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ABSTRACT

The analysis of ambient air quality in the environments around elementary schools is an
important issue, as children are at school for a large part of the day. This article has two
objectives: first, to compare the proportion of major roads and NO, concentration levels in city
blocks where there are schools with the situation in the rest of the Island of Montreal; and
second, to see whether there are significant differences in these pollution indicators according

to the levels of socioeconomic deprivation at these schools.

Montreal’s 319 elementary schools were geocoded in a geographic information system (GIS).
Two types of pollution indicators based on the types of roads and NO, concentrations were
calculated within a 200-metre radius of each city block centroid on the Island of Montreal and
of the main building of each elementary school.

Elementary schools, regardless of their level of socioeconomic deprivation, are located in city
blocks where there are fewer major roads than in, and generally similar concentrations of NO-
to, the rest of the Island of Montreal. However, NO, concentrations near elementary schools
are positively and significantly associated with levels of deprivation at these schools.

This study highlights an issue of environmental equity, in showing that students from
socioeconomically disadvantaged backgrounds tend to attend elementary schools located in

more polluted environments.

Keywords: Environmental equity, elementary schools, air pollution, deprivation,

transportation policies, geographic information systems.

Highlights
¢ Elementary schools are located in city blocks where there are fewer major roads

¢ NO, concentrations near schools are positively associated with levels of deprivation

at these schools

e Schools with a higher index of deprivation tend to be located in the most polluted

areas



1. Introduction

Pollutant emissions are one of the major pollutants in urban areas and affect people’s quality
of life on a number of levels (Briggs et al., 2008; Brunekreef and Holgate, 2002; Hoek et al.,
2002). Air pollution also contributes to health inequalities, and the authorities must develop
adequate social inclusion policies towards the most vulnerable populations to these pollutants.
Vehicular exhaust is the main source of harmful particles that have a detrimental impact on
health, especially nitrogen oxides (NOy) (Cesaroni et al., 2008; Crouse et al., 2009a) and, to
a lesser extent, carbon monoxide (CO) (Houston et al., 2004; Rioux et al., 2010). Recent
observations in regard to NO: levels in the United Kingdom report that the spatial
concentrations of this pollutant have stabilized in recent years. These observations could
undermine the authorities’ objective of reducing NO, concentrations in urban areas (Carslaw
et al., 2011).

The highest concentrations of these pollutants are generally found within 200 metres of
highways and major roads (Brugge et al., 2007). Studies have shown that children are more
vulnerable to the effects of high concentrations of various air pollutants due to the fact that
their organs and nervous systems are not fully developed (Bolte et al., 2009) and that they
inhale more air per unit of body mass (Landrigan et al., 2004), and because of their limited
mobility, which tends to restrict them to their residential area (Day and Wager, 2010). A
number of studies around the world have also shown that children who attend schools located
less than 200 metres from a major road, that is, in areas where traffic densities are high and
where there are high levels of traffic-related pollutants, are more likely to develop problems
associated with asthma and to have reduced lung function (Brunekreef et al., 1997; Clark et
al., 2010; Gauderman et al.,, 2007; Jerrett et al., 2008; Kim et al.,, 2008). For example,
Brunekreef et al. (1997) found that a residential location near major motorways in the

Netherlands may lead to reduced lung function in children.

The literature on environmental and social equity has focused on the health impacts of the
spatial distribution of environmental burdens, and on the lack of amenities experienced by low-
income households and ethnic or racial groups in different countries (Schweitzer and
Stephenson, 2007; Walker, 2011). Numerous studies have shown that low-income
households tend to be located in the most polluted areas in Canada (Buzzelli and Jerrett,
2007; Crouse et al., 2009b), the United States (Chakraborty, 2006, 2009; Pastor et al., 2001),
the United Kingdom (Brainard et al., 2002; Mitchell and Dorling, 2003) and New Zealand
(Kingham et al., 2007). In the same vein, other studies have looked at the social impacts of
transportation infrastructure (Feitelson, 2002; Hodgson et al., 2013; Thomopolous and Grant-

Muller, 2013). More recently, the literature on environmental and social equity has increasingly



examined other population groups such as children and older people due to their physiological
vulnerability to air pollution (Walker, 2009). Nevertheless, few studies on environmental and
social equity and transportation have explored whether children are exposed to high
concentrations of air pollutants (Brainard et al., 2002; Crouse et al., 2009b; Mitchell and
Dorling, 2003).

This analysis focusing on Montreal has been inspired by these studies on air pollution and
social impacts in transportation from the perspective of environmental and social equity. It
concentrates, however, on an evaluation of air quality in the environments around elementary
schools. Only a few studies in environmental and social equity have emphasized intra-group
differences in terms of the exposure to air pollutants.

2. Schools, air pollution, environmental and social equity

Numerous studies have been conducted in order to evaluate the association between air
guality around schools and various outcomes such as academic performance (Clark et al.,
2010; Zahran et al., 2009), mental health (Evans, 2003) and respiratory problems (McConnell
et al., 2010; Pastor et al., 2006). In that perspective, the characterization of the socioeconomic
status of children attending schools located in areas that are most affected by traffic-related
air pollution has become a topic of considerable interest in the literature on environmental and

social equity because of the amount of time that children spend at school (Sampson, 2012).

A number of U.S. studies have shown that children from low-income backgrounds and
Hispanic or African-American communities are more likely to attend schools that are located
near major roads and in the most polluted areas. In California, Green et al. (2004) showed
that public schools located within 150 metres of a major road with daily traffic of over 50,000
vehicles were more frequently attended by ethnic minorities (Hispanics and Blacks) and
students from low-income households. In other American cities, Chakraborty and Zandbergen
(2007) and Stuart and Zeager (2011) in Tampa Bay, and Wu and Batterman (2006) in Detroit
found that schools with a high level of deprivation were positively associated with a proximity
to major roads and a higher concentration of nitrogen dioxide (NOz). A recent study by Amram
et al. (2011) on large Canadian urban areas notes that 22% of schools in the most deprived
quintile at the census tract level are located less than 75 metres from a major road, compared
with 13% of schools in the least deprived quintile. Moreover, a study in Malmo, Sweden shows
that children under 15 years of age from low-income households are more exposed to higher

concentrations of NO: in their home and school environments (Chaix et al., 2006).



3. Research objectives

The literature has emphasized the finding that children from low-income households or of low
socioeconomic status are more likely than those from more well-off households to attend
schools that are located near major roads, where concentrations of pollutants are higher
(Amram et al., 2011; Chakraborty and Zandbergen, 2007). This situation is an important issue
for understanding health inequalities and developing appropriate social inclusion policies for
transportation, as children are vulnerable to pollutants in their environment in two ways. On
the one hand, the incomplete development of their organs and nervous systems increases
their risks of developing various health problems if they are exposed to high concentrations of
pollutants. On the other hand, because children—and especially children from low-income
backgrounds—are less mobile, they are more likely to stay in their residential environments.

To our knowledge, no study on environmental and social equity has compared the levels of
traffic-related pollutants in the environments around schools with the levels in a larger control
area. The emphasis has often been placed on the differences in pollutant concentrations
between schools according to their socioeconomic composition. This study has two objectives.
It first attempts to determine whether Montreal elementary schools are located in city blocks
that are more polluted than in the rest of the Island of Montreal. We then develop an
assessment of environmental and social equity by establishing whether the most
disadvantaged elementary schools show higher pollution indicators than schools in more well-

off areas.

4. Methodology

A number of methodological issues have been raised in the literature in order to determine,
with considerable precision, the existence of environmental inequities for a given population
group. Among the important criteria for a rigorous evaluation of environmental and social
equity, Walker (2010) emphasizes the issue of the choice of the scale of analysis. In concrete
terms, this spatial division has to be as fine as possible in order to obtain a good degree of
variability of the indicator of exposure to the environmental nuisance across the spatial units
in the area under study. This concept of the modifiable areal unit problem (MAUP) has largely
been addressed in the literature in environmental and social equity (Bowen, 2002; Schweitzer
and Stephenson, 2007), and recently in the literature on transportation (Wang et al., 2011).
An inadequate choice of the scale of analysis could lead to errors and misinterpretations, as

reported in Bowen (2002). Walker (2010) also considers it appropriate to compare the levels



of exposure to the nuisance examined in the target group with the levels for a control group,
in order to establish whether these levels are in fact higher in the target group. Consequently,
in the context of this study, it is important to select the appropriate spatial division and control
groups in order to determine whether or not the elementary schools are located in more

polluted environments.

4.1 Study area, targeted groups and scale of analysis

This study focuses on the Island of Montreal, which has 1.88 million inhabitants and covers
499 km?. This territory is part of the Montreal census metropolitan area (CMA), which is the
second most populous metropolis in Canada (with 3.92 million inhabitants). We have only
considered the Island of Montreal because air pollution data were only available in that
geographic area. More specifically, this study focuses on the environment around Montreal’s
319 public elementary schools, excluding schools in Tle-Bizard (with a population of 17,950

inhabitants), where no air pollution measurements had been taken (Figure 1).

We selected two control groups—children between 5 and 12 years old, and the total
population—the numbers of which were extracted by Statistics Canada from the 2011 census,
at the dissemination area (DA) level. The DA is the most accurate unit of analysis on which
socioeconomic data are available. Generally, 400 to 700 people reside in a DA, and this spatial
unit corresponds to a small area composed of one or more neighbouring blocks (Statistics-
Canada, 2011). Concretely, the selection of these two control populations allowed us to
compare pollution indicator values between the environments around public elementary
schools and residential areas across the entire Island of Montreal. The selection of the control
population of children between 5 and 12 years old also enabled us to compare the spatial
concentrations of air pollution indicators around the schools and around the residential areas.
We were thus able to see whether pollution levels for children were higher at school than in
their home environment. This also allowed us to determine the potential NO» exposure for
children in this age group as they spent most of their day at school and in their residential

area.
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Figure 1. Study area: Schools, major road networks and pollution indicators

Checking for environmental and social inequities for a given population group requires that
analyses be performed at a fine geographic scale, as pollution levels can vary greatly at the
scales of a neighbourhood, a census tract or a dissemination area. We therefore decided to
use the city block, the finest spatial unit provided by Statistics Canada, as our basis for
generating pollution indicators. It should be noted that Statistics Canada only provides data
on the total population and the number of dwellings at the city block level. To address this
issue, we estimated the numbers of 5 to 12 year-olds consistent with the approach recently
put forward by Pham et al. (2012), as follows:

where ti represents the estimated population of the 5 to 12 year-old group in the city block, ta
is the group’s population in the dissemination area, and T; and T, are the total population in

the block and the dissemination area respectively.



One of the main limitations of this method is related to the assumption of a homogenous
distribution for a demographic group at the city block and dissemination area levels. To
validate the robustness of the interpolation, we did the same exercise but with data
interpolated from the census tract level to the DA level, as suggested by Maantay et al. (2007)
and as also done by Pham et al. (2012). The correlation between the interpolated values and
those provided by Statistics Canada for the 5 to 12 year-old group at the DA level is 0.87,
which is comparable to the results of Maantay et al. (2007) and Pham et al. (2012).

4.2 Geocoding of elementary schools

We developed our list of public elementary schools from the data available on the websites of
the five school boards covering the territory of the Island of Montreal. We then validated this
list with data from the Québec Ministry of Education, Recreation and Sports. After this, the
schools were geocoded in a GIS (ArcGIS version 10.1) according to their postal codes, and a
correction was finally effected to ensure that the points for the schools were placed in the
centre of each main building by using the online high-resolution imagery basemaps of ArcGIS
(ESRI, 2011). The Google Maps website was also used to validate this process for each of
the 319 schools.

4.3 Determination of socioeconomic deprivation levels for elementary schools

The authority in charge of school tax on the Island of Montreal (Le comité de gestion de la
taxe scolaire de I'ile de Montréal, or CGTSIM) has established the socioeconomic deprivation
levels (or “underprivileged status”) of all elementary schools located on the Island of Montreal
(CGTSIM, 2013). To set these levels, the CGTSIM first develops an “overall underprivileged
index,” by using four variables from the 2006 Canadian census data collected by Statistics
Canada and establishing the respective weight of these variables in the index calculation as
follows: low income (50%), mother's education (16.67%), female lone-parent families
(16.67%) and parents’ economic activity (16.67%). The index is applied to 470 zones
determined by the CGTSIM and located on the Island of Montreal. Using the postal code for
his or her home address, each student is assigned a value for the “index of underprivileged
status” associated with one of the 470 zones where he or she lives. The overall
underprivileged index can vary from O (absence of deprivation) to 100 (all of the students live
in an area with a high level of socioeconomic deprivation). The CGTSIM then assigns an index

of underprivileged status to each elementary school by adding all the values of the students’



indices and dividing this by the total number of students in the school. This index ranges from
0.47 to 44.69 (mean = 15.58 and SD = 9.36), that is, from a low to a high level of deprivation.

4.4 Air pollution indicators

The operations involved in constructing the pollution indicators were carried out in ArcGIS
(ESRI, 2011). All of the values for these indicators were calculated both for the areas around—
and within 200 metres of—elementary schools and all city block centroids on the Island of
Montreal. Two types of pollution indicators were developed.

The first pollutant estimation measurements were created by using a spatial database from
2006 of all the streets on the Island of Montreal (Geobase) where various indicators of major
road lengths were calculated in the areas within a 200-metre radius of the elementary schools
and city blocks. The distance of 200 metres was chosen as the effects of air pollutants are
rarely felt beyond this distance. Brugge et al. (2007) have reported that the spatial
concentrations of air pollutants from highways rapidly decline from 0 to 200 metres. These
buffer zones were demarcated around the centroid of the area occupied for residential
purposes in each city block on the Island of Montreal. These estimation measurements
represent a proxy of air pollution following from the postulate that pollution levels should be
higher near major roads and highways. The length of major roads simply corresponds to the
sum of the lengths of all road sections associated with their hierarchies (as secondary roads
or highways) in each buffer zone. The indicators developed are related to: 1) the length of the
highway network within the 200-metre radius around schools and city block centroids; 2) the
length of secondary roads—collector, arterial and express roads; and 3) the length of
highways and secondary roads.

For the second type of pollution indicators, we used a series of data created by a team of
McGill University researchers who had measured NO; concentrations during the months of
May, August and December 2006 at 133 locations on the Island of Montreal (Crouse et al.,
2009a). A pollution map for the entire island was then generated by using land-use regression
at a fine spatial resolution (Crouse et al., 2009b). This technique consists in constructing a
regression equation with the observations at the 133 points sampled for the concentration of
a pollutant as the dependent variable, and a whole series of independent variables, especially
the proximity to major roads and highways, the length of sections of road near the sampling
location, traffic flows, residential density, and the presence of industrial facilities (Crouse et
al., 2009a; Ryan and LeMasters, 2007). Once a robust regression model has been obtained

(with a high R?), the equation is applied to the entire territory. Using the map of pollutant



emissions thus developed, we then calculated the average NO; value within a 200-metre
radius of each elementary school on the Island of Montreal and of each city block centroid.
However, we also need to remember that the NO, concentrations are derived from the results
of land-use regression modelling using data observed over a period of three different months.
But this may mask considerable variations in such concentrations according to the day of the
week and the time of day. In sum, it is important here to distinguish between the notions of the
concentration of a pollutant and an individual’s exposure to pollutants. The latter is related to
the period of time spent in an environment and the quantity of pollutants to which the individual
is exposed (Janssen and Mehta, 2006).

4.5 Statistical analyses

In order to determine whether there are environmental and social inequities affecting public
elementary schools with higher levels of socioeconomic deprivation, we employed four types
of statistical analyses widely used in studies on environmental and social equity (Apparicio et
al., 2010; Briggs et al., 2008; Kingham et al., 2007). We also decided not to conduct regression
modelling because we wanted to place the emphasis on comparing air pollutant concentration
levels and the length of major roads between the students enrolled in the elementary schools

and the two control groups.

In keeping with our first objective, the first two statistical analyses were designed to show
whether the schools were located in city blocks that were more polluted than in the rest of the
Island of Montreal through: 1) a comparison of the univariate statistics for the pollution
indicators weighted by the number of students enrolled in elementary schools, the total
population, and the number of 5 to 12 year-olds per city block; and 2) a t-test to compare the
mean values of the pollution indicators calculated within 200 metres of city blocks that have
an elementary school weighted by the number of enrolled students, and for city blocks without

an elementary school weighted by the number of 5 to 12 year-olds.

Next, in line with our second objective, we performed two other statistical analyses to
determine whether the most disadvantaged elementary schools showed higher pollution
indicators than the more well-off elementary schools. Thirdly, we calculated Spearman
correlation coefficients between the elementary schools’ socioeconomic deprivation levels and
the pollution indicators calculated within 200 metres of these schools. Due to the fact that the
association between the level of deprivation index for elementary schools and the pollution
indicators might not be linear, we conducted a fourth statistical analysis. We conducted a t-

test analysis to compare the mean values of the pollution indicators for the extreme quintiles



(first and last quintiles) of the school deprivation index, an exercise conducted, among others,
by Kingham et al. (2007) and Briggs et al. (2008). These analyses were performed in SAS
version 9.2 (SAS Institute Inc).

5. Results

Descriptive statistics for the pollution indicators on the Island of Montreal

The univariate statistics for the four pollution indicators weighted by the total population as
reported in the 2011 Canadian census, the number of 5 to 12 year-olds and the number of
students enrolled in public elementary schools at the city block level are presented in Table 1.

An analysis of these statistics shows that the level of NO, and the length of major roads are
not as great when they are weighted by the number of students enrolled in elementary schools.
The difference is even larger for all the pollution indicators when we compare the number of
students enrolled in elementary schools and the total population. So we find that elementary-
level students go to schools where there is a slightly lower concentration of NO, (mean = 11.99
parts per billion (ppb) and median = 11.57 ppb, compared with 12.29 ppb and 12.05 ppb for
the total population) and where there are shorter major roads and highway sections (mean =
359 m and median = 300 m, compared with 466 m and 383 m for the total population). It was
not however unexpected to find a much smaller gap between the statistics obtained for the
number of 5to 12 year-olds and the number of students enrolled in elementary schools. These
first results show that elementary schools tend to be located in areas that are less polluted by
NO., and with shorter lengths of major roads in comparison with the total population of the
Island of Montreal. Finally, it is worth noting that all the values of the air pollutants around
elementary schools shown in Figure 1 are below the threshold set by the World Health
Organization (WHO) (Forastiere et al., 2006).



Table 1. Univariate statistics for the pollution indicators within a distance of 200 metres from the city
block centroid weighted by the total population, the number of 5 to 12 year-olds, and the number of
students enrolled in public elementary schools

Indicator Weighting N Mean P5 P25 P50 P75 P95
Highw Total population 12,979 50 0 0 0 0 389
5-12 year-olds 12,979 51 0 0 0 0 430
Elementary schools 319 33 0 0 0 0 0
CollExp Total population 12,979 416 0 0 374 695 1,101
5-12 year-olds 12,979 375 0 0 333 656 1,061
Elementary schools 319 327 0 0 287 551 1,026
HCE Total population 12,979 466 0 0 383 723 1,304
5-12 year-olds 12,979 425 0 0 352 701 1,236
Elementary schools 319 359 0 0 300 595 1,127
NO2 Total population 12,979 12.29 8.35 10.25 12.05 14.39 16.64
5-12 year-olds 12,979 12.01 8.17 10.04 11.66 13.98 16.42
Elementary schools 319 11.99 8.09 10.15 11.57 14.08 16.39

Highw: length of highways by city block (in metres); CollExp: length of collector, arterial and express roads by city
block; HCE: length of highways, collector, arterial and express roads by city block; NO2: mean concentration of NO2 by
city block.

P5= 5 percentile; P25= first quartile; P50= median; P75= third quartile; P95= 95" percentile. Bold typeface indicates

the strongest values for each statistical measurement; italics, the weakest.

Comparison between the mean pollutant values for elementary schools and city blocks

We performed a t-test to compare the mean values for the four pollution indicators at the level
of city blocks with or without an elementary school weighted by various count variables. For
city blocks without a school, the pollution indicators are weighted by the number of 5 to 12
year-olds and the total population. For city blocks with a school, the pollution indicators are
weighted by the number of students enrolled in elementary schools (Table 2).

At a 0.05 threshold of significance, city blocks with public elementary schools show shorter
average lengths of nearby highways and collector, arterial and express roads and lower
average NO; concentrations when compared with Montreal city blocks weighted by the
number of 5 to 12 year-olds and the total population. However, the difference in the average
NO- concentrations is not significant between city blocks with elementary schools and other

city blocks weighted by the number of 5 to 12 year-olds. This indicates that, on average,



elementary schools are located in city blocks showing levels of NO- pollution indicators that
are slightly lower than those for the rest of the Island of Montreal, and where there are shorter
lengths of major roads and highways nearby. Consequently, the results of this second analysis
point in the same direction as the previous analysis, in showing an advantageous geographic

location for the elementary schools in comparison with city blocks without such schools.

Table 2. Comparison of the mean values of the pollution indicators within 200 metres of city block
centroids without a public elementary school weighted by the total population and the number of 5 to
12 year-olds, and of the pollution indicators for city blocks with a public elementary school weighted by
the number of enrolled students

Collector, arterial and express roads
Highways (metres)
(metres)
City blocks without City blocks with a
Mean Difference Mean Difference
schools (G1) school (G2)
Weighting Weighting Gl G2 Diff P Gl G2 Diff P
Total population Enrolled students 50.6 325 18.1 0.053 417.9 326.8 91.1 0.000
5-12 year-olds Enrolled students 51.9 325 194 0.052 376.1 326.8 49.3 0.012
Highways, collector, arterial and
express roads (metres) NO:2 (ppb)
Total population Enrolled students 468.5 359.4 | 109.1 0.000 12.29 11.99 0.30 0.034
5-12 year-olds Enrolled students 428.0 3594 68.6 0.003 12.01 11.99 0.02 0.871

If the variances of the two groups are unequal (with P<0.05), the Satterthwaite variance estimator is used for the t-test; otherwise,

the pooled variance estimator is used.

Correlation between the pollutants and the school deprivation index

Spearman correlation coefficients were calculated to see whether there were significant linear
relationships between the Montreal elementary schools’ socioeconomic deprivation index and
the four pollution indicators weighted by the number of students (Table 3). First, only one
correlation was found to be moderate—that is, the correlation between the elementary
schools’ socioeconomic deprivation index, weighted by the number of students, and the NO;
concentration (r=0.410; 95% CI: 0.314 to 0.497)—thus revealing an environmental and social
inequity in terms of the schools that students from disadvantaged backgrounds attend. Next,
an increase in the elementary schools’ level of socioeconomic deprivation was also tied to an
increase in the length of major roads in their immediate environment, but this relationship was
relatively weak (r=0.118; 95% CI: 0.008 to 0.224). The other correlations between the

elementary schools’ level of deprivation and the pollution indicators were found to be weak



and not significant at a 0.05 threshold. In sum, socially deprived students are more likely to

attend schools located in the most polluted areas, especially in terms of NO, concentrations.

Table 3. Spearman correlation coefficients between the pollution indicators within 200 metres and the
level of deprivation of public elementary schools

Length of major roads near | Land-use regression

the city block

Level of deprivation of Highw CollExp HCE NO:2

elementary schools 0.027 0.118** 0.107* 0.410%**

* P<0.10. ** P<0.05. *** P<0.01. N=319.

Comparison of mean pollutant values between the first and fifth quintiles of the school

deprivation index

The findings of the analysis shown in Table 4 indicate that the elementary schools in the most
deprived quintile tend to be located in areas with longer lengths of highways and collector,
arterial and express roads compared with schools in the least deprived quintile. However,
these differences between the means are not statistically significant for highways at a
threshold of 0.10. Moreover, the mean NO; concentration for the fifth quintile of socioeconomic
deprivation of elementary schools is 13.00 ppb, compared with 10.02 ppb for the first quintile,
which represents a difference of 2.98 ppb in the concentration of this pollutant. So this points
to a situation of environmental and social inequity, in indicating that the students attending the
schools that present the greatest deprivation are more exposed to air pollution. This finding is
further confirmed by an analysis of the boxplots shown in Figure 2.

Table 4. Comparison of the mean values of the pollution indicators within 200 metres between the first
and last quintiles of the school deprivation index weighted by the number of enrolled students

Highways (metres) Collector, arterial and
express roads (metres)
Q1 Q5 Diff P Q1 Q5 Diff P

3.9 45.1 | -41.2 0.156 | 206.9 316.6 | -109.7 0.051

Highways, collector, arterial NO: (ppb)
and express roads (metres)
Q1 Q5 Diff P Q1 Q5 Diff P

210.8 361.6 | 150.8 0.026 | 10.02 13.00 -2.98 0.001
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Figure 2. Boxplot of the NO: pollution indicator according to the quintiles of deprivation of elementary
schools

6. Discussion

Two main findings have come out of our study in terms of the concentration of pollutants within
a 200-metre radius of elementary schools. The first finding is encouraging, in that all the
elementary schools, regardless of their level of socioeconomic deprivation, tend to be located
in city blocks that are characterized by having shorter total lengths of major roads nearby than
the city-wide average. Additionally, the average concentrations of NO;, around elementary
schools are lower than those around all city blocks on the Island of Montreal weighted by the
total population. This first finding is however tarnished by the existence of a situation of
environmental and social inequity when we introduce the level of socioeconomic deprivation
of the various elementary schools. A higher level of socioeconomic deprivation for elementary
schools is associated with an increase in NO: levels in their immediate environment, as
indicated by the Spearman correlation coefficients. Moreover, schools in the last quintile of
deprivation are located in areas where the NO concentration (mean = 13.00 ppb) is higher
than for schools located in more well-off areas (mean = 10.02 ppb). Moreover, the level of NO>

in the last quintile of deprivation is higher than the mean concentration in the Island of Montreal



(mean = 12.29 ppb). The results of this study, showing that the most deprived schools are
located in environments that are significantly more polluted, are in line with the findings of
earlier studies on the same topic in Detroit (Wu and Batterman, 2006), Tampa Bay
(Chakraborty and Zandbergen, 2007; Stuart and Zeager, 2011), and other Canadian cities
(Amram et al., 2011). But just how important is this situation in terms of the health risks for
students attending schools where the concentrations of pollutants are the highest? A further
analysis allows us to evaluate the health risks for students going to schools where there are
higher levels of air pollutants. The World Health Organization (WHO) has determined that
annual concentrations of NO_ should not exceed 40 pug/m (Forastiere et al., 2006). The mean
concentration of this pollutant is 13.00 ppb in the environments around Montreal schools in
the last quintile of deprivation, and the maximum value for all the schools is 18.7 ppb, which
are respectively equivalent to 24.44 and 35.16 ug/m=, that is, a lower level than the threshold
set by the WHO. It should however be noted that 11 elementary schools are located less than
200 metres from a highway, as shown in Figure 3, and that seven of them are in the fourth

and fifth quintiles of deprivation.

a. Elementary school in Céte-Saint-Paul b. Elementary school in Saint-Michel

f

Figure 3. Examples of two public elementary schools located less than 200 metres from a highway

Potential solutions for tackling air pollution inequities at school

This section examines two possible avenues for solutions designed to ensure, on the one
hand, that new elementary schools are not located in areas with the highest concentrations of
pollutant emissions, or, on the other, that mitigation measures are taken to reduce the
disadvantages associated with the most problematic locations. The first potential solution is a
normative approach prohibiting the building of new schools near major traffic arteries. The

second approach, based on one of the conceptions of equity in transportation policies,



consists in developing compensatory measures for elementary schools affected by the highest

levels of environmental nuisances stemming from road transportation.

In light of these health risks, six American states have set tighter urban planning standards in
regard to the development of sensitive-use facilities such as schools and playgrounds near
major traffic arteries. Moreover, only six states require environmental assessments in school
siting processes (Sampson, 2012). The State of California has adopted the strictest planning
norms. Since 2003, this state has prohibited the building of “new school sites within 500 feet
(166 metres) of the edge of the closest traffic lane of a freeway or busy traffic corridor”
(California, 2003).

To our knowledge, in Canadian provinces, unlike the situation in the U.S., no urban planning
standards appear to have been set up governing the building of new elementary schools. The
Canadian approach seems to instead emphasize the making of recommendations. For
example, in British Columbia (Canada), the Ministry of Environment has recommended the
keeping of a buffer zone of 150 metres between major roads and sensitive-use facilities such
as schools or hospitals (Environment, 2006). In the same vein, in line with current Québec
provincial legislation on urban planning, Montreal’'s master plan must “identify the
thoroughfares whose present or planned presence in a place results in land occupation near
this place being subject to major restrictions for reasons of public safety, public health or
general welfare” (Quebec, 2013). The council of a municipality may then adopt a zoning by-
law to “regulate or prohibit all or certain land uses, taking into account the proximity of a place
where the present or planned presence or carrying out of an immovable or an activity results
in land occupation being subject to special restrictions for reasons of public safety, public

health or general welfare” (Quebec, 2013).

A normative approach as in California—that is, the setting of a minimum distance of no less
than 200 metres—could be adopted in Québec’s urban planning regulations to prohibit the
location of sensitive-use facilities near major traffic arteries, given the potential risk to the
health of local children. A ministerial decree could thus be issued in Québec to ensure that, in
all municipalities, no sensitive-use facility could be built at a certain distance from a major
traffic artery in view of the public health risks. These municipalities would then be obliged to
include in their zoning by-laws the prohibition against targeted uses at a specific distance from
a section of highway or major traffic artery in order to comply with the government’s decision.
Finally, the City of Montreal has recently conducted experiments aimed at reducing the speed
limits on the arterial network. A speed reduction would considerably reduce air pollutant
emissions and road traffic noise levels. This project could be specifically implemented at a

certain distance from all elementary schools during class hours.



Consideration of the social impacts associated with road transportation projects has been a
particular focus of attention in the recent literature in order to ensure that the benefits and

costs linked to transport infrastructures are equitably distributed between population groups.

The notion of compensatory equity is increasingly being taken into account in methods of
evaluating the social impacts of transportation projects (Geurs et al., 2009; Thomopolous et
al., 2009). The overall idea is that individuals disproportionately affected by a transportation
project should be compensated by those benefiting the most from the project (Thomopolous
et al., 2009). An approach of this kind could be relevant in mitigating impacts related to road
transportation around elementary schools. Putting this into practice could, for example, take
the form of mitigation measures under the responsibility of public authorities in order to
improve air quality near elementary schools associated with Island of Montreal school boards
where the highest levels of pollutants are observed. These investments could be used to build
noise barriers and plant trees and to carry out greening measures in schoolyards. These
actions would be beneficial in, among other things, helping to reduce noise pollution, to absorb

a portion of pollutant emissions and to lessen the heat-island effect (Akbari et al., 2001).

7. Conclusion and limitations

Finally, we want to emphasize the importance of performing this kind of analysis with different
indicators of exposure to pollution prior to suggesting the existence of a situation of
environmental and social inequity. If, for example, in the context of this study, we had only
used indicators associated with the length of major roads and highways, we could have
maintained that the situation of environmental and social inequity in regard to disadvantaged
public elementary schools in Montreal was not very marked. But when we then performed

further analyses using the NO; indicator, we were able to highlight more substantial inequities.

In order to further refine our results and to more systematically deal with the question of
exposure, additional studies could be carried out. On the one hand, for a sample of schools,
pollution monitors could be placed in schoolyards during class times. On the other hand, a
sample of students could be equipped with monitors to determine their levels of exposure to
pollutants throughout the day during a given time period. We could then establish whether the

children’s levels of exposure were higher in their home or school environments.

Finally, this study emphasizes two important elements in the assessment of transportation-
related environmental and social equity for children. On the one hand, this study indicates the
importance of comparing the situation of a particular group with that of a control population

(i.e. children at school compared with children at home). On the other hand, the performing of



intra-group comparisons according to the level of deprivation, as advocated by Collins et al.

(2011), constitutes a recent advance in studies in environmental and social equity.
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