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Air Quality Monitoring - New Technologies, New Possibilities 

 
Conference with Posters and Exhibition 

 
Tuesday 10th and Wednesday 11th December 2013 

at The Royal Society of Chemistry, Burlington House, London 
 

Day 1 - Tuesday, 10th December 2013 
 
10:00  Registration  
 
Session 1:  Overview  
 
Chair: Peter Woods, National Physical Laboratory, UK 
 
10:30 35 Years Ambient Air Monitoring - from (supposed) Old Chestnuts to New 
 Challenges 
 Ulrich Pfeffer 

LANUV, Germany (former chair of AQUILA) 
 

11:15 Assessing Health Effects Of Air Pollutions: Implications For Air Quality 
 Monitoring 
 Michal Krzyzanowski 
 Visiting Professor, King’s College London (formerly WHO). 

 
11:30 Everybody Is Measuring Air Quality. What Now? 
 Peter van Breugel 
 DCMR EPA, Rijnmond, The Netherlands 

 
12:30 Short Presentations by Exhibitors 

 
13:00 Lunch - Exhibition & Posters 
 
Session 2:  Community Issues 
 
Chair: Gary Fuller, King’s College London, UK 
 
14:00 Is PM10 The Most Suitable Metric For Monitoring And Control Of Airborne 
 Particulate Matter In Nigeria. 
 Diran Oderinde 
 University of Sunderland, UK 
 
14:30 Air Quality Monitoring In Schools And Community-Wide Environmental 
 Education 
 Zoë L. Fleming 
 National Centre for Atmospheric Science, University of Leicester, UK 
 
15:00 Tea / Coffee - Exhibition & Posters 
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Session 3:  Monitoring Technologies (1) 
 
Chair: Ulrich Pfeffer, LANUV, Germany 
 
15:30 High Density Air Quality Network At Cambridge And London Heathrow 
 Airport: First Results And Interpretations 
 Rod Jones, 
 University of Cambridge, UK 
 
16:00 Airborne Remote Sensing Of Atmospheric NO2 To Monitor Air Quality Over 
 And Around An Urban Environment 
 James Lawrence 
 Space Research Centre, University of Leicester, UK 
 
16:30 Mobile Monitoring Of Air Quality In The City Of Rotterdam 
 Marita Voogt 
 TNO, Utrecht, The Netherlands. 
 
17:00 End of Day One 
 
Day 2 - Wednesday, 11th December 2013 
 
09:30 Tea / Coffee - Exhibition and Posters 
 
Session 4:  The Work of the UK Air Quality Expert Group 
 
Chair: Paul Monks, University of Leicester, UK 
 
10:00 Raising The Evidential Value Of Air Quality Compliance Monitoring 
 Sarah Moller 
 University of York, UK. 
 
10:30 Mitigation of PM2.5 in the UK 

Mathew Heal 
University of Edinburgh, UK 
 

11:00 Strengthening The Links Between Air Quality Emissions Inventories And 
 Ambient Measurements 
 Tim Murrells  
 Ricardo-AEA, Didcot, UK 
 
11:30 Discussion 
 
12:00 Lunch - Exhibition & Posters 
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Session 5:  Monitoring Technologies (2) 
 
Chair: Paul Quincey, National Physical Laboratory, UK 
 
13:00 HCI Monitoring Using Continuous Wave Cavity Ring-Down Spectroscopy 
 Graham Leggett 
 Tiger Optics, Warrington, U.S.A. 
 
13:30 Comparison Of EC/OC, BC And PNC At An Urban Site 
 Martine Van Poppel 
 VITO, Mol, Belgium 
  
14:00 Detection Of The Freshly Nucleated Aerosol Particles 
 Minna Väkevä 
 Airmodus Ltd, Finland 
 
14:30 Comparing Black Carbon Monitors As Employed By Different Measuring 
 Networks 
 Philippe Maetz 
 Belgian Interregional Environment Agency, Brussels, Belgium 
 
15:00 Measuring ppb Gas Concentrations in Air Quality Networks 
 John Saffell 
 Alphasense Ltd, Great Notley, Essex, UK 
 
15:30 Tea / Coffee - End of Conference 
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35 Years Ambient Air Monitoring - 
from (supposed) Old Chestnuts to New Challenges 

 
Ulrich Pfeffer 

 
Landesamt für Natur, Umwelt und Verbraucherschutz Nordrhein-Westfalen 

(LANUV NRW) 
Wallneyer Straße 6, D-45133 Essen (Germany), ulrich.pfeffer@lanuv.nrw.de 

 
ABSTRACT 

A survey of the last 35 years of air pollution monitoring in Western Germany (North 

Rhine-Westphalia, NRW) is given. After roughly 15 years of spot check 

measurements, especially for sulphur dioxide (SO2), a new ambient air monitoring 

network was set up beginning at the end of the 1970s. Regarding air pollution, the 

1980s were dominated by several smog episodes with especially high concentrations 

of SO2 and suspended particulates mainly caused by power plants and industrial 

installations showing significant contributions from Eastern European countries. 

These episodes also raised first discussions on data quality of PM-measurements 

that had already started in 1981 for gaseous pollutants. As a consequence, first inter-

laboratory comparisons for gases were performed at the LIS in Essen (predecessor 

of LANUV). These inter-laboratory exercises take place every year since more than 

30 years. It is much more expensive to set up such comparisons for particle 

measurements because they can only be performed as parallel measurements in 

ambient air. Nevertheless, those comparisons were organised for all German 

networks in 2003 (PM10) and 2008/2009 (PM2,5) in Wiesbaden. On an international 

basis such inter-laboratory comparisons are organised under the umbrella of AQUILA 

(network of national reference laboratories in the EU) and WHO. 

During the last 20 years diffusive sampling became more and more important in 

ambient air monitoring networks, especially for benzene and nitrogen dioxide. 

Examples of method validations will be presented. Today, this technique is widely 

used throughout Europe, at least for indicative measurements. 

During the last decades air quality has improved significantly for many pollutants; this 

is demonstrated e. g. for SO2, PM, heavy metals, PAH and even dioxins and furans. 

In contrast, due to high atmospheric lifetimes, this is not the case for PCB. 

During the last few years new challenges arose in air quality monitoring. The 

increasing influence of wood and biomass burning on the PM burden as well as 

measurements of bioaerosols serve as examples. 
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Assessing Health Effects Of Air Pollutions: 
 Implications For Air Quality Monitoring 

 
Michal Krzyzanowski 

 
Visiting Professor, Environmental Research Group, King´s College London 

 
ABSTRACT  

 
World Health Organization has just completed a project “Review of evidence on 

health aspects of air pollution – REVIHAAP” performed in support of the 2013 

revision of EU policies on air quality. The follow up project, “Health risks of air 

pollution in Europe – HRAPIE” recommended a set of concentration-response 

functions to be used in the cost-benefit analysis of the policy scenarios considered by 

the EU.  

Alarge amount of new scientific information on the adverse effects on health of 

particulate matter, ozone and nitrogen dioxide, observed at levels commonly present 

in Europe, has been published in recent years. This new evidence supports the 

scientific conclusions of the WHO air quality guidelines, last updated in 2005, and 

indicates that the effects in some cases occur at air pollution concentrations lower 

than those serving to establish these guidelines. It also provides scientific arguments 

for taking decisive actions to improve air quality and reduce the burden of disease 

associated with air pollution in Europe.  

Further progress in understanding the individual roles of components of air pollution 

in causing health effects depends, to a large extent, on the progress in exposure 

monitoring. Multiple gaseous pollutants, size fractions and components of PM should 

be assessed simultaneously, with similar precision, in epidemiological studies. 

Reliable data on population exposure to particulate matter and other key pollutants is 

needed globally to enable estimation of the burden of disease and its changes. This 

requires substantial strengthening of the monitoring networks in the regions with 

limited resources, pointing to the need for simple, but reliable, monitoring methods.   
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Air Quality Monitoring In Schools And Community-Wide 
Environmental Education 

 
Zoë L. Fleming1, Steve M. Ball2, Paul S. Monks2 

 

1) National Centre for Atmospheric Science (NCAS), Department of Chemistry, 
University of Leicester  

2) Department of Chemistry, University of Leicester 
 
 

ABSTRACT 
 
The University of Leicester has been involved in outreach projects with local schools 

for many years and has developed a range of Atmospheric Chemistry demonstration 

activities for school children of all ages and for the general public. In late 2013 and 

over the course of 2014 state-of-the-art low cost air quality monitoring devices and 

meteorological stations will be used in schools to enable children to study the air 

quality in their own playgrounds. The RSC has funded this initiative and the data 

measured will be uploaded onto a national database for children in schools across 

the country to download data. The aim is to send the monitoring equipment from one 

school to another for primary school  up to A-level children to get involved in 

environmental science projects and raise awareness of air quality issues in their 

local environment. A summary of the demonstration activities is presented along with 

updates on the monitoring devices that have been recently purchased and their 

corresponding data. 
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High Density Air Quality Network At Cambridge And London 
Heathrow Airport: First Results And Interpretations 

 
R. L. Jones

1

, O.A.M. Popoola
1

, M. I. Mead
1

, V. B. Bright
1

, I. Heimann
1

, R. North
2

,  
G. B. Stewart

1

, P. H. Kaye
3

, C. Hueglin
4

, M. Mueller
4

, D. Carruthers
5, 

J. Saffell
6  

 
1

Department of Chemistry, University of Cambridge, UK 
2 

Centre for Transport Studies, Imperial College London, UK 
3

Science & Technology Research Institute, 
University of Hertfordshire, UK 

4

EMPA, Swiss Federal 
Laboratories for Materials Science and 

Technology
5

Cambridge Environmental Research 
Consultants, UK

6

Alphasense Ltd, UK 
 

ABSTRACT 

We have shown in previous studies the utility of low-cost electrochemical sensors 
in monitoring air quality pollutants including CO, NO and NO2 in an urban 
environment. Such low cost sensors for gas phase species and others for 
particulates are now increasingly becoming available for inclusion in low cost air 
quality monitoring networks.  

In this paper we show results from two network deployments, one involving CO, NO 
and NO2 and temperature in a 46 node network around Cambridge and a second, 
including additionally O3, SO2, VOCs, CO2 as well as size-speciated particulates  
(0.38 to 17.4 µm) and relative humidity, wind speed and direction which is currently 
deployed (40 nodes) around Heathrow airport.  

For the Cambridge deployment we show how the use of a network permits 
discrimination between near-field and far field emissions, and compare network 
results with calculations from physical (ADMS) and statistical (land use regression) 
models.  

We also present some early results from the LHR deployment which reveal many 
features of the emission characteristics of a major airport, showing source 
attribution associated with different operational modes, landside and airside 
activities, and regional pollution episodes influenced by macro meteorology.  
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Airborne Remote Sensing Of Atmospheric NO2 To Monitor Air 
Quality Over And Around An Urban Environment 

 
J. Lawrence1, R. Leigh1, J. Vande Hey1 

1Earth Observation Science Group, Space Research Centre,  
University of Leicester, Leicester, UK, LE1 7RH 

 
 

ABSTRACT 
 

A new passive remote sensing instrument for monitoring atmospheric nitrogen 
dioxide (NO2) has been developed at Leicester University.  The instrument known as 
the Airborne Air Quality Mapper (AAQM) is based on the CompAQS spectrometer, 
which has heritage in urban NO2 monitoring through its successful operation within a 
number of CityScan instruments deployed in Leicester, London and Bologna, Italy. 

The AAQM instrument was flown on its first test flight in a Cessna Reims F406 on the 
28th of February 2013 over Leicester City and its surrounding area.  The test flight 
was successful, with 2.5 hours of spectra recorded over areas such as the city 
suburbs, the city centre, the M1 motorway and the nearby Ratcliffe power station (a 
2000 MW coal fired facility). 

The results from the flight present a unique insight into the evolution of NO2 both 
spatially and temporally.  Particular areas of interest which exhibit high levels of NO2 
were found to be the main roads and junctions of the city centre, car parks around 
shopping centres and supermarkets, heavy industry and a power station whose 
emissions extend many kilometres from their source. 

A study of the temporal stability and therefore the suitability for attributing single 
measurements to average conditions was performed by repeat flights over a main 
road running through the middle of the city centre.  Variability of up to 7% was 
observed for particular regions demonstrating the uncertainty associated with 
assuming individual measurements may be attributed to average/typical conditions.  
These results and more will be presented. 
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Mobile Monitoring Of Air Quality In The City Of Rotterdam 
 

M.H. Voogt1, P.J. van der Mark1, A.R.A. Eijk1, P.van Breugel2 

 
1TNO, P.O. 80015, 3508 TA Utrecht, The Netherlands 

2DCMR, Environmental Protection Agency Rijnmond, The Netherlands 
 

ABSTRACT 
 
In winter 2013 a pilot project was performed to investigate whether 1) it is technically 

feasible to measure air quality using a public transport vehicle as a mobile platform 

and 2) mobile monitoring of air quality has added value to policy makers 

(complementary to the fixed monitoring network). During 1,5 month a mobile 

monitoring device (DUVAS D1000) was mounted on a tram in the city of Rotterdam. 

The instrument turned out to be able to measure concentrations of NO and GPS 

coordinates with sufficient accuracy and temporal resolution. Combining the mobile 

measurements with urban background measurements in a GIS, resulted in maps 

showing average local contributions to the concentration of NO along the tram 

routes.The strength of mobile monitoring on a tram is that over a certain period, a 

high number of data points is acquired since the tram passes predefined routes 

many times. This results in reliable estimates of the average concentration. In this 

way, insight in spatial variation within a city is significantly enhanced with only a 

limited number of instruments.  

The collected information is helpful to policy makers for tracing local hot spots and 

deciding on measures to improve air quality and monitoring their effectiveness. Also, 

trends in real world vehicle park emissions over a longer period can be monitored. 

Finally, public awareness and involvement can be increased and the mobile data 

collection platform can be extended to deliver air quality and other information 

(temperature etc.) for smart city related services. 
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Raising The Evidential Value Of Air Quality Compliance Monitoring 
 

Sarah J Moller, Alastair C Lewis 
 

National Centre for Atmospheric Science 
 

ABSTRACT 
 

The Department for Environment, Food and Rural Affairs (Defra) invests significantly 

in UK air quality monitoring in large part to support compliance reporting against 

European ambient air quality directives. The Air Quality Expert Group is currently 

considering how this large public investment in air quality observations supports 

other evidential requirements of Government, researchers, business and the public. 

This presentation will describe some of the background issues associated with 

compliance monitoring and its evolution in the UK, the current spectrum of data users 

and highlight some potential recommendations for the future, with a focus on 

enhancing value from the observations in the future.  A very diverse range of users of 

compliance monitoring data have been identified; for example many hundreds of 

academic publications have used compliance data, it underpins epidemiological 

studies of the health impacts of air quality, and is used to support activities such as 

urban planning and emergency response.  

AQEG has identified that additional value could be obtained through small 

incremental changes to the compliance monitoring networks, for example through 

enhanced temporal data reporting, the inclusion of co-located meteorological data, 

the enhancement of instrumentation and the provision of powerful data analysis and 

visualization tools. There are opportunities for the compliance networks (both data 

and/or infrastructure) to provide some evidence to support national requirements 

associated with the impacts of new industries and new pollutants, natural hazards, 

accidents and security. 
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Mitigation of PM2.5 in the UK 
 

Mathew Heal 
 

University of Edinburgh 
 

ABSTRACT 
 

This presentation summarises a recent report from the Air Quality Expert Group 

which addresses: (1) the contribution to PM2.5concentrations in the UK which arises 

from sources within the UK and which therefore sets a limit on the extent to which 

UK source abatement measures can mitigate UK PM2.5; (2) the role of NH3emissions 

reductions in mitigating PM2.5 concentrations compared with reductions in other 

sources/components. 

 

Source apportionment analyses show that UK emissions contribute around 50-55% 

of total annual average PM2.5 in the UK. This demonstrates that action by 

neighbouring countries is important in reducing annual UK PM2.5. It is likely that the 

non-UK contribution to episodic concentrations of PM2.5 is higher than for annual 

averages.  

 

Model simulations show that total PM2.5 mass is relatively insensitive to reductions in 

any one individual component, such as the precursors of secondary inorganic 

aerosol or primary PM2.5 emissions. Reductions in emissions of primary PM2.5 and 

NH3 are the most effective in reducing PM2.5 out of the five reductions studied 

(primary PM2.5, SO2, NOx, VOCs and NH3). Reductions inUKNH3emissions lead to 

reductions in PM2.5 mass mainly in non-urban areas, while reductions in primary 

PM2.5 emissions decrease PM2.5 predominantly in areas of higher population 

densityand hence are more effective in reducing the average exposure indicator 

value.A number of caveats apply; for example, no consideration has been given to 

practicalities of emissions reductions on top of those already in the pipeline, or to 

potential differential toxicity of different components of PM2.5.  
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Strengthening the Links Between Air Quality Emissions 
Inventories and Ambient Measurements 

 
Tim Murrells 

 
Ricardo-AEA Ltd 

 
ABSTRACT 

 
Emission inventories are a cornerstone of air quality management and incorrect 

emission estimates will have important consequences for the whole air quality 

management process and air pollution mitigation strategies.  It is important to verify 

emission inventories by checking whether trends in ambient concentrations match 

those expected in emission inventories and, if not, to identify a potential cause and 

take the necessary action.  There are an increasing number of sophisticated 

measurement and analysis techniques available that can help verify emission 

inventories or aspects of them.  However, the linkage between emission source 

strength and atmospheric concentration is a complex one and careful consideration 

needs to be given as to how different measurement and analysis techniques can be 

applied. 

This report by AQEG considers the linkages between emission inventories and 

ambient measurements.  It reviews a variety of techniques that can be used for 

inventory verification covering a range of scales from near-field to urban and regional 

scales.  They include simple plots of ambient concentration trends; use of more 

sophisticated statistical analysis to provide a time-series that minimises the effects of 

other influences such as meteorology; vertical flux measurements and use of 

satellite-based remote sensing.  The report considers what these techniques can 

offer, the advantages and disadvantages of each one and how different methods can 

provide different ways of linking with inventories.  Some techniques can provide 

information missing from inventories such as more detailed chemical speciation. 

The presentation will provide an overview of the main findings, conclusions and 

recommendations of the AQEG report. 
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Comparison Of EC/OC, BC And PNC At An Urban Site 
 

M. Van Poppel,  E. Frijns 
 

VITO, Boeretang 200, Mol, Belgium, martine.vanpoppel@vito.be 
 

ABSTRACT 
 

PM mass concentrations are not sufficient to assess exposure to different sources 
and assess related health impact. In this paper we present the relation of different 
supplemental metrics that can give more insight in combustion-related air pollution.  
The monitoring was performed as part of the EU project JOAQUIN (Joint Air Quality 
Initiative); a EU cooperation project supported by the INTERREG IVB programme 
(www.nweurope.eu). The overall project aim is to support health-oriented air quality 
policies in Europe. One work package deals with the enhanced understanding of 
novel, health-relevant air pollution & its sources within the North-West Europe-
hotspot zone, with specific focus on emerging health relevant pollutants.  
The monitoring campaign was performed in Antwerp from 6/2/2013 – 4/3/2013 and 
comprises PNC (EPC), size distribution (SMPS) and EC/OC (Sunset EC/OC field 
analyser, NIOSH protocol) at an urban location at 55 m from a major road. In 
addition,BC was measured at 15 m closer to the road using MAAP.EC/OC analysis is 
mandatory at rural background locations since mid 2010 using filter-based (24h) 
method. However, time resolved monitoring can give insight in sources and exposure 
estimates.  
Fig 1  shows the average daily profile for weekdays. It includes thermal EC and OC, 
PNC, BC (MAAP) concentrations and the ‘optical EC’ signal of the EC/OC analyser.  
Similar trends were observed for EC, BC and PNC, whereas OC showed a different 
profile. Despite the similar profile, the ratio of PNC and EC is not constant and an 
increased ratio is observed with reduced OC concentrations. A good correlation (R2: 
0.88 – 0.92) was observed for optical (BC)versus thermal (EC) measurements. The 
results will be further discussed including also size distributions and discussing 
meteo parameters.  

 
Figure 1: Average week profile of EC, OC, BC and PNC. 

 

Acknowledgments 

This work was partly funded by the EU JOACQUIN project and by VITO strategic researchfunds. 
Thanks also to the Flemish Environment Agency for providing BC (MAAP) data of the AQ network. 
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Detection Of The Freshly Nucleated Aerosol Particles 
Minna Väkevä, KatrianneLehtipalo 

 
Airmodus Ltd. Finland 

 
ABSTRACT 

 
Vehicle emissions contain, in addition to the numerous ultrafine particles, also 

recently nucleated aerosol particles [1,2]. The composition and formation 

mechanisms of the nucleation mode particles is still under debate and requires 

further studies. Sub 10 nm and even sub 3 nm particles are likely detectable in the 

vicinity of other ambient combustion sources as well.  

 

We have developed, together with the researchers of the University of Helsinki, a 

nano Condensation Nucleus Counter (nCNC) System for the measurements of the 

number size distribution of 1-3 nm particles [3,4,5]. The nCNC System was originally 

developed for ambient nucleation studies. It has been used for laboratory studies of 

molecular clusters and aerosol particles of known composition, and also for field 

studies in different environments. We will give an overview of the findings so far and 

discuss the application of the System in urban environment. 

 

 

REFERENCES 
1. Keskinen and Rönkkö (2010),Can Real-World Diesel Exhaust Particle Size 

Distribution beReproduced in the Laboratory? A Critical Review; J. Air & Waste 

Manage.Assoc.60 

2. Rönkkö et al (2006), Effect of dilution conditions and driving parameters on 

nucleation mode particles in diesel exhaust: Laboratory and on-road study; 

Atmospheric Environment, Vol.40, Issue 16 

3. Kulmala et al (2012), Measurement of the nucleation of atmospheric aerosol 

particles; Nature Protocols 7 

4. Vanhanen et al. (2011) Particle Size Magnifier for Nano-CN Detection. Aerosol 

Sci.Technol. 4. 

5. Kangasluomaet al. (2013) Remarks on ion generation for CPC detection efficiency 

studies in sub3nm size range. Aerosol Sci. Technol. 
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Comparing Black Carbon Monitors As Employed 
 By Different Measuring Networks 

 
Philippe Maetz1, Olav Peeters1 , Thierri de Vos1, Jeroen Staelens2, 

 Fabian Lenartz3, Cedric Luthers3 
 

 1 Belgian Interregional Environment Agency, 10-11 Avenue des Arts, 1210 Bruxelles 

2 Vlaamse Milieumaatschapij, A. Van de Maelestraat 96, 9320 Erembodegem 

3 Institut Scientifique de Service Public, 200 rue du Chéra, 4000 Liège 
 

ABSTRACT 

Since several years, two different measurements techniques (multi-angle reflectance 

& transmittance and multi-wavelength transmittance) have been employed within the 

Belgian air quality networks for Black Carbon (BC) monitoring. In 2013, a 

measurement campaign was set up in Antwerp, Brussels and Liège comparing three 

different monitors (MAAP 5012, AE22 and AE33) side-by-side. The aim of the study 

was to evaluate the consistency of the results in a realistic measurement network 

situation, over a long time-period and taking various relevant external parameters 

(temporal and meteorological) into account. 

A very good correlation is generally observed between the two- and seven-

wavelength aethalometers and a good correlation between the aethalometers and 

the MAAP. The impact of the published correction methods for the loading effect of 

the AE22 data was investigated (correlation and biases between results). In addition 

the Ångström exponent was determined based on the AE33 data, these values were 

mainly lying between 1 and 1.5, which indicates that measured BC chiefly originated 

from fossil fuel combustion. Diurnal patterns were found to be characteristic for 

traffic/urban sites, i.e. high concentration peaks especially during the morning, less 

pronounced during holiday weeks. These results were confronted with more 

established parameters like NO2, PM10 & PM2.5 and another potential new metric: 

number concentration (several classes) of submicron and ultrafine particles. 

During our study a specific pollution episode, probably caused by Easter Fires in the 

Netherlands and Northwestern Germany, was recorded. This was detected through 

strong absorption in the UV region and would probably not have been identified if 

measuring at only one intermediate wavelength. During this particular episode, 

Ångström coefficients of up to 3 were found and BC concentrations were composed 

of primarily wood burning for more than 90%. 
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Measuring ppb Gas Concentrations in Air Quality Networks 
 

John Saffell1, Mark Giles1, Malgorzata Janiuk1,  Michael Hitchman3, 
 M I Mead2, Rod Jones2 

 
1 Alphasense Limited, Great Notley, Essex CM77 7AA UK 

2 Department of Chemistry, University of Cambridge CB2 1EW UK 
3 Innovative Coating Technologies Limited, Glasgow G20 0SP 

 
ABSTRACT 

 
Wireless air quality networks are now operating world wide- this has been possible for 

the last five years because wireless electronics is a mature technology and batteries 

continue to improve.  The root cause of errors lies in the chemical sensors and 

experience with three networks has taught valuable lessons that lie beyond the 

laboratory. 

 

The two leading technologies for inorganic gas detection are metal oxide 

chemresistors and amperometric electrochemical cells; we will focus on 

electrochemical cells which are favoured because of their very low power requirement, 

baseline stability and better selectivity. 

 

Sensitivity to ppb level has been achieved using improved sensor design and very 

good analogue electronics- a lost skill. The two requirements which will need continual 

improvement are baseline (“zero”) stability/ accuracy and analyte selectivity.   

 

Baseline stability is a requirement that is critical for gas sensors when monitoring air 

quality: with requirements to measure absolutely concentrations of tens of ppb, a 

baseline signal equivalent to hundreds of ppb will mask the signal.  We will discuss the 

three approaches used to compensate for baseline error: electrochemical correction, 

mathematical treatment of large data sets and understanding of atmospheric 

chemistry. 

 

Selectivity is a problem for all chemical sensors; the major shortcoming with air quality 

sensors is poor speciation of nitrogen oxides and ozone. We will discuss progress to 

date and opportunities for future improvement. 
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Practical Deployment Of Low Cost Air Quality Networks 
 

Steve Earp, Arun Kannath 
 

1Geotech, Sovereign House, Queensway, Leamington Spa, CV31 3JR 
 
 

POSTER ABSTRACT 
 

A robust, low-power platform with remote communications has been developed and 

field-proven, fulfilling the vision for low-cost air quality monitoring networks. The use 

of electrochemical sensors to monitor ppb levels of NO, NO2, O3, CO and SO2 has 

met with predictable challenges offered by real-world conditions for which there is no 

viable laboratory proxy. These include effects of ambient temperature and humidity 

changes and complex cross-gas effects between different species which are also 

affected to varying degrees by ambient temperature and humidity levels.  

 

This poster shows some of these challenges which have been faced, how they have 

been tackled using compensation and correction algorithms and evidence of how 

well they have been overcome. Results from the prototype product (AQMesh) will be 

shown in relation to co-located reference station readings at sites in different 

countries in varied environmental conditions as proof of the product performance and 

its effectiveness in different levels of background pollution. 
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Arsenic Speciation in Atmospheric PM2.5 and PM10 
 

B. Chen1, M. A. Dexter1, W. T. Corns1, V. Oliveira2,  
J. L. Gomez-Ariza2 and D. Sanchez Rodas2 

 
1P S Analytical, Crayfields Industrial Estate, Main Road, Orpington, BR5 3HP, UK 

2University of Huelva, Campus de “El Carmen”, 21071 Huevla, Spain 
 

POSTER ABSTRACT 
 

Air quality is of great concern to human health.  Atmospheric pollution caused by 

metal in particulate matter has a major impact.  This is particularly true for arsenic 

due to its high toxicity.  Arsenic is released to the atmosphere by both anthropogenic 

and natural sources.  Sources include metal smelting, combustion of fuels and the 

use of pesticides, with volcanic activity as the main natural source.  Airborne particles 

are typically classified according to their size distribution.  Studies have typically 

focussed between the total mercury concentration in total suspended particulate 

(TSP) and particles of a particular size, e.g. PM2.5 and PM10. 

Arsenic speciation is of particular interest as its toxicity varies with both oxidation 

state and molecular structure.  Inorganic arsenic species such as arsenite – As(III) – 

and arsenate – As(V) – are more toxic than methylated species such as 

monomethylarsonate (MMA) and dimethylarsinate (DMA).  Inorganic arsenic(III) is 

more toxic than arsenic(V) by both ingestion and inhalation. 

An extraction procedure has been developed and optimised to extract arsenic 

species from air filters.  Arsenic speciation was then determined by high performance 

liquid chromatography-hydride generation-atomic fluorescence spectrometry (HPLC-

HG-AFS). 

Data are present from monthly air monitoring at an industrialised urban site in 

Huelva, Spain, showing seasonal variation in both total arsenic concentration and 

speciation. 
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Short-Term Intra-Urban Variability Of UFP Number 
Concentration And Size Distribution 

 
E. Frijns1, J. Staelens2,M. Van Poppel1,P. Berghmans1, C. Matheeussen2,  

E. Roekens2, G.P.A. Kos3, E. Weijers3, P. Panteliadis4, B. Bergmans5, I. White6 

1VITO, Boeretang 200, Mol, Belgium, evelien.frijns@vito.be 
2VMM, Kronenburgstraat 45, Antwerpen, Belgium 

3ECN, Westerduinweg 3, Petten, Netherlands 
4GGD Amsterdam, Nieuwe Achtergracht 100, Amsterdam, Netherlands 

5ISSEP, 200,rue du Chéra, Liège, Belgium 
6University Road, Leicester, LE1 7RH, United Kingdom 

POSTER ABSTRACT 

Due to the short atmospheric lifetime of ultrafine particles (UFP) and their strong 

dependence on local sources, ambient particle number concentrations and size 

distributions may vary significantly on short spatial and temporal scales. The particle 

number concentration is known to be elevated near roads and to decrease with 

increasing distance to the road primarily as a result of dilution. Therefore, UFP 

measurements at a single urban background air quality monitoring station may not be 

indicative of the actual exposure in the communities surrounding this station. 

To address this problem and to more accurately estimate human exposure and 

subsequent health impacts of UFP, more intensive measurements on finer spatial 

scales are needed. Therefore, UFP measurements were carried out at seven urban 

background or hotspot sites in the city of Antwerp (Belgium).  

In February 2013, the UFP number concentrations and size distributions were 

simultaneously measured (i) at three sites with an increasing distance (10, 30 and 55 

m) to a major traffic road and (ii) at four other urban sites in Antwerp. At each of 

these seven sites an EPC was set up together with a UFP monitor or an SMPS. 

Diffusive samplers were used to monitor weekly NOx concentrations.  

The two main research questions of this 4-week study were (i)Does UFP 

concentration decrease and size distribution change within 55 m downwind from the 

main street?and(ii)Is one central UFP monitoring station representative for assessing 

the exposure to UFP in the Antwerp region ? 
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POSTER ABSTRACT 

Awareness of the importance of carbon dioxide (CO2) monitoring is growing. Sectors 

include indoor air quality, automotive cabins, agri-foodand environmental.  Current 

sensor technology is costly, developed around discrete sensors connected to a 

circuit board containing drive and signal processing electronics.  There is a growing 

market for inexpensive miniature sensors, which is being made possible through the 

development of micro-electromechanical systems (MEMS). Our aim is to integrate a 

CO2 sensor element with a micro hotplate platform to create a micro CO2 sensor.  

In the last decade, metal oxide semiconductor (MOS) sensing technology has 

matured to the stage of delivering reliable and robust sensors. The technology lends 

itself to integration with a chip if the operating temperature can be sufficiently 

reduced.  Building on previous work, which demonstrated materials with sensitivity to 

CO2 at low temperatures (< 300°C), we aim to develop these materials, with a view to 

eventual incorporation in a micro sensor.The program is split into 3 stages: (1) 

identify and characterise formulations which provide very low operating 

temperatures, (2) incorporate the optimised formulations into thick-film sensors and 

map out the performance of these sensors, (3) translate to a silicon micro-hotplate 

sensor platform. We are targeting a final power consumption of 30mW (continuous 

powering) and 1-2mW (intermittent powering). 
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POSTER ABSTRACT 

 
Quantification of PM from wood burning through the filter based measurement of 

tracers such as levoglucosan and fine potassium is expensive and has poor time 

resolution. The aethalometer (Magee Scientific) offers an alternative method to 

assess PM10 from wood smoke based on its different optical absorption 

characteristics compared with black carbon, however the sensitivity of the method to 

the assumed values of the angstrom coefficients for fossil fuels (αff) and wood 

burning (αwb) has not been fully explored.  

Using measurements made in central London in 2010, it was found that the 

aethalometer wood burning method was more sensitive to changes in αff than it was 

to changes in αwb.  Correlation between the aethalometer method and levoglucosan 

were good (r2 = 0.79) and this did not vary when αwb was varied between 1.8 and 

2.2. IA consistent prediction of zero concentration was only possible at a unique αff 

value of 0.96, consistent with the literature estimates. At this value the intercept 

became insensitive to variations in αwb. Looking at this test in another way the 

derivation of a value of αff; a physical property of ambient aerosol of 0.96, consistent 

with literature estimates contributes to the validity of the aethalometer method to 

trace wood burning PM.  
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POSTER ABSTRACT 

Isocyanates are raw materials used in the production of a number of products such 

as; automotive paints, building insulation and furniture. Personal exposure to 

isocyanates can occur during the application, or when the materials are being 

removed during grinding or thermal degradation. Workers exposed to these 

compounds are at risk for respiratory disorders and asthma. The highly reactive 

nature of the isocyanate compounds and the low occupational exposure limits put 

high demands on both the sampling and analytical techniques for monitoring of 

isocyanates in air. Health professionals consider an 8-hour average of 0.005 ppm to 

be an appropriate limit for all isocyanates1. 

Since isocyanates are reactive, it's important the chosen air sampling media will 

efficiently derivatized the isocyanates into stable derivatives until the device can be 

analyzed by the lab. Supelco has partnered with the Institutet för Kemisk Analys 

Norden AB (IFKAN) on a new sampling device for collecting isocyanates from air 

that is both robust and easy to use 2 ,3. 

Eleven isocyanates can be simultaneously sampled using ASSET EZ4-NCO (Dry 

Sampler), and is described in ISO Method 17734-1:20064.  

The derivatization takes place during air sampling and does not require adding any 

reagents in the field, The design of the sampler ensures that both the vapor phase 

and particulate isocyanates are captured and derivatized during sampling a 

comprehensive extraction and analytical method was updated and tested in this 

study. Both LC-MS-MS and LC-MS analytical methods were found to be robust and 

sensitive for the quantitation of isocyanates down to single digit ppb levels. 

1. California Department of Public Health "Hazard Evaluation System and Information Service" Isocyanates Fact Sheet. 

www.cdph.ca.gov/programs/hesis/Documents/iso.pdf (Accessed Nov 2012) 

2. G. Skarping and M. Dalene, U.S. Patent No. 7700045 (Issued: April 20, 2010). 

3. Marand A.; Karlsson D.; Dalene M.; Skarping G.; Solvent-free sampling with di-n-butylamine for monitoring of isocyanates in 
air.J. Environ. Monit. 2005, 7(4), 335-343. 
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POSTER ABSTRACT 

Isocyanates are used in the production of polyurethane (PUR) materials, one of the 

most widely used plastics in the world. Exposure may also occur during work 

operations that involve the thermal degradation of PUR-polymer or other nitrogen 

containing polymers. 

Workers who are exposed to these compounds are at risk for respiratory disorders 

and asthma. It is known with current methods that particulates form incomplete 

reactions with both the reagent and the isocyanate monomers to be measured which 

result in underestimation of exposure. 

The new active sampling device, ASSET™ EZ4-NCO is a unique dry sampler based 

on derivatization of isocyanate groups with di-n-butylamine (DBA). The sampler 

consists of a denuder and a filter, both impregnated with DBA (1). The design of the 

ASSET EZ4-NCO dry sampler addresses drawbacks with existing isocyanate 

sampling devices by providing an easy-to-use device for field use with no manual 

addition of solvents and reagents; no field extraction; and tamper-evident protection. 

The capability to effectively collect and measure both vapor phase and particulate 

isocyanates with low detection limits is an advantage. 

The total flow rate through the sampler is 0.2 L/min. Compared to an impinger 

sampler, it is lighter, smaller, and no risk for breakage and it does not contain 

flammable or volatile solvents. 
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 POSTER ABSTRACT 

 
The present study investigates the influence of aerosol composition on visibility with 

a focus on the megacity of Delhi. The variability and climatic trends of visibility at 71 

stations have been analyzed using horizontal visibility data.  A general decreasing 

trend was observed, varying in magnitude depending on synoptic meteorology, which 

suggests increasing turbidity over the 30-year (1980-2009) period, primarily due to 

increased loading of aerosols. In Delhi a trend of rapidly decreasing visibility has 

been observed, with a rate of 0.11 km/year during 1980-2003. 
The influence of aerosol composition on visibility has been quantified using model-

derived seasonal mean aerosol composition, constrained by satellite-measured 

columnar AOD. Aerosols contribute ~90% to the observed visibility in non-foggy 

condition, while their contribution decreases rapidly during the winter season at 

RH>70%, due to the stronger relative influence of fog droplets on attenuation of 

radiation. Visibility is most sensitive to coarse mode dust, soot and water-soluble 

particles. A sensitivity study shows that visibility does not respond strongly to 

reductions in mass concentrations of insoluble and accumulation mode dust 

particles, while reductions of mass concentration of coarse mode dust, soot and 

water-soluble particles in range of 10% to 50% will lead to an increase in visibility of 

2%-8%, 2.5%-11% and 6%-36% respectively. Reduction of the last two 

anthropogenic components have co-benefits, as it may reduce fog formation, 

enhance visibility, and improve air quality with associated health benefits. 
Current work is investigating visibility trends in the United Kingdom, which has a 

contrasting atmospheric environment. 
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POSTER ABSTRACT 
 

Volatile organic compounds (VOCs) play an important role in the formation of 

pollution in the air, particularly in the boundary layer of the atmosphere. VOCs in an 

urban atmosphere react with radical species to form ozone (O3), which at ground can 

pose a significant threat to health.[1] 

Air quality models have been developed to predict the effect of pollution precursors 

on air quality. Numerous studies of urban environments show discrepancies between 

measured and predicted concentrations. One possibility is that the magnitudes of 

VOCs as a sink for reactive species are underestimated in models, including 

unmeasured VOCs, especially larger aromatic species.  

To study some of these additional compounds we developed a method using 

comprehensive two dimensional gas chromatography coupled to a flame ionisation 

detector (GCxGC-FID). GCxGC is a hyphenated technique where two columns are 

coupled together via a modulator, providing two discrete separations on each 

species based on boiling point and polarity.[2] This provides a high resolution 

method, with increased separation power and improved peak capacity when 

compared to many single column systems.[3]This technique was used during the 

Clean Air for London (ClearfLo) project to investigate C4 to C12VOCs, including 

oxygenates, aromatics, saturated and unsaturated aliphatics. Including these should 

enhance the prediction capability of air quality models. Statistical analysis of the 

results can provide insight into possible sources and the chemical processes 

occurring in the atmosphere. This can then lead to the introduction of new policies 

for the reduction of pollution precursors and hopefully result in improved air quality. 
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POSTER ABSTRACT 

 
Polyaniline (PANI) is known for its excellent ammonia sensing properties. However, 

due to the slow desorption of NH3 molecules from the sensing layer, PANIammonia 

sensors often show poor reversibility. One strategy to enhance regeneration of these 

sensors after exposure to ammonia is to maintain the sensing layer at relatively 

higher temperatures than ambient in order to improve dissociation of analyte 

molecules and accelerate sensor recovery. Polymeric micro-hotplates have been 

developed to enable sensor operation at elevated temperatures with very low power 

consumption (~35 mW).The devices consist of a fully inkjet-printed silver heater and 

interdigitated electrodes, separated by a thin patternable dielectric film. A sensing 

layer composed of polyaniline doped with poly(4-styrenesulfonic acid) (PSSA) was 

in-situ polymerised on the micro-hotplate’s sensing area, using vapour-phase 

deposition polymerisation (VDP) method.The resistive response of the sensors was 

measured over the concentration range of 250 ppb-3.65 ppm ammonia vapourin dry 

and humid air.When operated at 95 ºC,the PSSA-doped PANI sensors made by 

VDP, show sensitive, selective and reversible response to low concentrations of 

ammonia vapour. Such low-cost sensors can be employed in sensing applications 

where high sensitivity, fast recovery and low power consumption are required. 
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