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Introduction 
The MRC Institute for Environment and Health (IEH) has been hosting annual review meetings 
on outdoor and indoor air pollution research in the UK since 1997. The proceedings of several 
previous annual review meetings have been published (IEH, 2000, 2002, 2004a,b). 

The aim of the annual review meeting is to provide an opportunity for UK researchers 
undertaking work on air pollution, from atmospheric chemistry, exposure measurement, 
modelling and characterisation to mechanisms of toxicity and volunteer and epidemiological 
studies, to present proposed, continuing or completed work. The meetings facilitate exchange of 
information and expertise between researchers themselves and between researchers and those 
funding UK research on air pollution and health. 

The ninth annual review meeting at the University of Leicester on 20–21 April 2005, has been 
sponsored by the Department of Health and the Department for Environment Food and Rural 
Affairs. This ninth meeting includes a ‘Special Seminar on Ultrafine Particles’, with guest 
presentations from Professor Roy Harrison, Professor Anthony Seaton, Professor Ken Donaldson 
and Dr Martin Meadows. Abstracts of 22 oral papers and 14 posters presented at the meeting are 
included. 

References 
IEH (2000) Joint Research Programmes on Outdoor and Indoor Air Pollution (Review of Progress, 1999), 
Leicester, UK, MRC Institute for Environment and Health 

IEH (2002) Proceeding of the Sixth Annual UK Review Meeting on Outdoor and Indoor Air Pollution 
Research, 15–16 April 2002 (Web Report W12), Leicester, UK, MRC Institute for Environment and 
Health, available at http://www.le.ac.uk/ieh/ 

IEH (2004a) Proceeding of the Seventh Annual UK Review Meeting on Outdoor and Indoor Air Pollution 
Research, 1–2 April 2003 (Web Report W15), Leicester, UK, MRC Institute for Environment and Health, 
available at http://www.le.ac.uk/ieh/ 

IEH (2004b) Proceedings of the Eighth Annual UK Review Meeting on Outdoor and Indoor Air Pollution 
Research 29–30 March 2004 (Web Report W18), Leicester, UK, MRC Institute for Environment and 
Health, available at http://www.le.ac.uk/ieh/ 
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1 Atmospheric chemistry, exposure 
measurement and modelling 

1.1 Comparison of black smoke and PM10 
measurements from co-located monitors at three 
UK sites 
Kevin Carr2 and Monica Price1 

1 School of Health, Natural & Social Sciences, University of Sunderland 
2 Richmondshire District Council 

Background and objectives 
The objectives of this project are to gain an understanding of the nature and composition of 
airborne particles sampled by historic black smoke (BS) monitors at a range of monitoring sites 
across the UK. This information can then be used to answer several research questions. It can 
firstly be used to assist in the interpretation of historic data for use in epidemiological studies. It 
can also be used to inform the debate as to the suitability of PM10 as a metric for the measurement 
of airborne particles that have an effect upon human health. 

In terms of epidemiology a large number of studies have been carried out to investigate the short-
term effects of particulate air pollution on health (Brunekreef & Holgate, 2002). However, few 
studies have investigated the longer-term effects of poor air quality on the development of 
respiratory diseases. In the UK it would be possible to carry out long-term epidemiological 
studies in that ambient air quality has been monitored from the 1930s onwards (Chow 1995). The 
main problems with the historic data are that it lacks spatial and temporal completeness and there 
is a lack of understanding as to the size and composition of the particles sampled by the monitors 
used at that time. At the time the historic data were collected, black smoke emissions will have 
been dominated by coal combustion, hence there is a need to co-locate black smoke and PM10 
monitors in areas of the UK where particulate pollution is still dominated by coal burning. The 
monitored information can then be related to sources of pollution, in the areas surrounding the 
monitors, in terms of the density of housing, quantities of fuel burnt and other surrounding 
sources of combustion particles. The relationship between sources and monitored BS can then be 
used to model historic black smoke pollution for areas and times where records are missing. The 
sites currently under investigation in this study will inform this aspect of the research. 

Today airborne particles contain a wide range of solids and liquids in a very wide range of sizes 
(Harrison, 2004). Whilst historically the carbonaceous content was dominated by coal burning, in 
more recent times it has been estimated that 90% of the carbonaceous content comes from diesel 
exhaust (Chaloulakou et.al., 2004). This change in emission sources has undermined the 
adequacy of the BS calibration curve that converts BS reflectance units into mass. However, 
health studies indicate that it is these carbonaceous particles that can have the greatest effects 
upon health (Novakov & Hansen, 2004) and the recent WHO report on the health aspects of air 
pollution notes that the value of BS as a measure of traffic related air pollution needs to be 
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evaluated (WHO, 2004). This study has a small amount of data collected from a kerbside site but 
in the next stages of the project the co-located monitors will be sited at both a kerbside and urban 
background site. 

Study description 
Historic (BS and deposit gauge) and current particulate monitors have been sited at three sites 
across the UK: Haydon Bridge, a rural site; Strabane, an urban background site; and the Belfast 
supersite. All of the three sites are surrounded by housing where coal is the primary fuel source. 
Details of the monitors used at each of the sites are included in Table 1. 

Monitoring at Haydon Bridge commenced in January 2004 and results for a full year are 
available. At the other two sites monitoring commenced in September 2004 and a limited amount 
of data is available. BS reflectance data have been converted into mass units using the British 
Standard Calibration curve.  

Filters used in the monitors were Partisol: PTFE coated glass fibre (Pall corporation) and BS 
monitor Whatman No. 1. Filters have been analysed by SEM (scanning electron microscopy) with 
analysis by EDX, energy dispersive microanalysis. 

Table 1 Monitor details for the co-located study 

Site Monitors Flow rates 
ℓ/min 

Sampling period 

Haydon Bridge Deposit Gauge 
Black Smoke 
Partisol 2025 
Osirus 

N/A 
1.5 
16.7  
3 

1 month 
24 hours 
24 hours 
Real Time 

Strabane Black Smoke 
Beta Attenuation 
Monitor 

1.5 
16.7 
 

24 hours 
Real Time 

Belfast Supersite Black Smoke 
TEOM 

1.5 
3.0 

24 hours 
Real Time 

Results 
Results from the Haydon Bridge monitoring site can be found in Table 2. The results indicate that 
airborne particulate matter as measured by the BS monitor shows greater seasonal variability with 
a maximum of 20.7 µg/m3 in December 2003 and a minimum of 0.5 µg/m3 in July 2004. These 
results contrast with PM10 as measured by the Partisol which show a maximum of 28.4 µg/m3 in 
December 2004 and a minimum of 9.6 µg/m3 in July 2004. Both the Partisol and the Osirus 
measure a higher mass of particles in the summer. PM10 comprises a wide range of airborne 
particulate matter including combustion particles, nitrates, sulphates, soils, dusts and sea salt 
(Harrison, 2004) whereas the BS monitor monitors carbonaceous particles only. At the Haydon 
Bridge site coal burning for heating will lead to a seasonal difference in emissions of combustion 
particles as is reflected in the BS data. During the summer monitored PM10 is greater than BS and 
will reflect the greater contribution from non-combustion sources at this time. Figure 1 presents 
BS for Strabane and Haydon Bridge for November 2004. BS concentrations are higher in 
Strabane and illustrate the potential for relating monitored BS to emission sources, once 
information on housing density and fuel use is obtained. 
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The mean values for monitored particles in November 2004 were 26.9 µg/m3 (BS) and 
39.2 µg/m3 (PM10) at Strabane and 10.6 µg/m3 (BS) and 14.9 µg/m3 (PM10) at Haydon Bridge. A 
higher mass of particles being measured, at both sites, by the real-time monitors. 

Table 2 Mean monthly airborne particles (µg/m3) as sampled by BS monitor, Partisol 2025 
and Osirus at Haydon Bridge 

Month BS Partisol Osirus (x1.3 factor) 

Dec 2003 20.7  23.6 
Jan 2004 10.9 11.8 21.6 
Feb 9.6 18.9 29.1 
March 7.2  26 
April 2.9 17.4 20 
May 2.5 13.7 17 
June 0.7 10.2 12 
July 0.5 9.6 14.4 
August   23.4 
September 2.7 12.5 18.2 
October  6.3 16.1 17.3 
November 10.6 17.2 14.9 
December 17.3 28.4 17.4 
 
Figure 1 BS µg/m3 measured at Strabane and Haydon Bridge November 2004 
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Haydon Bridge Strabane  

Figure 2 illustrates SEM photomicrographs of particles collected at Haydon Bridge and Strabane. 
The particles collected by the BS monitors are 5 microns or smaller. The particles collected by the 
Partisol are dominated by small combustion particles but there is also one larger particle (10 
microns) on to which the combustion particles have accumulated. In the photomicrograph of 
particles collected by the BAM the combustion particles are less visible as they have penetrated 
into the filter but there is one larger crystalline particle present. The mass of particles as measured 
by PM10 monitors will be dominated by the larger, heavier particles and may not reflect accurately 
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the mass of smaller combustion dominated particles. The results in this study indicate that the size 
of particulate matter sampled by BS monitors is in the finer fraction less than 5 microns but larger 
than PM2.5. 

Figure 2 Scanning electron photomicrographs of particles as sampled by the BS monitor 
at Strabane and Haydon Bridge (1 & 2) and BAM Strabane (3) and Partisol at Haydon 
Bridge (4) 

1 2 

 
 
3 4 

 

Conclusions 
Results from co-located historic BS monitors with modern PM10 monitors indicate that, at the 
time of year when combustion particles dominate, the relationship between the monitors is closer 
although the highest mass of particles is always recorded by the PM10 monitors. However, in the 
summer when particulate pollution is lower and comprises particles from a range of sources, very 
low concentrations are measured by the black smoke monitors. In terms of particle size results 
obtained to date suggest that BS was dominated by particles 5 microns or smaller in size. The 
information gained in the study will be used to advise health studies utilising historic data and 
also to inform the debate as to the nature and composition of airborne particles sampled by 
modern PM10 monitors. 
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1.2 Estimating the size-dependent collection 
efficiencies of hedgerows for ambient aerosols 
A. Tiwary1, H. P. Morvan2 and J. J. Colls1 

1 School of Biosciences, Biology Building, The University of Nottingham, Nottingham NG7 2RD, UK 
2 School of Civil Engineering, Coates Building, The University of Nottingham, Nottingham, NG7 2RD, 
UK 

Background and objectives 
The role of hedgerows in the deposition of ambient aerosols has mainly been restricted to a small 
number of empirical studies with pollen and pesticide droplets. The majority of hedgerow 
research in the past has been concerned with ecological and conservation features and apparently 
no comprehensive investigation of aerosol deposition to hedges of varying aerodynamic structure 
has been carried out. Such a study is of significant interest for its application in predicting 
pesticide drift mitigation from farmlands to nearby residential locations; minimizing dispersal of 
pollens and aero-allergens; or in estimating deposition of locally-generated particles to 
neighbouring vegetation. 

Vegetative barriers create tortuous airflows, thereby increasing the likelihood of a particle 
impacting a plant surface. The particle collection efficiency of a windbreak has been considered 
to be directly dependent on its aerodynamic characteristics (Raupach et al., 2001). However, the 
complex three-dimensional structure of natural vegetation imposes severe restrictions in 
predicting the turbulent transport of airborne particles to foliage elements. Realistic description of 
the essential micro-scale parameters for the vegetation itself, such as its porosity and flow 
structure, have been difficult to obtain and significant data gaps still exist in associating the 
dependence of the underlying deposition mechanism on the biological materials of the barrier 
(Ucar et al., 2003). Earlier works on forest canopies have found them to have high capture 
efficiencies for airborne particles. However, this mechanism can be mainly considered an 
effective pathway for particle removal at canopy heights (i.e. > 5 m), and in far-source areas 
(Erisman et al., 1997), but not for the along-wind (advective) deposition of ambient aerosols. 
Studies suggest enhanced adverse effects of elevated particle concentrations in the near-surface 
region inhabited by the majority of animals and plants (DoH, 1995; Zelikoff et al., 2003). 

The main objective of this study is to estimate the collection efficiency of some of the popular 
UK hedgerow species for ambient aerosols in order to assess their contribution to the near-ground 
particle dispersal and deposition processes. 

Study description 
In this paper a comparative investigation of aerosol deposition to hedges of varying foliage 
distribution and aerodynamic structures is made using a mechanistic model developed to estimate 
their size-resolved particle collection. For this purpose they have been broadly classified into two 
categories — dense (yew, Leylandii) and porous (hawthorn, holly). In order to estimate the 
relevant model parameters these hedges were split into cellular grids (Figure 1) and calculations 
were performed in three stages — simulation of vertical foliage distribution profile, estimation of 
through flow velocity, and incremental movement and deposition of particles within the 
vegetation. The collection efficiency (CE) for a known incident concentration of particles was 
estimated as the product of two parameters — one obtained as the ratio of the particle numbers 
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that actually reach its upwind face to the number that would pass through it if not deviated by the 
fluid flow (CEflow) and the other obtained as the ratio of the particle concentration filtered by the 
hedge elements to the particle concentration reaching its upwind face (CEfiltration). The former was 
estimated by treating the hedge as an obstacle to the approaching flow and the latter by 
considering particle collection on individual foliage elements via diffusion, interception and 
inertial impaction. A proprietary computational fluid dynamics code (CFX 5.7, ANSYS®, Inc.) 
was used to estimate the flow fields and velocity distribution profile, both inside and around the 
hedges, in a 2-D domain. Wind speed attenuation inside porous regions of the hedges, U(x, z), 
was modelled by a generalization of Darcy’s Law (Packwood, 2000) with the vertical profile of 
permeability expressed in terms of a drag parameter and the layer-wise foliage surface area 
density profile (Wilson, 1985). 

Figure 1 Schematic representation of the grid applied to model a hedge. The inset 
shows dispersion and deposition of particles of three discrete sizes 0.1, 2 and 20 µm (blue, 
green and red spheres respectively; the colour coding is not scaled and is for illustration 
only) around cylindrical collectors of varying thickness. 

 

                  
 

CEflow has been estimated by releasing particles of discrete sizes of interest in the simulated 
streamlines (Alhajraf, 2004) and calculating the threshold release height at the domain inlet for 
which the particles just grazed the top of the hedges. Collection of finer particles from Brownian 
diffusion and larger particles (dp>0.5 µm) from inertial impaction and interception on foliage 
elements is calculated after modification of original equations applied by (Raupach et al., 2001) 
to account for collection processes of extended barriers. After obtaining the filtered particle 
concentration profile on the downwind side Cout(z), for given incident upwind concentrations 
Cin(z), the overall particle flux for a hedge of a given height (h) and width (w) is given by:   

Particle flux to a barrier = dxdzCCzxU outin
w

h

))(,(
0

0

−∫∫
−

 

Appropriate field validations of the modelled collection efficiencies for the hedge species 
included in this study were made on days when near-normal wind speeds, monitored using a vane 
anemometer on the upwind side, exceeded 5 miles/hour (~ 2 m/s). Two identical optical particle 
counters, operated in an upwind-downwind experimental set-up close to the hedges, provided 
size-resolved particle concentrations in the optical size range 0.5–20 µm. The average length of a 
typical experiment was about three hours.  
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Results 
Results from the CFD model 
The resulting flow fields and particle trajectories for the two hedge categories were obtained from 
the CFD model (Figure 2).  

Figure 2a, b Simulated trajectories of 5 µm polystyrene particles. a for a dense hedge. b 
for a porous hedge, where maximum hedge height is 2m and the reference wind speed 
at 5 m from the ground is 5 m s-1. 

A b  

                    
Results – Filtration efficiency 
The resulting CEfiltration from the filtration routine, which calculates the deposition of particles 
transported through the hedges for the two categories, is presented in Figure 3. 

Conclusions 
In general, CEfiltration above about 5 µm is driven by impaction and increases with particle 
diameter. It is a minimum between 1 and 5 µm, and increases again below 1 µm due to Brownian 
diffusion. Denser hedges, such as Leylandii or Yew, tend to lift the approaching airflow more 
strongly and increase turbulence in the wake, thereby encouraging recirculation of finer particles 
on their downwind sides. We hypothesize that these phenomena may be leading to higher counts 
by the downwind OPC, resulting in negative measured CEfiltration on several occasions. We found 
smaller particles, which track the streamlines, to be more susceptible to this effect. However, 
results from simulations suggest overflow of a large proportion of even the larger particles 
(around 10 µm) above denser hedges. 
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Figure 3 a,b Predicted collection efficiencies (lines) presented alongside the measured 
values (°), y-error bars represent the standard deviation in individual sampling day’s 
measurements. a for a dense hedge. b for a porous hedge 
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1.3 Characterisation of indoor airborne particles 
by using real-time mass spectrometry 
Manuel Dall’Osto1 and Roy M. Harrison 

1Division of Environmental Health and Risk Management, University of Birmingham, 
Edgbaston, Birmingham 

Background and objectives 
A substantial number of studies have shown a correlation between particulate pollution and 
several health indicators. Current regulations for particulate matter are based on total mass in a 
specific size range, and the exposures to particles from different sources have potentially different 
health effects or exposure-response relationships. The physicochemical properties of ambient 
aerosol most associated with adverse health effects are not yet fully understood. In the past few 
decades, attention has been focused largely upon the study of exposure to outdoor air pollutants. 
Until recently, the health effects of indoor air pollution have received relatively little attention 
from the scientific community (Wallace 1996; Jones 1999). The indoor environment is generally 
considered to be a safer place from air pollutants. For instance, during outdoor pollution episodes 
health authority advice to citizens is to remain indoors. However, because urban populations, 
depending on local climatic conditions, typically spend large fractions of time in indoor 
environments, it is important to understand how exposures to outdoor particles are affected by 
building envelopes. Moreover, the particle concentrations can be significantly increased by indoor 
sources like smoking, cooking and other activities. The indoor environment can contain a wide 
variety of particles arising from both indoor and outdoor sources. There have been a number of 
studies in which indoor air has been compared with outdoor air. Frequently, the concentrations of 
air pollutants are much higher indoors than outdoors. The concentration of airborne particles 
inside a building is governed by the generation of particles within the home, the concentration of 
particles outside the building, the rate of air exchange and the depositional characteristics of the 
particles. 

Recently, more attention has been given to making continuous measurements with modern 
equipment, allowing high temporal resolution of size distributions and particle mass 
concentrations. Single particle mass spectrometry is a technique well suited to counting particles 
as a function of size and composition. The fundamental characteristic of these techniques is 
continuous introduction of aerosols directly into the source region of a mass spectrometer. A 
comprehensive review can be found elsewhere (Suess & Prather 1999). The aerosol time-of-flight 
mass spectrometer (ATOFMS) provides information on a polydisperse aerosol, acquiring precise 
aerodynamic diameter (±1%) and individual particle positive and negative mass spectral data in 
real time. The size of the particle is based on measuring the time-of-flight between two points and 
the method used for particle ionization is laser desorption/ionization (LDI) (Gard et al. 1997). 

To our knowledge, all the published studies conducted with single-particle mass spectrometry 
have been with outdoor ambient air. Here, we present an application of an ATOFMS to particles 
sampled in a building in Athens (Greece). Athens is surrounded by high hills and as a result the 
mixing state of air masses is often poor. High levels of air pollutant concentrations have been 
reported over the last two decades. Furthermore, during the EXPOLIS study, Hanninen et al. 
(2004) found that indoor PM2.5 concentrations were high. Indoor concentrations of ambient 
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PM2.5 varied substantially between cities; mean levels in Athens (21 µg/m3) were more than 
three times higher than Helsinki (6.5 µg/m3).  

Study description 
Sampling was carried out indoors and outdoors at an office in the building that houses the 
Development Centre of Athens (AEDA; 5 Favierou & Mayer St. Athens, Greece). The indoor 
ATOFMS experiment was conducted between 11:00 on 13/08/2003 and 09:00 on 16/08/2003. 
During this period, the ATOFMS was deployed under a broad range of different conditions, i.e. 
different ventilation (natural and mechanically assisted ventilation). Moreover, different indoor 
sources were simulated, i.e the use of insect repellent devices and the smoke generated either by 
smoked or smoldering cigarettes.  

ATOFMS  
The ATOFMS, TSI 3800, provides information on a polydisperse aerosol, acquiring precise 
aerodynamic diameter (±1%) and individual particle positive and negative mass spectral data in 
real time. Briefly, particles are sampled from the atmosphere through a nozzle and two 
differentially pumped skimmers, removing the excess gas molecules whilst collimating the 
particles into a narrow beam. The particles are detected and aerodynamically sized by two 
orthogonal continuous-wave argon lasers. The time taken for a particle to move between the 
lasers is monitored by a logic circuit, which controls the desorption/ionisation laser (Nd:YAG 
laser; 266 nm), therefore, firing the laser when the particle enters the centre source region. The 
positive and negative ions produced are separated by TOFMS with ions of different mass to 
charge ratios (m/z) reaching the detector at different times. 

Data analysis 
YAADA (Yet Another ATOFMS Data Analyzer) is a software toolkit to analyze single particle 
mass spectral data including data collected with ATOFMS instruments. (Allen J.O. 2001, 
software tool kit manual, www.yaada.org). The newest version of YAADA (v 1.30) is an object-
oriented toolbox written in the Matlab programming language (minimum Matlab version 6.5 
required) and is able to import TSI datasets. Once imported, the TSI 3800 ATOFMS dataset can 
be analysed with the powerful artificial intelligence algorithm ART-2a. Learning rate 0.05, 
vigilant factor 0.85 and a total number of 20 iterations were chosen as ART-2a parameters for this 
study. 

Results and discussion 
In all, during the indoor experiment the positive and negative ion spectra and aerodynamic 
diameter of 87 069 particles were recorded at Athens by ATOFMS. By running ART-2a, 536 
clusters were found. 95.2% of the particles were classified within the top 200 clusters. The 
number of clusters was further reduced. Some of the top 200 clusters were very similar to each 
other. The main differences were due to the peak area or to the noise level. The clusters 
considered needed to meet the following criteria in order to be merged together: they had to 
present similar temporal trends, size distributions and similar mass spectra, in order to be merged. 
By merging similar clusters, the total number of clusters describing the whole database was 
reduced to 23 clusters, as shown in Table 1. The 23 classes shown represent 85% of the total 
particles sampled, meaning that 73 687 particles were successfully classified. The remained 15% 
are single-particle mass spectra characterised by low resolution, with low Signal/Noise ratio. The 
23 classes were further merged in four broader classes, and an overview of them can be found in 
the next sub-sections. 
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Table 1 Summary of the 23 main ATOFMS classes detected during indoor experiments at 
Athens, Greece 

Major classes Class N° particles % 
ETS ETS_84 19 972 27.1 

 ETS_tot1 17 553 23.8 
 ETS_tot2 5477 7.4 
 ETS_tot3 1809 2.5 
 ETS_smo1 1563 2.1 
 ETS_smo2 758 1.0 
 KNOx 825 1.1 

OUTDOOR Dust_gen 4825 6.5 
 Dust_Ca 2967 4.0 
 Dust_bio 2691 3.7 
 NaNOx 971 1.3 
 Carbon 1584 2.1 
 KSOx 1022 1.4 
 ECSOx 3036 4.1 
 Car 517 0.7 
 Cromium 92 0.1 

INSECT REPELLENT IR_tot 2568 3.5 
 IR_coarse 56 0.1 
 IR_early 752 1.0 
 IR_long 801 1.1 

OTHERS Vanadium 663 0.9 

 Amines 349 0.5 
 K_rich 2836 3.8 

Environmental tobacco smoke (ETS) 
The smoke present in ambient air as a result of tobacco smoking is called environmental tobacco 
smoke (ETS). It results from a combination of sidestream smoke and exhaled mainstream smoke, 
both greatly diluted by the ambient air. Different classes were apportioned. ETS_tot1, ETS_tot2 
and ETS_tot3 were potassium-rich particles (with different degrees of carbon) emitted directly 
from the exhaled mainstream smoke. ETS_smo1 and ETS_smo2 were instead detected when the 
cigarette was left smouldering on an ash-tray on the table. These particles were characterised by 
the presence of peaks at m/z –45, –59 and –79, likely to be due to the formate [CHO2-], acetate 
[C2H3O2-] and [C3H3O2-] ions, respectively. ETS_84 presents a strong signal at m/z 84, most 
likely to be due to a nicotine fragment. This class is characterised by a very interesting temporal 
trend, showing how sorption of ETS compounds can greatly affect indoor particle concentrations.  

Outdoor classes 
Different classes recognised from previous ambient field studies were found. Three types of dust 
were characterised — Dust_gen, Dust_Ca and Dust_Bio. Dust_gen is characterised by typical 
peaks due to dust particles, i.e. sodium, potassium, iron and aluminium. Dust_Ca was found to 
have a strong calcium signature. Dust_Bio is likely to have a biogenic plant debris origin, with 
strong signal at m/z –26 and m/z –42, due to [CN]- and [CNO]-, respectively. Several other 
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classes were apportioned to anthropogenic sources. These classes were mainly found when the 
windows of the room were open, allowing outdoor particles to enter the indoor environment.  

Insect repellent 
During summertime, mosquitoes are found in high numbers in the southern part of Europe. Insect 
repellents are used in most Greek private buildings in order to reduce mosquitoes in indoor 
environments. During this study, different insect repellents available on the market were used.  
N,N-diethyl-3-methylbenzamide (DEET), bioallethrin and piperonyl butoxide were tested. 
ATOFMS single-particle mass spectra showed unique m/z due to different repellents. DEET 
shows a unique peak at m/z 119. Bioallethrin presents a unique peak in the positive mass spectra 
at m/z 177, whilst piperonyl butoxide shows a unique peak in the negative mass spectra at m/z 
166. 
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1.4 Deposit gauge and SO2 measurements as 
predictors of black smoke: A study of  
co-located monitors in 1956–1961 
Fu-Meng Khaw1, Mark S Pearce2, Nick D Clement1, Tanja Pless-Mulloli1 

1School of Population and Health Sciences, 
2School of Clinical Medical Sciences, University of Newcastle upon Tyne 

Background and objectives 
The long-term adverse health effects of exposure to air pollutants require further epidemiological 
studies to derive precise estimates. Such studies need good estimates of long-term personal 
exposure.  

In the UK, air quality has been monitored by a national network of monitors since 1914. In the 
early years, deposit gauge (DG) monitors measured levels of total deposited particulate matter 
(TD). In addition, SO2 was monitored using the lead-peroxide (LP) candle and net acidity test 
methods. After the passing of the first Clean Air Act in 1956, the number of black smoke (BS) 
monitors increased. By the late 1960s DG monitors were phased out from the routine monitoring 
network. In the early 1990s BS monitors were replaced by TEOMs measuring PM10 and more 
recently PM2.5, although a limited national network of BS monitors still exists.   

The use of historical levels using TD and BS as measures of respirable particulate matter (rPM) is 
controversial. Whilst we are not aware of any reports investigating the correlation between TD 
and health outcomes, there is recent evidence to suggest a correlation between BS and respiratory 
illness. It is therefore important to understand the relationship between these historical 
measurements of air pollutants. 

In this study, we aim to determine the relationships between DG, SO2-LP, and BS to ascertain 
whether DG and/or SO2-LP may be used as predictors of BS. This study is part of wider project 
to develop a model to estimate long-term exposure to air pollutants in a cohort of 1142 babies 
born in Newcastle upon Tyne, in May and June 1947 — the Newcastle Thousand Families Cohort 
(Khaw, 2004). 

Methods 
Data 
We obtained monthly air pollution data from the Atmospheric Pollution Bulletin from  
1956–1961. This period witnessed the phasing out of DG monitors and the introduction of BS 
filters. Monitors of TD, SO2 and BS were most frequently co-located during this period. We 
included all sites with co-located data available for three or more consecutive years. 
Measurements of rainfall, TD, SO2 (using the lead peroxide candle method), and BS were 
abstracted and data were entered manually into an Access database (Microsoft Inc.). 

Information on the location of monitors and the location’s classification were obtained from the 
UK National Air Quality Information Archives (NAQIA). The location classification is based on 
the whether the monitor is located in an industrial, residential, commercial or rural area, or a 
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combination of these (Table 1). An additional classification denoted whether the monitor was 
located in a smoke control zone.  

Statistical analysis 
We assessed the relationships between DG, SO2, and BS using multiple regression analysis, using 
BS as the dependent variable. The influences of other covariates, namely rainfall, location in 
smoke control zone, and type of location (residential, urban, industrial, rural) were tested in the 
models. 

Results 
Data from 34 co-located sites were available, with 1521 triplets of co-located data. The data 
followed a log-normal distribution. There was great variation in the levels between and within 
monitoring stations (Table 1). These sites were distributed throughout 12 counties in Great 
Britain, spanning an area of 520 km (North–South) by 285 km (East–West). The location 
classifications are shown in Table 2. Seasonal variation was greatest for levels of BS and SO2-LP 
(Figure 1). 

Table 1 Levels of rainfall and air pollutants 

 

Rainfall daily 
average 

(mm) 

Total deposit 

(tons/sq 
mile/day) 

Black Smoke 

(mg/100 
m3/day) 

SO2-LP 

(mg/100 
cm2/day) 

Mean (range) 2.0 (0.0-5.6) 0.5(0.1-3.8) 17.9 (1.0-148.0) 1.9(0.1-7.5) 

Standard 
Deviation 

1.20 0.31 16.67 1.31 

 

There was a significant association between SO2 and BS when adjusted for TD and rainfall 
(B=7.2; 95% CI, 6.6 to7.7), which remained after adjusting for category of monitor (B=6.9; 95% 
CI, 6.2 to 7.5). The association between TD and BS when adjusted for SO2 and rainfall was less 
strong (B=2.8; 95% CI, 0.3 to 5.4). This association did not remain after adjusting for category of 
monitor (B=-1.7; 95% CI, -4.2 to 0.9). Rainfall was not significantly associated with BS when 
adjusted for TD and SO2 (B=0.07; 95% CI, -0.51 to 0.66). 

Using simple linear regression, the correlation between TD and SO2-LP and BS was analysed for 
each individual location. Whilst the correlation between SO2-LP and BS was strong at all sites, 
the correlation between TD and BS showed great variation: some had a strong positive 
correlation, some had a strong negative correlation, whilst others had no correlation (Figure 2). 
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Table 2 UK NAQIA classification of locations of monitors  

Class 
No. of sites  
(data points) Description 

A1 2 (85) Residential, high-density, or medium-density in multiple occupation, surrounded by 
other built-up areas. 

A2 5 (210) Predominantly A1, but interspersed with some industrial undertakings 

A3 1 (41) Residential, high- or medium-density in multiple occupation surrounded by, or 
interspersed with, other areas with low potential air pollution output (parks, fields, 
coast). 

B1 1 (44) Residential, medium-density, typically an inner suburb or housing estate, surrounded 
by built-up areas. 

B2 3 (164) Predominantly B1, but interspersed with some industrial undertakings. 

B3 6 (236) Residential area with medium-density housing surrounded by or interspersed with 
areas with low potential air pollution output (parks, fields, coast), or any residential 
area with low-density housing. 

C1 2 (82) Industrial area without domestic premises. 

D1 4 (183) Commercial area or one with predominantly central heating. 

D2 5 (251) Town centre, limited commercial area, possibly mixed with old residential housing 
and/or minor industry. 

R 1 (59) Rural community. 

X 4 (166) Unclassified site, or mixed area. 

Conclusions 
We have shown a clear relationship between SO2 and BS, but the association between DG and BS 
is more complicated. We suggest that SO2 may be used as a surrogate measure for BS in all 
monitoring locations. The conditions under which DG can be used in this way needs further 
investigation. 

In the UK, the availability of air quality data dating back to 1914 makes possible the investigation 
of long-term health outcomes after exposure to air pollutants. However, because the methods of 
monitoring pollutants have changed over the past century, it is important to investigate the 
relationships between different methods of measurement. Particulate matter, as measured by BS 
monitors, has been linked with adverse health outcomes (Schwartz, 2001; Timonen, 2002). In 
contrast, Solomon et al. (2003) did not find an association between cardiorespiratory morbidity 
and long-term exposure (30 years) to BS in women over 45 years old. However, the period of 
observation (1966–97) witnessed 50-fold reductions in levels of BS and the assigned categories of 
‘high’ and ‘low’ pollution according to levels in 1966 were not sustained for at least half of the 
period of observation. Gotschi et al. (2002) suggested that BS monitors compare well with PM2.5 
monitors in the measurement of a health-relevant fraction of fine particles. McFarland et al. 
(1982) suggested that BS monitors in the UK sample only particles smaller than about 4.5 µm.  

We conclude that SO2 may be used as a surrogate measure for BS in all monitoring locations. By 
demonstrating a clear relationship between SO2-LP and BS, the estimation of rPM can be made 
from historical SO2-LP levels, where BS levels are unavailable. The use of historical air pollution 
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data in this way enhances the feasibility of long-term retrospective lifecourse epidemiological 
studies. 

Figure 1 Levels of BS and SO2-LP in Croydon 11 

 

Figure 2 Scatterplots of TD and BS at three locations 
 

Glasgow 1 Harlow 1 Darton 1  

Total deposit, tons/sq mile/day

1.81.61.41.21.0.8.6.4

Sm
ok

e,
 m

on
th

ly
 d

ai
ly

 a
ve

ra
ge

, m
g/

10
0 

m
3/

da
y 120.0

100.0

80.0

60.0

40.0

20.0

0.0 Rsq = 0.3073 

  Total deposit, tons/sq mile/day

.5.4.3.2.10.0

Sm
ok

e,
 m

on
th

ly
 d

ai
ly

 a
ve

ra
ge

, m
g/

10
0 

m
3/

da
y 16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0 Rsq = 0.2846 

 Total deposit, tons/sq mile/day

.7.6.5.4.3.2.1

Sm
ok

e,
 m

on
th

ly
 d

ai
ly

 a
ve

ra
ge

, m
g/

10
0 

m
3/

da
y 30.0

20.0

10.0

0.0 Rsq = 0.0000 

  

0

5

10

15

20

25

30

35

Apr 
56

Ju
l 5

6

Oct 
56

Ja
n 5

7

Apr 
57

Ju
l 5

7

Oct 
57

Ja
n 5

8

Apr 
58

Ju
l 5

8

Oct 
58

Ja
n 5

9

Apr 
59

Ju
l 5

9

Oct 
59

Ja
n 6

0

Apr 
60

Ju
l 6

0

Oct 
60

Ja
n 6

1
Month / Year

Bl
ac

k 
sm

ok
e 

(m
g/

10
0 

m
3 /d

ay
)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

S
O

2-
LP

 (m
g/

10
0c

m
2 /d

ay
)Black smoke S02 LP

Site: Croydon 11
Category: B2 Smoke Control: No 

Black smoke and SO2-LP



 

20 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

References 
Gotschi T, Oglesby L, Mathys P, Monn C, Manalis N, Koistinen K, Jantunen M, Hanninen O, Polanska L, 
Kunzli N (2002) Comparison of black smoke and PM2.5 levels in indoor and outdoor environments of four 
European cities. Environ Sci Technol, 36, 1191-7. 

Khaw FM, Pearce MS, Charlton M, Pless-Mulloli T (2004)  Proceedings of the Eighth Annual UK Review 
Meeting on Outdoor and Indoor Air Pollution Research 29-30 March 2004 (Web Report W18), Leicester, 
UK, MRC Institute for Environment and Health, available at http://www.le.ac.uk/ieh. 

McFarland AR, Ortiz CA, Rodes CE (1982) Wind tunnel evaluation of the British Smoke shade sampler. 
Atmos Environ, 16, 325-8. 

Schwartz J, Ballester F, Saez M, Perez-Hoyos, Bellido J, Cambra K, Arribas F, Canada A, Perz-Boillos MJ, 
Sunyer J (2001) The concentration-response relation between air pollution and daily deaths.  Environmental 
Health Perspectives, 109, 1001-6. 

Solomon C, Poole J, Jarup L, Palmer K, Coggon D (2003) Cardio-respiratory morbidity and long-term 
exposure to particulate air pollution.  Int J Environ Health Res, 13, 327-335. 

Timonen KL, Pekkanen J, Tiittanen P, Salonen RO (2002) Effects of air pollution on changes in lung function 
induced by exercise in children with chronic respiratory symptoms. Occup Environ Med, 59, 129-34. 

 



 

21 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

1.5 Exposure measurements of indoor ultrafine 
particles: A pilot study on night-time patterns 
Sirinath S Jamieson 

Department of Environmental Science and Technology, Imperial College London, South Kensington 
Campus, London SW7 2AZ 

Background and objectives 
Ultrafine Particles (UFP, PM0.1), which are also known as nanoparticles, are normally defined as 
particles with aerodynamic <0.1 µm. Most UFP research (Brouwer et al., 2004; Li et al., 1993; 
Matson; Pakkanen et al., 2001) has been undertaken in both indoor and outdoor environments, 
however, little attention has been paid to the exposure measurements in indoor 
microenvironments (µENVs) when occupied by humans. The µENV or microclimate is generally 
described in environmental science for personal exposure as an individual location, where 
pollutant concentrations are found homogeneously and where people spend the majority of their 
time during activities under different climatic conditions from the surrounding areas. Whole 
rooms or buildings are usually not represented as individual µENVs. 

It is suggested that UFP exposure measurements should be undertaken in the specific µENVs, 
such as the ‘Work µENV’, where most people spend most of their time during the daytime and 
the ‘Sleep µENV’, where they may spend a large period of time at night while at home. 

Thus, this paper presents the samples of results in UFP exposure measurements in an indoor sleep 
µENV under real-life situations, specifically when it was occupied at nighttime. The initial results 
of patterns of UFP and particulate matter (PM) concentrations of different sizes and modes are 
also discussed. 

Study description 
‘Work and Sleep µENVs’ have been initially investigated through the present ongoing studies. 
One of the selected locations was an open-plan studio flat, located away from the road, on the 
upper ground floor at the back of a terraced house. The pollutants selection and deployments were 
determined by accessibility of equipment and locations. In addition to UFP measurements, the 
full study also includes the measurements of CO, CO2, mass-mode PM10 and PMx (size range 
0.5–2.0, 2.0–10.0, >10 µg). For this paper a discussion will be given of UFP concentrations in a 
sleep µENV as present in the real-life conditions with the presence of two occupants in the 
µENV. A P-Trak model 8525 (TSI Inc. Shoreview, MN) was used for monitoring UFP 
concentrations in count-mode, while PMx concentrations were measured in mass-mode (model 
1.105, GRIMM Aerosol Technik GmbH & Co., Ainring).  

UFP measurements were randomly carried out for 8 nights in the wintertime (January) with some 
daytime monitoring. The upper part of the main window was left open during the daytime, while 
being closed at night. Cooking activity periods inside the studio flat were also recorded. 

Results 
UFP concentrations were found to greatly fluctuate during the daytime even though the room was 
unoccupied (Figures 1&2). Different cooking and food preparation methods have been shown to 
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interfere with UFP concentrations found in the sleep µENV. As would be expected, cooking 
porridge for breakfast affects UFP concentrations to a greater degree than having cereal. Cooking 
and smoking from adjacent flats which penetrated into the studio flat were often shown to 
influence the concentrations recorded during both sleep and activity periods. The activity record 
also shows that indoor transient UFP levels were often experienced when the late-night cooking 
and tea-drinking activities were taking place within the flat itself.   

However, the nighttime patterns of UFP concentrations also demonstrate the variation obtained 
before and during the subjects’ occupation of the bed (Figure 3). Parabolic patterns (with peaks of 
disturbance) are clearly seen during sleeping hours (Figures 1–3).  

UFP was also discovered to generally exhibit smoother profiles than PMx, particularly the larger 
sizes (Figure 3). UFP concentrations showed no discernible deviations whilst movements 
occurred from the human subjects in the sleep µENV during bedtime periods. Meanwhile, large-
size PM was found to be prone to much greater fluctuations influenced by human movements.   

Discussion 
It is indicated that activities such as cooking and smoking, either from inside or outside the open-
plan studio flat, have a larger degree of influence on UFP concentrations during the normal 
activity periods of the occupants. Diurnal variation may not have a significant influence on the 
UFP levels when compared to the variation of the presence/absence of humans and human 
activities in the investigated location and surroundings.  

The nighttime patterns are possibly divided into two categories; nighttime periods incorporating 
human activities and bedtime-rest periods, which will vary depending on personal habits and 
lifestyles. The UFP concentration patterns visibly create parabolas are during the bedtime periods; 
especially when concentrations are lower that 10 000 particle/cm3. A peak disturbance occurred 
during each of these sleep periods; however, it was possibly affected by sudden transient events 
occurring outside, though the potential source could not be accurately recorded. It was noted, 
however, that the occupants of adjacent flats often indulged in late night activities often till early 
in the morning, and that periods that the transients regularly occurred were well within this 
timeframe.  

During bedtime periods with the presence of occupants in the sleep µENV, the UFP 
concentrations and PMx concentrations appeared to be unsynchronised with each other. Very little 
interference was found from increased human movement patterns to UFP concentrations over 
those periods. In contrast to this, significant effects were noticed in PMx concentrations, 
particularly the larger sizes, measured during whole nighttime periods. However, this experiment 
could not be conducted when occupants absent during normal sleep periods, therefore, additional 
potential variations could not be recorded. 

As UFP and mass-mode PMx generally derive from different mechanisms, the methods of 
exposure measurements should be carefully considered. Although the UFP concentrations were 
found to be lower during the bedtime-rest periods when compared to other periods of the day, the 
bedtime period is the true period of the exposure time that the sleep µENV should be measured 
for the majority of people who work away from home. However, it must also be recognised that 
there is a considerable proportion of the population that stay at home most of the time. Such 
factors, further emphasise the importance of realising that only through careful analysis of the 
occupation time and period of each individual location, or type of location, can a truly 
representative picture of exposure levels can be gained.  
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Conclusions 
• UFP exposure measurements in the sleep µENV are shown to significantly different 

during the nighttime between phases of human activity periods and bedtime-
sleep/relaxing phases. 

• UFP and PMx (0.5–2.0, 2.0–10.0, >10 µg) have been found to display considerably 
different patterns to each other in the exposure measurements taken during bedtime-
relaxing/sleep periods when the sleep µENV was occupied by humans.  

• UFP measurements taken on their own may not provide adequate data correlating human 
movements with concentration patterns. 
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Figure 1 UFP concentrations at a sleep µENV in open-plan studio flat in wintertime (18–21 
Jan 05) 
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Figure 2 UFP concentrations at a sleep µENV in open-plan studio flat in wintertime (26–28 
Jan 05) 

 
Figure 3 UFP and mass-mode PM (0.5-2.0, 2.0-10, >10 µg) concentrations at a sleep µENV 
open-plan studio flat in wintertime (11–12 Jan 05) 
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1.6 Cornwall Air Quality Strategy: Air quality 
issues in an isolated rural area 
Alex Ledbrooke and Barbara Parsons 
Cornwall Air Quality Forum, Cornwall College 

Background and objectives 
The general perception of Cornwall is of an unspoilt rural county with rolling moors, a dramatic 
coastline and quaint villages bathed in fresh maritime air. On the whole this perception is correct 
but there are a number of factors that create areas where air quality falls below National Air 
Quality Strategy (NAQS) objectives. The reasons for this include: 

• A large seasonal variation in vehicle numbers in Cornwall – an approximate doubling in 
summer months 

• A poor road network – stationary traffic in narrow canyon streets in small towns 

• The existence of an extractive mining industry – past and present 

• Future housing and road development  

Seasonal variation in vehicle numbers 
In recent years Cornwall has attracted an annual total of 5 million tourists from the UK and 
abroad1. Sixty five percent of visitors visit during the summer months and school holidays and of 
these 89% travel by car. Among the attractions of Cornwall are its small villages and coastal 
towns, and nearly 50% of visitors to Cornwall plan to see these2. It is however the very nature of 
these locations and the increased traffic volumes that lead to traffic related pollution issues. Steep 
valleys, narrow roads, congested slow moving traffic and buildings at roadsides create a ‘canyon 
effect,’ which can lead to pollution levels more often associated with inner city streets. 
Monitoring has identified a number of locations with periods when traffic related pollution 
concentrations are above those recorded in cities such as Exeter and Bristol (Parsons, 2000). The 
problem can worsen during still, warm (high-pressure) weather associated with the summer 
months. The canyon effect is common in Cornish towns and a number of such locations have 
been identified in recent years through monitoring (Parsons & Salter, 2003). 

Traffic related pollution consists mainly of nitrogen dioxide, nitrogen oxides and particulate 
matter. Nitrogen dioxide can be used as a proxy measure for traffic pollution and most of the 
associated pollutants.   

Poor road network 
Traffic congestion is not only limited to the summer months and tourist related traffic, in some 
areas poor air quality is a year-round issue. Currently, Cornwall has a population of 50 12672, this 
figure has increased by 32% since 1970 yet traffic volume has increased by 125% during the 

                                                 
1 Cornwall Tourist Board (June 2003) Tourism Research &Statistics, Plymouth, Touch Vision Systems Ltd, 
available [14, 03, 05] at http://www.cornwalltouristboard.co.uk/files/ppt/3 
2 Cornwall County Council (27 April 2004) Facts and Figures; 2001 Census statistics for Cornwall and the 
Isles of Scilly; Usual Resident Population, Truro, Susan Pearce, available [14, 03, 05] at 
http://www.cornwall.gov.uk/facts/2001/cen05.htm 
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same period1. The road network has remained largely unchanged during this time. Of Cornwall’s 
7478 km of road just 557 km are A-roads and 3517 km of the total are unclassified4. This has led 
to the inevitable build-up of traffic on roads not originally designed with high volumes of traffic 
in mind. In the town centre of Camborne, traffic counts show an annual volume of 6 million 
vehicles (Cornwall County Council, pers comm.). The topography of the street has led to nitrogen 
dioxide concentrations consistently above the NAQS objectives. 

Mining industry 
The China Clay Industry in Cornwall is the largest mining operation in Europe and the third 
largest producer of China Clay in the world2. Airborne particulates from clay processing, waste 
tipping and resuspended matter from moving vehicles, all contribute towards elevated levels of 
airborne particulates in the vicinity of the China Clay mining industry. An estimated 450 million 
tonnes of waste has been produced by the China Clay industry in St Austell, the majority of 
which are disposed of locally3. Airborne particulates associated with the industry vary in size 
from 1.0 µm–10 µm and have various health implications (Parsons et al., 2003).   

Cornwall also has a long history of tin mining and although tin mining peaked between the 17th 
and mid-19th century and finally ceased in 1998, the impacts of the industry remain4. One risk to 
human health is from arsenic, a by-product of tin mining, which has been deposited as spoil heaps 
throughout Cornwall. Cornwall contains 12% of the derelict land in England, with predominately 
3900 hectares of metalliferous spoil heaps5. Currently, no air quality standard exists in the UK for 
arsenic in air and the World Health Organization (WHO, 1987) acknowledges that there is no 
acceptable limit to be set. Health risk assessments have been made which report a unit risk value 
of 1.5×10-3 for each mg/m3 of arsenic to which an individual is exposed (WHO, 1987). 

This issue has led to development proposals in Cornwall being blocked due to the uncertain 
consequences of disturbing land possibly contaminated with the arsenic.  

Future housing and road development 
As the resident population of Cornwall increases and new housing is built to attain Government 
targets, traffic volume in Cornwall is rising and there is a consequent increase in traffic related 
pollution. There are currently plans to build 29 500 dwellings throughout Cornwall between 2001 
and 2011, an average of 1970 per year6. These developments may add to the existing problem of 
year round poor air quality in some areas and possibly create new ones.  

                                                 
1 Cornwall County Council (17 December 2004) Socio-Economic Profile Index of Traffic Growth on the 
Tamar Bridge and Torpoint Ferry and all roads in Cornwall and Nationally (1970-2003), Truro, Susan 
Pearce, available [14, 03, 05] at http://www.cornwall.gov.uk/Facts/Socio-ec/SE015.htm 
2 Minerals UK (January 2005) Industry news– January 2005 Industry News, British Geological Survey, 
Nottingham, available [13, 03, 05] at http://www.bgs.ac.uk/mineralsuk/industry/lastmonth.html 
3 Camm S, & Scott P (November 2003) Mining Activity in the Fal Estuary Catchment, Simon Camm & 
Paul Hedley, Exeter, available [14, 03, 05] at http://www.ex.ac.uk/geomincentre/estuary/Main/minact.htm 
4 Cornwall County Council (6 October 2004) Information On - Cornish Mining, Truro, Susan Pearce, 
available [14, 03, 05] at http://www.cornwall.gov.uk/history/ab-hi48.htm 
5 Cornwall County Council (January 2004) Metalliferous Mineral Extraction, Truro, Susan Pearce, 
available [14, 03, 05] at http://www.cornwall.gov.uk/Environment/minplan/mlp11.htm 
6 Cornwall County Council (11 October 2004) Cornwall Structure Plan 2004, Truro, Susan Pearce, 
available [14, 03, 05] at http://www.cornwall.gov.uk/Council-Services/ab-
de03/Structure_plan/2004/strplan10.htm 
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Study description 
The Cornwall Air Quality Strategy 
In 2004, as a response to the air quality issues in Cornwall, an Air Quality Strategy for Cornwall 
was developed by the Cornwall Air Quality Forum (CAQF); the aim of the strategy was to assess 
and ameliorate the historical and present sources of poor air quality and to prevent future 
developments from worsening the situation. To this end the Cornwall Air Quality Strategy 
endeavours to work to improve and maintain the generally high quality of air in Cornwall.  

Results  
The Cornwall Air Quality Forum is instrumental in ensuring the successful future of the CAQS. 
Work by the Forum is disseminated to the relevant authorities in order to tackle and remedy the 
issues highlighted in the CAQS. 

Traffic issues 
Areas of poor air quality have been highlighted after monitoring at numerous sites was initiated 
by the CAQF. This was subsequently followed up by more detailed assessments. These studies 
have provided information that can be used by Local Authorities, Transport Planners and 
Developers to help tackle existing traffic issues as well as helping to limit other potential 
problems when future developments are planned.  

Examples of CAQF work assisting Local Authorities can be found in a number of CAQF member 
districts. Traffic related pollution hotspots have been identified using nitrogen dioxide tube and 
continuous monitoring and as a result alternative traffic routes and limiting traffic volumes are 
being trialled in a bid to reduce pollution. Monitoring is continued in these areas to confirm the 
success (or otherwise) of the trialled route changes. This is an ongoing process that may 
eventually result in the declaration of an Air Quality Management Area (AQMA). At present 
Cornwall has no AQMAs but monitoring undertaken by the CAQF has identified two areas where 
traffic related pollution concentrations are consistently above National Air Quality Strategy 
objectives. AQMA declaration in these areas will give local authorities power to enforce changes 
in the area to remedy the problem of poor air quality.   

Mining – China clay  
The China Clay Dust Monitoring Forum (CCDMF) was set up after public concerns about 
airborne particulate matter from mining operations were raised. The CCDMF was set up in 2002 
as a partnership between the local China Clay Industry, (Imerys and Goonvean); industry 
regulators (Restormel Borough Council Environment & Health Unit, Fowey Port Health 
Authority and Cornwall County Council's Minerals Planning Department); and advisors 
(Advance Scientific (Exeter University) and the Cornwall Air Quality Forum (Cornwall 
College))1. The Forum meets regularly to formulate monitoring programmes, discuss monitoring 
results, propose mitigation methods and collectively work towards reducing airborne particulate 
emissions from the China Clay Industry. The CAQF are represented on the CCDMF by Cornwall 
College which acts to give independent advice. The work of the CCDMF encouraged the China 
Clay Industry owners Imerys to improve operations and reduce particulate matter emanating from 

                                                 
1 Cornwall County Council (March 2004) China Clay Dust Monitoring Forum, The Internet Place, 
available [14, 03, 05] at http://www.cornwall-airquality.org.uk/chinaclay.asp 
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their sites. During the monitoring period exceedences of NAQS objectives for particulate matter 
have been reduced significantly. This is as a result of work done to remedy existing problems.  

So far this programme has: 

• Demonstrated significant improvements in monitored airborne particulate matter levels in 
Treviscoe, following the repair of a China Clay drier in spring 200310 

• Collected the substantial amount of data needed to carry out an informed screening 
assessment of local air quality around Par Harbour for an Update and Screening 
Assessment of local air quality10 

• Collected baseline data to assess the impact of major tipping operations due to commence 
in 2004 near St Stephen  

• Shown that cost effective collaborations can deliver significant benefits to both partners 
and the community10 

Tin mining 
Cornwall’s tin mining legacy has left long term environmental impacts. The Environment Agency 
has commissioned the CAQF to investigate ambient levels of airborne particulate arsenic in 
Cornwall. It is hoped that this will provide them with sufficient information to inform future 
development plans about these areas where disturbing contaminated land may cause problems.   

Poor local infrastructure and future developments 
Although little can be done to physically change the existing road networks, it is possible to 
improve the traffic flow by altering traffic direction and signalling etc. By monitoring pollution 
hotspot areas both before and after traffic route alterations it is possible to identify improvements 
to air quality which may result from changes. 

Future developments can be more heavily influenced in the way road networks are built. For 
example: 

• Recommendations can be made to avoid creating new pollution problems. 

• Existing pollution hotspots can be identified where there is a risk of increasing the 
problem.  

• New roads could be used to reduce existing traffic related pollution issues, for example, 
in Kerrier District, a small town road was identified as having elevated traffic pollution 
concentrations. The results of the monitoring have given weight to a plan to build a new 
road to divert heavy goods vehicles away from the old route, away from residential areas 
into a more ventilated area of the town.  

Discussion 
Without the CAQS, air quality issues in Cornwall would still be addressed (Local Authorities 
have a statutory duty to do so) although in a somewhat disjointed manner. However, with the 
CAQS, Cornwall benefits from a co-ordinated effort to create county-wide clean air (Pease, 
2005).  
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Conclusion 
Monitoring air quality throughout the towns of Cornwall created a countywide database to work 
with. The Cornwall Air Quality Forum was then able to present the results to Local Authorities 
and Traffic Planners. This was the first step in addressing the problems that were previously 
unknown. Under the guidance of the CAQF the Cornwall Air Quality Strategy was formed. The 
CAQS had broad input from and cooperation from both public and private sectors. The CAQS 
has since become the driving force behind a holistic, countywide effort to achieve excellent air 
quality across Cornwall to protect public health and the environment. 
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1.7 Influence of environmental tobacco smoke 
on levels of endotoxin in homes 
Ivan L Gee1, Gael Tavernier2, Adrian F.R. Watson1, Robert McL Niven2 and Gillian D. Fletcher2. 

1 Department of Environmental and Geographical Sciences, Manchester Metropolitan University. 
2 North West Lung Research Centre, South Manchester Hospitals Trust. 

Background and objectives 
One of the potential causal factors for asthma that has recently become the focus for scientific 
investigation, is bacterial endotoxin lippopolysaccharide (LPS). Endotoxin is a known 
inflammatory agent and pet dander has been shown to exacerbate asthma symptoms. However, 
recent studies have been contradictory, some indicating a causal relationship between endotoxin 
and asthma, and some a protective aspect (Song and Liu, 2003). 

Recent experimental studies have demonstrated that in the laboratory cigarette smoke produces 
considerable amounts of bacterial endotoxin (Hasday et al., 1999; Larsson et al., 2004). These 
studies have suggested that as endotoxin exhibits similar acute affects to tobacco smoke 
inhalation, endotoxin may be a biologically active component of cigarette smoke. It has further 
been suggested that environmental tobacco smoke (ETS) could also elevate endotoxin levels in 
the indoor environment and may be related to respiratory diseases, including asthma (Larsson et 
al., 2004). However, these hypotheses have been based on laboratory investigations and have not 
yet been examined through detailed epidemiological/field examination. 

The authors have conducted a case-control study (IPEADAM) of the homes of 200 children with 
and without asthma (Carrington et al., 2001), which measured both environmental tobacco smoke 
(ETS) markers and endotoxin. This paper explores the association between ETS and endotoxin 
within 200 homes in the Wythenshawe area of Manchester. 

Study description 
IPEADAM (Indoor Pollutants, Endotoxin, Allergens, Damp and Asthma in Manchester) is a case-
control study of the home environments of 200 children in the Wythenshawe district of 
Manchester. Wythenshawe is an area of high social depravation, levels of parental smoking and 
asthma prevalence. 200 candidates, aged 4–16, were studied from 2 GP practices in the 
Wythenshawe area comprising 105 cases (children with asthma) and 95 controls (children 
without asthma), matched for age and sex. Samples of carpet dust and air were taken (blind) in 
the living rooms, and bedrooms and included: endotoxin, fine particles (RSP) and tobacco 
specific particles. Dust samples were also taken from the children’s mattresses and analysed for 
endotoxin and a housing and lifestyle questionnaire administered (Tavernier et al., 2005). 

Results and discussion 
Our previous publications have demonstrated that homes of cases have higher levels of endotoxin 
than controls (Tavernier et al., 2005), which suggests a role for endotoxin in the development of 
asthma in the study population. However, these have not explored the potential influence of ETS 
derived endotoxin. The correlations between measured endotoxin levels and the ETS markers 
measured in air are presented in Table 1. Statistically significant correlations are observed 
between Endotoxin in living room carpets and all the ETS markers except SolPM, suggesting that 
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ETS is contributing to endotoxin levels in the living rooms of the subjects. No significant 
correlations were observed between Endotoxin in bedroom carpets and the child’s mattress and 
bedroom levels of ETS. Our previous work has shown that bedroom concentrations of ETS are 
lower than in living rooms, which may explain why the correlation is only significant in living 
rooms. 

Table 1 Correlations of endotoxin in living room carpet, bedroom carpet and child’s   
mattress with ETS markers 

Indoor Pollutant Endotoxin LRC Endotoxin BRC Endotoxin Mattress 

RSP  0.227** -0.005 0.009 
UVPM  0.209** -0.011 0.002 
FPM LR 0.193* -0.006 -0.013 
SolPM  0.058 -0.016 -0.037 
LRC = Living Room Carpet, BRC = Bedroom Carpet,  
** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level.  

The extent of differences in endotoxin levels in homes with and without active smokers is 
presented in Figure 1 and Table 2. Figure 1 shows that mean levels of endotoxin in living room 
carpets of homes with smokers present tends to be higher than in homes that do not have 
occupants who are smokers. This is supported by statistical analysis (Mann-Whitney U test) that 
indicates a statistically significant difference in endotoxin levels between homes with and without 
smokers present (Table 2). There do not appear to be any differences in levels of endotoxin in the 
children’s bedroom carpets or mattresses between homes with and without smokers.  

The distribution of endotoxin levels categorised by the presence of smokers in the home of cases 
are shown in Figure 2 together with significance data for the differences between groups. This 
indicates that the presence of smokers in the home raises levels of endotoxin in the living room 
carpet, particularly in the homes of cases. Levels of endotoxin are significantly higher in the 
homes of cases than controls in the homes with smokers present, but the difference is not 
significant in the homes where smokers are not present. Similarly levels of endotoxin are higher 
in the homes of cases with smokers present than in the homes of cases without smokers.  

These differences may lead to confounding effects in studies of endotoxin, particularly if there are 
differences in the proportions of smoking and non-smoking households within the study. 

Table 2 Differences in median levels of endotoxin for homes with and without smokers 
present (Endotoxin in EU/mg dust) 

Indoor Pollutant Mean Level 
Homes With 
Smokers 
(n=78) 

Mean Level 
Homes Without 
Smokers  
(n=74) 

Median Level 
Homes With 
Smokers 
(n=78) 

Median Level 
Homes Without 
Smokers  
(n=74) 

Mann 
Whitney  
p value 

Endotoxin Living Room Carpet 66.0 43.9 39.1 34.1 0.019* 
Endotoxin Bedroom Carpet 23.6 22.7 17.0 15.3 0.717 
Endotoxin Mattress 20.3 19.0 12.4 10.2 0.274 
* Differences significant at the 0.05 level are shown in bold type. 



 

32 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

Figure 1 Differences in mean levels of endotoxin and 95% confidence intervals for homes 
with and without smokers present 

 

Figure 2 The influence of smokers on endotoxin levels in the homes of children with and 
without asthma 

 
Significance of the difference in median endotoxin levels between: 
Case and control home with smokers p = 0.024, case and control homes without smokers p = 0.384 
Homes of cases with/without smokers p = 0.012, homes of controls with/without smokers p = 0.227 

Conclusions 
Levels of endotoxin are significantly higher within the living room carpets of homes that have 
smokers present compared to homes that have no smokers. Endotoxin levels in living room 
carpets are also significantly correlated to levels of ETS markers in living rooms. Environmental 
tobacco smoke is likely to be a significant source of endotoxin in homes that have smokers as 
residents. While there is no clear evidence that the levels of ETS related endotoxin are associated 
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with the development of asthma within this study population, it is likely that ETS related 
endotoxin will act as a confounding variable in studies examining the relationship between 
endotoxin and asthma or the presence of household pets and asthma.  
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1.8 Modelling human exposure to air pollution in 
urban populations 
M.R. Ashmore1, M. Bell2, H. Chen2, C Dimitroulopoulou3, A. Namdeo2 & A.C. Terry4  

1Environment Department, University of York 
2Institute for Transport Studies, University of Leeds 
3Building Research Establishment, Garston 
4Dept of Geography & Environmental Science, University of Bradford 

Background and objectives 
The health benefits of policy measures to improve urban air quality are currently assessed by 
reference to outdoor concentrations at particular locations, but are more closely linked to changes 
in personal exposures within the population. Within any city, there is a large variation between 
individuals in their personal exposure to air pollution, depending on location, indoor and outdoor 
concentrations and activity patterns. This paper presents the development of an innovative 
modelling framework that simulates Personal Exposure Frequency Distributions (PEFDs) within 
an urban population as a function of urban background and roadside concentrations, under 
different traffic conditions. The PEFD for a city will be a function of the temporal and spatial 
variation of outdoor air pollution, the activity profiles of individuals and the concentrations in 
different types of locations, e.g. the home, office, schools etc. To date, no modelling tools have 
been developed to model the PEFD to different pollutants within UK cities and to assess how 
policy interventions aimed at roadside or background concentrations might change the PEFDs. 
Furthermore, very few such modelling tools exist elsewhere in the world; hence it is not possible 
to simply ‘import’ models from continental Europe or North America to address this gap, as 
urban traffic patterns and policies, and urban population distributions and activity patterns vary 
greatly between countries. The relationships between predicted PEFDs across a city and outdoor 
concentrations will provide a basis from which to estimate the potential health benefits of 
measures to reduce concentrations at roadside and urban background locations. The models are 
parameterised for four pollutants (CO, NO2, PM2.5 and PM10), based on data from the city of 
Leicester, in the U.K.  

Study description 
The modelling approach links frequency distributions of roadside and urban background 
concentrations with the probabilistic modelling of population exposures. The exposure modelling 
was carried out by linking two models: the INDAIR model, which simulates probabilistically 
diurnal profiles of air pollutant concentrations in a range of microenvironments (Ashmore et al., 
2000; Dimitroulopoulou et al., 2001), and the EXPAIR model, which simulates population 
exposure patterns based on time-activity patterns and a library of micro-environmental 
concentrations derived from the INDAIR model (Ashmore et al., 2000). Each of these models has 
now been re-designed, and in the case of INDAIR, completely re-coded, to provide a new and 
flexible approach to modelling population exposures across a city with different traffic 
conditions.  

The new INDAIR-2 model predicts the frequency distribution of concentrations in each 
microenvironment (ME) as a function of the outdoor concentration and four regression 
coefficients. Two of these coefficients define the relationship between indoor and outdoor 
concentrations in the absence of any significant indoor source, on the basis of log-transformed 
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variables. The remaining two coefficients describe the incremental effect of differing activities, 
appropriate to each ME, on the modelled concentrations. Each coefficient is defined as a 
probability density function, while the input concentrations are defined as log-normal 
distributions for each road category. The INDAIR-2 code allows, if appropriate, for the values of 
these coefficients to be varied over the course of the day, to reflect different levels of activity. 
Table 1 summarises the MEs selected for simulation, and the additional coefficient terms used for 
each ME in the model. For the home, the frequency distributions of the regression coefficients 
was derived by used the detailed mass balance model, INDAIR, but for non-home MEs, the 
parameterisation was based on data from the literature.   

Each ME is split in the model between four different types of road link, based on the analysis of 
roadside concentrations and traffic data. Artificial neural network was used to identify six 
different types of road links with the city, based on traffic characteristics. Each road link was then 
assigned to one of four major types of road link, each of which could be characterised by a 
frequency distribution of roadside concentrations from monitoring stations on that type of road 
link.   

The previous version of the EXPAIR model took outdoor concentrations from a single site, and 
used these to simulate population exposures from appropriate time-activity data. The new 
EXPAIR-2 model allows simulations to be undertaken based on simultaneous outdoor 
concentration frequency distributions representing four types of roadside location, instead of a 
single location. Population time-activity profiles, based on 15-minute intervals, for the model 
input were established for children, home workers, office workers and elderly people, based on 
UK census data (Office for National Statistics, 2001) and a national survey of personal activity 
(Telmar Communications Ltd., 2003). The further input data-stream which is then required, and 
can be provided for any particular city, is the proportion of the locations for each generic micro-
environment which is located on road links corresponding to the four types of roadside location.   

Table 1 Summary of model terms included in the INDAIR-2 model 

 
Micro-
environment 

Default 
parameterisation 

Additional 
factor 1 

Additional 
factor 2 

Home – kitchen No source Cooking Smoking 
Home – living 
room 

No source Cooking Smoking 

Home – bedroom No source Cooking Smoking 
Transport Bicycle/walk/ 

public transport 
Car Underground 

School No source - - 
Office Naturally 

ventilated 
Mechanically 
ventilated 

Multi-occupancy 

Shops/large 
buildings 

No source - - 

Bars/restaurants No smoking Smoking Cooking 
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Results 
Figure 1 shows the modelled mean and 95%ile daily (24 hour) NO2 personal exposures for the 
elderly population across the city of Leicester for a range of daily urban background (UB) 
concentrations, generated from mean, 95%ile and 99%ile concentrations in summer and winter. 
These are shown both for a baseline situation and for removal of home sources and reduction of 
outdoor concentrations on busy roads.   

One of the most notable features of Figure 1 is the large seasonal difference in exposures, where 
for a given background concentration, exposure to NO2 is significantly higher in the summer than 
in the winter, particularly at the high urban background concentrations. The higher exposures for 
a given background concentration in the summer compared to winter is probably due to both the 
higher ventilation rates in homes allowing increased influx of road traffic pollution and a greater 
proportion of time spent outdoors by the elderly in the summer months. There is no clear 
distinction in exposures between weekdays and weekends, presumably because daily activities of 
the elderly are similar throughout the week. At lower background concentrations, the difference 
in seasonal exposures are not so great since there is more likely to be a greater contribution from 
indoor cooking and smoking sources. For the no home sources/traffic reduction scenario 
(Figure 1b), there is only a slight reduction in mean exposures for a given background 
concentration. This is due to a combination of the high proportion of time spent in the home by 
the elderly and a large proportion of these homes situated away from the busy roads. However, 
for the 95%ile of the population frequency distributions, there is a greater impact of the no home 
sources/traffic reduction scenario, reflecting their greater contribution to the section of the 
population with relatively high exposures. 

Similar results were generated for CO, PM2.5 and PM10 (data not shown). For CO, seasonal 
differences in modelled exposure were small, reflected the influence of the low indoor deposition 
velocity. Reductions in roadside concentrations had a greater impact on mean and 95%ile values 
of modelled PEFDs than for NO2, reflecting the higher indoor penetration of CO, and the greater 
impact of local traffic on outdoor concentrations. For PM10, in contrast, reductions in roadside 
concentrations had a relatively small effect on PEFDs, and the impact of reduction of indoor 
sources was relatively more important.   

Conclusions and discussion 
While the importance of emissions from both indoor sources and major roads in influencing the 
measured exposures of individuals is well-established (e.g. Janssen et al., 2001; Harrison et al., 
2002), few models exist to assess the importance of different sources to population exposures, 
and to predict the impact of different policy interventions on the frequency distribution of 
personal exposures within populations. The models developed in North America typically 
estimate mean 12-h or 24-h exposure (e.g. Burke et al., 2001), and the incorporation of short-term 
variations in exposure in our model framework is important in analysis of the impacts of both 
indoor sources and congested road conditions. The ability to predict how both population mean 
exposure and the 95%ile population exposure relate to urban background concentrations is 
important in understanding how urban background concentrations relate to the frequency 
distributions of exposure, especially when interpreting the significance of individual thresholds 
for effects of air pollution (Watt et al., 1995; Brauer et al., 2002). Hence our modelling 
framework provides an important new tool in assessing the impacts of a range of policy 
interventions on human exposure and health effects, which will allow the effects of both indoor 
and outdoor policy initiatives to be compared. In principle, the model is transferable to any city 
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with appropriate data for parameterisation, although further model testing and evaluation against 
measured exposure distributions would be essential before any formal policy application. 

Figure 1a–d. Daily NO2 personal exposures for the elderly over a range of urban 
background (UB) concentrations during winter and summer weekdays (♦/■) and 
weekends (▲/x). Mean exposures are shown for a a base scenario with home cooking 
and smoking sources and b no home sources and traffic reduction for the two busiest 
road types; c and d are the respective 95%iles of the population exposure frequency 
distributions. 
 
(a) (b) 

 
(c) (d) 
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1.9 Factors influencing exposure to traffic related 
pollutants in urban streets 
Alison S. Tomlin*1, Rob J.Smalley1, J.W. Doug Boddy, James E. Tate2, Samantha J. Arnold3,4, Adrian 
Dobre4. Janet F. Barlow4 and Stephen E. Belcher4. 

1Energy and Resources Research Institute (ERRI), 2 Institute for Transport Studies,1,2 University of 
Leeds. 
3Dept. of Environmental Science and Technology, Imperial College, 4Dept. of Meteorology, University of 
Reading. 

Background 
Cities consist of complex road networks incorporating street canyons, intersections and side 
streets. The interaction of background airflows with these complex structures can affect the 
dispersion of traffic related pollutants and therefore roadside concentrations. Previous studies 
show that significant differences in roadside concentrations can occur over short distances within 
typical UK streets (Boddy et al. 2005a, Robins et al. 2002). It is therefore important to determine 
the causes of spatial variability in pollutant concentrations since this may strongly affect personal 
exposure. To explore the main contributing factors, this study focuses on three contrasting urban 
locations. The first two are narrow highly trafficked urban street canyons within the city of York, 
and the third is in the vicinity of a busy intersection between two street canyons in Westminster. 
Field measurements and numerical modelling serve to highlight the spatial variability in 
concentrations of traffic related pollutants within the streets and intersections and to explore 
factors influencing potential exposure at the road-side.   

Study description 
The field study in York was conducted between 13 Oct. and 12 Nov. 2003 in two street canyons 
situated along arterial routes to the inner-ring road. The two streets, Bootham and Gillygate, are 
aligned perpendicular to each other and have a common traffic-signal controlled intersection 
(Figure 1a). Gillygate is a relatively narrow symmetrical street canyon, with a height to width 
ratio (H/W) ≈ 0.8 and building heights of approximately 12m. It forms part of the AQMA (Air 
Quality Management Area) in York. In contrast, Bootham is asymmetrical in places, with a (H/W) 
that varies between 0.6 and 0.75. Measurements of the in-canyon horizontal and vertical wind 
flow at 20Hz were conducted at 6 locations in Gillygate at the symmetrical G3-G4 cross-section 
using 3-axis sonic anemometers (Figure 1a). The traffic-related pollutant measured in both 
canyons during this study was CO, since its primary source in street canyons is petrol engine 
vehicles, and it can be regarded as an inert tracer on the time-scales considered. 15-Minute 
averages of one minute samples of CO concentrations ([CO]) were measured using 
electrochemical sensors within Learian streetboxes as indicated in Figure 1a. Traffic 
characteristics were obtained from the SCOOT (Split, Cycle and Offset Optimisation Technique) 
demand-responsive Urban Traffic Control system (Hunt et al., 1991). A traffic flow measure 
derived from the detector occupancy operating at 4 Hz (Boddy et al., 2005b) is used. The above 
roof wind speed and direction were simultaneously measured using a sonic anemometer attached 
to a trailer-mounted mast at a height of 19.5 m. The influence of background winds on the airflow 
and dispersion of CO within the street could therefore be assessed.  
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Figure 1 Site schematic, indicating positions of fixed monitoring equipment (not to scale) 
for a York, b Westminster.  Heights of surrounding buildings are shown 
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The London study focused on the area around the intersection between Marylebone Road (a busy 
6-laned major arterial forming the northern boundary of the London congestion charging zone) 
and Gloucester Place (a one-way, 3-laned street with low traffic activity). The streets intersect 
perpendicularly and can be considered as street canyons away from the intersection. An overview 
of DAPPLE and description of the experimental site and set-up are presented in Arnold et al. 
(2004). Figure 1b presents a schematic view of a subsection of the site showing approximate 
building heights and the position of instruments used in this analysis. Throughout, all angles are 
from directions (in degrees, increasing clockwise) relative to Marylebone Road where 0° are 
winds from the west-south-west. The in-canyon and intersection velocity field and [CO] were 
measured between 20 April and 11 June 2004. The wind velocity was measured at 20 Hz at 6 
locations on 4 sites within the street using 3-axis sonic anemometers. Those used in this study 
were at heights of 4 m or 8 m and data from 15-minute averages were used. [CO] was measured 
at 14 sites using Learian Streetboxes recording 15-minute averages of 1-minute samples. Sensors 
used in this study were located at 4.0 m. Two roof-top sonic anemometers were located on a 
nearby building roof (Westminster Council House – WCH), 17m above the canyon floor.  
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Results and discussion 
Influence of canyon aspect ratio 
Despite the differences in geometry and scale between the sites, several common features in the 
airflow characteristics affecting pollutant dispersion were identified. For above roof wind 
directions with a perpendicular component to the street, both street canyons showed evidence of 
recirculating air flows leading to a reversal in mean flow direction at the canyon floor compared 
to the above roof wind direction. Such features have been identified in idealised wind tunnel and 
modelling studies but it is perhaps surprising that similar structures are so strongly observed for 
streets with complex topologies relatively close to intersections. Within Gillygate, flow reversal is 
thought to be due to two different types of flow regime. For above roof wind directions that 
originate from directions upwind of the uninterrupted side of the canyon (i.e. that which has no 
side streets), a helical flow regime is thought to be present leading to a cross canyon vortex 
(Boddy et al., 2005a, Dobre et al., 2005). Numerical modelling studies of the York site (Dixon et 
al., 2005) identify such features for background winds from 120° (θref = 120°) and the air flow 
vectors for a canyon cross section (Figure 2a) clearly show a cross canyon vortex leading to flow 
reversal at the canyon floor. For above roof wind directions that originate from directions upwind 
of the side of the canyon where side streets are present (θref= 270°), a quite different flow regime 
is observed. Here the flow channels down the side streets converging within the street canyon at 
the sampling site and leading to updrafts on both sides of the street. However, due to corner 
vortices forming at the junctions with the side streets, there is still a reversal of flow at the canyon 
floor compared to the above roof wind directions as shown in the numerical modelling study in 
Figure 2b. 

Figure 2 Flow vectors from numerical model for cross-section through G4-G3 for a θref = 
120° b θref = 270 °, c Normalised sector-averaged [CO] in Gillygate: ▬♦▬ G33.5 and ▬x▬ 
G43.5 

a b c 

) b)

 

The existence of vertically oriented recirculation flow structures is important since vertical 
ventilation from the canyon is often restricted under such skimming flow regimes. Due to cross 
canyon flows, pollutants build up on the leeward side of the canyon often leading to worst case 
concentration levels. Figure 2c shows the sector averaged normalised [CO] for locations G33.5 and 
G43.5 within Gillygate, (subscript denotes measurement height). The concentration rose indicates 
the average [CO] across the whole study period when the above roof wind originates from a 
particular sector. The figure confirms that the highest [CO] occurs when the measurement 
location is on the leeward side of the canyon with respect to θref and that concentrations can be 
more than a factor of 3 higher on the leeward wide of the canyon than on the windward side. 
Similar features were also seen within Marylebone Road. At site 3, located within the 
Marylebone Road canyon, the sector averaged [CO] is strongly dependant on the roof-top wind 
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angle as shown by the concentration rose in Figure 3a. Here the sector averaged concentrations 
with respect to above roof flows show the opposite behaviour to those with respect to in street 
flows giving a strong indication of flow reversal at the canyon floor. As in the York street 
canyons, the highest [CO] occurs on the leeward side of the canyon, indicating the presence of a 
recirculating flow regime. Interestingly, the highest concentrations are found when θref is oblique, 
rather than perpendicular to the street. For these conditions, where a helical airflow regime is 
suggested, the concentrations are about 3 times those for the opposing θref, where the site is in a 
windward position. In contrast, Figure 3b shows that within the intersection (Westminster — site 
1) the sector averaged [CO] is less dependent on θref . In addition, the dependence of [CO] on in-
street and rooftop wind directions is similar, indicating that flow reversal is not a feature at this 
site. The highest [CO] found at the intersection is similar to that found at the leeward location 
within the canyon. The [CO] found within the intersection are, however, higher than those found 
when the monitor at site 3 is in a windward position. This indicates that average concentrations 
found within the intersection would be higher than those found within the adjacent canyon. The 
studies indicate that differences in synoptic wind patterns may have a strong effect on overall 
exposure at certain locations within the streets, since they would determine whether a particular 
site was more predominantly in a leeward or windward location with respect to the above roof 
flow.  

Figure 3 Dependence of sector averaged [CO] on ▲ roof-top ○ in street wind direction 
for (a) Site 3 and  (b) Site 1 (c) Comparison of vehicles per hour (Marylebone Rd.), and 
diurnally averaged [CO] for several sites.  

a  b c 
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In addition to local differences within individual street canyons due to the air flow regimes 
established, it is also useful to compare the overall effect of different canyon geometries on in 
street concentrations. Within the York study this can be achieved by investigating how the 
canyons respond to changes in traffic flows. For low traffic flows, where little congestion exists, a 
strong relationship can be drawn between the number of vehicles per hour and the [CO] at the 
sampling locations (r2>0.8). For Gillygate, at locations G33.5 and G43.5, the regression slopes are 
0.9x10-3 ppm/[vehicles h-1] and 0.7 × 10-3 ppm/[vehicles/h], respectively. Within Bootham, lower 
slopes of 0.6 × 10-3 ppm/[vehicles/h] and 0.3x10-3 ppm/[vehicles h-1] exist for B13.5 and B23.5, 
respectively. The differences between these locations reflect the overall influence of canyon 
geometry on roadside concentrations. Within the narrower Gillygate canyon, the increase in [CO] 
is much greater per number of vehicles passing the site than for the wider Bootham. This can be 
attributed to a lower mixing volume within Gillygate compared to Bootham and the presence of 
skimming flow conditions under certain background wind directions, which limit the vertical 
lofting of pollutants out of the Gillygate canyon. This result has implications for the use of traffic 
management measures for the reduction of exposure to pollutants within narrow street canyons, 
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since benefits could be achieved by moving traffic queues away from such areas where dispersion 
is limited.  

Influence of traffic characteristics 
Figure 4 (a) Diurnal profiles for Gillygate with ▬ ▬ showing standard deviation for ▬ ▬ 
traffic flow; ▬▬ inbound detector occupancy; ▬○▬ [CO] at G33.5; ▬□▬ [CO] G43.5, (b) 
Sector-averaged [CO] for G33.5 conditioned on occupancy:  low; □ medium; ▲ high; 
····· all data. 
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Figure 4a shows the diurnal average variation of traffic flows and detector occupancy within 
Gillygate, alongside the diurnal average [CO]. Beyond the morning rush hour at 8.00 am there is 
little reduction in traffic flows until after 8.00 pm. In contrast, there is a noticeable drop in [CO] 
at both in street locations during the late morning and afternoon. During this period, whilst the 
overall traffic flows are not significantly reduced, the % of time that a vehicle is present at the 
inbound detector drops markedly. If detector occupancy is taken as a surrogate measure of traffic 
congestion, this suggests that during rush hour peaks the traffic network becomes saturated, 
resulting in large numbers of queuing vehicles and stop-start traffic conditions. This leads to the 
worst case [CO]. By late morning congestion is reduced resulting in an unstable traffic regime 
with only slightly lower overall traffic flows. However, greater periods of free flow exist, leading 
to significant reductions in traffic related pollutants. During the night and early morning, the 
traffic is predominantly free flowing and [CO] drops to almost background levels. 

In order to compare the relative influences of in street air flow conditions and traffic 
characteristics on pollution levels, Figure 4b presents a concentration rose for G33.5 within 
Gillygate, where the sector averaged [CO] concentrations have been conditioned on traffic 
detector occupancy. Low, medium and high occupancy conditions have been defined as <12%, 
12%><62%, >62% respectively. The figure clearly shows that the worst case concentrations 
found at this site occur when the street is highly congested and the above roof wind direction 
leads to the site being on the leeward side of the canyon. Under congested conditions [CO] can be 
twice as high as the overall sector average for the same above roof wind direction and up to 4 
times that measured under low occupancy conditions. When the site is on the windward side of 
the canyon, there is a less marked difference between the [CO] measured under different 
occupancy conditions, although the worst case [CO] clearly occurs for high occupancies. Both in 
street air flows and traffic characteristics seem to be highly significant in determining local 
concentrations and therefore potential exposure to traffic related pollutants within the streets.  
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Figure 3c shows the mean diurnal [CO] for each site in the Westminster study. As in York, the 
highest concentrations occur at the morning and afternoon rush hours with an additional minor 
late-evening peak. There are significant differences between the mean [CO] for each of the sites, 
with [CO] at site 1 (within the intersection) at least twice that for site 13, and 3 times higher than 
at site 16 which is situated in a low trafficked side street adjacent to Marylebone Road. Within 
Marylebone Road, Site 1 shows the highest mean concentrations throughout the diurnal cycle, 
due to the proximity to queuing traffic from 3 directions, followed by the in canyon site 3 which, 
due to the roof-top winds during the study, was more predominantly the leeward location 
compared to site 4. The lowest in canyon [CO] occurred at a mid canyon location furthest away 
from the intersection.  

Conclusions 
Studies resulting from two field experiments in York and Westminster have served to highlight 
the main causes of elevated concentrations of the traffic related pollutant CO within urban streets 
that may influence increased exposure. The most important contributing factors were found to be: 

(i) the level of traffic congestion rather than the total vehicle flows through the streets during 
daytime periods, 

(ii) the overall height to width ratio of the streets,  

(iii) the interaction of above roof winds and canyon geometries, leading to a build up of 
pollutants in leeward locations under certain background winds and resulting [CO] of up 
to 3 times higher than windward locations,  

(iv) the proximity to heavily trafficked intersections.  

The study has several implications for measures to reduce exposure at the roadside in urban 
locations. Firstly, significant benefits in street canyon air quality may result from attempts to 
reduce the level of congestion within streets of similar geometry to those considered here, since 
potentially this could reduce the local emissions from a large number of individual vehicles. The 
studies support the adoption of air quality management policies where a city is modified or 
designed so that non-polluting modes of transport (e.g. cyclists) are able to avoid pollution hot-
spots. The use of side streets rather than main roads by pedestrians and cyclists traveling through 
Central London could lower overall exposure to traffic related pollutants by up to a factor of 3 
under worst case conditions. The marked differences between [CO] found at each location 
suggests that any attempt to model personal exposure would require accurate representations of 
traffic related emissions under varying traffic regimes as well as complex turbulent dispersion 
mechanisms dependant on above roof wind flows as well as specific locations within the streets. 
The analysis methods used in this study have concentrated on mean concentrations and airflow 
and traffic characteristics. Future work should investigate the intermittency that is, in reality, 
present in all these processes in order to determine the effect on micro-exposure events within 
urban streets.  
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1.10 Assessment of exposure to nephrotoxic 
agents from industrial emissions 
Susan Hodgson1, Mark J Nieuwenhuijsen2, Roy Colvile2, Lars Jarup1 

1Small Area Health Statistics Unit (SAHSU), Imperial College London, UK 
2Department of Environmental Science and Technology, Imperial College London, UK 

Background and objectives 
Preliminary investigations into the health effects of living in close proximity to several industrial 
installations in the Runcorn area (an industrial town in the north west of England) revealed an 
excess risk of kidney disease mortality in people living nearest to the point sources, using 
distance as a proxy for exposure. Ongoing epidemiological investigations required a more refined 
assessment of exposure to investigate this association further, and dispersion modelling — a tool 
rarely applied to exposure assessment in epidemiological studies — was utilised. 

Study description 
Atmospheric Dispersion Modelling System (ADMS) was used to assess current dispersion of 
nephrotoxic substances (specifically mercury, but also solvents) emitted from major point sources 
in the area (including a chlor alkali plant and associated halogen/organic chemical processes). 
Historical mercury exposure was predicted based on industry monitoring data. The modelled 
mercury output was validated using air-monitoring data collected from nine sites located across 
the area. A comparison between the mercury exposed populations identified via the ‘distance as a 
proxy’ and the ADMS output was made. 

Results 
A population of ~3300 is identified as being exposed to ambient mercury levels >10ng/m3 (a level 
likely to be detectable as being above background levels using biological markers of internal 
dose, such as urinary mercury). We predict that in the 1980s, the population with this level of 
exposure exceeded 40 000. A subset of the population with current mercury exposure of >4ng/m3 
is also exposed to more than twice background levels of a mixture of nephrotoxic solvents. The 
mercury model output correlated well with weekly monitoring data (Pearson correlation 
coefficient 0.93, p = 0.000), and compared to using distance as a proxy for exposure, the model 
identified a much smaller exposed population (3294 persons exposed to >10ng/m3 using the 
ADMS output vs. 15 818 persons living within 2km of point sources using the distance as a proxy 
approach). 

Conclusions 
A relatively small population in the vicinity of the chlor alkali plant and associated processes is 
currently exposed to mercury and solvents; however this exposed group is predicted to have been 
significantly larger in the past. The model output compares well with monitoring data, and 
indicates that to ensure the most appropriate exposure classification is achieved ambient exposure 
assessment should give consideration to point source characteristics and local 
meteorology/topography. As these factors can be easily incorporated into the exposure measure 
when using dispersion modelling, this approach should be considered a useful tool in exposure 
assessment for environmental epidemiological studies. 
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1.11 The use of atmospheric dispersion modelling 
to estimate human exposure to chemicals 
around a landfill site 
Richard Mohan1, 2, Giovanni Leonardi1, Alan Robins2, Stephan Jefferis2 and Virginia Murray1 

1 Chemical Hazards and Poisons Division (London), Health Protection Agency  
2 School of Engineering, University of Surrey   

Background and objectives 
Epidemiological studies around landfill sites are limited by a number of factors, particularly a 
lack of accurate exposure assessment. This paper aims to improve exposure assessment, using an 
example of an epidemiological study around a landfill site. The initial study found a statistically 
significant increase in self reported health symptoms closer to the landfill site. Distance between 
place of residence and the landfill site centre was used as a proxy for exposure. This ignores the 
effect that environmental factors may have upon exposure. This paper presents a methodology for 
estimating exposure to atmospheric pollutants from the site. 

Study description 
Exposure to atmospheric pollutants was refined using the atmospheric dispersion model ADMS 
(Atmospheric Dispersion Modelling System). The landfill site was modelled as an area source 
with a constant release rate over the entire surface. Geographical Information Systems (GIS) were 
then used to link the pollution to the population and health data. Sensitivity analyses were carried 
out to determine the effect of some of the modelling assumptions. Using GIS the predicted 
concentrations were also plotted as a function of distance. 

Results 
The results of the dispersion modelling are now being used for a reanalysis of the epidemiological 
study. The dispersion modelling results indicate that the relationship between predicted 
concentrations and distance from the site is not linear.  

Conclusions 
This work shows that atmospheric dispersion modelling can be used for exposure assessment 
around landfill sites. It also suggests that using distance as a proxy for exposure may results in 
exposure misclassification.  
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2 Mechanisms 

2.1 Nanoparticle and metal interactions and their 
impact on lung toxicology 
Martin R. Wilson1, Peter Barlow1, Gary Hutchison2, Keith Guy1, Alex Griffiths1, Rickie Simpson1, Jill 
Sales3 and Vicki Stone1. 

1Biomedicine Research Group, School of Life Sciences, Napier University, 10 Colinton Road, Edinburgh 
EH10 5DT 
2M.R.C. Human Reproductive Sciences Unit, Centre for Reproductive Biology, 49 Little France, Old 
Dalkeith Road, Edinburgh EH16 4SB 
3Biomathematics and Statistics Scotland, James Clerk Maxwell Building, The King’s Buildings, 
Edinburgh EH9 3JZ 

Background and objectives 
Previous experiments funded by DEFRA and conducted in our laboratory indicated that the zinc 
content of PM10 is associated with its ability to induce inflammation in the rat lung. Our work also 
suggests that ultrafine, or nanoparticles, induce a greater oxidative stress and inflammation than 
larger particles (Brown et al., 2001). For these reasons we investigated the potential of zinc (zinc 
chloride; ZnCl2) and ultrafine or nanoparticle carbon black (ufCB; 14 nm diameter) to interact in 
both cell-free and biological systems and hence explain some of the biological reactivity observed 
for PM10. Since a number of newly derived man-made nanoparticles also include zinc within their 
chemical make-up, these results are also relevant to the toxicology of industrially generated 
nanoparticles. 

Study description  
The murine macrophage cell line, J774, was used for all cell treatments in this study. Following a 
4-hour incubation with concentration ranges of 14 nm ufCB from 1.9 to 31 µg/ml and/or 
concentrations of ZnCl2 from 0 to 100 µM, the TNF-α production of the cells was determined by 
ELISA. Reactive oxygen species (ROS) production was examined using the probe 2',7-
dichlorofluorescein diacetate (DCFH-DA; Wilson et al., 2002), in both a cell-free system and in 
J774 cells that had been exposed to ufCB and ZnCl2 for 4 hours. Finally, changes in cytoskeletal 
motor proteins were investigated using antibodies and probes for F-actin and tubulin and analysed 
using a Zeiss LSM 510 META laser scanning confocal microscope. 

Results 
A concentration-dependant increase in TNF-α production was observed following treatment of 
the cells with up to 100 µM ZnCl2. With the addition of 31 µg/ml ufCB, there was a synergistic 
increase in cytokine production (*** p<0.001; Figure 1). Using a single concentration of ZnCl2 
(20 µM), the effect of an increasing concentration of ufCB was examined from 0 to 31 µg/ml. 
Although ufCB alone induced TNF-α production in cells, this was synergistically enhanced by 
the addition of ZnCl2 (** p<0.01 and * p<0.05; Figure 2). 
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Co-treatment experiments were conducted over 500 seconds to determine the ROS generating 
potential of 100 µg/ml ufCB and/or 100 µM ZnCl2. Particle treatments alone generated a 
significant increase in fluorescence when compared to controls (***p<0.001). ZnCl2 treatments 
did not induce significant changes in fluorescence when compared to the controls and, when 
added to ufCB, actually decreased the ROS production of the particles. In initial experiments 
examining the intracellular ROS production, we observed that there was a slight increase in 
fluorescent intensity following treatment with ufCB, however ZnCl2 or a co-treatment of ufCB 
and ZnCl2 did not enhance the ROS production. 

Imaging of control cells using laser scanning confocal microscopy indicated that the tubulin was 
uniformly present throughout the cells. F-actin tended to be present on the cell membranes, whilst 
psuedo-DAPI imaging of Hoechst stained nuclei indicated that these appeared as single, large and 
round structures. Nevertheless, morphological changes in the cytoskeleton were observed with 
increasing concentrations of ZnCl2. The motor proteins appeared to condense in certain cells in 
addition to nuclei condensation and fragmentation. 

Discussion 
The zinc/ultrafine particle interaction was examined using a fluorescent marker of ROS 
generation. We have previously proposed a mechanism of metal/particle interaction resulting in 
increased ROS generation. Nevertheless, in the present study, there was no increase in ROS 
production when zinc was added to particle treatments in either the cell-free or intracellular 
systems. We have demonstrated that zinc synergistically enhances the ability of ultrafine or 
nanoparticles to induce TNF-α, however, considering the DCFH results, the increased pro-
inflammatory cytokine production is not via ROS production. The nuclei condensation and 
fragmentation observed using confocal microscopy could be indicative of necrosis or apoptosis. 
This hypothesis is currently being investigated using probes for cell death in both confocal 
microscopy and flow cytometry. 
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Figure 1 The tumour necrosis factor alpha (TNF-α) production of J774 cells following a 
4-hour incubation with a concentration-range of zinc chloride (ZnCl2) with or without 
31 µg/ml ultrafine carbon black (ufCB; n=3) 

*** p<0.001 comparing the TNF-α production of J774 cells following exposure to both ZnCl2 and ufCB to those cells exposed to 
ufCB only 

Figure 2 The tumour necrosis factor alpha (TNF-α) production of J774 cells following a 
4-hour incubation with a concentration-range of ultrafine carbon black (ufCB) with or 
without 20 µM zinc chloride (ZnCl2; n=3) 

** p<0.01 and * p<0.05 comparing the TNF-α production of J774 cells following exposure to both ZnCl2 and ufCB to those cells 
exposed to ufCB only  
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2.2 DNA damage and mutations induced by 
urban particulate matter 
MN Routledge 1, K Healey1, CP Wild1 & AS Tomlin2 

1Molecular Epidemiology Unit, Centre for Epidemiology & Biostatistics, Leeds Institute for Genetics, 
Health and Therapeutics, University of Leeds 
2Energy and Resources Research Institute, University of Leeds 

Background and objectives 
Epidemiological studies have associated particulate matter (PM) with increased incidence of lung 
cancer (Cohen & Pope, 1995; Katsouyaani & Pershagen, 1997; Abbey et al, 1999; Pope et al, 
2002). Whilst the mechanism by which PM induces carcinogenicity remains uncertain, there is 
evidence that favours the role of free radical induced DNA damage, both from direct interaction 
with particles and through cell mediated inflammatory responses (Knaapen et al, 2004). The 
inflammatory effects of PM have been investigated in rat lungs (Li et al, 1997; Becker et al, 
1996; Schins et al, 2004) and the toxic effects of PM have also been widely studied in cultured 
lung cells in vitro (Becker et al, 1996; Carter et al, 1997; Gilmour et al, 1996; Li et al, 1996; 
Donaldson et al, 1996; Don Porto Carero et al, 2001, Healey et al, 2005). From these studies and 
others it appears most likely that the major toxic effects of PM are due to the induction of 
oxidative damage to cells. The damage induced to cells in vitro results largely from the formation 
of free radicals by Fenton chemistry reactions due to transition metals within the PM. Free 
radicals are also formed in vivo by the same mechanism and during the inflammatory response 
triggered by the particles in the lung, providing another source of oxidative damage that may be 
induced by particles, even in the absence of metal ions. Although the weight of evidence supports 
the role of reactive oxygen species in PM induced carcinogenesis (Knaapen et al, 2004) it is still 
too early to rule out the contribution of organic carcinogens such as PAH, which are also 
associated with PM. DNA adducts formed by the reaction of PAH metabolites with DNA have 
been detected in exposed cells in vitro and in vivo. 

Urban particulate matter (UPM) is a highly complex mixture, composed of many organic and 
inorganic components. Organic extracts of UPM have previously tested positive in salmonella 
mutagenicity assays (DeMarini, 1998), although there is little evidence on the mutagenicity of the 
whole particles. In transgenic mice the predominant mutations induced in the lacI gene by diesel 
exhaust emissions exposure in vivo were GC→AT and AT→GC transitions and GC→TA 
transversions (Sato et al, 2000).    

However, to date all studies into the mutagenicity of UPM have been studies into the effects of 
the organic fractions of UPM. Here, we have assessed the generation of DNA damage by organic 
extracts of UPM in comparison to the whole UPM and the washed particles, using the comet 
assay as a measure of DNA damage induced in a lung epithelial cell line. We have also 
investigated the direct acting mutagenic potential of UPM using the supF forward mutation assay 
(Seidman, et al, 1985). This assay detects all possible mutations in a target gene that is located on 
a shuttle vector plasmid that can be replicated in both human cells and E. coli. The assay has been 
widely used to study the mutagenicity of a range of mutagens, including defined single chemicals 
and combinations of mutagens (Bigger et al, 2000; Canella & Seidman, 2000; Routledge, 2000; 
Routledge et al, 2001). In this study we have incubated the plasmid DNA with UPM in the 
absence of any activating enzymes so that any induced DNA damage and subsequent mutations 
must be due to direct acting free radical species generated by the UPM in aqueous solution. 
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Study description 
Cell culture  
A549 human type II alveolar epithelial cells were maintained in Dulbecco's modified Eagles 
medium (DMEM) supplemented with 10% foetal bovine serum, 50 µg/ml gentamycin and 2.5 
µg/µl fungizone. 

Solvent extraction of standard UPM 
The method for solvent extraction of UPM was adapted from Don Porto Carero et al. (2001). 
Standard UPM (NIST, Gaithersburg, MD) was suspended in dichloromethane (DCM), vortexed 
for 5 min, and then centrifuged for 10 min at 2000 × g. The supernatant was transferred to a fresh 
tube and the particles washed once more in DCM. The two supernatants were combined and dried 
under nitrogen. The resulting organic extract was reconstituted in dimethyl sulphoxide (DMSO) 
to a final concentration of 10 mg/ml (the mass referring to the original mass of particles from 
which the extract was taken). The remaining washed particles were dried under nitrogen and 
resuspended in PBS to the same concentration. Samples of standard UPM, organic extract, and 
washed particles were added to A549 cells to give a final concentration of 50 µg/ml.  

Comet assay 
Untreated cells were used as negative controls. Cell viability was assessed by Trypan-blue dye 
exclusion. For comet analysis, the procedure of Singh et al. (1988) was followed, with some 
minor modifications (Everett et al., 2000). 100 cells were counted on each of two duplicate slides. 
Comets were defined as having a tail greater than half the length of the head. The number of cells 
with comets were scored to give the comet%. 
Figure 1 DNA damage induced in A549 cells by standard UPM, its organic extract and 
solvent washed particles and tested in the comet assay.   

 
Untreated A549 cells were used as a control. Results shown are the mean of 4 experiments +/- s.e. 

SupF mutation assay 
100 µl Plasmid DNA, pSP189 (2mg/ml) was incubated with 500 µl standard UPM (2 mg/ml) for 
24 hours at room temperature, 220 rpm. To reduce the number of strand breaks 200 µl sucrose 
buffer (1 mM potassium phosphate buffer pH 7.5, 60 mM KCl, 15 mM NaCl, 300 mM sucrose) 
was also included and the reaction volume made up to 1ml with distilled water. Following 
incubation the plasmid was extracted with phenol/chloroform and precipitated with ethanol. 
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Ad293 cells were transfected using a calcium phosphate precipitation technique (Routledge et al, 
2001). After 48 h, plasmid DNA was extracted from the Ad293 cells and stored at 4 oC in TE 
buffer. To screen for mutant plasmid, the plasmid DNA was transformed into E.coli MBM7070 
by electroporation and plated onto LB agar plates containing X-Gal and IPTG. Colonies 
containing wild type supF gene develop as blue colonies, as the bacteria are able to make active β 
galactosidase and cleave the X-Gal to produce a blue product. Colonies containing plasmid with a 
mutant supF gene cannot make this enzyme and are white. Colonies were counted to obtain the 
mutation frequency and plasmid from mutant colonies was sequenced to determine the type and 
position of the mutation. 

Results 
DNA damage induced by organic extracts of UPM 
Untreated A549 cells were found to have a background level of damage of 7.5% +/- 1% (mean of 
four experiments +/- standard error). Standard UPM induced 19.5% +/- 1.1% comets, the organic 
extract induced 16.5% +/- 1% comets and the washed particles induced 10.75% +/- 0.9% comets 
(Figure 2). The genotoxic fraction of UPM is, therefore, predominantly extractable by DCM, with 
only about 25% of the comet inducing potential of the UPM (after subtracting the background 
damage in control cells) remaining on the DCM-washed particles.   

SupF mutation assay 

A dose range experiment determined that 1 µg/ml UPM in the presence of sucrose buffer, resulted 
in sufficient colonies per plate to (about 200) to collect mutant colonies. The background 
mutation frequency of untreated plasmid was 0.3 × 10-4, which increased to 10.3 × 10-4 for the 
UPM treated plasmid. Plasmid was extracted and sequenced from 45 white colonies. Twenty one 
plasmids were found to contain multiple mutations, with 24 plasmids containing single mutations. 
The types of mutations observed are shown in Table 1.  

Table 1 Types of mutations in mutant plasmids 

Mutation types Number of plasmids 

Base substitution only 22 
Frameshift only 11 
Base substitution +  
Frameshift 12 
Total 45 
 
The most common base substitution types were GC→AT transitions and GC→TA transversions. 
A small number of GC→CG transversions were also observed. In total, 86% of the base 
substitutions observed occurred at GC pairs (Figure 2). There was a notable cluster of mutations 
around sites 108-111 of the supF gene (Figure 3). 
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Figure 2 Base substitution mutations induced by UPM 
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Figure 3 The distribution of mutations along the supF gene.  

 
1 0 0 1 1 0 1 2 0 1 3 0 1 4 0 1 5 0 1 6 0 1 7 0 1 8 0
G G T G G G G T T C C C G A G C G G C C A A A G G G A G C A G A C T C T A A A T C T G C C G T C A T C G A C T T C G A A G G T T C G A A T C C T T C C C C C A C C A C C A

A C T A A G G T G T T D A T T T T G G ^TG A T A A T ^T G D T A T
A A T A ^T G D T G G A T G
A A ^GG ^T T G G A T
A A G ^T T

A D ^T
T A D ^T

D ^T
D
D  

The wild type sequence is shown as the top line, with the position of base substitution mutations indicated below the site at which they 
were observed. D = The location of single deletions, ^ = insertion. There were also 7 large deletions, not shown 

Conclusions 
We have previously shown that UPM can induce DNA strand breaks in the plasmid strand break 
assay and also DNA damage in the comet assay (Healey et al, 2005). The relative contribution of 
organic and non-organic material to the genotoxicity of UPM in vitro is not clear-cut. Both UPM 
and organic extracts of UPM induce DNA damage in A549 cells in the comet assay, with the 
majority of the damage inducing potential in the comet assay associated with the organic extract. 
We have also shown that DNA mutations can be induced in a forward mutation assay by 
incubating the plasmid DNA with UPM in the absence of an activating system. The mutations 
observed were consistent with those predicted from oxidative DNA damage. This shows that free 
radicals from the UPM can induce mutations. From these, and earlier, studies it is clear that both 
organic and non-organic components of UPM have the potential to contribute to the genotoxicity 
of UPM. 

Acknowledgements 
K.H. is funded by an MRC PhD studentship. Work presented here was supported by an EPSRC 
JIF award to the LANTERN consortium. 

References 
Abbey DE (1999) Long term inhalable particles and other pollutants related to mortality in non-smokers. 
Am J Respir Crit Care Med, 159, 373–382 



 

55 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

Becker S, Soukup JM, Gilmour MI, Devlin RB (1996) Stimulation of human and rat alveolar macrophages 
by urban air particulates: Effects on oxidant radical generation and cytokine production Toxicol Appl 
Pharmacol, 141, 637–648 

Bigger CAH, Ponten I, Page JE, Dipple A (2000) Mutational spectra for polycyclic aromatic hydrocarbons 
in the supF target gene. Mutat Res 450, 75–93 

Canella KA, Seidman MM (2000) Mutation spectra in supF: approaches to elucidating sequence context 
effects. Mutat Res 450, 61-73.Cohen AJ and Pope CA (1995) Lung cancer and air pollution. Environ Hlth 
Perspect, 103, 219–224 

DeMarini DM (1998) Mutation spectra of complex mixtures. Mutation Research 411, 11–18 

Donaldson K, Beswick PH, Gilmour PS. (1996) Free radical activity associated with the surface of 
particles: a unifying factor in determining biological activity? Toxicol Lett 88, 293–298 

Don Porto Carero A, Hoet PHM, Verschaeve L, Schoeters G, Nemery B (2001) Genotoxic effects of 
carbon black particles, diesel exhaust particles, and urban air particulates and their extracts on a human 
alveolar epithelial cell line (A549) and a human monocytic cell line (THP-1). Environ Mol Mutagenesis 37, 
155–163 

Everett SM, White KLM, Schorah CJ, Calvert RJ, Skinner C, Miller D, Axon ATR (2000) In vivo DNA 
damage in gastric epithelial cells. Mutat Res 468, 73–85 

Healey K, Lingard JJ, Tomlin AS, Hughes A, Wild CP, Routledge MN (2005) The genotoxicity of size-
fractionated samples of urban particulate matter. Environ Mol Mutagen, in press 

Katsouyanni K and Pershagen G (1997) Ambient air pollution exposure and cancer. Cancer Cause Control 
8, 284–291 

Knaapen AM, Borm PA, Albrecht C, Schins RPF (2004) Inhaled particles and lung cancer. Part A: 
Mechanisms. Int. J. Cancer 109, 799–809 

Li XY, Gilmour PS, Donaldson K, MacNee W (1996) Free radical activity and pro-inflammatory effects of 
particulate air pollution (PM10) in vivo and in vitro. Thorax 51, 1216–1222 

Pope CA, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K, Thurston GD (2002) Lung cancer, 
cardiopulmonary mortality, and long-term exposure to fine particulate air pollution. J Am Med Assoc 287, 
1132–114 

Routledge MN (2000) Mutations induced by reactive nitrogen oxide species in the supF forward mutation 
assay. Mutat Res 450, 95–105 

Routledge MN, McLuckie KIE, Jones GDD, Farmer PB and Martin EA (2001) The presence of 
benzo[a]pyrene diol epoxide adducts in target DNA leads to an increase in UV-induced DNA single strand 
breaks and supF gene mutations. Carcinogenesis 22, 1231–1238 

Sato H, H Sone, Sagai M, Suzuki KT & Aoki Y (2000) Increase in mutation frequency in lung of Big 
Blue® rat by exposure to diesel exhaust. Carcinogenesis 21, 653–661 

Seidman MM, Dixon K, Razzaque A, Zagursky RJ, Berman ML (1985) A shuttle vector plasmid for 
studying carcinogen-induced point mutations in mammalian cells, Gene, 38, 233–237 

Singh NP, McCoy MT, Tice RR, Schneider EL (1988) A simple technique for quantitation of low levels of 
DNA damage in individual cells. Exp Cell Res 175, 184–191 

 



 

56 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

2.3 Effects of nanoparticles on mediator release 
by primary human alveolar epithelial cells and 
macrophages 
Kemp SJ1, Choy K-L2, Hou X2, Maynard RL3, Goldstraw P4 and Tetley TD1 

1National Heart & Lung Institute, Imperial College London 
2 University of Nottingham 
3 Department of Health, London 
4 Royal Brompton & Harefield NHS Trust, London 

Background and objectives 
Global nanotechnologies are expanding rapidly. They play a beneficial role in virtually every 
major market sector, including healthcare, pharmaceutics, the food industry, communications, 
fine chemicals and polymers. By virtue of their size and surface chemistry nanoparticles 
(nanopowders with particle dimensions less than 100 nm), are increasingly being used by 
manufacturers as they confer novel characteristics to final products, often with beneficial effects 
on manufacturing processes. However, the rapid progress in nanoscience and nanotechnologies 
has not been matched by toxicological studies to rule out health effects. Very little is known about 
the reactivity of nanoparticles following inhalation. Epidemiological studies of environmental air 
pollution suggest that the cardiopulmonary effects of increased ambient air pollution particles are 
related to the dose and nanometre size of the particle. It is possible then, that manufactured 
nanoparticles may be clinically important simply due to their physical characteristics and 
increased surface area, but their chemical composition may also contribute.  

Previous studies by us of environmental PM10 and PM2.5 show that mediator release by human 
alveolar epithelial cells and macrophages in vitro is increased. We hypothesised that exposure to 
nanoparticles synthesised to a well-defined size would also stimulate mediator release by primary 
human alveolar epithelial cells and macrophages in vitro.  

Study description 
Nanoparticles of 7 nm (Cerium IV oxide) and 100 nm (yttria doped zirconia) were used in this 
study.  Primary human alveolar macrophages and primary human alveolar type II cells were 
isolated from normal regions of lung tissue following lobectomy for carcinoma as described 
previously (Witherden et al., 2004).  Macrophages were plated into 24 well tissue culture plates at 
0.5 × 106 cells per well and allowed to adhere overnight, while alveolar epithelial cells were 
seeded at 106 cells per well and allowed to reach confluence.  The cells were serum-starved prior 
to incubation with the nanoparticles at concentrations up to 500 µg/ml for 24 hours.  The 
conditioned media containing released mediators was analysed using ELISA. 

Results 
Exposure of both the alveolar macrophages and alveolar epithelial cells to 7 nm cerium IV oxide 
particles resulted in a significant, dose-dependent decrease in interleukin-8 (IL-8) release 
compared to unexposed cells.  Exposure to 100 nm particles (zirconia) inhibited IL-8 release by 
two of the three subject alveolar epithelial cell samples, and one of the three subject alveolar 
macrophage samples, in a dose-dependent fashion, although the degree of inhibition was not as 



 

57 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

marked as that observed with the 7 nm particles, while the remaining cell samples were 
unaffected by exposure to the 100 nm zirconia particles.  

Conclusions 
In contrast to our working hypothesis, 7 nm cerium IV oxide and 100 nm zirconia did not 
stimulate IL-8 production by human alveolar macrophages or epithelial cells; these particles were 
either inhibitory or had no effect.  The effect of exposure to 7 nm particles was most marked, 
whilst the response to 100 nm varied between subjects.  These results suggest that nanoparticles 
may compromise lung defence by inhibiting the release of mediators that recruit leukocytes that 
are important in the immune response.   

Discussion 
IL-8 is a chemokine that attracts polymorphonuclear neutrophils to inflamed tissue.  In our 
previous studies we found that exposure of human alveolar epithelial cells and macrophages to 
particulate matter (PM2.5 or PM10) stimulated release of pro-inflammatory cytokines, including 
IL-8 (Payne et al., 2003, 2004). Other studies show a positive relationship between phagocytosis 
of ambient air particles and cytokine and chemokine release (Imrich et al., 2000), while exposure 
to indoor air pollutant particles induced IL-8 mRNA expression and secretion by human 
macrophages (Drumm et al., 1999). In addition, phagocytosis of microbial organisms is followed 
by a pro-inflammatory response via the production of cytokines and chemokines (Underhill & 
Ozinsky, 2002). We were therefore surprised by the inhibitory (or lack of) effect of 7 nm cerium 
IV oxide and 100nm zirconia particles on production of IL-8 by human lung epithelium and 
macrophages. Light microscopy suggests that these particles are being internalised by 
macrophages, and possibly by the epithelial cells. Some processes of particle ingestion trigger 
anti-inflammatory responses (eg internalisation of apoptotic cells by macrophages) and it is 
possible that uptake of these nanoparticles induces separate cellular mechanisms than those most 
commonly observed with air pollution.  The current observations suggest that, with respect to 
pro-inflammatory chemokines, nanoparticles may suppress the immune response and normal host 
defence mechanisms. 

Figure 1 Alveolar macrophages and alveolar epithelial cells exposed to nanoparticles 
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Human alveolar macrophages. Subject B.
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3 Epidemiology and human health 

3.1 Imaging changes in pulmonary inflammatory 
cell activity following cigarette smoking  
Hazel A Jones and Alan R Boobis 

Faculty of Medicine, Imperial College London 

Background and objectives 
The factors determining the outcome of the pulmonary inflammatory response are poorly 
understood. Gaseous and particulate air pollution is a recognised cause of lung damage. In 
particular, cigarette smoke can cause pulmonary inflammation, which leads to chronic obstructive 
pulmonary disease (COPD) and loss of lung function in some, but not all cigarette smokers. The 
mechanisms involved remain obscure although the involvement of neutrophils and macrophages 
is well recognised. Until recently, there were no good methods for monitoring cell behaviour, or 
inflammatory processes in situ. However, methods based on positron emission tomography (PET) 
are now available for the non-invasive quantification and repeated monitoring of biochemical 
events in otherwise inaccessible tissue.  

18F-labelled fluorodeoxyglucose (18FDG) is a glucose analogue that is taken up into cells in 
proportion to their metabolic activity. In inflammatory lung disease we have shown that an 
increase in the uptake of 18F radioactivity measured by PET is remarkably specific to the 
neutrophils (Jones et al., 1998). The ligand PK11195 binds with high affinity to peripheral 
benzodiazepine receptors that are abundant in macrophages (Zavala & Lenfant 1987). It has been 
labelled with carbon-11 for PET imaging. We have successfully used PET of  
18F-labelled fluorodeoxyglucose (18FDG) to monitor neutrophil metabolic activity and of  
11C-R-PK11195 to monitor macrophage kinetics in vivo in patients with COPD (Jones et al., 
2003). Neutrophil migration has been demonstrated using γ-scintigraphy of 111In-labelled white 
cells following cigarette smoking (MacNee et al., 1989) but it is the nature of the response of 
migrated inflammatory cells that is the likely determinant of whether or not there is progression to 
chronic lung disease and irreversible damage.  

We have now used PET to investigate neutrophil and macrophage behaviour following cigarette 
smoking in asymptomatic smokers. 

Study description 
Six healthy male habitual cigarette smokers were recruited (mean ± sem age 55 ± 2y, pack-years 
39 ±9 ). Spirometry and gas exchange were within the normal range (FEV1/VC 96 ± 4%predicted, 
KCO 101 ± 8% predicted). All subjects refrained from smoking for at least 12 hours before each 
study day. Compliance was confirmed by measurement of exhaled carbon monoxide. Each 
subject was scanned on two occasions 1–3 wk apart, on one occasion within 75 min of smoking 2 
cigarettes sequentially, and on the other without smoking. The paired scans were carried out in 
random order. The subjects were randomly allocated 18FDG or 11C-PK11195 (3 in each group). A 
transmission scan was carried out for measurement of lung density and for attenuation correction 
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of the subsequent emission scan. The selected radioactive marker was injected intravenously and 
the emission data acquired in sequential timeframes for 1 hour. Blood was sampled continually 
for measurement of plasma radioactivity. Regions of interest (ROIs) were drawn around the right 
and left lung areas on the transmission (density) images. The uptake of each marker was 
calculated from the mean tissue/plasma radioactivity for these ROIs for each emission time-
frame.  

Results 
Following smoking, all FDG-PET subjects showed increased FDG uptake (mean 158%) and all 
PK-PET subjects, decreased PK uptake (mean 30%) (Figure 1). Non-smoking values for 2 FDG-
PET subjects were higher than previously obtained normal control values (1.03 ± 0.43) and also 
higher for all PK-PET subjects (normal controls 6.2 ± 0.78).  

Conclusions  
These data suggest that inflammatory cell activity in the lungs of smokers is modulated even by a 
relatively modest acute insult. PET scanning of selected radiolabelled markers provides a non-
invasive approach to quantify these effects.   

Discussion 
The 18FDG uptake when these ‘healthy’ smokers had refrained from smoking for 12 hours was 
higher than for normal subjects for 2 of the 3 subjects studied, implying a chronic inflammatory 
process as yet not detectable by standard lung function tests. All 3 subjects showed a marked 
increase in 18FDG uptake following inhalation of cigarette smoke indicating an acute neutrophilic 
inflammatory response. Deoxyglucose uptake by neutrophils is increased by priming with or 
without respiratory burst activity (Jones et al., 2002). The increased FDG-PET signal in smokers 
following cigarette smoking may indicate an increase in neutrophils priming and in the absence of 
further stimulation, these cells will deprime and return to their quiescent state. Should they 
however receive further stimulation, such as the presence of bacteria, this would trigger the 
release of oxidants leading to tissue damage. Thus the increased numbers of neutrophils in the 
lung, coupled with priming, places the lungs at risk of injury.  

The baseline values for 11C-PK11195 uptake indicate that there are increased numbers of 
peripheral benzodiazepine receptors in the lungs of habitual smokers. As these receptors are 
associated with macrophages, it is likely that this reflects increased macrophage numbers in the 
lungs. As it is unlikely that macrophages exit the lung soon after cigarette smoking, our 
observation that the signal falls may indicate a change in the expression of these receptors on 
macrophages. We have established that binding of PK11195 to macrophages from patients with 
fibrosing alveolitis is reduced. This reduced signal may therefore be indicative of a change in the 
functional status of the macrophages following smoking.  

Animal models are widely used to study the effects of air pollution, but the data need to be 
interpreted with care due to species differences and exposure conditions, which inevitably limit 
their usefulness. Habitual smokers provide the opportunity for us to use non-invasive imaging 
techniques to investigate the response to inhaled pollutants in humans.  
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Figure 1 Modulation of  18FDG and 11C-PK11195 uptake by cigarette smoking  

 

 

 

 

 

 

 
 

 

 

 

FDG uptake (left) and PK11195 uptake (right) after 12hours of non-smoking and within 75 minutes of smoking 2 cigarettes. Data is 
for each subject. 

 
References 
Jones HA, Cadwallader KA, White JF, Uddin M, Peters AM & Chilvers ER (2002) Dissociation between 
respiratory burst activity and deoxyglucose uptake in human neutrophil granulocytes: implications for 
interpretation of 18F-FDG PET images. J. Nucl. Med.; 43 652 – 657 

Jones HA, Marino PS, Shakur BS & Morrell NW (2003) In vivo assessment of lung inflammatory cell 
activity in patients with COPD and asthma. Eur.Respir J.; 21:567-73 

Jones HA, Schofield JB, Krausz T, Boobis AR & Haslett C (1998) Pulmonary fibrosis correlates with 
duration of tissue neutrophil activation. Am J Respir Crit Care Med  158: 620 - 628 

MacNee, W Wiggs, B, Belzberg AS & Hogg JC (1989) The effect of cigarette smoking on neutrophil 
kinetics in human lungs. N Engl J Med 321: 924-928 

Zavala F & Lenfant M (1987) Benzodiazepines and PK 11195 exert immunomodulating activities on a 
specific receptor on macrophages. Ann. NY Acad. Sci. 96, 240 - 249  

 

 

 

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

18
FD

G
 u

pt
ak

e 
([s

lo
pe

/in
te

rc
ep

t] 
x 

10
00

)

non smoking smoking 0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

non-smoking smoking

FDG PK

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

FD
G

 u
pt

ak
e 

([s
lo

pe
/in

te
rc

ep
t] 

x 
10

00
)

- smoking 0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

non-smoking smoking

FDG PK

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

FD
G

 u
pt

ak
e 

([s
lo

pe
/in

te
rc

ep
t] 

x 
10

00
)

non smoking smoking 0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

non-smoking smoking

FDG PK

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

FD
G

 u
pt

ak
e 

([s
lo

pe
/in

te
rc

ep
t] 

x 
10

00
)

- smoking 0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

non-smoking smoking

FDG PK

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

18
FD

G
 u

pt
ak

e 
([s

lo
pe

/in
te

rc
ep

t] 
x 

10
00

)

non smoking smoking 0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

non-smoking smoking

FDG PK

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

FD
G

 u
pt

ak
e 

([s
lo

pe
/in

te
rc

ep
t] 

x 
10

00
)

- smoking 0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

non-smoking smoking

FDG PK

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

FD
G

 u
pt

ak
e 

([s
lo

pe
/in

te
rc

ep
t] 

x 
10

00
)

non smoking smoking 0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

non-smoking smoking

FDG PK

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

FD
G

 u
pt

ak
e 

([s
lo

pe
/in

te
rc

ep
t] 

x 
10

00
)

- smoking 0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

non-smoking smoking

FDG PK

11
C

-P
K

11
19

5 
up

ta
ke

 (p
la

te
au

 ti
ss

ue
/p

la
sm

a)
 



 

62 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

3.2 The APHENA project – results of analyses of 
hospital admissions 
K Katsouyanni, J Samet, H Ross Anderson, Richard Atkinson, A Le Tertre, A Zanobetti 

St George’s Hospital Medical School 

Introduction 
The APHENA project (Air Pollution and Health: a Combined European and North American 
Approach) brought together the investigators who carried out the Air Pollution and Health: a 
European Approach (APHEA) 1 and 2 studies (funded by ‘Environment 1991-94’ and 
‘Environment and Climate 1994-98’ EC Programmes, respectively), the National Morbidity, 
Mortality and Air Pollution Study (NMMAPS, funded by the Health Effects Institute) and several 
national studies in Canada. The study began in January 2003 for 2 years. St. Georges Hospital 
Medical School in London was responsible for the analysis of respiratory hospital admissions in 
European cities. Other centres were responsible for the analysis of cardiac admissions in Europe, 
admissions in US cities and mortality data. 

The objectives of APHENA were: 

(1) To evaluate methods for mortality and morbidity time-series (stage-one analysis) 

(2) To evaluate approaches for:  

i. assessing and explaining heterogeneity in the estimated effects of  
air pollution across locations 

ii. identifying and combining dose-response curves 

iii. addressing mortality displacement 

iv. investigating lag structure 

(3) Parallel and combined analysis of data on air pollution and health outcomes 

In this abstract we summarise the methods and results of the stage one analysis of the short-term 
health effects of daily PM10 and ozone concentrations on daily numbers of hospital admissions.  

Methods 
Data collected for the APHEA 2 programme were used for the European data in the APHENA 
project. Eight European cities (Barcelona, Birmingham, London, Milan, Netherlands, Paris, Rome 
and Stockholm) provided data on hospital admissions. The minimum time period for analysis was 
three years. Daily concentrations of PM10, ozone and average temperature were also provided. In 
the stage one analysis parametric and non-parametric methods to adjust for confounding factors 
such as trend, seasonality and weather were investigated. The choice of smoothing function and 
the degree of smoothing necessary to model non-linear relationships between health outcomes 
and confounding factors was evaluated systematically. Models using 3, 8 and 12 degrees of 
freedom as well as a smoothing parameter determined by minimizing the sum of the partial 
autocorrelation function were used to control for seasonality in the outcome series. Natural cubic 
splines and penalised splines were used for each specification of degrees of freedom. Daily 
temperature measured on the same day and previous day to admissions were also included in the 
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model as was an indicator for day of week. The two pollutants were each evaluated at lag 1 (day 
prior to admission) and the mean of lag 0 (concurrent to admissions) plus lag 1.  

Results 
The results for respiratory admissions in those aged 65 years and over show that the magnitudes 
of the associations with PM10 are sensitive to the number of degrees of freedom used to control 
for seasonality in the number of admissions. Natural cubic splines tended to give smaller effect 
estimates than for models that used penalized splines (with the equivalent number of degrees of 
freedom). Results for PM10 averaged over the two days were slightly smaller than those for the 
previous days’ pollution alone. 

Results for ozone using the same analysis scheme suggest a similar pattern to the results for PM10.  

Discussion 
This analysis from the stage one of the APHENA project has highlighted the need for sensitivity 
analysis in studies of the short-term health effects of particles and ozone on respiratory hospital 
admissions. A clearly defined protocol for the analyses of time series data should be used to 
systematically assess the associations.  
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3.3 The Congestion Charging Scheme (CCS) in 
London (its impact on air quality and health) 
Ben Barratt1, Sean Beevers1, Richard Atkinson2 et al 

1Environmental Research Group, King’s College London, 2St George’s Hospital Medical School 

Background 
The CCS was introduced in Feburary 2003 with the aim of reducing congestion within central 
London. To take advantage of this natural experiment we established the CCS study. The study is 
a collaboration between London School of Hygiene & Tropical Medicine, St George’s Hospital, 
Transport for London and King’s College London with initial funding from the US Health Effects 
Institute for three years from January 2005. 

Objectives 
• To develop an analytical framework for assessing ambient air quality measurement data 

within and outside the CCS zone using CUSUM (Cumulative Sum) and regression 
modelling techniques normally applied to epidemiological studies. 

• To examine the oxidative properties of ambient PM in London to ascertain whether the 
implementation of the CCS has resulted in a change in its oxidative activity.  

Study description 
An advanced analytical framework is being developed through co-operation between researchers 
in epidemiological statistics and air quality modelling. This involves the application of CUSUM 
and regression modelling techniques more usually applied to medical and epidemiological 
studies. Measurements from the London Air Quality Network form the basis of the sample 
database three years prior to and, ultimately, following introduction of the CCS.  

The purpose of this framework is to estimate the size, statistical significance and timing of 
changes in air quality indicators following introduction of the CCS. Initial development is 
focusing on the application of the CUSUM technique to identify step changes in ambient levels 
amongst noise from independent environmental factors. The CUSUM is the sum, over time t, of 
deviations in the observed value of a variable (xt) from a reference value: 

Cumulative sum St = St-1 + zt      where zt = xt-µ0 

This running total is represented in a time series control chart. The sensitivity of the CUSUM 
procedure can be adjusted by the setting of k, a measure of the allowable ‘slack’ in the system. If 
a too large k factor is applied to a time series with a large standard deviation, small shifts in mean 
are simply ignored. Figure 1 shows a sample data set of PM10 from Marylebone Road in Central 
London. An artificial reduction in mean of 20% was applied at the mid-point in the time series. 
This extreme example shows up clearly in the corresponding CUSUM chart as a rapid and 
sustained negative gradient, with the process identified as ‘out of control’ approximately at 
sample number 365. 
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Once the timing of any identifiable changes has been established using the CUSUM technique, 
time series modelling techniques will be used to produce an estimate of the magnitude of such a 
change. In this scenario, the variable of interest, parameterised as a ‘zero-one’ dichotomous 
variable, is the introduction of the CCS itself. The statistical model will be: 

Yi = β0 + β1C + S(ti) + βijXij + εi 
i=1-n days and j=1-k explanatory variables 

where Y is the pollutant concentration, C the dichotomous variable indicating the introduction of 
the CCS, S(ti) is a non-parametric smooth function (penalized spline, see Wood, 2001) of variable 
time and β and X are vectors of regression parameters and explanatory variables (e.g. day of 
week, temperature) and e is residual error. 

In addition to modifying the ambient mass of PM in London, the CCS may have influenced the 
nature of the ambient PM mix. This is likely as changes to traffic densities, speeds and vehicle 
mix (hence fuel use) have been identified in traffic data (TfL, 2003). Laboratory analysis of 
particulate filters has commenced to assess the oxidative activity of particulate matter three years 
prior to and following introduction of the CCS. Filters are taken from seven continuous PM10 
monitoring sites at background and roadside locations within and surrounding the CCZ, with 
exposure periods of between 1 and 4 weeks. 

Analysis is ongoing, but the aims of the study are: 

• To establish the nature of this oxidant activity through the use of ROS scavengers and metal 
chelators. 

• To determine the contribution of bioavailable metals to the observed PM oxidative activity at 
these sites. 

• To examine the spatial variability of PM oxidative activity. 

• To establish the oxidative activity of London PM collected at a number of roadside and 
background sites prior to the possible expansion of the CCS in 2006. 

• To collect PM using FDMS samplers to examine the role of organic components in driving 
PM oxidative activity. 

Figure 1 Sample data set of PM10 from Marylebone Road in central London 

 
Time series plot of daily mean PM10 (i) and corresponding CUSUM chart (ii) identifying artificially introduced decrease of 20% at 
sample number 365. 
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Future directions 
Should these studies indicate that the CCS has led to a measurable improvement in air quality our 
intention is to undertake two health related studies; to quantify using interrupted time-series 
methods the change in the frequency of (pollution-related) emergency hospital admissions and 
mortality associated with the introduction of the CCS and to test the hypothesis that introduction 
of the CCS was associated with improvement in health indicators at the primary care level. 

Pre-introduction conditions are also being tabulated within the proposed CCS Western Extension 
to facilitate further studies should such an extension be enacted. 
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3.4 Does socioeconomic status modify the effect 
of particulate pollution on mortality? 
Melanie Carder1, Raymond Agius1, Roseanne McNamee1, Iain Beverland2, Rob Elton3, Martie Van 
Tongeren1 and James Boyd4 

Universities of 1Manchester,2Strathclyde, 3Edinburgh 
4Information & Statistics Division of the NHS in Scotland 

Background and objectives 
The link between social deprivation and health has been clearly shown in various studies, with 
populations living in deprived areas exhibiting levels of mortality substantially in excess of those 
in affluent areas. In the first decade (1981–91) of our study period, these differentials increased in 
Scotland as inequalities in health widened; e.g. the difference in rates for ischaemic heart disease 
between affluent and deprived groups increased over those ten years (McLoone & Boddy, 1994, 
Carstairs, 1995). However, the relative contribution of environmental and other interacting factors 
to these differentials in health and mortality has yet to be unravelled. We therefore applied the 
Scottish Medical Record Linkage System to determine whether inhabitants in the more deprived 
areas exhibit a greater level of pollution related mortality than their affluent counterparts.  

Therefore, the aim of this study was to determine whether socioeconomic status modified the 
effect of particulate air pollution on cardiorespiratory mortality.  

Study description 
The study used a time-series design extending from January 1981 to December 2001. Data were 
obtained for the three Scottish cities of Edinburgh, Aberdeen, and Glasgow. The groups 
considered in this study were deaths from all (non-accidental) causes, cardiovascular causes 
(ICD-9 codes 410–414, 426–429, 434–440) and respiratory causes (ICD-9 codes 480–487 and 
490–496) (Prescott et al., 1998). The postcode sector (of usual residence) was used to ascribe to 
each data-point (death) a deprivation score as measured by the Carstairs Category (categories 1–
7, with 1 being the least deprived) (Carstairs & Morris, 1991). 

The Meteorological Office supplied hourly meteorological data for each of the three cities. These 
data were used to calculate the daytime mean temperature for each day, taken as the average of 
the 7am to 11pm hourly values. Our previous work had observed a non-linear relationship 
between temperature and mortality (mortality increased as temperature decreased but this increase 
was steeper at temperatures below 11οC). We also observed the effect of temperature on mortality 
to persist to lag periods beyond two-weeks. Thus, to model temperature, we created two linear 
temperature variables, representing temperature above and below 11οC. These variables were 
then lagged by lag 0, 1–6 days (i.e. average of temperature at lag 1 through to 6 days), 7–12 days, 
13–18 days, 19–24 and 25–30 days.  

For Aberdeen and Edinburgh, daily mean black smoke measurements were obtained from a 
centrally located site within each of the cities. For the Glasgow conurbation, black smoke 
measurements from seven separate sites were available and so the population of the area was split 
into seven separate groups based on postcode sector, with each population ascribed the black 
smoke exposure of the nearest black smoke site. For Edinburgh and Glasgow, multiple imputation 
methods (multiple regression using all available sites) were used to replace the missing black data 
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at each site. No imputation for missing black smoke data was possible for Aberdeen due to the 
lack of concurrent sites. Approximately 15% of the total black smoke data was missing. After 
imputation, this was reduced to 5% (and was largely confined to the Aberdeen dataset). Our 
previous work had observed black smoke effects on mortality at lags out to one month. In view of 
this, black smoke concentrations lagged by 0, 1–6, 7–12, 13–18, 19–24 and 25–30 days were 
included in the regression model. All lag periods were included in the model simultaneously. 

All analyses were carried out in Splus (version 2000) using generalised linear (Poisson) models 
(GLMs) with natural cubic splines to capture seasonal and other long-term effects. The 
convergence tolerances of the GLM function were set to a low value of 10-9 with a limit of 1000 
iterations (Pattenden et al, 2003). Data for the nine areas were analysed separately and the 
resulting estimates combined using inverse variance weighting. In addition to the aforementioned 
variables, the regression models also included terms for day of week, Carstairs Category 
(categorical variable), and variables representing the interaction between black smoke 
concentrations (each lag) and Carstairs Category (modelled as a continuous variable).  

Results 
Table 1 shows the percentage increase (and 95% confidence intervals) in mortality associated 
with a 10µg/m3 increase in the mean black smoke concentration, at each of the seven Cartsairs 
categories (with 1 being the least deprived). Results are presented for all six lag periods combined 
i.e. the percentage increase in mortality over the ensuing one month period associated with a 
10µg/m3 increase in the mean black smoke concentration on any one given day. For all three 
groups, the effect of black smoke on mortality increased as level of deprivation increased. For all 
cause and respiratory mortality, a significant effect of black smoke is observed at the higher 
deprivation categories but not at the lower (less deprived) categories. A significant effect of black 
smoke on cardiovascular mortality was not observed. 

Discussion 
The preliminary analyses of the interactions between black smoke and deprivation conducted so 
far suggest a greater black smoke effect in more deprived populations. If these preliminary 
findings regarding deprivation are confirmed in further analyses, these findings have important 
health implications in that they provide evidence that people who are socially deprived are at an 
increased risk of particulate pollutant related mortality. Sources of pollution tend to be higher in 
socioeconomically disadvantaged areas and as such, this sub-set of the population who may be at 
an increased risk of pollutant related mortality might also be experiencing higher pollutant 
exposure than the general population.  
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Table 1 Estimated % increase (and 95% confidence intervals) in mortality over the ensuing 
one-month period associated with a 10 µg/m3 increase in the mean black smoke 
concentration on any given day, at each Carstairs Category 

Carstairs Category All cause Cardiovascular Respiratory 

 % increase 95% CI % increase 95% CI % increase 95% CI 

1 -1.55 -2.76, -0.32 -2.34 -4.16, -0.48 -0.06 -3.14, 3.11 
2 -0.89 -2.02, 0.25 -1.90 -3.60, -0.17 0.44 -2.35, 3.31 
3 -0.22 -1.28, 0.86 -1.46 -3.06, 0.16 0.68 -1.82, 3.25 
4 0.48 -0.55, 1.51 -1.03 -2.55, 0.52 0.58 -1.60, 2.82 
5 1.20 0.18, 2.22 -0.58 -2.07, 0.92 0.38 -1.50, 2.29 
6 1.94 0.91, 2.98 -0.09 -1.57, 1.42 1.02 -0.75, 2.81 
7 2.68 1.60, 3.78 0.45 -1.09, 2.02 3.02 1.00, 5.08 
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3.5 Constructing a birth record database for 
environmental research: An historical cohort 
study 1961-92 
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1Schools of Population & Health Sciences and Clinical Medical Sciences, University of Newcastle, 
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Background and objectives 
Research on the potential impact of air pollution on the health of adults and children has grown 
rapidly over the last decade. There is now substantial evidence that short-term increases in 
ambient air pollution are associated with increased mortality and morbidity in adults and children 
(Brunekreef et al., 1995; COMEAP, 1998; Holgate et al., 1999; Katsouyanni et al., 1997). Even 
at levels within current air quality standards it is estimated that over 8000 deaths per year are 
being brought forward in the UK by exposure to PM (COMEAP, 1998). Associations between 
long-term, or chronic, exposure to PM and an increase in total mortality, cardiovascular mortality 
and respiratory morbidity have also recently been reported (Pope CA, III, et al., 1995; Pope CA, 
III, 2000). 

A growing body of evidence suggests that exposure to ambient air pollutants, including 
particulate matter, is associated with fetal and infant health outcomes. If this is indeed the case, 
the potential public health impact of even small reductions in birthweight is substantial. 
Birthweight as a measure of fetal growth is an important predictor not only of neonatal and infant 
death, but also of mortality and morbidity during childhood (McCormick, 1985), and may in 
addition be an important risk factor for the major diseases of middle age: diabetes, hypertension 
and cardiovascular disease (Barker, 1992). In a recently completed systematic review of the effect 
of PM exposure on fetal outcomes (Glinianaia et al., 2004a), it was concluded that the currently 
available evidence was consistent with a small adverse effect of particulate air pollution on fetal 
growth and duration of pregnancy. The evidence for associations between air pollution and infant 
health outcomes was strongest for PM and respiratory postneonatal mortality (Glinianaia et al., 
2004b).  

We aim to test the hypothesis that pre- and post-natal exposure to ambient particulate matter 
(black smoke) adversely affects pregnancy outcomes and infant survival of singletons. 

Study description 
This is a historic cohort study of all singleton births to mothers resident in the city of Newcastle 
upon Tyne (population 2001: 270 000) during 1961–92. We used data from detailed paper-based 
delivery records from the two major maternity hospitals. We abstracted date of birth, maternal 
address, maternal age, parity, paternal and maternal occupation, birthweight, gestational age, 
gender and birth outcomes, including major congenital anomalies. To capture home births we also 
abstracted ‘birth ledgers’ (1961–1973) which only contain date and place of birth, names and vital 
status. This established the full denominator and allowed us to consider the changing proportion 
of home births (reduced from 37% in 1961 to 0.4% in 1973). Birth record data is being linked 
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with stillbirth and infant death information held nationally. Socioeconomic status is derived from 
father’s occupation (individual level) and from small area deprivation score (aggregate). Daily 
black smoke data from the monitoring stations across the city during 1961–1992 has been 
assembled. Place and time of maternal residence will be used to estimate exposure during 
pregnancy. A space-time contour for black smoke exposure will be constructed to estimate 
cumulative and peak exposures during each trimester of pregnancy. The association between 
maternal and infant exposure and fetal/infant outcomes will be estimated using logistic regression 
controlling for covariates.  

Results 
The database contains 125 400 birth entries, 29 900 of which have limited information from birth 
ledgers only. Data for date of birth, maternal address (and therefore grid reference) is 100% 
complete, for outcome and covariates; completeness is 99% for birthweight, maternal age, parity 
and gender, 96% for gestational age, 95% for maternal (recorded from 1972 onwards) and 90% 
for paternal occupation. The mean daily black smoke level ranged from 254µg/m3 (SD = 260) in 
the 1960s to 17µg/m3 (SD = 16) in the late 1980s. Monthly means varied substantially across the 
city (e.g. Dec 1962: 243-1012µg/m3, Dec 1982: 26-59µg/m3). Over a given 3-month period the 
variation was 1.5- to 4-fold between the monitoring stations; the variation over time at an 
individual station was up to 12-fold. 

Conclusions 
The high completeness of information on gestational age as well as individual and area based 
measures of socio-economic deprivation in combination with daily black smoke data for over 
three decades, makes this a highly powered dataset of great quality and a valuable research 
resource. 

Discussion 
This is the first study from the UK linking exposure to particulate matter to fetal and infant 
outcomes. The primary outcome of this study will be to establish, within a very large and hence 
statistically powerful study, the magnitude of the effect of particulate matter on pregnancy 
outcome in a European population. This will provide important evidence to those bodies 
responsible for setting air quality standards in the UK and internationally. It will also provide 
information that will support future studies investigating the mechanism of action of particulate 
matter. This study will advance methodological development of how exposures are assessed in 
populations. The cohort databases will also provide a valuable resource for a future programme of 
work investigating other factors implicated in adverse pregnancy outcomes. 
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3.6 Particle species and daily hospital admissions 
in the West Midlands conurbation, 1995–2001 
Stephen A. Bremner1, Richard W. Atkinson1, Roy M. Harrison2, H. Ross Anderson1 
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2Division of Environmental Health & Risk Management, University of Birmingham 

Background and objectives 
There is a paucity of information about the effects of fractions of the PM10 mixture on daily 
mortality and hospital admissions in Europe, restricting policy decisions concerning air quality 
standards and the appropriate metric on which to base these (EPAQS, 2001). 

In a previous report from this team, associations between daily mortality, admissions and PM10, 
PM2.5, PM2.5–10 (calculated coarse fraction), Black Smoke and sulphate as well as gases were 
analysed for the West Midlands conurbation. The results were inconclusive but were based on a 
limited time series from October 1994 to December 1996 (Anderson et al., 2001).  We have 
previously presented findings for mortality. Here we present the results of the analysis of hospital 
admissions. 

Study description 
Daily counts of hospital admissions were compiled from Hospital Episode Statistics for the West 
Midlands Metropolitan County (excluding Coventry) for 1995-2001 and summarised into 
diagnostic and age sub-groups as follows: all cardiovascular disease (all-ages), cardiac disease 
(all-ages & 65+ yrs), ischaemic heart disease (0-64 yrs & 65+ yrs), dysrhythmias (all-ages), 
cardiac failure (all-ages) and stroke (65+ yrs); all-respiratory disease (all-ages, 0-14 yrs, 15-64 yrs 
& 65+ yrs), asthma (0-14 yrs & 15-64 yrs) and COPD (65+ yrs).   

Measurements of PM10 (3 sites), fine particles (PM2.5) (1 site), calculated coarse fraction (PM10–
PM2.5) (1 site); Black Smoke (mainly fine particles of primary origin) (2 sites) and the gases 
ozone (O3) (2 sites), NO2 (3 sites), SO2 (3 sites), CO (1 site), NO (3 sites) were downloaded from 
the internet.  We estimated local sulphate concentrations (SO4

2-) (mainly fine particles of 
secondary origin) using two distant rural monitors.  Daily average temperature (mean of min. and 
max.) and humidity (recorded at 9am) were measured at the University of Birmingham weather 
station. 

We fitted generalised additive models (GAM) with quasi-likelihood estimation, removing 
seasonal and meteorological patterns using penalised splines, to estimate the relative risk (RR) of 
admission in each outcome associated with a 10th-90th percentile increase in each pollutant, 
summed over the distributed lag 0-4 days.  We also carried out a preliminary investigation of two-
pollutant models for ozone and PM2.5. 

Results 
Estimated effects of PM2.5 ranged from a -3.1% to a +2.8% change in RR for the cardiovascular 
diagnostic subgroups, but none were statistically significant at the 5% level.  The coarse fraction 
was negatively related to most of the cardiovascular outcomes, at the 0.1% level for stroke in the 
elderly (-9.3%).  PM2.5 was associated with a 3.4% increase in all-ages respiratory admissions, 
smaller in magnitude to the effect of the coarse fraction.  In children, PM2.5 was associated with a 
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10.8% increase in asthma admissions and this was significant at the 1% level.  Consistently large 
positive associations were noted between sulphate and the majority of diagnostic and age groups, 
especially all-ages all-respiratory admissions with a 6.3% increase in RR.  Ozone was related to 
all-cardiovascular (3.4% increase in RR) and all-respiratory (3.7% increase in RR) admissions, 
significant at the 5% level. Ozone was negatively associated with asthma admissions in children 
(7.8% reduction in RR) though this was not statistically significant at the 5% level.  There was a 
mixture of positive and negative associations for the other gases.  For stroke in the elderly, 
however, there were large negative associations with CO and NO and these were significant at the 
1% level. 

Preliminary indications were that the effect of PM2.5 on cardiac disease in the elderly was robust 
to the inclusion of each of the other pollutants in turn.  Its effect on respiratory disease, however, 
was reduced or even reversed in the presence of the other pollutants.  The effect of ozone on 
cardiac disease in the elderly was diminished and became non-significant in two-pollutant 
models.  On the other hand, its already pronounced effect on respiratory admissions was further 
enhanced on inclusion of each of the other pollutants in turn. 

Conclusions 
Sulphate and especially ozone were both associated with an increased risk of admissions across 
the broad range of diagnostic and age sub groups.  Large and statistically significant associations 
with PM10 and PM2.5 were restricted to asthma admissions in children and all-ages respiratory 
admissions.  In two-pollutant models, the reversal of the PM2.5 effect on respiratory admissions in 
the elderly casts doubt on the associations found in the other respiratory groups.  It was difficult 
to distinguish between the effects of the various particle species. These findings require 
replication in a different city.  London would be a suitable candidate as, in addition to having a 
population over threefold greater than that of the West Midlands conurbation, there are now seven 
years of PM2.5 data available. 

Discussion 
A number of issues require further investigation in order to complete this study as the message so 
far is somewhat incoherent.  In our mortality analyses for this study, we found large positive 
warm season effects of particles and small negative cool season effects for the cumulative lag 0+1 
(Bremner et al., 2004).  The gases, on the other hand, did not show strong seasonal differences.  
We need to determine how to fit seasonal distributed lag models for the present analysis of 
hospital admissions.  We also need to explore two-pollutant distributed lag models.  The 
threshold effect we found for total mortality and ozone may also apply to hospital admissions 
outcomes. 
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Figure 1 Changes in relative risk of cardiac disease admissions (65+ years), for a 10th–90th 
centile change in levels of pollutants summed over the distributed lag 0-4 days. 

-4

-3

-2

-1

0

1

2

3

4

5

6

7

pollutant

%
 c

h
a

ng
e 

in
 r

el
at

iv
e

 r
is

k
 (

1
0

th
-9

0
th

)

PM10    PM2.5 PM2.5-10 BS SO4
2- O3 NO2 SO2 CO NO

 
 
Figure 2 Changes in relative risk of respiratory disease admissions (65+ years), for a 10th–
90th centile change in levels of pollutants summed over the distributed lag 0-4 days. 
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3.7 The association between long-term exposure 
to air pollution and mortality in Scotland1 
Christina Yap1, Iain J Beverland1, Raymond M Agius2, David Hole3, Chris Robertson1,5,  
Geoff Cohen, Mathew R Heal4 and George Morris5  

1University of Strathclyde  
2University of Manchester  
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4University of Edinbugh  
5Health Protection, Scotland 

Background and objectives 
Long-term exposure to ambient air pollution is increasingly thought to have adverse effects on 
health (Brunekreef & Holgate, 2002). Scotland has one of the highest nationally reported 
mortality rates in the world for both coronary heart disease (Tunstall-Pedoe et al., 1989) and lung 
cancer (Hart et al., 2001). The aim of this research is quantify the effects of long-term exposure to 
air pollution on mortality using two large Scottish cohorts with a follow-up period of at least 22 
years.   

Methods 
Detailed individual-level baseline risk factors of 22 000 subjects, collected in 1970–1976, were 
linked to mortality records from the General Register Office for Scotland. The subjects were 
geographically dispersed throughout the central belt of Scotland, which has detailed long-term 
records for black smoke in many monitoring stations (Figure 1). However, a substantial amount 
of exposure data was missing in the period 1970–1979. The missing data were imputed using a 
log-linear regression model, taking into account day of week and seasonal effects. The median air 
pollution levels of the 10-year period at the subjects’ residential addresses were estimated from 
(inverse-squared distance weighted) geometric mean estimates of the nearby monitoring sites of 
black smoke. The association between the long term impact of air pollution and all causes and 
specific cause mortality (cardiovascular, respiratory, lung cancer and other causes) was examined 
using Cox proportional hazards regression for follow-up till 1998, with adjustment for potential 
confounders, at both individual and aggregate levels (including age, gender, marital status, 
smoking status, social class, body mass index, deprivation category, and additional variables of 
systolic blood pressure and cholesterol for all cause and cardiovascular mortality only). 
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Figure 1 Location of cohort subjects’ residences (  ) and air pollution monitoring sites () ) 
in central Scotland 

 

Results 
After adjusting for potential confounders and stratifying the baseline hazard functions by 1 year 
age groups and gender, there was convincing evidence that increased exposure to black smoke 
was associated with an increased risk in lung cancer mortality (Table 1). No significant 
association was found between exposure to black smoke and all causes, respiratory and other 
cause mortality. An unexpected negative and significant association was found between exposure 
to black smoke and cardiovascular mortality. The results were generally robust to the use of 
different follow-up periods and the inclusion criteria for subjects who stayed within particular 
distances from their nearest monitoring stations. 

Discussion and conclusions 
These analyses suggest that long-term exposure to air pollution may contribute to an increased 
risk of lung cancer mortality, but not to other specific causes. This confirms earlier findings, 
which found stronger associations between air pollutants and lung cancer mortality (Abbey et al., 
1999 & Pope et al., 2002), though our effect magnitudes are at the higher end of the range 
reported. However, it is unclear why negative associations were found with other specific causes 
of deaths in this study. It is possible that additional factors affect the geographical distribution of 
cardiovascular mortality, and may act as confounders to explain the negative association with 
atmospheric pollution. Exposure misclassification considerations due to missing exposure data, 
nearest site assignment, and potentially incomplete adjustment for confounding risk factors and 
subjects’ mobility may remain. Alternative ways of providing better estimates of exposure for 
cohort members using GIS derived variables (for instance household density, traffic density and 
altitude) are currently underway. Further analyses will also attempt to evaluate the effect of 
domestic smoke control at different locations being implemented at different times during the 
follow-up period. 
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Table 1 Adjusted hazard Ratios, with 95% Confidence Intervals (in parenthesis) of all 
cause and cause-specific mortality, associated with 10 µg/m3 increase in black smoke 
within the framework of a Cox Proportional Hazards Model. Results of analyses shown for 
different follow-up periods till 1989 and 1998, and different inclusion criteria for subjects 
who stayed within particular distances from monitoring stations (δ = 2 or 5 km) 

 Hazard ratio per 10 µg/m3 increase in black smoke for 

Cause of Death follow-up till 1989 follow-up till 1998 

 δ = 2 km δ = 5 km δ = 2 km δ = 5 km 

All Causes 0.977 
(0.905,1.05) 

0.940 
(0.880,1.004) 

0.979 
(0.926,1.036) 

0.953 
(0.908,1.000) 

Cardiovascular 0.876* 
(0.777,0.987) 

0.85* 
(0.767,0.942) 

0.901* 
(0.821,0.988) 

0.856* 
(0.790,0.927) 

Respiratory 1.028 
(0.778,1.358) 

0.975 
(0.755,1.261) 

0.934 
(0.763,1.144) 

0.913 
(0.762,1.094) 

Lung Cancer 1.197  
(0.975,1.47) 

1.208*   
(1.007,1.45) 

1.204*  
(1.023,1.417) 

1.227*  
(1.062,1.417) 

Other Causes 0.967 
(0.856,1.09) 

0.923 
(0.831,1.02) 

0.971 
(0.887,1.06) 

0.956 
(0.885,1.03) 
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3.8 Are cardiopulmonary patients more 
susceptible to pollutant related mortality? A 
cohort analysis1  
Roseanne McNamee1, Sarah Hadley1, Melanie Carder1, Iain Beverland2, Rob Elton3, James Boyd4, 
Martie Van Tongeren1, Raymond Agius1  

Universities of 1Manchester  2Strathclyde  3Edinburgh  
4Information & Statistics Division of the NHS in Scotland 

Background  
High concentrations of particulate air pollution have been associated with increases in death rates 
in numerous studies using time-series designs, including studies in Scotland. Since it is unlikely 
that everyone is at equal risk, such studies may conceal sub-groups with higher susceptibility; for 
example those with existing respiratory and cardiac conditions. Furthermore, to strengthen 
evidence for causality, it is important that epidemiological hypotheses are tested using a variety of 
designs. We used a cohort design to measure the association between black smoke and mortality 
rates among subjects who had previously been admitted to hospital for either an emergency 
respiratory condition, an emergency cardiac condition or a digestive condition but discharged 
alive. Patients were followed for up to 15 years but attention was restricted to acute effects — 
lags of 30 days or less — of pollution. 

Study description 
Three cohorts of patients aged <90 years at admission to hospitals in Edinburgh between 1981 
and 1996 were identified: emergency admissions for respiratory conditions, emergency 
admissions for cardiac conditions and any admission for digestive diseases. It was hypothesised 
that, following discharge, the first two groups would be more susceptible to the effects of black 
smoke than the third. To be eligible for inclusion in the cohorts, patients had to be discharged 
alive from hospital and to have survive at least 30 days thereafter. If a patient was admitted to 
hospital on several occasions, the first admission after 1/1/81 was chosen to define start of follow-
up, with any subsequent admissions ignored. 

Follow-up of patients was from day 3 after discharge (T = 0) until time of death or 9/11/1996. 
ICD codes from death certificates were used to classify deaths as due to cardiac causes, 
respiratory causes or ‘other’ causes. A nested case–control analysis was carried out with controls 
chosen by incidence density sampling. Cases were members of the cohort who died during the 
follow-up. The gap, T, from start of follow-up to death was calculated for each case; then up to 5 
controls were chosen at random from all those who survived beyond T days and who (i) were of 
the same sex (ii) were of the same age (year) at admission (iii) left hospital on the same day of the 
week and (iv) were from the same cohort as the case. 

For cases and their matching controls, exposure to black smoke (BS) was measured by six 
variables: exposure on the day of death or equivalent (i.e. date of discharge +T ), and exposure 
averaged within five time ‘windows’ before T : 1–6 days, 7–12 days, 13–18 days, 19–24 days and 
                                                 
1 Acknowledgements: This work was funded by the Medical Research Council 
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25–30 days as well as day 0. Since dates of discharge for cases and controls in a matched set were 
generally different, these windows do not coincide in calendar time. 

Analysis was by conditional logistic regression which, in the case of incidence density sampling, 
estimates rate ratios (RRs). Besides BS, the model included calendar year as a categorical 
variable, month of the year (categorical) and temperature. Temperature was lagged in a similar 
way to BS but at each lag a double linear relationship with risk was assumed, allowing for 
different mortality–temperature gradients in the ranges ≤11 oC and 11–25 oC.   

Results 
There were approximately 139 500 subjects in the cohorts, of which 34 204 were cardiac 
admissions, 12 422 were respiratory admissions and 92 865 were digestive admissions. Cardiac 
admissions were older on average (mean age 66 yrs) than the other two groups (means for 
respiratory and digestive were 57 and 49 years respectively). During the follow-up, 45%, 39% 
and 19% of the cardiac, respiratory and digestive groups respectively died. Ninety-five percent of 
these deaths were included as cases in the case–control analysis, the remainder being omitted due 
to missing exposure data or no matching controls. The causes of death are shown in Table 1 for 
those included in the analysis.  

Table 1 Causes of death by admission type 

 
Admission 
type 

Cardiac deaths Respiratory deaths Other deaths All cause deaths 

Cardiac 9406 (63.7%) 1132 (7.7%) 4224 (28.6%) 14762 (100%) 
Respiratory 1221 (27.1%) 1746 (38.7%) 1543 (34.2%) 4510 (100%) 
Digestive 5003 (29.1%) 1460 (8.5%) 10722 (62.4%) 17185 (100%) 
All types 15630 (42.9%) 4338 (11.9%) 16489 (45.2%) 36457 (100%) 

 

There was no evidence of an immediate (same day) effect of exposure to BS in any of the cohorts 
(Table 2). An increase of 10µg/m3 was associated with an increase in mortality of 2.3% (95% CI: 
0.3, 4.4) in the six days thereafter, in all the cohorts combined. The increase was greater in the 
respiratory patients (5.5%, 95% CI: 0.5, 10.7) than in the cardiac patients (3.2%, 95% CI: 0.3, 
6.2) and not statistically significant in the numerically largest group of digestive patients (1.0%, -
1.7, 3.8).  The only other statistically significant association was between mortality rates and BS 
level 13–18 days before, which appeared to be confined to the cardiac group (3.7%, 95% CI: 
0.5,7.0). An overall test of the difference between the six coefficients for the cardiac group and 
the digestive group gave P = 0.01; for the same comparison between the smaller group of 
respiratory patients with digestive patients, it was P = 0.09.  
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Table 2 Per cent increase (95% CI) in risk of all-cause mortality in 30 days after a 10µgm-3 
increase in BS, by type of admission  

 
 Admission cohort 

Days after BS 
increase 

Cardiac 
emergency 

Respiratory 
emergency 

Digestive All cohorts 
combined 

0 -0.7 (-4.8, 3.8)  0.7 (-6.6,8.5)  0.6  (-3.4,4.9)  0.2 (-2.6, 3.0) 
1-6  3.2 (  0.3, 6.2)   5.5 ( 0.5,10.7)  1.0  (-1.7, 3.8)  2.3 ( 0.3, 4.4) 
7-12  1.6 (–1.6, 4.9)  4.0 (-1.5, 9.9) -1.5  (-4.4, 1.5)  0.5 (-1.6, 2.7) 
13-18  3.7 ( 0.5, 7.0) -1.1 (-6.5, 4.6)  2.5   (-0.5,5.6)  2.5 ( 0.3, 4.7) 
19-24  0.3 (-2.8, 3.4)  1.1 (-4.4, 6.9)  0.1   (-2.9,3.1)  0.3 (-1.8, 2.4) 
25-30  0.4 (-2.5, 3.3)  -1.7 (-6.5,3.3) -0.5   (-3.1,2.2) -0.3 (-2.2, 1.7) 

 

Conclusion and discussion 
In this study, we tested our hypothesis that cardiac and respiratory patients are more susceptible 
to the effects of air pollution by comparing them with a group of patients (digestive diseases) 
whose illness was not thought to make them more vulnerable. The results appear to support the 
original hypothesis.  However the possibility both that the effects within each cohort, and that the 
differences between the cohorts are due to confounding need to be considered bearing in mind the 
unique design of this study 
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4 Posters 

4.1 Monitoring in-vehicle exposure to particulate 
matter: Overview of project results  
Birgit Krausse and John Mardaljevic 

Institute of Energy and Sustainable Development (IESD), De Montfort University, Queens Building, 
The Gateway, Leicester, LE1 9BH, UK 

Background and objectives 
Particulate matter is known to have adverse effects on human health such as cardiovascular and 
respiratory diseases. Air quality standards have been set in the UK for PM10. However, health 
studies indicate that smaller particles are likely to be more dangerous (Englert, 2004). It is 
generally accepted that especially high particle concentrations occur near traffic sources. 
However, strong spatial variability is observed with particle concentrations and size distributions 
changing with increasing distance from the road (e.g. Harrison et al., 1999). The high 
concentrations reported from kerbside and in-traffic studies confirm that exposure to particulate 
matter in traffic microenvironments is particularly high (Bukowiecki et al., 2002, Wehner et al. 
2002). Exposure studies such as Adams et al. (2001a) have also shown that concentrations inside 
vehicles can exceed outside concentrations. Many exposure studies have focussed on the 
measurement and analysis of average journey concentrations, typically of mass concentration 
metrics (i.e. PM10, PM2.5). However, both mass and number concentrations can be linked to health 
effects and should therefore be investigated together in order to derive a more complete picture of 
exposure to particulate matter (Englert, 2004). Moreover, the use of journey averages hides the 
short-term dynamics of in-vehicle concentrations, which may also contribute to adverse health 
effects. Previous exposure studies in traffic microenvironments have shown that ‘route’ (or type 
of road) has a strong influence on in-vehicle concentrations (Adams et al., 2001b; Dickens, 
2000). However, it is not clear what makes a route a high exposure route. Based on these 
considerations, a field study was designed to collect high frequency driver exposure data on 
typical urban routes during morning and evening rush hour. The routes were divided into 
subsections consisting of certain types of road, to allow an investigation of potential links 
between observed exposure profiles and road type. The field study was extended over a whole 
year in order to account for the seasonal variation due to changes in meteorological conditions. 
Detailed descriptions of the field study methodology and results are given in Krausse (2004) and 
Krausse & Mardaljevic (2005). 

Study description 
An electric van (Peugeot Partner) was used as a mobile monitoring unit. The vehicle was 
equipped with two particle monitors, installed above the passenger seat, and an instantaneous 
speed logger connected to the speedometer. Particle number concentrations (NPT) were measured 
with a P-Trak Ultrafine Particle Counter (TSI 8525), which can detect particles with diameters 
ranging from 0.02 µm to greater that 1 µm. Particle mass concentrations were measured with an 
OSIRIS monitor (Turnkey Instruments Ltd.), an optical device which can detect particles in the 
size range from 0.4 to 20 µm. Issues regarding the accuracy of the particle mass and number 
measurements using this equipment are discussed elsewhere (Krausse & Mardaljevic, 2005). All 
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data were logged at a time interval of 1 second (1 Hz). Synchronised with the logged data, 
recordings were made throughout the data collection runs regarding the location on the route and 
additional traffic information, such as the type of vehicle being followed and the occurrence of 
traffic congestion.  

Three field study routes were devised, all within 2.5 km of the city centre of Leicester. The routes 
were chosen so that they included different road types and were divided into individual road 
links. A road link in this context is a section of road with constant physical and dynamic 
parameters. Based on this definition, a new link starts where the traffic flow changes due to cars 
turning off or joining, or where the road layout changes, i.e. typically at crossroads or junctions. 
Data collection was carried out during morning and evening rush hour, typically visiting all three 
routes consecutively during the journey. Over a 12-month period from mid April 2002 to mid 
April 2003, a total of 133 monitoring journeys were completed. 

Results and discussion 
Time series 
Time series plots of the field study data, presented in Krausse & Mardaljevic (2003), showed that 
particle number concentrations exhibit distinct periods of high and low concentrations while mass 
concentrations have a higher short-term variability. The peaks in the time series traces could 
generally be linked to events in the traffic stream, however, in some instances mass 
concentrations remained low when elevated number concentrations were recorded. This is likely 
to be linked to the different sources contributing to mass and number concentration emissions. 
The time series plots also indicated that elevated in-vehicle concentrations occur during or after 
periods of acceleration. However, a cross-correlation analysis did not find any consistent time 
lagged relationship between particle concentrations (mass or number) and vehicle speed. This is 
not considered conclusive, however, since the failure to detect a relationship may be due to the 
time-scales for the various processes affecting in-vehicle particle concentrations being so diverse 
that any causal relationship is masked.  

Synoptic time series plots for multiple runs show that there are distinct traffic speed patterns, 
resulting mainly from the location of traffic lights along the routes, as well as a strong variability 
in journey durations which will in turn affect exposure values (Krausse & Mardaljevic, 2003). 
These plots also illustrate that particle concentrations show similar levels for two runs carried out 
during the same rush hour session, suggesting an influence of atmospheric or background 
conditions on in-vehicle exposure. In order to investigate whether these observations could be 
qualitatively substantiated, various analysis methods were employed as outlined below. 

Seasonal, diurnal and between routes variability 
Average journey concentrations were used to investigate the seasonal and diurnal variability of 
driver exposure values. These averages were grouped by season, time of day and route, and an 
analysis of the between group differences was carried out. Mean particle concentrations ranged 
from about 47 × 103 to 117 × 103 cm-3 for NPT, from 9.7 to 25.6 µg/m3 for PM2.5, and from 27.9 to 
77.7 µg/m3 for PM10. Number concentrations were found to be significantly higher during the 
winter months and morning rush hour compared to summer and evening runs, respectively 
(p<0.001). Mean values for mass concentrations showed similar diurnal variability but inverse 
seasonal behaviour, albeit neither of them statistically significant. Average journey concentrations 
were found to be significantly higher on Route 2 compared to the other two routes. This is 
thought to be due to this route consisting of wider roads, most of them dual carriageway, which 
have higher traffic density and speed. 
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Correlations between average journey concentrations of the different metrics with each other and 
with data from a fixed site monitor (TEOM at Leicester City Centre AUN monitoring station) 
were investigated. The strongest correlations were found between PM10 and PM2.5, ranging from 
0.7 for morning runs to 0.8 for winter runs. Correlations between mass and number 
concentrations showed strong variation, with lowest values found for data from morning runs 
(r2 ~ 0.15) and highest values for winter and evening runs (r2 ~ 0.4). Correlations between average 
journey concentrations and data from the fixed site monitor were generally low, with the highest 
correlations found for PM2.5 (r2 = 0.11 for all runs). However, strong variations were found when 
comparing correlations for grouped data. For evening runs only PM2.5 was weakly but 
significantly correlated with PM10_fixed (r2 = 0.11), while for morning runs only NPT showed a 
weak significant correlation with PM10_fixed (r2 = 0.15). Most surprisingly, no significant 
correlation with fixed site data was found for winter data while summer data showed 
comparatively strong correlations for all metrics, ranging from r2 = 0.22 for NPT to 0.47 for PM2.5. 
It is thought that this is linked to the use of the personal comfort approach during the field study 
measurements, i.e. ventilation settings being set by the driver according to personal comfort, 
which is likely to have resulted in more data being recorded while driving with open windows 
during the summer months than during the winter months. 

As discussed in detail in Krausse and Mardaljevic (2005), these findings compare favourably to 
results reported in other exposure studies (e.g. Adams et al., 2001b) and investigations of urban 
particle concentrations (e.g. Wehner et al., 2002) and traffic emissions (e.g. Kittelson et al., 
2004). 

Main determinants 
Utilising the road link exposure data, which were available due to the specific design of the field 
study, a multiple regression analysis with backward elimination was carried out to identify the 
main determinants of driver exposure. The independent variables considered included 
meteorological parameters (temperature, wind speed, wind direction etc.) and road specific 
parameters (road type, road side environment, link end description, vehicle flow etc.), as well as 
fixed site monitoring data. Integrated link exposure and average link concentration were used as 
the dependent variables. The final regression models included 4 or 5 independent variables and 
explained between 33 and 44% of the variation in exposure values. The main determinants for 
integrated NPT exposure included ‘link length’, ‘link end description’ (i.e. the type of junction, 
e.g. right turn, no lights etc.) as well as ‘season’, ‘wind speed’ and ‘wind direction’. Average NPT 
concentrations, however, were mainly affected by meteorological parameters, with road 
parameters not being significant. The main determinants for PM10 and PM2.5 exposure were 
similar to the ones found for NPT but also included fixed site monitoring data. For a detailed 
discussion refer to Krausse (2004). 

Use of field data for exposure modelling 
It was further investigated whether the models derived with the multiple regression analysis could 
be used to estimate link and/or journey exposure. The analysis showed that best results could be 
achieved when predicting average journey exposure (or concentrations), rather than integrated 
journey exposure. The final model was based on meteorological parameters and average vehicle 
speed. Although good agreement was generally found for this model, it also showed a strong 
tendency to overpredict exposure values (>200%) particularly for low observed concentrations. 
This suggests that multiple linear regression analysis may not be ideal for this type of driver 
exposure modelling and that other modelling approaches, which are not based on the assumption 
of linear relationships between input an output parameters, may produce more accurate 
predictions (Krausse, 2004). 
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Conclusions and further work 
In-vehicle particle concentrations (mass and number) were found to generally follow the patterns 
found in other studies for outside concentrations. They are affected by meteorological conditions 
and the route travelled. However, there are significant differences between the exposure to mass 
concentrations and to number concentrations on all scales, i.e. looking at time series data, journey 
averages or main determinants. This shows that the hypothesis of mass concentrations not being a 
suitable indicator for overall particle exposure is also valid for the in-vehicle microenvironment. 
Both, mass and number concentrations must therefore be considered together in order to derive an 
understanding of driver exposure to particulate matter. 

The results further suggest that transient traffic events may have a strong effect on in-vehicle 
concentrations. The large data set acquired in this study will be used to investigate this issue in 
more detail. Further research may also include the investigation of alternative methods for driver 
exposure modelling. 
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4.2 The impact of air cleaning on indoor air 
quality in a UK pub  
Ivan L. Gee and Adrian F.R. Watson  

Department of Environmental and Geographical Sciences, Manchester Metropolitan University. 

Background and objectives 
The Governments proposals for regulating environmental tobacco smoke in public places have 
fallen short of a complete ban on smoking in the hospitality industry. Pubs that do not prepare and 
serve food will continue to be able to allow smoking through the premises except at the bar. In 
consequence a proportion of the current pub stock will retain smoking areas. The use of improved 
ventilation systems and/or air cleaning devices are being considered by the industry to improve 
air quality for staff and customers in those pubs that continue to allow smoking. However, there 
has been very limited research into the effectiveness of these techniques in the pub environment. 
The objective of this project was therefore to conduct measurements of occupational exposure, 
though air quality monitoring, in the bar area of a typical UK pub with busy smoking areas. 

Study description 
A sampling case was constructed containing 2 automated instruments to measure several indoor 
air quality parameters:  particulate matter as PM2.5 (particles of approximately 2.5 µm in diameter 
and smaller) (Dustrack, TSi Inc), and carbon dioxide (CO2), carbon monoxide (CO), temperature 
and relative humidity (IAQtrack, TSi inc). Particles are one of the pollutants present in tobacco 
smoke that are of primary health concern and measurement of PM2.5 particles are a marker for 
environmental tobacco smoke (ETS). There are other sources of PM2.5 such as outdoor air, but 
our previous work in pub environments has shown that ETS is the major source (Carrington et. 
al., 2003). CO is a marker for the gaseous components of environmental tobacco smoke. It also 
has other sources but within pubs these are likely to be small in comparison to ETS. CO2 is 
produced by people’s respiration and is an indicator of the occupancy level and the effectiveness 
of ventilation, unaffected by air cleaning. These instruments provided data every 1–1.5 minutes 
over the test period. 

Measurements were conducted during November 2004 following the installation of Essa EU, 
electrostatic air cleaning devices in the 2 smoking areas of the pub and at the bar. The intention 
was to conduct at least 1 week of measurements with the air cleaners switched on and 1 week 
without the air cleaners running. Unfortunately, following complaints from customers who 
wanted the air cleaning equipment switched back on, only 4-days of data were recorded without 
air cleaning. As a result of this problem the final comparative data set was comprised of two 4-
day periods in November (Monday–Thursday) one with air cleaning and one without air cleaning. 

Results and Discussion 
Levels of particulate matter (PM2.5) measured over the two 4 day periods are shown in Figure 1. 
These show levels with and without air cleaners running. Levels were generally very high during 
the daytime, ranging from 0.1–4.98 mg/m3 (100–4980 µg/m3) and dropping to a background level 
of approximately 0.1 mg/m3 overnight. 
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For the first 3 days (Monday–Wednesday) levels appear to be lower with the air cleaner running, 
but on the Thursday levels were higher for part of the day with the air cleaner running. Peaks in 
the data represent short periods of intense smoking activity resulting in high concentrations of 
particles. On all four days maximum levels were lower with air cleaners running and there was a 
general tendency to have fewer short periods of high levels. 

Figure 1 Levels of PM2.5 over 4 days with and without air cleaning. 

 
Figure 2a presents the median particle levels and the distribution of levels around the average for 
daytime values only (10am–12pm), with air cleaners running and days without. Summary 
statistics are provided in Table 1. The median level over the 4 day period with air cleaning was 
0.57 mg/m3 (570 µg/m3) and the median was 0.98 mg/m3 (980 µg/m3) without air cleaning, a 
reduction of more that 40%. Maximum levels were also lower with air cleaning and there were 
many fewer measurements with very high levels. To test the statistical significance of this result 
the mean levels and confidence intervals for the mean were plotted (Figure 2b). This shows that 
the mean level with air cleaning is significantly reduced compared to the mean level without air 
cleaning. This is confirmed by a Mann Whitney test (p = 0.000) 

These results generally support the proposal that air cleaners will significantly improve air quality 
within pubs allowing smoking, although levels are still very high. However, the fact that the 
Thursday data did not have lower levels requires further investigation. In parallel to the PM2.5, 
measurements of CO and CO2 were made (Figures 3 & 4). As CO2 is produced by people’s 
respiration it is an indicator of the occupancy level of the premises. CO is a gaseous compound 
produced by combustion sources such as cigarette smoking. In environments with high levels of 
smoking and no other major sources, such as open fires, it is a useful marker of gaseous ETS that 
will not be influenced by air cleaning devices. 
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Figure 2 Distributions, mean and 95% confidence intervals of measured PM2.5 levels with 
and without air cleaning  

 
 
Table 1 Summary statistics of PM2.5 Measurements over 4 days (10am–12pm) with and 
without air cleaning 

Statistic With Air Cleaning 
(mg/m3) 

Without Air Cleaning 
(mg/m3) 

Mean 0.594 0.976 
Median 0.570 0.819 
Standard Deviation 0.252 0.650 
Minimum 0.110 0.130 
Maximum 2.98 4.98 
 
Levels of CO2 were relatively high. Background levels of CO2 are typically around 700 ppm and 
the US American Society of Heating Refrigeration and Air Conditioning Engineers (ASHRAE) 
recommend levels should be less than 1000 ppm. Pub levels often exceeded or approached 
1000 ppm indicating that the premises is not adequately ventilated, a factor which will contribute 
to high levels of tobacco smoke. This is supported by the CO data, which while lower than the 
national air quality standard for outdoor air of 10ppm are still high in comparison to typical 
outdoor levels. Average roadside levels of CO in London are about 1 ppm and the maximum level 
in 2003 was 8 ppm. Concentrations of CO within the pub in the period with air cleaning were on 
average 1.3 ppm, ranging from 0–10ppm.  

 Fig. 2a Fig. 2b
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Figure 3 Levels of CO2 over 4 days with and without air cleaning 

 
 
 
 
Figure 4 Levels of CO over 4 days with and without air cleaning 

 
Levels of CO and CO2 are similar over the first 3 days of each test period with and without air 
cleaning. However, on the Thursday with air cleaners switched off CO and CO2 levels were 
considerably reduced. This indicates that the occupancy levels and the amount of smoking 
occurring on the Thursday without air cleaning were lower than the corresponding Thursday with 
air cleaning. Comparisons for this day could therefore be considered unrepresentative and the 
higher smoking intensity on the Thursday with air cleaning probably explains the higher levels of 
PM2.5 on this day. 
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Conclusions 
• Levels of particles (PM2.5) measured over two 4 day periods, i.e. with and without air 

cleaning, were very high in comparison to outdoor air quality standards. 

• PM2.5 levels with air cleaning were relatively constant during the 4 day measurement 
period. 24 hour average levels varied between 0.36–0.56 mg/m3. 

• PM2.5 levels without air cleaning tended to reduce as the week progressed. 24 hour 
average levels varied between 0.38–1.6 mg/m3. 

• The use of air cleaners made a considerable positive impact on air quality in the pub. 
Concentrations of PM2.5 were significantly lower when air cleaners were running. On 
average levels of particles were 40–50% lower with air cleaning. 

• Maximum levels of PM2.5 were reduced by approximately 50% with air cleaning present.  

• Levels of CO2 were relatively high, with and without air cleaning, indicating poor general 
ventilation of the premises. This factor will contribute to high levels of tobacco smoke, as 
indicated by high CO levels. 

• CO levels measured with and without air cleaning, while lower than the UK national air 
quality standards for outdoor air were similar to the maximum levels adjacent to busy 
roads. 

• Improved ventilation would help reduce the elevated CO and CO2 levels and additional 
air cleaning units would further improve particulate air quality.  
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4.3 Modelling of historic exposure to air pollution 
A Lawrence,1 and Monica Price2 

1 City Hospitals, Sunderland 
2 School of Health, Natural & Social Sciences, Sunderland 

Background and objectives 
Few studies have investigated the long-term effects of poor air quality upon health (Pope, et. al., 
2002). However, the possible impact upon public health of long-term exposure to air pollution 
has been judged to be larger than that for short-term effects (COMEAP, 2002). Currently no long 
terms studies exist in the U.K. Table 1 summarises a number of studies reported in the literature. 
The Table illustrates some of the problems associated with the research carried out to date. 
Firstly, many of the studies assume that air pollution levels at enrolment are representative of 
long-term exposure. This is unlikely to be the case as sources of air pollution have changed 
significantly over time. The time span of the studies is limited, in that many of the individuals 
now reporting with health problems are in their 60s and may have been exposed to poor air 
quality during their childhood. Another problem with the studies reported is that air quality data 
are often obtained from one monitor at a fixed point and the data obtained are often calculated as 
an annual or monthly mean value. They do not therefore reflect the actual individual exposure to 
ambient air pollution. There is therefore a need to develop techniques that would increase the 
spatial and temporal coverage of information on ambient air pollution. 

The UK does however benefit from a range of historic data, including air quality monitoring 
information, which could be used to develop exposure profiles over the lifetimes of individuals 
now reporting with respiratory problems. The objective of this study is to utilise the full range of 
historic information to produce exposure measures at a Local Authority ward level that cover the 
lifetimes of individuals now reporting with respiratory and other health problems. 

Study description 
The information that will be used to produce exposure profiles comprises: 

1. Historic land — use maps available from Landmark/ Ordinance Survey. 

2. Contaminated land industry profiles, which give details of the processes and chemicals 
handled at any site. These are being developed for use by local authorities in the 
categorisation of contaminated land. 

3. Density of Housing — this information will be abstracted from historic maps and also from 
information gained from the local authority. 

4. Traffic flow data — again available from the local authority. 

The information gained on sources can then be related to monitored air quality information for 
validation of the accuracy of the profiles developed.  

The data will be collected and modelled at local authority ward level for the lifetime of 
individuals now reporting with respiratory ill health. 
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Table 1 Long-term studies into the effects of air pollution on health 
Author/Study Cohort 

number 
Cohort 
age 

Length 
of 
study 

Monitors Pollutants Confounders Health outcome 

Docherty 
et.al.  
1993 

8111 25–74 1974– 
1977 

Annual 
Mean – 
24 hour 
monitored 
data 

PM10 
O3 
SO2 

NO2 

Age,sex, 
Education, BMI 

All cause 
mortality 
Cardiopulmonary 
Lung Cancer 

Pope et.al. 
2002 
 

552 138 30+ 1982–
1998 

Annual  
Mean –
fixed site 
monitored 
data 

PM 
TSP 
Sulphate 
SO2 NO2 

CO O3 

Age,sex,diet, 
smoking 
occupation,alcohol 
use, education 

All cause  
mortality, 
ardiopulmonary 
ung cancer 
 

Abbey et.al. 
1991 

3914 27+ 1977–
1987 

348 fixed 
site 
monitors 
monthly 
mean 

PM10 
O3 
SO2 

NO2 

Age,sex,diet, 
smoking, 
occupation 
Family cancer 
history 

All cause  
Mortality 
Lung cancer  
mortality 

Abbey et.al. 
1999 
 
 
 

6338 
 
 
 
 

27–95 
 
 
 
 

1977– 
1987 
 
 
 

348 fixed 
site 
monitors 
monthly 
mean 

PM10 
O3 
SO2 

NO2 

 

Age,sex,diet, 
smoking, 
occupation 
Family cancer 
history 

All cause  
mortality 
Lung cancer  
mortality 
 

Hoek, et.al. 
2002 
 
 

4492 55–69 1986–
1994 

Fixed site 
data and 
estimated 
roadside  

BS 
NO2 

Diet, alcohol 
Education 
Occupation 

Mortality 

Results 
Figure 1 illustrates the historic land-use maps available, which indicate the position of housing 
and also local industries. From these maps air quality profiles will be developed at a LA ward 
level, which will rate air quality over time based upon the source information available. The 
information from black smoke and sulphur dioxide monitors can then be used to validate the 
rating developed based upon source information. Table 2 details the availability of monitored data 
for the Sunderland region over the time period 1960–2000. Monitoring of black smoke and 
sulphur dioxide commenced in the 1960s in the Sunderland region and declined after the 
introduction of smokeless zones. 
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Table 2 Availability of black smoke data in Sunderland. Adapted from Netscen data 

Site 
 
 
 
6 
7 
8 
9 
10 
11 
12 
13              
14 
15 
16 
17 
18 

1960 
 
 
 
      
    
       
      
       
     
                  

1970 
 

1980 
 
 
 
 
 
 
 
 
 
 
 
 
 

1990 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

% 
availability 
 
69 
63 
64 
68 
52 
60 
56 
90 
28 
79 
86 
78 
85 
61 
 

Figure 1 Historic land use map of Sunderland 1955 

                                                                                 Monitoring Site  
         
 

                                 
                                                                                Industry Site 
Contaminated Site 
Industries found in this area in 1955: Mechanical engineering, cabinet makers, clothing manufacture & paper mill. 
Crown Copyright Ordinance Survey/Landmark. All rights reserved. City of Sunderland Licence No. 100018385 Date 2004 
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Figure 2 Black smoke and sulphur dioxide monitoring data from a site dominated by 
housing (site 7) and a site containing both housing and industry (site 11) 
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Figure 2 presents black smoke and sulphur dioxide monitored data for two contrasting sites. Site 
7 where domestic housing is the major source of pollution and site 11 where industry and housing 
predominate. Results for the two sites are similar indicating that monitored air pollution may not 
give an indication of exposure to industrial sources which may need to be categorised from source 
information. 

Conclusions 
There is a need for long-term epidemiological studies to be carried out in the UK in order to 
determine the benefits to be obtained from reductions in air pollution. The UK benefits from a 
wide range of information on sources of pollution. These can then be used to develop exposure 
profiles on a LA ward basis and this will carried out in the next stages of this project. These 
profiles can then be used to monitor an individual’s exposure to ambient air pollution over time. 

References 
Abbey,D.E, Nishino, N, McDonnell, W.E., Burchette,R.J. Knutsen, S.F., Beeson, W., Yang, J.X. (1999). 
Long Terms Inhalable Particles and other Air Pollutants related to mortality in non-smokers. American 
Journal of Respiratory and  Critical Care Medicine. 159, 373-389. 

Abbey, D.E., Mills P.K., Peterson, F.F. and Beeson, W.L. (1991). Long-term ambient concentrations of 
total suspended particulates and oxidants as related to the incidence of chronic disease in California seventh 
day Adventists. Environmental Health Perspective, 94,  43-50 

COMEAP (2002). Quantification of the effects of air pollution on health. Committee on the medical effects 
of air pollution. Department of Health.2002. 

Dockery,C., Douglas,W., Pope, A., Xiping, X., Spengler, J.D., Ware, J. H., fay, M.E., Ferris, B.G. & 
Speizer, F.E. (1993) An association between air pollution and mortality in six US cities. New England 
Journal of Medicine. 329 (24), 1753-9. 

Hoek, G., Brunekreef, B., Goldbohm, S., Fischer, P., & van der Brandt, P.A. Association between mortality 
and indicators of traffic related air pollution in the Nerherlands: a cohort study. Lancet. 360 (9341). 1203-9. 

Pope, C.A., Burnett, R.T., Thun, M.J., Calle, E.E., Krewski, D., Ito, K., & Thurston, G.D. (2002). Lung 
cancer, cardiopulmonary mortality and long term exposure to fine particulate air pollution. JAMA. 287, 
1132-1147.  



 

96 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

4.4 Measurement and modelling of exposure to 
air toxics and verification by biomarker  
Roy M Harrison1, Stuart Harrad1, Sotiris Vardoulakis1, Juana-Maria Delgado1, Stephen Baker1, Claire 
Meddings1, Noel Aquilina1, Ian Matthews2, Ross Anderson3, Ben Armstrong4 

1Division of Environmental Health & Risk Management, School of Geography, Earth & Environmental 
Sciences University of Birmingham  
2Department of Epidemiology, Statistics and Public Health, Cardiff University, 
3Department of Community Health Sciences, St George’s Hospital Medical School  
4Public and Environmental Health Research Unit, London School of Hygiene and Tropical Medicine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BBAACCKKGGRROOUUNNDD  

The term “air toxics” embraces a range of substances 
associated mainly but by no means exclusively with 
emissions from road vehicles.  This project is 
concerned primarily with the issue of differentiating 
personal exposures to air toxic substances according 
to documented exposure to emissions from specific 
sources such as road traffic and environmental 
tobacco smoke (ETS).  The aim is to provide a 
validated approach to personal exposure estimation 
such that exposure can be estimated from a lifestyle 
questionnaire, allowing differentiation of individuals 
into a range of personal exposure groupings. 

OOvveerraallll  AAiimm  ooff  RReesseeaarrcchh  
  
To quantify the magnitude and range of individual 
personal exposures to a range of air toxics and to 
develop models for exposure prediction based upon 
time/activity diaries. 
 
SSppeecciiffiicc  GGooaallss  ooff  RReesseeaarrcchh  
  
• To use personal monitoring of non-smoking 
volunteer subjects with a range of residential location 
and exposure to non-traffic sources to assess daily 
exposures. 
• To determine microenvironment concentrations of a 
range of air toxic substances taking account of spatial 
and temporal variations and hotspots. 
• To optimise a model of personal exposures based 
upon microenvironment concentration data and 
time/activity diaries and to intercompare modelled 
exposures with exposures independently estimated 
from personal monitor data. 
• To produce a scheme for categorising exposure (by 
compound) according to location of residence and 
other lifestyle and exposure factors (e.g. ETS) for use 
in design of case control and ecological studies of 
cancer incidence. 

METHODS 

•  Extensive monitoring of the concentrations of a 
range of air toxics in a wide range of 
microenvironments including hotspot areas, transient 
hotspots and background areas.  

    
   These measurements include trafficked roadside locations,  

parks, automobiles  (cars, trains, buses), cinemas, pubs,  
restaurants, libraries, garages, train stations. 

 
•  Personal exposure measurements. 
 
   Using actively pumped personal sampling devices, 

volunteer subjects with a  range of exposure patterns will 
collect 24-hour integrated personal samples.   

    
•  Personal exposure modelling.  
     
   The volunteer subjects, all of whom will be non-smokers, 

will record detailed  diary card information from which it will 
be possible to reconstruct exposures  based upon the 
microenvironment information and time activity records.  

  
  A model will be developed which will allow an estimate of  
 overall daily personal exposure which can be compared with 
 exposure measured by the personal monitor.   
 
  MPEC = (ΣCm*tm) ttotal 
  where  
         MPEC  =  modelled personal exposure concentration  
         Cm  =  appropriate microenvironment 

concentration 
         tm =  time spent in microenvironment m 
         t total =  total time of sample integration 
 
•  Validation of personal exposure model.  
 
   Using an independent set of personal exposure data on a 

smaller number of subjects, 
   the personal exposure model developed will be tested to 

verify its reliability in predicting personal exposures.  This 
may reveal weaknesses in the model which it may be 
possible to overcome through modifications. 

AAIIMMSS  AANNDD  OOBBJJEECCTTIIVVEESS  
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4.5 A pilot study of nanoparticulate exposure in a 
saturation welding habitat 
JAS Ross, JG Ayres, G Moir, G Henderson, A Raab1, J Feldmann1 

University of Aberdeen Department of Environmental and Occupational Medicine and 
1Department of Chemistry 

Background and objectives 
There is an increased prevalence of cognitive symptomatology in professional divers for which 
work as a welder is an important risk factor (Macdiarmid et al., 2005). Ultra-fine particle 
exposure may be a causative factor. Accordingly, we carried out a pilot study to determine 
whether dust measurement was feasible during hyperbaric welding operations and to give a semi-
quantitative estimate of exposure. 

Hyperbaric welding is carried out in underwater habitats containing the pipeline components to be 
welded. In the habitat dust, exposure may be controlled by local extraction at the weld piece. 
Conventional ventilation, however, is not feasible. The approach used is to circulate the chamber 
gas through a filtration system with its return to the general environment. Personal respiratory 
protection is also used but, if the gas in the chamber is respirable, this tends to be a filter type 
respirator. A gas supplied respirator, usually the Aga mask, is used in non-respirable atmospheres 
or when levels of the shielding gas, argon, are high. 

A further complication of hyperbaric welding is the use of heat. In welds on operational pipelines 
the flow of product in the pipe cools the weld very rapidly and this results in brittleness and 
cracking. Consequently the weld piece is heated prior to welding so that cooling after the weld 
can be controlled. The amount of heat required for this process is large and the heaters used are 
run at high temperature. 

Study description 
Dust monitoring was with the TSI Incorporated Dust Trak Aerosol Monitor for PM10, PM2.5 and 
PM1. Ultrafine particles were measured as particles/ml using the TSI Incorporated P-Trak. All 
units were within the standard manufacturer’s maintenance and calibration programme. Sampling 
was carried out nine times. PM1, PM2.5 and PM10 were estimated on at least one occasion and 
ultrafine particles were estimated during seven separate welding sessions.  

The weld pieces were steel pipe API 5L-X65 and the welding consumables used were KRYO 1 
welding rods (Lincoln Electric Company) and PZ6513 welding rods (ESAB Group). The weld 
was preheated and accordingly lagged using ceramic fibre roll, which was further covered by 
Superwool 607 Max from Thermal Ceramics Ltd. 

Samples of the dust were taken from a 30 µm filter in the chamber gas recirculation system. The 
dust was examined and photographed under low power microscopy. For analysis, it was digested 
in nitric acid and duplicate samples were then measured using inductively-coupled plasma mass 
spectrometry.  
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Results 
During the weld, dusts from the ceramic welding materials were seen in the welding habitat. PM1, 
PM2.5 and PM10 were all found to rise in the chamber during welding operations but did not 
exceed statutory occupational limits. The major component of the dust was in the smaller 
particles. Ultrafine particle levels as high as 2 × 106/ml were observed with peaks of 1 × 106/ml 
being seen during four of the analysis sessions. Peaks of ultrafine concentration were seen in the 
absence of an increase of PM10 and PM2.5. 

Inconsistencies were identified with the Dust Trak equipment. On one occasion simultaneous 
measurement of PM10 on two units differed by 0.75 mg/m3. Small inconsistencies of 
measurement between devices are a problem in analysis of gas decompressed from a pressure 
source since, to correct for decompression, the value obtained needs to multiplied by a factor 
equivalent to the absolute pressure of the source. In this case the correction factor was × 11 
magnifying also the discrepancy between the two analysers.  

On two other measurement runs PM1 was measured as transiently exceeding PM2.5 levels. The 
Dust Trak monitors are calibrated with a homogenous test dust. The dust from the welding habitat 
was very far from being homogenous being composed of a fine dust and fibres and this may well 
be the reason for the paradox observed. 

Light microscopy of the collected dust (Figure 1) showed fibres from the ceramic insulation 
attached to caked masse of particles 

Besides the major elements such as iron (2.9%) and manganese (0.7%), some unexpected metals 
were found in high concentration such as calcium (0.3%), magnesium (0.3%), lithium, zirconium 
and gallium. Calcium and magnesium were constituents of the ceramic insulating wool. 

Conclusions 
Diving habitat welders can be exposed to high levels of nanoparticles and these workers therefore 
represent and natural model of nanoparticle exposure 

The Dust Trak can provide inaccurate readings in this context, perhaps related to the presence of 
fibres from the ceramic insulation. 

The metal content of the dust collected was much more diverse than expected. 

References 
Macdiarmid J, Ross JAS, Taylor CL, Watt SJ, et al. (2004) Co-ordinated investigation into the possible 
long term health effects of diving at work. HSE Research Report 230. HSE Books 
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Figure 1 Photomicrograph (X40 top-lit) of particle of caked dust from filter surface  

 

 
 

Figure 2 Particle monitoring trace of PM2.5 and ultrafine particles during GTAW welding at 
11 atmospheres absolute 
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Figure 3 Concentration of metals and metalloids in filter dust. The average of two 
replicates is shown. Only elements listed were analysed, those ones without a bar are 
below 0.1 ng/mg dust. Detection limits are 0.001 ng/mg 
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4.6 A pilot study of the toxicity of dust generated 
during welding operations in a hyperbaric 
welding habitat 
JAS Ross, J Ayres, G Moir, G Henderson, K Donaldson1, S Duggan2, IS Mudway2, FJ Kelly2. 

University of Aberdeen Department of Environmental and Occupational Medicine,  
1University of Edinburgh Centre for Inflammation Research,  
2Lung Biology Unit King’s College University of London 

Background and objectives 
Welding fume is generally regarded as being of low to moderate toxic potential. However, the 
dust generated by welding operations may contain more than just welding fume, such as the slag 
from welding rod shielding. During hyperbaric welding operations, fibres from the ceramic wool 
insulation were also observed in the dust. The use of high temperature sources during welding 
operations on functioning oil and gas pipelines might also result in devitrification of ceramic 
insulating material with generation of crystalline silica. 

Accordingly we have examined some toxicological properties of dust obtained from a hyperbaric 
welding operation on API 5L-X65 carbon steel pipe. 

Study description 
Samples of the dust were taken from a 30 µm filter in the chamber gas recirculation system. The 
dust was examined for its toxicity and inflammatory potential in a549 human lung epithelial cell 
culture in comparison with quartz and aged Nimrod c276 welding fume. Also examined was the 
dusts oxidant potential in terms of its ability to deplete the low-molecular weight respiratory tract 
lining fluid antioxidants ascorbate, glutathione and urate from a synthetic respiratory tract lining 
fluid on an equal mass basis. 

Results 
Cytoxicity assessment 
The Aberdeen dust (AD) was the most cytotoxic dust followed by quartz and then Nimrod c 276 
fume (Figure 1). At low doses AD was up to 10 times more toxic than Nimrod c 276 on a mass 
basis; Aberdeen dust was about the same toxicity as quartz, the gold standard for toxic dusts in 
particle toxicology. The cytotoxicity of AD interfered with IL-8 stimulation, as might be 
expected. Therefore stimulation of IL-8 release (Figure 2) was only seen at the lowest doses of 
AD, before cytotoxicity set in. However, at the lowest dose of 2µg/ml, where there was no 
cytotoxicity, AD was 6.8 times more effective in stimulating IL-8 release than was Nimrod c 276. 

Oxidative potential 
AD elicited significant and dose dependent losses of ascorbate (p<0.05) compared with 
background auto-oxidation rates associated with the particle free controls: -19.6, -40.9 and -
80.6 µM respectively (Figure 3). Notably, at the 50 µg/ml particle concentration AD was less 
reactive (-40.9 µ) than residual oil fly ash (ROFA) (-98.0 µM); whilst significantly more reactive 
than carbon black (M120) (-21.9 µM). AD was less reactive towards glutathione with losses over 
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the 4-hour incubation period of 0, -8.4 and -17.8 µM at the 25, 50 and 100 µg/ml PM doses 
respectively (Figure 4). With regard to GSH, AD was seen to be slightly more reactive than 
ROFA at equivalent doses. The losses in GSH observed with AD were due to its oxidation to 
GSSG and did not reflect adsorption to the particle surface. 

BPS-mobilisable iron content of AD was measured in both the total particle suspension and in 
particle-free supernatants. The concentration of iron seen in the total particle suspension was 
found to be 756.8 ± 7.7 µM/mg PM. This concentration is exceptionally high when compared 
with average levels seen in a range of environmental PM (4.8-207.4 µM/mg PM). Of the iron 
present, an overwhelming proportion was present in an oxidised form (755.6 ± 17.7 µM/mg PM). 
Consistent with this, only very low concentrations of iron were detected in the particle-free 
supernatant; 1.5 µM/mg. of which 0.84 µM/mg PM was in a reduced Fe2++ form.  

Conclusions 
Welding fume from this particular process has a cytotoxicity comparable to quartz and has 
oxidant activity as reflected by its ascorbate consumption. 

While these properties might be due to the metals in the dust, the cytotoxic role of vitrified 
silicates from the ceramic insulation cannot be ruled out. 

Further study of the cytotoxic activity of this occupational model for fine and ultrafine particle 
exposure is needed to clarify the true toxic component. 

The findings may have implications for welder working at normal atmospheric pressures. 

Figure 1 

Cytotoxicity of Welding fumes to A549 cells (24 hr)
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Figure 2 
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Figure 3 Ascorbate consumption in synthetic respiratory tract lining fluid 

 
Ascorbate remaining in the synthetic RTLF after a 4-hour incubation with 25, 50 and 100 µg/ml of AD (red bars). Control values are 
also displayed (blue bars); particle-free controls at 0 and 4 ills and M120 and ROFA at 50 µg/ml. Data are illustrated as mean (SO) of 
3 separate experiments. WPM = AD. 

 
Figure 4 Gluthatione consumption in synthetic respiratory tract lining fluid 

 
Glutathione remaining in the synthetic RTLF after a 4 hour incubation with 25, 50 and 100 µg/ml of AD (red bars). Control values are 
also displayed (blue bars); particle-free controls at 0 and 4 hrs and Ml20 and ROFA at 50 µg/ml. Data are illustrated as mean (SD) of 3 
separate experiments. WPM = AD. 
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4.7 Corona ion emissions from high voltage 
powerlines and implications for human health 
Paul A. Keitch , A. Peter Fews, Matthew D. Wright and Denis L. Henshaw 

H. H. Wills Physics Laboratory, University of Bristol, Tyndall Avenue, Bristol, BS8 1TL, U.K. 

Summary 
We have observed corona ion emission from high voltage transmission lines and their attachment 
to airborne particles. This results in the charging of these particles and a possible increase in 
deposition in the human lung on inhalation. The consequence of this is the possibility of increased 
exposure to environmental airborne pollutants.   

Introduction 
There has been much concern about the health effects of air pollution, with particular interest in 
the so-called nano-aerosols (20–200 nm). In this size range lung deposition on inhalation can be 
as low as 30%. High voltage powerlines frequently emit corona ions, which can attach to these 
pollutant aerosols, thereby increasing their charge state. The addition of such electric charge 
increases the likelihood of lung deposition of inhaled aerosols by mirror charge effects.   

Fews et al. (1999, 2002) have shown that as a result of corona ion emission, modification of the 
Earth's atmospheric DC electric field occurs downwind of high voltage power lines. Ion densities 
at body height in the range 500 to 7500/cm3 have been estimated up to 900 metres downwind of 
powerlines in Southwest England (Fews et al. 2002).   

Corona ions emitted from high voltage powerlines transfer their charge to aerosol particles, as 
shown in Figure 1, following well-known ion-aerosol attachment rates. When inhaled, these 
aerosols have a higher probability of depositing in the lung owing to their enhanced charge state. 
Corona ions therefore mediate increased exposure to air pollution. Space-charge, comprising ions 
per se and charged aerosols, can be carried by the wind, typically several hundred metres and in 
some cases several kilometres from powerlines (Fews et al, 1999, 2002). A risk analysis based on 
an average 30% increase in lung deposition of inhaled air pollution up to 400 metres from 
powerlines downwind of the prevailing south-westerly wind, suggests an increased frequency of 
illnesses linked to air pollution, including childhood leukaemia, lung cancer, cardiovascular and 
respiratory illnesses (Henshaw, 2002). The UK National Radiological Protection Board assessed 
the possible health consequences of corona ion emission from powerlines (NRPB 2004) and 
recommended further research but felt that the increased risk of lung cancer would be small. The 
small ion spectrometer described here which we are using to measure ion densities in outdoor air 
achieves high resolution by means of a number of novel features, chief of which is a maximum 
entropy data inversion. The ion spectrometer is then used to characterise the small ion and 
charged aerosol spectrum in the size range 0.4–30 nm. 

Materials and methods 
The small ion spectrometer is a novel extension of a Gerdien type capacitor, originally used to 
measure atmospheric conductivity. It consists of a single cylindrical capacitor, divided into three 
electrically isolated sections: a central sensing region and two surrounding guard regions. A 
ramped potential from 2 V to 5000 V applied to the outer high voltage cylinder determines the 
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electric field within the sensing and guard sections and air under laminar flow is drawn through 
the instrument by means of the ventilating fan positioned at its rear.   

Data are recorded by scanning the voltage in steps from 2 V to 5000 V. Data are recorded for 
around 4 seconds at each voltage step below 240 V and for 8 seconds at higher voltages. High 
resolution measured mobility spectra are obtained by unfolding the recorded ion signal, as a 
function of voltage, and the response function of the instrument using a maximum entropy 
procedure. The maximum entropy approach offers a vast improvement over traditional aspiration 
collectors. The approach produces spectra containing only statistically significant features, 
resulting in the suppression of noise. 

Results 
Figure 2 shows measurements taken simultaneously 330 m upwind (2a) and 532 m downwind 
(2b) of a 275 kV line at Puxton, North Somerset on 30/4/04. It shows excess small ion and 
charged aerosol concentration downwind of the powerline. The small ion spectrum shows the 
typical double peak frequently seen with negative corona at a mobility of about 104 m2/V/s. Also, 
from figure 2b there is an excess of negatively charged aerosols. The average wind speed was 
1.37 m/s and total rainfall 0.51 mm. This gives a transit time of the air to reach the spectrometer 
of 388 seconds, which should give sufficient time for the ions to attach to the larger aerosols (see 
Figure 1).  

Figure 3 shows positive corona ion emission from a 400 kV line at Lower Godney, Somerset on 
18/12/04. The wind was light at 0.38 m/s with the most common direction being 56º. This gave a 
downwind distance from the powerline along the wind direction vector of 200 m, which gives a 
transit time of over 500 seconds for the air to arrive at the spectrometer. Once more, this is 
sufficient time for attachment to take place. Figure 3 shows a greater than two-fold excess in both 
small ions and charged aerosol densities downwind at Lower Godney. This large imbalance was 
not seen in the upwind spectrometer (not shown). 

Figure 4 shows negative corona ion emission from a 132 kV line at Totteroak, South 
Gloucestershire on 23/4/04. Only the small ion peaks are shown. Once more the typical double 
peak is evident with a doubling of small ion concentration. The weather was warm and sunny 
with an average wind speed of 1.16 m/s. The number density of small ions and charged aerosols 
from these experiments are shown in Table 1. 

Table 1 Small ion and charged aerosol number density per m3 from Puxton, Lower 
Godney and Totteroak 
 

Place -ve small ions +ve small ions -ve charged 
aerosols 

+ve charged aerosols 

Puxton DW 1.95 × 108 1.39 ×108 8.70 × 108 6.80 × 107 
Puxton UW 1.07 × 108 1.35 × 108 3.41 × 108 2.35 × 108 
Lower Godney DW 8.60 × 107 1.99 ×108 2.88 × 108 4.50 × 108 
Totteroak DW 7.03 ×107 3.43 × 107 - - 
Totteroak UW 3.71 × 107 3.73 × 107 - - 
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Conclusion 
These experiments show a significant increase in both the small ion and charged aerosol fraction 
downwind of high voltage powerlines. The charging of these particles could lead to a possible 
increase in deposition in the human lung on inhalation. The consequence of this is the possibility 
of increased exposure to environmental airborne pollutants. 
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Figure 1 Fate of small ions in the atmosphere 
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Figure 2 Spectra from the 275 kV powerline at Puxton (a) upwind and (b) downwind 
negative ions solid line and positive ions dashed  line line) 

 

 

 

Figure 3 Spectrum from the 400 kV powerline at Lower Godney showing positive corona 
and excess positively charged aerosols (dotted) 
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Figure 4 Spectrum from the 132 kV powerline at Totteroak, showing small ions only 
negative ions solid line and positive ions dashed line 
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4.8 Bio-aerosols, static electric fields and hospital 
infections 
Janet  E. Allen, Denis L. Henshaw and Julie J. Close 

H. H. Physics Laboratory, University of Bristol, Tyndall Avenue, Bristol BS8 1TL 

Background and objectives 
In the UK, it is estimated that 100 000 hospital-acquired infections occur each year, costing the 
NHS in England alone approximately £1 billion per annum (National Audit Office, 2000). In 
patients undergoing bone marrow transplantation, for example, high dose chemotherapy and 
radiotherapy used in preparing the recipient lead to compromise of the immune system and to 
breaches in the gastro-intestinal tract mucosa. The skin is also broached by the insertion of 
venous catheters. Both sites provide a way for bacteria and fungi to enter the circulation. 
Although nursed in a protected environment, 95% of transplant patients develop potentially life-
threatening infections and hospital infection is the eventual cause of death in 10–15% of these 
patients. The micro-organisms involved are of low pathogenicity in people with a normal immune 
system, but pose a serious threat to transplant patients.  

Indoors, bacteria usually become airborne as a result of frictional processes (e.g. by sneezing, 
coughing or the shedding of skin squamae). Staphylococci are found on skin rafts of 13 µm 
equivalent particle diameter (Noble, 1961) and those found in hospital wards supported an 
average of 4 viable bacteria per scale (Lidwell et al., 1959). Particles this size were estimated to 
remain airborne for an average of 17 minutes (Quebbeman, 1993). 

Several authors have pointed to a possible role of electrostatic charge in mediating hospital 
infections. Todd et al. (1990) measured the electrostatic charge on six giving set needles and 
found values corresponding to 1–5 kV for an object of typical dimensions around 5 cm. Becker et 
al. (1996) found that during endoscopic surgery, the act of pointing to a VDU screen for teaching 
purposes significantly increased the deposition of bacteria on surgeons’ gloves. 

Plastic materials are in widespread use in hospitals and are prone to the collection of static 
electric charge. A dose-response relationship has been demonstrated where excess deposition of 
airborne bacteria onto surfaces increases as the electrical potential on the surface increases (Allen 
et al., 2003). Infections acquired in bone marrow transplant units (BMTU) may be mediated by 
static electric charge on disposable aprons and other plastic items. This study seeks to determine 
whether or not aprons made of conducting aluminium foil will attract less airborne bacteria onto 
their surfaces than the white plastic aprons currently in use. This is achieved by measuring the 
electrical potential of both plastic and conducting aprons during use and their respective increase 
in deposition of viable airborne bacteria onto their surfaces.  Consequently, it may be established 
whether or not conducting aprons may be a preferable option for use in bone marrow transplant 
wards. 

Study description 
Hospital measurements 
Measurements were made of the static charge decay time for various plastic medical items in the 
BMTU and in an ordinary children's ward using a JCI 140C field mill meter (John Chubb 
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Instrumentation, Cheltenham). In order to directly compare results, the decay time to 1/e of the 
initial potential was measured. 

Transport of bacteria in air 
In an electrostatic field, bacteria will be subject to a drift velocity according to their electrical 
mobility and in a high charge state they could move quickly to deposit onto surfaces. To quantify 
the transport of bacteria in air due to static charge on a surface, we need to know: (1) the mobility 
of bioaerosols, (2) their charge state and (3) the electric field in air generated by the static charge 
environment. Values for mobility were obtained with permission from the work of Dr A. Peter 
Fews (unpublished). The electric charge on a bacterium consists of two components: its own 
natural charge, which can be high and the charge imposed on it by the dispersion process. The 
electric field in air was calculated using the relationship: E-field at surface = Potential / Radius 
(kV m-1) while the velocity of a bacterium in air close to a surface with static charge: Velocity = 
Mobility × Number of charges × E-field. 

Relationship between electrical potential and deposition of airborne 
bacteria 
Aprons were made in the laboratory using conducting plastic i.e. aluminium-coated plastic film. It 
was envisaged that these aprons would not attract airborne bacteria to the same extent as 
polyethylene plastic aprons. White disposable plastic aprons come in a roll and are placed in a 
plastic wall dispenser. They are pulled out and torn off at the perforation. Electrical potentials as 
high as 9.90 kV were measured while pulling an apron off the roll. The aprons are worn when 
attending a patient in a transplant isolation ward. The electrical potential acquired by the different 
types of aprons was measured: (1) as the apron was pulled off the roll and (2) during wearing of 
the apron. Contact agar plates were used to determine the viable bacterial count on both the 
plastic and the conducting aprons before and after use. The agar plates were incubated for 48 
hours at 37oC and colonies were counted. 

Results 
Hospital measurements 
The highest initial electrical potential was measured for the plastic mattress cover, but the decay 
time was short. Charge decay times were a few minutes for items such as sterile examination 
gloves, syringes and oxygen tubing, but several hours for plastic disposable aprons (Table 1). 
Attention was therefore focussed on results for white plastic aprons. 

Transport of bacteria in air 
The natural charge on a bacterium is provided by the ionic structure of the bacterial cell wall: the 
lipopolysaccharide outer membrane of the Gram –ve cell, or the Teichoic acid structures in the 
Peptidoglycan layer of the Gram +ve cell wall. In addition, bacteria can carry up to around 10,000 
electric charges imposed by the dispersion process (Mainelis et al., 2002). The velocity of 
bacteria in air under certain circumstances is given in Table 2. It is evident that a bacterium 
carrying 10 000 charges and near to a surface with an electrical potential of 4 kV, would have a 
drift velocity of 170 cm/min which would be sufficient for capture of the bacterium onto the 
apron surface. 
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Table 1 Charge decay times for plastic items in the Bone Marrow Transplant unit 

Item Initial electrical potential, kV Time to decay to 1/e of initial 
potential, min 

Examination glove + 0.270 0.1 
Sterile examination glove - 0.155 9.4 
20 ml syringe, outer wrapper - 0.238 6.5 
20 ml syringe - 0.289 6.1 
Oxygen tubing - 3.043 3.5 
Plastic mattress cover - 16.187 0.2 
White plastic apron + 1.110 231.0 
Green plastic apron * + 1.459 156.5 
Plastic cupboard * - 0.549 1.5 

Children’s Hospital Ward   Temp = 19.5oC  RH = 44% 

Table 2 The velocity of a particle of 10 µm diameter with 10 or 10,000 charges in E-fields of 
different strengths 

Potential at surface, 

kV 

E-field at surface, 

kV m-1 

Number of charges Velocity 

 cm min-1 

1.11 7.8 10 0.05 
  10 000 50 
2 14.0 10 0.08 
  10 000 80 
3 21.0 10 0.13 
  10 000 130 
4 28.0 10 0.17 
  10 000 170 

Relationship between electrical potential and deposition of airborne 
bacteria 
A nurse wearing a plastic apron with static charge will set up an electric field between nurse and 
patient and may facilitate the transfer of micro-organisms in air either directly onto the patient or 
indirectly by contact after the nurse has touched the apron. The highest electric potential was 
induced during pull-off of the plastic aprons (Table 3). The highest potential maintained during 
wear was also found on the plastic aprons. The percentage increase in bacterial deposition on the 
plastic and conducting aprons is compared in Table 4. 
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Table 3 Comparison of electrical potential on aprons.  Results from 40 tests 

Apron type 

1. Pull-off apron 

Mean, kV 

(range) 

2. Wearing apron 

Mean, kV 

(range) 

Plastic 
-5.33 

(-2.87 to -9.90) 
-0.32 

(-0.76 to -0.09) 

Conducting  
0.00 

(-0.09 to 0.06) 
0.02 

(0.01 to 0.03) 

Cotton  
0.16 

(0.00 to 0.56) 
0.08 

(0.04 to 0.20) 

For the white disposable plastic aprons there was an 82.6% increase in viable bacteria attracted 
onto the apron’s surface compared with an increase of only 16.7% for the conducting aluminium 
foil aprons. 

Table 4 Comparison of viable bacteria counts from plastic and conducting aprons. 
Number of apron sets = 82.  Number of tests per apron type = 246 

 Plastic apron Conducting apron 

 Before After Before After 

Total viable count 258 445 186 238 

Mean per apron 0.69 1.26 0.42 0.49 

% Increase  82.6  16.7 

Conclusions 
• The electrical potential acquired by the conducting aprons was less than that acquired by 

the plastic disposable aprons. 

• Conducting aprons made with material such as aluminium foil are less likely to attract 
airborne bacteria onto their surfaces compared to plastic aprons.   

• The most crucial time for the plastic aprons in terms of attracting airborne bacteria is 
during pull-off of the aprons from the roll, as electric potentials induced can reach as high 
as 9.9 kV. 

• We now need to manufacture conducting aprons in a roll so that we may repeat these 
tests using full aprons in a hospital environment.  
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4.9 Effect of exposure to a low level of 
formaldehyde on inhaled allergen responses in 
asthmatic subjects 
Véronique Ezratty1, Catherine Neukirch2, Gaëlle Orset1, Marcel Bonay3, Serge Koscielny4, Pierre-André 
Cabanes1, Jacques Lambrozo1, Michel Aubier2 

1Service des Etudes Médicales d’EDF et de Gaz de France, Paris, France 
2INSERM CIC 07, Hôpital Bichat, Paris, France 
3Service d’explorations fonctionnelles, Hôpital Bichat, Paris, France 
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Background and objectives 
Formaldehyde (HCHO) is a well-known airborne contaminant causing symptoms such as eye, 
nose and throat irritation as well as airway irritation and slight neuropsychological changes 
(Samet et al., 1988; Larsen & Larsen, 1998). The major indoor sources of HCHO are off-gassing 
from urea-formaldehyde foam insulation, particle board, panelling, plywood, some carpets and 
furniture, and to a lesser extent, cigarettes and indoor combustion sources. Indoor and outdoor 
concentrations of HCHO can vary between different countries (Sakaï et al., 2004). Indoor 
concentrations generally exceed those outdoors’ because of the growing use of formaldehyde-
emitting materials and reduced air exchange in residential houses. Many studies on HCHO levels 
in homes have demonstrated higher HCHO concentrations in newer compared with older 
dwellings. 

Whether non occupational exposure to HCHO is related to asthma remains discussed (Delfino, 
2002). In a study part of the European Community Respiratory Health Survey (ECRHS), asthma 
prevalence was greater for newly painted homes, consistent with greater differences in HCHO 
(Wieslander et al., 1997). A relationship between physician-diagnosed asthma and indoor 
concentration of HCHO was reported even at low levels of exposure in children (Rumchev et al., 
2002). It has also been reported that exposure to HCHO in homes could produce a subclinical 
inflammatory response in the airways of healthy children (Franklin et al., 2000). A possible 
association between exposure to HCHO and allergic sensitisation to common aeroallergens has 
been suggested (Garrett et al., 1999). An enhancement of eosinophilic airway inflammation 
induced by a house-dust mite allergen has also been reported in mice sensitised prior to HCHO 
exposure (Sadakane et al., 2002).  

To our knowledge, this is the first controlled human study examining possible interactions of 
HCHO exposure and allergen on early and late asthmatic reactions. The aim was to evaluate 
whether exposure to a low level (500 µg/m3) of HCHO enhances the early and late asthmatic 
responses to inhaled allergen. 

Study design 
Twelve subjects (7 men and 5 women) aged between 18 and 44 (median = 25) with intermittent 
asthma and allergy to pollen participated in the study. No patient was using anti-inflammatory 
therapy or other current treatments and all were nonsmokers. Prior to enrolment in the study, all 
participants signed an informed consent. The study was approved by the local Ethical Committee. 
All procedures were carried out during a period of the year outside the grass pollen season.  
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Each subject was exposed at rest in a double-blind crossover design to filtered air or to a 
concentration of 500 µg/m3 (0.4 ppm) of HCHO for 60 minutes on two separate days. The order 
of exposure to HCHO and air was randomised. The interval between exposures was two weeks.  

An allergen inhalation challenge was performed after each exposure. Responsiveness to 
methacholine and lower airway inflammation assessed by induced sputum were performed eight 
hours after the exposure. 

Results 
All 12 subjects completed the two exposures and all the allergen and methacholine challenges. 

Four subjects reported minor complaints during both exposure to air and to HCHO. No distinct 
odour was perceived by any subject during the 24 exposures. No major clinical adverse reaction 
was observed.  

Exposure during one hour to 500 µg/m3 HCHO in allergic asthmatic patients at rest induced no 
functional response. The FVC, FEV1, and vital capacity values, measured immediately after 
HCHO exposure were not significantly different than those obtained after air exposure.  

Allergen bronchial challenge 
Airway responsiveness to allergen was measured using PD15FEV1, dose of allergen producing a 
15% fall of FEV1. HCHO versus air exposure resulted in a PD15FEV1 that was higher in 5 patients 
and unchanged in seven. The median PD15FEV1 was 0.80 (0.15 to 2.0) IR (index of reactivity) 
after HCHO versus 0.25 (0.1 to 2.0) IR after air exposure (p = 0.06). No ‘order effect’ was seen 
concerning PD15FEV1: results were not significantly different between the first exposure to 
HCHO or air (no wash-out) and the second one (after a wash-out). 

Methacholine bronchial challenge 
Methacholine responsiveness was assessed eight hours after the end of allergen challenge. HCHO 
versus air exposure resulted in a methacholine PD20 that was lower in three subjects, higher in 
four and unchanged (within a doubling dose) in five. HCHO exposure did not affect allergen-
induced increase in responsiveness to methacholine (median PD20: 0.17 mg after HCHO versus 
0.23 mg after air exposure; p = 0.42). No ‘order effect’ was observed. 

Sputum samples analysis 
Eosinophils, ECP, and MCP-1 increased significantly in induced sputum 8 hours after the 
allergen challenge compared to levels measured at the inclusion (baseline). The percentage of 
neutrophils and of eosinophils in induced sputum obtained after HCHO exposure was not 
statistically different from that in induced sputum obtained after air exposure. The level of all the 
parameters measured in sputum supernatant obtained after HCHO exposure was not significantly 
different from that in sputum supernatant obtained after air exposure (Table 1).  

During the two weeks after each exposure, subjective symptoms and peak flow measurements did 
not differ significantly between patients who were exposed to air and those exposed to HCHO. 
None of the patients required hospitalisation. 



 

117 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

Conclusions 
These results suggest that, at this low level, HCHO does not significantly affect bronchial 
responsiveness to methacholine and lower airway inflammation after allergen challenge. 
However, an unexpected trend towards a protective effect of HCHO on the immediate airway 
response to inhaled allergen was found. 

Discussion 
In this study, exposure at rest during one hour to 500 µg/m3 of HCHO did not affect bronchial 
responsiveness in asthmatic subjects. 

However, contrary to expectations, exposure to HCHO tended to decrease the immediate 
allergen-induced asthmatic reaction. A difference close to statistical significance (p = 0.06) was 
observed between HCHO and air exposure during the immediate allergen response to pollen. This 
putative paradoxical protective effect of HCHO cannot be explained by a bias in the design of the 
study. Indeed, the order of exposures to HCHO or purified air was randomised and the conduct of 
the study was double blinded. Moreover, subjects were tested in the same controlled conditions of 
environmental factors with constant levels of air pollutants, temperature and humidity. This 
unexpected result cannot be explained by a lack of statistical power. The effect that was expected 
was that HCHO would enhance responsiveness to allergen in subjects with mild allergic asthma. 
According to this hypothesis, even if 12 additional patients had been included and had had a 
reaction more pronounced following the HCHO exposure (the opposite of what is observed in this 
study), the difference would not have been sufficient to conclude that HCHO enhances asthmatic 
reaction to inhaled allergen in subjects with allergic asthma. 

Interestingly, similar paradoxical results in mice showed a protective effect of low concentrations 
of nitrogen dioxide on development of bronchial reactivity after allergenic challenge in mice 
(Hubbard et al., 2002; Proust et al., 2002). A recent study showed that low HCHO exposure 
decreased the production of IL-1β in ovalbumin immunized mice (Fujimaki et al., 2004).  

No significant modification in airway allergen responsiveness was observed during the late phase 
of allergic reaction, 8 hours after the end of the allergen challenge. However the total dose of 
allergen required to reach the respiratory expected effect was higher after HCHO exposure than 
after air exposure (0.8 IR vs 0.25 IR). If there had been a protective effect of HCHO exposure, a 
less pronounced response to methacholine challenge after HCHO exposure than after air could 
have been masked by the differences in allergen exposure. In a more general approach, as has 
already been discussed in other similar studies, the allergen dose received during a bronchial 
challenge is fairly high compared with realistic exposure, and within the increase in bronchial 
responsiveness an effect of HCHO could have been hidden (Strand et al., 1997).  

To our knowledge, this is the first controlled human study assessing if HCHO enhances the 
asthmatic reaction and the inflammatory response to allergen in the airways. Unexpectedly, our 
results did not show any adverse reaction in asthmatic subject exposed to a low level of HCHO. 
However, to reassure sensitive subjects exposed to these low levels more data is needed. 
Therefore, future studies assessing effects of both low and high doses of HCHO are needed to 
clarify interactions of HCHO and allergen in asthmatic airways. 
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Table 1 : Effects of air and HCHO exposure on allergen responses 
 Median values after 

HCHO exposure 

(min - max) 

Median values after 
air exposure 

(min – max) 

P value 

(signed rank test) 

Allergen Challenge (PD15FEV1) 0.80 (0.15 – 2.0) 0.25 (0.10 – 2.0) 0.06 
Methacholine Challenge (PD20) 0.23 (0.01 – 3.6) 0.17 (0.03 – 4) 0.42 
Total number of cells 255.0 (215.0-633.0) 258.0 (229.0-438.0) 0.50 
Bronchial cells  (%) 4.4 (0.30 – 39.7) 3.5 (0.20-33) 0.82 
Macrophages (%) 27.4 (2.8-79.4) 17.3 (2.0-82.5) 0.57 
Lymphocytes (%) 1.0 (0-7.0) 0.4 (0-1.7) 0.31 
Neutrophils (%) 32.2 (0-81.4)  34.3 (3.0-92.5) 0.73 
Eosinophils (%) 11.25 (0.8-88.7) 13.2 (3.0-81.2) 0.91 
ECP (ng/ml) 130.0 (3.9-200.0) 105.5 (41-200.0) 0.92 
Eotaxin (pg/ml) 0 (0-14.0) 0 (0-15.0) 1.00 
GM-CSF (pg/ml) 0 (0-0.69) 0 (0-7.87) 0.12 
IFN-gamma (pg/ml) 0 (0-14.0 4.0 (0-14.0) 0.58 
Il-1 (pg/ml) 11.5 (6.0-30.0) 7.5 (3.0-30.0) 0.90 
Il-4 (pg/ml) 0.17 (0-0.85) 0.06 (0-1.7) 0.74 
Il-5 (pg/ml) 4.5 (0-18.0) 4.0 (0-16.0) 0.82 
Il-8 (pg/ml) 675.0 (69.0-1200.0) 714.5 (81.0-2500.0) 0.47 
Il-10 (pg/ml) 1.4 (0-8.6) 3.45 (0-8.90) 0.75 
MCP-1 (pg/ml) 29.0 (0-108.0) 26.5 (0-129.0) 0.52 
TNF-alpha (pg/ml) 0.16 (0-1.29) 0.26 (0-3.6) 0.20 
Definition of abbreviations: PD15FEV1 = median dose of allergen producing a 15% fall in forced expiratory volume in 1 second ; PD20 
= median dose of methacholine producing a 20% fall in FEV1; ECP = eosinophil cationic protein; GM-CSF = granulocyte-
macrophage colony-stimulating factor; IFN-gamma = Interferon-gamma; IL-1 = Interleukin-1; MCP-1 = monocyte chemotactic 
protein – 1; TNF-alpha = tumor necrosis factor-alpha. 
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4.10 Health effects of diesel exhaust in asthmatic 
patients: A real-world study in London 
James McCreanor1, James Stewart-Evans1, Eleni Malliarou1, In-Kyu Han2, Jim Zhang2, Magnus 
Svartengren3, Pam Ohman-Strickland2, Lars Jarup1, Paul Cullinan1, Fan Chung1, Mark 
Nieuwenhuijsen1 

1Imperial College, London, UK 
2University of Medicine and Dentistry of New Jersey, USA  

3Karolinska Institute, Stockholm, Sweden 

Background  
Epidemiological evidence suggests a link between respiratory morbidity and urban fine 
particulates, many of which are produced by diesel-powered vehicles. We studied the direct 
health effects of diesel exhaust on humans exposed within a ‘natural chamber’.  

Objectives 
The study is designed to test the following hypotheses:  

Acute exposure to diesel exhausts leads to worsening symptoms of asthma with a reduction in 
lung function. 

This worsening of asthma is dependent on the background severity of asthma. 

Study description 
On separate occasions 40 non-smoking adult asthmatics (22 mild, 18 moderate (FEV1 (mean % 
predicted) 93.3 and 85.8 respectively, age range 18–55years (mean 31)) were exposed, for 2 
hours, in Oxford Street (active exposure), London (where only pedestrians, diesel powered buses 
and taxicabs are permitted) or Hyde Park (control exposure), a large, nearby open park free of 
vehicles. Measurements made in winter 2001 show daytime concentrations (11.5 +/- 4.1 µg/m3) 
of elemental carbon (EC) on Oxford Street were greater than 5 times that (2.2 +/- 0.9 µg/m3) in 
Hyde Park. Lung function and asthmatic symptoms were monitored during exposures and for 24 
hours after. Real time measurements of PM2.5, UFP, NO and CO were performed. 

Results 
There were significant differences in measured concentrations of particulate pollution between 
exposure sites (UFP concentration (geometric mean) 14 500 vs. 69 500pt/cc; p<0.001). Lung 
function (FEV1 and FVC) decreased from baseline at both exposure sites; this decrement was 
largest and more sustained following the active exposure. Active exposure was also associated 
with increased asthmatic symptoms. 

Conclusions 
This study suggests that asthmatic subjects exposed to ambient urban levels of diesel exhaust, in a 
natural environment, incur worsening respiratory function and symptoms that increase as 
particulate concentrations rise. 
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4.11 Cardiac rhythm and personal exposure to air 
pollution in patients with heart failure — A 
description of the study population 
J Barclay on behalf of the Aberdeen Air Pollution Group 

Department of Cardiology, Aberdeen Royal Infirmary and Department of Environmental and 
Occupational Medicine, University of Aberdeen 

Background and objectives 
It is recognised that there are strong associations between air pollution levels and daily 
cardiovascular mortality (Anderson et al., 1996; Poloniecki et al., 1997; Prescott et al., 1998). 
There has been particular interest in associations between particle concentrations and cardiac 
disease-related deaths (Wichmann et al., 2000; Goldberg et al., 2003). It has been proposed that 
this association may be caused by inflammation leading to changes in blood coagulability  
(Seaton et al.1995) Particles have also been hypothesised to affect cardiac autonomic function 
causing cardiac irritability and thereby influencing propensity to life-threatening arrhythmias 
(Peters et al., 2000). Patients with heart failure represent a vulnerable group who may be more 
susceptible to the effects of air pollution. 

This study aims to examine possible associations between personal exposures to airborne 
particulate matter (particle numbers) and NO2 and changes in cardiac rhythm along with 
alterations in blood concentrations of indices of inflammation.   

The study will be completed later this year. In this abstract, we provide a description of the study 
cohort. 

Study description 
An epidemiological panel study is nearing completion in Aberdeen. 132 non-smokers or ex-
smokers with a diagnosis of heart failure have contributed to the project. A standardised 
questionnaire has been used to collect demographic data and information on other factors likely to 
influence personal exposure to NO2 and exposure to tobacco smoke. For up to a year, every two 
months, subjects have participated in three-day blocks of monitoring. Estimates of personal 
exposure to particulate matter (PM10, PM2.5 and particle number) and measurements of NO2 
exposure (using NO2 diffusion tubes) have been obtained. Holter monitoring to assess cardiac 
rhythm was performed for 24 hours on the third day and blood samples were obtained on removal 
of the holter monitor for measurement of haemoglobin (Hb), factor VII, fibrinogen, Von 
Willebrand factor, Albumin, interleukin-6 and e-selectin. Weather variable data have been 
recorded for the duration of the study for adjustment in the analysis.  

Comprehensive echocardiography has been undertaken in subjects who have completed at least 4 
study blocks (n=91) to provide detailed information on cardiac systolic and diastolic function in 
addition to conventional assessment of valvular function and haemodynamics. Comorbidities of 
relevance along with details of prescribed medications have also been recorded. It is anticipated 
that patient participation in the study will conclude in May 2005.  



 

122 
IEH Web Report W22, posted May 2005 at http://www.le.ac.uk 

Results 
The study cohort comprises 132 patients with a diagnosis of heart failure. Table 1 (below) shows 
the baseline demographics and comorbidities within the study cohort. As expected, there is a 
preponderance of males reflecting the large proportion of patients with underlying ischaemic 
heart disease. Subjects are fairly evenly distributed in terms of severity of heart failure symptoms 
as assessed by New York Heart Association Functional Class.  

Table 1 Baseline demographics and comorbidities within the study cohort 

 All patients 

(n=132) 

Patients scheduled to 
provide complete data 
(n=93) 

Age (mean±SD),y 69.4 ± 9.7 70.4 ± 8.9 

Female gender, n (%) 38 (29) 25 (27) 
Diabetes, n (%) 17 (13) 12 (13) 
Hypertension, n (%) 48 (36) 39 (42) 
Ischaemic heart disease, n (%) 107 (81)  73 (78) 
Valvular heart disease, n (%) 27 (20) 15 (16) 
NYHA functional 
statusa 

Class I 29 (23) 23 (26) 

 Class II 42 (33) 30 (32) 
 Class III 29 (23) 18 (19) 
 Class IV 27 (21) 18 (19) 
a New York Heart Association Functional Class – Class I = not limited; Class IV = very limited 

All of the patients were resident within the boundaries of Aberdeen City and non-smokers. 
However, just under 20% of subjects had a smoker living with them and almost 50% felt that they 
were exposed to tobacco smoke regularly outside the home. The majority of patients had gas 
central heating. However, most patients had electric cookers with fewer using a gas cooker or hob 
(Table 2). 

The use of cardiac medications within the study cohort is shown in Table 3 (below). The cohort 
were well treated in terms of ‘heart failure medication’ with the vast majority of patients on either 
Angiotensin Converting Enzyme (ACE) inhibitors or Angiotensin II Receptor Blockers (ARBs) 
and a significant proportion on beta-blockers. A large number of patients were on anti-platelet 
therapy (aspirin and/or clopidogrel) and lipid-lowering therapy in line with the prevalence of 
underlying ischaemic heart disease. Approximately one third of patients were anticoagulated with 
warfarin and 75% of patients were prescribed regular loop diuretics. Patients with atrial 
fibrillation were excluded from the study due to the difficulties that this rhythm disturbance poses 
in terms of analysis of heart rate variability.  
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Table 2 Domestic characteristics 

 All patients 

(n=132) 

Patients scheduled to 
provide complete 
data (n=93) 

Light, n (%) 66 (50) 48 (52) 
Intermittent, n (%) 39 (30) 30 (32) 

Traffic in the vicinity of subjects 
homes 

Heavy, n (%) 26 (20) 15 (16) 
1, n (%) 34 (26) 24 (26) 
2, n (%) 82 (62) 56 (60) 
3, n (%) 13 (10) 11 (12) 

Number of people in household 

4, n (%) 2 (2) 2 (2) 
Gas, n (%) 111 (84) 80 (86) Type of central heating in home 
Electric, n (%) 21 (16) 13 (14) 

Cooker types Gas, n (%) 26 (17) 18 (19) 
 Electric, n (%) 86 (65) 58 (62) 
 Gas hob / electric oven, (%) 20 (15) 17 (18) 
Smokers present in the household, n (%) 22 (17) 19 (20) 
Exposure to tobacco smoke inside the home, n (%) 16 (12) 14 (15) 
Regular exposure to tobacco smoke outwith the home, n (%) 63 (48) 44 (47) 

Table 3 Regular prescribed medication at baseline 

 All patients 

(n=132) 

Patients scheduled to 
provide 

complete data (n=93) 

ACE inhibitors, n (%) 85 (64) 63 (68) 
ARBs, n (%) 22 (17) 11 (12) 
Beta-blockers, n (%) 90 (68) 66 (71) 
Diuretics Loop, n (%)  99 (75) 70 (75) 
 Thiazide, n (%) 5 (4) 4 (4) 
Spironolactone, n (%) 28 (21) 15 (16) 
Digoxin, n (%) 10 (8) 2 (2) 
Aspirin, n (%) 82 (62) 63 (68) 
Clopidogrel, n (%) 23 (17) 17 (18) 
Warfarin, n (%) 41 (31) 23 (25) 
Lipid lowering therapy, n (%) 92 (70) 69 (74) 
Nitrates, n (%) 31 (23) 20 (22) 

Echocardiographic assessment was carried out in 91 patients who had completed all 6 blocks of 
the study. Table 4 (below) summarises the clinical and echocardiographic characteristics within 
this sample of patients. The mean age and sex distribution was similar to that of the whole study 
group. The majority of patients, as expected, had impaired left ventricular systolic function with 
an ejection fraction of <50% by echocardiography. Plasma B-type Natriuretic peptide (BNP) was 
measured at the time of echocardiography as an indicator of chronic left ventricular filling 
pressures.  
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Table 4 Characteristics in patients with echo data 

 Patients with echo data (n=91) 

Age (mean±SD),y 70.9± 8.9 

Female gender, n (%) 25 (28) 
LV ejection fraction (mean±SD),  % 43 ± 10.8 

Subjects with preserved systolic function (LVEF≥ 50%), n (%) 6  (7) 
Subjects with systolic dysfunction (LVEF < 50%), n (%) 84 (93) 
Body Surface Area (mean±SD), m2 1.97± 0.20  

BNP (median, interquartile range),  ng/L 100.5, 168.50 

Conclusions 
This study involves repeated measures of pathophysiological reponses to ambient air pollution 
exposure in a cohort of patients with chronic heart failure who are stable on medical treatment. 
The design of our study is such that we will be able to make comparisons both between and 
within individuals. In addition to studying effects that may be apparent in the group as a whole, 
accurate characterisation of the subjects may allow us to determine whether there are subgroups 
in terms of underlying aetiology or severity of heart failure in which the effects are amplified 

Discussion 
The above data provide a detailed description of the characteristics of the study population. The 
study will address the aforementioned mechanistic hypotheses and it is anticipated that the results 
of the study will contribute significantly to the knowledge base in the field.  
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4.12 Is noise a confounder when assessing the 
impact of air pollution on cardiovascular 
outcomes? 
Scaife A, Henderson G, Moir G, Ayres JG. 

Department of Environmental & Occupational Medicine, University of Aberdeen, Aberdeen, AB25 2ZP 

Background and objectives 
Time serious studies have consistently shown an association between air pollution, notably 
particles, and a range of health end points (ranging from symptoms to mortality) for individuals 
with pre-existing cardiac or pulmonary disease.  Largely, effect sizes have been small and 
consequently there were some initial scepticisms about these associations which resulted in a 
series of responses from statisticians to deal methodologically with the issues thought to be 
contributing to what might have been a spurious finding.  Chief amongst these was the possibility 
of compounding, either by recognised factors not adequately controlled, for (notably 
temperature), or by factors not included (such as particle numbers).  The associations have been 
robust to all these revised approaches although the possibility still remains that, and as yet 
unaddressed confounder may be muddying the picture.  One such factor is noise. 

Exposure to noise is associated with an increased prevalence of cardiac disease and hypertension, 
and with cardiac events such as myocardial infarction with exposure to traffic noise being higher 
in patients having suffered from, and died from, an MI than controls in one study (1,2).  There is 
also some evidence that occupational exposure to noise is also associated with increased risk of 
MI (2).  There seems to be a threshold of around 65-70dB(A) for these effects which have been 
postulated to be stress related, perhaps via a hypertensive response, although the quality of the 
data relating noise to hypertension has been criticised on the grounds of inconsistency and quality 
(3). 

If noise is closely associated directly with air pollution levels, specifically mass and/or number of 
particles, then any confounding effect of noise may be difficult to detect in a time series analysis.  
If there was an inconsistent association, however, this implies that any compounding effect of 
noise might be detectable. 

Aim 
The aim of this pilot study was to explore the relationship between noise and two measures of 
particulate pollution (pm2.5 and particular numbers) in a range of urban sites in Aberdeen. 

Study description 
Sites 
Eight road placements were identified. 

A City ring road – dual carriageway monitored on two occasions at times of different traffic 
flows. 

B Busy roundabout a main southern exit from the city. 
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C&D Two urban back streets. 

E A cobbled road in Old Aberdeen, but on a bus route. 

F Busy roundabout at main northern route out of the city. 

G Cross-roads in main shopping street 

H Five-ways junction at the head of the central area of town. 

Monitoring 
Each site was monitored for a period of two hours, monitoring being fully supervised at the road 
side. Noise was measured using a Bruer and Kjaer Mediator- Integrating 

Sound Analyser Model 2238E providing continuous data analysed in 15 second epochs.  Particle 
mass (pm2.5) was measured using a dustrak providing continuous data analysed in 5 minute 
epox.  Particle numbers (numbers per cc of air) were measured using a ptrack which counts all 
particles under one micron in diameter, providing continuous values and again analysed in 5 
minute epox. 

Analysis  
Descriptive plots were constructed as follows: 

A For each site/time combination: for PM2.5 versus noise, particle numbers versus noise and 
PM2.5 versus particle numbers.  Regression co-efficients were calculated for each comparison. 

B Average values for PM2.5 particle number of noise was calculated for each site over each 
complete measurement time period.  Values were regressed against each other as in A above. 

Results 
There was a good range of both particle mass and particle numbers with noise values at any time 
point, ranging from a minimum of around 47 Db to a maximum of  around 74Db.  

When considering average values over the sampling periods for all sites, there was no association 
between noise and PM2.5 but a positive association between particle numbers and noise (Figure 
1) although the slope was shallow.  

When considering the individual sites, there was again no association between PM2.5 and noise 
but the possible association between noise and particle numbers was seen in most sites (figures 2a 
to d as examples).  

Discussion 
These findings suggest an association between the number of submicronic particles and noise but 
no clear pattern with mass.  The shortcomings of these data are that they are few in number, do 
not reflect the full daily periods of exposure and are limited in terms of spread of noise range.  
We also do not have information on noise frequency.   

However, as there is some evidence to suggest that particle numbers acting as a surrogate for 
particle surface area may correlate better with health outcomes than particle mass, our finding of 
a possible association between noise and particle numbers suggest that noise should be considered 
as a potential confounder in air pollution time series studies.    
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Figure 1 Correlation between Noise and Particle Numbers for All Sites 
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Figure2a Site A 1st visit Figure2b Site A 2nd visit 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2c Site E Figure 2d Site H 
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4.13 A study of relationship between air pollution, 
social deprivation and health in Leeds 
Anil Namdeo and Claire Stringer 

Institute for Transport Studies, University of Leeds, Leeds LS2 9JT 

Background and objectives 
A great deal of interest has been expressed in the relationships between health and social 
deprivation, and health and air quality. It is these relationships that potentially result in the most 
cost to both the public and the government in terms of increased mortality and morbidity, so 
investigation into a causal links can be easily justified. Relatively little exists on the links between 
air quality and social deprivation. It can clearly be seen that these two factors impact upon health, 
but little is known of their effects upon one another. In the literature, little information exist that 
explicitly links social factors and air quality. In a number of studies of health and air pollution, 
social indicators were included as explanatory factors for poorer health. For example, 
overcrowding (defined as more than one person per room) or the presence of a smoker was 
frequently cited as a contributing factor to poor respiratory health.  

The main aim of this study was to investigate the possibility of a relationship between local air 
quality and measures of health and deprivation. The supporting objectives were: (a) to establish if 
a positive correlation exists between areas with poor air quality and those which are socially 
deprived and/or experience poor health; and (b) to determine what impacts road user charging 
initiatives have on air quality, and consequently on deprivation and health in Leeds.  

Study description 
Traffic assignment, pollutant emission and dispersion models were applied to a 12 × 12 km area 
of the city of Leeds city so as to assess the air quality impacts of five road pricing schemes 
(Mitchell et al., 2002). This involved the application of a chain of dynamic simulation models of 
traffic flow (SATURN, SATTAX), pollutant emission (ROADFAC) and dispersion (ADMS-
Urban), integrated within a geographic information system model TEMMS (Namdeo et al., 
2002). Schemes were evaluated with reference to: exceedence of air quality standards for six 
pollutants; emission of greenhouse gases; redistribution of pollution; and road network 
performance as traffic speed and trip distance. Results were compared to alternatives of do 
nothing, network development and clean fuel promotion. The scenarios addressed included 
‘business as usual’ traffic growth to 2015; network development; road pricing with cordon 
charging; road pricing with distance charging; and the wider adoption of clean fuel vehicle 
technology. Modelled air quality data from this study forms the base of the current study.  

Out of the several scenarios selected in the original study, two policy scenarios have been 
selected for the current study to investigate the possibility of a relationship between local air 
quality and measures of health and deprivation. The two policy scenarios selected are road user 
charging (RUC) set at two levels — 2 pence/km and 20 pence/km. NO2 and PM10 levels for the 
base and two RUC scenarios for the year 2005 have been extracted for 3600 cells of 200 × 200 m 
size in the study area. Census 2001 data have been used to derive indicators of health and 
deprivation levels of the population in the study area. The census has its own measure of 
deprivation, which ranked the Census Output Area (COA) population as being deprived in terms 
of any number of four dimensions. It listed the number of households in the COA that were not 
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deprived, as well as those deprived in one, two, three or all four dimensions. Similarly, for health, 
the number of households that rated themselves as either having good health, fairly good health or 
not good health was listed. A Cumulative Health Index (CHI) and Cumulative Deprivation Index 
(CDI) for each COA were derived on a scale of 0 to 100, with 100 representing least healthy or 
most deprived areas. CHI and CDI were compared with pollutant levels resulting from the 
implementation of two RUC scenarios. Geographic information system, MapInfo, was used to 
map spatial distribution of pollution levels, and health and deprivation indices.   

Results 
Two RUC scenarios studied have different effects on the level and distribution of air pollutant 
concentrations; the general trend being that network development and a 2p/km charge caused 
NO2 to deteriorate, whilst the 20p/km charge improved it. The effect of the RUC policies on PM10 
is less significant compared to NO2. Figures 1 (a) and (b) show the change in NO2 concentrations 
between the base, 2p/km and 20p/km charge scenarios. 

 
Figure 1 (a) Change in NO2 concentrations between no-Charge and 2p/km charge 

 

 
Figure 1 (b) Change in NO2 concentrations between no-Charge and 20p/km charge 

 

 
A map of baseline social deprivation in 2001 indicates that the population densities are highest in 
the central and southern parts of the study area and alongside main arterial routes such as the A64 
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and A65. Very high population densities also occur in the vicinity of the University of Leeds, in 
the top of the south-western quadrant of the study area. A map of CDI of the study area shows 
that that deprivation is highest in the lower half of the city, in Beeston to the south, to the east 
along the A64 and to the west on the southern side of Kirkstall Road; to the north and east of the 
city deprivation levels are lowest. A map of baseline health status using CHI shows that it follows 
a similar pattern of distribution to CDI. The areas in which poor health is more common are, 
again, primarily adjacent to main radial routes into the city. It can be seen that ill health is 
particularly prominent along the route of the A64 to the east and, to a slightly lesser extent, the 
A65 and M621 to the west and south respectively. 

For the base scenario for 2005, NO2 and PM10 levels were correlated with CDI and CHI to test the 
hypothesis that a positive correlation exists between areas with poor air quality and those that are 
socially deprived and/or experience poor health. It shows that, for all cases, the correlation in 
terms of the R2 value was quite low but slopes of the best fit lines were positive showing that air 
quality was poor in deprived and less healthy areas; a 2pence/km charge produced higher 
concentrations of NO2 and a stronger relationship with deprivation and health (Figures 2 and 3). 

Figure 2 Correlations between NO2 and cumulative deprivation index for RUC scenarios 
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Figure 3 Correlations between NO2 and cumulative health index for RUC scenarios 

  

 
Under the lower, 2pence/km charging scenario, the line equations showed large increases in NO2 
concentrations, with the gradients almost doubling in steepness as compared with a 0pence/km 
charge when correlated with both social deprivation and with health. Relationships between air 
quality and the health index were stronger than those between air quality and social deprivation, 
with changes in pollutant concentrations for the different scenarios giving far steeper line 
gradients for both pollutants when correlated with health. This leads to the conclusion that health 
was more subject to influence by air quality than social deprivation was.  
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Mapping the relationship between air quality and social deprivation and health indices shows that 
the effects, be they positive or negative with regards to pollutant concentrations, have the biggest 
impact in the city centre and this impact declines as it radiates outwards. For example, where the 
difference between 0pence/km and 20pence/km charges results in a reduction in NO2 levels, the 
greatest reductions are shown to take place in the more deprived areas in and around the city 
centre, and the least reductions occur in the most affluent ones. This pattern is consistent for all 
the differences in pollutant concentrations when compared with health and social deprivation. 

Conclusions 
The outcome of this study has been that these air quality changes impact disproportionately on 
certain, more deprived areas of the city. A lower road user charging level increases concentrations 
of NO2 whilst reducing those of PM10, whilst the higher charge reduces concentrations of both 
pollutants. The change in air quality which results from implementing the charging scenarios is 
always the most pronounced in the more deprived areas in the city centre, with the effects 
radiating outwards with decreasing magnitude. So whether the change in pollutant concentrations 
is positive or negative, these changes will be most strongly felt in those areas that experience the 
highest levels of social deprivation and the poorest health. 
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4.14 Where do children come in air pollution 
policy? 
Max Wallis  

Cyfeillion y Ddaear/Cardiff 

Introduction 
The Children's Environment and Health Action Plan for Europe includes air pollution in its four 
issues. Children and fetuses are susceptible sub-populations, which need consideration under air 
pollution controls. There is a need to explore who can represent children/fetuses and engage in 
the science–policy debate on their behalf, how to feed in recent science advances and how to 
incorporate the precautionary principle. The scientific uncertainties and the value judgements on 
child versus adult health make public–stakeholder involvement all the more critical.  

Background 
Until recently, children were hardly mentioned in Air Pollution policy-making; for example, the 
Ambient Air Directive 96/62/EC and WHO's Air Quality Guidelines for Europe.  But now: 

• The CAFÉ (Clean Air for Europe) programme stresses vulnerable groups  

 the EC-approval refers to the effects of ozone pollution on asthmatic children and to 
guidelines on airborne lead set to protect children and developing fetuses.   

• In the EU's Sixth Environmental Action Plan, children are introduced via the priority 
actions:  

 re-examination, development and updating of current health standards and limit 
values, including where appropriate, the effects on potentially vulnerable groups, for 
example children or the elderly (2a of Article 7). 

• The Community Action on Public Health programme under the Sixth EAP has four 
priorities:  

 childhood respiratory disease    directly from air pollution 

 neurodevelopment disorders 

 child cancers      some air pollution relevance 

 endocrine disrupting chemicals 

• CEHAPE was adopted at the Budapest Ministerial conference in June  

 interests of children firmly on the policy-making agenda 

 air pollution included in increasing concern about environmental effects on children’s 
health 

 developing organisms, especially during embryonic and fetal periods and early years 
of life, are often particularly susceptible.   

CEHAPE's Priority Goal III reads: 

 
We aim to prevent and reduce respiratory disease due to outdoor and indoor air pollution, 
thereby contributing to a reduction in the frequency of asthmatic attacks, in order to ensure that 
children can live in an environment with clean air. 
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Scientific knowledge is advancing 
Children are not 'little adults' but particularly vulnerable to air pollutants 

• immature lungs, under-developed immune system, limited processes for metabolising 
toxins; they have greater exposure to pollutants relative to body weight and their cells 
divide with potential errors more frequently than adults 

• babies are still more vulnerable — neurological and brain development is at risk 

• the fetus in its special environment is still more vulnerable 

• acceptable dose to the fetus is NOT determined from dose–response in adults 

• child leukemia and neuroblastoma are special to children. 

Pollutants reaching the fetus  
(European project; Saunders et al., 2004)  

• rapid placental transfer and uptake into fetal organs of endocrine disrupting chemicals 
and neurotoxicants (potential reproductive and neurological damage) 

• fetal concentrations can exceed maternal levels, in the blood (plasma and erythrocytes), 
spleen, muscle, femur, brain, bone marrow, liver and fat 

• we can no longer assume the fetus is isolated from toxic environmental pollutants.  

A new New York study finds equal levels of PAH-induced DNA damage in both mothers and 
infants (Gosline, 2004). While less PAH reaches the fetus, one worries that (unlike in the mother) 
this is not detoxified and the damage to the DNA is not repaired in the fetus.  

 

 

 

Recent advances in medical toxicology and genomics are finding that DNA repair and enzyme 
detoxification systems are gradually switched on in the first months and years. Moreover, a 
fraction of the population may have a genetic limitation to particular detoxification systems. This 
explains why, in general, susceptibility to a toxic insult is multi-factoral — both genetic and 
environmental. The controversy over the cause of asthma might be resolved in this light. 
Epidemiological studies of infant and foetal harm from air pollution (Box; Wallis, 2004) suggest 
looking at ultrafine particles (UFPs; diesel exhaust etc.) as the cause. When the woman's lung 
defences (macrophages encircling the UFPs) are overwhelmed, the particles smaller than 10 nm 
can pass through into the blood stream and, potentially, across the placenta and blood–brain 
barriers (recent evidence of the latter in rats).    

Particulate Matter: the Royal Society study on 'Nanotechnology' recommended a precautionary 
approach to ultrafine particles in products and workplaces (Royal Society London, 2004) — - 
the same surely applies to their release from vehicles. 

PAHs cause DNA damage  
"what gets across (to the fetus) is not detoxified, and the damage to the DNA is not repaired in the 
fetus as in the mother" 
     Frederica Perera, New York 
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Special consideration to the child and the fetus is needed — evident for some years.   

The Box lists studies covered by the EEA-WHO review (WHO, 1999) from material prepared for 
the 1999 Ministerial Conference Environment and Health. The 1999 conference briefing given on 
Children and Environmental Health (Gee, 1999) was guided by those studies and gave— 

• a signal for developing standards for the protection of the child and fetus 

• an impetus to research projects and to conferences  

• stimulus for the European CEHAPE project.  

 

 

 

 

 

 

 

 

 

Ozone in children — contrasting stances 
The McConnell et al. (2002) study "Asthma in exercising children exposed to ozone" hit the 
headlines in 2002: 

contrary to conventional wisdom, ozone is involved in the development of new onset asthma.   

• North American cautions about children in vigorous sport during high ozone episodes. 

• Joel Schwartz's (2004) study — the development of asthma and other effects of air 
pollution on children are seen at concentrations that are common today. Children’s 
exposure to air pollution is of special concern because their immune system and lungs are 
not fully developed, so many of the epidemiological associations seem likely to be causal. 

• Holgate, chairman of UK's EPAQS — air pollution not significant as cause of asthma1  

 

 

 

                                                 
1 On asthma and allergies, Stephen Holgate, chair of EPAQS - the UK Expert Panel on Air Quality 
Standards, May 2004, on-line debate: www.spiked-online.com/articles/0000000CA585.htm 

UK official advice: 
"little evidence that air pollution itself causes asthma" 
NGO advice 
"strong evidence that ozone pollution causes asthma —       in actively exercising children" 
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UK public advice leaflet — ‘sensitive individuals’, i.e. blames the individual rather than 
vulnerable or at-risk people or subpopulations.   

• UK calls the individuals ‘diseased’, rather than being sensitive to air pollution: ‘sensitive 
individuals are people who suffer from heart and lung diseases, including asthma, 
especially if they are elderly’.   

• UK authorities set air quality standards at levels known to be harmful to ‘sensitive 
individuals’  

Precautionary Principle framework  
David Gee (2004) of the EEA argued at the London ICCHE conference that the PP framework is 
particularly relevant for policy-making to protect the interests of children (see Box). 

The PP process is broader than conventional risk assessment and encompasses differing levels of 
evidence and burden of proof.  

• A broader approach to the knowledge base, and to ‘risk’, ‘uncertainty’ and ‘ignorance’ 

• More explicit recognition/management of values and multiple stakeholder perspectives 

• Recognition/management of the distributions of risks/ costs/benefits across 
groups/time/places 

• More explicit acceptance of the limitations to the quantification of risks, costs and 
benefits 

• Recognition of the biases within conventional scientific method towards generating false 
negatives 

• Recognition of the different goals of good science and sound public policymaking. 

 

 

 

 

 

 

The asthma-ozone example shows 

• lack of structured way of involving stakeholders with their values/perspectives 

• speedy action in north America — high publicity +  vocal community/interest groups 

• lack of action in the UK — high reliance on 'expert' committees under the government. 

The PP framework & process is relevant to children (Gee, 2004) 
because it: 
• acknowledges uncertainty and ignorance as well as risks; 
• acts on lower strengths of evidence before serious impacts occur; 
• encourages greater public participation 
• shifts more of the burdens of proof onto the broader shoulders of risk producers; 
• analyses the distribution as well as the nature of a wider range of pros and cons; 
• assesses alternative options; and 
• considers societal “justification” for the product or activity under review. 
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Ethical theory - a firmer basis for the Precautionary Principle 
• 'distributive justice' (Rawls) covers distribution of risks across groups, times and places  

• failure to take into account deleterious effects of our actions on the fetus and infant 
offends against 'consequentialism'  

• framing of concepts of uncertainty and of risk involves ethical questions — covering 
scientific ignorance of effects on the fetus and future human beings under the term 
'uncertainty'  

• damage to the DNA means harm to future generations 

• ozone pollution depends on distant, even hemispheric pollution, implying a need to 
consider stakeholder interests outside national and EU boundaries. 

Who represents children? 
The affected-party-participation principle: 

‘those affected by a particular decision should have a means of participating in making that 
decision.’  

Analogous to: ‘No taxation without representation!’   

But what of the unborn and younger children, having limited ability to make properly informed 
choices? What procedures for taking their interests into account — and giving due weight to their 
interests?  

 

 

 

For example, the UK Ministry of Health's 1953 report of the London smog excluded the doubling 
of infant mortality, despite specialists criticising the draft for ignoring the smog's harm to infants 
(Pearce, 2002).   

This set up the myth that the smog's victims were all ‘sick, old and ripe for the sickle’, which 
went publicly unchallenged until the 50th anniversary papers.   

Politicians and governments plan for quite short time scales, whereas the public has relatively 
greater concern for future generations and the future environment. 

 

 

 

There's little doubt that our family-oriented society has an ethical bias towards strongly protective 
and precautionary action for the fetus and infant. But this is not so true of governments. 

The Commission has signalled that children's interests should be covered in the AIRNET 
process and effects on children have come up in the reviews and research papers.  
Who are potential 'stakeholders' on behalf of the fetus and child?   
Where are they in the asthma-ozone and UFP debates? 
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Possibilities 
• Children's Commissioners (as in Scotland, Wales and N. Ireland)  

• Environmental NGOs do defend children's interests, but generally as part of their wider 
agendas 

• Specialist NGOs (such as asthma campaigns) could expand into policy advocacy. 

• Child-oriented NGO charities could take on roles in children's environmental health 

• Groups of concerned scientists and practitioners with child-oriented environmental health 
objectives. 

The arena is open, but such groups have to justify any claim to child/fetus stakeholder status  

a) in a child-specific policy remit and  

b) by a record of engagement with children's groups and the deliberative process.   

The formation of CEHAPE (and the Millennium Goal on infant mortality) will doubtless 
stimulate NGOs to take on a child/fetus stakeholder role. Funding for such capacity building 
should be forthcoming from both charitable foundations and government bodies. 

Conclusions -— implications   
The recent advances on air pollutants' harm to the fetus and child, with all their novelty, 
complexity and uncertainty, need to be brought fully into the deliberative processes of the 
science–policy–stakeholder interface. The CAFÉ and CEHAPE programmes should generate 
independent reviews of modern biomedical toxicology and genomics relating to child and fetal 
health, aimed at informing public debate. CEHAPE should pose the need for capacity building 
among NGOs for the purpose of representing children and cover this in the dissemination 
strategy. Both programmes should also advise policy-makers of the needs  

• to generate advice to pregnant women of reducing exposure to air pollutants, analogous 
to advice on diet etc.,  

• to take precautionary action on ultrafine particles which penetrate the lung into the blood 
stream and potentially across the placenta, and  

• to develop air pollution standards for protecting children as a sensitive and vulnerable 
sub-population. 
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Annex II Programme 

Ninth Annual UK Review Meeting on 
Outdoor and Indoor Air Pollution 
Research 
At Ken Edwards Building, University of Leicester 
20–21 April 2005 
MRC Institute for Environment and Health, University of Leicester  
Wednesday 20 April 

0900–1000 Registration 

1000  Welcome and introduction 

Atmospheric chemistry, exposure measurement and modelling 

1005–1115 Atmospheric chemistry and exposure 

1.1 Comparison of black smoke and PM10 measurements from co-located 
monitors at three UK sites Monica Price, Andrea Lawrence, Kevin Carr 

1.2 Estimating the size-dependent collection efficiencies of hedgerows for 
ambient aerosols Abhishek Tiwary, HP Morvan, Jeremy Colls  

1.3 Characterisation of indoor airborne particles by using real-time mass 
spectrometry Manuel Dall’osto, Roy Harrison 

1.4 Deposit gauge and SO2 measurements as predictors of black smoke: A study 
of co-located monitors 1956-61 Fu-Meng Khaw, Mark S Pearce, Nick D 
Clement, Tanja Pless-Mulloli 

1115–1145 Refreshments and posters 

1145–1300 Exposure measurement and modelling (1) 

1.5 Exposure measurements of indoor ultrafine particles: A pilot study on night-
time patterns Sirinath Jamieson 

1.6 Cornwall Air Quality Strategy (CAQs): Air quality issues in an isolated rural 
area Alex Ledbrooke, Barbara Parsons 

1.7 Influence of environmental tobacco smoke in levels of endotoxin in homes 
Ivan L Gee1, Gael Tavernier, Adrian Watson, Robert Niven, Gillian Fletcher 
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1.8 Modelling human exposure to air pollution in urban populations Mike 
Ashmore, Margaret Bell, Haibo Chen, Sani Dimitroulopoulou, Anil Namdeo, 
Andrew Terry 

1300–1400 Lunch  

1400–1515 Exposure measurement and modelling (2) 

1.9 Factors influencing exposure to traffic related pollutants in urban streets  
Alison Tomlin, Rob Smalley, Doug Boddy, James Tate, Samantha Arnold,  
Adrian Dobre, Janet Barlow, Stephen Belcher 

1.10 Assessment of exposure to nephrotoxic agents from industrial emissions  
Susan Hodgson, Mark J Nieuwenhuijsen, Roy Colvile, Lars Jarup 

1.11 The use of atmospheric dispersion modelling to estimate human exposure to 
chemicals around the landfill site Richard Mohan, Giovanni Leonardi, Alan 
Robins, Stephan Jefferis, Virginia Murray 

General Discussion on Atmospheric chemistry, exposure measurement & 
modelling  

1515–1545 Refreshments and posters 

Seminar on ultra fine particles (1) 

1545–1645 Formation and dispersion of ultrafine particles: Composition, lifetime, 
monitoring and modelling. Roy Harrison  

1645–1730 The ultrafine hypothesis after ten years. Anthony Seaton 

1730–1745 Discussion 

2000  Meeting dinner 

Thursday 21 April 

Seminar on ultra fine particles (2) 

0900-0945 Reactions of ultrafine particles with biological systems. Ken Donaldson 

0945-1030 Policy implications. Martin Meadows 

1030-1045 Discussion 

1045–1115 Refreshments and posters 

Mechanisms 

1115–1215 Mechanisms 

2.1 Nanoparticle and metal interactions and their impact on lung toxicology 
Martin R. Wilson, Peter Barlow, Gary Hutchison, Keith Guy, Alex Griffiths, 
Rickie Simpson, Jill Sales, Vicki Stone 
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2.2 DNA damage and mutations induced by urban particulate matter Michael 
Routledge, K Healey, Chris Wild, Alison Tomlin 

2.3 Effects of nanoparticles on mediator release by primary human alveolar 
epithelial cells and macrophages Sarah Kemp, K-L Choy, Bob Maynard, P 
Goldstraw Terry Tetley 

General Discussion on Mechanisms 

1215–1315 Lunch and posters 

Epidemiology & human health 

1315-1445 Epidemiology & human health (1) 

3.1 Imaging changes in pulmonary inflammatory cell activity following cigarette 
smoking Hazel Jones, Alan Boobis 

3.2 The APHENA project – results of analyses of hospital admissions K 
Katsouyanni, J Samet, H Ross Anderson, Richard Atkinson, A Le Tertre, A 
Zanobetti 

3.3 Congestion charging scheme in London (its impact on air quality and health)  
Ben Barratt, Sean Beevers, Richard Atkinson et al 

3.4 Does soci-economic status modify the effect of particulate pollution on 
mortality? Melanie Carder, Raymond Agius, Roseanne McNamee, Iain 
Beverland, Rob Elton, Martie Van Tongeren, James Boyd 

3.5 Constructing a birth record database for environmental research: An 
historical cohort study 1961-92 Svetlana Glinianaia, Tanja Pless-Mulloli, Mark S 
Pearce, Martin Charlton, Judith Rankin, Louise Parker 

1445–1515 Refreshments and posters 

1515–1630 Epidemiology & human health (2) 

3.6 Particle species and daily hospital admissions in the West Midlands 
conurbation, 1995-2001 Stephen Bremner, Richard Atkinson, Roy Harrison, 
Ross Anderson 

3.7 The association between long-term exposure to air pollution and mortality in 
Scotland Christina Yap, Iain J Beverland, Raymond Agius, David Hole, Chris 
Robertson,  
Geoff Cohen, Mathew R Heal, George Morris  

3.8 Are cardiopulmonary patients more susceptible to pollutant related 
mortality? A cohort analysis. Roseanne McNamee, Sarah Hadley, Melanie 
Carder, Iain Beverland, Rob Elton, James Boyd, Martie Van Tongeren, Raymond 
Agius 

General Discussion on Epidemiology & human health  

Close of meeting 
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Posters 

4.1 Monitoring in-vehicle exposure to particulate matter: Overview of project results  
Birgit Krausse, John Mardaljevic 

4.2 The impact of air cleaning on indoor air quality in a UK pub Ivan Gee, Adrian Watson 

4.3 Modelling of historic exposure to air pollution Monica Price, Andrea Lawrence, Kevin Carr 

4.4 Measurement and modelling of exposure to air toxics and verification by biomarker  
Roy M Harrison, Stuart Harrad, Sotiris Vardoulakis, Juana-Maria Delgado, Stephen Baker, Claire 
Meddings, Noel Aquilina 

4.5 A pilot study of nanoparticulate exposure in a saturation welding habitat John Ross,  
Jon Ayres, G Moir, G Henderson, A Raab, J Feldman 

4.6 A pilot study of the toxicity of dust generated during welding operations in a hyperbaric 
welding habitat John Ross, Jon Ayres, G Moir, G Henderson, Ken Donaldson, S Duggan,  
IS Mudway, Frank Kelly. 

4.7 Corona ion emissions from high voltage power lines and implications for human health  
Paul Keitch 

4.8 Bio-aerosols, static electric fields and hospital infections Denis Henshaw 

4.9 Effect of exposure to a low level of formaldehyde on inhaled allergen responses in asthmatic 
subjects Véronique Ezratty Catherine Neukirch, Gaëlle Orset, Marcel Bonay, Serge Koscielny, 
Pierre-André Cabanes, Jacques Lambrozo, Michel Aubier 

4.10 Health effects of diesel exhaust in asthmatic patients; a real world study James McCreanor, 
James Stewart-Evans, Eleni Malliarou, In-Kyu Han, Jim Zhang, Magnus Svartengren, Pam 
Ohman-Strickland, Lars Jarup, Paul Cullinan, Fan Chung, Mark Nieuwenhuijsen 

4.11 Cardiac rhythm and personal exposure to air pollution in patients with heart failure — A 
description of the study population Justin Barclay 

4.12 Is noise a confounder when assessing the impact of air pollution on cardiovascular 
outcomes? A Scaife, G Henderson, G Moir, Jon Ayres 

4.13 A study of relationship between air pollution, social deprivation and health in Leeds Anil 
Namdeo, Claire Stringer 

4.14 Where do children come in air pollution policy? Max Wallis   
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