
 All households located in the selected five 
communities were mapped and approached for a face-to-
face interview. If a member of the household was not 
interested in participating in the survey, the household was 
not visited again. If no one over the age of 18 was home at 
the time of the visit, the household would be visited again 
on a different day. Each household would be visited three 
times unless an interview was completed or the interview 
was rejected. 
Surveying Method 
A questionnaire was designed to obtain realistic 
measurements of residents’ tolerance for odour without 
evoking biased results. The survey was titled “Factors that 
Affect Quality of Life in Rural Manitoba”. The purpose of 
using this broad title was to discourage biased reactions to 
odour, following the similar approach used previously 
(Sucker et al. 2008b; Aatamila et al. 2011), in which the 
study of odour was not revealed in the purpose of the 
survey. Of the 43 questions within the questionnaire, 11 
directly pertained to quality of life and the remaining 
questions for quantifying odour annoyance and residents’ 
tolerance had the following six elements: (1) detection of 
odour; (2) source of the odour; (3) odour annoyance level 
(two scales); (4) tolerance for odour (two scales); (5) time 
of year when odour is detected; and (6) interferences due 
to odour annoyance. 
 Odour annoyance was measured with two scales in 
two questions. The first question asked for a verbal 
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description of odour annoyance on a seven-point scale: (0) 
None; (1) Very slight annoyance; (2) Slight annoyance; (3) 
Distinct annoyance; (4) Serious annoyance; (5) Very 
serious annoyance; (6) Unbearably serious annoyance 
(VDI 1997). For comparison and verification, another 
question was included to determine the odour annoyance 
measured on a graphical eleven-point scale (VDI 1997). 
Specifically, the interviewees were asked to indicate their 
annoyance level towards odour on an eleven-point scale. A 
similar approach was used in other studies (Sucker et al. 
2008b; Winneke et al. 1996; Sucker et al. 2009; 
Steinheider and Winneke 1993).   
 Odour annoyance was also measured with a series of 
questions related to interferences that occur due to odour 
annoyance, including the frequency of headaches and 
nausea as well as waking up at night, disruption of outdoor 
enjoyment, being forced to close their windows, and 
considering moving. The questions asked interviewees to 
indicate the frequency with which an event occurred on a 
five-point verbal scale (VDI 1997; Bruvold et al. 1983; 
Sucker et al. 2008b; Steinheider and Winneke 1993), and 
to specify the annoyance that caused the interference to 
occur. 
 Two questions were used to quantify the odour 
tolerance of residents. The first question was present to 
determine if the interviewee found the odour tolerable 
(VDI 1997). After surveying a portion of the first 
community, a second question was added to gain a better 
sense of tolerance because some residents expressed 
higher level of tolerance for odour if the hog facility was 
already in existence before they moved to the area. The 
added (second) question asked if the interviewee would 
oppose the construction of a new farm that produces odour 
of same magnitude as the current odour source.  
 A series of questions that were identical to the odour 
questions but pertaining to noise instead were also 
included in the questionnaire (VDI 1997; MOE 2003). 
These questions were another means of discouraging 
biased reactions towards odour, as some previous studies 
have included noise in a multivariate logistic regression 
model along with odour frequency to establish 
relationships between odour annoyance and odour 
exposure (Steinheider and Winneke 1993; Sucker et al. 
2008b). Since noise and odour can both be sources of 
annoyance in rural Manitoba, both were topics that fit well 
into a survey about quality of life in rural Manitoba.  
Data analysis 
Categorizing households based on odour sources To 
quantify the residents’ tolerance for hog odour, it was 
necessary to distinguish residents (households) affected by 
hog odour from those that were affected by other odours 
(note: odour sources other than hog odour could not be 
completely avoided in the areas surveyed). The two 
categories of possible odour sources were: odours 
unrelated to the hog facility being surveyed (category A) 
and odours related to the hog facility of interest (category 
B). Table 1 summarizes various scenarios for the two 

Table 1. Households categorized based on odour source 
Category  Odour Source Identified by Interviewees 
A 1 Other hog facilities 
 2 Town lagoons, cattle farms, landfill sites 

 3 Spreading, agitating, spraying of manure from 
other livestock operations (e.g., cattle) 

B 1 Hog facility being surveyed 

 2 Multiple odour sources including the hog 
facility of interest 

 3 Spreading, agitating, spraying of hog manure 
 4 Cleaning hog facilities 
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categories of odour sources. The survey results from two 
questions were evaluated to categorize residents based on 
the odour source that most likely affected them. The first 
question directly asked the interviewees for the source of 
odour and the second question determined the time of year 
that the odour occurred, to identify if odour sources were 
from land application of manure. Spreading of hog manure 
was often identified as an odour source. However, it was 
difficult to determine if the odour that interviewees 
detected was only due to spreading manure, or from the 
hog facilities and manure storages. Therefore, in this 
study, odour associated with manure spreading was 
grouped with other sources of odour from hog operations.  

Outlier removal Some interviewees had provided 
contradictory responses on the two different odour 
annoyance scales. For example, one interviewee had a 
verbal odour annoyance of 1, meaning “very slight odour 
annoyance”, but a graphical annoyance of 10 (the highest 
annoyance level). This type of inconsistent response was 
considered to be an outlier and Carling’s Modification 
(Wilcox 2012) was used to identify outliers from the data 
set. Households within category B were divided into 
groups based on their verbal odour annoyance values and 
sorted, in ascending order, based on the corresponding 
graphical odour annoyance level. The households in each 
verbal odour annoyance group were numbered based on 
this order. Graphical odour annoyance values outside of 
the range provided by the lower and upper values of Xi 
were considered to be outliers in each verbal odour 
annoyance group. These values were removed from further 
analysis. The following formulas were used to calculate 
variables pertinent in Carling’s Modification (Wilcox 
2012): 
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where: 
n  =  number of households in each verbal odour 

annoyance group, 
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j  =  intermediate variable (rounded down to the 
lowest integer), 

h  =  intermediate variable, 
k  =  intermediate variable,  
qi  =  value occurring at ¼ of the range within each 

group, 
q2  =  value occurring at ¾ of the range within each 

group, 
X j  =  the jth term in the verbal odour annoyance group 
X j+1  = the (j + l)th term in the verbal odour annoyance 

group, 
X k  = the kth term in the verbal odour annoyance group 
X k-1 = the (k-1)th term in the verbal odour annoyance 

group, 
M  = median value in each verbal odour annoyance 

group, 
K  = intermediate variable, 
Xi  = the lower (-) and upper (+) bound of acceptable 

values of graphical odour annoyance values in 
each group of verbal odour annoyance. 

Tolerance for Odour Households in category B were 
divided into groups based on their respective odour 
annoyance values. Two different analyses were performed 
for each group to determine a threshold where odour 
annoyance became intolerable. The first analysis 
calculated the percentage of “intolerable” responses 
towards hog odour and the second analysis calculated the 
percentage of opposition to a new farm of similar odour 
magnitude. The percentage of intolerance and the 
percentage of opposition were calculated as follows:  
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where: 
IOA  = percentage of intolerance at a given odour 

annoyance level, 
nint,OA  =  number of households (responses) that found 

the odour annoyance intolerable, 
ntot,OA = number of households (responses) surveyed 

within that odour annoyance level, 
OOA  = percentage of opposition at a given odour 

annoyance level, 
nopp,OA = number of households (responses) that would 

oppose a new hog facility of equal odour 
magnitude, 

nNA,OA =  number of households that were not asked the 
second questions at this odour annoyance 
level. 

Table 2. Percentage of households that refused 
interview, were unavailable, and were 
interviewed in each community. 

Community 1 2 3 4 5 
Refused (%) 8 24 20 24 20 
Unavailable (%) 40 20 18 22 18 
Interviewed (%) 52 56 62 54 62  

Table 3. Percentage of female, male, and couples 
interviewed in each community. 

Community 1 2 3 4 5 
Total # of Interviewees 90 40 55 62 47 
Couples (%) 0 10 7 3 4 
Female (%) 57 55 48 69 48 
Male (%) 43 35 45 28 48  
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RESULTS AND DISCUSSION 
Response Rates and Community Characteristics 
The participation rate ranged from 52% to 62% of 
approached households in the five communities (Table 2). 
There were slightly more female interviewees than male in 
Community #3, a greater number of female interviewees 
than male interviewees in Communities #1, #3 and #4 and 
an equal amount of female and male interviewees in 
Community #5 (Table 3). In total, 4% of interviewees 
were couples, 56% of interviewees were female, and 40% 
were male. According to the 2011 Census of Canada, 49% 
of the total Canadian population is male, while 51% of the 
total Canadian population is female (SC 2011). Young 
respondents (18 – 24 years of age) contributed to ten 
percent or less of the surveyed households. A higher 
percent of female interviewees was attributed to the fact 
that the interviews were conducted during workdays and 
more females were likely at home. The age group 
distribution of interviewees was similar to that of the 
Canadian population, but with slightly higher percentage 
in the groups with individuals older than 45 years (fig. 1). 

The distance of interviewed households from the hog 
facility was analyzed to determine if the households 
represented a wide range of odour exposures (fig. 2). A 
higher percentage of interviewees typically lived primarily 
3-6 km from the hog facility of interest. Less than 4% of 
households were located within 2 km of the hog facility. 
The hog facilities of interest in each community had 
animal units ranging from 243 to 2628 at the time of 
surveying, as well as manure storage. According to current 
land-use regulations for Manitoba (AGDC 2007), the 
animal units of these hog facilities correspond to single 
resident minimum distances of 500 to 750 meters from hog 
facilities with earthen manure storage. Additionally, the 
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maximum number of single residences that can be located 
from the hog facilities of interest ranged from 8 single 
residences for hog facilities with more animal units to 12 
single residences for hog facilities with less animal units. 
These regulations are likely the reason why there were no 
households within 1 km of the hog facilities and a limited 
number of households within 2 km of the hog facilities.  
Verbal and Graphical Odour Annoyance Scales 
A good correlation (r = 0.89, P<0.0001) between verbal 
and graphical odour annoyance was observed (fig. 3). This 
finding was in agreement with those reported by 

Fig. 1. Comparison of the Canadian population older 
than 18 years old (SC 2011) to the age 
distribution of surveyed interviewees. 

Fig. 2. Percentage of interviewees in terms of distance 
from hog farm. 

Fig. 3. Graphical odour annoyance and verbal odour 
annoyance of households. †Verbal odour 
annoyance:  (0) None; (1) Very slight 
annoyance; (2) Slight annoyance; (3) Distinct 
annoyance; (4) Serious annoyance; (5) Very 
serious annoyance; (6) Unbearably serious 
annoyance. 
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Steinheider and Winneke (1993) and Sucker et al. (2008b), 
which had correlations of r = 0.82 (N=1535, P<0.001) and 
r = 0.94 (N = 1408, P<0.001), respectively. A verbal odour 
annoyance of 4 (serious annoyance) corresponded to an 
approximate graphical odour annoyance of 8.5 in this 
study. Comparatively, a verbal odour annoyance of 4 in 
Steinheider and Winneke (1993) and Sucker et al. (2008b) 
corresponded to graphical odour annoyances of 6 and 7, 
respectively, on the graphical scale.  
Ranges of observed odour annoyance levels 
A third of the total interviewees indicated that they had not 
experienced any odour, while approximately 44.6% of 
households identified hog operations as the odour source 
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(Category B). There were two ways in which an odour 
annoyance of zero occurred, which are differentiated in 
fig. 4a and fig. 4b: (1) the interviewee indicated that no 
odour was detected and thus had an odour annoyance of 
zero, or (2) the interviewee indicated that odour was 
detected but that the corresponding odour annoyance was 
zero. Overall, 38.9% of residents had a graphical odour 
annoyance of zero and 39.2% of residents had a verbal 
odour annoyance of zero. The interviewees who 
experienced hog odour indicated annoyance levels of 0 to 
10 on the graphical scale and 0 to 6 in verbal scale, 
whereas annoyance levels for non-hog related odours 
ranged from 0 to 7 in graphical scale and 0 to 3 in verbal 
scale. T-tests showed that hog odour sources had a 

Fig. 4. Distribution of odour annoyance level: (a) 
graphical scale of odour annoyance and (b) 
verbal scale of odour annoyance.  

Fig. 5. Hog odour annoyance in terms of distance from 
hog facility on (a) graphical and (b) verbal 
odour annoyance scales. 
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significantly greater average odour annoyance level 
compared to non-hog-related odour sources on both verbal 
(1.6 vs. 2.5) and graphical (2.8 vs. 4.9) scales (P<0.0001).  
 It was interesting to observe that there was no 
recognizable pattern or trend in the variation of measured 
annoyance level when the distance from the hog facility 
was within 5 km, a decreasing trend was visible after 5 
km, and no annoyance was indicated after 8 km (fig. 5). In 
other words, distance from a hog facility was not the 
predominant factor that affected the magnitude of odour 
annoyance within 5 km and annoyance level could be very 
high (the highest level on both scales) within this distance. 
Although it is generally true that odour impact decreases 
with distance from the source, within a close range (5 km 
in this study), the distance effect seemed to be 
overwhelmed by other influences, such as variations in 
meteorological conditions (wind direction, wind speed, 
atmospheric stability, etc.). To further explore these 
confounding influences on odour annoyance, dispersion 
simulations were conducted to assess the odour exposure.  
 Odour exposure was calculated for all the surveyed 
households using CALPUFF (US EPA 1998) air 
dispersion model. Winnipeg or Brandon meteorological 
data sets (1998 – 2007) were used in dispersion 
simulations, depending on the location of the community. 
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All pig barns and manure storages within a farm were 
combined as one equivalent area source from which odour 
was emitted. The odour emission rates were calculated 
from the reported emission data in the literature (Guo et al. 
2006b; Guo et al. 2007; Zhang et al. 2007; Feddes 2006; 
Wang 2007; Zhou and Zhang 2003; Sun et al. 2008), 
whilst taking into account the following parameters: type 
of hog operations, manure storage system, ventilation 
system, and odour control factors due to any applied odour 
abatement technologies. The recorded GPS coordinates of 
each surveyed household were transferred to Cartesian 
coordinates with the origin at the farm. Based on the 
dispersion simulations, the odour exposure (odour hours) 
was calculated for each surveyed household as the total 
number of hours in a year when the odour concentration 
exceeded 1 OU/m3 (the theoretical odour detection 
threshold). It can be seen that predicted odour exposure 
(fig. 6) had a similar pattern as the measured annoyance 
level (fig. 5), that is, the distance had no clear effect on the 
predicted odour hours within 5 km. This further confirmed 
that distance from a hog facility was not the predominant 
factor that affected the magnitude of odour annoyance 
within 5 km. 
 Furthermore, odour (concentration, intensity, and 
frequency) itself at specific locations was affected by 
meteorological conditions and would differ at different 
distances from the hog facility. The lack of a discernible 
pattern provided evidence that non-olfactory factors may 
also affect odour annoyance (VDI 1997). It should be 
cautioned that only a few households were surveyed at 
distances greater than 8 km, and therefore the data 
collected in this study were not sufficient to conclude that 
odour annoyance was negligible beyond 8 km.  
Interference due to hog odour 
Interference events were deemed as due to the presence of 
hog odour if the residents identified odours as the cause of 
the event. Hog odour was not identified as a reason for 
residents having headaches and waking up at night (Table 
4). Less than 1% of residents indicated odour as a reason 
for considering moving from their community, 1% named 
odour as a reason for nausea, and 5% indicated that their 
outdoor enjoyment was disrupted by odour. In these cases, 
the frequency was identified as only “Rarely” or 
“Sometimes”. A higher percentage (22%) of residents 
named odour for the reason for closing their windows but 
the majority of the frequency was in the categories of 
“Rarely” and “Sometimes”. Odour did not disrupt outdoor 
enjoyment for most residents (95%). 

Fig. 6. Odour exposure calculated as odour hours from 
dispersion simulations for the surveyed 
households. 

Table 4. Frequency that interference events occurred for residents due to the presence of hog odour 

 
Total % of Households 

Frequency† 
 1 (%) 2 (%) 3 (%) 4 (%) 

Thought of moving (Yes/No) <1 n/a n/a n/a n/a 
Headaches 0 0 0 0 0 

Waking up at night 0 0 0 0 0 
Nausea 1 0.3 0.7 0 0 

Outdoor enjoyment disrupted 5 1.9 3.1 0 0 
Closing windows 22  12.8 6.7 1.8 0.7  
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Tolerance to Odour Annoyance 
Intolerance to odour annoyance was evaluated in cases 
where hog odour (Category B) was identified as the source 
of odour annoyance. The intolerance to hog odour 
annoyance was relatively low at low annoyance levels (fig. 
6a and fig. 6b) but was not zero even at verbal and 
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graphical odour annoyances of zero. This meant that some 
residents (12.5% and 14.3% of residents in terms of 
graphical and verbal odour annoyances, respectively) 
would not tolerate hog odour even if they indicated that 
they were not annoyed by odour. The other extreme 
occurred at the highest odour annoyance values, in which 
11.1% and 14.3% of residents on the graphical and verbal 
scales, respectively, would tolerate the hog odour. There 
was a positive correlation between odour annoyance and 
percentage of intolerance to hog odours on both graphical 
(r=0.86, P=0.0007) and verbal (r=0.93, P=0.0023) scales.  
 Several methods have been used by researchers to 
define the odour annoyance threshold (highly annoyed). 
Based on the studies of noise annoyance, a point at 72% of 
the original annoyance scale length was chosen as the 
threshold (cut off point) by Miedema and Vos (1998). 
Sucker et al. (2008b) used this concept to define 7 in the 0 
- 10 odour annoyance scale as the beginning of “seriously 
annoyed”. The percentage of intolerance observed in the 
current study was 50% at a graphical odour annoyance 
level 7 (fig. 7a), whereas Sucker et al. (2008b) reported a 
76% unacceptability at annoyance level 7. The lower 
intolerance observed in this study was due to the fact that 
residents living in the rural areas were more tolerant of 
odours from existing hog operations. In comparison, the 
survey by Sucker et al. (2008b) was conducted in densely 
packed cities. Similar observations were made when the 
intolerance was plotted against the verbal annoyance scale 
(fig. 7b). Using 72% of the full-scale length as the 
threshold of “seriously annoyed” category, level 4 in the 0-
6 verbal scale would define the lower bound of the 
seriously annoyed condition. There was a sharp increase in 

Fig. 7. Relationship of percentage of odour 
intolerability and odour annoyance level on (a) 
graphical odour annoyance scales (the number 
of households at each individual odour 
annoyance category were: n0=8; n1=13; n2=16; 
n3=18; n4=13; n5=10; n6=3; n7=6; n8=16; n9= 5; 
n10=18) and (b) verbal odour annoyance scale 
(the number of households at each individual 
odour annoyance category were: n0=7; n1=27; 
n2=35; n3=31; n4=14; n5=5; n6=7). 

Fig. 8. Percentage of opposition to new facilities to be 
constructed which would generate the same 
odour effect as the existing facilities (the 
number of households at each individual odour 
annoyance category were: n0=5; n1=10; n2=11; 
n3=12; n4=12; n5=6; n6=3; n7=6; n8=15; n9= 4; 
n10=18). 
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intolerance from 32% at level 3 to 71% at level 4 (fig. 7b). 
This meant that level 4 could possibly be used as the 
threshold for odour annoyance.  
 The above-mentioned intolerance measurements were 
only indicative of the residents’ intolerance towards 
existing hog operations. During interviews, many residents 
indicated that “you learn to live with it” or that they had 
“no choice” but to tolerate the odours. For the residents, 
when odour annoyance occurs, it was considered an 
uncontrollable fact of life, so often there was no choice 
other than to tolerate it as their only other option was to 
move from the area. Therefore, the residents’ intolerance 
to odour was not purely dependent upon the odour 
annoyance and was likely subdued because of their 
willingness to tolerate odour to maintain their quality of 
life in the rural setting. Therefore, these intolerance 
measurements should be used with a grain of salt when 
applying them for insight on the construction of new hog 
facilities.  
 A secondary question considered the opposition 
towards the construction of a new hog facility, which 
would cause the same odour effect as the existing facility. 
This question was used to gain some information 
regarding the residents’ intolerance towards odour 
annoyance from new facilities if they were built in their 
community. The results showed that the residents were 
much less tolerant of odour from new sources (facilities to 
be built) (fig. 8). The pattern of variation in % opposition 
to new facilities was noticeably different from that to 
existing odour sources shown in Fig. 7a. This illustrated 
that tolerance to hog odour is dependent not only on the 
annoyance level but also the context. The high percentage 
of opposition (80%) at odour annoyance of zero indicated 
that opposition was likely due to other factors unrelated to 
odour. For example, often interviewees would say that 
they would oppose the new facility if it were located right 
next to their household. This could be due to odour but it 
could also be due to increased traffic or noise. Therefore, 
while the second question provided some information on 
the intolerance for odour annoyance from new facilities, 
the opposition that residents expressed was not limited to 
the intolerance towards odour annoyance from a new 
facility but also intolerance for the hog facility in general. 
Percentage of opposition at a graphical odour annoyance 
of one is more comprehendible (10%) and likely is a better 
starting point in terms of understanding the true opposition 
to odour.  

CONCLUSIONS 
1. On average, the residents living in the vicinity of hog 

operations were more annoyed by hog odour than 
other non-hog odours, such as town lagoons and other 
livestock.  

2. Distance from a hog facility was not a predominant 
factor that affected the magnitude of odour annoyance 
within 5 km. The distance effect was possibly 
overwhelmed by the odour dispersion 
(meteorological) conditions, as well as other non-
olfactory factors.   
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3. Some residents (12.5 %– 14.3%) would not tolerate 
hog odour even if they indicated that they were not 
annoyed by odour. On the opposite side, about 11.1% 
– 14.3% of residents would tolerate hog odour even if 
they indicated the highest annoyance level (10).  

4. Residents living in the rural areas were more tolerant 
of odour if the odour sources (hog operations) had 
previously been in existence. This illustrated that 
tolerance to hog odour is dependent on not only the 
odour exposure but also the context.  

5. Very few (<1%) residents identified hog odour as the 
cause of headaches, waking up at night, and nausea.  

6. Hog odour was not identified by the residents as the 
reason of interference with their daily life. 
Specifically, 5% of residents indicated that their 
outdoor enjoyment was disrupted by odour, but the 
frequency was identified as only “Rarely” (1.9%) and 
“Sometimes” (3.1%). Although a higher percentage 
(22%) of residents named odour as the reason for 
closing their windows, the frequency was mostly in 
the categories of “Rarely” (12.8%) and “Sometimes” 
(6.7%).  
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