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INTRODUCTION 
 
Exposure to diesel exhaust emissions has been classified by international health organisations as 
probably carcinogenic to humans (Boffeta et al., 2001; IARC, 1989). Diesel exhaust contains a 
complex mixture of many gases and substances known to be hazardous air pollutants (CSE, 1999). 
In particular, diesel particulate matter (DPM) is perceived as one of the major harmful emissions 
produced by diesel engines (Majewski, 2000). Despite considerable amount of basic research, 
neither the formation of DPM in the combustion chamber, nor its physico-chemical properties or 
human health effects are fully understood at present. Almost all of the fresh diesel exhaust particle 
mass is in the ultrafine particle (UFP) range. Because of their minute sizes, these particles are 
easily inhaled and eventually trapped within the bronchial and alveolar regions of the lung. From a 
population exposure point of view, air quality in a street canyon is of major importance, since the 
highest pollution levels and the larger targets of impact are often concentrated in this kind of 
setting. The so-called canyon effect results in greater health complications (Spadaro & Rabl, 2001). 
DPM from mobile sources (buses) have a greater potential for human exposure (per g of DPM 
emissions) compared to combustion particulates emitted from point sources (USEPA, 2002).   
 

METHODS AND RESULTS 
 
This microenvironmental exposure study is of particular importance as it was carried out in an 
urban canyon, i.e. the semi-submerged Woolloongabba Busway Station (WBS), located in 
Brisbane, Australia. Here, DPM from mobile sources (buses) are emitted into the breathing zone of 
passengers. The study was conducted in the winter months during which temperature inversions 
frequently occur. Studies investigating the chemical and physical changes of DPM emissions 
suggest that there is little or no hygroscopic growth of primary diesel particles (USEPA, 2002).  
This observation suggests that the small size of DPM particles might be maintained during 
inhalation, particularly near the emission source. It was assumed that significant differences 
between platform and background distributions were due to bus emissions which, combined with 
passenger waiting times, yielded an estimate of passenger exposure to UFDP from diesel buses. 
 
The particle number concentration was measured in real-time with a TSI-SMPS system for both the 
outbound platform and for the background locations. The particle diameter ranged from 13.3 nm to 
805 nm with a sampling flow rate of 0.3 L/min (monodisperse aerosol) and scanning times of 300 s 
to accurately detect DPM concentrations grouped into 113 different size classes. Personal exposure 
can be calculated as the product of pollutant concentration and the time spent in a specific 
microenvironment. As expressed in the equation below, personal exposure of DMP, E is given by: 
 

waitingparticle tcE ⋅=  
 
where cparticle is the DPM concentration [#/cm3] and twaiting is the DPM exposure time [min]. 
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Data from particle size distribution and concentration data were analyzed. An automated series of 
routine calculations were created to analyze the passengers’ waiting time data and merged with the 
particle data from the SMPS system, enabling extrapolation with a computer generated model for 
the assessment of exposure concentrations due to buses. Conversion from particle number into 
particle mass (volume) is achieved by using a standard density conversion factor for DPM density 
(ρ = 1g/cm3) (Willeke & Baron, 1999). 
 

  
 
Figure 1.Exposure due to particle number concentration (left) and exposure due to volumetric concentration 

(right).  The circled area in both graphs indicates the flushing effect when strong winds blow 
through the WBS-canyon. 

 

 
Conversion is necessary as the dose (mass) of DPM inhaled prevails over the particle number 
concentration. In this study it was found that there is a significant exposure of DPM due to buses.  
A particle load of 37% (number concentration) and 56% (volume concentration) was observed 
(horizontal lines in figure 1). The semi-submerged design of the platform increases exposure, and 
ultimately increases the risk to suffer from respiratory diseases. 
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