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Introduction 

The 2012 Annual Review Meeting on Outdoor and Indoor Air Pollution Research in the UK was held on 

3-4 May 2012 at Cranfield University. It was the fifthteenth meeting in this series and as previously was 

hosted by the Institute of Environment and Health (IEH) on behalf of the Department of Health (DH) and 

the Health Protection Agency (HPA). The principal objective of these meetings is to facilitate the 

exchange of information between UK-based research groups and between researchers and those involved 

in policy and regulatory development, while also taking account of other international research. 

The HPA Annual Air Pollution Research Lecture, ‘Ambient particulate matter, cardiovascular disease 

and beyond’ was presented by Dr Annette Peters of the German Research Centre for Environmental 

Health, Neuherberg, Germany. Invited keynote lectures were given by five eminent scientists including 

Dr Michal Krzyzanowski of the World Health Organisation, who spoke on ‘Air quality guidelines – 

bridge between science and policy.’  

This report of the meeting provides the available abstracts of the presented papers, together with notes of 

the discussions. In addition to the 22 oral presentations over the two day meeting, a further 13 poster 

papers were displayed and discussed. Poster sessions involved an author of each poster giving a short 

oral presentation to the conference and then being available for further discussion with delegates during a 

designated poster viewing period. Available abstracts of posters are also included in these proceedings. 

In a few instances, for example because the presentations included preliminary or as yet unpublished 

information, it has not been possible to include the abstract in this report.  

The meeting closed with an overview by Professor Robert Maynard CBE, who summarised the priority 

areas for further study identified during the meeting.. The proceedings of all recent previous meetings 

have been published (IEH, 2000, 2002, 2004a/b, 2005, 2007, 2008, 2009, 2010 and 2011) and are freely 

available to download from the IEH website at Cranfield University
1
.  

                                                 
1
 The proceedings of all previous meetings published by IEH are available for download at:  

http://www.cranfield.ac.uk/health/researchareas/environmenthealth/ieh/page21031.html  

http://www.cranfield.ac.uk/health/researchareas/environmenthealth/ieh/page21031.html
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A. Pollution health impacts - outdoor air 

A.1 Presentations 

A.1a Air quality and health: Challenges & 

opportunities for multi-disciplinary research 

Frank Kelly,  

Professor of Environmental Health, Kings College London 

Our current understanding of the impact of air pollutants on health is reviewed with particular reference 

to the work of the Department of Health’s expert committee, COMEAP. It is apparent that mortality is 

only the tip of an iceberg representing health effects caused by air pollutants. A major challenge remains 

to improve our understanding of the mechanisms of action such as which components of particulate 

pollutants are responsible for the adverse impacts. It is apparent that these investigations demand 

interdisciplinary studies and require collaboration between different centres of expertise. 

Two examples of such studies are ‘Clearflo; Clean air for London’ and ‘Traffic Pollution and Health in 

London’. ClearfLo aims to understand the processes generating pollutants like ozone, NOx and 

particulate matter and their interaction with the urban atmospheric boundary layer (www.clearflo.ac.uk). 

TRAFFIC, a consortium of over 20 investigators, is aiming to achieve a better understanding of the 

health problems caused by air pollution and noise from traffic in London. This presentation gives an 

overview of these projects by way of introduction to more detailed papers presented about specific 

aspects at this meeting.  

The presentation concludes by outlining the challenges of understanding factors determining the 

susceptibility of individuals to air pollutants, the possible changes in susceptibility during an individual’s 

lifetime (the EXPOSOME concept), the need to consider all routes of exposure, and the complexity of 

the multifactorial impacts on health such as diet and exercise which may confound effects of air 

pollutants. 
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A.1b An investigation of the effects of long term 

exposure to air pollution on cardiorespiratory 

morbidity in a large population cohort  

 Richard W Atkinson
a
, Iain Carey

a
, Derek G Cook

a
, Ross Anderson

a
, Jon Stedman

b
 

a
Division of Population Health Sciences & Education, St Georges, University of London  

b
 AEA Technology plc. 

Background and Objectives 

Exposure to outdoor air pollution has been associated with premature death and hospitalisations from 

both cardiovascular and respiratory diseases. Epidemiological evidence for adverse health effects comes 

from studies of exposure over short (hours to days) and long (e.g. a few years) periods.  Evidence for the 

latter is provided by cohort studies, exemplified by the ACS study [Pope 2002], where the majority have 

focused upon all-cause and cardiopulmonary mortality [COMEAP 2010]. Only a few studies have 

investigated associations between long-term exposure to ambient outdoor air pollution and the incidence 

of disease defined by non-fatal and fatal events.  

The General Practice Research Database (GPRD) in the UK is a computerised database of anonymised, 

longitudinal medical records from primary care.  It contains demographic, clinical, treatment and lifestyle 

information on registered patients currently covering approximately 8% of the UK population. These 

data are linked (via NHS number) to hospital admissions and mortality data and provide an opportunity 

to construct national cohorts incorporating individual risk factors to study the incidence of disease. 

Pollutant exposure estimates used in cohort studies have been derived from average pollutant 

concentrations measured at fixed site community monitors or have utilised spatial modelling techniques 

to estimate exposure on a finer spatial scale. As part of their contract with Defra, the Atomic Energy 

Authority Technology plc (AEA) produce modelled annual air pollution concentrations on a fine spatial 

scale. By linking these exposure estimates to the health data using patients’ postcode of residence it is 

possible to study associations between long-term exposure to air pollution and the incidence of a range of 

diseases incorporating individual risk factors.  

The objectives of our study were 1) to investigate associations between long-term exposure to a range of 

outdoor air pollutants and the incidence of cardiovascular (CVD) and COPD disease; 2) to investigate 

associations between long-term exposure to a range of outdoor air pollutants and all-cause and cause-

specific mortality. Here we report on the analysis of incident cardiovascular events.  

Study Description 

We selected 205 English practices that by 1/1/2003 were recording data in GRPD and had linked hospital 

admission and mortality data. From these practices 836,557 patients aged 40-89 years in 2003 were 

eligible for our study.  

Incident CVD events were defined as the first event occurring between 2003 and 2007 on any of our 3 

data sources: GPRD, hospital admissions or mortality. The main conditions studied were: coronary heart 

disease; myocardial infarction; cerebrovascular disease; stroke; arrhythmias and heart failure. Patients 

with the disease (of interest) recorded prior to 1/1/2003 were excluded from the analysis for that 
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outcome.  We extracted the following patient information from GPRD to be used as covariates in our 

models - age, sex, smoking, body mass index (BMI), diabetes and hypertension. Socio-economic status 

was assessed by using the Index of Multiple Deprivation 2007 (IMD), a composite small area 

(approximately 1,500 people) measure of deprivation.   

Annual mean concentrations of particles with a median aerodynamic diameter of <10 microns (PM10) 

and less than 2.5 microns (PM2.5), sulphur dioxide (SO2), nitrogen dioxide (NO2) and ozone (O3) for 1x1 

km grid squares covering England were estimated using air dispersion models [Stedman 2003]. Briefly, 

the models for PM10, PM2.5, NO2, and SO2 were constructed by identifying all known emission sources 

by emission sector (e.g. power generation and road traffic) and estimating quantities of emissions. 

Pollution concentrations were calculated by summing the estimated concentrations for pollutant-specific 

components, from distant and local area sources including the effect of weather conditions. O3 maps 

were constructed by interpolating data from rural monitoring stations and adjusting for effects of altitude 

and NO2 emissions in urban areas [Stedman 2008].  

We used Cox Proportional Hazards Models to investigate the associations between annual air pollution 

concentrations in 2002 and the incidence of CVD events between 2003-2007 controlling for age and sex, 

smoking, BMI, diabetes, hypertension and IMD. Associations were quantified by hazard ratios for inter 

quartile range changes in each pollutant.  

Results 

Air pollution model validation was assessed using data from the air pollution national network (also used 

in the global calibration of the model) and from a separate network of monitors (verification sites (VS)). 

Model validation was good for NO2, moderate for PM10, moderate to poor for SO2 and with substantial 

variation from year to year. Model performance statistics for PM2.5 were not available for 2002 because 

of the paucity of monitoring data available at that time. Modelled ozone concentrations were verified 

using the number of days exceeding 120 μg/m
3
 demonstrating good to reasonable model performance. 

Provisional results suggest that the strongest associations between assigned air pollution and five year 

incidence of disease were seen with heart failure with weaker evidence for IHD. O3 tended to show 

negative associations with the outcomes, which lessened with adjustment for confounders.  

Discussion 

Our study is the first to assess associations between long-exposure to air pollution and the incidence of 

fatal and non-fatal cardiovascular disease in an English adult population controlling for individual risk 

factors. Our findings for an association between long-term exposure to air pollution and the incidence of 

heart failure are new although time series studies have suggested the short-term associations with daily 

mortality and hospital admissions. 

References 
Committee on the Medical Effects of Air Pollutants (2009) Long term exposure to air pollution: effect on mortality. 

ISBN 978-0-85951-640-2.  

Pope III, C.A. Burnett R.T. et al. (2002) Lung cancer, cardiopulmonary mortality and long term exposure to fine 

particulate air pollution. JAMA. 287, 1132-41. 

Stedman JR, Bush TJ, Vincent KJ, Baggot S. UK air quality modelling for annual reporting 2002 on ambient air 

quality assessment under Council Directives 96/62/EC and 1999/30/EC.2003. AEAT/ENV/R/1564.  
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Stedman JR, Kent AJ. An analysis of the spatial patterns of health related surface ozone metrics across the UK in 

1995, 2003 and 2005. Atmospheric Environment 2008; 42(8):1702-1716. 
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A.1c One way coupling of CMAQ and a road source 

dispersion model for fine scale air pollution 

predictions in London 

Sean Beevers, Nutthida Kitwiroon, David Carslaw and Frank Kelly 

MRC-HPA Centre for Environment and Health, Environmental Research Group, King’s College London 

Background and objectives 

As part of the Traffic Pollution and Health in London project, we are developing a “hybrid” model which 

combines space-time-activity data and an air quality model. Although data and computer intensive, 

hybrid models come closest to a “best” estimate of human exposure (Ashmore et al., 2005, HEI, 2010, 

Jerrett et al., 2005). The “hybrid” model will enable us to estimate the exposure misclassification 

associated with using only estimates of the average concentration at the home post code and to increase 

our understanding of interactions between exposure and vulnerable subgroups such as the elderly and the 

young.  The model will also aid policy development aimed at reducing human exposure. Development of 

the space-time-activity dataset for estimating personal exposure is via a large representative sample of 

London households, the Household Survey, and is the subject of a separate talk. Here our focus will be 

on the results of “CMAQ-urban”, which couples the CMAQ and ADMS models to predict hourly 

concentrations of NOX, NO2, O3 and PM for London at a spatial scale of 20m x 20m.  

Methods 

WRF/CMAQ setup details 

The Weather Research and Forecasting (WRF) model v3.1 (Skamrock et al., 2008) was set up using 23 

vertical layers with 7 layers under 800m and the top layer ~15km above the ground. Three horizontal 

nesting levels were used, downscaling from 81km grids over Europe to 27km over the UK and Ireland 

and 9km over the UK. The CMAQ v4.6 model (Byun and Ching, 1999) was set up using the same 

vertical and horizontal grid structure as for WRF. Details of the key model assumptions for both WRF 

and CMAQ are given in Table 1. 

Table 1 WRF-CMAQ setup details 

Parameter Model assumption Parameter Model assumption 

Surface layer  MYNN Land-surface NOAH 

Area Anth Emis AQMEII-TNO/NAEI/LAEI PBL MYNN 2.5 level TKE 

Pt. Anth Emis NAEI/EPETR Microphysics WSM 3-class simple ice     

Other Emis ERG biogenic & London biomass PM cumulus Kain-Fritsch 

WRF Version 3.3.1 Grid resolution 9km 

Land use WPS IGPB Modis 30s+2m Vertical layers 24 

IC/BC GFS CMAQ IC/BC AQMEII-GEMS 

Rad. (SW/LW) RRTM/Dudhia Chem scheme CB-05 
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ADMS Setup Details 

The ADMS roads model (v2.3) (CERC, 2006) was used to describe the near field dispersion from 

roadways in CMAQ-urban, using the hourly meteorological inputs: wind speed and direction, 

temperature, surface sensible heat flux and planetary boundary layer height, predicted from the WRF 

model. The ADMS model was run for each hour of the year using similar methods to those described in 

Kelly et al., 2011, and used hourly concentration fields or model kernels. Each kernel represents the 

concentration of a primary pollutant (with no chemistry applied) across a regular grid as it dilutes away 

from a road source of unit emissions. Road geography is important and the emissions from roads were 

represented using the centreline of each carriageway divided into 10m sections. Six road categories (and 

associated kernels) were used in London, including open roads (motorway), typical roads (average urban 

roads surrounded by low rise buildings) and 4 types of street canyon (classified by their orientation: 

north-south, east-west, southwest-northeast and southeast-northwest). The near road chemistry was 

simulated using a simple chemical scheme described in Carslaw, (2005).  

Results for 2006 

WRF met results were in good agreement with the measurements made at 23 sites throughout the UK, 

with 86% of wind speed being within a factor of two of observations (FAC2), a mean bias of 0.15 m s
-1

 

(MB) 
3
 and normalised mean bias of -0.03 (NMB), a RMSE value of 1.8 m s

-1
 (RMSE) and an r value of 

0.8 (r). Temperature estimates were also in good agreement with observations: 90% (FAC2), -0.3
o
C m s

-1
 

(MB), -0.03 (NMB), 2
o
C (RMSE) and 0.95 (r). 

The CMAQ-urban model evaluation also demonstrated reasonable agreement with measurements from 

103 monitoring sites in London in 2006. For NOX the model evaluation statistics gave 71% of the hourly 

concentrations within a factor of two of observations, a mean bias of -14.7 µg m
-3

 and normalised mean 

bias of -0.13, a RMSE value of 97 µg m
-3

 and an r value of 0.66. The equivalent results for NO2 were 

81% (FAC2), 2.5 µg m
-3

 (MB), 0.05 (NMB), 29 µg m
-3

 (RMSE) and 0.67 (r). The results for O3 at 43 

sites were 66% (FAC2), 0.06 µg m
-3

 (MB), 0.002 (NMB), 19.5 µg m
-3

 (RMSE) and 0.78 (r).  Finally, in 

common with many other model predictions, the results for PM2.5 at 16 sites were under predicted and 

showed: 72% (FAC2), -2.3 µg m
-3

 (MB), -16% (NMB), 10.6 µg m
-3

 (RMSE) and 0.54 (r). There was 

also significant under prediction of PM10.   

In estimating exposure, hour of week model predictions are important, as they will be used in concert 

with the space-time-activity data created from the Household survey. It is important therefore that this 

particular measure is as accurate as possible at all locations in London.  For 47 roadside sites (Figure 1) 

the average hour of week profiles are given in the top plot, the average diurnal profile (bottom row left), 

monthly average (bottom row centre) and day of week (bottom row right). The picture for roadside NOX 

is mixed, and whilst the model makes a reasonable estimate of the overnight and peak periods there is a 

negative bias and especially so for the middle of the day. The model also exhibits a negative bias by 

month of the year and this is most apparent in summer. The day of the week profile looks reasonable 

showing the distinct weekday to weekend differences in average concentration. 
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Figure 1 Hour of week Modelled and Observed NOX (g m-3) for 47 roadside sites in London 

At an average of 31 urban background sites the picture is improved with closer agreement across all 

periods of the week, seasonally and by day of the week. Evening peak periods are generally over 

predicted. 

 

Figure 2 Hour of week Modelled and Observed NOX (g m-3) for 31 urban background sites in 

London 

The coupling of the two models raises an issue of emissions double counting. Here, we have put forward 

a pragmatic solution to this problem with the result that a median double counting error (for NOX) of 

0.42% exists across 39 roadside sites in London. 
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Conclusions 

A coupled CMAQ and ADMS modelling system, CMAQ-urban, has been developed for London to give 

fine temporal and spatial scale (hourly and 20m x 20m) NOX, NO2, O3 and PM concentrations. The 

model used a combination of CMAQ v4.7 to predict background concentrations and the ADMS roads 

model (v2.3). Highly detailed road traffic emissions were taken from the London Atmospheric Emissions 

Inventory in 2006 and the model evaluated against 103 measurement sites in London.  

The comparison between modelled and observed met. results showed that the WRF model performed 

very well and provided a good foundation upon which to establish other sources of model uncertainty. 

Using observations at locations which included urban background, suburban, roadside and kerbside sites 

the model predicted NOX, NO2 and O3 concentrations reasonably well, although there are important areas 

where improvements are needed. These include daytime periods and summer months at roadside 

locations and morning and evening rush hour periods at urban background locations. A likely important 

source of this error for NOX, is the road transport and gas combustion emissions inventories as well as 

the representation of emissions within the CMAQ model.   

Predictions of PM also remain an issue with the model under predicting observations, especially for 

PM10. To address these issues there are planned developments to the London emissions for both primary 

and non-exhaust sources of PM, use of version 5 of the CMAQ model, testing of alternative biogenic 

emission sources and comparison of the model results with PM source apportionment measurements in 

London. 
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A.1d First results from the ClearfLo project – 

Understanding London’s meteorology and 

composition 

David Green 

Kings College, London 

The ClearfLo projects aims to understand the processes generating pollutants like ozone, NOx and 

particulate matter and their interaction with the urban atmospheric boundary layer. ClearfLo 

(www.clearflo.ac.uk) is a large multi-institution NERC-funded project that is establishing integrated 

measurements of the meteorology, composition and particulate loading of London’s urban atmosphere, 

complemented by an ambitious modeling programme.  

The project establishes a new long-term measurement infrastructure in London encompassing 

measurement capabilities at street level and at elevated sites. These measurements are accompanied by 

high resolution modeling with the UK Met Office Unified model and Weather Research and Forecasting 

(WRF) model. This combined measuring/modelling approach enables us to identify the seasonal cycle in 

the meteorology and composition, together with the controlling processes. Two intensive observation 

periods in January/February 2012 and during the Olympics in summer 2012 measure London’s 

atmosphere with higher level of detail. These intensive operating periods (IOPs) will enable us (i) to 

determine the vertical structure and evolution of the urban atmosphere (ii) to determine the chemical 

controls on ozone production, particularly the role of biogenic emissions and (iii) to determine the 

processes controlling the evolution of the size, distribution and composition of particulate matter. In this 

paper we present early analysis of the data and model simulations. In particular we show preliminary 

results from the first IOP in winter 2012.  
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A1.e Health impact assessment in air pollution:  

Progress so far, and some questions for the future. 

Brian Miller 

IOM (Institute of Occupational Medicine, Edinburgh) 

Over recent decades, evidence has steadily accumulated that increases in air pollution levels are 

associated with increased risks to health, and particularly to rates of mortality in the general population. 

The evidence is now sufficiently strong that many are convinced that the associations are causal, and that 

air pollution, particularly fine particulates, can influence mortality and other health effects. 

The assumption of causality invites questions like ‘What do we gain in population health if we reduce 

pollution?’; those and similar questions are at the heart of Health Impact Assessment (HIA).  The 

quantitative variety of HIA (there are others) takes scientific findings e.g. from epidemiological studies 

and applies them to defined scenarios to produce estimates or predictions of present or future health 

effects of air pollution on a population. 

Crucial to designing an HIA in a particular context is to agree and understand the question(s) being 

asked.  One possibility is the ‘burden’ question, typically of the form ‘How much is air pollution 

currently affecting health?’  Other questions may concern the expected effects in the future of a proposed 

policy change that may affect pollution emissions to the environment, or may change population 

behaviour in a way that affects their exposure to pollution; ‘What will be the impact if we introduce the 

following policy changes?’ 

Every HIA will be built on a compendium of input data and assumptions about populations, exposures, 

health effects and timescales, and it is important to understand the results of each HIA in their own 

context. This presentation will describe a few of the most important and influential choices, and their 

implications for particular HIAs.         
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A1.2 Discussion  

Research Presentations 

Frank Kelly 

In his invited keynote presentation, Professor Kelly introduced the ClearfLo (Clean Air for London) 

project. He was asked about the measurement of particles in the study and whether the size distribution 

technologies would enable determination of the number of particles of different sizes. In response, the 

methods, used in association with colleagues in Birmingham, were described; measurement of ultrafine 

particles is split between two instruments (condensation particle counter and scanning mobility particle 

sizer) to sample the fraction up to 700nm, and for particles above 700nm, an air dynamic particle sizer is 

being used. In addition, AMSs and other mass spectrometers are being used for periods of the study to 

provide unprecedented information on particles. Another delegate also commented on the social 

dimension of air pollution and the behaviour of people and populations, to which Professor Kelly replied 

that education is one challenge but there is also resistance from within parts of society that won’t admit 

to the air pollution problem and/or aren’t willing to adapt (this was likened to smoking, where although 

the bad health effects are known, many people still smoke).   

Richard Atkinson 

Following his presentation, Richard Atkinson was asked about potential influences on the data and 

whether there may be a transient or commuter effect on the London data, particularly as there were fewer 

deaths in London than perhaps expected compared with the rest of the country and the proportion of the 

population in London. He responded that exposure to air pollution was based on a person’s residence, 

and that only 28 GP practices in London were sampled so the data was not representative of the whole of 

London. 

Sean Beevers 

A comment was made on the 20m spatial resolution in an urban area being too precise. Sean Beevers 

explained that they are interested in exposure at this spatial distribution, and that detailed emissions 

information and increased ways of looking at sources can establish whether models perform well or not.  

David Green 

In his talk, David Green presented data on meteorological monitoring and PM chemical composition 

from the winter Intense Observation Period of the ClearfLo project. A member of the audience asked 

whether the speciation data presented could be used to characterise the composition of pollutants during 

a smog episode, which had been referred to earlier by Professor Frank Kelly. The response was that the 

data could help to understand it as it allows for the identification of different sources such as nitrate, 

sulphate, organic material and black carbon. 

Brian Miller 

No questions were asked and the session moved on to the general discussion. 
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General Discussion 

A discussion session followed the presentations, with the floor open to more general discussion on the 

topics presented. 

Professor Kelly was asked about roadside data providing evidence for a greater effect on health from 

exposure at roadside locations, and whether this enhanced rate of effect could be due to greater exposure 

at the roadside or an enhanced effect of exposure. Professor Kelly replied that the information is still 

emerging and a number of studies have linked proximity to the roadside and volume of traffic with health 

effects. A delegate commented on observations of low concentrations of particulate in terms of mass that 

were not low in terms of particle number, and asked, if metrics were changed to particle number instead 

of mass, the concept of very low might change. Professor Kelly responded that similar to particle 

number, using surface area could also give a different perspective. 

Sean Beevers was asked whether it was worth modelling absolute levels of NOx considering the issues 

associated with emission factors. The reply was that they have lead work on these concerns with Defra, 

and have used emission factors that better reflect the temporal changes of measurements, particularly in 

relation to diesel vehicles, which although not perfect, is better than before. 

Richard Atkinson was asked about the use of the index of multiple deprivation (IMD) in his studies as it 

includes a factor for air quality, and whether he had looked at his data with and without the factor 

included. In response, Richard said IMD was used with the factor removed, and they hadn’t looked at the 

data with inclusion of it, but the air quality factor contributes only a small amount to the IMD score so it 

wouldn’t be expected to have a large effect. A delegate asked about the data presented, which showed 

higher hazard ratios for PM2.5 compared to PM10 when converted in relation to 10 µg/m
3
 mass; both are 

usually strongly correlated, so Richard was asked whether the toxicity gets multiplied up when you take 

a subset of PM10 or whether 2 pollutant models were used for coarse and fine particles. In response, 

Richard commented that they did not have the coarse fraction to use in the model and when calibrated to 

PM10, the aim was to compare with other studies, however, the ranges for PM2.5 and PM10 suggest a 

larger proportion of exposure than was seen in this country. The correlation between the two sets of 

concentrations was high so the model gives a similar pattern of spatial distributions. The speaker was not 

certain that PM2.5 was more toxic than PM10. Richard was also asked whether he had looked at how much 

the exposure-response function changes as you go from models simply adjusted for sex and age to more 

thoroughly adjusted models. The reply was that this had not been looked at, and that they are cautious 

about the interpretation of the impact of IMD as even when the data are adjusted for age, sex, and 

smoking, the coefficients are not strong so the impact it is having is very small anyway. A further 

question concerned whether the small sample covered by the GPRD database (4.6% of the UK 

population) leads to any bias. The response was that although small in percentage, they don’t believe 

there is a bias in air pollution exposure and that studies have shown the GP database information to be 

representative. 
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A1.3 Posters 

A1.3a Estimating the health impact of a reduction in 

air quality monitoring 

Craig Blundred 
a 
 Tanja Pless-Mulloli 

a 
Anil Namdeo 

b  

a.
 Institute of Health and Society, Newcastle University, 

b.
 School of Civil Engineering and Geosciences, 

Newcastle University  

Background and objectives 

Air quality monitors are one of the mechanisms that local authorities utilise to comply with their statutory 

responsibilities for monitoring air quality (DEFRA, 2011)
1
 .  Local governments are, however, facing an 

average real term budget reduction of 7.25% per annum by 2014-15 (or a 26% overall cut) in their 

budgets (Department for Communities and Local Government, 2010)
2
.  This has led some councils to 

reduce the number of air quality monitoring stations in their area.  This is due to both a reduction in 

funding for maintenance and the removal of qualified officers able to work with the monitors.  The 

purpose of this study was to estimate the health impacts associated with this policy decision.   

The key objectives were: 

 To identify the main health impacts of the policy to reduce the number of monitors. 

 To estimate and quantify the health impacts. 

 To make recommendations for future policy based on the findings of the study. 

Study description 

We used a Health Impact Assessment (HIA) approach to undertake this study.  Health Impact 

Assessment is an approach that considers the future health consequences of activities on the health of a 

population (Joffe and Mindell, 2005).  It aims to allow policy makers to assess policy changes and 

understand the potential positive and negative health impacts of those decisions (Mindell et al., 2010).   

HIA also allows us to produce a set of evidence-based recommendations to assist with the decision 

making process (Health Development Agency, 2002).  

It is widely accepted that the determinants of health are broader than the realm of the health services.  

Determinants of health are varied and interacting and it is important to understand how the particular 

policy will impact on these.  

HIAs comprise of a series of steps:  

 

 

__________________________ 
1 DEFRA. Local air quality management 2011, London, DEFRA,  available [13/09/11]; 

http://www.defra.gov.uk/environment/quality/air/air-quality/laqm/ 

2 Department for Communities and Local Government (2010) Letter from Eric Pickles to Local Authority Leaders – Local 

Government and the Spending Review 2010, London,  Department for Communities and Local Government, available 

[22/09/12]; http://www.communities.gov.uk/publications/localgovernment/srlettersoscouncilleaders 

http://www.defra.gov.uk/environment/quality/air/air-quality/laqm/
http://www.communities.gov.uk/publications/localgovernment/srlettersoscouncilleaders
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 Screening - assessing whether the project is a worthwhile project to consider for a HIA. 

 Scoping - sets the parameters for the study. 

 Appraisal – depending on the scope of the HIA this can range from a review of the available 

evidence through to generating new research. 

 Recommendations  

 Engagement with decision makers. 

 Ongoing evaluation – ensures that any changes are rigorously evaluated (Health Development 

Agency, 2002).   

The Rapid HIA appeared to fit the criteria given the constraints on the research.  A rapid appraisal could 

comprise of a workshop or other form of community participation (Joffe and Mindell 2005).  In this case, 

the decision was taken to concentrate on a review and application of available evidence, enhanced with 

an analysis of air quality monitoring data in order to produce new evidence. 

A steering group was set up to advise the health impact assessment process.  The group consisted of 

academic staff, council staff based in Environmental Health and Transport planning, the Director of 

Public Health for the local Primary Care Trust (PCT), a Consultant in Health Protection from the Health 

Protection Agency (HPA) and a Consultant Respiratory Physician.  The purpose of the steering group 

meeting was to review the scope of the project, establish if it was worthwhile continuing and set the 

boundaries of the study.   

During the initial meeting the limits of the assessment were discussed.  This combined with information 

from meeting with individuals led to key areas to be considered and the pathways in which the health 

impacts operated.  Following the meeting, a logic diagram was produced outlining the pathways which 

any health impacts were expected to follow.    Logic diagrams show the causal path and show how the 

changes in one component of the system can lead to changes in other areas and ultimately to changes in 

health (Kemm, 2007). These became the key areas to consider in the health impact assessment.   

Following this, a literature search of available evidence was carried out.  This was combined with a 

review of routinely available data for the Newcastle upon Tyne area concentrating on prevalence and 

hospital admissions for those conditions identified as important for the study. 

Data from the air quality monitoring sites was accessed via the DEFRA website and the Air-quality.net 

site (subsequently Casella).  Data was used to understand the pattern of monitoring at different sites and 

was used to look at simultaneous differences between the data. 

Results 

The logic diagram identified three main areas where potential health impacts can occur.  These relate to 

the reduction in information available if the number of monitors were to be reduced.  The key areas were 

 Planning decisions taken using inaccurate or incomplete baseline data. 

 Evaluations of interventions to reduce poor air quality could lead to overstating or understating 

the effects of interventions. 

 Background data on air quality levels will be missing, leading to problems with future research, 

post-emergency studies and responses to public concerns. 
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The health outcomes to be reviewed included physical and mental health outcomes as a result of 

increased or decreased exposure, loss of public confidence in the management of pollution incidents 

(which could lead to community anxiety), loss of quality of life of residents (for example if incorrect 

planning decisions are made) and the impact on health inequalities (which could lead to an exacerbation 

of conditions).   

The review of the available evidence found little in the way of the health impacts of removing or keeping 

monitors.  The predominant research consisted of identifying the health impacts of reducing pollution 

itself.   This has been used in the study to look at the ultimate outcomes in terms of whether pollution 

will be reduced or increased if monitors are removed. 

A comparison of the data from two monitoring stations was carried out to assess the difference between 

each were one to be removed.  The comparison between Newcastle Central and Gosforth monitoring 

stations found that an urban background automatic monitor readings were higher than the readings on a 

suburban monitor for most of the year (95% of readings).  Depending on whether this was removed or 

the suburban monitor was removed would lead to an over or under estimation of the pollution levels.  

Clearly this would impact on interventions to reduce pollution and could lead to health impacts because 

of the scenarios.  However what also needs to be considered is whether the difference is clinically 

significant – does it have a huge impact? 

 

Figure One: Difference in monitor values – Gosforth and Newcastle Central monitors 

One area that needs to be considered is that of environmental justice.  Cutter (1995) (in Mitchell and 

Dorling (2003) defines environmental justice as “…access to a clean environment and equal protection 

from possible environmental harm irrespective of race, income, class or any other differentiating feature 

of socioeconomic status”.   This is an appropriate area to consider in a health impact assessment as health 

inequalities are affected by socioeconomic status and there are links between poorer environmental 

situations and areas of lower socioeconomic status (Pearce et al., 2010).  Studies such as that by Pearce 

et al. (2010) found that multiple environmental deprivation (which included air quality) led to 
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populations that were deprived having a higher burden of environmental deprivation.  A systematic 

review of the effect of socioeconomic status on the relationship between atmospheric pollution and 

mortality also indicated there may be a greater effect among more socially deprived areas (Laurent et al., 

2007).  However studies in the UK suggest that the link with socioeconomic status may be weak and 

complex (Briggs et al., 2008). 

Newcastle upon Tyne has 173 Lower Super Output areas.  Of these 76 (43.93%) fall in the lower quartile 

for England for the Indices of Multiple Deprivation (2010).  Of the rest, 34 (19.65%) fall in Quartile 2, 

34 (19.65%) fall in Quartile 3 and 29 (16.76%) fall in Quartile 4.  Using the 2008 mid-year population 

estimates shows approximately 122,000 people living in those most deprived areas.  The sites for the 

automatic monitors are not close to any of the 76 areas in the lowest quartile.  A review of the number of 

hospital admissions for diseases that could be exacerbated by poor air quality showed that a high number 

of people from lower socioeconomic areas were admitted to hospital for these diseases.   

Conclusions 

The lack of available data meant that several assumptions needed to be made in order to make the 

connection between the loss of monitors and subsequent health effects.  Data suggests that the reduction 

of monitors will not impact on acute emergency incidents, but could impact on studies estimating the 

health impacts of emergencies in the longer term.  Utilising reviews of epidemiological studies, we can 

extrapolate this to all areas where we use the data to provide background data and argue that more rather 

than less monitors are required.   

We recommend that monitors should be sited with the exposure of the population in mind rather than 

placing them near existing hotspots of pollution as has been the case in the past. 

Discussion 

It became apparent that more detailed research is needed into the health impacts of the removal of air 

quality monitors.  As this study was a rapid HIA it was only able to review existing research and 

extrapolate this information to the current situation.  It would be helpful to fully assess the health impacts 

of existing air quality monitors.  It would also be useful to reflect on the processes for siting air quality 

monitoring stations.  Whilst monitors may be placed for a variety of reasons, it would be helpful to 

assess whether these are the optimum locations for protecting the public’s health taking into account 

issues such as socioeconomic status or pre-existing conditions that may be exacerbated by poor air 

quality. 
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time-series analysis: a statistical view 

Monica Pirani
a
, Georgios Papageorgiou

b
, Richard Atkinson

c
, Sylvia Richardson

b
, Gary Fuller

a
 

a
MRC-HPA Centre for Environment and Health, King's College London, Environmental Research Group, 

London, UK, 
b
MRC-HPA Centre for Environment and Health, Imperial College London, Department of 

Epidemiology and Biostatistics, School of Public Health, London, UK,  
c
MRC-HPA Centre for Environment and 

Health, St. George’s, University of London, Division of Community Health Sciences, London, UK 

Background and objectives 

Observational ecological time-series study represents a common study design in environmental 

epidemiology, which compares daily fluctuations of average air pollution and corresponding fluctuations 

in the population-averaged health outcomes (morbidity or mortality events), having adjusted for 

seasonality and long-term time trends. Historically, the effects of ambient air pollution on population 

health have been investigated through a single-pollutant approach, using regression-based techniques to 

examine the association between a pollutant and a health outcome, where the co-pollutants have been 

treated as modifying or confounding factors. Polluted air, however, contains a complex mixture of 

particles with a range of physical and chemical properties, gases, bioareosols and toxic substances. 

Estimation of how the exposure to multiple pollutants simultaneously affect the risk of adverse health 

response, therefore represents a challenge for scientific research and air quality management (Maunderly 

et al., 2010; Dominici et al., 2010; Hidy & Pennell, 2010). The adoption of a multi-pollutant approach to 

analyse the environmental processes is however demanding in term of statistical methods (Billionnet et 

al., 2012). In fact, the highly correlated nature of air pollutants and the possible interaction with 

meteorological conditions and deposition mechanisms makes it difficult to examine and interpret their 

combined effects on health. Thus, multicollinearity represents a particular concern in this context, which 

flanks the well known statistical issues associated with the nature of the time-series study: the 

measurement error and the spatial misalignment of the data, the time window of the exposure-response, 

the confounding from observed and unobserved factors, and the assessment of the uncertainty associated 

with the choice of statistical model. The objective of this work is twofold: (i) to summarize the statistical 

methods used to estimate the health effects deriving from exposure to multiple mixtures, with specific 

focus on multicollinearity, and (ii) to describe these issues examining London’s data from a range of 

particles metrics over the period 2000-2005 and to propose a new way to characterize these mixtures. 

Study description 

We conducted a review of time-series studies that evaluated outdoor exposure to air multi-pollutants and 

health risk. This literature search was conducted in the Medline database and Google Scholar website 

with the following selection criteria: time-series studies investigating the multi-pollutant effects or 

characterizing multi-pollutant mixture, published in the period 1990–March 2012. The keywords used to 

guide this search included: time-series study, air pollution, multiple pollutants, multi(-)pollutant models. 

In the second step, these keywords were combined with the terms: (multi)collinearity, concurvity, 

measurement error. Additionally, a citation search of the reference lists of the relevant studies was 

performed. Secondly, we analysed 24-hour average measurements of air pollution levels, meteorological 

variables (daily average temperature and dew point temperature) and mortality counts for cardiovascular 

diseases in London between 2000 and 2005. Full details of the construction of the database can be found 

in Atkinson et al., 2010. We used this dataset to extend within the time-series analysis a new Bayesian 
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dimension-reduction and clustering technique that was originally developed by Molitor et al., 2010 and 

2011.  

Results 

Current statistical practices 

Generalised regression models, both additive (with non-parametric splines) and linear (with parametric 

splines) have been widely used in evaluating the effects of pollutant exposures. The literature provides 

several applications of multiple regression techniques (e.g., Wong et al., 2002; Namdeo et al., 2011), 

however the presence of highly correlated variables, can lead to highly unstable regression coefficients, 

with results that are difficult to interpret. A number of alternative dimension reduction techniques have 

been used to provide a solution to correlated exposure variables. Examples include principal component 

or factor analysis (e.g., He & Lu, 2012) and source apportionment methods like positive matrix 

factorization, chemical mass balance and UNIMIX (e.g. Schreuder et al., 2006; Sarnat et al., 2008). 

Regression shrinkage and penalized methods such as the lasso technique have been used to identify a 

small subset of predictors highly associated with the response. Other classes of dimension reduction 

techniques are focused on model or non-model based clustering approaches. Alternative methods include 

the indicator approach that uses the ambient levels of one pollutant to represent the combined exposure 

to several pollutants or a source, and the construction of a pollutant index with different weights on each 

metric (e.g. Roberts, 2006). Finally, Bayesian methods are become very common in health research. 

Methods applied to multivariate time-series of pollutants are: (i) Bayesian Hierarchical regression 

modelling, used also in multi-city time-series studies for combining relative rates across locations (Bell 

et al., 2009; Peng et al., 2009), (ii) Bayesian model averaging (e.g., Koop & Tole, 2004; Thomas et al., 

2007), and (iii) dynamic factor analysis within the class of Bayesian latent factor models (Reich et al., 

2009). 

Ongoing study  

We selected a subset of pollutant mixture from Atkinson et al., 2010 study including the following air 

pollutants: particle number concentration, TEOM particle mass (PM10, PM2.5, and PM10–2.5), carbon 

(organic, elemental and total), anions (nitrate, sulphate and chloride), modelled particle source 

apportionment, black smoke, and gases (nitrogen dioxide, sulphur dioxide, ozone and carbon monoxide). 

These air pollutants exhibited different degrees of interdependence (see Table 1). The observed number 

of deaths for cardiovascular diseases in the period 2000-2005 was 119,718; the average daily count was 

54 (range 27-116). The single-pollutant and mortality time-series plots showed evidence of seasonal 

patterns as well as day-to-day variability (plots not shown). To investigate the association between 

mixtures and mortality, we will construct covariate profiles of the days (i.e., a pattern of exposure values) 

and we will group them into clusters, associating these with the cardiovascular mortality. 

Discussion 

Time-series study represents an old design in environmental epidemiology, but still plays a central role in 

environmental research and in air quality management. Moving beyond a single-pollutant model, toward 

a multi-pollutant modelling approach, however, involves new statistical issues that require specific 

techniques to properly analyse the data. To this end, we are proposing a new profiling method to 

characterize multipollutant mixtures, which we think can outperform the conventional approaches.  
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Table 1 Correlation coefficients for pairs of the pollutants, London 2000-2005 

PNC TC OC EC CI
-

NO3
-

SO4
2- PM10 PM2.5 PM10-2.5 PPM10 NPPM10 NPPM2.5 NPPM10-2.5 BS NO2 SO2 O3 CO

TC 0.39 1.00            

OC 0.35 0.99 1.00            

EC 0.44 0.86 0.76 1.00            

CI
- 0.25 -0.21 -0.21 -0.18 1.00            

NO3
- 0.33 0.39 0.38 0.36 -0.20 1.00            

SO4
2- -0.02 0.28 0.27 0.26 -0.35 0.52 1.00            

PM10 0.24 0.56 0.54 0.52 -0.10 0.66 0.64 1.00

PM2.5 0.28 0.59 0.58 0.54 -0.20 0.69 0.70 0.93 1.00            

PM10-2.5 0.14 0.42 0.40 0.42 0.03 0.51 0.46 0.91 0.69 1.00            

PPM10 0.70 0.78 0.75 0.72 -0.02 0.43 0.16 0.42 0.53 0.22 1.00            

NPPM10 -0.10 0.29 0.28 0.27 -0.11 0.51 0.65 0.90 0.79 0.87 0.03 1.00            

NPPM2.5 -0.15 0.29 0.28 0.26 -0.25 0.52 0.76 0.85 0.83 0.72 0.04 0.92 1.00            

NPPM10-2.5 0.03 0.18 0.17 0.17 0.20 0.28 0.18 0.60 0.37 0.76 0.01 0.71 0.38 1.00            

BS 0.55 0.69 0.65 0.68 -0.13 0.51 0.29 0.51 0.58 0.33 0.78 0.20 0.24 0.04 1.00

NO2 0.73 0.70 0.66 0.68 -0.04 0.52 0.24 0.58 0.63 0.43 0.85 0.23 0.22 0.14 0.71 1.00            

SO2 0.42 0.42 0.34 0.58 -0.02 0.34 0.32 0.50 0.51 0.41 0.49 0.33 0.31 0.22 0.43 0.56 1.00            

O3 -0.61 -0.40 -0.37 -0.43 0.02 -0.25 0.00 -0.07 -0.16 0.04 -0.60 0.22 0.21 0.14 -0.48 -0.61 -0.23 1.00            

CO 0.58 0.62 0.57 0.64 -0.11 0.36 0.19 0.35 0.46 0.15 0.83 0.02 0.06 -0.06 0.63 0.72 0.43 -0.53 1.00

Carbon Anions Particles Source Apportionment Gases

 

PNC, particle number concentrations; TC, total carbon; OC, organic carbon; EC, elemental carbon; Cl-, chloride; NO3
-, nitrate; SO4

2-,solphute;  

PPM10, modelled primary PM10; NPPM10, modelled nonprimary PM10; NPPM2.5, modelled nonprimary PM2.5; NPPM10–2.5, modelled nonprimary 
PM10–2.5; BS, black smoke; NO2, nitrogen dioxide; SO2, sulphur dioxide; O3, ozone; CO, carbon monoxide. 
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A2. Pollution health impacts – CO & NOx  

A2.1 Presentations 

A2.1a Carbon monoxide: A COmplex COnundrum 

Isabella Myers 

DH Toxicology Unit, Imperial College London / Health Protection Agency 

Carbon monoxide (CO) is attracting much attention across government departments. This amount of 

attention edges it into the league of outdoor air pollutants which we usually associate with the high 

mortality and morbidity figures attributed to diseases of the respiratory and cardiovascular system. 

However, mortality and morbidity figures for carbon monoxide are far lower, so why does it generate 

such interest?  These much smaller figures become important due to the fact that nearly all these deaths 

and injury are due to accidental poisoning from carbon monoxide: thus, they are preventable – these are 

needless deaths and unnecessary injuries.   

From studying Office of National Statistics mortality data, there are around 50 deaths in England and 

Wales from accidental CO poisoning. Hospital Episode Statistics data for England show that there are 

over 200 hospitalisations from non-fatal accidental poisonings1 and 4,000 people treated (but not 

admitted), in accident and emergency for accidental CO poisoning2. 

Sources of CO which lead to these poisonings are found mainly in the home: from, for example, poorly 

maintained malfunctioning fossil fuelled and wood burning cooking and heating appliances, blocked or 

faulty flues and chimneys associated with these appliances, BBQs and fossil-fuelled generators 

erroneously brought indoors or improperly positioned, and shisha pipe smoking in poorly ventilated 

environments.  CO can also come from neighbouring properties.  

Raising awareness of CO poisoning amongst the public and medical community is crucial to reducing 

incidence and delivering correct diagnosis and treatment. CO poisoning is notoriously difficult to 

diagnose: signs and symptoms mimic those of other, more common illnesses such as colds, flu, food 

poisoning and chest pain.  Headache is the most common symptom of low level chronic CO poisoning. 

Misdiagnosis still occurs, in some cases with fatal consequences. 

An approach to reduce the incidence of CO poisoning which can protect as well as increase awareness 

amongst the public and those involved in responding to incidents of CO poisoning is required. 

Incorporating different government sectors, agencies, industry, charity, building sector and the public 

health sector is vital to the success of such an approach.  This has been recognised and there have been a 

number of research-based, educational, public and healthcare awareness campaigns and training events 

run or funded by these sectors. The All Party Parliamentary Gas Safety Group carried out a  

_____________________________ 

1
Department of Health Letter, 11 November 2010 CARBON MONOXIDE POISONING: 

NEEDLESS DEATHS, UNNECESSARY INJURY http://www.dh.gov.uk  

2
Department of Health, GP and Team Practice Bulletin, (19 September 2011)  

http://www.dh.gov.uk/en/Publicationsandstatistics/Bulletins/GPbulletin/index.htm  

http://www.dh.gov.uk/
http://www.dh.gov.uk/en/Publicationsandstatistics/Bulletins/GPbulletin/index.htm
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parliamentary inquiry into carbon monoxide poisoning and produced a report which gave 17 

recommendations to improve detection, increase awareness and improve regulation3. The Cross 

Government Group on Gas Safety produces an annual report which lists members’ activities to tackle 

carbon monoxide poisoning4. Interestingly, the government’s initiative to reduce CO2 emissions by 

building more air tight properties and improving older properties has the potential to increase exposure to 

low level CO due to a reduction in the passive ventilation capabilities of the property.  This has 

stimulated research in the performance of buildings, ventilation5 and the effect of the built environment 

on CO exposure. 

Many of the initiatives and commissioned research have moved the field forward and contributed to the 

evidence base on CO, the indoor environment and its effects on health and wellbeing. However, they 

have also raised questions and identified gaps in our knowledge, in particular, the effects of chronic 

exposure to lower levels of CO. This has opened up opportunities for the research community, which 

today has tools and techniques not previously available to help answer some of these questions.   

Unlike so many other health issues we try to tackle, the effects of CO are not known to be genetically 

dependent.  Any advance in our understanding of the effects of CO on health, improvements in diagnosis 

and treatment, will help all individuals diagnosed with exposure to CO. Scientific research is vital and it 

is conclusions from such work that will facilitate the provision of correct awareness messages, training, 

interventions, and government departments’ initiatives aimed at responding to and reducing incidents of 

CO poisoning.  

 
 

 

 

 

 

 

 

 

 

_________________________ 

3
Preventing carbon monoxide poisoning http://www.policyconnect.org.uk/appgsg/node/494  

4
Cross Government Group on Gas Safety Annual Report 2011 http://www.hse.gov.uk  

5
Mechanical ventilation with heat recovery in new homes  

http://www.zerocarbonhub.org/resourcefiles/ViaqReport_web.pdf 

http://www.policyconnect.org.uk/appgsg/node/494
http://www.hse.gov.uk/
http://www.zerocarbonhub.org/resourcefiles/ViaqReport_web.pdf
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A2.1b Health effects of indoor nitrogen dioxide 

Graziella Favarato, Debbie Jarvis 

National Heart Lung Institute,  

MRC-HPA Centre for Environment and Health,  

Imperial College, London, SW3 

Background and objectives 

Nitrogen dioxide (NO2) is formed in combustion processes and in the indoor environment combustion 

from gas appliances are the most the important sources of NO2.  A recent WHO review (WHO 2010) 

found that there is ‘limited or suggestive evidence of an association between indoor nitrogen dioxide at 

levels currently occurring in populations and reported respiratory symptoms in children .... [and] in 

adults.’ (p. 246). 

A meta analysis of the epidemiological studies on the effect of indoor NO2 was carried out by Hasselblad 

(Hasselblad et al., 1992) in the early nineties.  It combined studies that measured indoor NO2 with studies 

that assessed the use of a gas appliance as a proxy measure of NO2 exposure. This early example of meta 

analysis concluded that a 30 µg/m
3
 increase in indoor NO2 exposure was associated with a 20% increase 

in respiratory symptoms in children.  The WHO annual average guidelines of 40 µg/m
3
for both outdoor 

and indoor NO2 were initially based on the conclusions of the Hasselblad meta-analysis and have not 

been altered since then, mainly because of the lack of evidence that they should be changed.  

There have been further reviews of epidemiological studies of the health effects of indoor NO2 since the 

Hasselblad analysis in 1992 but there has been no concerted effort to conduct any formal meta-analysis 

of these studies, largely due to the heterogeneity of the study methods that have been employed.  

I will present results from a systematic review of all studies that have examined the association of asthma 

and respiratory symptoms with measured indoor nitrogen dioxide levels to determine whether there is 

any evidence that the conclusion of the Hasselblad analysis remain valid. 

This is work in progress.   

Study description 

Firstly we replicated the Hasselblad meta analysis of studies that had measured indoor NO2 (that is 

excluding the studies that had used the use of gas cooking as a proxy exposure measure). 

We then conducted a systematic review of epidemiological studies that have examined the association of 

respiratory symptoms, diagnosed disease and lung function with measured indoor NO2 levels published 

up to October 2011.  We searched Medline, Embase and ISI Web of Science databases to identify the 

relevant studies.  Titles were assessed for relevance, and abstracts read as required. Full text articles of 

relevance were read, and their bibliographies checked to identify further studies.  

We included studies in foreign languages, those that presented stratified data only and, by the use of 

statistical methods similar to Hasselblad, those that provided estimates grouped into exposure categories 

rather than any estimates of linear exposure-response estimates.  We excluded studies that referred to the 
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use of biomass fuel as the major source as this is often associated with very high levels of particulate 

matter.  

When four or more studies reported estimates that shared a similar outcome and methodology, effect 

estimates were combined using standard methods for meta analysis (DerSimonian and Laird, 1986). We 

assessed any publication bias by visually inspecting the forest plots and performing the Egger’s test for 

publication bias. 

Results 

Using the described methodology of Hasselblad we replicated his estimates for three of the four studies 

that incorporated NO2 measures.  For the fourth, we could not replicate exactly although the estimate was 

of a similar magnitude.  Written correspondence with Professor Hasselblad could not resolve this 

difference. 

The literature searching and sifting identified 47 studies reporting an association between measured 

exposure to indoor NO2 and respiratory symptoms, respiratory disease or lung function.  Twenty studies 

were published before 2000 and the remaining in or after 2000.  Twenty-four studies were carried out in 

Europe (7 in UK), 13 in North America, 6 in Australia and New Zealand and 4 in Asia.   

All studies measured the exposures to NO2 with passive diffusion samplers; most of them were fixed in 

the participant’s home (kitchen, living room and/or bedroom), some were fixed in the participant’s 

school (classroom).  Two studies used samplers attached to a personal badge to be worn inside the house 

only.  

Most of the samplers were used to generate average exposure estimates over a 1- or 2-weeks period 

based on single or double sampling measurements.  Some studies repeated the sampling several times 

throughout the year and adjusted their analysis for seasonality.  Mean levels of indoor NO2 across the 

studies varied from just a few µg/m
3
 (where no gas appliances were used) to levels far exceeding the 

annual average guidelines (where unvented gas appliances were in use).  

There were several broad categories of study design: cross-sectional, panel, longitudinal, case-control 

and randomised controlled trial.  Participants were recruited from the general population, among high-

risk groups (usually defined as having a family member with asthma or allergy) or among asthmatics.  

The majority of the studies were in children.  

Some studies recorded the prevalence of respiratory symptoms (mainly wheezing, cough, breathlessness) 

over a period of time while others recorded the daily or weekly frequency of respiratory symptoms.  This 

influenced the choice of statistical method for data analysis. 

Preliminary analyses identified 8 studies (Belanger et al., 2003; Esplugues et al., 2011; Garrett et al., 

1998; Kim et al., 2011; Mi et al., 2006; Neas et al., 1991; Shima and Adachi 2000; Zhao et al., 2008) 

that reported an effect estimate of the association of 12 months period prevalence of wheeze in children 

with measured indoor NO2.  A meta-analysis of the estimates gave an overall estimate of 1.21 (95% CI 

1.05, 1.39) per 30 µg/m
3
 of NO2 increase for the fixed and random effects. There was some evidence of 

publication bias.  Inclusion of additional studies with information on wheeze (but gathered over different 

time frames, and with different study methodology) made little difference to the overall estimate – but 

gave strong evidence of publication bias. 



28 
Prepared by IEH for the 2012 Annual UK Review Meeting on Outdoor and Indoor Air Pollution Research 

 3-4 May 2012 

 

 

Discussion 

Although our literature review identified 47 studies only 8 studies (all in children) provided usable 

information on 12 month period prevalence of wheeze and indoor NO2 level.  Meta-analysis of these 

studies suggests an association of wheeze with indoor NO2 at a magnitude similar to that originally 

reported by Hasselblad.   

Too few studies had been conducted in adults to summarize the respiratory health effects of indoor NO2 

in adults.   

Meta analysis of observational studies is a useful tool to summarise studies’ results but the large 

heterogeneity of the epidemiological studies of the health effects of indoor NO2 and the latent publication 

bias limit their interpretation in this setting. 
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A2.1c Scoping the health effects of nitrogen dioxide 

in Sandwell 

Dr Heather Walton, Professor H Ross Anderson, Dr Richard Atkinson*, Dr Sean Beevers, Dr Gary Fuller, Dr 

Emily Sullivan and Professor Martin Williams   

Environmental Research Group, MRC-HPA Centre for Environment and Health, King's College, London; *St. 

George’s, University of London. (Funding  from Sandwell PCT and the NIHR CLAHRC-BBC programme) . 

Background and objectives 

The health effects of nitrogen dioxide (NO2) are controversial with strong debate over whether the health 

effects detected in epidemiological studies are due to NO2 itself or to NO2 acting as an indicator for 

particles.   The absence of agreed concentration-response relationships means that cost-benefit analyses 

including health effects of NO2 cannot be applied even to policies whose aim is to assist with meeting 

NO2 air quality objectives.  This presentation takes the view that the uncertainties regarding NO2 should 

be included within cost-benefit analyses, at least as sensitivity analyses.  It will explore illustrative 

calculations of the scope of the health impacts when particular choices are made as to whether particles 

or NO2 or both are important.  This may allow some judgements about appropriate policies to be made 

even in the face of uncertainty.  The objectives are (i) to get an illustrative feel for the potential size of 

the health effects of NO2, if the coefficients for NO2 can or can’t be taken at face value (ii) to illustrate 

how such sensitivity analysis could be used in practice and (iii) to highlight areas that need more study 

before this approach can be fully developed. 

Study description 

The NO2 guideline of 40 µg/m
3
 as an annual average (WHO, 2000) is intended to protect against the risk 

of children's respiratory symptoms as a result of long-term exposure to NO2.  This project therefore used 

evidence in the literature on children’s respiratory symptoms and outdoor air pollution to quantify the 

possible health effects of nitrogen dioxide and/or particles as a sensitivity analysis to add to the more 

usual health impact assessment outcomes.   

The method of calculation was based on that used for respiratory symptoms in panel studies in the cost-

benefit analysis for CAFE1.  Coefficients were derived from two sources.  Work on another project 

reviewing the studies on air pollution and asthma prevalence (within city studies) was in progress 

(Anderson et al., in progress) and cohort studies on children's respiratory symptoms and long-term 

exposure to nitrogen dioxide in outdoor air had been reviewed in a supporting paper to the COMEAP 

20092 statement on NO2.   The asthma prevalence studies were used to give a broadly based measure of 

the effect of NO2 and/or particles on asthma symptoms.   Multi-pollutant models have the potential to 

separate the effects of the different pollutants more clearly but may also bring in additional uncertainties.   

The potential use of coefficients from multi-pollutant models was illustrated using a paper from the 

Southern California Children’s Health Study (McConnell et al., 2003).   The baseline prevalence of 

wheeze used for Sandwell was 15% derived from the national prevalence of 17% in boys and 13% in 

____________________________ 

1
http://ec.europa.eu/environment/archives/cafe/pdf/cba_methodology_vol2.pdf  

2
http://www.comeap.org.uk/documents/statements/44-statement-and-supporting-papers.html 

http://ec.europa.eu/environment/archives/cafe/pdf/cba_methodology_vol2.pdf
http://www.comeap.org.uk/documents/statements/44-statement-and-supporting-papers.html
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girls from the Health Survey for England (2010)3 weighted by the numbers of boys and girls aged 0-15 in 

Sandwell  (31,521 boys; 30,425 girls ONS (2010)).   Similarly, the proportion of children who had ever 

had doctor-diagnosed asthma was derived as 14.5% from the national figures of 17% of boys and 12% of 

girls aged 0-15 (Health Survey for England, 2010).   The value for prevalence of bronchitic symptoms in 

asthmatics of 37% from McConnell et al., (2003) was used.  

Annual mean pollutant concentrations for NO2, and black carbon used in the calculations were obtained 

from the monitoring sites at West Bromwich, Birmingham Tyburn and Dudley as appropriate.  The urban 

increment was taken to be the difference between these values and those at the rural site at Harwell.   

Results 

The meta-analysis of the within community asthma prevalence studies gave a pooled odds ratio of 1.09 

(1.01, 1.13) (random effects) for NO2 and 1.05 (0.96, 1.16) for black carbon (Anderson, Favorato and 

Atkinson, work in progress).  There were insufficient studies on PM2.5 for meta-analysis.  None of the 

studies examined multi-pollutant models between NO2 and BC – the correlations were probably too 

close. 

Annual means for NO2 at West Bromwich were relatively stable from 2004 to 2011 giving an overall 

average of 28 μg/m
3
.  The overall average urban increment was 16.9 μg/m

3
.  Annual means for Black 

carbon at Birmingham Tyburn and Dudley in 2010 and 2011 gave an overall average of 1.45 μg/m
3
 and 

an urban increment of 0.95 μg/m
3
.  These values lead to the results in Table 1. 

Table 1 Additional children with wheeze due to the urban increment in nitrogen dioxide and 

black carbon in Sandwell. 

Pollutant§  ORŧ/unit§ (95% 

CI) from meta-

analysis               

% increase in wheeze 

prevalence per 

μg/m3 

Additional 

children with 

wheeze per 

μg/m3 

Urban 

increment 

(μg/m3) 

Additional 

children with 

wheeze due to 

urban increment 

NO2

 

1.09 (1.01-1.13)
 

0.1 11 (1-15) 16.9 180 (20-260) 

BC
 

1.05 (0.96-1.16)
 

0.6 59  0.95 56 (-45-176) 

Combination  
 

  Unlikely to be fully 

additive 

‡ Odds ratio, §NO2  nitrogen dioxide 10 μg/m3, BC 1 μg/m3 

The Southern California Children’s Health Study paper by McConnell et al. (2003) is just one study so is 

less robust than the meta-analysis above.  On the other hand, the McConnell paper examined multi-

pollutant models in detail including those for the 3 pollutants examined here.  The paper includes two 

types of coefficients.  One is described as 'between communities' and is based on exposure contrasts 

between 4-year averages in 12 different communities.  The other (within communities) is more complex 

being based on yearly deviations from the 4-year mean.  This metric increased the number of datapoints 

from 12 to 48 and gave lower correlations between NO2 and PM2.5.  The results are given in Table 2.  

The odds ratios for the annual deviations within communities were strongest.  Both NO2 and PM2.5 were 

statistically significant within and between communities, organic carbon was statistically significant only 

within communities.  The multipollutant models for PM2.5 and OC gave contradictory messages between 

and within communities, probably due to their very close correlation.  NO2 coefficients dropped with 

__________________________ 
3
http://www.ic.nhs.uk/statistics-and-data-collections/health-and-lifestyles-related-surveys/health-survey-for-  

england/health-survey-for-england--2010-respiratory-health 

http://www.ic.nhs.uk/statistics-and-data-collections/health-and-lifestyles-related-surveys/health-survey-for-%20%20england/health-survey-for-england--2010-respiratory-health
http://www.ic.nhs.uk/statistics-and-data-collections/health-and-lifestyles-related-surveys/health-survey-for-%20%20england/health-survey-for-england--2010-respiratory-health
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adjustment for other pollutants but the drop was less marked than the alternative pollutant when the 

correlation was lower i.e. within communities the NO2 coefficient drops by 24% when controlled for 

PM2.5 but the PM2.5 coefficient drops by 46% when controlled for NO2.  For between communities, 

where the correlation between NO2 and OC is lower than within communities, the NO2 coefficient drops 

by 18% when controlled for OC whereas the OC coefficient drops by 63% when controlled for NO2. This 

suggests that while there is some double-counting between NO2 and the PM measures examined, there is 

a residual effect best represented as NO2.   

Table 2 Bronchitic symptoms as a function of the 4-year average air pollutant concentrations 

(between communities) and of the difference between annual air pollutant concentrations 

and 4-year average concentrations (within communities) among children with asthma 

Pollutant§  ORŧ/unit§ (95% CI)               

(between  communities) 

ORŧ/unit§  (95% CI)  

(within  communities) 

Correlation for pollutants 

between community/ 

within community 

NO2

 

1.01 (1.00-1.02)
† 

1.04 (1.01-1.06)
* 

 

PM2.5

 

1.03 (1.01-1.05)
† 

1.09 (1.01-1.17)
† 

 

OC 1.06 (0.99-1.13) 1.41 (1.12-1.78)
* 

 

NO2 controlled for PM2.5 1.005 (47% drop) 1.03 (24% drop) 0.75 /0.54 

NO2 controlled for OC 1.007 (18% drop) 1.02 (45% drop) 0.58/0.67 

PM2.5 controlled for NO2 1.016 (38% drop) 1.05 (46% drop) 0.75/0.54 

PM2.5 controlled for OC [1.04] [0.99] 0.9/0.84 

OC controlled for NO2 1.02 (63% drop) 1.27 (31% drop) 0.58/0.67 

OC controlled for PM2.5 [0.96] [1.40] 0.9/0.84 

‡ Odds ratio, §NO2  nitrogen dioxide (μg/m3), PM2.5 particulate mass less than 2.5 μm in diameter (μg/m3), OC organic carbon (μg/m3) 

 * p<0.01, † p<0.05 [  ] square bracket denote closely correlated pollutants which affects interpretation. 

For a ‘burden’ type calculation of ‘long-term’ exposure, the between communities estimates might seem 

more sensible to use, being based on long-term averages.  On the other hand, the fact that the within 

communities coefficients based on annual deviations are larger suggests that the ‘long-term’ effect may 

be representing a ‘medium-term’ effect reflected by annual deviations and/or that exposure 

misclassification is reduced when using annual deviations.  In addition, the correlations between 

pollutants are not as tight which helps with interpretation of the multi-pollutant models and the children 

act as their own controls, reducing confounding.  The ‘within community’ coefficients have therefore 

been used, with OC as the PM measure.  If there is no threshold, by analogy with the method used for 

quantification of time-series results, a long-term average (i.e. the urban increment of 16.9 μg/m
3
) could 

be used as an arithmetic shortcut to separate calculations in individual years.  Campaign measurements at 

urban background sites in central Birmingham in 2004/5 gave an annual average of  3.8 μg/m
3
 (Yin and 

Harrison, 2008) similar to measurements at a central London urban background site (North Kensington) 

(mean of annual averages 2007-2011:  4 μg/m
3
).  The urban increment between North Kensington and 

Harwell was 1.6 μg/m
3
 as an annual average and is likely to be similar in Sandwell.  Results for the 

additional numbers of asthmatic children with bronchitic symptoms due to the relevant urban increments 

are given in Table 3.   



32 
Prepared by IEH for the 2012 Annual UK Review Meeting on Outdoor and Indoor Air Pollution Research 

 3-4 May 2012 

 

 

Table 3 Additional asthmatic children with bronchitic symptoms due to the urban increment in 

nitrogen dioxide and black carbon in Sandwell based on ‘within communities’ coefficients 

Pollutant§  % increase in 

bronchitic symptom 

prevalence in 

asthmatics per 

μg/m3 

Additional 

asthmatic children 

with bronchitic 

symptoms per 

μg/m3 

Urban 

increment 

(μg/m3) 

Additional asthmatic 

children with 

bronchitic symptoms 

due to urban 

increment 

NO2

 

0.009 78 16.9 1385 

OC 0.084 754 1.6 1454 

NO2 controlled for OC 0.005 42 16.9 742 

OC controlled for NO2 0.012 105 1.6 172 

Total using mp estimates     913 

Conclusions 

Asthma prevalence studies suggest the urban increment of NO2 and black carbon in Sandwell leads to 

180 and 56 additional children with wheeze respectively.  However, it is unlikely that these figures can 

be added together.  If NO2 had no effect, the figure would be 56 additional children with wheeze.  If it 

does have some effect the figure would be less than 180 additional children.  The use of the McConnell 

study is more uncertain but potentially more informative about the relative importance of different 

pollutants.    Due to the greater prevalence of bronchitic symptoms in asthmatics compared with wheeze 

in the general population, the numbers are larger.  The results suggest that the apparent effects of NO2 

from the single pollutant model may be as much as halved to around 740 additional asthmatic children 

with bronchitic symptoms after control for OC, with around 170 additional asthmatic children with 

bronchitic symptoms due to OC itself.    

Discussion4 

There remain many uncertainties such as the influence of measurement error on which pollutants come 

through most strongly in multipollutant models, whether selecting the within community rather than 

between community coefficients is most appropriate and whether applying the coefficients to the urban 

increment is outside the range of annual deviations.  Nonetheless, this approach illustrates how possible 

results based on multipollutant models can be scoped for sensitivity analysis.  Work is in progress to 

apply this approach to policy examples.  With appropriate caveats, this work suggests that while there is 

double counting, a residual effect remains linked to NO2 even after control for a variety of PM measures.  

More use of multipollutant models in research studies and detailed discussion of their interpretation 

would be helpful to see whether this point applies in more studies.   
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A2.1d Ventilation for healthy buildings: Reducing the 

impact of urban air pollution  

 Vina Kukadia
a
 and David Hall

b
  

a
Building Research Establishment Ltd 

b
Envirobods Ltd 

Summary 

Designing buildings to reduce the ingress of outdoor pollution in polluted urban areas is an important but 

challenging feature of modern building practice. Until recently little formal guidance has existed in the 

UK on providing effective ventilation, whilst reducing the ingress of external pollution and additionally 

taking account of energy issues. New BRE guidance on this matter is presented here. 

Background  

Well designed ventilation leads to acceptable indoor air quality and thermal comfort and is therefore 

essential for the safety and comfort of building occupants, as well as protecting them from adverse health 

effects. Ventilation requirements for buildings have conventionally assumed that the external air supply 

is ‘fresh’ and so largely free from contaminants or nuisance substances. In practice, clearly this may not 

be the case in many urban areas, where the incoming air supply may be contaminated by a variety of 

externally generated pollutants. If the resulting concentrations of these external pollutants in the indoor 

environment are sufficiently high, then detrimental effects on the health and productivity of the occupants 

may be expected.  

Since in cooler climates, people may spend up to 90% of their time indoors, the contribution of indoor 

exposure to these external pollutants (as well as those internally generated) is a major part of their overall 

exposure. Reducing the ingress of pollutants into buildings, or abating them internally, is therefore important 

for reducing the overall exposure. 

Until recently, there has been limited advice on how to minimise or control the ingress of external pollutants. 

Much of the guidance that has been available has focussed on measures to minimise internal pollutant 

concentrations from very localised external sources. However, in reality buildings are exposed to a 

multiplicity of upwind sources from all distances, which in combination are responsible for their overall 

exposure (Hall et al., 1996). Without assessing this overall exposure, the total external pollution burden of the 

building is not known and the relative significance of very local sources cannot be determined. In many cases, 

local sources may be only minor contributors to the overall pollution load. Thus different ventilation strategies 

may be needed depending on the balance of building exposure from near and distant sources. 

The new BRE Guidance (Kukadia and Hall (2011) aims to provide practical methods of assessing the 

outdoor air pollutant concentration in the vicinity of proposed urban buildings or developments from a 

range of sources, and how to reduce their ingress into the indoor environment.  The guidance 

concentrates on non-domestic buildings in urban areas, since these usually have the highest building 

density and the highest external pollution loads. However, the same principles can also be applied to 

domestic buildings and those in more open environments, where conditions are usually less severe but an 

assessment of the ingress of external air may still be desired. Furthermore, whilst the guidance has been 

written primarily for UK buildings using relevant UK data sources, it can be equally applied to buildings 

elsewhere using appropriate local data sources.  
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Although providing a relatively simple practical approach, it deals with a complex subject, with both 

technical and regulatory aspects, that is continually evolving. It cannot, therefore, cover all aspects of 

internal exposure, and is based on the best information available at the time of writing. In certain cases, 

additional specialist advice may need to be sought on specific matters. 

The guidance is intended for use by the construction industry (architects, developers, building services 

engineers, planners, facilities managers, developers of building design tools), clients and occupiers. It is 

also intended for use by local authority environmental health, building control and planning officers and 

is a good source of information for those working in the air pollution field. 

Overview of the approach 

In urban areas, buildings are exposed simultaneously to a large number of individual pollution sources 

from varying upwind distances and heights and also over different time scales. The relationship between 

these sources and their proportionate contribution under different circumstances governs pollutant 

concentration profiles over a particular building shell, which in turn governs the concentrations of 

pollutants reaching the indoor environment (Hall et al., 1996). The relative contributions of individual 

pollutant sources therefore need to be understood and assessed before developing an effective ventilation 

strategy. 

On this basis, the guidance provides: 

 A logical procedure for estimating the main sources of pollution;  

 The overall pollutant burden on a building or a major development; and  

 Options for controlling internal concentrations of external pollutants by a consideration of the 

overall development layout, design and an appropriate ventilation strategy.  

Key stages in the process 

A step-by-step approach has been taken for developing a ventilation strategy to minimise the ingress of 

external pollution into non-domestic urban buildings. The key stages in the process are summarised 

below and shown in Figure 1. More detailed information for each of these steps is given in the Guidance 

itself. 

Stage 1. Preliminary design assessment  

The location of the site and the scale of development, are both critical when assessing the overall 

pollution levels at the site. At this stage, it is important to determine, 

 if the site is located in an Air Quality Management Area, and 

 if the development is a minor or major development. 

Stage 2. Assessment of site pollutant concentrations 

Given that the site and the characteristics of the development have been determined, it is necessary to 

estimate the air pollutant concentrations at the site. This involves: 
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 Deriving long- and intermediate-range pollutant concentrations from published or other available 

data. These contributions are the same for both major and minor developments. Details of data 

sources are given in the Guidance.  

 Calculation of short-range pollutant concentrations from local sources. For major developments, 

this also needs projected emissions from the proposed building or development. The Guidance 

gives details on calculation methods for estimating short-range pollutant concentrations. In 

addition, for major developments it may also be necessary to consider the significance of urban 

layout and building form on the short-range pollutant concentrations in an iterative process. The 

Guidance covers this also. 

 Summation of pollutant contributions from each source range to derive total local pollutant 

concentrations, taking into account seasonal, diurnal and wind directional variations as 

appropriate.  

 Estimation of the indoor pollutant concentrations resulting from external sources, accounting for 

any attenuation of the pollutant by the building fabric.  

 Comparison of the estimated internal pollutant concentrations with air quality objectives.  

o Where any of the estimated internal pollutant concentrations breach the air quality 

objective, it is necessary to investigate if this can be resolved by varying the 

configuration of the development. If this is not feasible, it may be necessary to consider 

the ventilation strategy more carefully.  

o Where estimated internal pollutant concentrations are within the air quality objective, 

then no specific measures are necessary. However, it may still be advantageous to 

consider if the internal concentration can be further reduced by an appropriate ventilation 

strategy. 

Stage 3. Develop a ventilation strategy  

If any of the expected internal pollutant concentrations breach the air quality objective, and cannot be 

reduced by eliminating the contaminant source or by varying the configuration of the development, it is 

important that a carefully considered ventilation strategy is developed to reduce ingress. Measures that 

can be considered include: 

 Eliminate or reduce the cause of the pollution. 

 Locate air intakes to avoid polluted zones.  

 Control ventilation rates. 

 Mechanical treatment of ventilation air. 

Full details of the approach are given in the Guidance. 

Conclusion 

BRE has produced step-by-step guidance for use by building professionals in their attempt to design 

buildings to reduce the ingress of outdoor pollution and hence achieve buildings with better indoor air 

quality. 
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A2.2 Discussion 

Research presentations discussion 

Isabella Myers 

Following this talk on the health effects and sources of carbon monoxide (CO), there was a discussion 

about variations in susceptibility. It was thought that athletes, for example, with high muscle content may 

be less susceptible. Exertion level will determine the effect of an exposure, more exercise undertaken in a 

CO rich atmosphere would have a higher effect. There was also a suggestion that people are more 

susceptible at higher altitudes. There followed a comment about the observation that COHb is no longer 

seen as an ideal biomarker of exposure and effect, more specifically it is useful for the first responder but 

not useful for the clinician (i.e. once the person has been taken away from the source). For example, in a 

study reported by Simon Clark at the 2011 Annual Meeting, elevated COHb was found not to be detected 

when people were examined several hours after exposure, having been waiting in A & E. This mirrors 

other situations where the COHb biomarker has been found to have shortcomings, with the challenge 

being to find a better one. A further comment about CO was to point out that it is an endogenous 

chemical and there is little evidence that it has much effect at low levels, but there is a need to look at the 

connection with low birth weight. 

Garziella Favarato 

Graziella Favarato presented a review and meta-analysis of previous studies concerning health effects of 

nitrogen dioxide (NO2). One influential study identified was that by Hasselblad et al. in 1992. Graziella 

was asked if the studies have a common source of NO2 and replied that the source in most of the studies 

was gas stoves and/or gas heaters, though some had outdoor sources e.g. proximity to a busy road. There 

was a comment that the presence of a gas cooker as a proxy for NO2 has been questioned; measurement 

of PM at the same time is of benefit, but this has not been focussed on as yet. Another comment 

suggested that NOx generation deserves more attention, the domestic appliance industry being primarily 

concerned about CO. A final comment on this review was that it did not provide any evidence that the 

current guideline value of 40 µg m
-3

, which is frequently being exceeded at the kerbside, should be 

relaxed.   

Heather Walton 

This presentation continued the subject of NO2, specifically with regard to effects on asthmatic children 

in the area of Sandwell. It was suggested that the coefficient obtained from this work (0.9%/µg) was not 

that far from the findings of Hasselblad et al., though that resulted from higher exposures. If similar 

results are obtained from different environments, and in particular from studies inside and outside, this 

would give more confidence in the value. Heather was asked to clarify the definition of ‘bronchitic 

symptoms’, and said that this was defined as children showing symptoms for at least 3 months per year. 

A second question concerned the selection of organic carbon (OC) rather than elemental carbon as an 

indicator of PM. The reply was that elemental carbon did not come through the analysis to the same 

degree as NO2 and OC.  
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Vina Kukadia 

Vina Kukadia described a guidance report, produced by BRE in collaboration with industry, on reducing 

the ingress of external pollution into buildings. This was followed by a comment that there is confusion 

between filtration and ventilation; for example, an air filter fitted in an office reduced the amount of 

particles by 95%. The advice given on NO2 suggesting that the building operator should take into 

account the reduction factor going inside was questioned, and it was clarified that the aim is to minimise 

the level. Another question focussed on the choice of PM10 versus PM2.5, with the reply that some of the 

work was done about 10 years ago when only PM10 measurements were available, but that industry had 

not moved on since then. There was a final comment about the usefulness of the wind tunnel picture to 

show where problems might be and the application of this to HPA advice about sheltering indoors in 

pollution episodes and about the siting of air inlets. 

The brief discussion to conclude this session returned to the issue of NO2. There is considerable interest 

from scientists and regulators in the annual average target level for NO2 and its relationship with PM10. 

The relevance of the findings by Hasselblad et al. to current exposures needs to be addressed. 
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A2.3 HPA Annual Lecture: Ambient particulate 

matter, cardiovascular disease and beyond 

Annette Peters, PhD 

Helmholtz Zentrum München – German Research Center for Environmental Health, Institute of Epidemiology 

II and Research Unit for Molecular Epidemiology, Neuherberg, Germany; Harvard School of Public Health, 

Department of Environmental Health, Boston, MA. 

Ambient air pollution has been consistently linked to cardiovascular disease. The health effects 

associated with ambient air pollution involve systemic inflammatory responses and potentially involve 

activation of the autonomic nervous system. Traffic-related exposures have the potential to trigger 

myocardial infarctions (Peters et al., 2012). 

Ultrafine or nano-sized particles defined as smaller than 100 nm have been recognized as potential health 

hazards and are being measured in ambient air for nearly two decades now. Data based on population 

studies are, however, sparse and have suffered from the lack of continuously measured ambient 

concentrations. Based on the relatively short half-lives of ultrafine particles in ambient air and their large 

spatial variability in urban areas, the assessment of population based exposures can be prone to error and 

individual exposures in population-based studies is likely to be misclassified. Nevertheless, 

epidemiological studies repeatedly have demonstrated associations between ambient ultrafine particle 

concentrations and hospital admissions and mortality as well as changes in risk factor profiles of 

cardiovascular diseases.  

On-going analyses based on data from the KORA study in Augsburg indicated that personal exposure to 

ultrafine particles and noise are associated with changes in heart rate and heart rate variability. However, 

both exposures were only weakly correlated and cardiac responses differed with respect to measure of 

autonomic function and timing of the responses.  

Overall, systemic effects of fine and ultrafine particles suggest that systemic effects of air pollution affect 

multi organs (Peters, et al., 2011 & Ruckerl, et al., 2011) and that health effects from combustion 

particles can be consistently observed when considering outdoor and indoor sources.  
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B3. Measurement and exposure assessment – air 

pollution  

B3.1 Presentations 

B3.1a Air quality guidelines – bridge between 

science and policy 

Michal Krzyzanowski 

WHO European Centre for Environment and Health, Bonn, Germany 

Prevention of health effects of air pollution relies on the evidence generated by research on hazardous 

properties of various air pollutants, on effects of pollution on susceptible populations, distribution of the 

exposure in the population, sources of the exposure, dispersion and transformation of pollution in the 

atmosphere, and human activities contributing to the pollution. The advances in research methods 

enabled identification of relatively small risks, often not detectable on individual level but, due to the 

widespread exposure, affecting population health significantly. While the exposure to many of the 

hazardous pollutants decreased considerably in most of Europe in the previous decades, the progress is 

less evident in the last years in spite of the European and national policy objectives aiming to reduce the 

health burden of air pollution. This might be due to the increasing difficulty in implementing 

economically and socially acceptable actions on pollution reduction, but may also result from the 

insufficiently clear messages emerging from the science, from their fragmentation and methods of 

communication inadequate for influencing policy debate. In some countries, the lack of locally 

accumulated evidence is used as an argument for inaction.  

Hundreds of research papers are published in scientific literature annually. Few have direct application to 

policies. Creating a support to policies using results of the more and more specialized studies requires 

integration and synthesis of this dispersed evidence. Consistency of results from research conducted in 

various populations, with various methods and by various research disciplines reduces the uncertainty of 

conclusions from individual studies. Systematic review of literature, involving critical assessment of 

each study and careful interpretation of the evidence by, often multidisciplinary, teams of experts is 

increasingly the source of conclusions supporting policies. The evidence reviews conducted by the UK 

Committee on Medical Effects of Air Pollutants or the US Environmental Protection Agency are 

paramount examples of this approach. However few countries in the world have sufficient scientific 

resources and expertise allowing such national reviews.   

On an international level, WHO Air Quality Guidelines provide support to policy makers since their first 

edition in 1987. Their advantage, compared with the national assessments, consists of the ability to 

involve globally top experts in their development and update, and to address conditions prevalent in a 

wide range of countries, also those with poorly developed research resources but often poor air quality. 

By providing consistent assessment of the globally available evidence to all governments in the world, 

they establish an equitable health-based framework for clean air policies.  
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While the WHO global guidelines compensate, to a large extent, the lack of local research expertise and 

evidence, they are not always sufficient to initiate actions to reduce exposure of people to air pollution 

and its adverse health effects. Lack of local data on pollution levels or obsolete national legislation not 

taking into account the WHO guidelines are often excuses for the lack of action. Efforts to estimate 

burden of disease in those parts of the globe using estimates of exposure based on modelling or, recently, 

of remote sensing, may provide an additional, important argument for improved air quality monitoring 

and policy action. New research is needed to advance those methods and increase reliability of their 

results. At the same time, expansion of air quality and health research to developing countries will 

increase confidence in the current generalization of results of studies conducted in high-income countries 

to the global level. 

Identification of the critical gaps in knowledge established by the systematic reviews of accumulated 

evidence, by the work on estimating burden of disease due to air pollution and on assessment of health 

benefits related to pollution reduction generates questions for new, focussed research. Questions asked 

by public health and environment policy makers identify the expectations to research with potentially 

most direct application in health protection actions.  This is an important feedback to research and its 

funding mechanisms. Participation of the research community in the “translational research” preparing 

guidelines and reviews of evidence enables new research with a potential for direct application in actions 

to reduce or prevent adverse health impacts of air pollution. 
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B3.1b Some observations on the relationships 

between ambient particle count data, particle mass 

concentrations and other atmospheric pollutants in 

the UK. 

David Muir. 

Muir Environmental Ltd, 1 Samian Way, Stoke Gifford, Bristol, BS34 8UQ/Air Quality Management Resource 

Centre, University of the West of England, Frenchay Campus, Coldharbour Lane, Bristol, BS16 1QY 

Background and objectives 

Although it is generally recognised that atmospheric particles have adverse effects on human health there 

is still debate over a number of issues relating to these effects.  These include the questions of which size 

fraction(s) are mainly responsible, what part chemical composition plays and whether chronic and acute 

effects are due to different fractions of the atmospheric particles.  Further, for the purposes of Air Quality 

Management, it is important to understand which sources need to be targeted.  To date attention, at least 

in terms of legislation, has been concentrated on particles as measured by mass and especially on the 

PM10 fraction.  More recently the UK Government’s Committee on the Medical Effects of Air Pollution 

(COMEAP) has suggested that the PM2.5 fraction is of greater importance and especially so in relation in 

relation to chronic effects (COMEAP, 2009; COMEAP, 2010).  Experimental work (Donaldson et al., 

1998; Stone et al., 1998) has indicated that. 

This paper seeks to examine if there are any relationships between ultrafine particles, other particle 

metrics and gaseous pollutants as measured in the UK Automatic Urban and Rural Network (AURN) 

and, if there are such relationships, how they may provide information on the sources of the ultrafine 

particles.  In part this will be done by the simple use of correlation coefficients, in part by examination of 

diurnal variations in concentrations and in part by the distribution of different size fractions of particles.  

Data from both long term (background) monitoring and short periods of elevated concentrations of PM10, 

PM2.5 and/or other pollutants will also be considered. 

Study description 

Particle numbers have been measured at a total of nine AURN sites using two methods, Condensation 

Particle Counter (CPC) and Scanning Mobility Particle Sizer.  The CPC method measures the total 

number of particles in the size range 7 – 1000 nm whereas the SMPS measures the number of particles in 

each of 51 size bands centred between 12 and 437 nm (1998 - 2007) and between 16.55 and 604.2 nm 

(2007 onwards).  This difference is due to replacement of the original equipment.  The monitoring sites 

involved are listed in Table 1 with the methods used at each, the periods of availability of data and data 

capture rates in brackets.  More information on the monitoring techniques is available in the network 

reports available on the UK-Air website1. 

 

 

____________________________ 

1
http://uk-air.defra.gov.uk/library/reports?section_id=13&sort=date 

http://uk-air.defra.gov.uk/library/reports?section_id=13&sort=date
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Table 1 UK Particle number monitoring sites 

Site name Method Data availability Site name Method Data availability 

London Marylebone Road SMPS 1998 – 2009 (43.2%) Harwell CPC 2007 – 2009 (61.5%) 

London Marylebone Road CPC* 2001 – 2008 (52.6%) Belfast Centre CPC 2000 – 2007 (69.7%) 

London Bloomsbury SMPS 1998 – 2007 (38.6%) Birmingham Centre CPC 2000 – 2009 (64.3%) 

London Bloomsbury CPC* 2002 – 2004 (41.8%) Glasgow Centre CPC 2000 – 2007 (52.2%) 

London North Kensington SMPS 2007 – 2009 (59.5%) Manchester Piccadilly CPC 2000 – 2007 (56.6%) 

London North Kensington CPC 2001 – 2009 (76.6%) Port Talbot CPC 2000 – 2007 (71.6%) 

Harwell SMPS 1998 – 2009 (51.5%)    

* Instrument shared between these two sites 

It will be noted that the data capture rates for these sites are far lower than is usual in the AURN.  More 

information on this is available in the network reports1
.  The relatively low data capture rates do mean 

that there will be less certainty in the conclusions that can be drawn from these data.  On a more positive 

note the loss of data is spread throughout the period and so the remaining data should be reasonably 

representative. 

Data were downloaded from the UK-Air website for both particle counts and for all other available 

pollutants at the monitoring sites listed in Table 1. 

Results and Discussion. 

Diurnal variations in concentration. 

For the CPC data there are inevitably differences in the numerical values of the long term averages at the 

various sites but the patterns are similar with a marked morning peak and a less pronounced peak in the 

afternoon suggesting road traffic sources.  The shapes at all but Port Talbot resemble the diurnal 

variations for PM10.  The Port Talbot PM10 diurnal pattern has a single peak in the early afternoon 

reflecting the industrial nature of the site. 

The SMPS data for the London sites, although much more complex because of the number of size 

fractions, present a broadly similar pattern with the morning peak being especially pronounced at 

Marylebone Road for the smaller fractions.  At Harwell there is a small morning peak but the general 

pattern is much flatter as is the case with PM10 and PM2.5 at this site. 

Correlation. 

There is variation year to year in the strengths of correlations between the particle count data from either 

method and the various other pollutants and also between the correlations at the various sites.  The 

overall correlations are given in Table 2. 
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Table 2 Correlation Coefficients for CPC data. 

Site CO PM10 NO NO2 NOX O3 SO2 PM2.5 Coarse  

London Marylebone Road 0.66 0.65 0.83 0.75 0.84 -0.53 0.57 0.62 0.57 

London Bloomsbury 0.39 0.28 0.55 0.50 0.56 -0.35 0.31 0.33 0.35 

London North Kensington 0.63 0.43 0.60 0.73 0.68 -0.46 0.38 n/m n/m 

Harwell n/m 0.29 0.31 0.55 0.53 -0.22 0.19 0.38 0.16 

Belfast Centre 0.43 0.42 0.67 0.74 0.74 -0.47 0.54 n/m n/m 

Birmingham Centre 0.45 0.41 0.65 0.68 0.72 -0.33 0.40 n/m n/m 

Glasgow Centre 0.38 0.38 0.48 0.51 0.51 -0.26 0.22 n/m n/m 

Manchester Piccadilly 0.43 0.42 0.51 0.56 0.56 -0.30 0.21 n/m n/m 

Port Talbot n/m 0.33 0.31 0.32 0.34 -0.15 0.37 n/m n/m 

n/m = not measured 

Notable points here are the consistent negative correlation between the particle counts and ozone 

concentrations, the relatively high correlation between particle counts and those pollutants most 

associated with road traffic at the one roadside in this list, London Marylebone Road and the lower 

correlation between particle counts and oxides of nitrogen at the industrial Port Talbot site. 

In the case of the SMPS data the number of size fractions, 51, precludes presentation of details here.  

There are two general points that should be made.  Firstly, the correlations between the particle count 

data and ozone are very low and usually negative.  Secondly, all the correlation coefficients are lower 

than for the CPC data.  It should also be noted that most of the comments below relate to the original 

instruments and consider only the data from 1998 to 2006. 

At the Marylebone Road site the correlation coefficients between the pollutants other than ozone are, 

best, in the range 0.3 nm to 0.5 nm.  Although there is some variation between the different size fractions 

this is not great.  In contrast at the Bloomsbury site the correlation coefficients are slightly higher than at 

Marylebone Road and are somewhat higher for the larger size fractions than for the very small particles.  

At the Harwell site the correlation coefficients are again higher than at Marylebone Road and are 

markedly better for the larger particles.  Finally, there are some limited data available for Black Carbon 

at Marylebone Road and North Kensington and here the correlation is far better than for any other 

pollutant, being as high as 0.90 - 0.94 at Marylebone Road for many of the size fractions.  Also at 

Marylebone Road the strongest correlations are noted for particles from the finest up to about 300 nm 

diameter whereas at North Kensington they are strongest for particles from about 75 nm diameter up to 

604.2 nm diameter. 

Size distribution. 

The SMPS data for 1998 to 2006 show that over the whole period the average numbers of particles at 

three sites were approximately: Marylebone Road – 128,000, Bloomsbury – 40,000 and Harwell – 

22,000.  More detailed examination of the size distributions, using normalised data, shows that in general 

the Marylebone Road particle counts are dominated (80%) by particles below about 80 nm diameter 

whereas at both Bloomsbury and Harwell this cut-off point is at about 100 nm.  There is little seasonal 

difference in the shape of the size distribution at either Marylebone Road or Bloomsbury but whereas 

there is little seasonal difference in the counts at Marylebone Road the winter counts at Bloomsbury are 

almost double the summer counts.  There are marked seasonal differences at Harwell which have been 

discussed elsewhere (Charron et al., 2007a, 2007b). 
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Episodes. 

Two main episodes have been considered.  The first was in August 2003 when there were widespread 

incidences of high concentrations of PM10, PM2.5 and ozone.  This episode coincided with reports of 2045 

more deaths than would have been expected.  It has estimated that between 423 and 769 of these can be 

attributed to the effects of air pollution (Stedman, 2004).  A similar conclusion has been reached for the 

Netherlands (Fischer et al., 2004).  Although it is not made explicit the implications are that these deaths 

were predominantly due to acute effects of air pollution. The second was a short period of elevated PM10 

and PM2.5 at Marylebone Road in March 2001.   

For August 2003 SMPS data are only available for Marylebone Road and then only for part of the 

duration of the episode.  Even with this limited dataset it is evident that during the episode particle 

numbers in all size ranges were very much lower than average.  CPC data are available for five sites at 

three of which the particle counts during the episode were lower than average or about average.  At 

Bloomsbury particle counts were sometimes higher than average and this was also the case, but to a 

slightly greater extent at Birmingham Centre. 

On 4 and 5 March 2001 concentrations of both PM10 and PM2.5 were elevated for a period of several 

hours at Marylebone Road.  During this period concentrations of CO, NO2 and NOX were also elevated 

suggesting road traffic influences but particle numbers were below average in the smaller size fractions 

and average in larger size fractions. 

Conclusions 

The indications from this limited study are that during pollution episodes involving “traditional” 

pollutants particle numbers are not always increased and may well be reduced.  It does however appear 

from the SMPS data that particle numbers are related to road traffic emissions even though correlations 

with NO2 and most other pollutants usually associated with road traffic are relatively weak.  The one 

strong correlation is with Black Carbon which is strongly associated with diesel emissions. 

Equally there are occasions when particle number counts are elevated with little or no increase in any of 

the particle mass metrics.  This is, perhaps, not unexpected as the finest size fractions are generally 

regarded as making a relatively small contribution to overall particle mass. 

Working from this it is considered possible that particle numbers have, at best, weak associations with 

acute adverse health effects of air pollution but, especially given the proven inflammatory responses 

produced in in vitro experiments, their health impact could be most associated with chronic health 

effects. 
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Background and objectives 

Measurements at appropriate spatial and temporal scales are essential for understanding and monitoring 

spatially heterogeneous environments with complex and highly variable emission sources, such as urban 

areas. In this presentation we show that miniature, low-cost electrochemical gas sensors, traditionally 

used for sensing at parts-per-million (ppm) mixing ratios can, when suitably configured and operated, be 

used for parts-per-billion (ppb) level studies for gases relevant to urban air quality. Sensor nodes, 

consisting of multiple individual electrochemical sensors, can be low-cost and highly portable, thus 

allowing the deployment of high-density air quality sensor networks with fine spatial and temporal 

scales, in both static and mobile configurations. In this presentation we build on the results shown in an 

accompanying poster (Stewart et al., this conference) and illustrate the current capabilities of state-of-

the-art electrochemical sensors for air quality applications. 

Performance of electrochemical sensors at parts-per-billion mixing 

ratios 

Work described in the accompanying poster show that both in the laboratory and in the field parts-per-

billion level performance can be achieved using state of the art electrochemical sensors (see figure 1). 

The results show the sensors to be highly linear (see poster) and in general highly selective, although 

there are some significant cross-interferences (e.g. between O3 and NO2). 

  

Figure 1  Laboratory calibration plot for nitrogen dioxide electrochemical sensors 

The figure illustrates sensor performance in laboratory tests using known calibration gas concentrations, in this case for 

two different sensors. Linear regressions show a high degree of linearity, with regression coefficients of 0.9996 or better, 

with the small differences in gain readily accounted for. Comparable performances were obtained for NO and CO 
electrochemical sensors, although for NO2 sensors in the field, interferences with O3 must be accounted for.  

Performance in field studies – mobile sensors 

To date the largest scale mobile sensor network deployment has been in Cambridge and comprised 40 

sensor nodes. As part of this deployment, units were deployed using pedestrians, cyclists and vehicles. 

Spatial coverage extended over 10km by 10km area, but was weighted towards the heavily trafficked city 

centre. 3D plots of CO, NO and NO2 measurements from this deployment are shown in figure 2.  
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Figure 2  3D plots (left to right respectively) of CO, NO and NO2 mixing ratios giving 

overviews of measurements obtained during a mass mobile sensor deployment.  

The peak heights correspond to mixing ratio, with maximum values of 7 ppm, 4.5ppm and 840 ppb for CO, NO and NO2 

respectively. For all species highest mixing ratios are generally seen associated with traffic, although large scale 
meteorological patterns influence overall levels. 

 

Visual inspection of Figure 2 enables pollution ‘hotspots’ to be identified, usually located where traffic 

density is highest, however, more sophisticated analysis methods allow more subtle exposure features to 

be extracted from the data. One example of this is shown in figure 3, where pollution levels have been 

disaggregated by transport mode.  

    
Figure 3  Probability distributions of CO, NO and NO2 mixing ratios obtained during the 

Cambridge deployment, disaggregated by transport mode. 

Given the ‘snapshot’ nature of the study, some caution must be applied to their interpretation, however, 

at face value, it seems that vehicle occupants are exposed to significantly higher CO and NO 

concentrations than cyclists or pedestrians, while pedestrians appear to be exposed to a higher NO2 tail in 

the distribution, presumably reflecting canyon effects. 

As a further illustration of the mobile sensor node capability, in figure 4 are shown probability functions 

obtained during short-term deployments in Cambridge (UK), Valencia (Spain) and Lagos (Nigeria). 

Subject to caveats about representativeness, there are clear differences in all three species, most notably 

between Lagos and the European cities. 

 

 

Figure 4  Probability functions of CO, NO and NO2 obtained during short-term 

deployments in Cambridge (UK), Valencia (Spain) and Lagos (Nigeria) 
 

While the measurements obtained in Cambridge and Valencia are broadly comparable (see inset in CO figure), those in 

Lagos are substantially higher, particularly in the case of CO where mixing ratios in excess of 20 ppm are frequently 

seen. 
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Performance in field studies –long term static sensors 

Studies have also been undertaken using the sensor nodes for longer-term static measurements, generally 

mounted on street furniture. Figure 5 illustrates the typical gain properties of sensors (in this case an NO 

sensor) over an 11 month period, evaluated against a ratified reference instrument. No statistically 

significant change over the period is observed. 

 

Figure 5  Time series of sensor gain for 11 months of NO measurements, calculated by 

comparison with a reference instrument.   

The drift in sensitivity/gain is 13% ± 13% (1σ), showing that, within the experimental errors, the stability of the sensor has 

remained unchanged over an 11 month  measurement period. Error bars in the figure represent ± 1σ of the calculated gains 
for the different periods.  

A network of static sensor nodes was deployed in the Cambridge area for a period of approximately 2.5 

months from 12
th
 March to 26

th
 May 2010.  In total, 46 static sensor nodes were deployed as part of the 

static network, 21 of which were in central Cambridge (see figure 6). Sensors were mounted at a height 

of 3m. 

   

Figure 6 Static sensor node locations used for the Cambridge static deployment (left), 

with typical lamppost mounting (photograph right). 

 

Selected time series of carbon monoxide from six sites from this deployment are shown in figure 7, with 

additional statistical information displayed through the use of bivariate plots (generated using the 

OpenAir open source air quality analysis tool (OpenAir, 2010)). These plots illustrate several features. 

Firstly there are marked differences between the inner city sites and outer sites, with generally far higher 

mixing ratios seen in the inner sites associated with the greater traffic density, but also canyon effects 

where elevated mixing ratios are observed associated with particular wind directions. This will be further 

illustrated in the presentation. Interestingly, despite its proximity to major roads, some of the outer city 

sites showed low values. Other statistical information can be derived from the data, including the 

‘weekend effect’. 
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Figure 7  Selected CO time series obtained during a 2.5 month static sensor network 

deployment 

Also shown are bivariate plots of the data illustrating the dependence of species concentration on wind speed and 

direction. These show significant canyon effects which will be discussed in detail during the presentation. Because of its 
larger values, the inner city bivariate plot (bottom right) is on a different scale. 

 

Discussion and Conclusions 

We have demonstrated that when suitably configured, electrochemical sensors are now available which 

can provide highly sensitive, linear and in many case highly selective measurements of urban pollutants 

at the parts-per-billion level. This has allowed the construction and deployment of portable and static 

multi-sensor node networks which can provide air quality measurements traditionally viewed as only 

achievable by costly and sparse fixed site monitoring stations. This technology can also achieve 

measurement densities, ready scalability, portability and low cost unachievable by current fixed site 

networks which collectively promises to add hugely to the capability for monitoring urban air quality for 

legislation and personal exposure. 
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B3.1d New advances in environmental air monitoring  

Nicola M. Watson 

Markes International, Llantrisant, CF72 8XL, United Kingdom 

Introduction  

Many techniques are available for the sampling and measurement of VOCs in air/gas, but which is the 

best to use? Canister samples are the current gold standard for analysis of air toxics and other volatile 

organic compounds at various concentrations, but as the list of target compounds continues to grow, 

canisters are being pushed to their performance limit. Another option is the use of sorbent tubes. They 

are very versatile and depending on the sampling situation various techniques can be used to retain 

VOCs on the media; diffusive (passive) and pumped (active) sampling.  

There is no one correct method but rather the use of a range of sampling methods will give the best 

overall picture. The paper will discuss the options available for sampling a variety of VOCs in a range of 

sampling situations and the advantages of each technique, including the latest developments in analysis 

and detection of VOCs, and advanced data processing software. 

Overview 

Samples of vapour-phase volatile organic chemicals (VOCs) in ambient air are collected in a number of 

different ways, of which sorbent tubes, canisters and bags are the most popular (Woolfenden, 2010a; 

Woolfenden, 2010b). The representative sample of pollutants that results is then typically analysed by 

GC–MS. 

However, in order to transfer a sample to the GC–MS without injecting large volumes of gas, a pre-

concentration device is needed. Ideally the concentration device should allow selective retention of target 

VOCs while potential interferences such as water and CO2 are purged to vent. The state-of-the-art pre-

concentration devices (focusing traps) built into modern thermal desorbers (TDs) are electrically-cooled 

and configured such that retained analytes are desorbed/injected into the GC–MS with carrier gas 

flowing in the reverse direction to that used during the trapping/concentration process. Such ‘backflush’ 

desorption means the focusing trap can be packed with multiple sorbents in series, allowing a wider 

range of analytes to be sampled simultaneously (Figures 1 and 2). 
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Figure 1. Multi-bed focusing trap (Markes International Ltd, UK), showing weak sorbents at the left for trapping semi volatile organic compounds and strong 

sorbents at the right for trapping very volatile organic compounds. 

 

Flow during focusing / 
sampling onto trap 

Flow during trap 
desorption 

Figure 2. Tube desorption demonstrating simultaneous analysis of a wide range of compounds 

relevant to materials emissions testing. Sample contains 1 µL of a 100 ng/µL standard loaded on 

to a multi-bed sorbent tube (Tenax TA, Carbograph 1TD, Carboxen 1003. 
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The choice of air sampling method depends on the volatility and polarity range of the VOCs of interest 

(Woolfenden, 2010a; Woolfenden, 2010b) and also varies from country to country, primarily because of 

historical investment. The USA, China and Japan, for example, have traditionally preferred canisters for 

time-weighted monitoring or grab sampling of the lighter VOCs (US EPA Method TO-15, 1999; Liua et 

al., 2008; ASTM D5466-95), whereas methods across Europe and the rest of Asia have more typically 

favoured active or passive sampling using sorbent tubes (Ciccioli, 1993; Cao & Hewitt, 1999; EN ISO 

16017).  

Online/real-time air monitoring is also used extensively for kinetic studies and for compliance with 

specific regulations that require real-time monitoring data – for example, C2 to C10 hydrocarbon ozone 

precursors (EPA/600-R-98/161), odorous sulfur compounds (Kim et al., 2005a; Song et al., 2007)
 
and 

some trace perfluorinated compounds which are now known to be potent and long-lived greenhouse 

gases (Wevill, 2009).  

Each air sampling/monitoring technique has its inherent advantages and disadvantages, and these have 

been explored in detail in previous work (Woolfenden, 2010a; Woolfenden, 2010b).  

New advances for air sampling using canisters 

High-level samples 

Small canisters (around 400 mL volume) have been growing in popularity for grab-sampling high-

concentration volatiles (with vapour-pressures greater than that of n-nonane). Pre-concentration/trapping 

is still required prior to analysis in order to selectively eliminate the bulk constituents of air, especially 

oxygen, which would otherwise adversely affect the performance of the GC column and detector. 

However, sample volumes must be minimised to prevent overloading and/or contaminating the analytical 

system. Care is also required for small volumes of air to be quantitatively transferred without introducing 

uncertainty, and this is usually achieved using gas sample loops, capable of accurately metering sample 

volumes in the order of a few hundred microlitres.  

A recent development has enabled gas loop introduction to be combined with the latest TD trapping 

technology, post-desorption sample splitting and enhanced line purging such that high-concentration 

samples can be automatically processed without compromising measurement accuracy and with 

sufficiently low carryover to enable much lower-level samples to be reliably measured on the same 

analytical system. Incorporating these techniques in to a single system set-up allows flexibility in the 

analysis of unknown concentration samples with the added capability of running trace and high 

concentration samples in the same analytical sequence without compromising results. Prior to this 

development, samples would have to be prescreened on a separate system and once assessed dilution of 

high concentration samples using a diluent gas would have to be carried out (US EPA Method TO-15, 

1999; Bowles & Burt, 2009), this was a time consuming and labour intensive set-up and by diluting the 

samples errors and more importantly the reporting limits will be elevated (Bowles & Burt, 2009). 

The excellent linearity was obtained across this range of air sample volumes, despite using two different 

approaches to metering the volume introduced to the focusing trap, shows good correlation of the data 

from samples introduced via gas sample loop and those metered using mass flow control. It is also 

noteworthy that these two methods were employed on the same platform. Combined with the low 

carryover, this indicates that it should be possible to extend the concentration range of automatic canister 
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air analysis, without fear of system contamination. One benefit of this is that it should allow pre-

screening of unknown samples in order to optimize parameters for subsequent quantitative analysis.  

Tests were also carried out to evaluate whether or not this new capability could be used to quantify trace- 

and high-level contaminants in a single, heated canister air sample (Figure 3). While canisters are not the 

ideal sampling method for higher-boiling contaminants they are occasionally applied for middle-distillate 

fuels by heating the canister during subsequent analysis.  In this case vapors from a light diesel fraction 

were analyzed first with a low-volume sample (2 mL, black trace) to quantify high-concentration 

components and then a larger sample volume (100 mL, blue trace) to analyze trace-level components. 

 
 Figure 3. High-concentration vapours from a light diesel fraction collected in to a canister and analysed 

using TD–GC/MS (CIA-Advantage™ system, Markes International Ltd); selected peaks are indicated and 

their approximate concentrations given. Black trace: 2 mL sample taken using a gas loop. Blue trace: 100 

mL sample taken using an MFC. Inset: Zoomed-in plot, demonstrating the greater sensitivity that results 

from using MFC sampling. 

Optimizing analysis of low-level canister air samples 

For trace-level target compounds, a large canister (6 L) is typically used to collect the sample, with a 

large volume (1 L) being introduced to the analytical instrument in order to achieve good limits of 

detection. Furthermore, for trace-level monitoring it is important that the entire pre-concentrated sample 

is subsequently injected into the GC(MS) for maximum sensitivity. In this case, and as has been reported 

previously, a narrow-bore focusing trap, offering high linear gas velocity through the trap during the 

desorption/transfer to the GC column (Figure 1), helps ensure good peak shape for early-eluting 

compounds (Woolfenden, 2010a; Woolfenden, 2010b), even under splitless conditions. 

Historically, the detection of very low-level compounds in air (<<1 ppb) was possible using sensitive 

detectors specific for the compounds of interest – for example, flame photometric detection (FPD) 

provides significantly improved sensitivity for sulfur-containing compounds (Kim et al., 2005b). 

Alternatively, the latest TD trapping technology in combination with quadrupole MS in selected ion 

monitoring (SIM) mode can provide very low detection levels (Wevill, 2009). However, in each of these 

cases, compound identification relies on a limited number of characteristic ions and stable retention 

times. In this mode, to improve sensitivity the vast majority of the spectral data are lost, so full 

characterisation of the sample is rarely possible in a single analysis.  

Time-of-flight (TOF) MS detectors for GC overcome this limitation by monitoring all ions 

simultaneously across the mass range. This makes them significantly more sensitive than scanning mass 

spectrometers such as quadrupoles for collection of full spectral information. The sensitivity of TOF 
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technology typically allows SIM-type detection limits to be achieved for very low-level samples without 

sacrificing spectral information. Conversely the sensitivity of TOF can also be harnessed to offer more 

flexibility for ‘normal’ ambient air monitoring applications. By allowing the collection of smaller sample 

volumes, method detection limits are not compromised relative to quadrupole mass spectrometers used in 

full scan mode. There are several advantages to analysing smaller canister air volumes. Smaller canisters 

are easier/cheaper to transport and using smaller volumes allows more repeat analyses to be carried out 

on a single sample, if required. Use of smaller sample volumes also means that less water is introduced 

into the system during analysis of humid samples.  

Figure 4 shows that Freon® 113 (present in the atmosphere at ca. 80 ppt) can be confidently identified in 

as little as 10 mL of semi-rural air using TD–GC–TOF MS. NB Freon® 113 provides a useful 

atmospheric ‘internal standard’, as its lifetime in the atmosphere is about 90 years and it has a uniform 

distribution over the globe. 

  
Figure 4. Total ion chromatogram showing splitless analysis of only 10 mL of semi-rural air using TD–GC/TOF 

MS (TOF MS; BenchTOF-dx™ ALMSCO International Ltd, UK). Inset: Extracted-ion chromatogram for a 

characteristic fragment ion of Freon® 113 (present in the atmosphere at ca. 80 ppt).  

Depending on analyte breakthrough volumes during focusing, another approach to improving detection 

limits may be to use a larger sample size. However, this would require larger canisters for sample 

collection, with consequent implications for the cost of shipping and storage, and the ease of deploying 

them in the field. 

Recently, there has been a shift in the USA away from canisters, driven by growing interest in 

compounds that cannot be quantitatively or reliably recovered from canisters under real world conditions 

(e.g. naphthalene). Sorbent tubes are now increasingly deployed, as they allow a much wider range of 

compounds to be analyzed (Hayes et al., 2007). Sorbent tubes also provide greater sample stability as 

polar compounds are prone to adsorption on to the canister walls (Coutant, 1993). This can be avoided if 

the correct type of canister is used i.e. fully passivated and not electropolished (Kelly et al., 1993). 

Studies have also shown that humidification of the sample provides longer holding times for the polar 

species (Kelly et al., 1993). 

New advances for air monitoring using sorbent tubes 

Extending the VOC sampling range 

Sorbent tubes offer numerous advantages for air monitoring, as they are easy to transport, compatible 

with a wider range of compounds, and are inherently compatible with a much wider range of air sample 
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volumes. They are also compatible with analytes over a much wider polarity and volatility range. As 

with focusing traps (e.g. Figure 1), the sorbent combination can be varied according to the compounds of 

interest, with a series of multiple sorbents being used to retain/release the widest range of compounds.  

The choice of sorbent(s) principally depends upon the volatility (specifically the vapor pressure) of the 

analyte concerned. Appropriate sorbent selection and combination have been discussed elsewhere in 

greater detail (Woolfenden, 2010a; Woolfenden, 2010b). However, for information, typical sorbents and 

their applicable analyte volatility range are shown in Table 1. 

Table 1. Popular sorbents and their respective volatility ranges 

Sorbent name Volatility range 

Quartz wool/silica 
beads 

C30–C40 

Tenax TA™ C7–C30 

Carbograph 2TD™ C8–C20 

Carbograph 1TD™ C5/6–C14 

Carbograph 5TD™ C3/4–C8 

Carboxen 1003™ C2–C5 

Carbosieve SIII™ C2–C5 
 

By choosing an appropriate sorbent combination, a whole suite of compounds can be analyzed using 

only one sorbent tube. One such example is the analysis of 62 air toxic compounds ranging in volatility 

from Freon’s to hexachloro-1,3-butadiene (Figure 5) collected on to a dual-bed sorbent tube. 
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Figure 5. Sample equivalent to 1 L of a 2 ppb standard sampled 

using dual bed sorbent tubes and analyzed splitless using two-

stage thermal desorption 
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Benefits of small sample volumes for sorbent tubes using piston pump sampling 
Piston pumps facilitate rapid collection of small volumes of air or gas and offer advantages to 

many air monitoring applications. For example, low sample volumes reduce the risk of volatile 

components breaking through the sorbent bed during sampling. They also minimize water 

retention. Sensitive analytical detectors such as TOF MS can be used to maintain required 

detection limits.  

Figure 6 shows analysis of a small volume of air collected near the exhaust of a diesel car using 

a multi-bed sorbent tube and a piston pump. Note that the type of sorbent tube used in this case 

is usually rated for C4/5 to C30, but compounds as light as propene were quantitatively retained. 

  
Figure 6. Chromatogram of a 50 mL sample of air taken near a diesel exhaust, analyzed using TD–GC/TOF 

MS (BenchTOF-dx™, ALMSCO International Ltd, UK). Note quantitative retention of C3 hydrocarbons on a 

tube rated for C4/5 to C30.  

Ambient air monitoring procedures using TD-GC with conventional quadrupole MS technology in scan 

mode have typically required splitless analysis of sample volumes in the order of 1 L to reach the 

detection limits required by the standard methods (US EPA Method TO-15, 1999; US EPA Method TO-

17, 1999). However, unless care is taken to selectively eliminate water (Gawlowski et al., 2000; Gawrys 

et al., 2001), particularly when monitoring humid atmospheres using tubes containing strong sorbents, 

such large air sample volumes could lead to the transfer of relatively large quantities of water (> 500 µg) 

into the chromatographic system. Potential adverse analytical effects could then include split 

discrimination, shifting retention times, variable detector response, or masking of high-volatility 

compounds. A combination of small sample volumes and high sensitivity TOF MS detection overcomes 

these issues.  

Figure 7 shows the analysis of 500 mL of a 4 ppb-level standard of volatile hydrocarbons. The sample 

was analyzed using TD-GC with three different detection techniques – a quadrupole mass spectrometer 

in full-scan and SIM mode, and a TOF mass spectrometer. The split flow was re-collected on to a clean 

sorbent tube during each run to facilitate repeat analysis of the same sample by each of the detection 

methods. Three different detection techniques were chosen to show the enhancement in sensitivity that 

occurs when using TOF detection. Published specifications of quadrupole analyzers have signal to noise 

ratios for octafluoronaphthalene (OFN) between 160:1 – 450:1 for full scan mode, however this depends 

on the mass range that was chosen when the signal to noise check was performed. A general signal to 

noise value for quadrupoles tends to be 400:1 for a mass range 50 to 400 m/z. Just as quadrupoles differ 

in sensitivity so do TOF instruments and published specifications for OFN signal to noise range from 

10:1 to 1000:1. The instrument used in this paper has a published specification for OFN signal to noise of 

1000:1 over 1- 1000 m/z. 
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Isoprene 

SIM (Quadrupole) 

Figure 7. 500 mL of a 4-ppb level 

hydrocarbon standard collected on 

a multi-bed tube using a piston 

pump, and analyzed by TD–GC/MS 

(using a quadrupole mass 

spectrometer (full-scan, blue; SIM, 

red) and a TOF mass spectrometer 

(black – BenchTOF-dx™ ALMSCO 

International Ltd, UK). Table inset 

shows the root-mean-square (RMS) 

signal-to-noise ratio (S/N) for isoprene 

using the ion at m/z 67. The inset 

shows extracted-ion m/z 67 for 260 

pg of isoprene on column, showing 

excellent peak shape and a signal-

to-noise ratio for TOF MS implying a 

detection limit for isoprene of <<10  

pppt under the conditions used.  

 



61 
Prepared by IEH for the 2012 Annual UK Review Meeting on Outdoor and Indoor Air Pollution Research 

 3-4 May 2012 

 

 

RMS signal-to-noise ratios (S/N) for each of the detection methods are shown for isoprene using the ion 

at m/z 67. The full-scan quadrupole method is near the detection limit, assuming at lower limit of 3:1 

S/N, while both the SIM quadrupole and the TOF methods provide S/N ratios above the limit of 

detection. However, using the quadrupole in SIM mode means spectral information is lost, 

compromising analysis of unknowns and increasing the possibility of false positives. With the TOF 

detector full spectral information is retained while detection limits remain at or better than those obtained 

from a quadrupole in SIM mode. 

Summary 

These examples have shown how recent advances in air monitoring technology have extended the range 

and robustness of GC-based analytical procedures for air samples collected using either canisters or 

sorbent tubes. Some of the potential applications and advantages that have been explored here, include 

automated screening of uncharacterized canister samples, reliable detection of very low-concentration 

species and technologies to facilitate transition from canisters to sorbent tubes, with the employment of 

simple grab sampling devices.  

With the advancement of air sampling techniques and technology excellent linearity and detection 

methods are available to ensure laboratory inaccuracies are minimized. The greatest area for inaccuracy 

when making ambient air measurements now lies with the sample collection itself. This paper has 

discussed the two main sampling types for VOC collection, canister sampling and absorbent tube 

sampling and it is important to ensure that when taking the sample the correct collection method is 

employed. 

These new technologies lend themselves to sampling smaller air volumes on to sorbent tubes, which can 

dispel user worries about breakthrough volumes and humidity effects. Taking small sample volumes and 

combining this with powerful detection techniques, such as time-of-flight mass spectrometry, allows 

detection of trace compounds to be achieved either at the same level or at much lower limits of detection 

when compared to less sensitive detection techniques.   

However, more work is required to identify the limits of new time-of-flight mass spectrometer 

technologies when used in combination with TD-GC systems for real-world air monitoring. 
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B3.2 Discussion 

Research presentations discussion 

Michal Krzyzanowski 

Following his presentation, Dr Michal Krzyzanowski was asked whether the WHO was under any 

political pressure to dilute the NO2 objective. In his response, Dr Krzyzanowski said that they were not 

approached by any government or stakeholder agency with regard to diluting the NO2 objective. The 

value of a WHO review is that it is independent and not subject to review by government or agencies. 

Guidelines prepared by the WHO often deal with strong stakeholders and they are invited to present their 

ideas but the WHO is not under pressure from them. A delegate described first hand experience of 

UN/WHO conferences not raising the air quality issue at all and commented that it is a big task to 

educate an extremely important audience at the international level. Dr Krzyanowski responded that the 

WHO and UN processes recognise the NCD (non-communicable diseases) factor of sustainable 

development but it is the task of national governments to bring to the international forum the need to 

address risk factors, and that there is always the issue of political issue prioritisation and who is 

responsible for what. In a final remark, Professor Frank Kelly commented that in the UK there has been a 

recent change in mindset, particularly with the forthcoming establishment of Public Health England, and 

that PM2.5 is now being used as an indicator of air quality, on which directors of Public Health will have 

to report each year. 

At this point, to mark Dr Krzyzanowski’s forthcoming retirement from WHO, Bob Maynard presented 

him with a gift on behalf of the UK air pollution scientific community in recognition of the many years 

of service he has given to promoting international actions to reduce the incidence of adverse health 

effects caused by indoor and outdoor air pollution. 

David Muir 

Following David’s presentation, Bob Maynard commented that there is a vast amount of data that hasn’t 

been examined in detail and that such data allows the testing of epidemiological hypotheses. A delegate 

asked about the measurements used and how they can be considered representative of exposure of the 

surrounding population when one monitor is being used as an indicator. David Muir responded that the 

issue needs to be further addressed, although it is reasonable to say that  higher concentrations and higher 

particle counts occur near major roads, particularly those with many diesel vehicles. A comment was 

made about the results and the contrast with PM10 and coarse and ultrafine particles; these were 

considered to be in agreement with a Swedish study looking at the inside and outside of tunnels, where 

coarse particles were increased inside the tunnel with a lower concentration of ultrafine particles due to 

the quenching of the ultrafine by the coarse particles. A further question asked how black carbon was 

measured in the study, and David answered that the measurements were from the UK national network. 

Rod Jones 

Rod Jones was asked how the plot presented of NOx concentrations around Cambridge was generated in 

respect of the cross-sensitivity of the NO2 sensor with ozone. The reply was that the data were not 

corrected for ozone; the effect of ozone was very small compared to the levels of NO2 seen in the study 

and if the data are corrected there is a slight underestimate of the levels of NO2. In future studies, the aim 
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is to integrate ozone sensors as well as NO2 sensors. A further comment was that a small number of fixed 

sites have been used for years and there is a desperate need for personal monitoring of air pollution.  
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Background and objectives 

Extensive data archives exist for the black smoke metric, the historic measure of airborne particulate 

matter (PM). The black smoke method is sensitive to the dark particles, a fraction now generally termed 

black carbon (BC), when measured by optical methods. Black smoke is an important marker for 

combustion sources, and has been widely used in epidemiological studies, many of which show exposure 

to black smoke to be at least as predictive of negative health outcomes as PM10 or PM2.5 (Janssen et al., 

2011).  

When the black smoke calibration was established in the 1960s it corresponded to total mass 

concentration of PM sampled, but the substantial changes in PM composition over time mean this is no 

longer the case. However, in principle, it should be possible to derive a quantitative relationship between 

a black smoke value and the concentration of the BC component within the sampled PM. An expression 

presented in earlier publications (Quincey, 2007; Quincey et al., 2011) for estimating BC from black 

smoke is shown to have limitations that can be addressed by using a more systematic approach to the 

issue of corrections for increasing darkening of the filter (Heal and Quincey, 2012). This will facilitate 

improved retrospective quantification of historic concentrations of an important component of air 

pollution.  

Analysis 

The graphical relationship between filter darkness and surface particle concentration in the 1969 British 

Standard 1747:2:1969 is fitted by the following quartic polynomial for calculating British black smoke, 

BSIBRITISH, directly from the filter reflectance R (in %), 

BSIBRITISH =(F/V)[91679.2 – 3332.046.R + 49.61888.R
2
 – 0.3532978.R

3
 + 0.000986344.R

4
] (1) 

where V is the volume of air sampled in ft
3
 and F = 1 for the 1-inch (25 mm) diameter clamp of 

traditional black smoke samplers. The subsequent ISO9835 standard, adopted as British Standard 

1747:11:1993, presented a relationship for BSIOECD vs. absorption coefficient , that is well fitted by the 

following quadratic.   

BSIOECD (/ µg m
-3

)  =  3.4610
9
. 

2
 + 4.4410

5
.     (2) 
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Given a definition of absorption coefficient in terms of reflectance of the form,  
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and the linear conversion BSIBRITISH = 0.85.BSIOECD, it is clear that Eqn. (2) is a quadratic in ln(R0/R) 

which is very similar in form to that used for BC measurements using an aethalometer when the Virkkula 

et al. (2007) shadowing correction is used: 
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This implies that black smoke data can be converted back to raw data (or to ln(R0/R)) and then 

interpreted as black carbon with appropriate ‘Black Smoke method’ values of ATN and k in the 

reflectance equivalent of Eqn. 4 (and using A = 5.010
-4

 m
2
 and V = 2.0 m

3
, as appropriate for standard 

black smoke samplers): 
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The factor 10
6
 converts between a specific absorption for dark particles in units of g m

-2
 to a BC 

concentration in g m
-3

. Because of significant differences between the reflectance and aethalometer 

methods, the ‘reflectance ATN’ and ‘reflectance k’ parameters in Eqn. 5 will not be the same as those 

used in aethalometry (Heal and Quincey, 2012), but can be determined empirically by using data from 

co-located aethalometer and black smoke measurements. 

In a simplified case ‘reflectance k’ = 0 in Eqn. 5 is assumed, in which case Eqn. 5 reduces to an on-axis 

parabola between BC and black smoke with one free parameter. However, in the most general case, both 

‘reflectance ATN’ and ‘reflectance k’ must be determined. It can be shown that in this case the form of 

the relationship is an off-axis parabola. The expressions contained in Quincey (2007) and Quincey et al. 

(2011) effectively assumed the k = 0 case. 

Results  

The values of “reflectance ATN” and “reflectance k” were determined empirically using data from the 

five sites in the UK which had co-located black smoke and aethalometer measurements (Birmingham 

Tyburn, Edinburgh St. Leonards, Halifax, London North Kensington and London Marylebone Road). 

Data are described in Quincey et al. (2011).  

For fitting of the simplified case of Eqn. 5 (‘reflectance k’ = 0), the 4 sites excluding Marylebone Road 

give similar values for ‘reflectance ATN’, with 95% CIs in the range 7.3–9.5 m
2
 g

-1
, or 8.1–8.4 m

2
 g

-1
 for 

data from all 4 sites combined in a single fit. The linear relationship in the Marylebone Road data has 

notably different gradient perhaps because the black smoke method becomes saturated at kerbside sites 

like Marylebone Road. To determine values for both “reflectance k” and “reflectance ATN” the quadratic 
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of Eqn. 5 was fit to data from all sites combined (Fig. 1) and gave values 7.2–7.9 m
2
 g

-1
 and 0.61–0.94, 

respectively.   

Figure 1 Aethalometer-derived BC concentrations versus values of ln(R0/R) from black smoke 

measurements at 5 sites in the UK with co-located measurements. The solid line is the best-fit 

quadratic to the total dataset. 
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Overall, the data fittings yield central and confidence interval estimates for ‘reflectance ATN’ and 

‘reflectance k’ of 8.0  1 m
2
 g

-1
 and 0.77  0.16, respectively, though the ‘reflectance k’ value is driven 

by the incongruity of the 2008-2009 Marylebone Road data with the other data sets. Substituting these in 

Eqn. 5, and using the standard relationship between R and BSIBRITISH, yields the general off-axis 

parabolic relationship between BC and BSI (Fig. 2). This differs significantly from the original Quincey 

expression at largest black smoke values.  

Conclusions 

A semi-empirical expression presented in earlier publications (Quincey, 2007; Quincey et al., 2011) has 

been shown to be a simple case of a more general relationship between BC and black smoke. The general 

relationship is shown to be an off-axis parabola, which by fitting with experimental data from 5 different 

sites across the UK for British black smoke values up to 80 g m
-3

, is empirically described by the 

following equation (Fig. 2). 

[BC / g m
-3

]  =  (0.27  0.03).BSIBRITISH  (4.0  0.1)10
-4

(BSIBRITISH)
2
  (6) 

The general case explicitly allows for a shadowing correction of reflectance measurements as filter 

darkness increases, although in this case the term is strongly dependent on the incongruity of the 2008-

2009 Marylebone Road data with the other data sets. Excluding the additional shadowing parameter 

yields the on-axis parabolic relationship 
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which is numerically similar to the Quincey expression. This version of the BC-BS relationship is 

suitable for most practical applications (black smoke values < ~20 g m
-3

). At lowest black smoke (<15 

g m
-3

) all parabolic relationships tend towards a common line such that the even simpler approximation, 

BC (/g m
-3

) = (0.270.01).BSIBRITISH will likely suffice. 

Figure 2 BC concentrations as a function of BSIBRITISH using Eqn. 6, with the values for “reflectance 

αATN” = 8.0 m2 g-1 and “reflectance k” = 0.77, and the standard relationship between R and 

BSIBRITISH, solid line. The quadratic equation is the fit to this relationship. The dotted lines show 

confidence interval for BC derived from BSIBRITISH. The lower dashed line is the Quincey (2007) 

relationship between BC and BSIBRITISH.  
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B3.3b Determination of organic chemical pollutants 

in indoor/outdoor settled dusts during seasonal 

weather events in Northern Nigeria 

Fatima Sule Mohammed & Derrick Crump  

IEH, Cranfield University  

Background and objectives of study 

Harmattan and Dust (sand) storms together with anthropogenic activities are potential sources of 

particulate and gaseous pollutants in homes at Damaturu town, in north-eastern Nigeria, which have the 

potential to bring about high exposure of people to a range of pollutants in the local communities. 

Household dust can act as a reservoir for chemicals present in the indoor air as well as be a direct source 

of exposure of people to contaminants via inhalation, ingestion, and dermal pathways. This paper reports 

the results of the determination of volatile organic compounds (VOCs) and semi-volatile organic 

compounds (SVOCs) in settled dust by thermal desorption/ gas chromatography/mass spectrometry 

(TD/GC/MS). Dust samples were collected from five homes during Harmattan, Dust storm period and 

when there was no dust event (No-event period). Amounts of selected chemicals were quantified and 

their concentrations in the different periods were compared. 

Methods 

Settled dust samples were obtained by means of a vacuum cleaner from 5 homes in Damaturu during 

three periods; Dust storm period (July 2010), Harmattan  (December, 2010), as well as when there was 

no dust event (April, 2011). The samples were collected by vacuuming all rooms and using a new 

collection bag for each home. One outdoor sample was collected during each of the sampling periods. 

The samples were sieved through a set of laboratory test sieves with stainless steel mesh and the <150 

μm fraction retained for analysis. The dust samples were coded (e.g. AH) based on the sites they were 

collected and data was recorded about the house type and occupancy (table 1). 

Table 1 Settled dust sampling sites in Nigerian Homes 

 Samples         Source Description                              Comment 
AH(indoor sample)       A traditional township home built in 1999    New settlement with detached kitchen 

FH(indoor sample)       A modern detached house built in 1957        Flat with a detached kitchen 

LH(indoor sample)       A modern detached house built in 1991        Flat  with kitchen attached to building 

MH(indoor sample)      A traditional home built in 1983                   Township home with kitchen attached 

YH(indoor sample)       A modern detached house built 1n 1995       Modern estate with detached kitchen 

FHO(outdoor sample)   Frontage of FH house                                   Where Cars and generator are kept 

Determination of chemicals in dust was carried out by heating the dusts directly in a micro chamber (µ-

CTE
TM

, Markes International) with six heating chambers and Q-Tenax sorbent tubes were used to collect 

the chemicals released. Duplicate samples of each of the dusts (<150 μm fraction) were weighed into the 

μ-CTE (one pot was left empty as control) and heated at 120°C with a flow of clean air of approximately 

70 ml min
-1

 through each pot for 30 minutes. Adsorbent tubes containing quartz wool and Tenax (Q-

Tenax tubes) were attached to the outlet of each pot from the start of heating. Tubes containing the 
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sampled emissions were analysed by TD/GC/MS using a 60 m by 0.25 mm internal diameter DB5 

column with a film thickness of 0.5 µm. Seven target chemicals were selected and quantified based on 

their occurrence in the house dusts and their potential health effects arising from short term and long 

term exposure as reported in other studies (Mercier et al., 2011, Hsu et al., 2012).  The chemicals are 

benzene, hexanal, nonanal, diisobutylphthalate (DIBP), dibutylphthalate (DBP), diethylphthalate (DEP), 

and diethylhexylphthalate (DEHP).  

To understand whether there are significant differences in the concentrations of the individual chemicals 

during the three event periods, a paired t-test was performed to compare the chemical concentrations 

during Harmattan and No-event period; Dust storm and No-event period; and then Harmattan and Dust 

storm periods.  

Results 
A wide range of organic compounds were released by the heating procedure and collected on the 

adsorbent tubes, which conforms to other studies that have reported the presence of VOCs and SVOCs in 

indoor settled dusts (e.g. Wilkins et al., 2004; Hirvonen et al., 2004; Brown and Crump, 2008). Figure 

(1a) is a chromatogram showing the presence of a wide range of chemicals in the settled dust sample 

collected during Harmattan period in a Nigerian home (MH). The amounts of the selected volatile and 

semi-volatile compounds released from the heated dusts were calculated in nano grams per gram (ng g
-1

) 

of dust. The concentrations of chemicals in the dust samples for the five homes in each of the periods 

were found to have quite high variability with  relative standard deviations (RSD) generally of 40% to 

150% (table 1) indicating variability in the strength of sources and / or amounts of uncontaminated dust 

diluting these chemicals in different homes. Benzene emission was below the detection limit of the 

method used (26 ng g
-1

).  

Generally the concentration of chemicals was higher in the Harmattan period in all the houses sampled 

followed by storm samples and the least emissions were observed in the samples collected when there 

was no dust event (No-event samples). Nonanal had the highest mean concentration of the quantified 

chemicals in the Harmattan period samples as shown in Figure 1b. Among the houses sampled, house 

YH was found to have higher concentrations of nonanal and DIBP during the different sampling periods. 

A paired t-test showed there was a significant difference in the concentrations for hexanal (p=0.047) and 

DIBP (p=0.036) when Harmattan and No-event samples were compared. All the remaining chemicals did 

not show statistically significant differences of emission during these two events at the 95% confidence 

level.  No statistically significant differences were found for Dust storm and No- event samples. The 

comparison between Harmattan and Dust storm samples gave the p-values of 0.028 for nonanal and 

0.054 for DIBP showing statistically (or nearly) significant differences. The emissions in the outdoor 

samples collected from FH frontage over the 3 periods were compared with that in the FH indoor 

samples and the outdoor samples showed lower chemical emissions than the indoor samples in all the 3 

events. 
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Table 2   Concentrations of chemicals in dusts during Harmattan, Dust storm and when there was no dust event 

                                                            Concentration of chemicals (ng g-1) of dust  during 3 weather event periods    

  Compound                                                  Harmattan (n=5)                                 No-Event (n=5)                                            Dust storm                                                    

                                                                   AM   STDEV       RSD(%)                    AM          STDEV    RSD(%)                           AM        STDEV      RSD(%)           

Hexanal                                                                  2046 1212 9   739 454 61 1133 758 66 

Nonanal                                                 16462 7471 45   4750 4812 101 3139 3348 106 

Diethylphthalate (DEP)                         1203 1428 118   232 225 96 1011 1343 132 

Diisobutylphthalate (DIBP)                  2034 933 45   586 502 85 1036 766 74 

Dibutylphthalate (DBP)                         1593 1014 63   410 73 164 278 223 80 

Diethylhexylphthalate(DEHP)              8410 12731 151  1228 15 66 151 154 102 

AM= Arithmetic mean         STDEV= Standard deviation           RSD = Relative standard deviation 

                    
        Figure (1a) Chromatogram and (1b) graph showing results of chemical analysis of the settled dusts collected from Nigerian homes over 

different periods. 
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Conclusion 

Thermal desorption showed the presence of a wide range of organic chemicals in household dusts 

collected in Nigerian homes showing that household dust can be a source / reservoir of chemicals in the 

indoor environment, and provide a route of human exposure. A comparison made of the concentration of 

chemicals in the dusts during 3 different periods found that Harmattan dust samples had higher 

concentrations of nonanal and DIBP than the Dust storm and No-event samples. The results showed no 

other significant differences due to variability of the concentration of chemicals in different houses. 

Further work is investigating the sources of VOCs and SVOCs in dust and examining the possible 

influence of house characteristics (for example modern verses traditional). 
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B3.3c The use of electrochemical sensors for 

monitoring urban air quality in low-cost, high-density 
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Cambridge, CB2 1EW, U.K. 
b
: Alphasense, Sensor Technology House, 300 Avenue West, Skyline 120, Great 

Notley, CM77 7AA, U.K.  

Background and objectives 

To understand and monitor spatially heterogeneous environments with complex and highly variable 

emission sources, such as urban areas, measurements at the appropriate spatial and temporal scales are 

required. One objective of this work is to show that miniature, low-cost electrochemical gas sensors, 

traditionally used for sensing at parts-per-million (ppm) mixing ratios, can, when suitably configured and 

operated, be used for air quality studies at the parts-per-billion (ppb) level. Sensor nodes, consisting of 

multiple electrochemical sensors, can be low-cost and highly portable, thus allowing the deployment of 

high-density air quality sensor networks, with fine spatial and temporal scales, in both static and mobile 

configurations.  Another objective is to show the level of spatial and temporal structure which can be 

obtained relative to routine monitoring techniques. 

Study description 

Measurements have been made in numerous campaigns using electrochemical sensors incorporated into 

both mobile and static nodes.  Among these campaigns is one in which forty-six static nodes were 

installed around the Cambridge area for a three-month period in 2010.  Examples are shown of data from 

this and from a shorter-term, mobile deployment. 

Results 

Performance 

Sensor performance was tested in a series of experiments in the lab and the field, and Figure 1 illustrates 

scatter plots from a laboratory experiment in which sensors for CO, NO and NO2 were exposed to ppb 

levels of target gas.  As can be seen, the agreement with calibrant gas mixing ratios is very good. 

 
Figure 1  Correlation plots illustrating sensor performance 

Different colours of lines represent different sensors. Error bars shown are 1. Linear regression lines and fit parameters 

are shown in each plot. In all cases the regression coefficients were 0.9996 or better. 
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The same test was used to examine the ppb-equivalent noise from the sensors used and, after defining the 

instrumental detection limit (IDL) as a signal-to-noise ratio of 3, the IDL values (i.e. 3σ) were estimated 

to be < 4 ppb, < 4 ppb and <1 ppb for CO, NO and NO2 sensors respectively in 1 second; these values 

were found to be largely independent of gas concentration. 

Figure 2 shows time series and correlation plots for hourly averaged data from NO and NO2 sensors 

which were co-located with an instrument from the UK Automatic Urban and Rural Network (AURN) at 

a Cambridge roadside site.  Corrected NO2 data are shown after subtracting hourly O3 concentrations 

measured at the same site by Cambridge City Council (CCC), with cross-sensitivity taken to be 100% (as 

provided by the manufacturer).  Correlation coefficients (R
2
) between electrochemical sensors and the 

chemiluminescence instrument are 0.80 and 0.95 for NO and 0.89 and 0.92 for corrected NO2 (for 

sensors 01 and 02 respectively).  Gradients are 1.14/1.07 for NO and 0.88/0.87 for corrected NO2 for 

sensors 01 and 02 respectively. 

 

Figure 2  Co-location with AURN site monitor 

(left) Time series and (right) scatter plots for NO and NO2 sensors co-located with a chemiluminescence instrument 

(“CCC” represents the data from this instrument).  Sensors 01 and 02 were started at different times. 

 

Field Data from Mobile Nodes 

Data measured by a pedestrian in a deployment of mobile sensors in Cambridge are shown in Figure 3.  

The time series and histograms both illustrate the degree of variability in the three species.  Dotted lines 

on the histograms for NO and NO2 show the average measured over the same two hours at local static 

monitoring sites.  It is clear that these static, hourly measurements do not accurately represent the level of 

pollutants that a pedestrian is exposed to when walking around the city. 
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Figure 3  Single sensor node from mobile deployment 

(left) Time series and (right) histograms.  Dotted lines represent averages measured at static sites over the same period.  

NO2 data are not corrected for interference with O3. 

 

Field Data from Static Nodes 

Data collected from the static network were combined with meteorological data to produce bivariate 

polar plots (Carslaw and Ropkins, 2012), which allow source attribution.  From these, effects of different 

environments can be observed.  For example, Figure 4 (right) shows data for a sensor located to the south 

of a road in Cambridge town centre.  Despite this, the highest concentrations are observed when the wind 

is blowing from the south, indicating that street canyon recirculation is occurring.  In other streets, such 

as the one in which the data in Figure 4 (left) were measured in, the highest concentrations are observed 

when the wind is blowing along the road towards the sensor (road direction is WSW-ENE). 

 

 

Figure 4  Bivariate polar plots for two sites  

Concentric grey circles represent wind speeds in m/s.  The extent of wind speeds displayed on the right-hand plot is 
smaller because the sensor node ran for a shorter period of time.  Only data collected after sunrise and before sunset are 

presented. 

Conclusions 

There is a need to match scales of chemical and dynamic systems more closely with scales of 

measurement, and the complexity of the heterogeneous urban environment is currently masked owing to 
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a paucity of data.  Data presented show that low-cost, miniature air quality sensors are suitable for 

widespread use in monitoring at ambient levels, and can potentially help to constrain the system. This is 

an emerging measurement paradigm for air quality monitoring, source attribution and human exposure 

studies. 

Discussion 

Figure 3 shows that current static monitoring infrastructures cannot capture the degree of spatial 

variability observed in urban environments.  Deployments of the same mobile units used to collect these 

data are being carried out to measure differences in exposure among different modes of transport, and 

those between people with breathing zones at different heights (i.e. an adult and a small child).  Data 

collected will complement those obtained in various studies carried out using different techniques (Kaur 

et al., 2007).   Deployment of a static network of sensors has yielded many plots like those in Figure 4, 

which can allow source attribution for different species and highlight effects such as those of a street 

canyon.  The same data can be used to look at general weekly, monthly and diurnal trends in many 

different environments.  Such plots will also be used as methods of analysis when a network of sensors is 

deployed in a year-long campaign at a major international airport. 
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B4. Measurement and exposure assessment - 

exposure  

B4.1 Presentations 

B4.1a Policy effectiveness - exposure science 

perspective  

Matti Jantunen, research professor emeritus 

National Institute for Health and Welfare, Dept. Environmental Health, Kuopio, FINLAND 

Introduction 

My presentation is based on two axioms: (i) environmental risk policy equals exposure [reduction] 

policy, (ii) exposure reduction equals (ii/a) source reduction [incl. elimination], and (ii/b) pathway 

control. 

Implementation of any policy - including policies developed to improve public health via air pollution 

control - requires some resources, restricts some opportunities for individuals, enterprises and/or 

communities and should, therefore, deliver its benefits effectively.  Effectiveness of a policy, however, 

can only become concrete when assessed against defined and measurable objectives set for that policy.  

For knowledge based linking of alternative environmental policy actions to the wanted health benefits 

the policy development should be based on underlying action-impact models - most importantly 

exposure and dose/response models, which can be confirmed/rejected by measurements along the policy 

impact chain, and adjusted/corrected accordingly.  For this end I will discuss the issues of:  

 conceptual air pollution exposure models, 

 source attribution of exposure,  

 mechanistic dose/response models, 

 quantitative epidemiological dose/response data,  

 the needs to and implications of expanding from exposure to exposome and to the full-chain 

(source to effect) risk model, and finally 

 policy impact modelling. 

Exposure models 

The conceptual air pollution exposure model is a construct where (i) neighbourhood outdoor air pollution 

is the sum of the regional background levels and the local urban and neighbourhood (traffic and heating) 

source contributions on top of that background, (ii) indoor air pollution is the combined outcome of the 

outdoor air pollution which penetrates indoors (usually less than 100%) and the contaminants added from 

the indoor sources and more or less effectively extracted by the ventilation system, and (iii) personal 

exposure is the time weighed sum of the pollutants in the indoor and outdoor microenvironments visited 

by the individual plus the contributions from personal (e.g. cooking) or near field (e.g. street transport) 

activities of the individual.  With sufficient input data about outdoor air pollution, local traffic, building 
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tightness, indoor sources, ventilation and personal time-microenvironment-activity the conceptual model 

is converted into an actual personal or population - average or probabilistic - exposure model.  The 

accuracy of one individual’s one day exposure prediction in a city by such a model remains low, but for 

population average exposure, probability distribution of the individual exposures and longer term 

exposures the predictions can be remarkably accurate.  The latter predictions are much more relevant for 

policy development and assessments. 

Almost all air pollution policies exert their impacts on specific sources, such as coal fired power plants, 

diesel engines, gas cookers or household chemicals.  Their health benefits are limited by the 

contributions of the controlled sources to the population exposure.  Source attribution of the exposure is, 

therefore, critical for the development and assessment of any air pollution policies.  Individual source 

attribution techniques - such as the currently popular PMF technique - provide useful insights, but for 

more detailed and reliable results it is advisable to use many different techniques, such as source marker 

compounds, chemical mass balance models and simultaneously collected and identically analysed 

samples from different indoor and outdoor microenvironments - to both identify and locate the sources. 

Dose/Response models  

Mechanistic understanding of the health effects of many air pollutants is highly developed.  This includes 

the very complex mechanisms which explained the unexpected public health impacts of the small 

quantities of mostly non- or low-toxic compounds inhaled by the citizens in the urban ambient air fine 

particulate matter.  The large numbers of published in vivo and in vitro studies, describe how - e.g. 

inflammation, cancer, sensitisation - pollutants may influence tissues and organisms, but not how much.  

Experimental studies are of little value for risk quantification, which is critical for the prediction of the 

effectiveness of alternative policy options.  

Epidemiology provides the necessary quantification, but requires that identifiable and attributable 

morbidity and/or mortality have already taken place.  Epidemiology gives YES/NO answers and 

numerical associations - how much but it does not tell how.  It does not reveal mechanisms or exclude 

unaccounted for causes.  Air pollution epidemiology has developed immensely in the past decades and 

provided by far the most important and relevant new dose/response data for air pollution.  While the 

public health risk prediction uncertainties from experimental in vivo and in vitro studies are usually 

orders of magnitude, the epidemiological estimate uncertainties are typically within a factor of 3. 

Policy assessment 

Policy effectiveness needs to be assessed both before implementation - policy options evaluation - and 

during/after implementation to ensure that the expected benefits are delivered, and that the policy is 

adjusted or changed when this is not the case.  Options evaluation before implementation is only possible 

by predictive exposure and dose/response models or, better still, full chain models.  A very simple model 

may be sufficient, but with no model evaluation becomes guessing.  

Models are also necessary in the assessment of the policies being implemented.  Comparing the modelled 

vs. actual impact of the policy on the releases from and exposure attributable to the sources being 

controlled by the policy answers the first question, is the exposure reduced as predicted, and if not, why.  

The second question, are we experiencing the expected health benefit, is often much harder to answer - 

impact may only be felt in the long term and/or too many other things are changing simultaneously.  Yet, 

significant population wide health benefits have been demonstrated for many environmental health risk 
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policies.  These include domestic coal burning ban in Dublin, Ireland, urban PM2.5 reduction in US cities 

and public indoor smoking ban in Rome, Italy.  More local - but in principle generalizable - health 

benefits have been demonstrated in intervention studies concerning e.g. moisture damaged school 

buildings in Europe, and replacement of primitive solid fuel cooking devices with more advanced gas 

cookers in the third world. 

In summary: Policies, including environmental health policies should be effective in delivering the 

societal benefits that they have been enacted for.  The effectiveness of a policy can only be judged 

against stated and measurable objectives.  Source to impact models are essential for the evaluation of 

effectiveness of policy options, but helpful also in the assessment of implemented policies.  
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Background and objectives 

A number of studies have been carried out on the effect of air pollution exposure on lung function during 

childhood. However, the methodologies used have been heterogeneous and some results have been 

inconsistent and conflicting. A common limitation in previous studies has been the method used for 

exposure assessment and very few studies have included estimates of lifetime exposure. 

The aim of this study was to investigate the effects of long term exposure to particulate matter (PM10) 

and nitrogen dioxide (NO2) on forced expiratory volume (FEV1) before and after bronchodilator 

treatment within a prospective birth cohort - the Manchester Asthma and Allergy Study (MAAS). 

Methods 

MAAS is an ongoing birth cohort study on the development of asthma and allergy during childhood. 

Participants attend review clinics every 2-3 years. Spirometry was performed at the age 5, 8 and 11 year 

review clinics.  

A novel microenvironmental exposure model was used to estimate the PM10 and NO2 exposure of each 

child from birth to age 11. The model assessed exposure in three types of microenvironments: the child’s 

home, school and journey between home and school. The geographic location of and time spent in each 

microenvironment were collected through parental questionnaires. This information was linked to the 

estimated pollutant concentration in each microenvironment to provide a time-weighted estimate of 

personal exposure.  

Longitudinal associations between exposure and repeated measures of lung function were analysed using 

generalised estimating equations.  

Results 

The results of the statistical analysis showed that a unit increase in lifetime exposure to PM10 and NO2 

was associated with significantly smaller growth in FEV1 (% predicted) from age 5 to age 11. 

Statistically significant associations were found between exposure and FEV1 before and after 

bronchodilator treatment.    

Conclusions  

This study found a small, but statistically significant impairment in growth in FEV1 associated with an 

increase in lifetime pollutant exposure in primary school children. Further research will be necessary to 

determine whether the observed reduction in lung function persists during adolescence into adulthood.  



81 
Prepared by IEH for the 2012 Annual UK Review Meeting on Outdoor and Indoor Air Pollution Research 

 3-4 May 2012 

 

 

B4.1c Developing a detailed human exposure model 

using space-time-activity data for 90k people in 

London 

Christina Mitsakou, Sean Beevers, Ross Anderson, Frank Kelly 

MRC-HPA Centre for Environment and Health, Environmental Research Group, King’s College London 

Background and objectives 

Whilst the epidemiological literature demonstrates important negative associations between ambient 

particulate (PM) and gaseous pollutants and health (Brunekreef & Holgate, 2002), less is known about 

the relative effects of different sources. It is believed however that exposure to traffic sources may be 

particularly harmful (Janssen et al., 2003). There is a need for a more complete understanding of 

exposure to toxic gaseous, semivolatile, and particle-phase chemical constituents from traffic sources and 

their health effects (HEI, 2010). Human exposure models used for investigating health effects of traffic 

pollution have typically estimated ambient concentrations at address level using methods such as 

geostatistical interpolation, land-use regression (Henderson et al., 2007) or  dispersion (Kelly et al., 

2011) models. These models do not take account of exposure away from the address and this problem 

has been addressed by the development of “hybrid” models, which combine space-time-activity data, 

personal measurements and air quality models (Ashmore et al., 2005). Although data and computer 

intensive, hybrid models come closest to a “best” estimate of human exposure (HEI, 2010; Jerrett et al., 

2005). 

As part of the TRAFFIC Pollution and Health in London project, we are developing  a new methodology 

for estimating personal exposure using space-time-activity data obtained from a large (90k) 

representative sample of people in London (Household Survey,  

http://www.tfl.gov.uk/termsandconditions/12354.aspx).  Each year this survey interviews a randomly 

selected sample of 8000 households in London to ascertain details of their trips, use of cars and public 

transport and factors affecting travel. This rich dataset currently includes information on 200k trips 

undertaken by this sample of people as well as meta data on ~20 different characteristics of interviewee, 

including: gender, age, ethnicity, usual modes of transport to work/education, journey purposes and socio 

economic status. This represents an important opportunity to investigate the utility of using exposure 

estimates based upon space-time-activity for epidemiological studies and policy evaluation. It will enable 

us to estimate the degree of exposure misclassification associated with using only estimates of the 

average concentration at the home post code and to increase our understanding interactions between 

exposure and vulnerable subgroups such as the elderly and the young. The model will also aid policy 

development aimed at reducing human exposure. 

Here we demonstrate the use of the hybrid exposure model, which uses advanced GIS techniques 

combined with highly-resolved air quality data to estimate the exposure along a number of travel routes 

using different modes of transport. Some preliminary exposure results are presented, the results of which 

help explain some important determinants of exposure.   

http://www.tfl.gov.uk/termsandconditions/12354.aspx
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Method description 

To develop the hybrid exposure model we use Household Survey data to obtain the origin and 

destination of each journey, the means of transport, the trip duration and the time of the day at which the 

journey occurred. Firstly, the route paths for the different journeys are determined using the network 

analysis function in ArcGIS 10 based on the road network dataset (a multimodal transportation network 

will be developed by incorporating rail, tube and bus networks). By utilising the origin and destination 

coordinates and defining limitations that may occur due to the transport mode (e.g. one-way roads for 

vehicles), we calculate the shortest path for the selected trip collecting details of route in each case. The 

time spent in the various sections of the route is estimated as fraction of the total trip duration required by 

the individual to traverse the different sections lengths. In the present analysis we are assuming a 

constant speed during the entire trip but we plan to extend this using a detailed vehicle speed dataset. 

With the aid of the route details, the pollutant concentration data are retrieved from the air quality model 

simulations at specific points on the route, representative of exposure at that location.  

Ambient pollutant concentrations along the trip routes are taken from the high-resolution CMAQ-urban 

model, which provide hourly air quality at 20 x 20m for NO2, NOx, O3, PM2.5, PM10 (the subject of 

another talk). The data will be averaged by hour of day for all weekdays, Saturday and Sunday of the 

entire year to reflect the temporal variations in air quality during the week. In-vehicle exposure is 

estimated using the mass balance approach introduced by Liu & Frey (2011) for different ventilation 

conditions.  

Finally with the aid of the above tools, the detailed personal exposure information – pollutant 

concentrations and time spent along different sections of each route – is combined for each individual’s 

trip. The exposure is also represented by inhaled mass that is calculated by multiplying the ventilation 

rate (breathing frequency x tidal volume per breath) with the pollutant concentration and the exposure 

time. A generic flowchart of the developed methodology is depicted in Figure 1, where the individual 

model sections are shown in boxes. 

Figure 1 Flowchart of the hybrid exposure model. 

Air quality data

(CMAQ-Urban)

Person trips data

(LTDS database)

Exposure model
Trip routes

(GIS)

Personal Exposure

Outdoor transport

In-vehicle/outdoor 

ratio

In-vehicle transport

 

Results 

To demonstrate use of the hybrid model, the exposure to particulate matter (PM10 and PM2.5) has been 

calculated under different travelling conditions. For the present runs, the CMAQ-urban simulations for 

April 2006 were selected as a first approach of the air quality conditions that London people are exposed 

to during a typical day of the year.  

The analysis of the survey dataset revealed that people movements within London are highly complex, 

and are reflected in their hour of travel, use of transport mode and other trip characteristics. In this work, 
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we examine three travel parameters that are of significance to the exposure estimation: hour of travel 

using a motorcycle trip along the same route but at different times, a cycle trip to represent difference in 

both transport mode and personal activity and finally a car trip. 

Travelling hours 

The motorcycling trip, taken from household database, started from Rainham road North, Dagenham at 

7:00 and ended in Essex road, Islington at 7:45, with the route, produced by ArcGIS, traversing mainly 

major roads/highways. The impact of the hour of travel on PM2.5 exposure is investigated by comparing 

the original trip with the same occurring 2 hours later (9:00-9:45). The PM2.5 exposure as a function of 

the time spent along the route is depicted in Figure 2 (left) and shows that the exposure is significantly 

reduced (by up to 50%) by travelling in non-rush hour periods. Peak values of 13.7 and 8.3 µg m
-3

 for the 

rush and non-rush hour periods respectively are observed after 20 minutes of motorcycling on Romford 

road.  

Figure 2 PM2.5 exposure for the different travelling hours (left figure) and cumulative PM2.5 

inhaled mass for motorcycling and cycling (right figure) along the routes. 

  

Transport means/Personal activity 

In order to quantify the impact of the transport mode used, we assumed that the motorcycling journey 

described in the previous section had been traversed by cycling. The time required for the journey (89 

min) at an average cycling speed in London (9 mph) is almost twice the time required for motorcycling. 

The cumulative particle inhaled mass along the journey is illustrated in Figure 2 (right), as a function of 

the fraction of the trip duration. For breathing frequency, the values of 0.54 and 3 m
3
/h that correspond to 

the reported values for “sitting” and “heavy exercise” according to ICRP (1994) were used for 

calculating the doses during motorcycling and cycling respectively. The inhaled dose received by the 

cyclist was found to be considerably higher than the respective dose during motorcycling under similar 

exposure conditions. The total inhaled mass at the end of the trip was about 10 times greater in the 

former case, as a result of the enhanced ventilation rates and the elevated exposure time.  

In-vehicle transport 

The exposure to PM2.5 and PM10 is illustrated using a car journey starting from Southwold Dr, Barking at 

8:10 and ending at High road, Loughton at 8:40. The in-vehicle exposure under different indoor 

conditions, as well as the outdoor exposure along the driving route is depicted in Figure 3. The air 

exchange rates taken from Ott et al. (2008) for an average speed of 20 mph, was assumed to be 2 h
-1
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when the windows are closed and 71 h
-1

 when fully open. The air exchange rate from the air conditioning 

system was assumed to be 5.6 h
-1

. The deposition rates were assumed to be 0.5 and 1 h
-1

 for PM2.5 and for 

PM10 respectively.  

Figure 3 Exposure to PM2.5 (left figure) and PM10 (right figure) outdoors and in-car under variant 

indoor conditions. 

  

As shown, the in-car exposure does not differ considerably from the outdoor exposure when the windows 

are fully open and the air conditioning system is off. On the other hand, by switching on the mechanical 

ventilation system the in-vehicle exposure levels to PM2.5 and PM10 are reduced by almost 10%. The 

greatest in-car pollutant concentration reduction is achieved with closed windows and the air 

conditioning system on, where the exposure decrease reached up to 78% for the selected case. High 

ratios of walking to in-car exposures – up to 4.7 for coarse particles – have been reported for travel routes 

in London by Briggs et al. (2008), where the ventilation status of the car as an important exposure factor 

is discussed in detail. 

Conclusions and discussion 

A new methodology for calculating personal exposure by implementing a detailed hybrid exposure 

model has been developed. The model analyses the trip details of the Household Survey and estimates 

the exposure levels along different travel routes. Preliminary results show that exposure to air pollution 

depends strongly on travelling hours and with the aid of the model the advantage of travelling in non 

rush-hour periods expressed as exposure reduction can be quantified. The respiratory dose was also 

found to be considerably influenced by the transport mode and level of physical activity. The in-vehicle 

transport may lead to significantly reduced particle exposure under specific operational conditions.  

In future, by analysing the entire Household Survey dataset, we will investigate in depth the various 

factors affecting personal exposure whilst travelling inside London and define the exposure 

misclassification of the population through comparison with people’s exposure estimated at their home 

address. The exposure analyses are also expected to be useful for detailed (address level) epidemiological 

estimates by considering the personal (e.g. age, gender) and socio economic data of the survey dataset. 
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B4.1d Evaluating air pollution exposure measurement 

techniques in pregnancy: A validation study in North 

West England  

Kimberly Hannam
 
Maternal and Fetal Research, Medical and Human Sciences, Manchester Academic Health 

Sciences Centre, University of Manchester, Manchester, UK
 

Background:  

There is increasing evidence on the harmful effects of maternal exposure to air pollutants. Most studies 

use large retrospective birth outcome datasets and make a best estimate of personal exposure (PE) during 

an individual’s pregnancy. Some factors which can influence exposure misclassification may be of 

particular importance in a pregnant cohort e.g. changes in activity patterns. 

Objectives:  

To compare personal NOx and NO2 exposure of pregnant women in two NW England cities with six 

exposure estimation techniques. 

Methods:  

A cohort of 85 pregnant women recruited from Manchester and Blackpool measured their PE for 48hours 

and completed a time-activity log at ~20 weeks gestation. Questionnaires were performed during early 

and late pregnancy. Personal measurements were compared to monthly averages, the nearest stationary 

monitor to participant’s home, weighted average of closest monitor to home and work location and 

proximity to major road. Kriging, Inverse distance weighting (IDW) and a Land use regression (LUR) 

model were compared with and without seasonal adjustment. 

Results:  

Personal exposure was most strongly correlated with seasonally adjusted Kriging and IDW (NO2 r=.60; 

NOx r=.62 Correlations were significantly stronger (p <0.05) in Blackpool than Manchester for 

seasonally adjusted IDW, Kriging and background modelled concentrations.  

Conclusions:  

The study found moderate correlations between PE with nearest stationary monitor and seasonally 

adjusted IDW, Kriging and LUR estimates. It demonstrated the importance of seasonal adjustment in 

predicting PE.  
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B4.2 Posters 

B4.2a Use of real-time sensors to assess 

misclassification and to identify main sources 

contributing to peak and chronic exposures  

Juana Maria Delgado-Saborit 

 Division of Environmental Health & Risk Management, School of Geography, Earth & Environmental 

Sciences; College of Life and Environmental Sciences. University of Birmingham, Edgbaston, Birmingham B15 

2TT, United Kingdom 

Background and objectives 

Background 

It is well recognised that air pollution produces adverse effects on health (He et al., 2011).  Exposure to 

particulate matter (PM) has been associated with increased cardiopulmonary mortality and morbidity in 

time series studies (Brook et al., 2010).  Ultrafine particles (UFP) may have a greater potential to affect 

cardiovascular health end points due to their physicochemical properties, which can carry and deliver 

redox-active chemicals (Geller et al., 2006) and translocate to the systemic circulation (Oberdorster et 

al., 2002).  Evidence also suggests NO2 to be a contributor to health effects (Jarvis et al., 1996).  Black 

Carbon (BC) has been recently pointed out to be a good additional marker pollutant (Janssen et al, 2011). 

Therefore the use of BC in conjunction with PM will benefit the understanding of the health effects of air 

pollution from different sources. 

Epidemiologic research traditionally uses data collected in central site monitors as the primary data 

source. However, a poor correlation between central site and personal exposure could result in seriously 

biased estimates of the health effect of a pollutant (Brook et al., 2011). 

Advances in technology have made commercially available a range of sensors with in-built 

accelerometers and high temporal resolution that could estimate more accurately personal exposures and 

aid in the estimation of doses.  

The temporal resolution coupled with spatial information on personal activities could be a potential tool 

to apportion sources affecting lung doses. This approach could be useful in determining the impact that 

several activities (e.g. using a gas-cooker) have on exposure and in elucidating the level of 

spatiotemporal correlation of pollutants leading to confounding effects.  

Many studies have measured personal exposures to single pollutants, but few have attempted measuring 

UFP at the personal level. Some studies have reported exposures to some pollutants concurrently, but the 

approach of a systematic comparison of  concurrently measured concentrations and estimated doses with 

short time resolution to multi-pollutants at the personal level has not been done before.  Hence, assessing 

personal levels of UFP, their association with other particulate metrics (i.e PM2.5 and BC) and gases (i.e. 

NO2), and comparing those with levels measured at the central site at different time resolutions will be 

valuable information to be considered in epidemiological studies and source apportionment. 



88 
Prepared by IEH for the 2012 Annual UK Review Meeting on Outdoor and Indoor Air Pollution Research 

 3-4 May 2012 

 

 

Objectives 

The overall aim is to characterize inhaled doses to a mixture of air pollutants (including different particle 

metrics) namely ultrafine particles (UFP), particulate matter with aerodynamic diameter less than 2.5 µm 

(PM2.5), black carbon (BC) and NO2, and to compare those with a range of alternative surrogate exposure 

metrics like personal exposures, indoors-at-home and central site levels, in order to assess the degree of 

misclassification associated to using surrogate measures, and to identify key activities and sources 

contributing to the dose burden of these pollutants. 

Study description 

Four groups of ten subjects each will be recruited to assess their exposure to mixtures of pollutants 

according to a combination of two key determinants: exposure to traffic by home location and use of gas 

cooking appliances.   

Multi-pollutant mixtures (i.e. PM2.5, UFP, BC and NO2) will be measured with an array of previously 

validated sensors at the personal level, indoors at home and at a central site.  

Doses of inhaled pollutants will be calculated using ventilation rates estimated by a three-axial 

accelerometer and by data reported by subjects in questionnaires.  

Activities and microenvironments relevant to exposures will be identified and their contribution to 

personal exposures and doses will be evaluated. Associations will be assessed between each pollutant 

across different exposure metrics; and between all pollutants at one exposure metric (e.g. the level of 

correlation of NO2 indoors compared with central site). The effect of distance from home to central site, 

time-scales and the effect of key activities (e.g. cooking) will be analyzed. Statistical analysis will assess 

the extent of misclassification of using surrogate measures (i.e. central site concentrations) instead of 

more accurate exposures measures, such as doses or personal exposure in the breathing area. 

Results 

A pilot campaign was performed during the summer 2011 using a MicrAeth AE-51 and an Aeroqual 

GSS NO2 sensor measuring concentrations of black carbon and nitrogen dioxide concurrently. 

Preliminary results for six subjects are available. 

Personal exposures concentrations for this small subset of exposed subjects ranged between 0.01 to 

50µg/m
3
 for BC with average values of 1.3 ± 2.2 µg/m

3
 (AM±SD). Nitrogen dioxide exposure 

concentrations were in the range <LOD – 800 ppb with average concentrations of 23 ± 50 ppb. 

The high temporal resolution database provided by the real time sensors allowed identifying which 

activities contributed the most to peak exposures in this subset of subjects - such as cooking (i.e. NO2 

with gas stoves) and commuting - and the magnitude of such peak exposures. 
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Discussion 

Lessons learned from the use of the sensors in exposure studies will shift the paradigm of exposure 

assessment, and its implementation could be translated to epidemiological studies to measure real time 

doses and personal exposures that will assess more accurately the exposure-effect response and the 

magnitude of the health effects coefficients. 

One of the main uncertainties in epidemiological studies using central site data is that personal exposures 

have been shown to be consistently higher than those from central sites. Hence, assessing the degree of 

misclassification accounted for central site levels will help in re-evaluating the health effects coefficients 

in epidemiological studies.  

The degree of association between doses and other metrics (i.e. doses and central site concentration) will 

provide information on the inaccuracies of epidemiological studies using such surrogate metrics.  

Characterizing the profile of exposures with high spatiotemporal resolution will help identify the main 

sources contributing to air pollution and its patterns of exposure. This information will help policy 

makers in defining targeted management actions and appropriate measures to control air pollution 

sources.  

Conclusions 

This project has a multi-pollutant perspective. It aims to implement and validate an innovative 

methodology such as real time sensors with accelerometers that will shift the paradigm from surrogate 

measures to real-time doses providing more accurate information.  
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B4.2b An investigation of air quality on the flight 

decks of commercial aircraft 

Derrick Crump, Paul Harrison and Christopher Walton  

IEH, Cranfield University 

Background and objectives 

The majority of commercial jet aircraft currently in service supply air to the cabin by drawing 

compressed air (called bleed air) from propulsion engine compressors, with subsequent conditioning 

prior to supply to the aircraft cabin. Most aircraft also have an auxiliary power unit (APU) which is a gas 

turbine mounted on the tail cone of the aircraft. This is used for electricity generation and can also supply 

compressed air which is normally only used as supply air to the cabin when the main engines are not 

running. The bleed air from the engines or air from the APU is used to heat, cool and ventilate the 

aircraft cabin (NRC, 2002).  

There is potential for contaminants contained in the supply air to be drawn into the aircraft from outside. 

Such contamination will depend upon the quality of air at the airport when on the ground, and could 

include vapours from fuel and de-icing liquids and products of fuel combustion. At altitude, air quality 

may vary depending on the air mass through which the aircraft travels and contaminants such as ozone 

could occur at elevated concentrations. Other contaminants may be released within the aircraft from both 

materials used in the construction and from people and their activities e.g. pesticides treatments may be 

used in the cabin, cooking fumes, cosmetics, cleaning products. One particular possible source of 

contaminants is fluids (e.g. lubricating oils, hydraulic fluids) used in the operation and maintenance of 

aircraft, particularly if they are able to enter the bleed air system. 

Following the House of Lords Select Committee on Science and Technology report on “Air Travel and 

Health” in 2000 (HoL, 2000) which included consideration of cabin air quality, the Government asked 

the independent Committee on Toxicity (COT) to review the available evidence concerning air quality 

on aircraft and impacts on health, particularly of flight crew, and advise on further research required. One 

outcome was an identified need for more exposure monitoring and this resulted in the Department for 

Transport (DfT) commissioning a programme of work, led by Cranfield University, with the following 

specific objectives: 

1. Analysis of the cabin air for volatile organic compounds (VOCs), semi-volatile organic 

compounds (SVOCs), particles and carbon monoxide (CO) in normal operations (and during any 

fume incidents) during all phases of flight (e.g. climb, cruise, descent). 

2. Detection and characterisation of anomalous elevations of VOC, SVOC, particle and CO 

concentrations. 

Hence a study was conducted involving measurement of a range of air quality parameters on the flight 

deck during normal operations on 100 commercial flights. The measurements were undertaken during 

the period September 2008 to March 2010 and this paper summarises the methods and findings of that 

study.  Further details are available in a two part report available via the IEH, Cranfield University, 

website (Crump et al., 2011).  
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Study description 

The study was divided into five parts with each involving measurements during 20 flights. Each part 

involved a particular type of aircraft or type of flight. For example, Part 1 was conducted on Boeing 757 

cargo flights and Part 2 on Boeing 757 passenger flights. Parts 3 to 5 were passenger flights involving 

Airbus 320/1, Boeing 146, and Airbus A319. A researcher travelled on each flight sector, by prior 

arrangement with the airline, to take the air sampling instrumentation on board and undertake the 

monitoring. Samples were taken exclusively on the flight deck.  

For VOCs/SVOCs the samples were drawn onto sorbent tubes using a portable air sampling pump for 

subsequent analysis by thermal desorption/ gas chromatography/ mass spectrometry (TD/GC/MS). A 

second pump of the same type and configuration was also carried to allow rapid sampling of possible air 

quality events identified by the researcher or a member of the flight crew.  The shortest practicable 

sample duration (5 min) was adopted in order to maximise the ability to capture transient air quality 

events. Samples were collected during a defined 10 phases of flight, such as taxiing on the ground, take-

off, cruise, landing etc.. Sorbent tube samples were analysed for a number of target compounds: tri-ortho 

cresyl phosphate (TOCP); other tri-cresyl phosphate (TCP) isomers; tri-butyl phosphate (TBP); toluene, 

m+p- xylenes, limonene, tetrachloroethylene (TCE) and undecane. 

Other equipment carried on each flight comprised a portable photoionisation detector (PID)/gas analyser 

and a particle counter to monitor levels of vapour/gas and aerosol respectively. Both instruments logged 

data continuously throughout the flights and provided potential warning of elevations in air contaminant 

concentrations that would not necessarily have been detectable by the flight deck occupants through 

perceived odour or other symptoms.  

In addition, flight crew and cabin crew (if any) were requested to complete a post-flight questionnaire for 

all flights. This included questions concerning any fumes or smells they may have noticed during the 

flight.  It was also completed by the researcher conducting the air quality measurements. 

Results 

Air quality measurements were successfully completed during the course of 100 flights. No fume events 

occurred during these flights that triggered the airline’s protocols for formal reporting of incidents. The 

most abundant VOC/SVOCs detected were generally limonene and toluene. In over 95% of the cabin air 

samples, no detectable amounts of TOCP or other TCPs were found. Highest concentrations of TBP, 

limonene, m+p-xylene and undecane occurred during first engine start, while TCE concentrations were 

highest during the ‘immediate’ sampling period. Highest levels of TOCP, other TCPs and toluene 

occurred during climb, pre-landing and take-off respectively.  

A total of 30 air quality event sorbent tube samples were collected during the study in response to the 

flight crew or researcher on the flight deck perceiving an odour or because the researcher observed a 

rapid change in the reading given by the ultrafine particle counter or the PID. Numbers of these events 

were similar in Parts 1, 2, 3 and 5 of the study, and highest in Part 4. Events were largely concentrated at 

engine start and take-off, with few occurring at top of climb or during cruise. Concentrations of target 

analytes during these events were not elevated compared with the routine samples collected during each 

respective phase of flight.  
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Table 1 summarises the results of 981 sorbent tube measurements taken across the 100 flights. The 

arithmetic mean concentration has been calculated with non-detect concentrations set as zero. The limits 

of quantification were compound dependent but were generally less than 2 µg m
-3

, except for limonene 

which was up to 5 µg m
-3

.
 

Table 1 Summary of VOC/SVOC concentrations (µg m-3) measured during 100 flights 

Compound Arithmetic mean 

 

Standard 

deviation 

minimum maximum 

TOCP 

 

0.07 0.88 ND 22.8 

Other TCPs 

 

0.14 1.36 ND 28.5 

TBP 

 

1.07 1.96 ND 21.8 

Toluene 

 

13.93 21.23 ND 170.2 

m+p-xylene 

 

1.78 3.63 ND 52.3 

Limonene 

 

11.85 45/77 ND 540.3 

TCE 

 

0.43 1.04 ND 20.1 

Undecane 

 

2.74 7.60 ND 87.3 

Mean concentrations of most VOCs showed a trend relating to flight phase, with minimum values 

occurring during the main phases of flight (climb to descent) and higher values when on the ground and 

during take-off. This trend was not found for limonene or the TOCP and other TCP measurements.  

Regarding the possible influence of aircraft type, no TCPs were detected during Part 3 (A320/1 aircraft), 

whereas limonene concentrations were relatively high on these flights. Other identified differences 

included highest concentrations of m+p-xylene occurring in Part 5 and lowest concentrations of toluene 

in Part 2. 

Mean ultrafine particle numbers (all flight sectors) were always in the range 1,000-100,000 particles   

cm
-3

. On five flight sectors short term peak concentrations exceeded the maximum range of the 

instrument (500,000 particles cm
-3

). Mean total VOC concentrations recorded by the PID were mostly 

below 2 ppm and a number of the short duration peak concentrations above 10 ppm were probably due to 

exposure to isopropyl alcohol vapour generated by the p-Trak instrument used for measurement of 

ultrafines. Maximum CO concentrations were mostly below 2 ppm. 

A total of 38 flights had fumes or smells reported by at least one crew member or researcher in a post-

flight questionnaire. The dominant smell descriptor was ‘oil’ or ‘oily’, reported by 26 persons. Other 

descriptors were ‘sweet’, ‘toilet smell’, ‘exhaust’, ‘chlorine’, ‘de-icing fluid’, ‘fuel’, ‘heated dust’ and 

‘human waste’. Four persons reported that the fumes/smells caused a health effect (headache or slight 

headache in all cases). Some flights had up to 3 persons reporting a smell/fume and others had only one 

person; a total of 60 (of 552) questionnaires reported a smell/fume. Some flights had reports of smells in 

more than one phase, and in two instances the smell of human waste was reported throughout the flight. 

On other flights, fumes/smells were reported during only one phase. 
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Conclusions 

With respect to the conditions of flight that were experienced during this study, there was no evidence 

for target pollutants occurring in the cabin air at levels exceeding available health and safety standards 

and guidelines. TCPs were detected in 5% of samples and TBP in over 50%; these have potential sources 

as additives in aircraft lubricants. No fume events occurred during any of the 100 flights that triggered 

the official reporting system used by airlines and therefore it is not possible to compare concentrations 

during such an event with the normal conditions of flight experienced in the present study. 
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B4.2c Air pollution early warning systems – predicted 

effectiveness of airAlert in Sussex 

Dr Heather Walton, Professor H Ross Anderson, Dr Richard Atkinson*, Dr Tim Baker, Dr Gary Fuller   

Environmental Research Group, MRC-HPA Centre for Environment and Health, King's College, London; *St. 

George’s, University of London. (Funding from DH via Sussex Air Quality Partnership) 

Background and objectives 

Air pollution early warning systems are theoretically a good idea, given the evidence on the short-term 

effects of air pollution. However, ideally they would be the subject of an intervention study to see if 

health benefits can be shown in practice.  The AsPIRe project (Air Pollution Intervention Research) is a 

health impact assessment project, calculating the potential health benefits of airAlert services in Sussex 

ahead of discussing the feasibility of an intervention study.  The objectives are as follows: 

 What is the expected size of the effect of the pollution increments that trigger the alert system on 

health impacts within the general population? 

 What is the expected size of the effect of these pollution changes in the population likely to receive 

alerts (usually sub-populations with respiratory illness)? 

 What is the scope of the possible reductions in adverse health outcomes that might be generated by 

those users of the service who take action in response to the alert? 

 Given the answers to the previous questions, what is the feasibility and likely statistical power of an 

intervention study to assess the effectiveness of the alert service in reducing adverse health 

outcomes? 

Study description 

Each day in the study period was classified using the new DEFRA daily air quality index implemented in 

January 2012 following recommendations by COMEAP1. ‘High’ days were defined as days where any 

urban or rural background site in Sussex was in the high band.  A day with no urban or rural background 

sites in the high band but one or more relevant sites in the moderate band was defined as a 'moderate 

day'.  Any other days were 'low days'.  These days were defined retrospectively for the period 1/1/2006-

14/10/11.  For each high day, the average concentration of, say, ozone across all the background sites in 

Sussex was calculated.  This average was not necessarily in the high band as not all areas of Sussex were 

necessarily in the high band.  Even if the high day was for ozone and not other pollutants, it would 

underestimate the health effects if the average level of other pollutants were not also calculated, taking 

into account double-counting as appropriate.  The level of each pollutant was averaged across all the low 

days, giving one average for each pollutant to calculate an increment between the 'high day' value and the 

'low day average' for each pollutant. The increments between ‘moderate day’ values and the ‘low day 

average’ were similarly calculated.   

Concentration-response relationships for respiratory hospital admissions derived from Anderson et al. 

(2007) were then applied to the increment between the average concentrations of pollutants on days in 

___________________________ 

1
 http://www.comeap.org.uk/documents/reports/130-review-of-the-uk-air-quality-index.html 

http://www.comeap.org.uk/documents/reports/130-review-of-the-uk-air-quality-index.html
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the low band and the concentrations of pollutants on days in the high or moderate band in Sussex to give 

a percentage increase in the baseline rate for that increment.  This percentage increase was then applied 

to an estimate of daily baseline emergency respiratory hospital admissions in Sussex (51.2), derived from 

the total emergency respiratory hospital admissions for England in 2010/11 from HES online2, the 

population of England3 and the population of Sussex (1,563,000).  The daily estimates of respiratory 

hospital admissions were then summed across the total number of high or moderate days for each 

pollutant.   

Results 

The concentration-response relationships from Anderson et al. (2007) are given in Table 1.   

Table 1 APED (2007) Report Single city meta-analytical estimates respiratory hospital admissions 

(% increase per 10 μg/m3 or 10 ppm)*  

Pollutant Averaging time Studies for meta-

analysis 

Pooled estimate Lower 

confidence limit 

Upper 

confidence limit 

      

O3 8 hour 7 0.63 0.09 1.18 

NO2 1 hour 4 0.15 -0.08 0.38 

PM10 24 hour 19
#
 1.71 1.19 2.23 

SO2 24 hour 23 1.51 0.84 2.18 

CO (10 ppm) 8 hour 9 3.63 2.39 4.89 

* random effects, not adjusted for publication bias for this table.  # Mixture of TEOM and gravimetric based studies. 

The average and range of pollutant concentrations on low, moderate and high days is given in Table 2, 

along with the increments for high to low days and moderate to low days.  The negative values represent 

the fact that the ozone (O3) concentrations, for example, include O3 concentrations on high days due to 

PM10 when O3 concentrations are actually lower than on typical low days due to scavenging of ozone by 

NO in the cold inversion conditions that lead to high PM10 episodes in winter.  There were also two very 

high days, one for O3 and one for PM10.  These gave averages of 148.7, 87.5 and 41 μg/m
3
 for O3, PM10 

and NO2 respectively, with increments of 84.3, 66.7 and 4.6 μg/m
3
. 

Table 2 Average pollutant levels (μg/m3) at background sites in Sussex 2006-2011 for low, 

moderate and high days  

Pollutant Low days (for 

all pollutants) 

Moderate days 

(for any pollutant) 

High days (for any 

pollutant) (range) 

Ave difference 

moderate to low 

Ave difference 

high to low (range) 

      

O3 (8 hour) 64.3 93.9 (5.3 to 141.5) 123 (19 to 191.4) 29.5 (-59 to 77.2) 58.7 (-40.3 to 127.1) 

NO2 (1 hour) 36.4 43.9 (11.8 to 94.7) 53.9 (27.5 to 93.1) 6.1 (-26 to 56.9) 17.4 (-8.9 to 56.6) 

PM10 (24 hour) 20.8 30.5 (6.3 to 72.3) 49.3 (30.1 to 84.3) 9.8 (-14.4 to 51.5) 28.7 (5.3 to 63.5) 

PM10 given as reference equivalent concentrations. 

Using the information from Tables 1 and 2, the number of additional emergency respiratory hospital 

admissions on high and moderate days can be calculated to give the results shown in Table 3.  It has 

______________________  

2
http://www.hesonline.nhs.uk/Ease/servlet/ContentServer?siteID=1937&categoryID=202 

3
http://www.ons.gov.uk/ons/rel/pop-estimate/population-estimates-for-uk--england-and-wales--scotland-and-  

northern-ireland/mid-2010-population-estimates/index.html 

http://www.hesonline.nhs.uk/Ease/servlet/ContentServer?siteID=1937&categoryID=202
http://www.ons.gov.uk/ons/rel/pop-estimate/population-estimates-for-uk--england-and-wales--scotland-and-%20%20northern-ireland/mid-2010-population-estimates/index.html
http://www.ons.gov.uk/ons/rel/pop-estimate/population-estimates-for-uk--england-and-wales--scotland-and-%20%20northern-ireland/mid-2010-population-estimates/index.html
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been assumed that the PM10 concentration-response relationship can be applied to reference equivalent 

measurements, although several of the studies on which it is based used TEOM measurements.  If a 

TEOM basis were assumed, the figures for respiratory hospital admissions due to PM10 would be about 

two-thirds of the figures given. 

Table 3 Total additional emergency respiratory hospital admissions at background sites in 

Sussex 2006-2011 for moderate, high and very high days compared with low days  

Pollutant Moderate days 

(for any 

pollutant) (341 

days (303 with 

PM 

measurements)) 

High days (for 

any pollutant) 

(21 days) 

Very high days 

(for any 

pollutant) (2 

days) 

 Total Range 

daily 

values 

Total Range 

daily 

values 

Total Range 

daily 

values 

Ozone (8 hour) 329 -2 to 3 41 -1 to 4 6 1 to 5 

NO2 (1 hour) 20 < 0 to <1 3 < 0 to <1 <1 < 0 to <1 

PM10 263 -1 to 5 54 <1 to 6 13 2 to 11 

Total without NO2 592 <0 to 6 95 3 to 6 18 6 to 12 

Total with NO2 612 <0 to 6 98 3 to 7 18 6 to 12 

 

Conclusions  

The number of additional emergency respiratory hospital admissions over and above the baseline on low 

days is relatively small on a daily basis with a maximum of 12 for a very high day and 6 or 7 for 

moderate and high days.  The overall public health impact over the time period 2006 to 2011 is most 

important for moderate days (around 600 estimated additional admissions) as there are many more of 

them.  PM10 is more important than O3 for high and very high days.    O3 may be more important for 

moderate days but this result may have been affected by missing values for PM10 measurements.       

Discussion 

If people were able to respond to alert messages in such a way as to remove their risk, then the effect on 

public health could be important.  However, not everyone signs up to receive airAlert messages4, 

although those that sign up are probably more likely to be in the relevant susceptible groups.   Of those 

that do sign up, not everyone takes action in response.  Focus group work by Smallbone (2009) 

suggested that 67% took specific action in response to alerts including ensuring they carried their reliever 

medication, taking additional medication, avoiding strenuous exercise and avoiding areas mentioned in 

the alerts.  Finally, it is unknown whether these actions taken in response are actually effective in 

reducing risks, in practice.  However, quantification of the potential size of the risk should help to see 

whether a study to address this directly would be feasible. 

 

____________________________ 

4
Currently, there are around 450 individual subscribers plus another 200 or so via 18 schools 
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Further work is planned using other outcomes (asthma and COPD admissions, emergency room visits, 

symptoms and lung function) and updated concentration-response relationships from the APED database. 

It is also planned to apply the analysis to the London area.  
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Department of Geography RWTH, Aachen, Germany  

Background and objectives 

Although air quality in the Euregion has improved over the last years, European limits for daily averages 

are exceeded on a regular basis. One of the major pollution sources in the area is traffic, but the city of 

Liège and Aachen also host several industries, which affect air quality in more or lesser degree. 

Depicting which one of the polluters is the principal contributor to the day-to-day exceeding of the PMx 

average is a difficult task.  

This is mainly due to the lack of consistent data and different ways of interpreting data in the Euregion 

on PMx pollution. All three countries in the Euregion Meuse-Rhine (EMR) have regional and national 

monitoring networks for assessing air pollution. As the reference method (gravimetry) is quite laborious 

and does not deliver continuous data, networks use alternative methods to monitor PMx. Unfortunately, 

since no standardized equipment exists, all networks use different monitoring systems. In order to make a 

comparison of the air pollution data between the different regions it is necessary to make these data more 

consistent. These data will help to map the air pollution in the Euregion more accurately and harmonize 

the effort in reducing the PMx concentrations. This will lead to a more sustainable and healthy 

environment and a more equal playing field for economic activities in the Meuse-Rhine region. 

Partners in this project are the Centre of Sustainable Environment (Heerlen, The Netherlands), Province 

of Limburg (Maastricht, The Netherlands), Institut Scientifique de Service Public (Liège, Belgium), 

Centre for Environmental Studies CMK at Hasselt University (Belgium) and the Department of 

Geography at the RWTH in Aachen  (Germany). 

Study description 

Measurement campaign 

Presently, no less than eight different analysers are used in the Euregion for evaluating the concentration 

of PMx in ambient air: the TEOM SES and FDMS (oscillating micro-balance), the FH62IR, the TEI62IR, 

the MP101M, the BAM1020 (ß-attenuation), the GRIMM180 (light scattering) and the SHARP5030 

(hybrid ß-attenuation and light scattering, respectively for daily and hourly values). With such a variety 

of devices and measurement principles, it is no surprise to observe differences in the recorded time 

series. To address these differences, a campaign has been set up to compare the values monitored by the 

five networks. Our procedure follows as closely as possible, considering time limitations, the guidelines 

for on field equivalence demonstration between a candidate and a reference method. The latter, according 

to European Standard EN12341, consists of sampling ambient air with a prescribed low/high volume 

sampler or a wide-range aerosol classifier with adequate inlet orifice, filter and flow regulator, and then 

evaluating the mass of the collected particulate matter by gravimetry. The two devices considered for the 

application of this reference method were the LECKEL, which was used on the six test sites, and the 
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SWAM, which was used on three of them. From the data obtained, calibration coefficients can be 

derived and used to homogenise our data set. 

Besides this aspect, impact of filter type, conditioning of the reference sampler, pre-conditioning of the 

filters and accurate measurement of the flow rate was also evaluated through a series of tests. 

Mapping 

The purpose of the measurement campaign was to obtain homogeneous data. The next step was to 

interpolate them and compare the result in the border region when data from different networks cross. In 

order to deliver daily maps of PM10 in the EMR a geostatistical interpolation model has been developed. 

Land cover and emission data are used to calculate an indicator that expresses the local influences on 

PM10 concentrations. This procedure is an adjusted version of the RIO model, developed for spatial 

mapping of air pollution in Belgium (Janssen et al., 2008). CORINE land cover data (EEA, 1995) is used 

as predictor for local ventilation conditions (Figure 1). Ventilation is reduced in urban areas compared to 

open terrain which leads to higher air pollution levels. For emission data, the European Pollutant Release 

and Transfer Register (E-PRTR) database was used, comprising 7 emission sectors (agricultural, 

domestic aviation, domestic shipping, road traffic, industrial releases, international shipping, non-

industrial combustion) for the reference year 2008 (Figure 1). The indicator (Beta) is mapped at a 

resolution of 1x1 km² and expresses the local influences on particulate matter concentrations. The 

indicator is further used for an interpolation procedure which models the daily average PM10 

concentrations over the EMR area, based on measurements of 21 stations. In addition to the air quality 

measurement stations inside the boundaries of the EMR, several stations in the neighbourhood of the 

EMR are used for interpolation, too.  

Figure 1 CORINE Land Cover 2000 and E-PRTR PM10 emissions per year in the EMR. 
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Results 

Measurement campaign 

The calibration equations presented in Table 1 are still temporary, since not all reference measurements 

are processed and not all analysers time series are available so far. The time series comparison shown in 

Figure 2 is made on the basis of these coefficients.  

 Table 1 Calibration equations 

Station Analyser Reference 

method 

Parameter Network calibration 

equation 

PM-Lab calibration 

equation 

Maastricht BAM1020 LECKEL PM10 NA y=0.882x-2.97 

Hasselt  TEI62IR LECKEL PM10 y=1.25x y=1.264x+0.49 

Hasselt  TEI62IR LECKEL PM2.5 y=1.27x y=1.176x-2.12 

Angleur GRIMM LECKEL PM10 y=x-2.728 y=0.916x+1.07 

Angleur GRIMM LECKEL PM2.5 y=0.967x-4.116 y=0.952x-3.21 

Figure 2 Comparative time series with reference measurements, raw monitored data, network-

calibrated and PM-Lab-calibrated data 
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Mapping 

The Beta map (Figure 3) indicates the local increment to particulate air pollution (PM10), where orange 

and red colours (Beta >1) refer to high local emissions and reduced ventilation conditions (e.g. urban 

areas, industrial areas, motorways) and green colour (Beta <0.25) refers mainly to natural environments, 

such as forests, wetlands and lakes with low emissions.  

Figure 3 Beta indicator for local influences on PM10 concentrations in the EMR and PM 

measurement stations. 

 

Conclusions 

The final goal of the project is to include the daily PM10 maps in a web based platform, accessible for 

everybody. Thus assuring the use of this information and aiming at an effective way to reduce exposure 

of PM10. 

The higher resolution PM10 maps will give more detailed information about the local and regional 

exposure to PM10 in comparison with the large-scale maps of the national and regional institutions. They 

will clearly show where the main sources of PM10 are located and will allow an estimation of the true 

population exposure against PM10 in the EMR region. Interested citizens can consult these detailed maps 

and governments can fine-tune their possible action on the relevant sources or in reducing the exposure 

to PM10. 
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The cross-border measurement campaign will be continued and result in a better understanding of the 

differences in PM monitoring and ultimately lead to more consistent data, a major target of the PM-Lab 

project.  

Discussion 

As just a limited data set is presently available conclusions are difficult to draw at this moment. For 

Maastricht the BAM monitor overestimates the PM10 reference levels with about 12%, close to the 8% 

found in equivalence testing from GGD-Amsterdam in 2010 (Jonge de, 2011). Regarding the Hasselt 

station, it seems that the PM10 calibration equation matches very well with the one determined by VMM, 

and that for the PM2.5 adjusts somehow the analyser data towards lower concentrations. Regarding the 

Angleur station, the PM10 calibration equation presents the same tendency towards lower values as the 

one promoted by AwAC (Wallonia Agency of Air and Climatology), and that for the PM2.5 is in very 

good agreement with the official one. These results confirm networks results and the very dependence of 

the calibration equation to the type of analyser in use. However, further investigations with the 2012 

records are needed. The combination of land cover data and emission data allows the interpolation of PM 

concentrations considering local scale influences and thus, accounting for the strong spatial variability of 

particulate matter. 
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C5. Pollution behaviour 

C5.1 Presentations 

C5.1a Engineered nanomaterials as emerging 

contaminants: investigating the hazards posed by 

nanomaterials to human health 

Helinor Johnston, Teresa Fernandes, Vicki Stone 

Nano Safety Research Group, Heriot-Watt University, Edinburgh 

The production and use of engineered nanomaterials (NMs) is constantly expanding. Many different 

sectors such as the food, textile, pharmaceutical, cosmetic and electronics industries aim to harness the 

novel, and unique properties of NMs within a variety of products including for example, food packaging, 

odour and stain resistant clothing, sunscreens, and drug delivery systems.  The exploitation of NMs is 

driven by the new properties and functions that emerge within materials when produced at the nanoscale 

(1-100nm), when compared to larger materials composed of the same substance. However, the small size 

of NMs also stimulates concern regarding the potential toxicity of NMs to human health and the 

environment as it is not possible to predict the biological response to NMs based on knowledge of how 

larger forms of the same material behave.  

Many uses of NMs can result in the deliberate or unintentional exposure of humans, with exposure 

anticipated in occupational, environmental and consumer settings via a variety of routes including 

inhalation, ingestion and injection. Consequently, NMs are expected to have a high potential for human 

and environmental exposure, and there is an urgent need to predict NM safety. Historical information on 

particle and fibre toxicology (e.g. PM10 and asbestos) has provided the foundations for nanotoxicology 

research. Such information has given an important insight into the physical and chemical properties of 

NMs that may enhance toxicity, and the potential mechanisms of toxicity for NMs. As such, these studies 

directed the experimental approaches that are considered with highest priority when assessing NM 

safety. Of importance is that the detrimental human health implications associated with exposure to many 

particle and fibre types (such as PM10) preceeded identification of the mechanisms of toxicity and 

identification of the physico-chemical properties of the pathogenic particles and fibres that were 

responsible for the observed toxicity. In some cases (e.g. asbestos) this lead to the development of robust 

structure activity relationships that enabled prediction of pathogenicity. It is therefore prudent to consider 

if NMs represent a risk to human health, and to determine if the physico-chemical properties of NMs 

responsible for any observed toxicity can be identified in order to support their safe design and use, as 

well as informing the development of appropriate risk management measures and legislation. 

Despite the fact that NMs have the common property of having at least one dimension within the 

nanoscale (1-100nm), the other physical and chemical properties of NMs can be vastly different. This 

includes properties such as composition, morphology, surface area, and charge, which are also likely to 

influence NM toxicity. The diversity of NMs available means that it is difficult to make generalizations 

regarding NM toxicity. Thus, identification of the attributes of NMs that confer toxicity is essential.  
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Although risk assessments for NMs have been attempted using classical regulatory based approaches, 

they cannot be performed in full due to a lack of exposure and hazard data. As a consequence, there are 

many uncertainties with regards to the risks posed by NMs to human health and the environment. In 

order to address this issue a number of obstacles need to be overcome. With regards to exposure 

assessment, there is an urgent need to quantify human exposure to NMs within occupational, laboratory, 

consumer and environmental exposure scenarios. Very few measurement studies have been conducted, 

which derives, in part, from methodological limitations. Computational models have been utilised to 

predict environmental levels of NMs, but these require further validation. Although there has been a 

rapid expansion in the number of hazard investigations for NMs, there are still no standardized 

approaches that can be routinely used to assess NM safety. The experimental design of hazard 

investigations is critical, and in particular it is necessary to consider the following; NM characterization, 

NM dispersion, NM dose selection, and model choice, and how these aspects of the experimental design 

may influence the biological response observed. Of additional importance is the development of animal 

alternatives, due to the large number of NMs that require hazard assessment. This has encouraged the 

development of more sophisticated in vitro models that aim to represent more accurately the in vivo 

situation. However, it is not appropriate to use in vitro tests in isolation, and these models used must be 

relevant and validated prior to their widespread use. 

There is some evidence of NM toxicity emerging, but this hazard data needs to be integrated with 

exposure data to inform on the risks posed by NMs to human health. Research is rapidly advancing in 

order to assess NM safety and to address the challenges that currently exist, and as such there is now a 

greater understanding of what a testing strategy for NM exposure, hazard and risk assessment should 

encompass. NMs have the potential to offer numerous financial and societal benefits and it is therefore 

essential to understand more about the risks they pose to human health in order to support innovation and 

their safe, responsible and sustainable development. 
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atmospheric nanoparticle behaviour 
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Abdulaziz University, Jeddah, 21589, Saudi Arabia 

Introduction 

The term nanoparticle is now generally accepted to refer to particles in which one dimension is less than 

100 nanometres.  Although this definition includes very narrow fibres and thin platelets, in practice the 

majority of airborne nanoparticles have all three orthogonal dimensions less than 100 nanometres.  The 

term nanoparticles is now almost synonymous with ultrafine particles which is a term much used in the 

air pollution literature.  Interest in nanoparticles has been intense since early work by Oberdörster and 

others (Oberdörster, 2000;  Donaldson et al., 2000) showed them to be more toxic per unit mass than 

larger particles in some in vitro and in vivo systems.  The seminal paper by Seaton et al. (1995) provided 

the first plausible explanation of air pollutant effects on the cardiovascular system and increased the 

focus of attention on the nanoparticle fraction. 

Nanoparticles from road vehicles 

By virtue of their very small size, nanoparticles carry very little of the mass of airborne particles and are 

thus only a tiny proportion of PM10 or PM2.5 in mass terms.  However, they are very abundant by number 

and are typically evaluated by use of particle counters rather than by separation and determination of 

mass.  Typical urban concentrations by number are of the order of 10-50 x 10
3
 cm

-3
 and concentrations 

may exceed 10
5
 cm

-3
 at a busy roadside.  Studies of the spatial and temporal variation of nanoparticle 

concentrations (e.g. Harrison and Jones, 2005) are clearly indicative that within urban areas, road traffic 

emissions dominate the population of nanoparticles. 

Work with engines in the laboratory demonstrates that a large proportion of the nanoparticles are 

generated by the condensation of semi-volatile vapours during the first few seconds of dilution of hot 

exhaust gases with ambient air (Shi and Harrison, 1999), and this was confirmed by roadside 

measurements (Charron and Harrison, 2005).  Consequently, engine exhaust contains both solid particles 

comprising graphitic elemental carbon with a coating or organic compounds on the one hand and smaller 

particles comprised almost entirely of organic matter on the other hand (Shi et al., 2000).  As the size 

distributions of the two particle types overlap, it has proved quite difficult to distinguish the two in 

ambient air.  However, in a recent study based upon the application of Positive Matrix Factorisation to a 

large number of hourly average particle size distributions, Harrison et al. (2011) were able to distinguish 

the two particle modes in engine exhaust sampled on Marylebone Road, London.  The organic-rich 

particles (referred to as the nucleation mode) showed a mode in the number size distribution at 20 

nanometres and accounted for 27.4% of all particles by number.  The solid mode elemental carbon-rich 

particles show a broader mode at around 50 nanometres and accounted for 38% of the total particle 

number count at the Marylebone Road site. 
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An analysis of trends in the particle number concentration, not only at Marylebone Road but also 

including data from monitoring instruments at North Kensington and Birmingham Centre (Jones et al., 

2012), showed a marked reduction especially at Marylebone Road in the particle number count which 

took place over a period of few months in late 2007.  Reductions were substantial, amounting to between 

30 and 59% and at Marylebone Road, reduced by 65% compared to emissions of NOx.  The start of the 

reduction coincided with both the introduction of “sulphur-free” diesel fuel and of the London Low 

Emissions Zone for heavy goods vehicles.  Low sulphur fuel is defined as that containing a sulphur 

content of less than 10 mg kg
-1

 and sulphur concentrations came down from a previous limit of 50 mg  

kg
-1

 and historic levels of up to 350 mg kg
-1

.  Based upon an analysis of the impact of the Low Emissions 

Zone upon vehicle technologies in 2007, and the fact that the reduction was observed in Birmingham as 

well as London, it was concluded that the primary causal factor in the decline in the particle number 

count was the reduction in the sulphur content of diesel fuel.  Such an effect had been predicted by 

laboratory studies to occur as a result of the critical role of sulphur in providing nuclei for the 

condensation of the semi-volatile organic vapour which comprise the major part of the nucleation mode 

particles.  A change in particle size distribution was also observed at Marylebone Road in 2007 

consistent with a substantial reduction in the nucleation mode and little if any change in the solid mode 

particles.   

Dynamics of nanoparticles in the urban atmosphere 

The REPARTEE experiment took place in London in the autumn 2007-2008 and studied air pollution 

phenomena using measurements both at ground level and aloft at 160 metres on the BT Tower.  One 

aspect of the experiment involved detailed measurements of particle number size distributions at roadside 

in the urban background with sampling taking place in Regents Park and at North Kensington, and aloft 

on the BT Tower (Harrison et al., 2012).  A careful analysis of data from both campaigns showed that 

the predominant process affecting the nanoparticles as they moved away from their traffic source is 

evaporative loss of organic matter from the nucleation mode particles which were seen to shrink in size 

as they advected into Regents Park. At longer travel times they were found to disappear entirely between 

ground-level and measurement on the BT Tower.  The loss processes corresponded to timescales of 

around 50 minutes during stable atmospheric conditions which were estimated from vertical atmospheric 

structure data collected with a Doppler lidar (Dall’Osto et al., 2011).   

The number densities of nanoparticles in the urban atmosphere are insufficient to promote rapid 

coagulation, and hence it appears that evaporation of the semi-volatile hydrocarbon content as particles 

mix with cleaner air on moving away from road traffic is the dominant process.  It seems probable that 

the particles will evaporate down to their involatile core comprising sulphate or trace metal which is only 

a few nanometres in diameter and below the lower cut-point of most particle counters.  Such small 

particles are highly diffusive and likely to have an extremely short atmospheric lifetime. 
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Implications for respiratory deposition 

The efficiency of deposition of airborne particles in the respiratory tract is strongly dependent upon the 

particle size.  This determines not only the total deposition but also the regional deposition, i.e. 

deposition to the extra-thoracic, tracheo-bronchial and alveolar regions of the respiratory system.  

Consequently, for a given mass or number concentration, the lung dose is crucially dependent upon the 

particle size distribution.  Harrison et al. (2010) used particle size distributions over the range of 15 nm 

to 10 µm to calculate the lung dose in terms of the number, surface area and mass of particles depositing 

in the three regions of the respiratory system.  They then correlated the daily lung dose with the 

measured particle number surface area, volume and mass of particles in the atmosphere.  Since particle 

size distributions change from hour to hour, it was found that while PM10 mass concentration is a good 

predictor of the mass dose in all regions of the lung, it is far less predictive of the surface area and 

particle number dose.  On the other hand, measurements of particle number do not well predict mass 

dose but are a good predictor of the particle number dose to all regions of the respiratory system.  The 

consequence of this finding is that epidemiological studies which use particle mass as the sole metric of 

airborne concentrations may well fail to detect health effects that derive from the particle number dose, 

and vice versa.  Consequently, epidemiological studies which have solely used mass metrics may well 

have underestimated the public health consequences of particle exposure due to exposure 

misclassification. 

The time series study of the effects of particle exposures in London upon mortality and hospital 

admissions by Atkinson et al. (2010) found that particle number count was consistently associated with 

effects on the cardiovascular system.  However, the possible consequences of the reduction in particle 

number count noted above are very hard to predict.  Since the airborne nanoparticle population consists 

predominantly of two different kinds of particles (the nucleation and solid modes), whose relative 

contribution to impacts on health is not clearly known.  Consequently, the health benefits of the 

reduction of one kind of particles or the other cannot be predicted and a further epidemiological study 

would be strongly justified.  The consequences of particle evaporation are also potentially interesting in 

that they typically reduce particle diameter from around 20 nm to the core particle of perhaps of 5 nm 

diameter.  While the 20 nm particles have a high deposition efficiency in the alveolar region of the lung, 

the smaller core particles, if they survive in the atmosphere to be inhaled, are likely to deposit very much 

higher in the respiratory system due to their extremely high diffusivities.  As a consequence, they may be 

less toxic, or may have more impact upon respiratory disease than cardiovascular disease. 
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C5.1c Modelling Indoor Air Pollution Chemistry in 

Modern Offices 

Andrew Terry, Nicola Carslaw, Mike Ashmore
 

Environment Department, University of York UK 

Overview 

Our main task in the OFFICAIR project is to develop the existing INDAIR/EXPAIR modelling 

framework by incorporating a chemical component to enable simulation of ranges of indoor 

concentrations of NOx, ozone, primary volatile organic compounds (VOC), and particles, as well as 

major secondary indoor pollutants under different ventilation conditions in modern offices. Diurnal 

measurements of NOx and ozone are needed, as they are the main drivers of indoor air chemistry. A 

reduced chemical mechanism based on the detailed chemistry model (Carslaw, 2007; Carslaw et al., 

2012) has been incorporated into the probabilistic indoor air model (INDAIR).  This integrated 

chemistry/INDAIR model (INDAIR-CHEM) will continue to operate as a single box model with terms 

that describe deposition onto surfaces, pollutant exchange primarily with the outdoors, photolysis, both 

by attenuated outdoor light and artificial lights indoors and chemical reactions. 

Study description 

INDAIR-CHEM includes 17 chemical species involved in 44 explicit reactions including photolysis and 

inorganic/gas phase reactions. A simple parameterisation for the formation of secondary organic aerosol 

(SOA) from ozone-limonene reactions is also included. These reactions have been included based on 

results from the full chemical model described in Carslaw et al. (2012). As well as key inorganic 

reactions (of NOX, O3, CO etc.), chemical degradation of formaldehyde (HCHO) through reaction with 

OH, NO and O3 is considered. 

The degradation of limonene, a key VOC constituent of cleaning fluids and air fresheners, is also 

included. In this case, the degradation of limonene to form key secondary pollutants (SOA, HCHO, OH, 

HO2) is represented via a parameterisation based on results from the detailed chemistry model (Carslaw 

et al., 2012). The parameterisation represents for instance, how much more HCHO is formed in the 

system when the limonene concentration is doubled. These reaction products and the effect of limonene 

chemistry on other species aren’t modelled mechanistically, but calculated using regression analysis of 

the relevant species concentrations over a range of limonene concentrations (0 – 10 ppb). For each 

species affected by limonene reactions, a 4 hour mean is taken centred around the peak daytime values, 

and plotted against limonene concentration. The slope of the line defines the incremental change in each 

species concentration with increasing limonene concentration. Since these calibrations are taken for peak 

values of species concentrations, they are normalised with respect to a maximum value such that 

limonene-induced incremental changes are reduced at lower concentration levels. 

Results and discussion 

The initial testing of the new INDAIR-CHEM chemistry model has been performed using Greenwich 

(latitude – 51
o
 28′ N) outdoor NO2, NO and O3 concentration data to drive the model.  Figure 1 illustrates 

typical simulations for the effect of indoor limonene concentrations on those of a key radical (OH) and 

secondary species (HNO3, HCHO, ultrafines) which are potentially harmful to human health.  In these 
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simulations limonene concentrations are held at constant levels of 0, 4 and 8 ppb, although simulations 

will eventually be performed under changing diurnal levels when indoor measurement data becomes 

available. Increased limonene concentration has a clear effect on three of the four species illustrated 

particularly during the daytime peaks. Increasing limonene concentration from zero to 8ppb lowers OH 

by 10% since it is a reactant involved in limonene degradation, whereas HCHO  and ultrafines, both 

products of degradation, are increased by 65%  and 39% respectively. The presence of limonene has only 

a slight effect of lowering HNO3 concentrations (< 0.5%). 

Presently, outdoor pollution data is being collated from four European countries of contrasting latitudes 

as listed in Table 1. Until this data becomes available, simulations of indoor pollution fluxes and 

associated chemistry at the different latitudes (Figure 2) use only the Greenwich outdoor data.  Since 

outdoor concentrations are identical for the 4 cities the effect of latitude, though subtle, is clearly evident 

with higher daytime peaks in OH, HNO3, HCHO and ultrafine concentrations at lower latitudes 

presumably due to the higher photolysis rates expected at increased insolation levels. However, this 

effect is only small since indoor light levels are considerably attenuated (10% and 3% of outdoor levels 

for visible and UV respectively).  The longer day-length at higher latitudes leads to broader daytime 

peaks, the species concentrations generally being higher than those at lower latitudes during early 

morning and evening. 

Table 1 European cities and latitudes used in model simulations 

_____________________________________________________________ 
City   Country      Latitude 

_____________________________________________________________ 
Helsinki Finland 60

o
 10′ N 

Amsterdam Netherlands 52
o
 22′ N 

Milan Italy 45
o
 27′ N 

Athens Greece 37
o
 58′ N 

Preliminary results show that the reduced chemical mechanism for photolysis, inorganic and gas phase 

reactions in INDAIR-CHEM yields outputs in broad agreement with the detailed chemistry model 

(Carslaw et al., 2012). Organic chemistry due to the presence of indoor VOCs has also been incorporated 

successfully into INDAIR-CHEM using a regression analysis approach to simulate the effects of 

limonene degradation on key species. The generation of potentially toxic secondary species from indoor 

air chemistry in a number of contrasting European countries will now be investigated. The outputs from 

the chemistry model, which ultimately will be initialized with typical office air conditions from a range 

of locations across Europe (e.g. ventilation rates), will be combined with a time-activity-location model 

within the INDAIR/EXPAIR modelling framework (Dimitroulopoulou et al., 2006). INDAIR-CHEM 

will enable prediction, for the first time, of the frequency distribution of personal exposures to relevant 

secondary pollutants, within a population exposure model.  
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Figure 1 The simulated effect of limonene concentrations on indoor levels of OH, HNO3, HCHO and 

ultrafines using Greenwich outdoor data. Time-courses are for 24 hours on day 3 of each simulation. 

   

  

Figure 2 The effect of latitude on indoor levels of OH, HNO3, HCHO and ultrafines for the four cities used in 

model simulations. Greenwich outdoor pollutant concentration data is used for all latitudes (see text). 

Time-courses are for 24 hours on day 3 of each simulation. 
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Introduction 

Studies (Hancock, 2002; Jenkins et al. 1992) have shown that urban residents typically spend up to 90% 

of their time indoors and the most susceptible population, such as children, elderly and people with pre-

existing medical conditions, spend almost 100% of their time indoors. As a result, the quality of indoor 

air is of great importance to human health and occupants’ well-being. Indoor air quality is a balance 

between the ingress of outdoor pollutants and ventilation of indoor pollutants generated from internal 

sources, which is affected by the building ventilation rate and the air-tightness of the building envelope. 

Some means of estimating this balance is therefore desirable. In addition to this general need to improve 

indoor air quality and reduce human exposure to common air pollutants in urban areas, there is also 

growing concern over the potential releases of airborne toxic substances, either intentional or accidental, 

in densely-inhabited urban areas, which may also ingress into buildings and thus expose their inhabitants.  

There is therefore a need to predict the properties of external pollutant ingress into buildings so that it 

can be minimised. This requires an understanding of the relationship between building ventilation and 

external exposure.  This was appreciated at BRE some time ago, but progress was hampered by lack of 

comparable data on pressure and concentration patterns on buildings (these are largely different 

disciplines and not usually considered in combination) and on finding suitable methodologies to predict 

contaminant ingress.  A review of the nature of building exposure to pollutants in urban areas was 

produced by Hall et al. (1996), and the situation was further reviewed by Kukadia et al. (1998).  Wind 

tunnel experiments were also carried out by Hall et al. (1999) to measure common concentration and 

pressure patterns on buildings in urban arrays, for the first time in the same experiment.  This data base 

and other work led to the development of recently updated guidance on ventilation strategies for healthy 

buildings by Kukadia and Hall (2011).  Predicting the areas of building surfaces at greatest risk of 

ingress of contaminants was also identified as a critical requirement for developing appropriate 

ventilation strategies and simple means of doing this were investigated. The present paper describes such 

a simple prediction method.    

Methodology 

The potential ingress of external pollutants into buildings depends on both the pollutant concentration 

pattern and the pressure differences across the building fabric. The rate of ingress of contaminant is high 

where both the local pressure difference across the building envelope and the contaminant concentration 

is high.  It is helpful if this can be described in mathematical form as a ‘risk’ level of contaminant ingress 

over the building surface.  A simple way of doing this is to define a ‘Risk Index’, IR, of potential local 

contaminant ingress as, 

0.5

R p pi
I (C C ) K  ,     (1) 



113 
Prepared by IEH for the 2012 Annual UK Review Meeting on Outdoor and Indoor Air Pollution Research 

 3-4 May 2012 

 

 

where K is the local dimensionless concentration on the building surface (see Hall et al. (1999), 

Cp is the external pressure coefficient and Cpi is the internal pressure coefficient.  The part of the 

expression, (Cp-Cpi)
0.5

, is proportional to the rate of ingress for non-capillary openings or fissures. 

 

This expression can be applied to both wind and buoyancy driven ventilation and to buildings of varying 

surface porosity.  The internal pressure, Cpi is not normally measured and is obtained assuming a net zero 

balance of the ingress and egress flows across the building canopy, so that, 

0)(  dACC

A

pip     (2) 

Example Application 

To illustrate how the methodology works, the measurement results of pollutant concentration and wind 

pressure on a building from Hall et al.’s (1999) experiments are shown in Figure 1, for the simple case of 

exposure of an isolated cubical building of uniform porosity to a source directly upwind at the ground. 

The bottom left plot (c) shows the building surface pressure pattern measured in the experiment and the 

adjacent plot (d) on its right the pressure difference across the surfaces after calculating the internal 

pressure from Equation(2).  Air ingress into the building occurs in areas where the external pressure is 

higher than the internal pressure, in shades of red or white on the building surface, egress occurs 

elsewhere.  The pattern of dimensionless concentration, K, over the building is shown in the top right 

hand plot (b).  The application of Equation (1) to the pressure and concentration data results in the ‘Risk 

Index’ plot of Ir on the right of the figure.  Here it can be seen that the highest risk of ingress into the 

building in this case is on the upwind face and to a lesser extent on the downwind edges of the roof and 

walls of the building.  The blank regions are either areas of air egress or areas with negligible values of 

risk (IR <0.01). 

Discussion and Conclusions 

A recently-developed methodology for identifying areas at risk of pollutant ingress on the external 

surface of the building and quantifying the extent of that risk within the ingress areas has been applied to 

a cubical building in isolation. The area distribution at risk of pollutant ingress into and egress out of a 

building was determined solely by the wind direction. However, the levels of risk within the areas of 

potential ingress were determined by both wind direction and source location.  

This methodology is simple but effective at identifying areas of high risk of ingress of contaminants into 

buildings, and of the overall rate of ingress.  It can also be used for estimating the risk of pollutant egress 

across the building fabric in the case of pollutants released internally within a building. Although, the 

methodology was applied to a building with uniform porosity and its ventilation mode was assumed to be 

wind driven in this study, it can also be used for buildings with variable surface porosities and buoyancy-

driven ventilation, provided that the associated differential pressure is known. 
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C5.2 Discussion 

Helinor Johnston 

Following her presentation, it was remarked that the speaker’s work had shown that 20 nm nanoparticles 

more readily entered macrophages than the 200 nm ones, and the speaker was asked whether that was an 

unusual finding. Dr Helinor Johnston replied that they hadn’t assessed 1 µm particles and therefore 

couldn’t comment on a possible trend. In a follow-up question, the speaker was asked whether the 20 and 

200 nm nanoparticles were getting into cells by the same mechanism; was it possible that the 20nm 

nanoparticles were ‘diffusing’ across the membrane whereas the larger ones were being taken up by 

active transport? Such a difference may be important for macrophage function. Dr Johnston replied that 

they had looked at endocytosis as a potential mechanism of uptake and the 20 nm nanoparticles had been 

found to be within endosomes in the cell, which suggested active uptake. However, other published work 

had indicated diffusion as a potential mechanism and, for fibre-like nanomaterials, it has been proposed 

that puncturing of the cell membrane leads to uptake; it is therefore difficult to generalise across different 

nanomaterials.        

Research presentations discussion 

Roy Harrison 

Following his presentation Roy was asked whether he had any information on how NO2 concentrations 

correlated with PM10. The speaker replied that they had not done the analysis with the data set that had 

been presented, however analysis with other data sets suggests some correlation close to traffic. Roy was 

also asked what deductions could be drawn from his findings in terms of what we believe from 

epidemiology study results; do we no longer believe that number of particles is important and go back to 

surface area, whether it be surface area of one particle or aggregated particles, or particle mass. As a 

follow up to that question, Roy was asked whether time-series studies should be re-done using different 

metrics. The speaker replied that we should use different metrics in each study according to the endpoint 

of interest as it has been shown that particle number is predictive of cardiovascular outcomes whereas 

particle mass is predictive of respiratory outcomes. However, Roy commented that it is very difficult to 

get sufficient data to undertake good time-series studies using surface area.  

The speaker was asked to comment on the prediction of levels of semi-volatiles associated with particles 

and consequences for exposure. Roy replied that studies had been carried out to look at the correlation 

between levels of organic rich particles at monitoring stations and those some distance away, and these 

had shown good correlations. A delegate commented that there is good evidence to support PM2.5 as a 

causal agent for adverse health effects and that PM2.5 numbers are a good predictor of exposure some 

distance away from static monitors. However, to obtain firm evidence of a causal link a year-long 

personal monitoring study with thousands of participants would need to be carried out. In a final 

question, Roy was asked whether the sulphur-free diesel hypothesis could be tested in another setting. 

The speaker explained that the reduction in particle number had been demonstrated in US laboratory  

studies with diesel engines using fuels with different sulphur contents; there is also supporting evidence 

from other published studies of US cities where sulphur has been removed.  
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Andrew Terry 

Following his talk the speaker was asked how significant he thought the formation of formaldehyde from 

limonene was compared with direct release from other sources. Andrew replied that direct sources should 

be stronger than secondary ones; however, this was going to be checked as part of the monitoring 

campaign. A speaker commented that his findings could help with the labelling of products, e.g. for 

home use, to indicate that a product contains limonene and will release ‘x’ amount of formaldehyde. 

Andrew added that it would be possible to model different scenarios e.g. during cleaning, and then see 

how the concentrations change during normal home/office use.  

David Hall 

The speaker was asked whether the nature of the source of the particles used had any influence on the 

results. David replied that a tracer gas had been used as small particles and gases disperse in the same 

way.   
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C5.3 Posters 

C5.3a Application of multi-sorbent tubes and data 

analysis software to the determination of VOCs 

released from building materials 

Veronica Brown and Derrick Crump 

IEH, Cranfield University, Cranfield, Beds. MK43 0AL 

Background and objectives 

Incidents of poor indoor air quality caused by release of volatile organic chemicals (VOCs) from some 

materials used within buildings and possible risks to health associated with exposure to particular 

compounds have resulted in a range of actions in various countries to reduce these emissions. These have 

included collaborative research, standardisation initiatives and product labelling schemes. In January 

2012 the French government implemented a regulation requiring the labelling of all building and 

decorative products newly placed on the market according to VOC emissions to indoor air, extending to 

existing products by September 2013. The Belgian government have announced their intention to 

introduce their own regulatory scheme of this type. Numerous other regulatory and voluntary schemes 

supported by national governments and/or particular industry groups are operational (ECA, 2012; 

Hodgson et al., 2011). Each of these schemes has its own testing and analytical procedures, along with 

different target lists of chemicals which require determination.  

Activities within Europe to harmonise emission labelling schemes have been described (Brown & Crump, 

2011). Since 2011 the Construction Products Regulation (CPR) has superseded the Construction Products 

Directive, but the requirements for harmonised testing and labelling of construction products remain and 

work continues within Europe to develop test methods and define classes of performance to enable 

implementation. The draft harmonised standard for testing building products has been the subject of 

robustness testing funded by the European Commission and this will be followed by validation testing. In 

parallel the Commission, via JRC Ispra, is supporting on-going work to define health based VOC 

concentrations (referred to as Lowest Concentration of Interest, LCI, values) that are expected to form the 

basis of performance classes for labelling under the CPR. 

The extensive target lists of chemicals in current labelling schemes, as well as expected requirements 

under the CPR, present a considerable challenge for analytical laboratories. There is a need for methods 

that are robust, as highly automated as possible and applicable to chemicals from the very volatile to 

semi-volatile range. Research at IEH to develop such methods has included screening materials for VOC 

emissions using a micro-chamber with sampling using both standard air sampling tubes (containing 

Tenax
®
 TA sorbent) and a multi-sorbent tube as a means of extending the volatility range of compounds 

which can be detected from one analysis (Brown & Crump, 2012). Also reported was a comparison of 

the use of manual processing and new data analysis software (ALMSCO’s TargetView
TM

) to determine 

amounts of VOCs released from one set of materials. No difference in performance between sorbents 

was found for nine different VOCs and encouraging results were achieved using TargetView, but in each 

case there is a need for more robustness testing with other mixes of compounds. The aims of the present 

study were to obtain further data on the performance of the multi-sorbent tube by comparing recoveries 
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obtained during analysis of quality control (QC) tubes. Also reported are further tests to compare manual 

processing and TargetView software by examining chromatograms from analysis of QC tubes and tubes 

used to collect material emissions.  

Study description 

The materials tested were supplied directly from the producer and comprised samples of PVCu window 

profile including a strip of black gasket and a section of a composite door made using PVCu and glass 

reinforced polyester skins with a polyurethane foam insert. Separate parts of the materials were tested 

using a Micro-chamber/Thermal Extractor (Markes International’s µ-CTE
TM

) with sampling onto Tenax 

tubes and analysis using thermal desorption/gas chromatography/mass spectrometry. Details of the 

sampling and analytical methods are given elsewhere (Brown & Crump, 2012). For the present study 

pairs of QC tubes containing Tenax and pairs containing quartz wool/Tenax/Carbograph 5TD were 

prepared containing approximately 30, 100 & 300 ng of a mixture of 11 VOCs (known as the ‘check 

standard’ mix) and these were analysed as one batch. 12 QC and 40 sample chromatograms were 

processed using both Chemstation (CS) software (version D03) and TargetView (TV) software (version 

1.4). Within TV, a minimum matching value of 0.7 was selected, the window width limit (ΔRT) was set 

to 5 seconds, the penalty method was set to automatic and peak width settings of 6 & 10 seconds were 

investigated. TV libraries were created for the QC compounds and for 12 compounds observed in 

significant amounts from the material samples. Calibration curves were prepared in Microsoft Excel 

using the extracted ion peak sum values generated by processing calibration standard chromatograms. No 

chemical standard was available for methylcyclobutane (MCB), so this compound was semi-quantified 

using the CS and TV responses of toluene. 

Results 

All 11 check standard compounds were identified from each of the 12 QC tubes using both CS and TV 

processing. A peak width setting of 6 seconds in TV was found to be suitable for these compounds. 

Amounts of the most volatile compound (n-hexane) and the least volatile (n-hexadecane) found using 

both processing methods are shown in Figure 1. Paired t-tests showed no significant difference (at 

p=0.05) in recovery for any of the 11 compounds on the two sorbent types. Amounts of each compound 

found using CS and TV also show excellent correlation across all loading levels  

(r
2 

≥ 0.998). The recoveries for the 100 ng loading level for all 11 compounds using both processing 

methods are shown in Table 1. Recoveries using both methods are seen to be within acceptable limits. 

 
 

Figure 1 Amounts of VOCs found from check standard mix using CS and TV processing 
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Chromatograms obtained from analysis of emissions from samples of a) the surface of the composite 

door and b) the foam insert are shown in Figure 2. The largest peaks emitted from the door surface were 

styrene and MCB. The chromatogram of the foam sample shows it to be the likely source of the MCB. 

Table 1 Percentage recoveries for 100 ng check standard mix using CS and TV processing  

Compound % Recovery (CS) %RSD (n = 4) % Recovery (TV) %RSD (n = 4) 

n-Hexane 

MIBK 
a
 

Toluene 

Hexanal 

Butyl acetate (BA) 

Cyclohexanone 

Phenol 

1,2,3-Trimethylbenzene 

4-Phenylcyclohexene 

BHT 
b
 

n-Hexadecane 

107.3 

101.7 

102.4 

94.4 

101.3 

100.7 

97.3 

101.4 

97.3 

94.4 

            105.0 

2.4 

0.4 

1.4 

1.1 

1.5 

3.1 

3.9 

2.4 

7.9 

7.0 

7.4 

109.2 

103.1 

103.6 

93.1 

102.3 

102.1 

97.8 

102.4 

98.6 

95.8 

106.5 

2.2 

1.6 

1.8 

2.7 

2.1 

3.1 

4.9 

3.5 

8.9 

7.8 

7.9 
a
 Methylisobutylketone / 4-methyl-2-pentanone     

b
 Butylated hydroxytoluene / 2,6-di-tert-butyl-4-methylphenol 

The gasket included with the samples of PVCu window profile was found to be the source of a different 

range of VOCs, with those occurring in significant amounts being identified as phenol,  

2-ethylhexan-1-ol, 2-(2-butoxyethoxy)ethanol (or butyl carbitol, BuCb), n-undecane and n-dodecane. 

 

 

Figure 2 Chromatogram from analysis of composite door samples tested in the µ-CTE 

The 12 compounds selected for study were each found in at least 14 of the 40 chromatograms examined 

using CS. With TV, using a peak width of 6 seconds, the same compounds were found in each 

chromatogram as had been found with CS. One chromatogram gave values for all compounds which 

were about double those obtained in CS. This was thought to be due to the D8-toluene (internal standard) 

peak having an uneven shape, resulting in it being underestimated in the version of the software 

available, and hence results being over-reported. When this file was excluded from the data analysis, 

excellent correlations between the two processing methods were found for styrene, MCB,  
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n-pentane, MIBK, toluene, BA, xylenes, phenol, 2-ethylhexan-1-ol, and n-undecane across a range of 

tube loadings. Amounts of styrene and MCB found using the two methods are shown in Figure 3, whilst 

the other compounds listed also gave gradients between 0.98 and 1.03 and r
2
 ≥ 0.997. [The occasional 

underestimation of peaks as a result of their shape has been observed previously (Brown & Crump, 

2012), becoming less frequent with development of the software; the latest revision, version 2.0, was 

found to also resolve the issue identified with this one chromatogram in the present study].  

 

Figure 3 Amounts of VOCs found in door and window emissions using CS and TV processing 

BuCb gave somewhat more variable results (gradient 0.92 and r
2
 0.98). Re-processing using a peak width 

setting of 10 seconds was investigated, as this compound elutes as a rather broad peak on the GC 

column, and this resulted in an improved correlation (gradient 0.98 and r
2
 0.996). The remaining 

compound studied, n-dodecane, gave a gradient of 0.83 and r
2
 of 0.95, with TV showing a lower result 

than CS for a number of the chromatograms. n-Dodecane was also a target compound in the previous TV 

study (Brown & Crump, 2012), where a good correlation between the methods was achieved, so it is 

likely that there is an interfering compound occurring in some of these chromatograms and this is 

resulting in an overestimate of the amount recorded by CS.  

Conclusions 

Further evidence has been obtained of equivalent performance for determination of VOCs using a  

3-bed sorbent tube as using a Tenax tube. This supports the reasoning of using 3-bed tubes that enable 

determination of a broader range of chemicals in a single analysis than is possible using Tenax alone (as 

currently prescribed in the normative part of the international standard [ISO 16000-6, 2011] for 

determining emissions from materials). VOCs loaded onto QC tubes were also successfully determined 

using TargetView software and, with some refinement of settings, the latest version of this software is 

producing reliable quantitative results for a range of compounds emitted from materials. 
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C5.3b Monitoring of airborne nanoparticles during 

drilling of polymer-silicon composites in a test 

chamber   

Adeel Irfan
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a
. Cranfield Health, 

b
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* Correspondence author: h.zhu@cranfield.ac.uk 

The steady growth over the last two decades in the development of engineering nanomaterials has caused 

general concerns over their impact on the environment and human health. It is imperative for any 

technology advancement to be balanced by adequately addressing the potential negative effects 

associated with the application of such technologies. Little information is available on nanoparticle (NP) 

release, from conventional and novel products, and their associated health effect. This study monitored 

NP release during drilling of polyamide 6 (PA6)- and Polypropylene (PP)-silicon composites.  

PA6 and PP were used as polymeric matrices for synthesis of all composite specimens in this study. The 

reinforcement materials included glass fibres (Taiwan Glass Industry Corporation), nanosilica (Aerosil 

200, hydrophilic and Aerosil 974, hydrophobic, both 12 nm, amorphous, fumed, Evonik Degussa Polska 

Sp. z. o. o),   organically modified montmorillonite (Laviosa Chimica Mineraria S.p.A), and foam glass 

crystal. Bulk materials were drilled to observe if any generation of nanoparticles occurs. 

The specimens were prepared by the compression moulding technique with a temperature of 250ºC over 

the compression time of 5 min 
1
.  The dimension of the specimens was 100x100x10 mm

3
. The PA6 and 

PP neat polymer specimens were also melted and compression moulded as a control reference. 

 

Figure 1. Schematic diagram of the single screw extruder used to drill samples. 
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Table 1. Denotation of the specimens synthesized for drilling test   

Polymers Reinforcement materials 

Montmorillonite 
(MMT) 
Dellite 43B 

Montmorillonite 
(MMT) 
Dellite 72T 

AEROSIL® 
200 
SiO2 

AEROSIL® 
974 
SiO2 

Foam 
glass 
crystal 
(FGC)  

Glass 
fibres 
(GF) 

Polyamide 6  
(PA6)  

PA-MMT  PA-SiO2  PA-FGC PA-GF 

Polypropylene (PP)  PP-MMT  PP-SiO2 PP-FGC PP-GF 

 
The composition of each of the final materials is shown in table 1, these materials were then drilled for 

24 minutes and the generation of airborne NPs was recorded using SMPS-C (Scanning Mobility Particle 

Sizer). The results are shown in figure 2. 

 

 

                     A             B 

          

          
 

 
Figure 2. Monitoring of airborne NP using SMPS-C over time. A) shows the total concentration of 

NP generated over time; B)  shows the average size of recorded NP over time. 

 
As shown in Figure 2, during drilling up to 10 times more airborne NP were generated from PA-6 group 

materials than from PP group materials. The increase of air NP in the first 14 min and subsequent 

decrease in the second 14 min were detected while drilling all the PA6 group materials apart from PA6-

MMT composite. For this the increase of air NP was only evident in the second 14 min. The level of 

airborne NP generated from PA6-based specimens in the first 14 min was in the order of PA6-

SiO2>PA6-FGC>PA6-GF>PA6-REF>PA6-MMT. Interestingly, the low level of NP released from the 
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PA6-MMT composite was coincided with larger NP size (~100 nm in the first 14 min and ~200 nm in 

the second 14 min) in comparison with the NP released from other PA6 group materials (<50 nm).  In 

contrast, the airborne NP generated from all the PP group materials apart from PP-nanosilica composite 

continuously increased over the two 14 min measurement cycles. The size of the airborne NP also 

increased with time. In both groups reference specimens released relatively low levels of airborne NP 

whilst polymer-silica composites released the highest level of airborne NP.  

Our studies suggest that generation of NP could be a real risk in the work environment during the 

processing of certain bulk composite materials. It can also be said that the nature of the material can 

dictate the level of NP generation and also the general particle size generated. Further studies may 

expand on finding the toxicology of these NP and finding adequate measures to restrict the potential 

harm. 

References: 

1 Sachse, S., Irfan, A., Zhu, H. & Njuguna, J. Morphology studies of nanodust generated from 

polyurethane/nanoclay nanofoams following mechanical fracture. Journal of Nanostructured Polymers and 

Nanocomposites 2011;7:5-7,8,9. 
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6. General Discussion and Close of Meeting 

Professor Bob Maynard provided a personal overview and summing-up of the meeting. He 

complemented all presenters on the quality of their research and the contribution to knowledge that the 

meeting had captured. Having reflected on the research presented and the discussions held over the two 

days he identified a number of issues and developments that he considered to be particularly pertinent, 

along with associated needs for further research.  

1. The development of large-scale integrated studies of exposure to air pollutants and their 

effects on health is exciting.  The “Exposome” approach should produce a wide range of 

interesting results.  Large scale studies such as this run the risk of revealing a large number 

of correlations between pollutants and other factors and effects on health: deciding on the 

importance of individual correlations will be important.  The “reductionist approach” to 

research has served well for many years and though limited in some respects should not be 

discarded.  There remains a strong need for hypothesis-driven research. 

2. It is very important to link epidemiological findings with toxicological hypotheses.  

Epidemiological studies have revealed that long term exposure to pollutants has a significant 

effect on health, especially as regards diseases of the cardiovascular system.  Whether 

cumulative exposure over a life-time or during only a year or so actually drives these effects 

remains to be discovered.  The importance of peaks of exposure as compared with 

cumulative exposure needs to be studied. 

3. Epidemiological studies have revealed many correlations between concentrations of 

pollutants and indices of toxicological effects.  It will be difficult for toxicologists to follow 

up all the correlations reported and so some method of ranking confidence in the correlations 

will be needed.  A number of correlations seem to be of marginal statistical significance.  

This may reflect the design of the studies (studies may not be large enough to allow clear 

distinctions between real effects and the results of random chance to be distinguished) and 

may or may not reflect causal associations.  Ranking the findings to aid the design of 

toxicological programmes seems important. 

4. A great deal of data on ambient concentrations of particles is now available.  Data on 

ultrafine particles is accumulating rapidly and mining these data sets is important and likely 

to be valuable.  Dr David Muir’s work in this area is especially encouraging. 

5. The possible effects on health of exposure to rather low concentrations of nitrogen dioxide 

continue to be studied.  Work by Drs Favaroto and Walton is very encouraging.  It seems 

that the findings of the meta-analysis undertaken by Hasselblad some years ago are 

supported by recent work.  This is important because the WHO Annual Average Guideline 

for nitrogen dioxide is based on the findings of the Hasselblad meta-analysis.  Use of this 

analysis, which focused on studies of the effects of indoor exposure to nitrogen dioxide, as a 

basis for recommending a Guideline for outdoor concentrations, has been criticised but now 

seems to be supported. 

6. Carbon monoxide continues to present problems.  Effects at very low concentrations are 

difficult to explain on the basis of interference with oxygen delivery.  It may be that 
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carboxyhaemoglobin concentration is less useful as a marker of subtle effects on the central 

nervous system than has generally been thought. 

7. Modelling concentrations of air pollutants over short distances in complex urban areas 

continues to be challenging.  The use of physical models such as the BRE London Model can 

help with this.  Further work using the model is recommended. 

8. It is becoming clear that ambient exposures to both noise and particles have effects on the 

cardiovascular system.  Distinguishing the effects of these pollutants by examination of their 

specific effects on Heart Rate Variability is an interesting development:  Professor Annette 

Peters pointed this out. 

9. Studies of a very wide range of effects that might be associated with exposure to particles 

have been undertaken.  Grouping these effects: those clearly associated with particles and 

those not shown to be associated with particles would be useful in that hypotheses relating to 

mechanisms of effect might well emerge from such an analysis. 

10. Methods for monitoring concentrations of air pollutants at a personal level are clearly 

developing rapidly.  Such methods should allow personal exposures to be related to effects 

on health.  Large scale studies in this area should be possible in the near future. 

11. WHO Air Quality Guidelines continue to play an important part in the development of air 

pollution control policies.  Developing guidance on how the Guidelines should be used for 

this purpose is now needed. 

12. Work reported by Roy Harrison showed that two types of ambient nano-particle could now 

be defined: one species, derived from lubricating oil seems to be centred on a diameter of 

about 20nm; a second fraction is centred on a diameter of about 50-60nm and seems to 

comprise solid particles.  It was noted that a step change in the concentration of the former 

occurred in 2007 as a result of the introduction of very low sulphur diesel fuel.  This 

suggests a natural experiment: epidemiological studies are recommended. 

Derrick Crump closed the conference by thanking all delegates, especially those presenting their research 

and those that had travelled from abroad to share their experiences and knowledge. He thanked the 

Department of Health and the Health Protection Agency for supporting the meeting and thereby ensuring 

dissemination of the latest knowledge and providing a forum for exchange of ideas and views between 

researchers and policy makers. He looked forward to meeting again in 12 months time to continue the 

process of reviewing new developments in our understanding of the health impact of indoor and outdoor 

pollution and assessing the implications for public health policy and priorities for further research.  
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Annex II workshop programme   

2012 annual UK review meeting on outdoor and 

indoor air pollution research 

At CMDC, Cranfield University, 3-4 May 2012 

Institute of Environment and Health, Cranfield University 

Programme 

Thursday 3 May 

09.30-10.30 Registration & Coffee 

10.30-10.40 Welcome and Introduction – Derrick Crump & Bob Maynard 

10.40-11.10 Invited Keynote Presentation ‘Air quality and health: Challenges & 

opportunities for multi-disciplinary research’ – Frank Kelly 

11.10-12.10 Research Presentations 

1. An investigation of the effects of long term exposure to air pollution on 

cardiorespiratory morbidity in a large population cohort – Richard Atkinson 

2. One way coupling of CMAQ and a road source dispersion model for fine scale air 

pollution predictions in London – Sean Beevers 

3. First results from the ClearfLo project – Understanding London’s meteorology and 

composition – David Green 

12.10-12.40 Invited Keynote Presentation ‘Health impact assessment in air pollution:  Progress 

so far and some questions for the future – Brian Miller  

12.40-13.00 Discussion 

13.00-14.00 Lunch  

14.00-15.20 Research Presentations    

1. Carbon Monoxide: A COmplex COnundrum – Isabella Myers 

2. Health effects of indoor nitrogen dioxide – Graziella Favarato 

3. Scoping the health effects of nitrogen dioxide in  Sandwell – Heather Walton 

4. Ventilation for healthy buildings: Reducing the impact of urban air pollution – Vina 

Kukadia 
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15.20-15.40 Discussion  

15.40-16.10 Tea 

16.10-16.40 HPA Annual Lecture introduced by Alison Gowers  

‘Ambient particulate matter, cardiovascular disease and beyond’ – Annette Peters 

16.40-17.10 Poster Presentations 

17.10-18.00 Poster Viewing 

20.00  Meeting Dinner (Mitchell Hall) 

Friday 4 May  

09.00-09.30 Invited Keynote Presentation ‘Air quality guidelines – bridge between science and 

policy’ – Michal Krzyzanowski 

09.30-10.30 Research Presentations  

1. Some observations on the relationships between ambient particle count data, 

particle mass concentrations and other atmospheric pollutants in the UK – David 

Muir 

2. Low cost sensor networks for measuring air quality – Rod Jones 

3. New advances in environmental air monitoring – Nicola Watson 

10.30-10.40 Discussion 

10.40-11.10 Coffee    

11.10-11.40 Invited Keynote Presentation ‘Policy effectiveness – exposure science perspective’ – 

Matti Jantunen 

11.40-12.40 Research Presentations  

1. Effects of long term exposure to air pollution on lung volume growth in a prospective 

birth cohort study – Anna Mölter 

2. Developing a detailed human exposure model using space-time-activity data for 90k 

people in London – Christina Mitsakou     

3. Evaluating air pollution exposure measurement techniques in pregnancy: A 

validation study in North West England – Kimberly Hannam 

12.40-13.00 Discussion  

13.00-14.00 Lunch  

14.00-14.30 Invited Keynote Presentation – ‘Engineered nanomaterials as emerging 

contaminants: investigating the hazards posed by nanomaterials to human health’ - 

Helinor Johnston  
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14.30-15.30 Research Presentations  

1. Recent advances in understanding atmospheric nanoparticle behaviour – Roy 

Harrison 

2. Modelling indoor air pollution chemistry in modern offices – Andrew Terry 

3. Identifying areas at risk of pollutant ingress on buildings – David Hall 

15.30-16.00 Discussion and Future Steps 

16.00   Tea and Departure  

 


