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T 









he 



road transport sector 



is a 



major contributor 



to 



Europe’s 









emissions 



of 



greenhouse gases 



and 



air 



pollutants (see 









CHEMISTRY REVIEW, 



Vol. 



14, 



No. 



4, pp. 



28–30). Greenhouse 









gases trap heat 



in the 



lower atmosphere and can contribute 



to 









climate change (see 



CHEMISTRY REVIEW, 



Vol. 



25, 



No. 



2, pp. 



26–27). 









Examples include carbon dioxide (CO 



2) 



and nitrous oxide 









(dinitrogen monoxide, N2O, 



see 



CHEMISTRY REVIEW, 



Vol. 



14, 



No. 1, 









pp. 



5–7). 



Air 



pollutants such 



as 



nitrogen dioxide (NO 



2) 



and 









particulate matter (PM) can damage human health and 



the 









environment 



if 



they 



are 



present 



in the 



atmosphere 



at 



harmful 









levels (see 



CHEMISTRY REVIEW, 



Vol. 



28, 



No. 



2, pp. 



2–6). 



In 



fact, 



it 









is 



estimated that polluted 



air 



causes 



5.5 



million deaths 



a 



year 









across 



the 



globe. 









Vehicle pollutants 









Vehicle fuel can undergo either complete 



or 



incomplete 









combustion, depending 



on the 



amount 



of 



oxygen available 



to 









react with 



the 



fuel. Complete combustion 



of 



fuel leads 



to the 









formation 



of 



CO 

2 



and 

H2O, 



whereas incomplete combustion 









leads 



to a 



range 



of 



more harmful pollutants. Box 



1 



provides 









more information 



on 



combustion reactions. 









Hydrocarbons 



form one 



of the 



main groups 



of 



compounds 









resulting from incomplete combustion. These species 



are 



toxic 









to 



human health and can contribute 



to 



ozone 



(O 



3) 



formation. 









At 



ground level, 



O 



3 



is a 



respiratory irritant that can damage 



the 









Are vehicle exhaust 









fumes damaging 









our health? 









Scientists from the University 



of 



York have been out and about on the 









streets 



of 



York and London 



to 



measure vehicle emissions under real-world 









driving conditions. 



In 



the UK, air pollution 



is 



linked 



to 



around 40 000 early 









deaths per year, so 



it is 



important 



to 



find out how toxic exhaust fumes are 









Naomi Farren 
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www.hoddereducation.co.uk/chemistryreview 









The Euro emissions standards place limits 



on the 



amounts 









of 



CO, NOx, 



hydrocarbons and 



PM 



allowed 



to be 



emitted 









from 



the 



exhaust plume. 



For 



example, 



the 



Euro 



6 



limit allows 







0.08 g km–1 









of 

NOx 



to be 



released from 



a 



diesel passenger 









vehicle. Standardised laboratory emission measurements 



are 









used 



to 



check that vehicles meet 



the 



Euro emission standards. 









These laboratory tests 



are 



carried 



out 



indoors using 



a 



chassis 









dynamometer. 



This enables vehicle exhausts 



to be 



tested under 









different driving conditions 



on a 



stationary platform. 









It is 



now widely accepted that laboratory testing procedures 









are 



not wholly representative 



of 



real-world driving conditions, 









and discrepancies exist between laboratory measurements and 









the 



amount 



of 



pollutants emitted 



in the 



real world. The test 









procedure does 



not 



match real-world driving conditions, because 









the 



full range 



of 



vehicle speeds and amount 



of 



acceleration 









and braking 



is 



not tested 



in the 



laboratory. Furthermore, 



the 









testing procedure rules 



are 



relatively flexible, which means that 









manufacturers can optimise 



the 



test 



in 



order 



to 



achieve lower 









fuel consumption and emission values. 



For 



example, tyres may 









be 



overinflated, reducing 



the 



resistance between 



the car 



and 









the 



rolling road. 



In 



addition, vehicle emission levels can 



be 









influenced 



by the 



driver 



of the 



vehicle. Accelerating and braking 









excessively 



is 



considered ‘aggressive driving’ and uses more fuel 









than ‘normal driving’ 



— 



this 



is 



not accounted 



for in the 



lab. 









With this information 



in 



mind, and remembering 



the 



harmful 









impacts that 



air 



pollution can have 



on 



human health, 



it is 



now 









more important than ever 



to 



measure vehicle exhaust pollutants 









in the 



real world. These measurements can 



be 



performed using 









remote sensing 



techniques. Remote sensing 



is the 



science 



of 









obtaining information about objects (e.g. cars, vans, buses) from 









a 



distance (e.g. 



the 



side 



of the 



road). 



A 



useful remote sensing 









technique 



for 



vehicle emission measurements 



is 



fuel efficiency 









automobile testing (FEAT). The FEAT instrument was developed 









at the 



University 



of 



Denver 



in 



1987. 









lungs (see 



CHEMISTRY REVIEW, 



Vol. 



14, 



No. 



2, pp. 



17–19). 



Another 









toxic pollutant formed during incomplete combustion 



is 



carbon 









monoxide (CO, 



see 



CHEMISTRY REVIEW, 



Vol. 



20, 



No. 



3, pp. 



16–20). 









Gases, such 



as 



nitrogen oxides (NOx) 



and ammonia (NH3), 









can 



be 



emitted from exhaust fumes. NOx 



contains 



a 



mixture 



of 









nitric oxide (NO) and nitrogen dioxide (NO2). 

See 



Box 



2 for an 









explanation 



of 



how NOx 



is 



produced during fuel combustion, 









and why 



we 



should 



be 



concerned about 



the 



fraction 



of 



harmful 







NO2 



in 

NOx 

emissions. 









Particulate matter can 



be 



released directly from vehicle 









exhausts, 



or 



can form 



in the 



atmosphere after 



the 



release 



of 









precursor gases such 



as 



NOx, NH3 



and sulfur dioxide (SO2). 









Upon inhalation, particles can reach 



the 



lungs and cause 



or 









aggravate respiratory problems. 









How are 



emissions regulated? 









Since 



the 



1970s, various exhaust emission limits have been 









introduced 



to 



regulate 



the 



amount 



of 



pollutants emitted from 









vehicles. 



In 



1992, 



the 



Euro emissions standards came into force, 









starting with Euro 



1. 



Since then, increasingly strict limits have 









been imposed, with each new limit being referred 



to as 



Euro 



2 









through 



to 



Euro 



6 



(enforced from 2015). 









Box 



1 



Exothermic combustion reactions 









Complete combustion occurs when fuel (e.g, propane, C3H8) 



reacts 









with oxygen to produce CO2



and H2O: 









C 



3H 8 



+ 5O 



2 



→ 



3CO 



2 



+ 4H 



2O 









The energy of the products is lower than the energy of the 









reactants, which means that energy is released to the surroundings 









during this reaction. This energy can be converted to heat 









(i.e. exothermic reaction) and work (i.e. power to move the vehicle). 









Incomplete combustion occurs when there is insufficient oxygen 









available, and leads to the formation of CO instead of CO2: 









C 



3H 8 



+ 3.5O 



2 



→ 



3CO + 4H 



2O 









In reality, these equations are oversimplified, because fuel is 









comprised of 



a 



mixture of hydrocarbons and contains various 









impurities, while air contains both O2 



(~21%) and N2  (~78%). As 



a 









result, 



a 



complex mixture of products forms during fuel combustion, 









depending on the amount of O2 



available. For example, NOx 



may 









form as 



a 



result of either oxidation of atmospheric N2 



or oxidation of 









nitrogen compounds contained in the fuel. 









Box 



2 



The NOx 



box 









NOx 



is comprised of NO and NO2 



(see 



CHEMISTRY REVIEW, 



Vol. 20, No. 2, 









pp. 7–9). While NO is not particularly harmful to human health at 









atmospheric levels, NO2 



is 



a 



toxic gas that can cause adverse health 









effects. It can also react in the atmosphere to form smog (see 









CHEMISTRY REVIEW, 



Vol. 28, No. 2, pp. 2–6) and acid rain (see 



CHEMISTRY 









REVIEW, 



Vol. 24, No. 3, pp. 24–27). 









Scientists are interested in how much NOx 



is emitted from different 









vehicles, and the proportion of NOx 



that exists as NO2. 



It is thought 









that emissions from diesel vehicles contain higher fractions of NO2 









than petrol vehicles, depending on factors such as vehicle age, the 









type of catalytic converter, and engine size. 









FEAT apparatus on Putney Hill, London 
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