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Epidemiological studies suggest that exposure to air pollution is 
associated with adverse consequences on children’s respiratory 

health (1). Sulphur dioxide (SO2), a gaseous respiratory irritant, is 
among the air pollutants of public health concern in urban and indus-
trialized environments.

Most epidemiological investigations on the effects of SO2 have 
assessed its acute and chronic effects as a component of the regional 
ambient air pollutant mix. Panel studies involving children and time 
series analyses have documented associations between short-term 
(daily) exposure to regional SO2 levels and respiratory effects (eg, 
lung function changes, increased respiratory symptoms, emergency 

department visits and hospital admissions for asthma and other res-
piratory causes) in healthy and asthmatic children (2-10). An associa-
tion between long-term (years) exposure to regional SO2 levels and 
respiratory effects (increased prevalence of symptoms and respiratory 
diseases in children) has also been reported in cross-sectional and 
semi-ecological cohort studies in which urban regional SO2 levels 
were compared (11-18). In other studies, little or no evidence sup-
porting a relationship between regional ambient SO2 levels and adverse 
acute or chronic respiratory effects was found (13,19-22). Many factors 
may explain this discrepancy, including the varying mixes of air pollut-
ants and misclassification of exposure.
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BACKGROUND: Little attention has been devoted to the effects on 
children’s respiratory health of exposure to sulphur dioxide (SO2) in ambi-
ent air from local industrial emissions. Most studies on the effects of SO2 
have assessed its impact as part of the regional ambient air pollutant mix.
OBJECTIVE: To examine the association between exposure to stack 
emissions of SO2 from petroleum refineries located in Montreal’s (Quebec) 
east-end industrial complex and the prevalence of active asthma and poor 
asthma control among children living nearby.
METHODS: The present cross-sectional study used data from a respira-
tory health survey of Montreal children six months to 12 years of age 
conducted in 2006. Of 7964 eligible households that completed the survey, 
842 children between six months and 12 years of age lived in an area 
impacted by refinery emissions. Ambient SO2 exposure levels were esti-
mated using dispersion modelling. Log-binomial regression models were 
used to estimate crude and adjusted prevalence ratios (PRs) and 95% CIs 
for the association between yearly school and residential SO2 exposure 
estimates and asthma outcomes. Adjustments were made for child’s age, 
sex, parental history of atopy and tobacco smoke exposure at home.
RESULTS: The adjusted PR for the association between active asthma 
and SO2 levels was 1.14 (95% CI 0.94 to 1.39) per interquartile range 
increase in modelled annual SO2. The effect on poor asthma control was 
greater (PR=1.39 per interquartile range increase in modelled SO2 [95% 
CI 1.00 to 1.94]).
CONCLUSIONS: Results of the present study suggest a relationship 
between exposure to refinery stack emissions of SO2 and the prevalence of 
active and poor asthma control in children who live and attend school in 
proximity to refineries.
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L’asthme actif et non contrôlé chez les enfants 
exposés à des émissions de dioxyde de soufre dans 
l’air en provenance des cheminées des raffineries de 
pétrole à Montréal, Québec : une étude transversale

HISTORIQUE : On accorde peu d’attention aux effets de l’exposition au 
dioxyde de soufre (SO2) présent dans l’air ambiant à cause des émissions 
industrielles locales sur la santé respiratoire des enfants. La plupart des études 
sur les effets du SO2 en ont évalué les répercussions d’après le mélange de 
polluants atmosphériques régionaux dans l’air ambiant.
OBJECTIF : Examiner l’association entre l’exposition aux émissions de SO2 
en provenance des cheminées des raffineries de pétrole du complexe indus-
triel de l’est de Montréal (au Québec) et la prévalence d’asthme actif et 
d’asthme mal contrôlé chez les enfants qui vivent à proximité.
MÉTHODOLOGIE : La présente étude transversale faisait appel à des don-
nées tirées d’une enquête sur la santé respiratoire des enfants montréalais de six 
mois à 12 ans menée en 2006. Parmi les 7 964 ménages admissibles qui ont 
répondu à l’enquête, 842 enfants de six mois à 12 ans habitaient dans un 
quartier touché par les émissions des raffineries. Les chercheurs ont évalué les 
taux d’exposition au SO2 ambiant par modélisation de la dispersion et utilisé 
des modèles de régression log-binomiale pour évaluer les ratios de prévalence 
(RP) bruts et redressés et les IC à 95 % pour établir l’association entre les 
évaluations d’exposition scolaire et résidentielle au SO2 et les issues de 
l’asthme. Ils ont procédé à des redressements selon l’âge, le sexe, les antécé-
dents parentaux d’atopie et l’exposition à la fumée du tabac à la maison.
RÉSULTATS : Le RP redressé d’association entre l’asthme actif et les taux 
de SO2 correspondait à 1,14 (95 % IC 0,94 à 1,39) par intervalle inter-
quartile des modèles de SO2 annuels. L’effet sur le mauvais contrôle de 
l’asthme était plus élevé (RP=1,39 par augmentation de l’intervalle inter-
quartile dans les modèles de SO2 [95 % IC 1,00 à 1,94]).
CONCLUSIONS : Les résultats de la présente étude laissent croire à un lien 
entre l’exposition aux émissions de SO2 par les cheminées des raffineries et la 
prévalence d’asthme actif et de mauvais contrôle de l’asthme chez les enfants 
qui vivent et fréquentent l’école à proximité des raffineries.
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Few studies have assessed the respiratory health effects of an indi-
vidual’s exposure within a community to industrial emissions of SO2. 
Refineries and power plants are among the well-known industrial 
facilities that contribute locally and regionally to ambient SO2 levels. 
The present study aimed to examine the effects of stack emissions of 
SO2 from petroleum refineries located in Montreal’s (Quebec) east-
end industrial complex on the prevalence of active asthma and poor 
asthma control among children six months to 12 years of age living in 
the vicinity of these industrial facilities. Data from a cross-sectional 
survey performed across the Island of Montreal on the prevalence of 
asthma was linked to dispersion model data from another study on 
acute effects performed in the same region (23). Dispersion model-
ling provides an approximation of ground-level concentrations of air 
pollutants around point sources and near housing, and can be used 
to quantify an individual’s exposure, particularly over the long term, 
using averaged meteorological data (24).

METHODS
Study design and population
Between April and July 2006, a cross-sectional, population-based sur-
vey on the determinants of respiratory health in children was con-
ducted on the Island of Montreal by the Montreal Public Health 
Department (25). Study participants were recruited from a random list 
of names and addresses of 17,697 Montreal households with at least 
one child between six months and 12 years of age, which was provided 
by the Quebec Health Insurance Board (RAMQ). To be eligible for 
the survey, the child had to reside in the Montreal area and live with 
the responding mother, father or legal guardian at least 50% of the 
time, and the child’s parent or legal guardian had to be a French- or 
English-speaking adult (≥18 years of age). These households received 
a letter inviting them to participate in the study. Furthermore, 

12,680 households were matched with a telephone number, of which 
3012 were nonvalid (eg, wrong numbers). The remaining 9668 house-
holds were contacted by telephone and 6813 (70%) completed the survey, 
either by telephone or on the Internet. An additional 1167 households 
unpaired with a telephone number completed the web questionnaire 
(using the personal identification number for the Internet provided in 
the letter), yielding a total of 7980 completed questionnaires. The 
response rate for the households unpaired with a telephone number 
was estimated to be approximately 30%. This response rate was esti-
mated assuming, as for those contacted by telephone, that 76% 
(9668 of 12,680) of those unpaired with a telephone number (ie, 
17,697−12,680) received the letter. The resulting overall response 
rate was, therefore, estimated to be approximately 60% (7980 of 
13,481). Overall, 52.3% answered the questionnaire on the Internet 
and 47.7% by telephone. In families that had more than one eligible 
child, the questionnaire was completed for the child whose birthday 
was nearest to the survey date.

In the present study, survey subjects who resided in the east end of 
the Island of Montreal, where an industrial sector comprising two 
petroleum refineries is located, were selected. This area is comprised of 
primarily working-class residents. The defined geographical area of the 
study corresponds to the Forward Sortation Areas (FSAs) H1A, H1B, 
H1K, H1L, H1C, H1E, and H1J (Figure 1). Residences in the study 
area defined by the seven FSAs are located as close as 0.4 km and up 
to 12.8 km from the refinery stacks (median 3.6 km). Schools in the 
area are 1.0 km to 8.8 km from the stacks (median 4.2 km). To limit 
exposure misclassification due to moving, children who resided within 
any of the seven FSAs since birth or who had lived at the same address 
in the study area for ≥1 year before the 2006 survey were selected.

From the 7980 completed questionnaires, 842 met the residency 
inclusion criteria (in the east end of the Island of Montreal since birth 
or for ≥1 year). The response rate among the east-end Montreal popu-
lation was similar to that for the entire sample (see above), and was 
estimated to be 65%. In the east end of the Island of Montreal, 50.4% 
answered the questionnaire on the Internet and 49.6% by telephone.

The questionnaire was based on the International Study of Asthma 
and Allergies in Childhood (ISAAC) and the European Community 
Respiratory Health Survey (ECHRS) standardized written question-
naires, as well as the Quebec Child and Adolescent Health and Social 
Survey, to ensure comparability between Canadian and International 
results. Survey and asthma experts were asked to review the question-
naire, and a small-scale pretest was performed for content validation. 
Questions focused on the child’s respiratory and allergy symptoms and 
illnesses, use of health care services, personal and family medical hist-
ory, home environmental exposures, lifestyle factors and sociodemo-
graphic characteristics. Home postal codes (six characters) were 
requested from the respondents. Within the study area, a six-digit 
postal code often corresponds to a single segment of road on which 
fewer than 50 individuals reside. A question about the location of the 
school the child attended (when applicable) was also included. 
Written informed consent was obtained from the child’s parent or 
legal guardian. The study protocol was approved by the Montreal 
Public Health Research Ethics Board.

Study variables
Health outcomes: The definition of active asthma in Health Canada’s 
1995-1996 Student Lung Health Survey was used (26). ‘Active asthma’ 
was defined as ever having being diagnosed with asthma by a physician 
and having reported one or more of the following features during the 
12 months preceding the survey: wheezing or whistling in the chest, a 
dry cough at night, an asthma attack or use of bronchodilators.

‘Asthma control’ was established in subjects with ‘active asthma’ 
and was assessed on the basis of five specific symptom-based criteria 
that are similar to those in the Canadian Pediatric Asthma Consensus 
guidelines (27). Asthma was considered poorly controlled if one or 
more of the following features was reported: daytime symptoms (eg, 
wheezing or whistling in the chest ≥3 times a week); night-time 

Figure 1) Study area, location of refineries and the industrial area, three-
character postal areas (Forward Sortation Areas) and, residential six-char-
acter postal codes. A six-character postal code represents a segment of road 
(block side) on which approximately 50 individuals reside
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symptoms (eg, awakened by dry cough or wheezing ≥1 night a week); 
the need for ≥3 doses a week of short-acting beta-2-agonist rescue 
medication; physical activity limitations during the previous three 
months; or absence from school or daycare due to asthma during the 
previous three months. The survey questions related to these outcomes 
are listed in Appendix 1.
Individual characteristics: The individual characteristics of children 
were age as linear spline basis functions with one knot at six years of 
age chosen on the basis of the relationship between asthma prevalence 
and age; sex; parental history of atopy defined as a reported history of 
asthma, allergic rhinitis or eczema in the child’s biological mother or 
father; household income (<$75,000/year or ≥$75,000/year, based on 
the second tercile); maternal educational level (secondary or less, or 
postsecondary); and environmental tobacco smoke (ETS) exposure 
defined as any current (eg, at the time of survey) exposure to smoking 
in the home.
Residential and school exposure to SO2: The geographical location 
of a child’s home and school within the seven FSAs was estimated 
using the centroid coordinates of the six-digit postal codes.

Yearly ambient SO2 levels from refinery stack emissions were esti-
mated at the locations of the centroid coordinates of these six-digit 
postal codes. They were computed from hourly SO2 levels using the 
AERMOD air dispersion model as described in an earlier study that 
assessed their acute respiratory effects (23). This model is recom-
mended by the United States Environmental Protection Agency for 
estimating the concentration of pollutants at specific ground-level 
receptors surrounding an emission source (28). Refinery emissions of 
SO2 and meteorological data for 2004 were used because 2005 emis-
sion data were not available.

Briefly, data for several point-source emissions of the two refineries 
were used to model hourly SO2 levels at receptor locations correspond-
ing to the residential six-digit postal code centroids in the east end of 
Montreal (in the FSAs H1A, H1B, H1K, H1L, H1C, H1E and H1J). 
The point-source emissions included those from main vents and stacks 
that emit continuously throughout the year (seven point-source emis-
sion sources for one refinery and five for the other). Data regarding the 
longitude/latitude, emission temperature, height and exit velocity for 
each vent and stack were available. The emissions from the main 
vents and stacks represented approximately 90% of the total SO2 
emissions from the two refineries. From 1994 to 2005, emissions from 
the two refineries represented more than 80% of the industrial SO2 
emissions in the area (>7500 tons/year according to the Canadian 
National Pollutant Release Inventory) (29).

The inputs to the dispersion model also included hourly meteoro-
logical records from the Pierre Elliott Trudeau Montreal International 
Airport, approximately 25 km from the study area, and upper air data 
from a rural monitoring site descriptive of the greater Montreal region. 
All meteorological data were acquired from Environment Canada 
(30). The topographical characteristics across the area of interest were 
considered to be constant. Allowances in the model were made for the 
nature of the local terrain, including both vegetated (grass) and paved 
surfaces.

Attempts were made to account for the time-activity patterns 
of all selected study children. For children younger than than five 
years of age on September 30, 2005 (compulsory school attendance 
age cut-off date each year), who were assumed to spend most of their 
time at home, hourly SO2 exposure estimates included only home 
exposure values. For school-age children (between five and 12 years 
of age), the time spent at home and at school was considered: it 
was assumed that 8 h a day (08:00 to 16:00) was spent at school on 
weekdays (Monday to Friday) from September to June and that the 
remaining time was spent at home. A missing SO2 value for school 
exposure was assigned to children attending schools outside the area 
of east-end Montreal (11.7%). Background ambient SO2 levels were 
not considered because only one average value at the monitoring 
station was available for the Island of Montreal (a constant for all 
the children in the present study). For the analyses, intra-urban 

geographical variations in pollutant levels emitted by industrial 
stacks were available only for SO2.

Data analysis
Two different sets of analyses were performed according to the preva-
lence of the two defined outcomes: children with active asthma and 
children with poor asthma control. Cases with missing data (“do not 
know” or “refusal”) for any of the variables included in the analyses 
were excluded.

Descriptive analyses estimated the frequency distribution of the study 
population characteristics (child’s age and sex, parental history of atopy, 
household income, maternal education level, maternal immigration 
status, ETS exposure and yearly SO2 exposure), comparing children with 
the disease with those without the disease as outlined above. χ2 tests were 
used for categorical variables and t tests for continuous variables.

Log-binomial regression models were used to estimate crude and 
adjusted prevalence ratios (PRs) with corresponding 95% CIs for the 
association between yearly SO2 exposure levels (AERMOD estimates) 
and asthma outcomes. Potential confounders included child’s age and 
sex, parental history of atopy and ETS exposure at home. The PRs are 
expressed per interquartile range of yearly SO2 levels (SO2 interquar-
tile range 4.7 µg/m3). All statistical analyses were performed using 
STATA version 9.2 (STATA Corporation, USA).

RESULTS
Study population characteristics
Of the 842 eligible respondents who completed the survey, a total of 
821 (97.5%) provided complete questionnaire data to establish the 
child’s asthma status and potential confounder variables.

A total of 652 (79.4% of 821) children had not been previously 
diagnosed with asthma. Among those ever diagnosed with asthma by a 
physician (n=169), 142 (17.3% of 821) experienced active asthma in 
the previous year. Of these, 35.9% met at least one of the five criteria 
of poor asthma control and five could not be evaluated because of mis-
sing data (6.2% [51 of 816]). For comparison, the prevalence of active 
and uncontrolled asthma was 12.8% and 4.5%, respectively, for the 
entire population of children in Montreal.

The characteristics of the study population are summarized in 
Table 1. No significant differences were found with respect to age 
according to asthma status. The proportion of boys was higher among 
children with poor asthma control (60.8%) compared with the rest of 
the children (ie, no asthma or controlled asthma [49.9%]). Parental 
history of atopy was lowest (33.0%) among children who were not 
asthmatic. Asthmatic subjects were also more likely to be in lower 
socioeconomic groups (ie, low household income and maternal 
education).

Associations between AERMOD SO2 exposure levels and asthma 
outcomes
The crude and adjusted PRs of association for asthma outcomes with 
yearly total AERMOD SO2 estimates are presented in Table 2. The 
estimated crude and multivariate-adjusted PRs demonstrate a tendency 
toward an association between active asthma in children from east-end 
Montreal, and residential and school SO2 concentrations. A significant 
and more marked association was found between poor asthma control 
and SO2 concentrations (crude PR 1.45 [95% CI 1.03 to 2.03] and 
adjusted PR 1.39 [95% CI 1.00 to 1.94] per interquartile range). 
Adjusting for child’s age and sex, parental atopy and ETS exposure 
slightly decreased the PRs. Stratification according to age (<6 years of 
age and ≥6 years of age) showed that associations with SO2 were 
mainly observed in the older age group (data not shown). Adjusting 
for socioeconomic status (ie, household income and maternal educa-
tional level) had limited influence on the results of the analyses (<5%, 
data not shown).

DISCUSSION
The present study demonstrated an association between the prevalence 
of active and poor asthma control among children living in east-end 
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Montreal, and ambient school and residential exposure to refinery 
stack emissions of SO2. In the present study, SO2 exposure was esti-
mated using a dispersion model, which provided the intra-urban geo-
graphical variation of ambient SO2 levels. In earlier studies, the 
association between industrial SO2 emissions and respiratory health 
effects among children was assessed by comparing large geographical 
areas with different SO2 levels or areas in varying proximity to indus-
trial facilities that burn coal or oil, such as power plants, refineries, 
incinerators, petrochemical complexes and other industrial sources of 
SO2 (31).

Our results concur with those of Charpin et al (32), Dales et al 
(33) and Yang et al (34) who reported an increased prevalence of res-
piratory symptoms in industrial-polluted communities with higher 
levels of SO2 compared with low-pollution areas. Our results are also 
in agreement with studies reporting an increased prevalence of asthma 
(35-37) or asthma-related symptoms (37-39) among children living in 
proximity to industrial areas, including refineries and petrochemical 
plants, where SO2 emissions occur.

The prevalence of parental atopy was quite high in our study (more 
than 60% in children with active asthma and poor control of their 
disease, and 33% in children without asthma). Some previous studies 
that measured parental atopy using questionnaires reported widely 
varying prevalences of positive parental history of atopy in asthmatic 
children, for example, ranging from 15% (family history of asthma) to 
28% (mother has asthma) among Canadian children with asthma 
(40,41). In these studies, different approaches were used to define the 
presence of atopy (42). The differences observed between our study 

and previous work could partly result from the fact that we used a more 
inclusive definition (ie, a reported history of asthma, allergic rhinitis 
and/or eczema in the child’s biological mother or father) to capture a 
variety of parental atopy profiles associated with asthma. The higher 
prevalence of parental atopy in this population could also be due to a 
much lower proportion of immigrants living in the area (the lowest on 
the Island of Montreal). In fact, the prevalence of declared parental 
atopy among immigrants was approximately one-half of that among 
the domestic population (North American origin) (25).

Furthermore, other studies did not find an association between prox-
imity to areas with SO2-emitting industrial facilities and asthma-related 
outcomes (43,44). These inconsistencies may be due to the fact that 
most studies failed to properly classify exposure. Exposure may be better 
estimated with the use of dispersion modelling than by proximity to 
industrial facilities.

While a dispersion model was used to estimate exposure, our study 
was still subject to several limitations. First, definitive information 
regarding the residency of the children was not available. Our school-
residence weighted time may not have been an adequate representa-
tion of exposure. We assumed that children who were younger than 
five years of age were at home; however, some were likely attending 
daycare, but the location of the daycare centres was not available. 
Nevertheless, school and daycare hours are small compared with home 
hours, and would have limited influence on annual exposure estimates. 
In support of this, when we used home exposure data only (ie, without 
school exposure), similar results were observed.

Second, the exposure estimates did not include other sources of 
SO2. We focused on the contribution of SO2 emissions from the refin-
eries because it was the main source of this pollutant in the study area. 
Background SO2 emissions from other local industrial sources or from 
diverse urban sources were considered to be neglible.

Third, we do not know whether the effects observed in our study 
were due to SO2, to other pollutants or to a combination of both. 
Stack emissions of other pollutants such as fine particles, which have 
been associated with asthma, occur concurrently with SO2. Fugitive 
volatile organic compound (VOC) and stack emissions are dispersed 
to residential areas by winds and expose the population. Unfortunately, 
we could not address the effects of VOC and fine particulate emissions 
in our analyses because the levels of these pollutants were not mod-
elled. Furthermore, we do not know whether the effects were due to 
cumulative or recent exposure. Pollutant levels and refinery 

TAble 2
Prevalence ratios (PR) for the association between yearly 
ambient sulphur dioxide exposure levels (AeRMOD 
estimates) and prevalence of active asthma and poor 
asthma control
Health outcomes Yes No PR (95% CI) PR (95% CI)*
Active asthma 142 679 1.15 (0.94–1.41) 1.14 (0.94–1.39)
Poor asthma control† 51 765 1.45 (1.03–2.03) 1.39 (1.00–1.94)

*Expressed as an interquartile range (IQR) increase and adjusted for child’s 
age, sex, parental atopy and environmental tobacco smoke exposure at home; 
†There were missing data for the questions used for the assessment of 
asthma control in five children

TAble 1
Characteristics of children from east-end Montreal (Quebec), 2006

Variable
Active asthma 

(n=142)
No active asthma 

(n=679)
Poor asthma control* 

(n=51)

Active asthma with 
acceptable control* 

(n=86)

No asthma or  
controlled asthma 

(n=765)
Age, years, mean ± SD 7.6±2.7 7.5±3.3 7.2±2.7 7.6±2.7 7.5±3.3
Sex, n (%)
   Male 72 (50.7) 345 (50.8) 31 (60.8)† 37 (43.0) 382 (49.9)
   Female 70 (49.3) 334 (49.2) 20 (39.2) 49 (57.0) 383 (50.1)
Parental history of atopy, n (%) 90 (63.4)‡ 224 (33.0) 34 (66.7)§ 51 (59.3) 275 (36.0)
Household income/year, n (%)¶

   <$75,000 96 (73.8)† 393 (64.5) 36 (75.0) 57 (73.1) 450 (65.5)
   ≥$75,000 34 (26.2) 216 (35.5) 12 (25.0) 21 (26.9) 237 (34.5)
Maternal educational level, n (%)**
   Secondary and lower 54 (39.1) 212 (32.0) 19 (37.3) 33 (40.2) 245 (32.9)
   Postsecondary 84 (60.9) 451 (68.0) 32 (62.7) 49 (59.8) 500 (67.1)
Passive smoke exposure, n (%)  28 (19.7) 125 (18.4) 10 (19.6) 16 (18.6) 141 (18.4)
Yearly SO2 exposure, µg/m3, mean ± SD 4.75 (3.24) 4.37 (3.17) 5.37 (3.50)†† 4.55 (3.09) 4.39 (3.2)

*Assessment of asthma control was not possible for five active asthmatic subjects, thus, the number of controlled and uncontrolled asthmatics does not sum to 142;  
†Significant difference from the group of children without active asthma (χ2 P<0.05); ‡Significant difference from the group of children without active asthma (χ2 
P<0.001); §Significant difference from the group of children with no asthma or controlled asthma (χ2 P<0.001); ¶Eighty-two individuals had missing values (n=739); 
**Twenty individuals had missing values (n=801); ††Significant difference from the group of children with no asthma or controlled asthma (t test P<0.05). SO2 Sulphur 
dioxide
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emissions were higher in the past and, for older children, exposure 
might have been higher in the early years of life. However, asthma 
control is probably more influenced by recent exposure.

Given the multifactorial etiology of asthma, it is also possible that 
pollutants derived from indoor sources contribute to the aggravation of 
the disease. Yet, we controlled for ETS exposure in the home – the 
most probable confounder or effect modifier among environmental 
and lifestyle risk factors for asthma. Analyses controlling for the pres-
ence of reported mold or humidity in the house, as well as road traffic 
density on the street of the residence were also performed, with no 
confounders to the associations with SO2 levels observed (data not 
shown).

It is also worth noting that in the current study, asthma diagnosis 
and asthma status (active asthma and disease control) were not valid-
ated with objective measurements such as lung function tests. 
Nevertheless, the methods we used were similar to those of other 
national and international epidemiological studies that used validated 
and standardized questionnaires. We also assessed asthma symptoms 
and control using criteria and questions that are widely used in clinical 
practices involving children. We should also point out that asthma 
cannot be definitely confirmed in children younger than six years of 
age, and that the diagnosis of asthma is not based on physiological 
criteria for that age group (27,45).

Finally, the high level of public concern about the health impacts 
of refinery pollution might have led subjects to move away from the 
industrial sector, which might have influenced our prevalence results. 
To limit the effect of moving, we studied only children who resided at 
the same address in the study area for at least one year before the 2006 
survey or since birth. Furthermore, public concern might have led 
subjects living near the refineries to over-report respiratory health 
symptoms. While differential reporting bias was not ruled out, the 
initial study was presented as a respiratory health survey of Montreal 
children rather than an assessment of the respiratory health effects 
from exposure to refinery emissions, thereby reducing such bias. 
Furthermore, the use of a dispersion model to estimate exposure, rather 
than only proximity to the industrial complex, renders differential 
reporting of asthma symptoms according to exposure category less 
likely.

CONCLUSION
Results of the present study suggest an association between exposure to 
SO2 from refinery stack emissions and the prevalence of active and 
poor asthma control. Additional studies are needed to understand 
whether the observed associations were due to repeat acute or chronic 
exposure or to both, and if industrial emissions are associated with the 
development of asthma.
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APPeNDIx 1
Health outcomes: Asthma assessment questions
Active asthma
Has a doctor ever said your child had asthma?
And, in the past 12 months, did your child have one or more of the following:
– … wheezing or whistling in the chest?
– … a dry cough at night?
– … an attack of asthma?
– … did your child use any medication against asthma (pumps, nebulizers, 

syrup or injection)?
Asthma control (applied to subjects with active asthma only)
Active asthma not under control if one or more of these features were 
reported:
– Currently, does your child wheeze or have a whistling sound in the chest 

three times or more a week?
– Currently, is your child awakened at night by a dry cough or by wheezing 

one time or more a week?
– During the past 3 months, has your child limited or avoided physical activi-

ties because of his/her asthma?
– During the past 3 months, has your child missed school or daycare, 

because of his/her asthma?
– At the time of the survey, the child used frequently (ie, ≥3 times per week) 

a bronchodilator for asthma.
The following questions were used to assess frequent bronchodilator use (a 
positive answer to the first question below was mandatory and one of the two 
other features was necessary to identify children using a bronchodilatator  
≥3 times per week:
i) Does your child use a bronchodilatator, such as Ventolin*? (Yes)

ii) How often does your child use the bronchodilatator ? (everyday, a few 
times per week)

iii) If the answer to the previous questions was ‘a few times per week, the 
respondent was asked: Does your child use the bronchodilatator three 
times or more a week? (Yes)

*GlaxoSmithKline, USA
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