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Abstract
Background
Transport microenvironments tend to have higher air pollutant concentrations than other settings most people encounter in their daily lives. The choice of travel modes may affect significantly individuals’ exposures; however such considerations are typically not accounted for in exposure assessment used in environmental health studies. In particular, with increasing interest in the promotion of active travel, health impact studies that attempt to estimate potential adverse consequences of potential increased pollutant inhalation during walking or cycling have emerged. Such studies require a quantification of relative exposures in travel modes. 

Methods
The literature on air pollution exposures in travel microenvironments in Europe was reviewed. Studies which measured various travel modes including at least walking or cycling in a simultaneous or quasi-simultaneous design were selected. Data from these studies were harmonized to allow for a quantitative synthesis of the estimates. Ranges of ratios and 95% confidence interval (CI) of air pollution exposure between modes and between background and transportation modes were estimated.

Results 
Ten studies measuring fine particulate matter (PM2.5), black carbon (BC), ultrafine particles (UFP), and/or carbon monoxide (CO) in the walk, bicycle, car and/or bus modes were included in the analysis. Pedestrians were shown to be the most consistently least exposed of all across studies, with the bus, bicycle and car modes on average 1.3 to 1.5 times higher for PM2.5; 1.1 to 1.7 times higher for UFP; and 1.3 to 2.9 times higher for CO. Only for BC were pedestrians more exposed than bus users on average (bus to walk ratio 0.8), but remained less exposed than those on bicycles or in cars. Car users tended to be the most exposed (from 2.9 times higher than pedestrians for BC down to similar exposures to cyclists for UFP on average). Bus users were more exposed than cyclists for PM2.5 (ratio 1.0), less so for UFP (ratio 0.7), and similar for BC and CO.    

Conclusion
A quantitative method that synthesizes the literature on air pollution exposure in travel microenvironments for use in health impact assessments or potentially for epidemiology is proposed. Results relevant for the European context are presented, showing generally greatest exposures in car riders and lowest exposure in pedestrians.
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1. Introduction

Travel microenvironments may represent settings of greatest exposures to air pollutants throughout daily activities for many people. While a small portion of time may be spent travelling, this activity may lead to a substantial contribution to total daily exposures and inhalations of air pollutants. A study conducted in Barcelona for example found that respondents only spent 6% of their time traveling, but the activity contributed to 11% of their exposure to Nitrogen dioxide (NO2) and 24% of their inhalation of NO2 (de Nazelle et al., 2013). These comparatively high peaks of exposure may have associated adverse health effects. For example, time spent in transportation modes (car, public transportation or bicycle) was shown to be associated with the onset of myocardial infarctions in a relatively large case-crossover study  (1459 cases) (Peters et al., 2013). Experimental studies have shown sub-clinical effects of exposures while cycling, walking, or taking the bus in urban environments (Adar et al., 2007; McCreanor et al., 2007; Strak et al., 2009; Weichenthal et al., 2011).

Promoting walking and cycling for travel is seen as a promising solution to the physical inactivity pandemic, while also addressing (de Nazelle et al., 2011). Thus, health impact studies now attempt to estimate both positive and negative effects from being physically active while exposed to increased pollutant inhalation during walking or cycling (Mueller et al., 2015). Such studies require a quantification of relative exposures to pollutants in different travel modes. Data available locally or informal summaries of existing literature have typically been used (de Hartog et al., 2010; Rojas-Rueda et al., 2011). 

Additionally, concerns are arising regarding air pollution epidemiologic research and the use of exposure assessments in which activity patterns are not fully accounted for, leading to bias in exposure-response estimates (Ragettli et al., 2014; Setton et al., 2011). While personal monitoring of air pollution exposure is currently too expensive to be used on the wide scale of entire cohorts in epidemiologic studies, future studies may be able to integrate information from daily activity patterns into their exposure assessments (de Nazelle et al., 2009; Dons et al., 2014). In particular, the development of smart phone technologies that allow seamless tracking of individuals renders such approaches much more feasible (de Nazelle et al., 2013; Nieuwenhuijsen et al., 2014). However, even when such detailed data of people’s whereabouts and level of activity are possible, knowledge on the pollutant concentration and relative exposures in different travel modes are needed. This is particularly true when the combined effects of air pollution and physical activity are to be investigated (Andersen et al., 2015).

With the increasing numbers of studies on exposures in different travel modes, a few reviews have been published (Bigazzi and Figliozzi, 2014; Karanasiou et al., 2014), but none yet have attempted to provide a quantitative synthesis of findings from measurement studies. This paper summarizes the state of knowledge and provides quantitative estimates of relative exposures for different transportation modes in Europe. 


2. Methods

A literature review on air pollution exposure for various modes of transport across Europe was completed. Data from selected studies were harmonized to allow for a quantitative comparison. Ratios and 95% confidence interval (CI) of air pollution exposure between transportation modes and with respect to backgrounds concentrations were estimated.

2.1 Literature review
Papers published between the 1st January 2000 and 28th of June 2016 in peer-review journals were searched in PubMed, ISI web of knowledge, Google Scholar, and ScienceDirect, for a combination of search terms on travel modes and air pollutants (see Appendix A). Additionally, papers appearing in the “related citations” and “cited by” were checked. Articles were then selected according to the following criteria: 
i) Monitoring studies of air pollution concentrations in transportation microenvironments in Europe;
ii) At least one (1) active travel mode compared to other modes or to background concentrations; 
iii) An appropriate experimental design for comparisons between modes (i.e. same or similar routes, concomitant or near-concomitant sampling for selected modes). 
iv) After inspection of most commonly measured pollutants, only papers reporting particulate matter of size less than 2.5 microns (PM2.5), black carbon (BC), ultrafine particles (UFP), or carbon monoxide (CO) were selected. 
v) Papers with insufficient information to compute the parameter estimates for the lognormal distributions (geometric means and geometric standard deviations) were excluded. 

2.2 Data harmonization and derivation of ratios
Monitoring studies of exposure concentrations are very diverse in study design and means of reporting the data. Many studies report and compute exposure to pollutants concentration assuming it follows a normal distribution, although it has been demonstrated to follow a log-normal distribution instead (Adams et al., 2001; Limpert et al., 2001). This makes meta-analyses challenging as such studies only report means and standard deviations. To derive meaningful ratios of exposures in various modes, which make sense statistically, the following choices and calculations briefly described here, and explained in more detail in Appendix B, were made:

i. When data were provided separately within a single study for various design options such as routes, seasons and cities, these data were kept separate (referred to as “study campaigns”) rather than estimating a weighted mean for each study.

ii. Given that air pollutants concentration habitually follow lognormal distributions, when arithmetic means (AM) and standard deviations (SD) were provided these were back-transformed to estimate geometric means (GM) and geometric standard deviations (GSD). A 95.5% confidence interval for the geometric mean was also computed.

iii. The reported data did not permit computing concentration covariance between different modes of transportation in a same city. Thus, normalized results were calculated as the ratio of a mode A to a reference mode of transport (b), the latter being treated as a constant. The normalized ratios were computed for all possible combinations of (A) and (b = walk, bicycle, bus and car).  Therefore, a “bicycle to car” ratio is the geometric mean of the bicycle mode divided by the geometric mean of the car mode, the car concentration being the constant of reference in this case. 

iv. The 95.5% confidence interval for the ratios (to a constant) was also calculated considering a random sample of size n, and unknown population parameters.

v. Similar steps were made to estimate ratios of transport mode concentrations to background concentrations measured at fixed monitoring stations. Some studies reported a single overall background concentrations value measured throughout the monitoring campaign, while others provided concomitant measurements at the background station with each mode separately (see mode-specific background concentration summary tables). Ratios between modes and background were estimated for each type of reporting. 

vi. To compare similar ratios across cities (e.g. bicycle to car ratios), we computed the geometric mean of the ratios, considering the ratios in different studies as n multiple independent log-normally distributed random variables. Confidence intervals and percentiles were then estimated.  


3. Results

Eight studies of PM2.5 measurements which fulfilled the stated criteria were identified, seven papers were deemed suitable for UFP analyses, 3 for CO and 3 for BC (Tables 1, 2, 3 and 4, respectively). Details of study designs, including choice of travel routes, measurement periods, and type of instruments, reveal a large variety of designs, which can make direct comparison between studies highly challenging (Tables 1-4). As explained in the methods, each study was divided into “study campaigns”, when appropriate. This subdivision led to a high number of campaigns for the car to bicycle ratio comparison (22 for PM2.5 and 19 for UFP), due to the high number of cities sampled in Boogaard et al. (2009). All other ratios had at most 8 study campaigns (PM2.5 bus to bicycle ratio); all BC and CO comparisons only had 1 to 3 data points to rely on.  

Walking is consistently the least exposed mode of transport for PM2.5 across all study campaigns when compared to other modes (Figure 1 and Appendix Table C1). Bicycle, car and bus users are exposed to respectively 30, 40 and 50% greater PM2.5 concentrations than pedestrians on average. Pedestrian exposures are also consistently lower than those for cyclists and car users for all pollutants, with average ratios ranging from 1.3 for the UFP bicycle to walk ratio, 2.9 for the CO car to walk ratio, and 2.9 for the BC car to walk ratio. The lower bound of the 95% confidence interval is well above the equality factor 1 (at least 1.2) for all these pedestrian-related ratios. (Figure 1 and Appendix Tables C1-C4)

When comparing pedestrians to bus users, however, a study in Basel (Ragettli et al., 2013) found lower UFP concentrations for bus users (GM 12233 particles/cm3 vs. 16699 particles/cm3 for pedestrians), and one study in Barcelona (Moreno et al., 2015) found lower concentrations for BC in buses (GM 3.6 µg/m3 vs. 7.7 µg/m3 for pedestrians) and similar levels for CO (0.9ppm) (Tables C5-C20).  As a result, average ratios for buses vs. pedestrians are low and inconsistent across pollutants: 0.8 for BC (95% CI 0.7-0.8), 1.1 for UFP (95% CI 1.0-1.1), 1.3 for CO  (95% CI 1.2-1.4) and 1.5 for PM2.5 (95% CI 1.5-1.6).

Cyclists have higher exposures than pedestrians but inconsistent relationships with other modes, within and across pollutants (Figure 2 and Appendix Tables C1-C4). On average, car users are 20% more exposed than cyclists for PM2.5, 70% more for BC, 90% for CO, and suffer similar exposures for UFP.  Again we find inconsistent results for cyclists compared to buses, with a variety of studies finding alternately higher and lower concentrations. As a result, the 95% CI for ratios between the bus and bicycles modes include 1 for all pollutants except for UFP, for which the 95% CI is (1.3-1.4).

In all but one study, background concentrations measured at fixed monitoring stations are consistently lower than in walking and cycling microenvironments (Figure 3 and Tables C1-C4). However, in London (Kaur et al., 2005a) measured lower UFP concentrations for pedestrians than what was observed at the background station (64861 vs. 82819 particles/cm3) (Figure 3, and Appendix tables C1-C20). Average active mode to background ratios range from 1.4 (UFP walk to background ratio) to 4.5 (CO bicycle to background ratio), with all lower bound 95% CI well above 1 (lowest being 1.4 for UFP walk to background ratio).
  
	
4. Discussion 
A rigorous quantitative method was used to estimate ratios of concentrations between active and passive modes (walk, bicycle, bus, car) based on available evidence collected in European studies for the most commonly studied pollutants - PM2.5, BC, UFP and CO. With the exception of BC bus exposures, we found pedestrians to be on average the least exposed of all. Car drivers were the most exposed across modes and pollutants, although the average car to bicycle ratio was 1 for UFP.  Cyclists and bus users were roughly equivalent on average, with study findings alternating on which is more exposed. The greatest contrasts were found between cars and pedestrians, with BC, CO and UFP mean ratios of 2.9, 2.9 and 1.7, respectively. Transport microenvironments were shown to experience exposures from 40% to more than 4-fold higher than urban background sites. 
4.1 Variations within- and across- studies
Synthesizing the literature on travel mode exposure contrasts is complex given the disparate study designs, settings and reporting methods. There is a relatively clear signal of a pedestrian advantage over other modes, although even there, some individual studies present 95% CI that include the equality factor (1) for at least one pollutant-mode contrast (de Nazelle et al., 2012; Gulliver and Briggs, 2004; Kaur et al., 2005a; McNabola et al., 2008b; Moreno et al., 2015), and two of five studies found lower bus exposures (Moreno et al., 2015; Ragettli et al., 2013). For cyclists compared to car and bus users, results diverge within and across individual studies (albeit higher exposures in cars on average for all pollutants). Most individual studies display 95% CIs which include the equality factor, and, exceptionally, Int Panis et al. (2010)’s Belgian study found lower exposures in cars than for cyclists in all 3 study campaigns reported. Reasons for such discrepancies may range from study design (sample number, day time, weather, seasons, type of sensor), to urban design and local vehicle fleet characteristics. 
4.1.1 Urban design
Urban design, and in particular the amount of separation between cyclists or pedestrians and vehicle exhausts, may contribute to inconsistencies in the contrasts found across cities. For example while cyclists rode on separate cycle lanes in most of the routes sampled in Barcelona by de Nazelle et al. (2012), Kaur et al’s (2005a) London cyclists shared a lane with buses, thus being more directly exposed to exhaust fumes and explaining the more uniform mode exposures between cyclists and other modes across pollutant found in this study. Other studies have confirmed how specific route choice might influence cyclists’ exposures considerably. For example studies reviewed by Bigazzi and Figliozzi (2014) show that cyclists experience increased exposures in high vs. low traffic routes, with a median 26% increase for PM2.5, 39% for BC, 47% for CO and 70% for UFP. A study assessing impacts of  infrastructure on exposures found cycle lanes shared with buses led to BC exposures 33% higher than on paths separated from traffic, after controlling for traffic, background concentrations and intersections (MacNaughton et al., 2014). The presence of vegetation as a buffer between cyclists and vehicles also led to additional protection of cyclists (MacNaughton et al., 2014).  
While pedestrians were shown to be consistently the least exposed in our analysis, it is noteworthy that street characteristics also affect their exposures, especially in street canyons. Kaur et al. (2005b) for example found significant differences depending on the side of the road for PM2.5, and walking position (by the kerb or the buildings) for BC, UFP and PM2.5. McNabola et al. (2008a) found close to a three-fold difference between two sides of a low-level wall separating two footpaths. 
More generally, factors which affect exposures such as meteorology, traffic density, and time of day (Karanasiou et al., 2014), will also affect mode contrasts due to their effect on pollutant dispersion, explaining in part variations within and across studies.
4.1.2 Fleet characteristics
The specificities of vehicles used in the mode comparison studies also influence results, in particular fuel use and ventilation settings (Karanasiou et al., 2014). This is especially apparent for bus users compared to cyclists and pedestrians, which displayed inconsistent results across studies. Electric buses in particular have the ability to eliminate self-pollution, otherwise contributing significantly to in-vehicle bus concentrations (Adar et al., 2008). Zuurbier et al. (2010)’s study, included in this meta-analysis, for example found PM2.5, BC and UFP concentrations respectively 41%, 34% and 22%, higher in diesel buses compared to electric buses.  A relatively modern bus fleet in Barcelona would also explain lower concentrations found there (de Nazelle et al., 2012) compared to Dublin (McNabola et al., 2008b), for example. Open windows would explain the higher concentrations found in cars relative to other modes in de Nazelle’s  (2012) study in Barcelona compared to many other studies. Indeed, Hudda and Fruin (2013) determined that ventilation settings were the greatest determinant of indoor/outdoor ratios in vehicles, with as small as a 2 inch gap in the window preventing any protection from roadway concentrations 
4.1.3 Instrument types

Choice of monitoring instrument can also affect measured exposure contrasts. For example, for UFP, the P-Trak (used in 2 of 7 studies, Table 2) only detects ultrafine particles greater than 20 nm diameter while instruments used in the other studies count particles as small as 10 nm. Fresh emissions from vehicular traffic can have a large fraction of particle number below 20 nm in close proximity to the emission source (Westerdahl et al., 2005), suggesting that using the P-Trak might lead to lower contrasts between measurements made close to the source and further away, as we observed in general. 

The choice of instruments is perhaps even more problematic for contrasting exposures with background concentrations, given that all comparisons except Zuurbier et al’s (2010) are based on different monitoring devices at fixed monitoring stations.  

4.2 Study limitations

4.2.1 Route choice
Most studies that compare travel mode exposures measure concentrations on the same routes. Some will argue that in fact it is unrealistic to assume similar routes as cyclists have the ability to choose routes with less traffic, and thus reduce their exposures (Bigazzi and Figliozzi, 2014; Knibbs et al., 2011). Indeed, there is evidence that cyclists will deviate up to 10% from their most direct route if they can ride on a bicycle facility, for example (Broach et al., 2012). The same route comparison, however, is useful in terms of standardizing exposure studies and is relevant in many cities where indeed cyclists tend to travel on the same (usually “most direct”) routes as other modes, and to inform policies that promote cycle lanes on major roads (e.g. typically in Barcelona or in the London “cycle super highways”).
4.2.2 Inhalation rates
We only considered exposure contrasts in our analysis, however it is well known that active transport such as walking and cycling lead to higher pollutant intake, due to higher ventilation rates compared to sedentary modes such as driving and sitting in a bus. Bigazzi and Figliozzi (2014) for example estimated 3-folds greater intakes for cyclists compared to cars for PM2.5, and 5-fold for UFP, per unit of time. We chose to provide ratios between modes, so readers may develop their own estimates of intake (Bigazzi and Figliozzi, 2014; de Nazelle and Rodríguez, 2009; de Nazelle et al., 2009).
4.2.3 Experimental designs
Another limitation is that we are constrained by the number of studies that have evaluated a specific contrast, and not all studies evaluate all the same contrasts. The numbers of studies for each combination affects the overall results. For example even though cycling concentrations are consistently higher than walking, our walk to car ratios (for which we only have 7 study campaigns) are lower than car to bicycle ratios (for which we have 22 studies), which is not consistent. We provide, however, 95% confidence interval or the interquartile range of variability (25th and 75th percentiles), thus taking into account the variability of estimates found in the literature. Researchers who would like to apply these ratios to estimate exposures in a cohort study or for health impact assessment (HIA) applications can thus develop uncertainty or sensitivity analyses to reflect a variety of conditions likely present in their study area.  
4.2.4 Other pollutants
We chose to focus on modes and pollutants that are most widely studied with regards to contrasts to walking and cycling. However pollutants such as NOx are increasingly shown to be health relevant (WHO, 2013), and subways and trains are common form of urban transport with potentially high exposure levels (but  large variations from city to city or within systems) (Karanasiou et al., 2014). Future measurement studies should therefore strive to incorporate such contrasts. 
4.2.5 Global literature review
Finally, only European studies were chosen for this review, although examples exist from across the world (Knibbs et al., 2011). Given the heterogeneity not only in study designs but also in real-world conditions (urban designs, fuel use, engine types), it was deemed more reliable to provide results from only one continent.

5. Conclusion
Previous literature reviews on travel microenvironments have been limited to qualitative assessments; we provide for the first time a quantitative synthesis of exposure contrasts between walking, cycling, and other modes and background concentrations. While such synthesis is challenging given the disparity of study designs and urban settings, we provide central estimates with 95% confidence intervals for the corresponding distribution to give a range of likely exposure ratios in travel modes.  These results can be useful for exposure analyses and may inform planners and decision makers on urban policies. 
In particular the ratios can feed into health impact assessments of active travel policies. While travel contributes substantially  to overall pollutant intake and can lead to detrimental health impact , studies to date have revealed clear net health benefits from active travel due to increased physical activity despite increased pollutant intake in most areas of the world (Tainio et al., 2016). Policy makers need to recognize the issue of travel-related exposures and help address air pollution while promoting active travel to yield substantial health benefits in the population.
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Figure Captions:
Figure 1. Transport modes ratios of exposure to pollutant concentration and their 95.5% confidence intervals: bicycle, car, and bus modes vs walk. Multiple marks along the same line indicate the different ratios for separate study campaigns reported within the paper. 
Figure 2. Transport modes ratios of exposure to pollutant concentration and their 95.5% confidence intervals: walk, car, and bus modes vs bicycle. Multiple marks along the same line indicate the different ratios for separate study campaigns reported within the paper. Note that some central estimate and CI bounds fall outside the graphs shown, see Table C1-4 for full results.
Figure 3. Walk or bike  vs background ratios of exposure to pollutant concentration and their 95.5% confidence intervals. Multiple marks along the same line indicate the different ratios for separate study campaigns reported within the paper. Note that some central estimate and CI bounds fall outside the graphs shown, see Table C1-4 for full results


References
[bookmark: _ENREF_1][bookmark: _GoBack]Adams HS, Nieuwenhuijsen, MJ, Colvile, RN, McMullen, MA, Khandelwal, P, (2001). Fine particle (PM2.5) personal exposure levels in transport microenvironments, London, UK. The Science of the total environment 279, 29-44.

[bookmark: _ENREF_2]Adar SD, Adamkiewicz, G, Gold, DR, Schwartz, J, Coull, BA, Suh, H, (2007). Ambient and microenvironmental particles and exhaled nitric oxide before and after a group bus trip. Environmental health perspectives 115, 507-512.

[bookmark: _ENREF_3]Adar SD, Davey, M, Sullivan, JR, Compher, M, Szpiro, A, Liu, LJS, (2008). Predicting airborne particle levels aboard Washington State school buses. Atmospheric Environment 42, 7590-7599.

[bookmark: _ENREF_4]Andersen ZJ, de Nazelle, A, Mendez, MA, Garcia-Aymerich, J, Hertel, O, Tjonneland, A, Overvad, K, Raaschou-Nielsen, O, Nieuwenhuijsen, MJ, (2015). A Study of the Combined Effects of Physical Activity and Air Pollution on Mortality in Elderly Urban Residents: The Danish Diet, Cancer, and Health Cohort. Environmental health perspectives.

[bookmark: _ENREF_5]Bigazzi AY, Figliozzi, MA, (2014). Review of Urban Bicyclists' Intake and Uptake of Traffic-Related Air Pollution. Transport Rev 34, 221-245.

[bookmark: _ENREF_6]Boogaard H, Borgman, F, Kamminga, J, Hoek, G, (2009). Exposure to ultrafine and fine particles and noise during cycling and driving in 11 Dutch cities. Atmospheric Environment 43, 4234-4242.

[bookmark: _ENREF_7]Broach J, Dill, J, Gliebe, J, (2012). Where do cyclists ride? A route choice model developed with revealed preference GPS data. Transportation Research Part A: Policy and Practice 46, 1730-1740.

[bookmark: _ENREF_8]de Hartog JJ, Boogaard, H, Nijland, H, Hoek, G, (2010). Do The Health Benefits Of Cycling Outweigh The Risks? Environmental health perspectives 118, 1109-1116.

[bookmark: _ENREF_9]de Nazelle A, Fruin, S, Westerdahl, D, Martinez, D, Ripoll, A, Kubesch, N, Nieuwenhuijsen, M, (2012). A travel mode comparison of commuters' exposures to air pollutants in Barcelona. Atmospheric Environment 59, 151-159.

[bookmark: _ENREF_10]de Nazelle A, Nieuwenhuijsen, MJ, Anto, JM, Brauer, M, Briggs, D, Braun-Fahrlander, C, Cavill, N, Cooper, AR, Desqueyroux, H, Fruin, S, Hoek, G, Panis, LI, Janssen, N, Jerrett, M, Joffe, M, Andersen, ZJ, van Kempen, E, Kingham, S, Kubesch, N, Leyden, KM, Marshall, JD, Matamala, J, Mellios, G, Mendez, M, Nassif, H, Ogilvie, D, Peiro, R, Perez, K, Rabl, A, Ragettli, M, Rodriguez, D, Rojas, D, Ruiz, P, Sallis, JF, Terwoert, J, Toussaint, JF, Tuomisto, J, Zuurbier, M, Lebret, E, (2011). Improving health through policies that promote active travel: A review of evidence to support integrated health impact assessment. Environment international 37, 766-777.

[bookmark: _ENREF_11]de Nazelle A, Rodríguez, DA, (2009). Tradeoffs in incremental changes towards pedestrian-friendly environments: Physical activity and pollution exposure. Transportation Research Part D: Transport and Environment 14, 255-263.

[bookmark: _ENREF_12]de Nazelle A, Rodriguez, DA, Crawford-Brown, D, (2009). The built environment and health: impacts of pedestrian-friendly designs on air pollution exposure. The Science of the total environment 407, 2525-2535.

[bookmark: _ENREF_13]de Nazelle A, Seto, E, Donaire-Gonzalez, D, Mendez, M, Matamala, J, Nieuwenhuijsen, MJ, Jerrett, M, (2013). Improving estimates of air pollution exposure through ubiquitous sensing technologies. Environmental Pollution 176, 92-99.

[bookmark: _ENREF_14]Dons E, Van Poppel, M, Kochan, B, Wets, G, Int Panis, L, (2014). Implementation and validation of a modeling framework to assess personal exposure to black carbon. Environment international 62, 64-71.

[bookmark: _ENREF_15]Gulliver J, Briggs, DJ, (2004). Personal exposure to particulate air pollution in transport microenvironments. Atmospheric Environment 38, 1-8.

[bookmark: _ENREF_16]Hudda N, Fruin, SA, (2013). Models for Predicting the Ratio of Particulate Pollutant Concentrations Inside Vehicles to Roadways. Environmental Science & Technology 47, 11048-11055.

[bookmark: _ENREF_17]Int Panis L, de Geus, B, Vandenbulcke, G, Willems, H, Degraeuwe, B, Bleux, N, Mishra, V, Thomas, I, Meeusen, R, (2010). Exposure to particulate matter in traffic: A comparison of cyclists and car passengers. Atmospheric Environment 44, 2263-2270.

[bookmark: _ENREF_18]Karanasiou A, Viana, M, Querol, X, Moreno, T, de Leeuw, F, (2014). Assessment of personal exposure to particulate air pollution during commuting in European cities—Recommendations and policy implications. Science of The Total Environment 490, 785-797.

[bookmark: _ENREF_19]Kaur S, Nieuwenhuijsen, M, Colvile, R, (2005a). Personal exposure of street canyon intersection users to PM2.5, uhrafine particle counts and carbon monoxide in Central. London, UK. Atmospheric Environment 39, 3629-3641.

[bookmark: _ENREF_20]Kaur S, Nieuwenhuijsen, MJ, Colvile, RN, (2005b). Pedestrian exposure to air pollution along a major road in Central London, UK. Atmospheric Environment 39, 7307-7320.

[bookmark: _ENREF_21]Knibbs LD, Cole-Hunter, T, Morawska, L, (2011). A review of commuter exposure to ultrafine particles and its health effects. Atmospheric Environment 45, 2611-2622.

[bookmark: _ENREF_22]Limpert E, Stahel, WA, Abbt, M, (2001). Log-normal distributions across the sciences: Keys and clues. Bioscience 51, 341-352.

[bookmark: _ENREF_23]MacNaughton P, Melly, S, Vallarino, J, Adamkiewicz, G, Spengler, JD, (2014). Impact of bicycle route type on exposure to traffic-related air pollution. Science of the Total Environment 490, 37-43.

[bookmark: _ENREF_24]McCreanor J, Cullinan, P, Nieuwenhuijsen, MJ, Stewart-Evans, J, Malliarou, E, Jarup, L, Harrington, R, Svartengren, M, Han, IK, Ohman-Strickland, P, Chung, KF, Zhang, J, (2007). Respiratory effects of exposure to diesel traffic in persons with asthma. N Engl J Med 357, 2348-2358.

[bookmark: _ENREF_25]McNabola A, Broderick, BM, Gill, LW, (2008a). Reduced exposure to air pollution on the boardwalk in Dublin, Ireland. Measurement and prediction. Environment international 34, 86-93.

[bookmark: _ENREF_26]McNabola A, Broderick, BM, Gill, LW, (2008b). Relative exposure to fine particulate matter and VOCs between transport microenvironments in Dublin: Personal exposure and uptake. Atmospheric Environment 42, 6496-6512.

[bookmark: _ENREF_27]Moreno T, Reche, C, Rivas, I, Minguillon, MC, Martins, V, Vargas, C, Buonanno, G, Parga, J, Pandolfi, M, Brines, M, Ealo, M, Fonseca, AS, Amato, F, Sosa, G, Capdevila, M, de Miguel, E, Querol, X, Gibbons, W, (2015). Urban air quality comparison for bus, tram, subway and pedestrian commutes in Barcelona. Environmental research 142, 495-510.

[bookmark: _ENREF_28]Mueller N, Rojas-Rueda, D, Cole-Hunter, T, de Nazelle, A, Dons, E, Gerike, R, Gotschi, T, Int Panis, L, Kahlmeier, S, Nieuwenhuijsen, M, (2015). Health impact assessment of active transportation: A systematic review. Preventive medicine 76, 103-114.

[bookmark: _ENREF_29]Nieuwenhuijsen M, Donaire-Gonzalez, D, Foraster, M, Martinez, D, Cisneros, A, (2014). Using Personal Sensors to Assess the Exposome and Acute Health Effects. International journal of environmental research and public health 11, 7805.

[bookmark: _ENREF_30]Peters A, von Klot, S, Mittleman, MA, Meisinger, C, Hormann, A, Kuch, B, Wichmann, HE, (2013). Triggering of acute myocardial infarction by different means of transportation. European journal of preventive cardiology 20, 750-758.

[bookmark: _ENREF_31]Ragettli MS, Corradi, E, Braun-Fahrlander, C, Schindler, C, de Nazelle, A, Jerrett, M, Ducret-Stich, RE, Kunzli, N, Phuleria, HC, (2013). Commuter exposure to ultrafine particles in different urban locations, transportation modes and routes. Atmospheric Environment 77, 376-384.

[bookmark: _ENREF_32]Ragettli MS, Phuleria, HC, Tsai, MY, Schindler, C, de Nazelle, A, Ducret-Stich, RE, Ineichen, A, Perez, L, Braun-Fahrlander, C, Probst-Hensch, N, Kunzli, N, (2014). The relevance of commuter and work/school exposure in an epidemiological study on traffic-related air pollution. Journal of exposure science & environmental epidemiology.

[bookmark: _ENREF_33]Rojas-Rueda D, de Nazelle, A, Tainio, M, Nieuwenhuijsen, MJ, (2011). The health risks and benefits of cycling in urban environments compared with car use: health impact assessment study. Bmj 343, d4521.

[bookmark: _ENREF_34]Setton E, Marshall, JD, Brauer, M, Lundquist, KR, Hystad, P, Keller, P, Cloutier-Fisher, D, (2011). The impact of daily mobility on exposure to traffic-related air pollution and health effect estimates. Journal of exposure science & environmental epidemiology 21, 42-48.

[bookmark: _ENREF_35]Strak M, Boogaard, H, Meliefste, K, Oldenwening, M, Zuurbier, M, Brunekreef, B, Hoek, G, (2009). Respiratory health effects of ultrafine and fine particle exposure in cyclists. Occupational and environmental medicine 67, 118-124 

[bookmark: _ENREF_36]Tainio M, de Nazelle, AJ, Gotschi, T, Kahlmeier, S, Rojas-Rueda, D, Nieuwenhuijsen, MJ, de Sa, TH, Kelly, P, Woodcock, J, (2016). Can air pollution negate the health benefits of cycling and walking? Preventive medicine 87, 233-236.

[bookmark: _ENREF_37]Weichenthal S, Kulka, R, Dubeau, A, Martin, C, Wang, D, Dales, R, (2011). Traffic-related air pollution and acute changes in heart rate variability and respiratory function in urban cyclists. Environmental health perspectives 119, 1373-1378.

[bookmark: _ENREF_38]Westerdahl D, Fruin, S, Sax, T, Fine, PM, Sioutas, C, (2005). Mobile platform measurements of ultrafine particles and associated pollutant concentrations on freeways and residential streets in Los Angeles. Atmospheric Environment 39, 3597-3610.

[bookmark: _ENREF_39]WHO, (2013). Review of evidence on health aspects of air pollution – REVIHAAP Project in: Europe, T.W.H.O.R.O.f. (Ed.). http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report-final-version.pdf.

[bookmark: _ENREF_40]Zuurbier M, Hoek, G, Oldenwening, M, Lenters, V, Meliefste, K, van den Hazel, P, Brunekreef, B, (2010). Commuters' exposure to particulate matter air pollution is affected by mode of transport, fuel type, and route. Environmental health perspectives 118, 783(787).




12

