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Introduction 

Air pollution is associated with many negative health effects in 

children that include reduced lung function (Brunekreef et al., 1997; 

Gauderman, 2000; Wallner et al., 2012), lung development 

(Gauderman et al., 2004), cognitive performance (Hutter et al., 2013; 

Suglia et al., 2008) and function (Freire et al., 2010). See Wong et al. 

(2003) for a meta-analysis of health benefits attributed to reduced air 

pollution exposure in children. A large body of research also indicates 

a relationships between air pollution and asthma induced hospital 

admissions  (Wong et al., 2003).  

Most research examining the effects of air pollution on health are 

observational studies that use ambient air pollution concentrations as 

the exposure metric (Heck et al., 2013; Jerrett et al., 2007; Moridi et 

al., 2013; Urman et al., 2013). Ambient conditions are variable and 

can be affected by many factors, for example, ambient air pollution 

exposure can change because of transportation mode choice (Panis et 

al., 2010; Zuurbier et al., 2009), and personal vehicles’ air pollution 

concentrations may be higher (Gulliver and Briggs, 2004) or less than 

(Briggs et al., 2008) the surrounding ambient conditions. More recent 

studies have incorporated activity patterns when estimating exposure 

to improve accuracy (Baxter et al., 2013; Buonanno et al., 2013).  

Dose, based on the volume of air consumed and the ambient 

conditions may be an improvement over using only ambient 

conditions, because it accounts for changes in respiration rate due to 
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changes in activity level. As a person increases their intake of air, 

they will haveincreased exposure to pollution. This is particularly 

important when comparing active transportation modes, as we are, 

because when a person engages in strenuous activity their respiration 

rate increases to obtain more oxygen, which results in higher doses of 

air pollution as they inhale a higher amount of total air.  

In the Greater Toronto and Hamilton Area more than half of the car 

trips taking students to school are single purpose trips (Metrolinx, 

2011), active transportation would negate the need for these trips to 

occur resulting in reduced vehicle pollution emissions. One-quarter of 

all those trips were made by an adult who acknowledged that the 

distance is suitable for walking (Metrolinx, 2011). A current problem 

with active transportation is the lack of separated infrastructure, 

which results in people participating in active transportation along or 

adjacent to passenger vehicles; thus, people who are engaged in 

active transportation are exposed to the pollutants caused by those 

who are not.  

In our paper, we compare air pollution exposure, determined as dose, 

for children during their trip from home to school between walking 

and cycling. This non-discretionary trip occurs for students between 

September and June (inclusive), in Hamilton, Ontario, Canada. We 

identify if either mode results in a lower dose of air pollution. For this 

analysis, we apply air pollution concentrations from a central site 

location. 

 

Methods of Analysis 

Study Area 

Hamilton, Ontario, Canada, is an area with a long history of research 

on air pollution (Adams et al., 2012; Arain et al., 2007, 2009; 

Buzzelli et al., 2003; Jerrett et al., 2004, 2001; Kanaroglou et al., 

2013; Sahsuvaroglu et al., 2006; Wallace and Kanaroglou, 2008; 

Wallace et al., 2009, 2010), with a population of about 520,000 

(Statistics Canada, 2012). The city is diverse in land use with a major 

industrial complex along the cities’ northern edge. Two intercity 

freeways flow through the city, one along the north end of the city 

and one along the western side of the city. Two intra-city freeways 

complete the freeway network, with one freeway in the city’s 

southern region and another in the west. The city is separated by an 
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escarpment, which is a significant factor in accessibility as few 

options exists for getting up or down it. The escarpment is also 

responsible for different air pollution conditions, during elevated air 

pollution episodes in the lower city caused by temperature inversions 

(Wallace et al., 2010). Overall Hamilton has significant spatial 

variation in socio-economic factors and air pollution concentrations. 

 

Home to School Shortest Path Analysis 

Children on their journey between home and school most often take 

the shortest path (Cooper et al. 2010; Hill, 1984). Our analysis 

constrained the potential paths to school catchment areas, in that no 

routes would be generated where a student would travel to a school 

outside of their catchment area. The public school board for the study 

area, Hamilton Wentworth District School Board, identifies that 

roughly 80% of children reside within the catchment area of their 

primary school (Hamilton Wentworth District School Board, 2011). 

In the region, active transportation is only likely for students living 

within 1.6 km of their school, beyond this distance students are 

provided transportation by the school board.  School catchment 

boundaries were provided to us by the local school board (Hamilton 

Wentworth District School Board, 2012).  

The shortest paths were derived along a pedestrian network, which 

includes different route options from the standard vehicular network; 

particularly, green-pathways that include parks, schoolyards, walking 

trails and other corridors. The base network included all road links in 

the study area (City of Hamilton, 2010), which was supplemented 

with green-pathway data (City of Hamilton, 2005) and manually 

edited using on-screen digitizing of short-cuts and unmarked 

pedestrian infrastructure with satellite imagery (Google Inc., 2013).  

Road links that prohibit walking were removed, which included 

expressways and major highways. 

During route assignment, destinations are defined as primary school 

locations, which serve students between the ages of five and fourteen. 

Origins were defined using a parcel land database that identifies the 

lot of each house (City of Hamilton, 2010).Houses were randomly 

selected within the dissemination area until the child population was 

distributed to match dissemination area population statistics 

(Statistics Canada, 2008). At each of the randomly selected dwellings, 
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the shortest route to school using the pedestrian road network 

database was determined. 

 

Dose Exposure Analysis 

Air pollution dose is dependent on the ambient concentrations and the 

breathing rate of the exposed person, which is often measured as the 

number of litres of air per minute (minute ventilation rate). Minute 

ventilation rates were obtained with METs rates for both cycling and 

walking from the EPA’s Child-Specific Exposure Factors Handbook 

(United States Environmental Protection Agency, 2008). This 

required determining the metabolic equivalent (MET) for both 

activities. Arvidsson et al.(2007) included a review of Children’s 

activities and the associated MET values, along with their own the 

determination of MET values for many activities. We use the rate of 

12 km hr
-1

 for the cycling speed and 4 km hr
-1

for walking speeds, 

which have corresponding MET rates of 5.9 and 3.3 respectively in 

children (Arvidsson et al., 2007).Using the MET values we translate 

these to MVR with the EPA’s Child-Specific Exposure Factors 

Handbook, which presents percentile data of MVR for different 

ranges of METs values. To estimate the MVR rates we recreated the 

distribution for the moderate activity MVR rates, which ranged 

between 3 and 6 METs. Both cycling and walking have MET rates 

between 3 and 6. We obtained MVR rates by determining the 

percentile of the MET value within the 3 to 6 range, and then chose 

from the MVR distribution the corresponding value for that percentile. 

The MVR rates we estimated are in Table 2. 

 

Table 2: MET and MVR rates for both modes with velocity. 

Activity METs 

MVR 

 (m
3
 / 

minute) 

Velocity 

(m/min) 

Cycling 12 km/hr 5.9 0.035 200 

Walk 4 km/hr 3.3 0.017 66 
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Statistical Analysis 

Our analysis examined how the number of litres of air consumed 

changes based solely on distance travelled along different trip lengths, 

up to a distance of 1600 m. We then obtained the mean air pollution 

concentrations for each month at a central air pollution monitor in 

Hamilton, Ontario for the hour of 8 am (Ontario Ministry of the 

Environment). For each month, we calculated the air pollution dose 

for every trip between home and school. Using a paired t-test we 

determined if any significant differences occurred between the two 

modes for the total dose of air pollution. 

3.0 Results 

 First, we present the two functions for calculating the 

amount of air consumed for each meter travelled by walking (formula 

1) and cycling (formula 2). We plot the two functions between 0 and 

1600 m, showing how the liters consumed changes over this distance 

in figure 1. Dose is determined by multiplying the litres consumed by 

the concentration. 

                    1 

                     2 

 Where LC is the liters consumed, 

Dw is the distance walked, and Dc is 

the distance cycled. 
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Figure 1: Air Consumed when Walking or Cycling for 0 and 1600 

meters. 

 

We present an analysis of the average and maximum dose for walking 

and cycling for average monthly conditions during 8 am in table 3.  

 

Table 3: Average and maximum dose for walking and cycling for 

average monthly conditions during 8 am. 

  Dose - Walk Dose - Cycle 

Month 
Mean 

Concentration  

µ Max µ Max 

Sept 7 1.33 9.3 0.91* 6.3 

October 8 1.53 10.6 1.03* 7.2 

March 10 1.91 13.3 1.3* 9.0 

April 6 1.14 8.0 0.78* 5.4 

May 12 2.29 16.0 1.55* 10.9 

June 8 1.53 10.6 1.03* 7.2 

*Significantly smaller dose for cycling at p < 0.001.  

 



 
Type: Short                                     7                                   Adams et al. 

 

Discussion and Conclusion  

Our preliminary results indicate that students should ride their bike to 

school when they engage in active transportation. This mode of 

transportation results in a statistically significantly lower air pollution 

dose for all cases. This reduced air pollution dose is caused by the 

energy efficiencies that the bike introduces by reducing the travel 

time. 

Our future research will calculate air pollution dose using an air 

pollution model to include the spatial variability of the particulate 

matter. The central monitor is located away from any roads and likely 

underestimates the actual dose that would be encountered along the 

active transportation routes. Our findings will still be the same that 

cycling is a better option, but the final doses will change. We will 

also examine if particular housing or school locations result in 

students have a significantly higher dose. 
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