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Day 1 - Tuesday 10th December 
 
09:30   Registration  
 
10:25   Welcome and Introductory Remarks 
 
Session 1:   Recently Published AQEG Reports 
 
Chair:  Ally Lewis - AQEG, UK 
 
10:30  Presentation of the AQEG non-exhaust emission report 
 Mathew Heal, AQEG, UK 
 
11:00 Discussion of report conclusions 
 
11:20 Presentation of the AQEG interventions report 
 Gary Fuller, King’s College London / AQEG, UK 
 
11:50 Discussion of report conclusions 
 
12:10 Presentations by the exhibitors 
 
12:40 Lunch - exhibition & posters 
 
Session 2:   Follow-up, vehicle emissions and non-methane volatile 
    organic compounds 
 
Chair:  Ally Lewis - AQEG, UK 
 
13:40 Air quality modelling on the contribution of brake wear emissions to particulate 
 matter concentrations using a high-resolution brake use inventory 
 Dan Wakeling, Ricardo, UK 
 
14:05 Multi-disciplinary sensing in the city of the future: simultaneous noise and air 
 pollution monitoring to quantify the impact of traffic interventions on personal 
 exposure 
 Luc Dekoninck, University of Ghent, Belgium 



 
14:30 AQEG Report scope - vehicle exhaust emissions 
 Jon Andersson, Ricardo, UK 
 
15:00 An experimental comparison of diesel passenger car “switch off vs idle” NOx 

 emissions 
 Mark Peckham, Cambustion Ltd, UK 
 
15:25 Tea / Coffee - Exhibition & Posters 
 
15:55 Aircraft regulation and new sensor development: an overview of the H2020 
 AVIATOR project 
 Paul Williams, University of Manchester, UK 
 
16:20 PM2.5 on the London Underground 
 David Green, King’s College London, UK 
 
16:45 AQEG report scope - non-methane volatile organic compounds 
 Ally Lewis, AQEG, UK 
 
 
Day 2 - Wednesday 11th December 
 
09:30   Coffee and Exhibition 
 
Session 3:  Developing Measurement Techniques 
 
Chair: Gary Fuller - King’s College London, UK 
 
10:00 Long-term intercomparison of ambient particulate (PM2.5 and PM10) sampling 
 methods 
 Thomas Smith, National Physical Laboratory, UK 
 
10:20 Towards the generation of synthetic ambient aerosols in the laboratory for 
 calibrations of PM monitors and low cost sensors 
 Konstantina Vasilatou, METAS, Switzerland 
 
10:40 Determination of antimony and barium in UK air quality samples as indicators of 
 non-exhaust traffic emissions 
 Sharon Goddard, National Physical Laboratory, UK 
 
11:00 Output analysis of a Sharp GP2Y low-cost aerosol PM sensor 
 Klemen Bučar, Jožef Stefan Institute, Slovenija 
 
11:20 Tea / Coffee - Exhibition & Posters 
 
11:50 Developments to underpin future measurements of nitrogen dioxide 
 David Worton, National Physical Laboratory, UK 



 
12:10 Developments in black carbon calibration 
 Paul Quincey, National Physical Laboratory, UK 
 
12:30 High time resolution measurement of TC, BC, EC, OC and OM in PM1 and 
 PM2.5 
 Martin Rigler, Aerosol d.o.o, Slovenija 
 
12:50 Lunch - Exhibition & Posters 
 
Session 4: Sensors and air pollution in microenvironments 
 
Chair:  Paul Quincey - National Physical Laboratory, UK  
 
14:00 Sources of submicron particle number concentration near London Gatwick 
 airport 
  Anja Tremper, King’s College London, UK 
 
14:25 Air quality in two enclosed railway stations: evaluating the impact of emissions 
 from diesel trains in the United Kingdom 
  Anna Font, King’s College London, UK 
 
14:50 Sensor technologies and recent sensor developments and applications 
  Krishna Persaud, University of Manchester, UK 
 
15:15 Developments in sensor networks in the Breathe London project 
 Rod Jones, University of Cambridge, UK 
 
15:40 Closing remarks 
 
15:45 Tea / Coffee - Close of Conference 



ABSTRACTS



Presentation of the AQEG non-exhaust emission report 
 

Mathew R. Heal 
University of Edinburgh / AQEG 

 
ABSTRACT 

 

The Air Quality Expert Grouppublished its report on Non-Exhaust Emissions from 

Road Traffic in 2019 (https://uk-air.defra.gov.uk/library/reports.php?report_id=992). 

Non-exhaust emissions are particles that arise from the wear of brakes, tyres and 

the road surface and from the resuspension of road dust. The report summarised the 

available published evidence for the non-exhaust emissions of particles from road 

transport at the point of on-road usage. These emissions contribute to the total 

ambient particulate matter (PM) burden that is associated with human ill-health and 

premature mortality. The majority of the non-exhaust emissions arise regardless of 

the type of vehicle and its mode of power. Whilst the introduction of successive 

exhaust emissions standards has substantially driven down fleet-average exhaust 

emissions of particles, no legislation is currently in place to specifically limit or reduce 

non-exhaust emission particles. Consequently non-exhaust emissions of particles 

from road traffic are estimated now to substantially exceed those from the exhaust, 

although these estimates are based on old emission factors with large uncertainties. 

In addition to continued development of standard tests for measurement of non-

exhaust emissions, the efficacy of technical solutions for their mitigation need to be 

investigated. It is particularly importantto understand the gains from reduction in 

brake wear emissions in vehicles using regenerative braking versus the potential 

increase in tyre and road wear and resuspension emissions due to any additional 

mass of vehicles incorporating such braking. 

 

 

 



Assessing the Effectiveness of Interventions to Improve Air Quality 
Gary W. Fuller  

King’s College London for AQEG 

 

ABSTRACT 

In the air quality context, interventions cover a wide range of actions from ‘deliberate’ 

measures to reduce air pollution to those primarily aimed at other outcomes, but 

which can indirectly affect air pollution.  

 

Air quality interventions span a wide range of situations, spatial scales from (e.g. a 

single road through to continental scales) and temporal scales from the short-term 

closure of a road to decadal (or longer) changes.  

 

Understanding the impact that interventions have on air quality is highly desirable 

because of the need to quantify the outcome on air quality and health i.e. relate a 

policy aimed at improving air quality to a robust understanding of the outcome. 

 

The ‘accountability chain’ model provides a useful way to assess the impact of an 

intervention from a change in activity through to potential beneficial health effects i.e. 

from activity, to emissions, concentrations and finally health outcomes. 

 

The assessment of interventions can be challenging for several reasons. These 

challenges include the common situation where interventions rarely occur in isolation 

from other changes that affect air quality, and the difficulty in detecting and 

quantifying changes if the interventions are small. Indeed, not every intervention is 

detectable in terms of quantifying changes in pollutant concentrations or health 

outcomes, even using sophisticated analysis techniques. 

 

Analysis of a wide range of case studies has highlighted: the need for a counter 

factual, high quality and well sited measurement data, the role that modelling can 

play as well as the need to account for meteorological confounding.  



Air Quality Modelling on the Contribution of Brake Wear Emissions 
to Particulate Matter Concentrations Using a High-Resolution 

Brake Use Inventory 
 

Dan Wakeling 

Ricardo Energy & Environment 

ABSTRACT 

Exposure to Fine Particulate Matter (PM) has been closely associated with adverse 

health effects. A major source of PM in urban areas is emissions from road traffic, 

particularly near roadsides. Exhaust emissions of PM from road vehicles have been 

declining in recent years and emissions of PM from non-exhaust sources have 

become relatively more prominent. Emissions from these non-exhaust sources are 

not currently controlled. 

Brake wear is a significant non-exhaust emissions source and there remain large 

uncertainties for the contribution of brake wear to ambient PM concentrations. 

Uncertainties could be reduced by better understanding where brakes are used, and 

consequently, better apportioning emissions spatially. 

Ricardo Energy & Environment and the FAT have developed an innovative approach 

to estimate brake use on a highly resolved spatial and temporal basis. Real vehicle 

measurements data (over 150,000 km driven) was analysed to estimate the energy 

dissipated to the brakes each second. By combining this with contemporary 

estimates of brake wear emission rates, brake wear emissions were distributed 

according to these energy dissipated estimates. 

The spatially resolved brake wear emissions results were applied to Ricardo’s 

RapidAir air quality model to see how this affects ambient PM concentrations at a 

high spatial resolution. The results show that the contribution of brake wear to 

ambient PM10 concentrations is more spatially variable using the new approach, 

compared to standard modelling assumptions (constant emission rates along road 

links). These results could inform the siting of PM measurement stations to further 

reduce uncertainties. 



Multi-disciplinary sensing in the city of the future: simultaneous 
noise and air pollution monitoring to quantify the impact of traffic 

interventions on personal exposure 

Luc Dekonincka, Jelle Hofmanb 

 
Ghent University, Department of Informationtechnology, researchgroup Waves a 

IMEC, Holst Centre, High Tech Campus 31, 5656 AE Eindhoven, The Netherlandsb 
 

ABSTRACT 

One of the main challenges of today’s policy makers is to conduct informed decision 

making in order to proof the public that local environmental interventions are effective 

and efficient. Providing this information in a relevant spatial and temporal resolution 

for the local policy makers is challenging but indispensable to engage the general 

public in adopting new policy and by doing so, reach the long-term environmental 

goals.  

In prior work, a smart-city concept based on mobile monitoring of noise and air 

pollution illustrates the potential. Noise measurements act as a traffic proxy and 

provide traffic density and flowfor air pollution models. Simultaneous measurement 

campaigns covering all seasons, road types and meteorological conditions enable 

the disentanglement of changes at the source (traffic density and flow), impact of 

meteorology (wind speed) and the ambient contribution of non-traffic sources.Pilot 

data from Belgium, New York City and India illustrated the technique in the past.  

A recent measurement campaignshows the sensitivity of this methodology, 

illustrating the impact of short-term traffic changes on the personal exposure of 

bicyclists. We mimic a traffic intervention by measuring the traffic noise during a 

holiday period (July/August) andcompare to a period with normal traffic density. 

After calibrating the air pollution exposure model using high-quality instruments, this 

methodology can be scaled up to the city-wideapplications by deployinglow-cost 

noise sensor networksacting astraffic proxy. It provides a long-term, 

multidisciplinaryand cost-efficient policy support tool with an unprecedented spatial 

and temporal resolution. 



AQEG Report scope – vehicle exhaust emissions 
Jon Andersson 

Ricardo/AQEG UK 

 

ABSTRACT 

This presentation introduces the AQEG Road Transport Exhaust Emissions Report, 

which is currently in the final drafting stage.AQEG regularly deliver reports on 

important AQ issues, and this report aims to inform policy makers and interested 

actors in “what actually creates and influences, as well as the impacts of, emissions 

from internal combustion engines” 

More specifically, the report addresses: 

• The emissions that are produced by vehicles operating with internal 

combustion engines 

• The impact these emissions have on air quality, especially in urban areas 

• What new exhaust species may need to be controlled in the future 

• How technology will evolve for the next stage of emissions legislation 

(including retrofit) 

 

The presentation provides, through examples, a flavour of the content of the various 

chapters of the report, highlighting some key topical observations.  

In summarymessages seem positive, with the latest technology engines, calibrations 

and aftertreatment more robustly addressing tailpipe emissions, recent falls in AQ 

pollutants from monitoring supported by roadside measurements, whilemodelling out 

to 2030 predicts continuation of the trend. 

The authors are a collaborative partnership with specific knowledge in developing 

internal combustion engines and emissions control systems, air quality modelling 

experts and academia. 

 



An experimental comparison of diesel passenger car “switch 
off vs idle” NOx emissions 

 
Mark Peckham 
Cambustion Ltd 

 
ABSTRACT 

 
In an attempt to improve air quality in sensitive areas by reducingvehicle exhaust 

concentrations of NOx and particulate emissions, many authorities and institutions 

have implemented “no idling” zones, sometimes with penalties for violation.  

However, most vehicles produce a “spike” of emissions when the engine starts and 

therefore the effectiveness of a “no idling” rule depends upon the balance of 

accumulated idling emissions vs those from a (re-) start.  This presentation analyses 

the data from three diesel passenger cars from different Euro emissions categories 

and calculates the idle time equivalent to their restart NOxemissions.  The results 

show that for the Euro 5 diesel, it is detrimental to switch off unless an idle time of 

approximately 30 seconds is expected.  This contrasts starkly with the Euro 6b 

vehicle (fitted with automatic stop/start) where the equivalent restart idle time is 3s.  

For the latest generation Euro 6d vehicle, the NOxemissions are negligible at idle and 

restart and it might be considered that its engine should therefore always stop 

instead of idle.  However, this is not always deployed because of a number of factors 

affecting the catalyst after-treatment system. 



Aircraft, regulation and new sensor development: an overview of 
the H2020 AVIATOR project. 

Paul I. Williams1,2, Victor Archilla3, David Raper4, Silvia López5 Mark Johnson6 

1The University of Manchester, UK 
2National Centre for Atmospheric Science, UK 

3Instituto Nacional de TėcnicaAeroespecial, Spain 
4Manchester Metropolitan University, UK 

5Ramem, Spain 
6Rolls Royce, UK 

 

ABSTRACT 

Emissions from aircraft have adverse effects on the air quality in and around airports, 

contributing to public health concerns within neighbouring communities. AVIATOR 

(Assessing aViation emission Impact on local Air quality at airports: 

TOwardsRegulation) will adopt a multi-level measurement, modelling and 

assessment approach to develop an improved description and quantification of the 

relevant aircraft engine emissions, and their impact on air quality under different 

climatic conditions. Engine particulate and gaseous emissions in the INTA test cell 

and on-wing from an in-service aircraft will be measured to determine pollutant plume 

evolution from the engine and APU exhaust. This will provide an enhanced 

understanding of primary emitted pollutants, specifically the nvPM and vPM (down to 

10nm), and the scalability between the regulatory test cell and real environments. 

AVIATOR will develop and deploy across multiple airports, a proof-of-concept low 

cost sensor (LCS) network for the monitoring of UFP, PM and gaseous species such 

as NOx and SOx, across airport and surrounding communities.  

This presentation will outline the goals of the project and the pathways to policy, the 

design for the new proof-of-concept LCS and recent data taken from the INTA test 

cell in Spain. 

 



PM2.5 on the London Underground 
 

David Green 
King’s College London 

 
ABSTRACT 

There are 2.8 million trips per day on the London Underground (LU) with estimated 

average trip duration of 47 minutes, yet PM2.5and its potential effect on the health of 

the users of the system is not well understood.  

A series of experiments were carried to characterise the health-relevant chemical 

and physical properties of PM2.5on the LU network, including diurnal and day to day 

variability and spatial distribution (above ground, depth below ground and subway 

line). Additional work was undertaken to allow the derivation of source specific 

calibration factors for the portable equipment used and a greater understanding of 

the chemical composition of PM2.5. 

There was significant variability across the network with the highest concentrations 

across the network found on the Victoria Line, which had a mean PM2.5concentration 

of 381 µg m-3; on the stretch of line between Pimlico and Brixton concentrations 

exceeded 800 µg m-3. The lowest concentrations recorded were on stretches of the 

Docklands Light Railway and District lines, which have large sections of line entirely 

above ground.  

A comprehensive analysis of the chemical composition of PM2.5was undertaken and 

was found to contain 47% iron oxide while the remaining mass was made up of 

elemental carbon (32 µg/m3, 7%), organic carbon (51 µg/m3, 11%) as well as 

metallic and mineral oxides (14%). 21% of the mass remained unidentified. Arsenic 

and nickel concentrations were in excess of EU target values for ambient air. 

PM2.5mass concentrations varied between lines and locations, some lines had 

similar concentrations to those measured in a roadside locations while the highest 

concentrations were an order of magnitude higher. Approximately half of PM2.5was 

comprised of iron oxide  with significant additional contributions from other metallic 

and mineral components as well as elemental and organic carbon. 



Volatile Organic Compounds in the UK – report in preparation 
 

Alastair C Lewis and members of Air Quality Expert Group 
 

ABSTRACT 
 

Volatile organic compounds (VOCs) are a broad class of air pollutants which act as 
precursors to tropospheric ozone and secondary organic aerosols (a component part 
of PM2.5). The National Atmospheric Inventory (NAEI) indicates that UK emissions of 
anthropogenic VOCs peaked around 1990 at 2,840 kt yr-1and then declined to ~ 810 
kt yr-1in 2017. Notable has been the success in reducing emissions from the tailpipe 
of gasoline vehicles and other evaporative losses of VOCs from fuels during their 
production and distribution. Ambient observations from the Defra Automated 
Hydrocarbon Network also show significant declines since the 1990s. Benzene and 
1,3 butadiene have specific limit and target values in the UK and concentrations of 
these have been successfully reduced such that the UK has reported no 
exceedances in recent years. Whilst both emissions and concentrations of VOCs 
have fallen, further reductions in VOC emissions are required for the UK to meet 
obligations under the National Emission Ceiling Directive in 2030 and UNECE 
Convention on Long-Range Transport of Air Pollution.  
  
The relative contribution to UK emissions from solvents is estimated to have 
increased over the past 20 years, in 2017 representing ~74% of national emissions. 
Notable has been a post-2000 growth in emissions of oxygenated VOCs. Ethanol is 
now the most significant VOC emitted by mass (~136 kt yr-1in 2017 representing 
~17% of total UK emissions) followed by n-butane (52.4 kt yr-1) and methanol (33.2 kt 
yr-1). Alcohols more generally have grown in significance, representing ~10% of VOC 
emissions in 1990 rising to ~30% in 2017. The growth in ethanol is due to increased 
reported emissions from the whisky industries and in estimated domestic use of 
ethanol as a solvent, for example contained within personal care, car care and 
household products. For some simple hydrocarbons there have also been notable 
changes in the major contributing sources. n-butane for example is currently the 
second most abundant VOC in the UK inventory; in 1990 n-butane was emitted 
mainly from gasoline extraction and fugitive distribution losses (139.8 ktyr-1). In 2017 
the largest anthropogenic source of n-butane in the inventory was from its use as an 
aerosol propellant (25.5 kt yr-1). 
  
These recent changes in the major contributing sources of emissions have potential 
impacts on the observational strategies used to external evaluate emission reduction 
policies. In 1992 the national monitoring of VOCs in the Defra Automated 
Hydrocarbon Network quantified all of the most abundant anthropogenic VOCs 
emitted (all were non-methane hydrocarbons), but by 2017 this monitoring captured 
only 13 / 20 species. To evaluate progress towards meeting the future VOC 
emissions targets may require a revision of ambient monitoring strategies. Adding 
ethanol, methanol, formaldehyde, acetone, 2-butanone and 2-propanol to existing 
non-methane hydrocarbon measurements would provide full coverage of the 20 
most significant VOCs emitted on an annual mass basis in the UK.  
 

 



 

 

Long term intercomparison of ambient particulate (PM2.5 & PM10) 
sampling methods 

 

Thomas Smith1, David Harrison2, David Butterfield1 

National Physical Laboratory1, Bureau Veritas UK2 

 

ABSTRACT 

Long term monitoring of ambient air quality is important to ensure health and 

environmental implications are assessed. For monitoring mass concentration of 

suspended particles in ambient air the standard reference method involves 

gravimetric measurement as defined in EN 12341:2014. This involves drawing air 

through a pre-weighed filter, then reweighing it to ascertain the change in mass from 

collected particulate matter. Automatic instruments that use alternative 

methodologies have been tested against the reference method to demonstrate their 

equivalence and are now used in national monitoring networks. However these tests 

only take place over a number of months, whilst the instruments may then be in 

service for a period of many years. An equivalence site has been operating at NPL in 

Teddington since late 2013, with a range of different methods. The site is managed 

by Bureau Veritas under contract from the Environment Agency to access the long-

term stability and continuing equivalence of the reference and alternative sampling 

methods. Two gravimetric instruments have been used at the site, Leckel SEQs and, 

up until 2017, Partisols, each of which are run for a representative portion of the 

year. Alternative methods at the site include BAM, FDMS and FIDAS instruments 

which are run continuously throughout the year. Here we outline the findings from 

November 2013 to December 2018. 



 
 

Towards the generation of synthetic ambient aerosols in the 
laboratory for calibration of PM monitors and low cost sensors 

 
Stefan Horender, Michaela N. Ess and Konstantina Vasilatou 

 
Laboratory Particles and Aerosols, Federal Institute of Metrology METAS, 3003, 

Bern, Switzerland 
 

ABSTRACT 
 

From a legislation point of view, the most important metric to monitor particulate air 

pollution is the mass concentration PM10 and PM2.5. Currently, the calibration of 

automatic PM monitors requires lengthy and expensive field trials and is associated 

with high measurement uncertainties. The goal of this study is to generate synthetic 

ambient-like aerosols with defined physical and chemical properties in the laboratory 

[1]. This will allow to calibrate PM monitors, low-cost sensors and other common 

aerosol instruments under well-controlled conditions.  

Primary aerosols, such as soot, ammonium nitrate/sulphate and dust, are generated 

using a miniCAST soot burner and commercial nebulisers, respectively. "Aged" soot 

aerosols are produced with an oxidation flow reactor known as Micro Smog Chamber 

[2]. The aerosols are homogenized in a custom-built mixing chamber, which ensures 

an aerosol homogeneity of better than 3% across the sampling area.  

The size distribution (bimodal), composition and mass concentration of the synthetic 

aerosols can be tuned by adjusting the operation points of the generators. The 

physicochemical properties of these aerosol mixtures are currently being analysed 

with an array of instruments/methods. The temperature and humidity of the aerosols 

can be adjusted in a broad range to simulate outdoor environmental conditions. 

 

Acknowledgment: This work is carried out in the context of the 16ENV07 Aeromet 

project of the European Union through the European Metrology Programme for 

Innovation and Research (EMPIR).  

 
[1] www.aerometproject.com  
[2] A. Keller and H. Burtscher, J. Aerosol Sci. 49, 9-20 (2012)  
 



 

 

Determination of antimony and barium in UK air quality samples as 
indicators of non-exhaust traffic emissions 

Sharon Goddard 

Gas & Particle Metrology Group, Environment Department, National Physical 
Laboratory, Hampton Road, Teddington TW11 0LW, UK. 

ABSTRACT 

Air quality monitoring of ambient air is essential to minimise the exposure of the 
general population to toxic substances such as heavy metals, and thus the health 
risks associated with them. In the UK, ambient air is monitored under the UK Heavy 
Metals Monitoring Network for a number of heavy metals in PM10, including nickel 
(Ni), arsenic (As), cadmium (Cd) and lead (Pb) to ensure compliance with the limit 
and target values specified in the EU Air Quality and Fourth Daughter Directives. 

Airborne pollutants are produced by a variety of anthropogenic sources. Over the 
last few decades in the UK, a lot of attention has also focussed on vehicle emissions, 
but primarily those associated with the combustion process, i.e. tailpipe exhaust 
emissions. However, road transport also generates non-exhaust emissions, such as 
those generated by erosion of vehicle components, e.g. brakes and tyres, or road 
surface wear and re-suspended dust. In recent years it has been suggested that, 
possibly due to regulations resulting in reduced exhaust emissions, the relative 
contribution of non-exhaust emissions to the total quantity of airborne particulate 
matter (PM) generated by vehicles is similar to that from tailpipe emissions.  

This presentation will outline the overall operation of the national UK metals network, 
which currently comprises 23 monitoring sites around the UK, including details of the 
analysis and underpinning metrological traceability. A follow-up project based on 
further analysis of the metals network samples will also be described. The aim of this 
study was to determine concentrations of antimony and barium in air quality samples 
and assess the potential suitability of these metals as tracer elements for non-
exhaust traffic emissions sources. The average antimony concentration found across 
all the network sites was 1.84 ng.m-3; the average barium concentration was 6.33 
ng.m-3. The range of antimony concentrations observed was 0.13 - 8.02 ng.m-3; 
barium concentrations ranged from levels below the detection limit of 0.18 ng.m-3to 
39.9 ng.m-3. There are no legislative limits for antimony and barium in ambient air, 
but the maximum concentrations found are well below the Workplace Exposure 
Limits specified by the UK Health and Safety Executive. The highest concentrations 
were found at roadside sites situated to monitor trafficenvironments, supporting the 
suitability of antimony and barium to be considered tracer elements for traffic 
emissions sources. Strong correlations were observed between antimony, barium 
and copper, indicating they share a common traffic-related source. Based on the 
strong correlation with copper at urban and traffic locations, indicative annual UK 
atmospheric emissions estimates for antimony and barium in brake and tyre wear 
were calculated as 6 and 19 tonnes respectively. 

The findings of this study have recently been published in Environmental Monitoring Assessment: 
Goddard, S.L., Williams, K.R., Robins, C. et al. Environ Monit Assess (2019) 191: 641. 
https://doi.org/10.1007/s10661-019-7774-8 
 



 
 

Output analysis of a Sharp GP2Y low-cost aerosol PM sensor 
 

K. Bučar1, M. Žitnik1, S. Seger2, L. Stabile3, J. Osan4 and J. Malet5 
 

1Jožef Stefan Institute, Jamova 39, Ljubljana, Slovenija. 
2 Federal Institute for Materials Research and Testing, 12489 Berlin, Germany. 

3University Cassino, Department of Civil and Mechanical Engineering, 
03043 Cassino, Italy. 

4 MTA-EK Centre for Energy Research, H-1121 Budapest, Hungary. 
5 LEMAC - IRSN Saclay, BP 68 - 91192 Gif-sur-Yvette cedex, France 

 
 

ABSTRACT 
 

Simple particulate matter sensors are gaining popularity due to their low price, easy 
handling and good temporal resolution. In this work, we report about the performance 
of a Sharp optical PM sensor GP2Y1010AU0F, which costs less than 15€.  
The sensor is built around an infrared emitting diode (IRLED) and a photodiode 
detecting the light scattered from the aerosol particle. An electronic circuit shapes the 
detected light in a pulsed signal. The measured output voltage is an indicator of dust 
concentration. The manufacturer advises sampling the output signal in a single point 
a fixed time after the IRLED pulse.  
 
We have built two identical simple PM monitoring devices using Raspberry Pi 3 
computer interfacing the PM sensor with 10bit 100k-samples/s ADC. The Rpi3 was 
pulsing the sensor, digitizing the output pulse shape with 10 microsecond time steps, 
saving the data and sending the results wirelessly. The saved database of all output 
pulse shapes allows a detailed offline analysis of output pulse characteristics. A time 
jitter of output pulses can be observed and suggests a peak fitting as a better 
approach to the signal readout compared to the single sampling at a fixed time after 
pulse triggering. 

 
The sensor’s output pulses were recorded in several different environments: in a 
clean room and vacuum chamber at 10 mbar to observe time and temperature 
stability and zero-PM response; indoor office in parallel with Grimm Mini-LAS 11-R 
Laser Aerosol Spectrometer to characterize temporal response; outdoor in Aeromet’s 
field campaign (September 2018, Cassino, Italy), where PM near a busy road was 
monitored in parallel with several other more advanced instruments and finally in a 
well-known atmospheres of monosized latex spheres (0.4um, 1um, 4um). This 
enables us to characterize the correlation of the sensor output with the known 
distribution of PM in the air. 

 
This work was supported by the EMPIR initiative of the European Union’s Horizon 
2020 program, through a grant agreement 16ENV07 AEROMET. 



Developments to underpin future measurements 
of nitrogen dioxide 

 
D. R. Worton, M. K. M. Ward, S. van Aswegan and P. J. Brewer 

 

National Physical Laboratory, 
 Hampton Road, Teddington, Middlesex, TW11 0LW 

 

ABSTRACT 
 

Nitrogen dioxide (NO2) is one of the most important trace gases in the atmosphere 

influencing both climate and air quality. It is a toxic gas and a respiratory irritant with 

direct implications for human health and is a regulated air pollutant (2008/50/EC Air 

Quality Directive). To underpin long-term measurements and to demonstrate 

compliance with legislation, measurements must be traceable to the international 

system of units (SI), which is achieved using traceable calibration mixtures such as 

gaseous primary reference materials (PRMs). To date, NO2 measurements have 

been calibrated using NO PRMs because stable and high accuracy PRMs of 

nitrogen dioxide are challenging to produce as a result of the high reactivity of 

nitrogen dioxide, especially with respect to water vapour. The reaction of NO2 with 

and water vapour (H2O) produces nitrous acid (HONO) and nitric acid (HNO3) in 

equimolar amounts. To achieve the required uncertainties and stabilities of NO2 

reference materials at calibration appropriate amount fractions for atmospheric 

monitoring (≤ 10 μmol mol-1) an improved understanding of the formation of NOy 

impurities, principally HNO3 from the hydrolysis of NO2, is needed. In this work, H2O 

was deliberately added at different amount fractions between 0.3 and 20 μmol mol-1 

to seven 10 μmol mol-1 NO2 reference standards and the evolution of NO2, HNO3 

and H2O were investigated over the course of 12 months. No HONO was detected in 

any of the mixtures and HNO3 production was limited to ~1.5 μmol/mol, which was 

independent of NO2 or H2O availability. The amount of NO2 removed through 

hydrolysis showed a lognormal relationship to the available H2O and this relationship 

was used to constrain an empirical model to determine the maximum allowable 

water vapour amount fractions to achieve specific uncertainties and stabilities for 

NO2reference materials. These H2O values are discussed in the context of what can 

currently be achieved in the preparation of NO2 PRMs. 



 

 

Developments in black carbon calibration 
 
Paul Quincey1, Krzysztof Ciupek1, and the EMPIR Black Carbon project consortium 

 
1National Physical Laboratory, Hampton Road, Teddington, TW11 0LW 

 
 
 

ABSTRACT 
 
The quantity of dark airborne particles loosely described as black carbon has been 
widely measured by various optical methods since the early 20th century, because 
instruments for this are relatively simple and reliable. The dominant sources have 
changed over the decades, from domestic and industrial coal burning to vehicle 
combustion emissions, with more recent contributions from wood-burning. As a 
primary component of particulate matter (PM), recent reductions in emissions, for 
example from diesel exhausts, have been matched by dramatic reductions in 
ambient black carbon concentrations. 
 
Black carbon has been identified as the second most important climate forcing agent 
behind CO2, and it is also implicated in the negative health effects of fine PM. 
Studies suggest that black carbon is a better indicator of harmful particulate 
substances from combustion sources than PM mass concentration. 
 
Although black carbon measurement is in principle a simple optical measurement of 
absorption, characterised by the aerosol light absorption coefficient, traceability is 
hampered by the fact that routine monitors determine the absorption of particulate 
matter collected on a fibrous filter. While the optical absorption measurement itself 
can be done accurately, the presence of the filter has a large effect, due to internal 
scattering within the filter, which can increase absorption by a factor of five, and to 
shadowing effects as the filter accumulates material. Empirical but non-traceable 
correction factors are then incorporated into the conversion from light absorption 
coefficient into the reported particle mass concentration; these correction factors 
need to be replaced with properly determined calibration factors in order to 
standardise the measurement results and ensure confidence and comparability in 
the field. 
 
The EMPIR Black Carbon project (2017-2020) will improve traceability and 
comparability by allowing filter-based monitors to be calibrated by standardised 
aerosols. Because there is more than one distinct mechanism leading to errors, 
affected by different properties of the aerosol particles, calibration cannot be carried 
out with a single calibration source. Recent progress in the project will be described. 
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ABSTRACT 

  
Measurements of carbonaceous aerosols are of vital importance for local, regional and 
global air quality monitoring. Because they are extremely diverse, they directly impact air 
quality, visibility, cloud nucleation and cloud optical properties, the planetary radiation 
balance, and public health. However, the impact remains highly uncertain due to their 
complex chemical and microphysical properties. We present a high-time resolved online 
measurement of organic, elemental and total carbon (OC, EC, TC), which was used to 
analyze the operation of Aerosol Chemical Speciation Monitors (ACSM) with two different 
aerodynamic lenses; PM1 and PM2.5.   
 
The accuracy of Quadrupole ACSM (Q-ACSM) organic matter (OM) measurement with 
PM1 and PM2.5 aerodynamic lenses (Zhang et al., 2017) was evaluated with collocated 
Total Carbon Analyzer TCA08 and Aethalometer AE33 (Drinovec et al., 2014)  
measurement of total carbon (TC) and black carbon (BC) measurements in PM1 and 
PM2.5. The new high time resolution method (TC-BC method) determines equivalent 
organic carbon fraction of carbonaceous aerosols as  eOC = TC - b·BC, where b·BC is 
equivalent to elemental carbon (EC). The determined proportionality parameter b is 
region/site specific and depends to a large extent on a thermal protocol used to determine 
the EC fraction with the conventional OC/EC method. TC-BC method was validated by 
comparing averaged high time resolved data to the OC/EC analysis on 24h filters using 
EUSAAR2 thermal protocol. This study was conducted during the third ACTRIS ACSM 
intercomparison (Crenn et al., 2015) at LSCE (SIRTA station) located about 25 km 
southwest of Paris (Nov-Dec 2018). The SIRTA station is a site representative of a regional 
background pollution.  
 
The linear regressions between Q-ACSM OM measurements and eOC data from TC-BC 
method is used to determine OM-to-eOC ratio in PM1 (Fig. 1) and PM2.5. High-time 
resolution data of compared methods allow us to explore the temporal variations of the OM-
to-eOC ratio in both PM fractions.   
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ABSTRACT 
Ultrafine particles (UFP) have become a focus of many research studies due to 

concerns over their health impacts. Despite evidence that airports are a substantial 

pollution source, few studies have specifically looked at their UFP emissions (Stacey, 

2019) and the co-exposures to aircraft noise (Hansell et al., 2013). To better 

understand airport emissions of UFP, particle size distributions were measured close 

to London Gatwick airport as part of the Aircraft Noise and Cardiovascular Outcomes 

(ANCO) project (Medical Research Council, MR/P023673/1).  

Size resolved UFP number concentrations were measured at two locations (one 

northeast and one south of the airport), using a scanning mobility particle sizer 

(SMPS 3080, TSI). Additional measurements of NOX, black carbon (BC), O3 and 

PM10 were undertaken. 

Positive Matrix Factorisation (PMF) was applied to the two data sets to identify 

pollution sources and their respective contributions (Norris et al., 2014). For both 

sites a six factor solution was chosen as it had the lowest residuals and most 

physically meaningful profile and temporal behaviour. Common factors were an 

aircraft factor, a fresh and aged traffic factor, an urban factor and a secondary 

aerosol factor. There was one remaining factor at each site, which was identified as 

secondary aerosol (Northeast) and a cooking factor (South). Sources from the airport 

caused peaks in particle number concentrations that reached 94027p/m3 but 

contributed 16% to the long-term mean.  

 

Stacey, B. (2019) Atmos Environ, 198, 463-477. 
Hansell, A.L.  et al., (2013) Br. Med. J., 347:f5432 
Norris, G., R. et al. (2014). U.S. EPA, Washington 
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ABSTRACT 

 
Some enclosed mainline railway stations are affected by diesel train exhaust 

emissions and associated levels of non-exhaust particle pollution. Air pollutant 

concentrations (NO2 and PM2.5) were monitored in two enclosed railway stations in 

the UK – Edinburgh Waverly (EDB) and London King’s Cross (KGX) – with services 

running on diesel trains: 59% and 18%, respectively. By combining measurements 

with train operating information, this study aimed to improve the understanding of 

how diesel trains and other sources influence exposure to air pollution inside railway 

stations. 

 

Concentrations of NO2 were above the 40 µg/m3 annual limit value outside the 

stations and were further elevated inside specially at EDB. Concentrations of PM2.5 

were 30-40% higher inside EDB than outside and up to 20% higher at KGX. The 

highest concentrationswere measured closer to the platforms, especially those with a 

higher frequency of diesel services. An exception was observed at the main 

concourse at EDB, with high concentrations probably related to dispersion 

characteristics of diesel fumes affected by the building layout.  

 

A random-forest regression model was used to quantify the impact of diesel trains on 

station air quality and provided a method for predicting the impact of any changes to 

rolling stock operation. The stock with the greatest influence on PM2.5 were the 

ScotRail Sprinter trains at EDB and Grand Central Adelante at KGX;and 

consequently prioritised in any emission reduction activity. However, the greater 

impact on the variability of PM within the stations was from the temperature, wind 

direction and the concentration outside the stations. 
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ABSTRACT 

 
There is great interest in detecting a range of volatile organic compounds (VOCs) 
that may be potentially hazardous to humans and environment.  GraphCleanis a 
project funded through Innovate UK that was intended to develop and commercialise 
a series of printable sensor platforms capable of sensing thebiggest environmental 
hazards to urban health in China and the UK providing societal benefits to both the 
countries long term. This presentation describes developments of Graphene based 
gas sensors developed by our partners at the University of Cambridge and Organic 
field-effect transistor (OFET) based gas sensors developed at the University of 
Manchester. 
 
Inkjet printed graphene/metal oxide composite sensors were developed for the 
detection of nitrogen dioxide gas at low concentrations. These operated at room 
temperature and were capable of detecting 0.2ppm of NO2showing good response 
characteristics and reversibility. 
 
Organic field-effect transistor (OFETs) based sensors were prepared by solution 
processes on flexible polyethylene naphthalate (PEN) substrates. In these OFETs, a 
polymer semiconductor acts as both channel and sensing layers, and a novel high-
k/low-k dielectric combination has been used to enable low operating voltages (≤3 
V). The selectivity of OFETs towards NO2 and CO were improved by incorporating 
organic sensitizers into the semiconductor during fabrication yielding detection 
capability of below 50ppb of NO2.  
 
The devices from partners were incorporated into portable PeliTM cases that formed 
a system that could be easily transported monitoring locations in the field.Both 
devices were successfully tested for the capability of measuring atmospheric 
concentrations of NO2 in the field. 
 
 
Acknowledgments: This project was funded by Innovate UK.  
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ABSTRACT 

Exposure to air pollution is the leading environmental health risk factor globally, resulting 

in 7 million premature deaths annually. Protecting global populations from the detrimental 

effects of air pollution requires policies and regulations on both national and international 

levels.  

 

Air quality measurements are required in order to understand pollutant emission sources 

for the development ofappropriate intervention policies, and are also needed to monitor 

their effectiveness once implemented. 

 

The Breathe-London project (https://www.breathelondon.org) combines state-of-the-art 

measurement technology with over 100 low cost sensor nodes (each measuring NO, 

NO2O3, and CO2, PM2.5 and PM10) along withtwo Google StreetViewcarsinstrumented 

with reference grade air quality instruments. 

 

In this presentation we will focus on the static network, showing how by making 

measurements more rapidly (at 1 minute intervals), pollutants emitted locally can be 

distinguished from those due to longer range transport, leading to an innovative cloud-

based method for remote calibration of the entire network for both gases and 

particulates. We then show how the inclusion of CO2 measurements can provide direct 

measurements of emission indices. 

 

The presentation will include results and early conclusions from the Breathe-London 

study. 
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and Source Apportionment of fine aerosoL  
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POSTER ABSTRACT 

 
It is well known that exposure to aerosols exerts a negative impact on human health 

and that aerosols affect climate and the environment. These effects are dependent 

on the composition and sources of fine atmospheric aerosols. 

This COST action aims to optimize and harmonize fine atmospheric aerosols online 

measurements, guaranteeing the transfer of knowledge. To coordinate overarching 

analyses to assess the spatial variability (across Europe), temporal variability (at a 

one hour time resolution or better), seasonality (using long term datasets), 

phenomenology (chemical composition) and sources of fine atmospheric aerosol. 

The main challenge for the Action is to consistently assess their spatial variability 

(across Europe), their temporal variability (at a one hour time resolution or better), 

their seasonality (using long term datasets), their phenomenology (chemical 

composition) and their sources. To this end many research groups and some air 

quality monitoring networks in Europe and across the world have acquired recently-

developed chemical composition measurement instrumentation. These include the 

Aerosol Chemical Speciation Monitor (ACSM), which measures non-refractory 

ammonium, nitrate, sulfate, chloride, and organic mass, and instruments that 

measure the refractory black carbon, such as the Aethalometer and Multi Angle 

Absorption Photometer (MAAP). These new high time resolution techniques, which 

chemically characterize the aerosols, are capable of operating for long time periods 

and have only been available in 5-10 years. The processing and interpretation of the 

data from these instruments has matured to a stage where harmonized across 

Europe is now possible; this will be achieved by a network built through the present 

Action to jointly develop the capacity for the interpretation of the measurements 

gathered using these techniques.  

This poster will report the aims and results from this action so far. 



Vehicle based measurements for hyperlocal (streel level) air quality 
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POSTER ABSTRACT 
 

Air quality is a subject that is increasingly recognised as a health issue, affecting 

many cities worldwide, including cities in the UK. The latest version of the WHO’s 

2016 ‘Ambient air pollution’ report indicates 92% of the world’s population live in 

places which exceed the WHO’s limit; and that 3 million deaths were attributable to 

ambient air pollution in 2012. There is increasing need to understand the effects of 

pollution sources on the quality of ambient air, especially for policy makers as we 

seek to improve the air in our cities.  

The Breathe London combines state-of-the-art measurement technology with new 

data analytics to better understand individuals’ exposure to air pollution. In this 

project, we are combing data from difference sources – 100 individually deployed 

sensor low cost systems (measuring NO, NO2 and CO2), 2 Google Street View 

vehicles fitted with a variety of air quality instrumentation, and outputs from the 

ADMS (atmospheric dispersion) model. These complementary measurements at 

high, together with the models will allow us to explore source apportionment at 

hyperlocal scales. 

In this poster, we present some initial measurements and findings from a subset of 

the mobile data. We show how this data can be used to identify pollution sources, 

and present methods which can be used to analyse larger datasets. 
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POSTER ABSTRACT 
 
Black carbon (BC) is one of the most influential anthropogenic agents of climate 

change and negative health effects. Its source in the atmosphere is generally 

combustion emissions such as vehicle exhausts, domestic and industrial fuel 

burning, and forest fires. 

 

The measurement of BC is based on light-absorption by atmospheric aerosol 

particles. To measure of soot-like carbonaceous material, a thermo-optical 

(chemical) technique is used and the parameter is called elemental carbon (EC). 

Both quantities are often regarded as the same thing.  

 

Data for this comparison are from three of Defra’s Air Quality sites: Chilbolton, a rural 

background, and North Kensington and Marylebone Road both located in London. 

Black carbon was measured by multiwavelength aethalometer AE22 (Magee 

Scientific, filter-based attenuation measurement) and the analysis of EC/OC was 

carried out using a thermal/optical carbon analyser (Sunset Laboratory Inc.) with 

1.5 cm2 punch taken from quartz fibre filters. 

 

Concentrations of both BC and EC have fallen dramatically over the last 10 years. 

BC wasplotted against EC and the annual ratios were calculated for each site. Long 

term measurements at the MR site might indicate a possible downwards trend in the 

ratio over time suggesting a divergence in BC and EC metrics, whereas two other 

sites with lower concentrations are more variable. Differences in the rate of change 

for these metrics points would lead to different conclusions on the effectiveness of 

exhaust control measures, depending on the metric chosen. This points to the need 

for a traceable calibration chain for BC. 
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POSTER ABSTRACT 
  
Nitrogen dioxide (NO2) is one of the key reactive trace gas species found within 

Earth’s atmosphere. A toxic pollutant and respiratory irritant, NO2 plays a key role in 

atmospheric chemical cycles that have implications not only for regional air quality 

but also on the global scale through climate forcing. Consequently, NO2 is a 

regulated pollutant and is measured at both national and global scales in order to 

enforce legislation that is aimed at curbing emissions and assess the accuracy of 

climate models.  

 

Key to maintaining the comparability of the measurement infrastructure of NO2 is the 

use of accurate and stable reference materials that are traceable to the SI, commonly 

realised by the production of static gravimetrically prepared calibration standards. 

However, due to the reactivity of NO2 with ubiquitous trace impurity water vapour in 

particular, static calibration standards of NO2 are affected by the formation of nitric 

acid (HNO3).The formation of HNO3causes the amount fraction of NO2 to decay 

significantly from its gravimetric value over time. Therefore to improve the state-of-

the-art of NO2 reference materials, consideration should be given to understanding 

and characterising the chemistry within static reference standards of NO2, with a 

particular focus on the formation of HNO3.  

 

This work presents FT-IR spectroscopic measurements of gravimetrically prepared 

mixtures of NO2 and water vapour and their stability over time. Implications of the 

formation of HNO3from exposure to trace level H2O impurities within reference 

materials will be discussed. 
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POSTER ABSTRACT 

 
The poster promotes the SAQN, a new network bringing together research, industry 

and policy to address air quality challenges. It includes information on funding and 

meeting opportunities through the network, and invites delegates to join the network 

by completing a pre-launch survey. 
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POSTER ABSTRACT 
Global change is expected to profoundly affect the emissions of isoprene, one of the 

largest biogenic emissions to the atmosphere. A better understanding of how 

isoprene emissions will change is crucial for better estimates of the composition of 

the lower atmosphere, and hence for air quality and climate. In particular, an 

improved description of the canopy-exchange for isoprene is highly desirable, along 

with the characterisation of emission changes in response to extreme events such as 

droughts and heatwaves, both which are predicted to become more frequent. 

 

An autonomous gas chromatograph with photo-ionisation detection (the “iDirac”) 

measured isoprene abundances continuously at four heights within, below and above 

the canopy in UK mixed forest (Wytham Woods) from May-Oct 2018. These were 

complemented with selected ancillary variables (temperature, photosynthetically 

active radiation, etc.) and satellite retrievals of normalised difference vegetation index 

(NDVI). The measurement period overlapped with a long and uninterrupted heatwave 

and mild drought, during which daily peak isoprene concentrations were up to a 

factor of 4higher than those before or after. However, current models of isoprene 

emissions could not account for the full enhancement observed during the heatwave-

drought period. Our results indicate that forest models require an adjustment to the 

current isoprene emission algorithm to reproduce the observations, which suggest 

more isoprene is emitted in response to stresses induced by low soil moisture.  
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POSTER ABSTRACT 
 

The adoption of vehicle particulate filters and a growing trend towards the uptake of 

electric and hybrid vehicles has led to an increase in significance for vehicle non-

exhaust emissions (NEE) (brake wear, tyre wear and resuspension). This research 

aims to quantify the extent of theseNEE sources in urban environments, which is 

very important for informing future air quality and climate policy and understanding 

their health effects.  

 

Particulate matter (PM)NEEwill be calculatedby identifying specific chemical tracers 

within the measured PM. The project will usehighly time-resolved atmospheric PM 

measurement data and its chemical composition / inorganic ions, black carbon, 

heavy metals etc., hourly traffic flows, and meteorological data at several 

measurement locations in the UK and Spain. NE emission factors will be developed 

based on roadside increment, using the NOx/CO2 dilution approach(Bukowieki et al. 

(2010)), covering a wide variety of weather seasons and driving styles. 

 

Laboratory brake dynamometer measurements will also be undertakenwith the 

project’s industry partner (Bosch - brake disc developer) to verify the ambient PM 

compositional measurements and enable hybrid/electric vehicle brake wearemission 

quantification.  

The research will contribute to the growing evidence of the importance of developing 

NEE policy. 

 




