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Introduction 
 Commuting is considered as one of the high-

exposure periods among various daily activities, 

especially in high vehicle-density metropolitan areas. 

As pollutant concentrations are often elevated in the 

traffic microenvironment, individuals commonly 

receive a significant contribution to their daily 

exposure when commuting in traffic even though 

they typically travel for no more than 8% of their 

day. Previous studies have found that buses can be 

especially polluting, providing some of the highest 

exposures to black carbon and ultrafine particles 

when compared to other commuting modes (Moreno 

et al, 2015). The majority of public transport 

journeys in the EU (56%) are made using bus 

systems and although the use of hybrid and electric 

vehicles is becoming more common in cities, most 

engines powering buses are still fuelled by diesel. In 

this study we have developed a state-of-the-art 

sampling programme designed to compare the many 

variables potentially affecting air quality breathed by 

passengers in buses. Bus vehicle interior air quality 

(VIAQ) will be influenced by a mix of indoor and 

outdoor pollutant sources, some of which will be 

generated by the bus itself. The Barcelona Bus Air 

Quality campaign uses an array of portable 

equipment placed within the vehicle and has been 

designed to directly measure “real” conditions 

experienced by bus travellers in the city. 

 

Methods 
 Measurements were carried out in two 

different seasons (summer/winter) in Barcelona, in 

order to compare the significant differences in 

interior bus conditions at contrasting times of the 

year (such as use of air conditioning, heating, 

open/closed windows). An unusually wide range of 

data were collected; including concentrations of 

PM10, PM2.5, UFP, BC, CO, CO2, NO2, O3, and 

VOCs as well as the chemical composition (ICP-

AES, -MS) of PM2.5 filters and presence of 

bioaerosols and endotoxins. The range of buses being 

used in the study includes diesel, hybrid diesel, 

natural gas, hybrid natural gas and electric models. 

 The monitoring portable equipment was 

carried in trolleys (Fig. 1) by two commuters each 

separately travelling on different fuel type buses in 

the presence of passengers and making 

simultaneously a round trip route in the same line of 

bus, with the same start and end point. Each 

measurement took 2h per day (10-12 am), and was 

repeated 3 days per week for the same line of bus, 

providing 6h of sampling for each pair.  

 

Conclusions 
 Preliminary data from the summer campaign 

show large variations in VIAQ, with highest median 

values for UFP (41964 #/cm3) for example being 

recorded downstairs in the open-topped double 

decker tourist bus. In contrast the lowest value of 

PM2.5 (9 µg/m3) was recorded upstairs in the same 

bus type open-topped tourist bus. The UFP size mode 

was similar in all buses (40-48nm), and ratios 

between bus pairs demonstrate that BC levels tend to 

be higher in diesel buses. CO varies widely, and for 

O3 the highest value (45 µg/m3) was predictably 

measured upstairs in the open air of the tourist bus. 

The unprecedentedly huge data base generated 

during the Barcelona Bus Air Quality sampling 

campaign is currently being analysed and key results 

will be presented at the meeting. 

 

 
Figure 1. Trolley with in-bus monitoring equipment  
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