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1 Workshop Report 

Introduction 
In 1994 the MRC Institute for Environment and Health (IEH) began investigating, with the 
Department of Health (DH) and the then Department of the Environment (now the Department for 
Environment, Food and Rural Affairs, Defra) what the priorities should be for research on air 
pollution and its impact on human health in the UK. Since then IEH has played a major part in co-
ordinating the Joint Research Programmes on Outdoor and Indoor Air Pollution with the two 
departments and the Medical Research Council. Six annual review meetings have now been hosted 
by IEH at the University of Leicester (1997–2002) to assess progress in the research programmes; 
the proceedings of the third annual review meeting have been published (IEH, 2000). 

Over the years the annual review meetings have increasingly attracted interest and participation 
from UK research groups other than those included in the original Joint Research Programmes. 
With this, the sixth annual meeting, held on 4–5 April 2002 at the University of Leicester, the 
scope has been extended further, and presentations have been included on a range of ongoing 
research projects supported by a number of UK and international sponsors. 

The aims of the annual review meetings are to provide an opportunity for researchers active in the 
field to present proposed, continuing or completed work, and to facilitate exchange of information 
and expertise between researchers and with those sponsoring UK research on air pollution and 
health. It is hoped that the publication of these proceedings of the sixth annual review meeting will 
further support these aims. Some of the main points from the discussions at the meeting are 
reported briefly below. 

Characterisation of active components of ambient particulate 
matter 
As demonstrated by a number of studies described herein, determination of the composition of 
ambient particulate matter (PM) continues to be an important activity, both to identify potentially 
active components of PM and also for source apportionment. Most evidence suggests that the 
oxidative capacity of ambient PM is related to the presence of transition metals (see e.g. 2.1, 2.3), 
iron in particular. Although up to 40% of ambient PM in the UK is carbonaceous material, only a 
very small percentage of the organic material in PM has been identified (3.2). The high costs 
estimated for a fairly modest reduction in ambient PM10 levels over the next decade (4.2) lend 
support to the need to identify the active component(s) of PM in order to target most effectively 
measures to reduce the impacts of such pollution. It is noteworthy that chemical analyses and 
microscopic partic le-by-particle analyses to determine the chemical composition of PM could be 
expected to give different results. Comparative studies could be informative in helping to refine 
the actual chemical compositions of different PMs.  

Bioreactivity of ambient particulate matter 
The relevance to the in vivo situation of in vitro evidence for a strong oxidative capacity of PM is 
not clear. The in vivo activity of many PM10 samples is less than would have been predicted from 
their in vitro activity (e.g. 2.3). Different defence systems in the lung could have different impacts 
on the in vivo toxicity of PM, depending on particle size and surface chemistry. Certainly the 
effectiveness of the antioxidant barrier is known to vary between healthy and less healthy people.  

There are various pathways and mechanisms by which antioxidant activity in the lung lining fluid 
is maintained. For dietary antioxidants, such as ascorbic acid, feedback systems replenish 
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antioxidant activity in the lining fluid following oxidative challenge. For glutathione, which is 
synthesised in vivo, oxidative stress causes up-regulation of glutathione producing enzymes, such 
that glutathione levels increase above normal as a result of oxidative challenge. It is possible that it 
is not simply the amount of antioxidant activity on the lung surface that is important, but how 
quickly such activity is replenished in time of need. Thus both genetic and dietary factors may 
influence oxidative activity in the lung, and experimental in vivo studies, manipulating the diet, 
could be conducted to investigate this.  

Epidemiological studies 
Previous Annual UK Review Meetings on Outdoor and Indoor Air Pollution have noted the need 
for more studies among susceptible groups, and two such studies are reported herein (5.2, 5.3). 
Studies such as that on the contribution of age to sensitivity to environmental toxins (5.3) might 
usefully be extended to look at susceptible groups other than the elderly. 

While current data indicate a lack of impact of any publication bias on estimates of the effects of 
ambient PM on mortality and morbidity (5.5) and despite some suggestions that little may be 
gained from more time-series or panel studies, further studies might still help explain the apparent 
heterogeneity in results arising from epidemiological studies conducted to date. 

As presented previously at annual research review meetings, much benefit may be obtained from 
the analysis of existing and routinely collected data, especially when addressing the impact of 
long-term exposure to air pollution (e.g. 3.6, 5.6). Further identification and review of old records 
may prove informative. 

Structure of report 
Presentations at the meeting were divided into sections on toxicity and mechanisms, exposure, 
public health impact, and epidemiology. Extended abstracts of both oral and poster presentations 
are included in Sections 2–6. Participants at the sixth annual meeting are listed in Annex 1 and the 
programme is reproduced in Annex 2. 

Reference 
IEH (2000) Joint Research Programmes on Outdoor and Indoor Air Pollution — A Review of Progress, 1999, Leicester, 
UK, MRC Institute for Environment and Health
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2 Toxicity and Mechanisms 

2.1 Particulate matter in London urban air is highly 
oxidising 
Kelly FJa, Mudway ISa, Duggan Sa, Moreno Tb & Richards RJb 

aEnvironmental Research Group, School of Health & Life Sciences, King’s College London 
bParticle Research Group, Cardiff School of Biosciences, Cardiff University 
 

Background 
Although the impact of ambient particulate matter (PM) on cardiopulmonary morbidity and 
mortality is firmly established, the mechanism underlying this toxicity is unclear. On entering the 
lung, PM initially reacts with antioxidants within the thin layer of liquid that covers the 
epithelium, the respiratory tract lining fluid (RTLF). Depletion of these antioxidants — vitamin C 
(ascorbic acid; AA), uric acid (UA) and reduced glutathione (GSH) — provides an index of the 
oxidative activity of PM (Zeilinski et al., 1999). Using this knowledge, we devised a test to 
investigate the oxidative capacity of ambient PM. 

Protocol  
Particles were collected from ambient air at a central London site (SE1) for a period of 28 days 
(20th August–17th September, 2001) using a particle collector developed by Harvard University. 
This sampler operates at 1100 l/min, collecting particle fractions in the size range 10–2.5 µm 
(PM10–2.5) and 2.5–0.1 µm (PM2.5–0.1) onto two polyurethane foam substrates. Physicochemical 
characterisation of these particle fractions was performed by analysing 500 particles for each 
fraction using scanning electron microscopy and transmission electron microscopy electron probe 
X-ray microanalysis. PM10–2.5 and PM2.5–0.1 particulate fractions were recovered from the substrates 
by vortexing for an hour in double distilled water and then gentle sonication for one minute. 
Synthetic RTLF containing 200 µmol/l each of AA, UA and GSH was prepared at pH 7.4 and 
particulate fractions added to final concentrations of 50, 100 and 150 µg/ml. These doses were 
calculated to equate to RTLF concentrations that would occur if atmospheric concentrations of 
particles in the range 50–150 µg/m3 were breathed in active subjects (volume of air expired in 1 
min (VE), 40 l/min) for a period of eight hours. For comparison, residual oil fly ash (ROFA; 
50 µg/ml) was included as a positive control, and M120 (an inert carbon black; 50 µg/ml) as a 
negative control. Incubations were undertaken for 4 h at 37 °C, at which time samples were 
acidified (to stop the reactions) and particles removed by centrifugation. Samples were then 
assessed for concentrations of AA, UA and GSH by high performance liquid chromatography 
(HPLC). 

Results 
Exposure of artificial RTLF to PM10–2.5 or PM2.5–0.1 led to a significant (p<0.05) and dose-
dependent loss of AA and GSH (Figure 1). Notably at 50 µg/ml losses due to PM10–2.5 and  
PM2.5–0.1 were significantly greater than those seen with ROFA. Moreover, the PM2.5–0.1 fraction 
appeared no more active than PM10–2.5, despite its greater surface area, suggesting significant 
compositional differences between the two fractions. Particle characterisation revealed that the 
PM10–2.5 fraction is dominated by silicates and nitrates (40%) with smaller proportions of 
sulphates, chlorides and iron spherules, whereas the PM2.5–0.1 fraction is mainly composed of 
sulphates and elemental and organic carbon compounds (83%). Whilst both GSH and AA were 
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depleted by both PM fractions, the mechanism of this action was different from that seen with 
ROFA, which did not significantly deplete GSH. Neither particle fraction, nor indeed ROFA, had 
any impact on urate. Co-incubation of the antioxidant–particle mixtures with the iron and copper 
chelator diethylenetriaminepentaacetic acid (DETPA, 0.2 mmol/l) resulted in near complete 
protection against the antioxidant losses observed. In contrast, whilst co-incubation with the free 
radical scavengers, superoxide dismutase (SOD, 50 U/ml) and catalase (CAT, 150 U/ml) resulted 
in a partial inhibition of AA and GSH oxidation (40–50%), the hydroxyl radical scavenger 
dimethylsulphoxide (DMSO) did not elicit any protection. 

Figure 1 GSH and AA concentrations in artificial RTLF at time zero (0 h) and following a 
four-hour incubation at 37 °C in the presence of increasing concentrations of PM10–2.5, 
PM2.5–0.1, ROFA and M120. All values represent the mean ± SD (n = 3–6) 

 
Comparison of mean values was performed using a Two-Way ANOVA, with multiple comparisons using the Student-Newman-Keuls 
test. All antioxidant concentrations were significantly (p<0.05) depressed relative to the 4 h control at each of the particle 
concentrations. + Indicates that the concentrations of AA and and GSH at 50 mg/mL were significantly depressed (p<0.05) compared 
with ROFA. * Indicates that the concentration of AA or GSH at a given dose is significantly depressed in the PM10 compared with the 
PM2.5 fractions.   Indicates that the concentration of GSH at time 4 in the particle free control has significantly fallen (p<0.05) relative 
to the concentration at  time zero.

ê �
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Conclusions 

These data raise a number of important issues relating to the toxicity of London PM. First, both 
PM10–2.5 and PM2.5–0.1 contained high concentrations of transition metals and displayed a significant 
oxidative capacity, greater even than ROFA. Second, as there was little difference in reactivity 
between the two particle size fractions, these data suggest that more emphasis should be placed on 
particle composition and the regulation of toxic components of PM rather than simply on PM 
mass. Third, the mechanism underlying the toxic action of PM is still not well understood, but it 
does not seem to occur through Fenton-like chemistry. 

Reference 
Zielinski H, Mudway IS, Bérubé KA, Murphy S, Richards R & Kelly FJ (1999) Modelling the interactions of 
particulates with epithelial lining fluid antioxidants. Am J Physiol, 277, L719–L726 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Acknowledgements: We are grateful to the US Environmental Protection Agency for the gift of the ROFA 
sample. This study was supported by an MRC Co-operative Group grant (ref G9901020). 
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2.2 Ozone does not potentiate oxidative damage 
caused by PM10 or PM2.5 in human alveolar 
macrophages in vitro 
Payne J, Moreno T, Richards R, Kelly F & Tetley T 
Lung Cell Biology, NHLI, Imperial College School of Medicine, London 
 

Episodes of high particulate and ozone air pollution are associated with increased mortality and 
impaired pulmonary function in humans. This is thought to be mediated, in part, by the generation 
of radical species, which adversely affect cell function. Therefore, susceptibility to inhaled 
oxidants is dependent on the antioxidant composition of the respiratory tract lining fluid. DNA 
damage in cultured cells can be used as a biomarker of oxidant exposure, via assays such as single 
cell gel electrophoresis (SCGE), a simple and highly sensitive assay for DNA strand breaks. Here 
we report the application of SCGE to determine ozone-induced and particulate-induced DNA 
damage in primary cultures of human alveolar macrophages. Cells were apically exposed on 
polyester transwell membranes to PM10, PM2.5 (1 or 10 mg/ml) or ozone (O3, 1000 ppb), or 
particulates plus ozone (10 mg/ml, 1000 ppb) and assessed for DNA damage using SCGE. In 
addition, we examined the protective effects of bronchoalveolar lavage fluid (BAL) versus Hank’s 
balanced salt solution (HBSS). We failed to observe any significant deviation from control values 
with ozone alone, although both PM10 and PM2.5 elicited dose related increases in DNA damage. 
However, this damage was not noticeably different between the two particle sizes, nor was it 
increased by co-exposure with ozone. In addition, we did not observe any obvious protective effect 
of BAL. We also measured cellular levels of γ-glutamyl transferase (GGT), a critical enzyme in 
regulating cellular reserves of glutathione. Six-hour exposures to ozone (1000 ppb) and particles 
(0.5 or 5 mg/ml) failed to elicit a striking increase in GGT levels in human macrophages, although 
there was a trend for increased GGT activity However, both sizes of particle elicited a significant 
increase in GGT levels in human type II epithelial cells, in a concentration dependent fashion. 
These studies suggest that there is oxidative damage as a result of exposure to respirable particles. 
However, we have not found a synergistic effect of ozone and particles, and BAL does not appear 
to be protective. 
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2.3 Urban versus industrial PM10: The oxidative role 
of iron 
Greenwell LLa, Moreno Ta, Amal Rb & Richards RJa 
aCardiff School of Biosciences, Cardiff University 
bCentre for Particle and Catalyst Technologies, School of Chemical Engineering and Industrial 
Chemistry, The University of New South Wales, Australia 
 

Introduction 
In recent years, a possible correlation between increased airborne particulate pollution and 
population-level effects has been discovered. Some current hypotheses consider oxidation in the 
pulmonary milieu induced by inhaled PM to be an important mechanism of bioreactivity. Due to 
the heterogeneity of PM10, identifying possible oxidative sources within samples can be complex. 
This study was designed to further elucidate the possible sources of oxidative bioreactivity within 
PM samples from urban (Cardiff) and industrial (Port Talbot) regions. 

Study description 
Gravimetric comparison of real time PM mass measurements demonstrate that Port Talbot 
generally has higher PM levels than Cardiff (Clark, 1996). PM samples were collected at both sites 
using a C30 Horizontal Elutriator (Negretti, UK; Figure 1a,b), and subsequent morphological 
analysis showed that the urban samples contained significantly more soot and significantly less 
mineral and smelter particles than did the industrial collections (Table 1). Comparative 
toxicological analysis (in vitro) of these samples showed that the industrial collections had 
approximately three times the oxidative capacity of the urban samples, and that the majority of this 
bioreactivity was retained in the soluble fraction of these samples. Ion exchange chromatography 
of the soluble ions showed that the urban collections contained significantly more sulphate ions 
and significantly fewer chloride ions than the industrial samples, and scanning electron 
microscopy with energy dispersive X-ray analysis (SEM-EDX) showed that the industrial samples 
contained significantly higher levels of iron. Artificial fine (200 nm diameter) and ultrafine (70 nm 
diameter) haematite (Fe2O3) particles were subsequently investigated. Field emission scanning 
electron microscopy (FESEM) images showed little particle aggregation (Figure 2a,b), and 
allowed accurate calculation of size distribution (fine, 209 ± 2 nm; ultrafine, 70 ± 0.5 nm in 
equivalent spherical diameter). These samples were then assayed for oxidative bioreactivity. The 
ultrafine haematite was discovered to have approximately three times the bioreactivity of the fine 
haematite when compared by mass, correlating neatly with the relative surface area of the ultrafine 
haematite, being three times greater for an equivalent mass of fine haematite. 

Aggressive doses of both the ultrafine and fine haematite samples were then tested by intra-
tracheal instillation in vivo. The fine haematite displayed limited bioreactivity at 3-day and 7-day 
incubations, with none of the measures taken of lung : body weight ratio, the amount of acellular 
protein in the lung lavage (indicative of oedema), or the size of the lymph nodes, being 
significantly different from the controls (p>0.05). The number of free cells was significantly 
elevated, indicating inflammation, after 3 days, but this had returned to control levels after 7 days. 
This response is similar to the response seen with carbon black (Richards et al., 1999). The 
ultrafine haematite did display some limited bioreactivity, particularly after 7 days, with 
significant increases in the number of free cells and the size of the lymph nodes being the most 
notable differences (p<0.05). 

 



 
IEH Web Report W12, posted December 2002 at http://www.le.ac.uk/ieh/ 

12 
 

Figure 1a FESEM Micrograph of a typical urban (Cardiff) PM10 collection; b FESEM micrograph of a typical industrial (Port Talbot) PM10 collection 
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Figure 2a FESEM micrograph of ultrafine haematite (70 nm diameter); b FESEM micrograph of fine haematite (200 nm diameter) 

 

 

200nm 200nm 
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Discussion 
The evidence from this study has demonstrated that few differences exist between urban and 
industrial PM10 collections, but that one of those differences, and a possible source of 
oxidative bioreactivity, could be the amount of iron in the samples. In this study, haematite 
has been proven to have significant oxidative capacity and is more bioreactive in ultrafine 
form than when present as a fine particle. This activity correlates entirely with relative surface 
area. This result could explain in part the higher oxidative potential of Port Talbot PM10, 
which is enriched with iron-containing particles. However, this oxidative capacity is 
seemingly diminished in vivo. Further tests are scheduled to ascertain whether the protection 
against the haematite in vivo is due to the activity of specific antioxidants, or to effective 
clearance mechanisms. 

Table 1 Morphological comparison of urban and industrial PM10 collections 

Particle Urban collection (%) Industrial collection (%) 

Soot  86.7  72.70 
Mineral  5.80  20.25 
Gypsum  4.12  4.37 

Smelter  0.60  1.98 
Salt  0.25  0.45 
Pollen  0.06  0.06 

Metal oxide  0.00  0.19 

 

References 
Clark H (1996)  The UK National Air Quality Information, London, UK, Department of the Environment, 
Transport and the Regions, available [1996] at http://www.aeat.co.uk/netcen/airqual 

Richards RJ, Bérubé KA, Masek L, Symons D & Murphy SA (1999) The biological effects on lung epithelium of 
well-characterised fine particles. In: Howard V, Maynard R, eds, Particulate Matter , Oxford, UK, BIOS Scientific 
Publishers, pp 97–113 
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2.4 Effects of PAHs in environmental pollution on 
exogenous and endogenous DNA damage 
Farmer PB* 
Cancer Biomarkers and Prevention Group, The Biocentre, University of Leicester 
 

Summary 
This project (acronym EXPAH) is funded by the EU Fifth Framework Programme, Quality of 
Life and Management of Living Resources. The participants are P.B. Farmer (UK), R. Sram 
(Czech Republic), I. Kalina (Slovak Republic), T. Popov (Bulgaria), S. Garte (Italy), A. 
Gabelova (Slovak Republic) and A. Cebulska-Wasilewska (Poland). The project will evaluate 
the hypothesis that polycyclic aromatic hydrocarbons (PAHs) are a major source of genotoxic 
activities of organic mixtures associated with air pollution. Exposure to PAHs results in 
exogenous DNA damage, but the importance of any endogenous DNA damage caused 
because of the exposure is unknown. In this study, exposure of three populations exposed to 
PAHs will be measured and life-style factors determined. Exogenous exposure of DNA to 
PAHs will be measured by determination of adducts, protein induction and gene expression, 
and endogenous damage by measurement of oxidative DNA modification. The biological 
effect will be monitored by determination of chromosome aberration, and susceptibility by 
genotyping a wide variety of enzymes involved in carcinogen metabolism. Model in vitro cell 
systems will be evaluated for their potential use in studying the impact of PAHs in complex 
mixtures of air pollution origin. The project should help to define which biomarkers should be 
used in risk assessment of environmental exposure to PAHs. 

Experimental approach 
For the human studies, three groups of exposed subjects (subject number 200, policemen or 
bus drivers) will be selected from Prague, Kosice and Sofia; 50 controls will also be studied 
in each city (i.e. total number of subjects is 350). The populations will be followed in winter, 
owing to exposure being highest during this season at the selected sites. Ambient air levels 
will be measured by stationary monitoring during 12 months of the study. In the period of 
sampling, personal exposure monitoring will be carried out in all subjects during their 
working shift. Blood samples will be collected at the end of each shift, and urine samples will 
be collected before and after the shift. Blood samples (total 80 ml) will be processed into 
plasma, erythrocytes and lymphocytes. All the subjects will complete a questionnaire, through 
which demographic, smoking and dietary information will be collected. 

The following analyses will be carried out. 

The filters from both the ambient and personal samplers will be used for chemical analysis of 
PAHs by high performance liquid chromatography (HPLC) with fluorimetric detection. 
Cotinine will be measured in urine to evaluate possible confounding exposures to tobacco 
smoke. The antioxidant status of the subjects will be assessed by analysis of vitamins A, C, E 
and β-carotene in plasma. High and low density lipoproteins (HDL and LDL), total 
cholesterol and triglycerides will be measured in plasma samples. The extent of modification 
of lymphocyte DNA by exogenous chemicals (PAHs) will be determined by 32P-postlabelling 
assay using the nuclease-P1 enrichment procedure. The induction of protein p21WAF1  and p53 
in plasma will be determined by ELISA and Western blot immunoassays as an indicator of 
cell response to DNA damage. Gene expression at the mRNA level will be determined from 

                                                                 
* Unable to attend meeting 
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blood. Quantitative reverse transcription – polymerase chain reaction (RT-PCR) will be used 
to determine relative levels of expression of the CYP1A1, CYP1B1 and AhR genes. 
Chromosome aberrations will be measured by the conventional method and by fluorescent in 
situ hybridisation (FISH). As biomarkers of oxidative and other endogenous damage, 
malondialdehyde/guanine adducts in lymphocyte DNA will be determined by an immunoslot 
blot procedure, and 8-hydroxy 2'-deoxyguanosine will be measured in DNA by a novel liquid 
chromatography-mass spectrometry/mass spectrometry (LC-MS/MS technique). Genotype 
analysis on white blood cell DNA for metabolic polymorphisms will be performed by a PCR-
based method. The genotypes considered will include N-acetyltransferase 2 (NAT2), 
glutathione-S-transferase (GSTM1, GSTT1, GSTP1) and cytochromes CYP1A1, CYP1B1. 
The Comet assay will be used to determine repair ability of human cells. For the in vitro 
studies, particulate matter collected from high volume samplers in each city will be extracted, 
chemically analysed for PAH contents and incubated with human cells. DNA damage and the 
kinetics of DNA repair will be analysed using alkaline DNA unwinding (ADU) and the 
Comet assay, and other biomarkers analysed as described above. 

Progress to date 
The project started in 2001 and so far collections of human samples have been completed in 
Prague and Kosice. Air monitoring is complete or underway in the three cities, and biomarker 
analysis is in progress. Early results indicate that in Prague the exposed group had 
significantly greater exposure to PAHs than the control group. 
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3 Exposure 

3.1 Interpretation of airborne particle mass and 
composition of paired roadside and urban 
background sites 
Harrison RMa, Lawrence Ra, Jones AMa, Barrowcliffe Rb & Newton Ab 
aDivision of Environmental Health and Risk Management, The University of Birmingham 
bEnvironmental Resources Management, London 
 

Introduction 
The major component chemical composition of airborne particles is a valuable indicator in 
source apportionment. Major components derive from both primary and secondary sources, 
and include components resuspended from the land and road surface. In this work we have 
sought to develop algorithms for mass closure (i.e. accounting for 100% of PM2.5 and PM10 
particle mass by measured chemical components), and to examine the difference between data 
from roadside and nearby urban background locations. 

Methodology and results 
Four paired sets of sites were used, three in London and one in Birmingham. Each pair of 
sites comprised one heavily-trafficked location and a nearby urban background site for 
comparison. The original primary aim of the work was to quantify the increment in PM2.5 and 
PM10 mass at the roadside location, but work has extended to include major component 
chemical analysis. Samplers were installed for a period of about four weeks in each season at 
a pair of sites, comprising two Partisol Plus Sequential Dichotomous Samplers at each site, 
one equipped with PTFE filters, the other with glass fibre. 

Samples collected over a period of 24 h were analysed for the following components: 

• coarse and fine particle mass, by weighing in the laboratory; 

• sulphate, nitrate and chloride content, by ion chromatography; 

• iron and calcium content by digestion in oxidising acids and analysis by atomic 
absorption spectrophotometry; and 

• organic and elemental carbon, by combustion of the sample in oxygen and measurement 
of the evolved carbon dioxide by infra-red absorption, using the temperature of 
combustion to distinguish between carbon in its elemental form and carbon in organic 
compounds. 

The analytical data have been adjusted as follows: 

• sulphate increased to represent the mass of ammonium sulphate; 

• nitrate increased to represent the mass of ammonium nitrate; 

• chloride increased to represent the mass of sodium chloride; 
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• iron or calcium increased by a constant factor to represent the mass of crustally-derived 
particles from soil and road dust resuspension, etc; and 

• the mass of organically-bound carbon increased by a factor to allow for the other 
associated elements. 

The elemental carbon mass data  are used unadjusted. 

The sum of the masses of individual components has then been compared with the 
gravimetrically determined mass of particles, either as PM2.5 or PM10. By and large, good 
mass closure has been obtained, with about 90% of PM10 mass accounted for. Typically, mass 
closure is highest for coarse particles (PM2.5–10) whilst it is less for PM2.5. The mass that is 
unaccounted for is probably due to residual strongly bound water, which is not analysed. 

When the increment between the roadside and nearby urban background data has been 
examined, it is found that this is almost entirely accounted for by elemental and organic 
carbon in the PM2.5 size range and by the crustal component in the coarse particles (PM10 
minus PM2.5). 

Conclusion 
The work shows that, by appropriate weighting of measured components, a good mass closure 
can be obtained from a relatively simple set of analyses. The chemical nature of the roadside 
increment is explicable in terms of carbonaceous fine particles and resuspended coarse 
material. The results have great potential for use in source apportionment of particulate matter 
in the urban atmosphere. 
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3.2 Sources and composition of the organic 
component of urban airborne particulate 
matter 
Harrad S, Hassoun S & Harrison RM 

Division of Environmental Health & Risk Management, School of Geography and Environmental 
Sciences, The University of Birmingham 
 

Background and objectives 
Widespread health concerns exist concerning human exposure to atmospheric particles. An 
estimated 40% of the mass of UK airborne particles is thought to be made up of organic 
chemicals. To date, there have been no detailed studies of the organic chemical content of 
airborne particles sampled in the UK. If the health effects of airborne particles are to be fully  
understood, then such a study is absolutely crucial. In addition to the health imperative for a 
fuller chemical characterisation of the organic fraction of airborne particles, there is 
significant potential in the use of individual chemical components of this fraction as 
‘indicators’ of different sources of particles. 

In light of the above, this paper has two objectives, namely: 

• to chemically characterise the organic fraction of urban aerosol; and  

• to use this knowledge to improve understanding of the sources of airborne particles. 

Methods 
Air sampling 
Using standard high volume sampling apparatus to collect both particulate matter (as total 
suspended particulate, TSP) and the associated vapour phase, 24 samples of ambient air were 
simultaneously taken on weekdays at approximately fortnightly intervals at each of two sites 
in Birmingham. Site A was about 10 m from a heavily-trafficked road, while Site B was about 
800 m west of Site A, about 500 m from the nearest road and within the ‘green space’ of the 
University of Birmingham campus. It is thus reasonable to assume that differences in air 
composition between the two will be largely due to their relative proximity to, for example, 
traffic and biogenic emissions. 

Analytical methodology 

All samples were stored in airtight glass jars at 4 °C until extraction, purification and analysis 
using well-validated gas chromatography-mass spectrometry (GC-MS) procedures. 

Results and discussion 
Chemical characterisation of the organic component of urban airborne 
particles 

Overall, in addition to the inorganic anions nitrate and sulphate, we quantified 160 individual 
organic compounds. They may be broken down into the following broad categories: 

• aliphatic hydrocarbons (C16–C34 n-alkanes, and petroleum biomarkers, i.e. pristane, 
phytane, hopanes and steranes); 
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• aliphatic monoalcohols (C10–C29 n-alkanols); 

• aliphatic monocarboxylic acids (C8–C29 n-alkanoic acids); 

• polycyclic aromatic hydrocarbons (PAH and alkyl PAH); 

• aromatic oxygenates (e.g. phenolics, aldehydes and ketones); and 

• aliphatic dicarboxylic acids (C5–C10). 

For each sample, we calculated the sum of all target compounds and expressed this as a 
percentage of the concentration of extractable organic matter (EOM). At site A (trafficked 
site) we were able to account for on average 3.3 ± 5.2% of EOM, while at site B, the figure 
was 2.2 ± 4.5%. Similarly, the sum of organic compounds quantified accounted for an 
average of 0.50 ± 0.31% and 0.63 ± 0.39% of TSP at Site A and B, respectively. Our data are 
not inconsistent with previous reports from overseas. 

Source apportionment 

Our data are consistent with greater traffic inputs at site A (e.g. lower n-alkane carbon 
preference index (CPI) values, higher concentrations of PAH, n-alkanes below C26, pristane, 
phytane, hopanes and steranes). A biogenic input at site B is also discernible (e.g. higher 
concentrations of n-alkanes above C26 (e.g. tetratriacontane) and intersite and seasonal 
differences in both n-alkane and n-alkanol CPIs). Furthermore, the comparatively low 
concentrations of palmitic, stearic and oleic acids indicate that cooking is not a major 
emission source at our sites. No significant intersite differences were observed in 
concentrations of a number of compounds including fluoren-9-one and glutaric acid. This, 
coupled with a strong correlation with nitrate and sulphate for the latter, is consistent with 
reports that these compounds are formed via secondary processes. 
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3.3 The high-volume collection and 
characterisation of airborne particles in the UK 
Moreno Ta, Kelly FJb, Mudway ISb, Jones TPc & Richards RJa 
a School of Biosciences, Cardiff University 
b Environmental Research Group, School of Health & Life Sciences, King's College, London 
c Earth Sciences Department, Cardiff University 
 

Background 
The collection of large amounts of airborne particulate matter (PM) over short periods of time 
has obvious benefits for toxicological studies, allowing rapid supply of enough fresh material 
for assays and particle characterisation. A high-volume air particle collector (originally 
developed by Harvard University), operating at 1100 l/min, is currently being used to collect 
PM10 and PM2.5 separately in specific locations throughout the UK, chosen according to their 
air pollution range. To date (2002), airborne samples have been collected in London, 
Birmingham, Port Talbot and Cardiff. Future locations also include Belfast and south 
Cornwall. 

Methodology 
The high-volume collector is transported on a car trailer (Figure 1a) and uses a mains 40A 
electrical supply. We have adapted it to meet our specific requirements: the equipment needs 
to be mobile, capable of rapid collection of large volumes of sample during pollution episodes 
and to meet all environmental legislation regarding noise levels. The sampler uses a stack of 
three impactor levels (Figure 1b) with polyurethane (PUF) substrates (H2N-C(=O)O-CH2CH3) 
that are chemically inert and have a porous texture, allowing maximum surface for collection. 
Particle extraction from the PUF substrates is by sequential washing in doubled distilled water 
in combination with one hour agitation generated by a Vortex Genie II, followed by a gentle 
sonication for two minutes. No other liquids are used, in order to avoid chemical reactions 
with the PM. The resulting PM-containing water is then freeze-dried to obtain the final solid 
particles. By refining our extraction techniques, 80% PM sample retrieval is currently being 
achieved during the first wash. 

Figure1a High-volume collector being transported in a trailer from London to Cornwall 
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Figure1b Sketch of the three impactor levels where airborne particles are collected  

 
Results 
Up to 39 mg/day of total PM (PM10 and PM2.5) have been collected at the Cardiff location, 
depending on weather conditions, with the highest amount of sample being collected during 
cold and dry weather (470 mg/month average). Physicochemical characterisation of the 
particles is obtained using scanning electron microscopy (SEM), transmission electron 
microscopy – electron probe X-ray microanalysis (TEM-EPXMA) and X-ray diffractometry 
(XRD). A minimum of 500 particles per sample is analysed in order to obtain a representative 
result. The characterisation shows a wide range of different particles including silicates, iron 
spherules, ammonium and calcium sulphates, chlorides and nitrates, in addition to elemental 
and organic carbonaceous particles. Although each location shows its own characteristic 
range of particles, the PM2.5 substrate is always very homogeneous and dominated by vehicle 
emission particles, sulphates and chlorides, whereas the larger fraction contains more iron 
spherules and mineral and biological particles. The most characteristic features of each 
sample show Port Talbot to contain the highest amount of iron spherules (35% in PM10, 29% 
in PM2.5), linked to a nearby steelworks factory, and London to contain the highest content of 
traffic -related particles (those containing noticeable amounts of zinc, lead and/or platinum-
group elements; 52% of particles in PM10 and 41% in the PM2.5 fraction). The other locations 
studied so far, Cardiff and Birmingham, have a less individually distinctive pattern, with a 
coarse fraction dominated by sulphides, chlorides, nitrates and elemental and organic carbon 
particles, and a fine fraction with similar compositions but different proportions of each type 
of particle. 

The characterised samples are being used by three laboratories in the UK for a spectrum of 
bioreactivity studies. These include King’s College (antioxidant effects) and the National 
Heart and Lung Institute (human lung cell studies) in London, and Cardiff Biosciences 
(oxidative potential, toxicogenomic studies). 

Conclusion 
High-volume collecting technology provides the potential to supply exceptional amounts of 
particulate matter, in a short period of time, for toxicological assays and geological analyses 
(such as XRD) that require relatively large amounts of material. 

Acknowledgements: We are very thankful to Martin Hooper (Neath Port Talbot County Borough 
Council) and the Groeswen Hospital in Port Talbot, Bob Appleby (Birmingham City Council) in 
Birmingham and the St Thomas Hospital in London for their help while locating and collecting with 
the high-volume sampler. This research project is financed by MRC (G9901020) 
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3.4 Characterisation and bioreactivity of ‘old’ 
and ‘new’ pollutant soots 
 
Whittaker AGa, Jones TPb, BéruBé KAa, Shao Lc, Shi Zc, Goldsmith SLb & Richards Ra 
aSchool of Biosciences, Cardiff University 
bDepartment of Earth Sciences, Cardiff University 
cUniversity of Mining and Technology, Beijing, P.R. China 
 

Background 
Soot from the combustion of coal dominated the airborne particulate pollution of the towns 
and cities of Britain prior to the 1960s. During the 1950s the most severe cases of pollution 
were reported in central London. Exceptionally low temperatures led to the meteorological 
phenomenon known as temperature inversion — a cold layer of air trapped by a warmer layer 
above. During such episodes the cold, stagnant layer trapped smoke from the city’s many 
chimneys, which, when combined with water drople ts, formed smogs. During the most severe 
episodes the mass of total suspended particulate (TSP) was estimated at between 2000 and 
4000 µg/m3 (Ministry of Health, 1954); however, later theories suggested that these were 
underestimations and the actual values were probably in the region of 7000 µg/m3. These 
severe episodes led to the introduction of the clean air act in 1956 to control the burning of 
coal in UK cities, and the smogs were slowly eradicated.  

In Beijing 2000, domestic coal burning occurred on a large scale with coal stoves used for 
heating in 90% and cooking in 50% of households (Xu et al., 1994). Government legislation 
has come into effect prohibiting the domestic burning of coal, using instead natural gas.  

These two scenarios provide the opportunity to examine and compare two coal burning 
environments from different periods in time. 

Aims 
Physiochemical characterisation of a collection of smog samples collected in London during 
1955 and a collection of samples collected in Beijing during March 2000 is being undertaken. 
The analysis techniques consist of field emission scanning electron microscopy (FESEM) for 
the 3D morphology, image analysis to give size distributions, and inductively coupled plasma 
mass spectrometry (ICP-MS) and ion chromatography to determine the chemical 
composition. The bioreactivity of the different samples is investigated using a plasmid assay 
for free radical activity. 

Results 
The morphology (Figure 1) and size distributions (Figure 2) of the soot from the winter 
samples from 1950s London and Beijing are very similar. The only noticeable difference 
between the samples is the presence of loess (wind blown mineral grains) from the Gobi 
Desert in the Beijing samples. Sulphate levels in the London samples were found to be similar 
to the concentration in the Beijing TSP sample (Figure 3). The Beijing samples showed a 
preferential concentration of sulphate in the respirable (PM2.5) fraction, with these levels 
being significantly higher than the London samples (Figure 3). A similar trend is seen in the  
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zinc, arsenic and lead levels in the soluble fraction of the samples analysed by ICP-MS 
(Figure 4). When the bioreactivities are investigated using the plasmid assay, the Beijing 
samples have no reactivity, even up to 500 µg/ml, but the London samples are very much 
more reactive with a TM50 (toxic mass causing 50% damage) of approximately 100 µg/ml 
(Figure 5). 

 

Figure 1 High resolution images of a) TSP sample collected in Beijing during March 
2000, b) TSP sample collected in London, January 1955 

 
 

 

Figure 2 Comparison of size distributions in airborne particulate matter from a)1955 
London and b) present day Beijing  
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Figure 3 Comparison of sulphate levels from the soluble fraction of historic London 
and present day Beijing 
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Figure 4 Concentration of zinc, arsenic and lead (ppm) in the soluble fraction of 
particulate matter from 1950s London and present day Beijing 

 

 

Figure 5 Comparison of the free radical activity of airborne particulate samples from 
Beijing 2000 and London 1959 using a plasmid assay. The relaxed coil band indicates 
damage to the plasmid, and the supercoiled form no damage  
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Conclusions 
The work carried out on the sizing, morphology and chemical composition of these samples 
has shown there to be a remarkable similarity between those from 1950s London and Beijing 
in 2000, with the only significant difference being the presence of the mineral matter in the 
Beijing samples. This mineral matter may be the cause of the reduced toxicity of the Beijing 
samples by contributing a large mass, therefore lowering the concentration of the potentially 
more reactive soot. However, it may be that there is some unknown factor in the 1950s 
London smogs that makes them exceptionally toxic, a suggestion that was made at the time 
(Wilkins, 1954). 
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3.5 PM10 projections for the review of the Air 
Quality Strategy 
Stedman JR 
AEA Technology Environment, National Environmental Technology Centre, Abingdon 
 

Introduction 
The Air Quality Strategy for England, Wales, Scotland and Northern Ireland (AQS, DETR, 
2000) currently sets the following objectives for PM10 particles, to be achieved by 
31 December 2004: 

• 50 µg/m3 as a 24-hour mean, not to be exceeded more than 35 times a year 

• 40 µg/m3 as an annual mean, not to be exceeded. 

These objectives are consistent with the Stage 1 limit values for PM10 included in the first EU 
Daughter Directive (AQDD), which are to be achieved by 1 January 2005. Indicative Stage 2 
limit values for PM10 are also included in the first AQDD at 20 µg/m3 as an annual mean and 
50 µg/m3 as a 24-hour mean, not to be exceeded more than seven times a year, to be achieved 
by 1 January 2010. 

The Government and devolved administrations recognise that the possible health gains from 
reducing PM10 levels are thought to be greater than those for any other pollutant. They are 
concerned to set sights beyond the immediate need to comply with the AQDD Stage 1 limit 
values. The Government and devolved administrations have therefore undertaken a review to 
assess the prospects of whether the AQS objectives for PM10 can be strengthened (Defra, 
2001). 

An analysis of the costs and benefits of different measures to reduce ambient PM10 
concentrations forms an important part of this PM10 objective analysis. This paper describes 
the air quality modelling work that has been undertaken to support the review. 

PM10 projections in 2010 for a baseline scenario 
The projections are based on the use of the ‘APEG receptor model’ (APEG, 1999a) to separate 
the measured concentrations of PM10 into primary, secondary and coarse particle components. 
PM10 concentrations have been predicted for 2010 for a baseline (current policies) emissions 
scenario (Stedman et al., 2001a). This scenario incorporates information on predicted traffic 
activity from the UK Government’s Ten Year Plan for Transportband assumptions on traffic 
technology, including the proportion of diesel car sales, cleaner fuels and the early 
introduction of vehicles meeting Euro IV standards or fitted with particulate traps. Emissions 
from stationary sources have been derived from the Department of Trade and Industry Energy 
Paper 68 (DTI, 2000), and secondary PM10 concentrations have been projected based on a 
combination of current measurements of sulphate and nitrate, and modelled predictions for 
2010. 

Site-specific projections of PM10 concentrations in 2010 from measurements at automatic 
monitoring network sites for the period from 1996 to 1999 provide a valuable tool for the 
                                                                 
a APEG (1999) Source Apportionment of Airborne Particulate Matter in the United Kingdom,  
Airborne Particles Expert Group, available [December 2002] at 
http://www.defra.gov.uk/environment/airquality/airbornepm/index.htm 
b See http://www.dft.gov.uk/trans2010/index.htm 
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rapid assessment of the impact of a range of policy measures on ambient concentrations. The 
site-specific projections also have the advantage of not including the uncertainties associated 
with the empirical or dispersion modelling of concentrations. An example of the site specific 
projections for the London Bloomsbury site is shown in Figure 1. 

Figure 1 Site-specific projections of annual mean PM10 concentrations at London 
Bloomsbury 

 

Maps of background concentrations for the whole of the UK at a 1 km × 1 km square 
resolution, and for roadside concentrations at a total of 7180 individual built-up major road 
links (A roads and motorways) have also been calculated. The maps of background 
concentrations are required for the assessment of the health benefits of policy measures to 
reduce PM10 concentrations. The maps of roadside concentrations can be used to assess the 
impact of policies on the number of road links with estimated concentrations exceeding 
threshold concentrations, such as existing or proposed AQS objectives or limit values. 

PM10 projections in 2010 for an illustrative additional 
measures scenario 
Projections have also been calculated for an illustrative scenario incorporating possible 
additional measures to reduce PM10 concentrations (Stedman et al., 2001b). This scenario 
includes the introduction of particulate traps for new vehicles from 2006 and zero sulphur 
fuels from 2005, in addition to fuel switch or filter technologies for stationary sources. The 
total annualised cost of this package of measures has been estimated to be between £785m 
and £1115m, the range reflecting particular uncertainty in the cost of particulate traps for cars. 
The stationary source measures alone would cost £219m. The PM10 projections indicate that 
the stationary measures would be more effective at reducing background concentrations but 
traffic measures would be more effective at the roadside. 

The reduction in the projected population weighted annual mean background PM10 
concentration in 2010, relative to baseline (current policies) scenario, is 0.751 µg/m3. This is 
the statistic that is required for the calculation of the health or other benefits associated with 
the reduction in ambient concentrations. The package of measures is also predicted to reduce 
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the number of urban major road links exceeding an annual mean concentration of 20 µg/m3 

from 34% to 19% of the total number of road links, or from 16% to 3% outside London. 
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3.6 Can historic air pollution data be used to 
estimate exposure for a 1947 Newcastle birth 
cohort? 
Pless-Mulloli T, Parker L, Dunn CE & Dickinson HO 

Epidemiology & Public Health, University of Newcastle 
 

Background 
Much recent attention has been directed towards the need for a better understanding of links 
between long-term exposure to particulate air pollution and morbidity and mortality of 
populations (HEI, 1999; COMEAP, 2000a; Kuenzli & Tager, 2000; DH, 2001b; Maynard, 
2001). The use of established cohorts has been suggested as one way forward (Kuenzli & 
Tager, 2000), but this requires development of techniques to construct retrospective profiles 
of air pollution to estimate exposure. 

Aims 
• To develop techniques to retrospectively estimate individual exposures to PM across 

geographical areas and over extended periods of time. 

• To apply these techniques to a 1947 Newcastle birth cohort. 

Methods 
Levels of PM have been recorded in Newcastle using deposit gauges and daily smoke filters 
since 1914. Early data were published in reports and monthly bulletins by the Department of 
Scientific and Industrial Research for the whole of the UK (DOSIR, 1955, 1956), and black 
smoke (BS) data from 1960 onwards are available through the netcen websitec. We will use a 
multistage process to estimate individual monthly exposures to PM for the first 15 years of 
life of 1142 children born in Newcastle in 1947, for whom detailed accounts of respiratory 
health are available as well as residential history. These will be based on the monthly readings 
from deposit gauges (1935–1975, deposited matter, PM) and monthly averages of readings 
from daily smoke filters (1951–1975). The long-term (10+ years) parallel series of monitoring 
data from co-located deposit gauges and smoke filters at two locations will be used to 
determine the degree of correlation between PM and BS. 

Results and discussion 

Figure 1 shows the air quality data available for the core study period of 1946 to 1962. There 
was typically a two- to three-fold variation in monthly levels of DM between locations within 
Newcastle (geographical variation), and 1.5- to two-fold variation at a specific monitoring 
station within a one-year period. PM levels increased after the end of the Second World War 
before declining due to improved smoke control measures in the 1950s and 1960s.  

The three stages to estimate monthly exposure are:  

                                                                 
a COMEAP (2000) Long Term Effects of Particles on Health (Issues currently under discussion at COMEAP), London, UK, 
COMEAP, Available [December 2002] at http://www.doh.gov.uk/comeap/statementsreports/comeap17.pdf 
 
b DH (2001) Policy Research Programme: Funding for Research Studies of the Effects of Air Pollution on Health , London, UK, 
Department of Health, Available [2001] at http://www.doh.gov.uk/research/index.htm 
c netcen Quick Links: Air Quality, available [October 2002] at http://www.netcen.co.uk/html/aq_links.htm 
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• estimation of PM at all monitoring stations for all months (interpolating gaps in time); 
• spatial interpolation to estimate levels of PM across the entire study area; and  
• estimation of individual exposures based on places of residence. 

Figure 1 Available data for particulate matter at monitoring stations in Newcastle 
upon Tyne, 1914 to 1990 

 

Grey, deposit gauges; black, daily smoke filters 
Each bar represents one station 

 

Conclusion 
The development of techniques to estimate historical exposure to PM in the UK is likely to be 
feasible. The usefulness of such estimates for a defined cohort depends on the level of inter-
individual variation and the precision of the estimates in a given cohort. 

References 
DOSIR (1955) The Investigation of Atmospheric Pollution: A Report on Observations in the 10 Years Ended 31st 
March, 1954 (Twenty Seventh Report of the Department of Scientific and Industrial Research), London, UK, 
HMSO 

DOSIR (1956) The Investigation of Atmospheric Pollution: A Report of Observations in the Year Ended 31st 
March (Report of the Department of Scientific and Industrial Research), London, HMSO 

HEI (1999) The Health Effect of Fine Particles: Key Questions and the 2003 Review (Report of the Joint Meeting 
of the EC and HEI), Brussels, Belgium, Health Effects Institute 

Kuenzli N & Tager I (2000) Long-term health effects of particulate and other ambient air pollution: Research can 
progress faster if we want to. Environ Health Perspect, 108, 915–918 

Maynard R (2001) Recap of Progress Made and Outstanding Needs — Joint WHO/HEI Meeting on Particulate Air 
Pollution, Boston MA, USA, Health Effects Institute, Available [2001] at http://www.healtheffects.org/ 

WE1 
LB1 Ncl1 Ncl2 

Ncl3 Ncl4 
Ncl5 Ncl6 Ncl7 

Ncl8 Ncl10 
Ncl11 Ncl12 

Ncl17 
Ncl18 Ncl19 Ncl20 

Ncl21 Ncl22 
Ncl23 Ncl25 
Ncl26 Ncl28 

Ncl29 Ncl30 Ncl31 

Ncl32 WE1 
WE2 WE4 WE5 WE6 

GF1 LB1 

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 

Year 
Core study period  

Forward extrapolation 

Backward extrapolation 

Spatial  
interpolation 

Ncl17 



 
IEH Web Report W12, posted December 2002 at http://www.le.ac.uk/ieh/ 

33 
 

3.7 Using enantiomeric fractions of chiral PCBs 
as an atmospheric source apportionment tool 
Robson M & Harrad S 
Division of Environmental Health and Risk Management, The University of Birmingham 
 

Introduction 
Although the UK production of polychlorinated biphenyls (PCBs) has now been banned for 
over 20 years, their continued presence within the environment is still of considerable concern 
due to their adverse human health impacts. In addition to the environmental burden of PCBs, 
there remains a considerable quantity present in equipment remaining in use today, about 
which there is insufficient knowledge. The aim of this study is to gain an insight into the 
contribution of these remaining potential primary sources to the current atmospheric burden 
of PCBs, compared with secondary sources like volatilisation from soil. This is important, as 
if — contrary to the findings of previous source inventories — primary emissions make a 
significant contribution to the contemporary atmospheric burden, this has appreciable 
implications for future control strategy. 

To achieve this, we have utilised the chiral properties of some PCB congeners. This permits 
differentiation between those PCBs derived from primary sources and those derived from 
volatilisation of the existing soil burden, by measuring what is referred to as the enantiomeric 
fraction (EF) of a PCB congener, that is the relative proportions of each enantiomer present in 
the sample: see Equation 1. 

2 & 1 ersenantiomet of ionsconcentrat of sum
1er enantiometofionconcentrat

=EF  (1) 

In the commercial mixtures present in equipment still in use EFs are racemic — that is, 
concentrations of each enantiomer are equal (EF = 0.5). However in soils, due to 
enantioselective microbial degradation, they are unlikely to be so (i.e. EF ≠ 0.5). Hence, if we 
know the EF in soil (EFSOIL), outdoor air (EFOA) and the original commercial formulations 
(EFCOM), we can calculate the percentage of the atmospheric burden that arises from these 
primary (i.e. ‘new’ sources, PCNEW) and — by inference — how much arises from the re-
volatilisation of the existing soil burden using Equation 2. 

%100
)(

)(
×

−
−

=
SOILCOM

SOILOA
NEW EFEF

EFEF
PC  (2) 

 

Experimental methods and materials 
In summary, air and soil samples were collected on a fortnightly basis from two locations 
within the West Midlands. One represented a background urban environment and the other a 
semi-rural environment. All samples were analysed using well-validated containment 
enrichment purification procedures combined with chiral gas chromatography-mass 
spectrometry (GC-MS) techniques. 
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Results and discussion 
 
See Tables 1 and 2. 

Table 1 Enantiomeric fractions (EF) in air samples from the urban background sitea 

PCB congener EF (±  0.001) 

 W1 W2 W3 W4 W5 W6 

95 0.50 0.51 0.50 0.50 0.50 0.50 
136 0.50 0.50 0.50 0.50 0.50 0.50 

149 0.50 0.50 0.50 0.50 0.50 0.50 

 

Table 2 Enantiomeric fractions in soil samples from the urban background sitea  

PCB congener EF(±  0.001) 

 W1 W2 W3 W4 W5 W6 

95 0.46 0.45 0.45 0.45 0.44 0.45 
136 nd nd nd nd nd nd 
149 0.46 0.45 0.47 nd 0.45 0.46 
a Only data for the first 6 weeks from the urban background site are presented 
nd,  Not detected 
 
There is a significant difference (at in excess of the 99.999% confidence interval using a 
paired t-test) between the air and soil EFs, indicating that volatilisation from soil is not a 
major source to outdoor air at this location over our sampling period. While outdoor air is 
essentially racemic (EF = 0.5) in nature, soil is essentially non-racemic (EF <0.5). Utilizing 
Equation 2, where data allow, shows that for these congeners the PCB burden present in 
outdoor air at this site derives wholly from racemic, that is primary, sources (i.e. 
PCNEW = 100%). This is in stark contrast to the widely held belief that the contemporary 
atmospheric burden of these chemicals derives solely from the secondary re-volatilisation of 
PCBs from soil. 
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3.8 Application of single particle mass 
spectrometry to identification of particles in the 
atmosphere 
Harrison RM, Kinnersley R, Beddows D & Schofield M-J 

Division of Environmental Health & Risk Management, The University of Birmingham 
 

Introduction 
Instruments have recently become available for sizing and analysing a stream of individual 
atmospheric particles using time-of-flight mass spectrometry while sampling the atmosphere 
in real time. Although currently rather expensive, the technique has great potential in air 
quality monitoring and source apportionment, and two such instruments are currently under 
trial at the University of Birmingham. Some early results will be described in this paper. 

Methodology 
There are a number of designs of aerosol time-of-flight mass spectrometers, two of which 
have been on trial at the University of Birmingham and are described here. 

TSI Model 3600 Aerosol Time-of-Flight Mass Spectrometer (ATOFMS) 

This instrument is based on the design of Noble and Prather (1996) and was developed at the 
University of California, Riverside. Atmospheric air is drawn into the instrument through a 
small orifice and a beam of airborne particles is created by a serious of skimmers. The beam 
of particles passes first through two closely spaced lower powered lasers. The light from both 
is scattered; the time difference in the scattering gives a measure of the size of the particle. 
The scattering signals then trigger a high powered laser, which vaporises and ionises the 
particle. The ionic fragments are then separated in two time-of-flight mass spectrometers, one 
for positive ions, the other for negative ions, generating two mass spectra. 

Laser mass analyser for particles in the airborne state (LAMPAS) 
The instrument described by Hinz et al. (1996) is broadly similar to the TSI instrument, 
except that it has only two rather than three lasers, the first being lower powered, the second 
high powered. It is set to a given particle size at any time, and the delay between firing the 
high powered laser and the scattered signal from the lower powered laser is set so as to 
measure only particles of a given particle size. 

Results 
To date, most of the results derive from use of the LAMPAS set to a particle size of 0.6 µm. 
Considerable effort has been expended to develop data handling procedures capable of 
analysing the very large volumes of mass spectrometric information generated continuously 
by the instrument. A particular focus is on devising pattern recognition software which can 
recognise mass spectrometric patterns, therefore allowing particles to be categorised on the 
basis of their mass spectral signatures. 

One problem with the commonly used approach to categorisation based on main features of 
the mass spectrum is that particle components vary widely in their ionisation efficiency, and 
therefore traces of, for example, potassium generate very strong mass spectral signals whilst 
traces of ammonium, for example, generate signals with far lower efficiency. Laboratory 
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work has been conducted with a view to quantifying the relative efficiencies of different 
elements and ionic fragments so as to allow quantification of different spectral components. 

It has proved possible to identify specific chemical components such as sulphate, nitrate, 
chloride, carbon (with some difficulty in distinguishing between elemental and organic 
carbon), calcium, silicon, iron, potassium, sodium and ammonium. Classification software is 
used to pick out particles with a specific spectral signature containing, for example, 
ammonium and sulphate together, whilst distinguishing this from particles containing, for 
example, sodium and sulphate. Laboratory work has therefore focused also on introduction of 
pure salts to the instrument in order to characterise its response. We have also been active in 
critically evaluating currently available classification software and are involved in a project to 
develop improved software. 

Another development is the use of visualisation software to create spectral time series which 
can readily be viewed, allowing full spectra to be accessed at specific times upon demand. 
Thus, temporal fluctuations in individual components can be tracked and compared with 
fluctuations in, for example, simultaneously measured gas phase tracers. 

An ongoing activity is the chemical analysis of conventionally collected particle samples, 
taken simultaneously with operation of the mass spectrometer instrument. These allow a 
verification of the relative calibration of the mass spectrometer instruments and an evaluation 
of their suitability for continuous measurement applications. 

Conclusion 
While much remains to be done in characterising the performance and potential of aerosol 
single particle mass spectrometers, a great deal of progress has been made in testing the 
instruments both in the laboratory and the atmosphere, and in generating airborne 
measurement data during campaigns at both roadside and urban background locations. 
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3.9 Personal exposure monitoring of particulate 
matter, nitrogen dioxide and carbon 
monoxide, including susceptible groups 

Ayres JGa, Harrison RMb, Kinnersley RPb, Lawrence RGb, Mark Db & Thornton CAb 
aDepartment of Research and Development, Birmingham Heartlands Hospital 
bDivision of Environmental Health and Risk Management, The University of Birmingham 
 

Objectives 
This study has investigated the relationship between personal exposures to nitrogen dioxide, 
carbon monoxide and PM10 and exposures estimated from static concentrations of these 
pollutants measured within the same microenvironments, for healthy individuals and 
members of susceptible groups. 

Methods 
Eleven healthy adult subjects and 18 members of groups more susceptible to adverse health 
changes in response to a given level of exposure to nitrogen dioxide, carbon monoxide and/or 
PM10 than the general population (six schoolchildren, six elderly people and six with pre-
existing disease — two with chronic obstructive pulmonary disease (COPD), two with left 
ventricular failure (LVF) and two with severe asthma) were recruited. Daytime personal 
exposures were determined either directly or through shadowing. Relationships between 
personal exposures and simultaneously measured microenvironment concentrations were 
examined. 

Results 
Correlations between personal exposures and microenvironment concentration were 
frequently weak for individual subjects due to the small range in measured concentrations. 
However, when all subjects were pooled, excellent relationships between measured personal 
exposure and microenvironment concentration were found for both carbon monoxide and 
nitrogen dioxide, with slopes of close to one and near zero intercepts. For PM10, a good 
correlation was also found with an intercept of personal exposure (personal cloud) of 
16.7 ± 10.4 µg/m3. Modelled and measured personal exposures were generally in reasonably 
good agreement, but modelling with generic mean microenvironment data was unable to 
represent the full range of measured concentrations. 

Conclusions 
Microenvironment measurements of carbon monoxide and nitrogen dioxide can well 
represent the personal exposures of individuals within that microenvironment. The same is 
true for PM10 with the addition of a personal cloud increment. Elderly subjects and those with 
pre-existing disease received generally lower PM10 exposures than the healthy adult subjects 
and schoolchildren by virtue of their less active lifestyles. 

Acknowledgements: The authors are pleased to acknowledge funding support of this work by DETR 
(now Defra; contract number EPG 1/3/111). They also express thanks to the volunteers who took part 
in the study. 
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3.10 Indoor exposure to fine and ultrafine 
aerosol particles: Effects of outdoor 
concentrations, ventilation, indoor air 
turbulence, and particle size 
Birmili W, Kinnersley R & Baker J 
Division of Environmental Health and Risk Management, The University of Birmingham 
 

Introduction 
In industrialised countries human exposure to airborne particles takes place overwhelmingly 
indoors (e.g. Wallace, 1996). It is therefore of vital interest for exposure research and also 
public health policy to understand the environmental factors and physical processes that 
govern the concentrations and properties of particles in various indoor environments. 

A specialised field experiment was carried out over three weeks, in a building centrally 
located in Birmingham. We measured particle size distributions (0.003–2 µm), total particle 
number counts (Dp >3 nm), and trace gases (NO, NO2, CO, SO2) inside and outside an 
unfurnished office room (volume ~ 190 m3). High densities of road traffic were passing 
immediately nearby, and thus the influx of particles from outdoor sources was expected to be 
a relevant factor. Measurements included building factors such as air exchange rate, level of 
indoor air turbulence, ‘friction velocity’ near the surface of internal walls, spatial temperature 
distribution, and the pressure difference between indoors and outdoors. 

Results 
Indoor to outdoor ratios (I/O) of particle concentrations are discussed as a function of outdoor 
concentrations and non-particle parameters. Figure 1a gives an example how the indoor 
particle concentration changes with the prevailing outdoor concentration. Particles clearly 
deposit indoors (leading to lower indoor concentrations), but the nearly simultaneous change 
with the outdoor concentration demonstrates that there was a permanent influx of outdoor 
aerosol. Generally, I/O ratios between 1:6 and 1:1 were observed for total particle number. 
I/O concentration ratios were found to vary quantitatively with ventilation conditions and 
levels of indoor air turbulence. These effects seem to be particle size-dependent, and we use a 
model expression for the size-dependent particle deposition rate, based on indoor surface 
roughness (Lai & Nazaroff, 2000), to understand theoretical indoor particle deposition. 

On four occasions, indoor particle sources were released. In the case of candle burning, 
indoor particle concentrations increased by more than one order of magnitude and even 
exceeded the outdoor concentrations by a multiple. The particle size distribution 
measurements reveal the different source characteristics of candle burning (Figure 2a, mode 
diameter ~ 8 nm), and cigarette smoking (Figure 2b, mode diameter ~ 100 nm). In the case of 
candle-generated particles, a rapid decrease in particle concentration was seen after 
extinguishing the source (Figure 1b), also associated with an increase in particle mode 
diameter, suggesting that inter-particle coagulation is an important mechanism to make these 
particles reach sizes beyond 20 nm. As these particles grow larger they are expected to be 
inhaled more efficiently due to decreasing diffusional losses in the respiratory tract. 

The results demonstrate that indoor sources resulting from combustion processes have a large 
potential to increase personal particle exposure, and further research, such as chemical 
speciation, on particular indoor sources is desired. 
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Figure 1 Time history of total particle concentration (>3 nm) indoors and outdoors over 
several consecutive days: (a) without, and (b) with indoor sources. The dotted line 
indicates the upper limit of detectable concentration 

 

Figure 2 Particle size distributions indoors and outdoors on the event of (a) candle 
burning, and (b) calm smoking activity inside the office. Between 15 and 20 nm the 
measurement ranges of the two particle sizes overlap 
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3.11 Indoor air quality in the gas-fired 
commercial kitchen environment 
Pool G & Marks S 
Advantica Technologies Ltd, Loughborough, Leicestershire 
 

At a recent Health & Safety Liaison Group meeting, a paper on the use of carbon monoxide 
alarms was considered and a number of potential issues were highlighted. 

There are very limited data available on the operation of carbon monoxide alarms under 
extreme environmental conditions and on whether domestic carbon monoxide alarms are 
capable of withstanding the extreme environmental conditions likely to be encountered in 
commercial kitchens. 

The main objective of this work was to carry out air quality surveys in nine commercial 
kitchens and provide continuous monitoring of pollutants such as carbon monoxide and 
nitrogen dioxide, as well as of other relevant environmental parameters such as relative 
humidity and temperature levels attained. 

The nine commercial kitchens surveyed varied in characteristics such as: 

• size (volume) of the kitchen 

• type of fuel 

• type of ventilation — natural or extractor system 

• level of appliance use. 

Overall, the levels of the contaminants generated in the nine commercial kitchens did not 
exceed the occupational guideline limits. 

The stand alone silent monitor employed for this survey was an effective tool for obtaining 
reliable air quality measurements while normal kitchen activities took place. This was 
especially important in the case of commercial kitchens where levels of activity and the use of 
space are important concerns when integrating a monitor into the kitchen. In all except one 
kitchen, appliances were positioned in the middle of the kitchen with a canopy extractor hood 
system over them. The level of occupancy varied depending on the catering requirement, that 
is the number of people the kitchen cooked for (related in turn to the people employed in the 
kitchen). 

The nine commercial kitchens surveyed varied in characteristics such as the volume of the 
kitchen, extractor system employed, level of catering requirement and the type of fuel used, 
each being an important influence on the levels generated. 

The highest one minute concentration recording for carbon monoxide was 67.5 ppm and for 
nitrogen dioxide was 0.66 ppm. 

The levels of recorded relative humidity and temperature varied considerably between 
kitchens, the lowest temperature being that recorded between midnight and the early hours of 
the morning when the kitchen was not in use, which in turn depended on the heat retention of 
the building during that period. Where the monitor was subjected to dry heat, for example 
heat rising from the hot-plate, the lowest humidity (10%) was recorded. Where steaming for 
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long periods was carried out the humidity levels reached 89%. Both of these extreme levels 
were reached in Kitchen 9, where the monitor was placed on a small shelf overlooking hobs, 
fryers, and a hot-plate. The temperature followed a similar trend; the lowest recorded during 
each survey period was 9.8 °C and the highest was 48 °C. 

The findings of this work show that environmental conditions within a commercial kitchen 
(compared with a domestic kitchen) can vary considerably. However, while the sample size of 
nine is thought to be too small to be a representative sample population of such premises, the 
findings may be used as an indication of the extreme environmental conditions that carbon 
monoxide alarms might be subjected to. A larger sample population would provide a more 
accurate assessment of the contaminant levels and environmental conditions. 
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3.12 Effects of ventilation and smoker 
segregation on environmental tobacco smoke 
concentrations in UK pubs and bars 
Carrington J, Gee IL & Watson AFR 

Atmospheric Research and Information Centre, Manchester Metropolitan University 
 

Introduction 
It has increasingly been realised over the past few decades that passive smoking can be an 
important health risk for non-smokers. The UK Department of Health report on Tobacco and 
Health concluded that exposure to environmental tobacco smoke (ETS) or passive smoking is 
a contributor to several important adult and childhood diseases including heart disease, lung 
cancer, respiratory diseases and asthma (DH, 1998). 

In response, the UK Government, together with the Health and Safety Commission and the 
hospitality industry have proposed a Public Places Charter (PPC) and an Approved Code of 
Practice (ACOP; DETR, 1998; HSC, 1999). This aims to introduce non-smoking facilities, 
effective ventilation and signs describing the type of smoking policy in operation, in UK pubs 
bars and restaurants in order to reduce public and employee ETS exposure. 

Using ETS data collected in 60 working pubs and bars in Manchester, UK, the effects that 
non-smoking areas and ventilation methods have on ETS concentrations are investigated. 

Methods 
ETS concentrations for a variety of ETS chemical components were identified and sampled at 
60 pubs and bars within the Manchester area. Sampling took place at several locations in each 
site over a 4 hour period. Several ‘ETS markers’ were selected which represent the 
chemically complex ETS pollution:  

• respirable suspended particles (RSP)  

• ultra-violet particulate matter (UVPM)  

• fluorescent particulate matter (FPM)  

• solanesol particulate matter (SolPM)  

• gaseous nicotine 

The sampling equipment was housed in a shoebox sized lockable toolbox. A pump drew air 
through the RSP sample head and a nicotine sample tube at a constant flow rate. RSP as PM2.5 
were collected on a pre-weighed filter. UVPM, FPM and SolPM were extracted from the RSP 
sample and analysed by high performance liquid chromatography (HPLC). Nicotine was 
collected on XAD-4 absorbent resin and measured by gas chromatography-mass spectrometry 
(GC-MS). 

Statistical data analysis was performed, following transformation of the data to an 
approximately normal distribution, using the general linear model (GLM). The GLM is a 
powerful statistical technique that was used to compare the ETS marker data sets grouped into 
factors or factor levels. 
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Results and discussion 
Total bans on smoking or provision of physically segregated non-smoking areas were not 
present in any of the pubs sampled. The common smoking policy was a designated non-
smoking section (21 pubs) and/or ventilation. Figure 1 shows the differences in levels 
detected between smoking areas, non-smoking areas and the staff area behind the bar. These 
suggest that non-smoking areas have lower levels than the smoking sections and behind the 
bar. 

Figure 1 Effect of smoking status on ETS concentrations 

 

Statistical analysis of these data indicates that this is the case: non-smoking sections have 
significantly lower levels than do public smoking areas for RSP, UVPM, SolPM and nicotine. 
This is expected, as any ETS encountered in this area must be due either to ETS migrating 
from the smoking area or customer violation of the non-smoking status. The PPC initiative, 
by introducing non-smoking areas, will significantly reduce ETS exposure, although exposure 
will still occur. Typically, in the pubs sampled, RSP was approximately 30% lower and 
nicotine 65% lower in non-smoking sections. 

The behind bar area had higher levels than the non-smoking sections but generally had lower 
levels than the public smoking areas, for RSP, UVPM, FPM, SolPM and nicotine. All the 
pubs in the sample population allowed the public to smoke at the bar and this is the 
predominant source for bar ETS. A possible solution to abate ETS contamination, and reduce 
staff ETS exposure, is a no-smoking zone at the bar perimeter. This is a popular and 
successful policy practised by at least one UK pub chain. 

Figure 2 presents data indicating the effects of ventilation on ETS levels. This suggests that 
the more sophisticated mechanical ventilation techniques result in lower average and peak 
ETS concentrations than the simpler extractor fans or naturally ventilated buildings. However, 
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on statistical investigation it was found that ventilation method does not have a significant 
effect on RSP, UVPM, FPM or SolPM in the staff bar areas or public areas. Interestingly, 
nicotine concentrations are significantly higher in mechanically ventilated areas compared 
with areas ventilated by extractor fans in the OFF mode (i.e. naturally ventilated). This 
suggests that a cumulative effect may be in operation, perhaps due to recycling of air back 
into the building by the ventilation system within some establishments. 

Figure 2 Effect of ventilation method on ETS concentrations 

 

Conclusion 

The UK pub data indicate the proposed sign system will be effective in describing different 
health risks in public houses with or without a non-smoking area, as non-smoking sections 
provide a significant reduction in ETS exposure for customers who use the area. Mechanical 
ventilation systems, however, do not appear to provide significant reductions in ETS levels in 
smoking, non-smoking and bar areas. Consequently signs that advertise the ETS abatement 
benefits from ventilation may not provide any significant ETS protection for non-smoking 
customers and staff. 
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3.13 Indoor air quality in English homes 
Raw GJ*, Coward SKD, Llewellyn JW, Brown VM, Crump DR & Ross DI 

BRE, Watford 
 

Introduction 
BRE has conducted a national survey of air pollutants in 876 homes in England. Some data on 
indoor pollutants in English homes are available from previous studies (e.g. Wiech & Raw, 
1995, 1996; BRE, 1996; Venn et al., 2001). Although these studies provided valuable 
information, it could not be assumed that the homes studied were typical of homes across 
England as a whole. Therefore, the survey reported here was carried out to obtain more 
representative data and to increase knowledge of pollutant levels and the factors associated 
with high concentrations. 

Method 
Monitoring was carried out once in each home, using passive samplers as follows. 

• Carbon monoxide (CO): Dräger colorimetric diffusion tubes, 14-day time-weighted 
averages in the kitchen and main bedroom. 

• Nitrogen dioxide (NO2): Palmes diffusion tubes, as 14-day time-weighted averages in 
kitchens, main bedrooms and outside the homes. 

• Formaldehyde (HCHO): GMD 570 series dosimeter, three-day time-weighted averages 
in the bedroom. 

• Volatile organic compounds (VOCs): sampling tubes packed with Tenax TA, four-week 
time-weighted average in the bedroom – reported as total VOCs (TVOC) and seven 
individual VOCs. 

Also, in each household an interviewer administered a questionnaire about the characteristics 
of the home, the occupiers and their activities. The interviewer also demonstrated the use of 
the various diffusive air samplers. Householders were subsequently supplied with samplers by 
post, together with instructions for their use, self-completion questionnaires about activities 
during the sampling time and reply-paid envelopes for the return of the samplers and 
questionnaires to BRE. 

Statistical analysis was carried out using logarithms of concentrations to correct for skewed 
distributions. The independent variables were season, region, degree of urbanisation, building 
date, type of dwelling, presence/type of garage, vehicle fuel, household size, number of 
habitable rooms, occupant density, cooking fuel, heating system/fuel, heating with 
portable/unflued heaters or a gas cooker, having an extract fan, amount of cigarette smoking, 
presence of condensation, damp and mould, presence of particleboard, recent painting and use 
of toiletries or air fresheners. 

Results 
Minimum, maximum, geometric mean and percentile values are shown in Table 1. 

                                                                 
* Unable to attend, paper presented by D Crump  
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Table 1 Statistics for pollutant concentrations (µg/m3) 

 

Percentiles Pollutant 

 

Location Minimum Maximum Geometric Mean 

10% 50% 75% 95% 

Kitchen  <0.01  4.45  0.47 140  500  900  2070 CO 
 Bedroom  <0.01  3.90  0.39 120  440  690  1680 

Kitchen  0.8  620.0  21.8  7.2  21.8  40.1  90.0 

Bedroom  0.4  752.6  11.9  4.4  12.1  19.8  38.1 
NO2 

 
Outdoors  1.0  151.6  20.9  9.9  22.5  32.4  48.9 

HCHO  Bedroom  1  171  22.2  9.8  24.0  35.2  61.2 

TVOC Bedroom  15  3360  210  72  202  352  1010 
Benzene Bedroom  <0.1  93.5  3.0  1.0  3.3  5.8  14.6 
Toluene Bedroom  0.3  1783.5  15.1  4.4  14.9  27.9  74.9 

m/p-Xylene Bedroom  0.1  152.8  3.8  0.9  3.7  7.5  30.3 
Limonene Bedroom  <0.1  308.4  6.2  1.3  7.1  15.5  51.0 
Undecane Bedroom  <0.1  246.6  2.6  0.5  2.3  5.5  33.6 

TPDMIB Bedroom  <0.1  770.4  5.1  1.1  5.7  13.5  61.2 
TPDDIB Bedroom  <0.1  100.0  1.6  0.5  1.8  3.8  13.8 
 
TPDDIB, 2,2,4-trimethyl-1,3-pentanediol diisobutyrate; TPDMIB, 2,2,4-trimethyl-1,3-pentanediol monoisobutyrate 
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Concentrations of CO were higher in kitchens than in bedrooms, but significantly correlated. 
Higher levels of CO were found in autumn and winter, in urban areas, in homes with a gas 
oven, homes with unflued fossil fuel heaters, and in smokers’ homes. The CO concentration 
did not exceed the WHO 8-hour average guideline value (WHO, 2000) in any home. 

Outdoor NO2 concentrations were higher in autumn/winter and in urban areas. Kitchen levels 
were higher than outdoor levels in homes with gas cooking. Bedroom levels were lower than 
outdoors due to sink effects. Indoor NO2 levels were highest in urban homes, older homes, 
terraced houses, homes with gas cooking and smokers’ homes. Seasonal variation in indoor 
levels resulted mainly from indoor sources, rather than outdoor variations. The WHO air 
quality guideline for annual exposure to NO2 (WHO, 2000) was exceeded in more than 50% 
of kitchens that had a gas oven. 

HCHO concentrations were higher in newer homes (increasing from 1940 onwards), in homes 
with a particleboard floor, especially a particleboard floor in the room where the sampling 
took place, and in summer and autumn than in winter or spring. The mean concentrations 
were well within the WHO air quality guideline (WHO, 2000), but the guideline was 
exceeded in six homes (0.7% of the total), of which five were under three years old. 

Important factors for TVOC and/or one or more individual VOCs include dwelling age, 
season, building location (urban or rural), having an integral or attached garage, vehicle fuel, 
smoking, use of toiletries, and painting and decorating. In general, TVOC levels were low but 
5% of homes exceeded 1000 µg/m3. The current EU target for benzene in outdoor air (Defra, 
2001) was exceeded in 4.3% of homes, and 0.7% exceeded the WHO 1-week guideline for 
toluene (WHO, 2000). 

Conclusions 
The survey successfully identified factors influencing pollutant concentrations in UK homes. 
It is notable that seasonal effects on CO and NO2 were due largely to indoor sources; this 
would need to be considered when interpreting time-series studies of the effect of outdoor air 
pollution on health. Extract fans have little effect on CO and NO2 levels in the kitchen, 
although they may limit the spread of these gases to other parts of the home. 

Average levels of NO2 in the kitchens of more than 50% of homes in England that have a gas 
oven exceed the WHO air quality guideline for annual exposure to NO2 and the implications 
for health of this exposure deserve further investigation. 

Formaldehyde and VOC levels are highest in very new homes, and may breach the WHO 
guideline level, which has implications for regulation of emissions from materials and for 
ventilation requirements in new homes. 
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4 Public Health Impact 

4.1 Setting environmental and health standards 
in Europe: New directions in valuing risks to life 
(EC DG Research NEWEXT Project) 
 

Hunt A 

Economics and International Development, University of Bath 
 

Introduction 
The NEWEXT Project aims to provide monetary valuation of mortality from air pollution. 
The project is currently (2002) implementing a survey methodology in the UK, France and 
Italy, whose framework has been developed by a team in the USA. The study aims to improve 
the valuation of present, chronic, and latent mortality risks that currently exist. 

Objectives 
The ultimate objective of this study is to provide policymakers at national and EU levels with 
information on the economic values of reducing risks to life. This can be compared with the 
costs of reducing risks in terms of setting environmental standards, in order to identify the 
most appropriate (i.e. economically efficient) environmental standard. Moreover, latent and 
future risks are, for the majority of people, associated with many health effects. Comparing 
the value of reducing these risks with the cost of reducing them by increased health spending 
can be used to set health spending targets at the most appropriate and efficient levels. 

Previous experience in this area 
This study aims to improve on the state of the art in valuing risks to life in the EU in two 
respects. The first is by improving the reliability of the procedure used to elicit people's 
preferences. This reflects the concern that the questionnaire surveys used are not sufficiently 
sophisticated to extract well-considered preferences, partly due to the use of methods, such as 
telephone or postal surveys, which do not engage respondents sufficiently. Moreover it is 
recognised that representative members of the general public are unlikely to be sufficiently 
well informed about risk to be able to fully comprehend the commodity that they are being 
asked to value. Contingent valuation (CV) studies often find inconsistent responses to be a 
problem with, for instance, respondents often failing to increase willingness to pay when the 
risk reduction on offer is substantially greater. This casts doubt on the reliability of survey 
instruments that do not educate and inform respondents about the nature of risk, and check 
that they have understood the concepts before using their responses. 

The second limitation of current practice relates to the argument that the value of life 
estimated in the context of reducing the current risk of accidental death (e.g. Jones-Lee et al., 
1985) should not be used to derive values for reducing other types of risk. These other risks 
include the chronic and latent effects of exposure to air pollution and hazardous substances, 
and the risk of death from air pollutants that affect mainly people whose health is already 
compromised, such as the elderly. With very few exceptions, surveys about mortality risk (see 
e.g. Hammitt & Graham, 1999, for a summary) have focused on the risk of accidental death. 
These surveys concern risks for which the average loss of life expectancy is about 40 years. 
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Because acute mortality risks associated with air pollution fall disproportionately on the 
elderly and people already in ill health, the expected loss of life is very much lower. 
Clinicians suggest that the average loss of life expectancy may be around one year. Therefore, 
one can question whether figures derived in the context of the risk of accidental death can be 
used to value the risk of latent and future mortality such as those associated with air pollution. 

Current study: Improvements to current practice 
Our computerised survey instrument is being administered in person and makes extensive use 
of visual aids to ensure that respondents fully understand the (abstract) commodity that is on 
offer, accept that it could be relevant to them personally, and are therefore able to make a 
well-informed estimate of its value. The interview methodology has been designed to ensure, 
as far as possible, that respondents understand mortality risk and risk reduction. Risk 
reductions are specified to be over a ten-year period since most people find it easier to 
imagine a positive probability of dying over a ten-year interval than over a one-year interval. 
Also, the computer programme allows the baseline risk to be tailored to the individual, 
helping him/her to conceptualise the reduction in risk as having personal implication. (The 
fact that the respondent interacts with a computer rather than an individual means that biases 
that are sometimes associated with interviewers are avoided.) The type of risk to be valued 
remains abstract since this improves the reliability of the estimates. For instance, if the 
context were specified to be that of air pollution, there would be a risk of respondents 
including in their values factors other than the effects on their own mortality risk, such as 
effects on other members of their family, and other environmental effects. An abstract context 
also avoids losing the engagement of respondents who might not believe that specific risks 
apply to them. A further advantage of using abstract risks is that the results may be applied to 
the valuation of a variety of risks. 

The survey methodology has been designed to minimise the type of bias often associated with 
CV studies of this type. A further problem that has been foreseen is hypothetical bias, the 
possibility that responses may not be those that would be given in a real-life situation. This 
risk has been minimised by ensuring that the choices faced are as close as possible to those 
faced in actual consumption decisions. Respondents sometimes have difficulties in 
comprehending the scope of the ‘good on offer’: in this case this would mean that stated 
valuations would not increase as expected when the amount of the good on offer increases. 
The survey has been designed to minimise this problem. 

This survey methodology is used to value both a reduction in current risk (the responses to 
which are used to improve current estimates of the Value of a Statistical Life in the EU) and a 
reduction in future risk, which is used to estimate the value of reducing non-accidental risks 
such as environmental pollution, as well as the value of improving various types of health 
care. Since, according to epidemiological studies, the majority of statistical lives saved by 
environmental programmes appear to be the lives of older people and people with chronically 
impaired health, the survey is administered to people between 40 and 75 years old. 

A parallel Canadian study (Krupnick et al., 2000) that has recently been completed produced 
mean willingness to pay (WTP) estimates for a contemporaneous risk reduction that imply a 
value of a statistical life (VSL) of between £0.6 million to £1.9 million, depending on the size 
of the risk change valued. Our results will be available in January 2003. 
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4.2 Health benefit quantification for the review 
of the Air Quality Strategy 
Stedman JR 
AEA Technology Environment, National Environmental Technology Centre, Abingdon 
 

Introduction 
The Air Quality Strategy for England, Wales, Scotland and Northern Ireland (AQS, DETR, 
2000) sets the following objectives for PM10 particles, to be achieved by 31 December 2004: 

• 50 µg/m3 as a 24-hour mean, not to be exceeded more than 35 times a year; and 

• 40 µg/m3 as an annual mean, not to be exceeded. 

These objectives are consistent with the Stage 1 limit values for PM10 included in the first EU 
Daughter Directive (AQDD), which are to be achieved by 1 January 2005. Indicative Stage 2 
limit values for PM10 are also included in the first AQDD at 20 µg/m3 as an annual mean and 
50 µg/m3 as a 24-hour mean, not to be exceeded more than seven times a year, to be achieved 
by 1 January 2010. 

The Government and devolved administrations recognise that the possible health gains from 
reducing PM10 levels are thought to be greater than those for any other pollutant. They are 
concerned to set sights beyond the immediate need to comply with the AQDD Stage 1 limit 
values. The Government and devolved administrations have therefore undertaken a review to 
assess the prospects of whether the AQS objectives for PM10 can be strengthened (Defra, 
2001b). 

An analysis of the costs and benefits of different measures to reduce ambient PM10 
concentrations forms an important part of this PM10 objective analysis (Defra, 2001a). The 
paper examines the health benefits of additional measures that could be put in place to reduce 
particle levels further than the levels predicted from currently agreed policies. 

Method 
As a result of the publication of a recent statement by the Committee on the Medical Effects 
of Air Pollutants (DH, 2001), this paper includes quantification of the possible effects of long-
term exposure to particles on mortality in addition to the short-term effects of air pollution on 
deaths brought forward and respiratory hospital admissions considered in earlier work. The 
information in DH (2001) has had a major impact on this analysis for several reasons. It has 
necessitated the use of a much longer time horizon for the analysis (101 years from 2010) 
and, although the additional quantified effects are potentially much greater than before, there 
is also more uncertainty. This has been dealt with by using a range of estimates from the 
possibility of no long-term effects to estimates six or even nine-fold higher than the preferred 
estimate. 

The modelled exposure to PM10 has been combined with population statistics, baseline rates 
of mortality and hospital admissions and dose–response functions in order to estimate the 
short-term health benefits of an illustrative package of measures to reduce PM10 
concentrations in 2010. A similar approach has also been adopted to estimate the long-term 
health benefits in terms of life years gained. 
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Results 
The results of the benefits analysis for the reduction in particles result ing from an illustrative 
package of additional measures are presented below. These are the benefits associated with a 
projected decrease in population weighted annual mean background PM10 concentration in 
2010 of 0.751 µg/m3 (Stedman et al., 2001a,b), relative to a current policies baseline scenario. 

• A gain of 278 000 to 508 000 life years for the UK population over the years from 2010 
to 2110 — this is equivalent to 81 000 to 212 000 life years gained after discounting. The 
range is due to the different assumptions about the lag time between exposure and effect 
(assumed to be somewhere between 0 and 40 years). Discounting takes into account the 
view that people tend to prefer to receive a benefit sooner rather than later. 

• 25 200 fewer respiratory hospital admissions (additional or brought forward) in the UK. 

• 4820 fewer deaths brought forward (2510 after discounting) and 3690 fewer respiratory 
hospital admissions (additional or brought forward) due to UK reductions in sulphur 
dioxide arising from the additional measures to reduce particles. 

Results have also been calculated for a range of sensitivity analyses including different 
population scenarios, different reductions in mortality rates for changes in PM10 
concentration, the inclusion of cardiovascular hospital admissions and the inclusion of the 
benefits associated with changes in NO2 concentrations. 
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4.3 Air quality management in UK local 
authorities: Public understanding and 
participation 
McDonald JS, Hession M, Rickard A, Kendall M & Nieuwenhuijsen MJ 

Environmental Policy & Management Group, Imperial College, London 
 

Science and technology play an integral part in informing public policy on air pollution and 
transport management. Expectations of science and technology by society and their use by air 
quality policy makers has led to increasing reliance upon the evidence they provide to 
promote health and well-being. This can be seen, for example, in the setting of the UK 
national objectives for air pollutants based on exposure and health effects.  

This paper addresses three issues. First it assesses, through the use of focus groups, the public 
perceptions of air pollution and the atmospheric dispersion model output from ADMS-
Urban*. Secondly, it addresses public understanding of this information and its current 
presentation to the layperson. Finally this paper assesses how perceptions and understanding 
influence solutions to local air quality management in the London Borough of Camden. 

The results show that participants in the study struggled with the concept of air pollution 
outside their sphere of experience, and did understand the scientific basis or modelling used to 
inform local policy. This is partly a result of the way this information is presented. 
Participants did not relate the technological evidence to their opinions of acceptable solutions 
or they expressed reluctance to suggest specific options. 

It is proposed that a well-informed public would make comprehensive decisions on air quality 
based upon a broader range of factors, incorporating scientific reasoning and technological 
information as well as emotive and socioeconomic factors. The balance between science and 
technological understanding and local expertise will improve air quality policy making to the 
greater satisfaction of all stakeholders. 

                                                                 
* ADMS-Urban: an integrated air quality management model to examine emissions from multiple 
sources (including road traffic, industrial and ‘background grid’ emissions) simultaneously 
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5 Epidemiology 

5.1 The metal content of airborne particulate 
matter in Edinburgh: Application to 
epidemiological research 
Hibbs LRa,b, Beverland IJc, Heal Mb, Agius RMd, Elton Ra 
aDepartment of Community Health Sciences, Edinburgh 
bDepartment of Chemistry, University of Edinburgh 
cDivision of Environmental Health, Department of Civil Engineering, University of Strathclyde 
dCentre for Occupational and Environmental Health, University of Manchester 
 

Background and objectives 
Transition metals have been proposed as causative agents in the well-documented association 
between inhaled exposure to ambient airborne particulate matter (expressed as mass 
concentration) and adverse respiratory and cardiovascular health outcomes (e.g. Costa 
et al., 1998). We are undertaking the first long-term study in the UK of the quantitative 
relationship between specified health outcomes and the variance in daily metal composition of 
coarse (≤PM10), fine (≤PM2.5) and black smoke (BS, ~ ≤PM4) measures of particulate matter 
(PM) in urban background air. 

Methods 
Concurrent 24-hour samples of PM10, PM2.5 (gravimetric measures, Zefluor filters) and BS 
(reflectance measure, Whatman No. 1 filters) were collected at an urban background site in 
Edinburgh between September 1999 and September 2000. Each filter was sequentially 
extracted with 18 MΩ deionised water followed by a 2.8:1 v/v HCl:HNO3 acid mixture. All 
extracts were analysed by inductively coupled plasma mass spectroscopy (ICP-MS) for Ti, V, 
Cr, Mn, Fe, Ni, Cu, Zn, As, Cd and Pb. The time series of metal content was extended 
backwards in time to 1992 by analysis of the influence of air mass source region on metal 
content. Meteorological back trajectory analyses were used to obtain weighting factors for 
this retrospective estimation of daily airborne concentration of each metal from historical 
PM10 and back trajectory data for Edinburgh. 

Generalised additive Poisson regression models were used to determine whether adjustment 
for specified metals explained a higher proportion of the variance in health outcome data than 
the gravimetric measure alone. The method involved a 30-day loess (locally weighted 
regression) window size for smoothing, with adjustment for day of the week, minimum 
temperature and pollution lagged by the mean of the three days prior to outcome. To minimise 
multiple testing problems, a subset of analyses was chosen as ‘primary’, comprising three 
health outcomes (in subjects aged >65) in relation to five of the eleven metals in aqueous and 
total (water plus acid) filter extracts. 

Results to date 
Time series (duration 367 days) were obtained for particle mass concentrations (particles in 
air, µg/m3 for PM10, PM2.5 and BS), and airborne metal concentrations (metal in air, ng/m3; 
metal in particles, ng/µg for water extractable and total acid extractable metal content of each 
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size fraction). Air mass back trajectories were grouped by cluster analysis of geographical 
trajectory co-ordinates, and differences in metal content between source region examined. 
Highly significant variations in metal content between clusters were found in many cases. 
These were then used to estimate the daily metal content of PM10 over an eight-year period 
from 1992 to 2000, using existing total PM10 data from a central Edinburgh monitoring site. 
This could not be done for PM2.5 since no such previous data were available. 

In the one-year analyses using direct metal measurements for 1999–2000, a total of 
60 primary analyses yielded only four significant findings, all of which showed a negative 
association between metal content and health. Thus in 1999–2000 there was no indication of 
positive effects of either total particle gravimetric metrics (PM10, PM2.5) or metal-associated 
fractions on health. For the eight-year cluster-based analyses, there was a significant 
association with cardiovascular admissions for both total PM10 (consistent with Prescott et al., 
1998) and some of the metal fractions (Table 1). However, further multiple regressions 
showed that the metal effects were no longer significant after adjusting for total PM10. 

Table 1 95% Confidence limits for percent changes in relative risk for three health 
outcomes over the interquartile ranges of fractions of metal-specific PM10, and over a 
10 µg/m3 range of total PM10 (roughly equivalent to interquartile range), in subjects 
aged over 65 

Metal &  
extraction procedure 

Cardiovascular  
admissions 

Respiratory deaths All-cause deaths 

V51 PM10 water +0, +5 * -4, +9 -1, +3 
V51 PM10 total -1, +4 -4, +7 -1, +2 

    
Fe57 PM10 water +1, +6 * -6, +4 -3, +6 
Fe57 PM10 total +1, +5 * -5, +3 -1, +1 

    
Ni60 PM10 water -0, +4 -3, +10 -3, +6 
Ni60 PM10 total +0, +2 * -3, +4 -0, +2 

    
Cu64 PM10 water +1, +5 ** -8, +3 -2, +2 
Cu64 PM10 total +0, +4 * -6, +3 -2, +1 

    
Zn66 PM10 water +0, +6* -3, +3 -2, +2 
Zn66 PM10 total +0, +6* -5, +3 -2, +1 

    
Total PM10 +1, +6 ** -8, +9 -2, +4 

Significant results are shown as *, p<0.05; **, p<0.01 
 

Discussion 
The analyses using the direct measurements of metal content over one year generally gave 
wide confidence limits for the effects of both total mass and metal-associated fractions of 
particulates on the health outcomes, which was not unexpected in view of the short study 
period, and definite positive conclusions could not be drawn from these. 

We had anticipated that the eight-year analyses would yield much greater power to identify 
metal-associated fractions of PM10 with increased health risks, but have not yet achieved this 
using the cluster-based extrapolations. This may be partly because there was substantial 
variation in metal content within clusters, leading to a high correla tion between the estimated 
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eight-year metal-specific PM10 and total PM10, and hence less gain in power to detect metal 
effects adjusted for total PM10. 

There are very few comparable epidemiological studies on the effects of specific metals 
within airborne particles. Two European projects have failed to find conclusive effects from 
Fe in total suspended particulate (TSP) and PM10 (Hoek et al., 1997; Roemer et al., 2000). In 
contrast Laden et al. (2000) identified significant associations between health outcomes and 
Ni and Pb in six cities in the USA. These early epidemiological findings are not entirely 
coherent or consistent with transition metal related outcomes in the toxicological literature 
(e.g. Gilmour et al., 1996; Costa et al., 1998). 

Many important questions remain and we are extending our work to additional analyses 
beyond those specified in our contract with the Department of Health. For example, we are 
currently exploring ways to improve the prediction of metal enrichment factors in PM10 by 
using multiple regression models based on trajectory co-ordinates as an alternative to the 
cluster approach, together with incorporation of current local weather and other pollutants in 
addition to the trajectory data. We are also exploring the use of using prior hypotheses about 
the geographical location of high emission source regions to further sub-divide our objective 
statistical derivations of trajectory clusters. Research colleagues in the University of 
Strathclyde have measured concentrations of metals in PM10 in Glasgow over an almost 
concurrent period to our measurements in Edinburgh. We are currently evaluating the 
feasibility of including these data in ongoing epidemiological studies of both cities to further 
increase the statistical power of our analyses. 

Conclusions 
Our analyses based on extrapolation of metals in airborne particles using an objective 
statistical analysis of air mass back trajectories has not found that extrapolated concentrations 
of Fe, Ni, V, Cu, or Zn explain more of the variance in three primary health outcomes than 
PM10 mass concentration alone. Additional evaluations of improved retrospective 
extrapolation of metal concentration metrics using meteorological and geographical 
information are underway. 
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5.2 Factors associated with increased 
likelihood of pollution related mortality 
Agius R, Beverland I, Elton R, Boyd J, MacNee W, McNamee R, Cohen G & Carder M 
Centre for Occupational and Environmental Health, The University of Manchester 
 

Introduction 
Although the effects of urban air pollution on the health of the general population, as 
observed in studies in the UK and elsewhere, are relatively small, it is frequently asserted that 
these effects may be much larger in susceptible subgroups of the population, such as those 
with existing disease, those experiencing higher levels of social deprivation, or those exposed 
to lower temperatures. Few studies have investigated the influence of prior disease on the 
subsequent relationship between air pollution and ill-health. Scotland has a valuable national 
record linkage system in which demographic information about the individual, that is, date of 
birth, sex, place of residence, and subsequent dates and diagnoses of hospital admissions, and 
ultimately the date and cause of death are linked, almost uniquely permitting these important 
questions to be addressed (Kendrick & Clarke, 1993). 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 (1981–1991) of our proposed study period, these differentials increased in 
Scotland as inequalities in health widened. For example, the difference in rates for ischaemic 
heart disease between affluent and deprived groups increased over these 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. 
The association between low temperature and increased morbidity and mortality is well 
recognised (Wilmhurst, 1994). A study in the Netherlands (Kunst et al., 1994) showed that 
while temperature alone explained approximately 30% of the daily variation in mortality, the 
addition of wind chill explained approximately a further 4%. Traditionally, low temperature 
has been considered as a simple confounder in relation to air-pollution effects (Lippmann & 
Ito, 1995), but it is known that cold adversely affects respiratory mucociliary function 
(Williams et al., 1996) and may thus impede the clearance of pollutants. Therefore a possible 
interaction between wind chill and urban air pollution in influencing mortality warrants study. 

Objectives 
The objectives of this study are to quantify the extent to which (1) prior cardiopulmonary ill 
health, (2) social deprivation, and (3) concomitant cold weather and wind chill, increase the 
risk of particulate air pollution related mortality. It will also measure (4) any association of 
shortening of residual lifespan associated with particulate air pollution in people with 
previous cardiopulmonary emergency hospital admissions. 

Methods 
The study uses a time-series design extending from January 1981 to September 1999 and is 
based on a crude population estimate of about 1.7 million people, including the three largest 
Scottish cities. Corresponding pollution data will be obtained from ten sampling sites for 
black smoke (BS) and two for PM10. Meteorological data include temperature, wind speed, 
relative humidity and ground level pressure, as well as a derived index of wind chill. Data will 
be extracted from the Scottish Medical Record Linkage System, in which individual hospital 
admission and mortality records are linked algorithmically. The primary outcome measures 
are daily cause-specific mortality, related in a Poisson regression to increments in the mean 
concentration of particulate pollution over the previous three days, adjusting for 
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meteorological variables, day of week and other confounders. Subgroups will be analysed 
according to gender, age (more or less than 65) and by prior emergency cardiopulmonary 
admission with special reference to the interval of 6 months to 3 years before death. 
Classification by deprivation categories will be imputed by area of residence using the 
Carstairs index (Carstairs, 1995). The interval between emergency hospital admission and 
subsequent death from cardiopulmonary disease will be compared with the corresponding 
data from non-cardiopulmonary ‘controls’ and modelled for particulate pollution levels 
associated with the emergency admissions and deaths. 

Results 
Since this project has started very recently no results are yet available. However we have 
undertaken pilot studies in Glasgow and Edinburgh which showed significant associations 
between BS and all cause mortality in both cities, and these were largest for those who 
survived more than three years after their last discharge. Thus for Edinburgh (70 858 deaths) 
the per cent increase in daily mortality associated with a 10 µg/m3 increment in daily BS was 
1.4 (90%CI, 0.3–2.5) for all the population studied and 4.5 (90%CI, 1.8–7.3) for those with 
prior cardiorespiratory emergency admission. When analysed according to the interval 
between the last discharge and cardiorespiratory death (in days) the estimates were of 2.8% 
(4–80), 4.9% (180–1095; p<0.05) and 6.3% (>1095; p<0.05). Case crossover analysis 
generally concurred with Poisson regression but yielded smaller estimated associations. 

Discussion 
Pilot studies in Glasgow and Edinburgh have provided initial epidemiological evidence for 
effects of air pollution on specific susceptible population subgroups in Scotland. However 
trends in the results have not all been statistically conclusive, probably owing to a lack of 
power. Thus relatively large populations, as in the present study, need to be studied in order to 
provide statistically valid evidence of such effects. 
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5.3 The contribution of age and genotype to 
sensitivity to environmental genotoxins 
Williams FMa, Davis ELa, Morgan Da & Daly AKb 
aDepartment of Environmental and Occupational Medicine, University of Newcastle 
bPharmacological Sciences, University of Newcastle 
  

Background 
A major topic of concern is the contribution of environmental pollutants to cancer risks in the 
general population in the UK. The aims of this project were to (1) determine the level of DNA 
damage in a rural UK population as the closest indication of an endogenous background level 
and to compare this with an urban population who were potentially exposed to higher levels 
of genotoxins from the air, (2) determine the influence of old age on DNA damage, (3) 
identify genotypes of xenobiotic metabolising enzymes associated with either high or low 
DNA damage, and (4) estimate adducts as markers of environmental pollution and relate these 
to DNA damage. 

Recruitment 
The study received ethical committee approval. Non-smoking elderly (over 65 years of age) 
and young volunteers (20 and 40 years of age) from rural and urban populations were 
recruited by the research nurse. Selection was on the basis of the post code of their address. 
Rural volunteers had not lived or worked within ten miles of a city or five miles from a large 
town for the last ten years. The urban group had lived and worked in a large town or city for 
the last ten years. The rural population was recruited through general practitioners and old 
people’s clubs in the surroundings of Allendale, Haltwhistle, Seahouses, and Belford in 
Northumberland. The urban population was recruited from university and hospital colleagues, 
GP’s surgeries in Jesmond and from old people’s clubs in Newcastle and Gateshead. 
Exclusions from these populations were smokers, those living in a smoking household, those 
receiving cytotoxic drug therapy, those who worked with cytotoxics or in the chemical 
industry, or those with ill-health. Volunteers completed a questionnaire detailing area of 
residence, occupation, smoking status and life style, including passive smoking levels, alcohol 
intake, demographic details, general health and medication and age. Volunteers gave consent 
to collection of a blood sample and a urine sample. The 258 non-smoking volunteers 
comprised 173 urban (57 young and 116 elderly) and 85 rural (33 young and 52 elderly) 
people. 

Methodology 
DNA damage 

DNA damage was measured by the Comet assay (Singh et al., 1988) in freshly isolated 
lymphocytes from each of the volunteers. Lymphocytes embedded into low melting point 
agarose were lysed in a high salt solution and DNA unwound in alkali buffer before 
separation in an electrical current at 22 V/0.5 mA for 30 minutes. Images of 50 cells (two 
slides) per individual were captured (confocal microscope) and analysed using Kinetic Komet 
software. DNA damage was expressed as the tail distributed moment (TDM) and the mean 
TDM for 50 cells was representative of DNA damage in that blood sample. 

Genotyping 

DNA was prepared from whole blood. All samples were genotyped for polymorphisms in 
xenobiotic metabolising enzymes: CYP1A1*2, Ah receptor (A 1721), GSTM1, GSTP1*B, 
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GSTT1, NAT2, mEH exon3, mEH exon 4, using polymerase chain reaction (PCR) followed 
by restriction fragment length polymorphism (RFLP) or single stranded conformational 
polymorphism (SSCP). 

Haemoglobin adducts 
Haemoglobin (Hb) samples were analysed for adducts of 4-aminobiphenyl, 2-aminofluorene, 
1-aminopyrene and 2-naphthylamine, which have previously been found in human samples. 
Samples were also analysed for 1-naphthylamine, 2-aminobiphenyl, 1,5-
diaminonaphthylamine, 1-aminoanthracene, 2,7-diaminofluorene and 2-aminoanthracene, 
which had not previously been detected, Samples were analysed by gas chromatography-mass 
spectrometry (GC-MS) operating in selected ion monitoring (SIM) mode and negative 
chemical ionisation (CI) following extraction and derivatisation with pentafluorobenzyl 
(Sabbioni & Beyerbach, 2000). Peaks in the derivatised Hb extracts with the same molecular 
mass and co-eluting with the peak in the standard spiked Hb were identified as the amine Hb 
adducts. Levels expressed as pmol/g Hb were determined from peak area ratios (amine peak 
area/d9 4-ABP peak area) using an extracted calibration curve. 

Results 
DNA damage 
 
Table 1 shows that the rural young had the lowest DNA damage. For both rural and urban 
populations there was a higher level of damage in the elderly although the difference between 
urban and rural was not significant. 

Table 1 DNA damage in lymphocytes expressed as tail distributed moment 

 Urban (CI) Rural (CI) 

Young 25.98 (23.74–28.59) n = 57 23.08 (21.50, 25.42) n = 33*, **  
Old 26.78 (23.78–30.28) n = 116 28.45 (25.53, 30.65) n = 52  

** p<0.0001 (rural, young v old), *p = 0.001 ( young, urban v rural) median (25th, 75th percentile, Mann-Witney U) 

Genotype 

The genotype frequencies within the population were similar to those seen in previously 
published data (Table 2). Higher levels of DNA damage were not associated with a particular 
metabolic polymorphism, either in the whole population or in the most susceptible group, the 
urban elderly. 

Table 2 Predicted and observed gene frequencies (% with mutant allele) 

 Ah 
receptor 

mEH 
exon 3 

mEH 
exon 4 

GSTM1 GSTT1 GSTP1*B Cyp1A NAT2 

 
Predicted 

 
20 

 
28 

 
25 

 
50 

 
20 

 
23 

 
20 

 
50 

Observed 10.9 35.6 27.5 45.7 29.1 18.6 17.0 45.5 

 
 

Amine adducts 

Low levels of amine adducts previously reported were detected in the haemoglobin samples 
although there was no significant difference between the urban and rural populations. The 
highest levels were for 4-aminobiphenyl, which derives from cigarette smoke. Peaks 
corresponding to adducts of the other amines not previously reported were also detected. 
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Table 3 Haemoglobin amine adducts from urban and rural non- smokers expressed as 
pmol/g haemoglobin 

Amine adduct Urban population (n = 145) 
median [minimum – maximum] 

Rural population (n = 82) 
median [minimum – maximum] 

2-aminonapthalene 0.0084 [0.00 – 10.22] 0.0416 [0.00 – 12.76] 
4-aminobiphenyl  1.4061 [0.00 – 143.82] 1.0954 [0.00 – 170.03] 

2-aminofluorene  0.0315 [0.00 – 10.47] 0.0717 [0.00 – 49.13] 
1-aminopyrene  0.0380 [0.00 – 49.71] 0.2490 [0.00 – 53.90] 
1-aminonaphthalene 0.0126 [0.00 – 236.79] 0.0314 [0.00 – 148.76] 

2-aminobiphenyl 0.0455 [0.00 – 149.43] 0.1003 [0.00 – 67.43] 
1-aminoanthracene 0.0242 [0.00 – 59.81] 0.0706 [0.00 – 51.26] 
2-aminoanthracene 0.0166 [0.00 – 57.43] 0.0422 [0.00 – 131.71] 

1,5-diaminonaphthalene 0.0171 [0.00 – 292.58] 0.3875 [0.00 – 177.98] 
2,7-daminofluorene 0.0001 [0.00 – 93.65] 0.0338 [0.00 – 29.44] 

 

Conclusions 
These results suggest that increased DNA damage was associated with urban living but the 
differences were less than expected. Greater DNA damage was seen in elderly people, which 
was consistent with reduced repair in this group. There was no relationship between DNA 
damage and genotype for xenobiotic metabolising enzymes that are involved in genotoxin 
metabolism. 
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5.4 Frequent use of chemical household 
products is associated with wheeze in  
pre-school age children 
Sherriff Aa, Farrow Ab, Henderson Ja, Golding Ja & The ALSPAC Study Teama 
aUnit of Paediatric and Perinatal Epidemiology, Department of Child Health, University of Bristol 
bDepartment of Health and Social Care, Brunel University 
 

Background 
In the UK, the prevalence of asthma symptoms has increased dramatically in recent years. 
This is most likely due to a change in some factor or factors in the environment, which, if 
identified, might lead to remediation and even prevention of the disease in the future. Recent 
studies have indicated that indoor exposure to multiple chemical agents may play a role in the 
aetiology of asthma and other respiratory symptoms. 

Aim 
To determine whether frequency of use of chemical products in the home is associated with 
wheezing in young children. 

Methods 
Frequency of use of a panel of nine common chemical household products was determined 
from questionnaires completed by participants in the Avon Longitudinal Study of Parents and 
Children (ALSPAC) when the study child was 8 months old. From these responses a simple 
normally distributed score was formulated for the total chemical burden (TCB) for each 
individual (with possible range: 0–45). Questionnaires were also completed on the respiratory 
health of the study child at 6, 18, 30 and 42 months of age, specifically wheezing with 
whistling on the chest. Multivariable logistic regression models were used to assess the 
relationship between the period prevalence, severity and persistence of wheezing in children 
aged between birth and three and a half years and exposure to chemical household products, 
while accounting for numerous potential confounding variables. 

Results 
The TCB scores in this sample were approximately normally distributed (mean, 13.9; 
standard deviation, 4.4; range, 0–35). The period prevalence and severity of wheeze were 
significantly associated with TCB at each time point, independent of numerous important 
confounding variables (Table 1). The effect of TCB was strongest for persistent wheezing up 
to 42 months of age (adjusted OR, 1.07; 95%CI, 1.03–1.11). This represented a 7% increase 
in the risk of persistent wheeze with every unit increase in TCB. Furthermore, the children of 
women who had very high TCB (>90th centile) were almost two and a half times more likely 
to wheeze persistently through early childhood than children whose mothers had a low TCB 
(<10th centile; adjusted OR, 2.4; 95%CI, 1.2–4.9). 
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Table 1 Period prevalence of wheezing and unadjusted and adjusted odds ratios for 
wheezing between birth and 42 months according to total chemical burden at 8 
months 

Wheezing 

 

Prevalence of 
symptom 

Unadjusted OR 
(95% CI) 

Adjusted OR 
[95% CI]a 

0-6 months    
 Wheezed (Y/N) 1503 / 8281 (18%) 1.03 (1.02–1.04)*** 1.02 (1.01–1.03)* 

 Wheezed >= 2 671 / 7449 (8%) 1.04 (1.02–,1.06)*** 1.03 (1.01–1.05)* 
6-18 months    
 Wheezed (Y/N) 1704 / 8281 (21%) 1.02 (1.01–1.03)** 1.02 (1.01–1.04)* 

 Wheezed >= 2  1193 / 7770 (14%) 1.03 (1.02–1.05)*** 1.02 (1.01–1.04)* 
18-30 months    
 Wheezed (Y/N) 1370 / 8281 (17%) 1.03 (1.01–1.04)** 1.03 (1.01–1.04)* 

 Wheezed >= 2 1013 / 7924 (12%) 1.04 (1.02–1.06)*** 1.03 (1.02–1.05)** 
30-42 months    
 Wheezed (Y/N) 1069 / 8281 (13%) 1.02 (1.01–1.04)* 1.02 (1.0–1.04)* 

 Wheezed >= 2 804 / 8016 (10%) 1.03 (1.03–1.05)** 1.03 (1.01–1.05)* 
 Persistent wheeze 233 / 5328 (3%) 1.09 (1.06–1.12)*** 1.07 (1.03–1.11)** 

a Adjusted for weekend ETS, gas cooking, maternal asthma, parity, overcrowding, gender, contact with pets, damp housing, 
maternal age, maternal education, number of hours mother worked outside home, maternal smoking at 8 months post partum, and 
month of returning chemical usage questionnaire 
*** p<0.0001; ** p<0.001; * p<0.05 
 

Conclusion 
There was a wide spectrum of use of chemical household products in the ALSPAC cohort 
ranging from very little use of any of the panel of chemicals, to frequent use of them all. 
Children whose mothers made frequent use of household cleaning products were at a greater 
risk of wheezing periodically and persistently throughout infancy. While there is no 
suggestion that people discard basic hygiene principles aimed at preventing the spread of 
infectious diseases and serious food poisoning in the home, there is some concern that 
frequent use of household cleaning products may have a deleterious effect on the respiratory 
health of young children. Follow-up of this cohort is underway to determine whether TCB is 
associated with wheezing at later stages in childhood. 
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5.5 Publication bias in time-series studies of 
ambient particulate pollution 
Anderson HR, Atkinson RW, Peacock JL, Sweeting M & Marston L 
St George’s Hospital Medical School, London 
 

Background 
In recent years there have been many studies that have shown significant, positive 
associations between outdoor, ambient particle concentrations and daily numbers of deaths 
and daily morbidity indicators (numbers of admissions to hospitals, GP visits, symptoms etc). 
The consistency of these associations, from study to study, has been an important factor in the 
argument for causality. A number of reviews of the literature have used meta -analysis 
techniques to pool effect estimates from selected studies and these summary estimates have 
suggested significant, positive associations between particle air pollution levels and adverse 
health effects. Furthermore, these summary estimates are used, increasingly, for health impact 
assessment at city, regional and national levels. 

In evaluating the evidence for an effect of air pollution on health it is important to ensure that 
a systematic approach to the identification of relevant studies has been taken and that the 
possibility of publication bias has been considered. The presence of publication bias and a 
non-systematic search of the literature could both introduce bias into the estimation of the 
effects of air pollution on health. To investigate these issues further we undertook a 
systematic review of the time-series and panel study literature. Effect estimates and relevant 
data were extracted from the appropriate studies and entered into databases. These databases, 
which are constantly being updated as new studies are published, provide resources for the 
investigation of publication bias and other related topics. Here we address the issue of 
publication bias in studies of particle concentrations and daily mortality and daily respiratory 
symptoms. 

Methods 
From various bibliographic databases we have identified systematically all relevant published 
time-series studies in all languages and countries up to the end of July 2001. All pollutant 
effect estimates, and other information relevant to the standardisation of these estimates, have 
been extracted from the papers and entered into Access databases. Two outcomes have been 
examined in detail and are presented: all-cause, all-age daily mortality, and respiratory 
function (PEFR) in symptomatic children, both outcomes in relation to particle measures. 
Publication bias was assessed using funnel plots, and Beggs and Eggar’s tests. We also 
calculated pooled estimates (fixed and random effects). 

Results 
Time-series studies of daily mortality 
We first looked at 42 separate studies of total suspended particulate (TSP) and found some 
evidence of publication bias, both from inspection of Begg’s funnel plot and from Eggar’s test 
(p = 0.042). We then examined the results for the 165 cities with results for PM10. There was 
no evidence of publication bias on inspection of the funnel plot or on formal testing with 
Begg’s or Eggar’s tests. The pooled estimate for PM10 (for 10 µg/m3 change) was 1.006 
(95%CI, 1.005–1.007). The analysis was repeated but without the estimates from two 
prospective multi-city studies (the European APHEA study and the US NMMAPS study) on 
the basis that these multi-centre studies would have been much more likely to have been 
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published whatever their results. The pooled estimate for the combined APHEA and 
NMMAPS cities (n = 111) was 1.005 (95%CI, 1.004, 1.006) with no evidence of publication 
bias in the funnel plot or from statistical testing. For the 54 individual city studies, the funnel 
plot showed some evidence of bias, supported by the Eggar’s test, which showed a slight 
positive bias (p = 0.12). The pooled estimate was 1.007 (95%CI, 1.006–1.008), but when 
adjusted for publication bias using Trim and Fill analysis, it was reduced to 1.006 (95%CI, 
1.004–1.007), only slightly more than the pooled APHEA and NMMAPS estimates. It is 
concluded that there is little publication bias in the published literature on PM10 and daily 
mortality. This gives confidence in the consistency of positive results and in the use of pooled 
estimates for health impact assessment. 

Lung function (PEFR) in symptomatic children 
Up to August 2001 there were 121 studies of daily lung function and symptoms in panels of 
subjects, providing 39 estimates of effects of PM10 on PEFR in symptomatic children. The 
PEACE study group have conducted panel studies in 14 European countries using a standard 
protocol. This group had a prior policy to publish results regardless of the findings. Hence 
these studies should not be subject to publication bias. This presents the opportunity to 
compare pooled estimates with and without the PEACE studies and to test for publication bias 
(Table 1). 

Table 1 Pooled estimates of effects of PM10 on PEFR in children in various study 
subgroups 

Study group  Pooled 95%CI No. of  
estimatea    studies 

Symptomatic including PEACE studies -0.080 -0.129 to -0.031 39 
 without PEACE studies -0.143 -0.259 to -0.027 11 

 only PEACE studies -0.067 -0.121 to -0.013 28 
a Regression coefficient l/min/10 µg/m3 

 

All funnel plots were symmetrical (Figure 1) and the Begg and Eggar tests for publication 
bias were clearly non-significant. There was no significant statistical heterogeneity in any 
group and so fixed effects estimates have been presented. There was a significant relationship 
between PM10 and PEFR in each group but the effect sizes were relatively small, being 
equivalent to about 0.02% decline in PEFR for a 10 µg/m3 increase in PM10. The pooled 
estimate for the non-PEACE studies was double that for the PEACE studies. This difference 
does not appear to be explained by publication bias. 
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Figure 1 Funnel plot for studies of PM10 on PEFR in symptomatic children (n = 39) 

 

Conclusions 
These analyses suggest that there is little evidence for publication bias in the published 
estimates for the effects of particulate air pollution on daily mortality and daily PEFR in 
symptomatic children. This gives confidence in the consistency of positive results and in the 
use of pooled estimates for health impact assessment. The review is ongoing and as new 
papers are published their data are added to our databases. Revised analyses, based upon 
papers available from medical databases up to January 2002, are due for completion in March 
2002. 
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5.6 Chronic effects of outdoor air pollution on 
cardiovascular and respiratory symptoms, 
admissions and mortality in Sheffield 
Maheswaran Ra, Brindley Pa, Fryers Pa, Wise Sa, Payne Na, Campbell M, Rushton Lb & Haining Rc 
aUniversity of Sheffield 
bMRC Institute for Environment and Health, University of Leicester 
cUniversity of Cambridge 
 

Aim and objectives 
The aim of this project is to examine the chronic effects of outdoor air pollution on 
cardiovascular and respiratory disease using existing or routine data. The objectives are: 

1 to examine the association between ambient air pollution levels and cardiovascular 
and respiratory admissions and mortality at the small area (ecological) level; 

2 to examine the association between ambient air pollution levels and cardiovascular 
and respiratory symptoms at the individual (cross-sectional) level; and 

3 to examine the association between ambient air pollution levels and the risk of 
subsequent admission and mortality from cardiovascula r and respiratory disease, 
using a prospective (cohort) analysis. 

Methods 
Exposure data 

Modelled concentrations of particulate matter (PM10) and oxides of nitrogen (NOx) were 
obtained from Sheffield City Council. The modelled pollution estimates were generated using 
AirViro and are based on several inputs, including data on emissions from road traffic and 
point sources, topographic details, meteorological data and information on physicochemical 
processes affecting pollution concentrations. Pollution surfaces were produced at a 200 m grid 
square resolution for annual means from 1994 to 1999 (excluding 1998 due to incomplete 
data) and an average was used. The air pollution data were imported into a geographical 
information system in order to link to health data. 

Objective 1 

Data on admissions and deaths from ischaemic heart disease (ICD9 410–414, ICD10 I20–
I25), stroke (ICD9 430–438, ICD10 I60–I69) and chronic respiratory disease (ICD9 490–496, 
ICD10 J40–J47, J67) from 1994–1998 were aggregated by enumeration district (ED), sex and 
five-year age band. For the denominator population (person-years), we used 1991 census data 
corrected for underenumeration and scaled to mid-year health authority estimates for 1994–
1998. Statistical analysis is by Poisson regression. 

Objective 2 
Data from the Sheffield Health and Illness Prevalence Survey, carried out in 1994, are being 
used. This is a resident population-based sample of 12 239 people aged 18–94 years. The 
overall response rate was 78.5%. A stratified random sample was drawn from the district’s 
population health register, which had been set up using general practice age–sex registers. 
Information was obtained by postal questionnaire, which included questions regarding angina 
(modified Rose Angina Questionnaire) and respiratory symptoms (MRC Respiratory 
Symptoms Questionnaire). Statistical analysis is by unconditional logistic regression. 
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Objective 3 

Data from the above survey are being linked to subsequent admissions and mortality using the 
Sheffield Health Authority information system. 

The survey questionnaire did not include questions on socioeconomic status and smoking, and 
these items of information are not available for the small area level analysis on admissions 
and mortality. We have therefore used 1991 census-based ED level Townsend scores as an 
index of socioeconomic deprivation and ward level smoking prevalence from a survey carried 
out in 2000. Statistical analysis will by Cox’s regression. 

Results 
The modelling process substantially overestimated NOx values when compared with 
monitored values. However it was able to differentiate between areas of high and low 
pollution for both PM10 and NOx. Exposure levels were categorised using quintiles before 
being used in the statistical analyses. The spatial pattern of modelled PM10 showed localised 
areas with very high levels, which on further enquiry were thought to be due to errors in the 
database. These areas were therefore excluded from analyses using PM10 levels. The 
ecological analyses are based on 7089 deaths and 11 925 admissions from coronary heart 
disease, 3081 deaths and 5373 admissions from stroke, and 1585 deaths and 8287 admission 
from chronic respiratory disease. Preliminary results suggest that the risk of admission and 
mortality increases with increasing levels of PM10 and NOx. However, these results need to be 
examined in more detail. No results are as yet available from the second and third phases of 
the project. 
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5.7 Apparent mortality due to air pollution by 
SO2 in London disappears after allowance for 
associated weather patterns (Mortality due to 
cold and pollution) 
Donaldson GC & Keatinge WR 
Biomedical Sciences Building, Queen Mary and Westfield College, London 
 

Background information 
Many reports have suggested that sulphur dioxide (SO2) substantially increases mortality in 
cities of developed countries, but wide discrepancies among these reports with regard to the 
size of the effect have raised doubts about their validity. Studies of mortality associated with 
SO2 and other air pollutants have generally allowed for effects of temperature at a single lag, 
usually varying between 0 and 4 days. We report evidence that this will cause systematic 
attribution to SO2 of mortality caused by weather patterns associated with air pollution. 

Episodes of air pollution are accompanied by a depression in temperature which lasts longer 
than an average cold spell (Keatinge & Donaldson, 2001). Falls in temperature cause marked 
increases in mortality that peak 1–3 days after the peak of a cold spell (Donaldson & 
Keatinge, 1997). Allowance for temperature at such lags could therefore be expected to adjust 
for effects of average cold spells on mortality, but not for effects of cold spells associated 
with pollution. Other possible sources of error include confounding by other weather factors 
and pollutants (see Lipfert & Wyzga, 1997; Schwartz, 2000), and use of data outside the 
linear range of the mortality/temperature relationship. We could show no mortality associated 
with SO2 in London (Donaldson & Keatinge, 1997) using weather variables and other 
pollutants as confounders, at multiple delays to allow for abnormal weather patterns, and 
using data confined to the linear range. 

We have now used those data (mortality from all causes, men and women, over 50 in greater 
London, 1976–1995, temperature at London Weather Centre, SO2 average at sites in Victoria, 
Earls Court, Bloomsbury, and Cromwell Road) to show the effect of allowing for temperature 
at successive single lags, and then at multiple lags, again using data wholly within the 
0–15 °C range. Other confounding variables used were a daily trend term, influenza deaths 
recorded from day –10 to day +10, and 12, 6 and 4 month sine/cosine terms to adjust for other 
effects of season. London has 70% of days within the linear range of 0 to 15 °C, a large 
population in a compact area, and a 20-year (1976–1995) run of data for SO2, carbon 
monoxide and smoke, which makes such analysis possible. 

Main description 
Figure 1b shows that SO2 (with zero lag) produced apparent increases in mortality if 
allowance was made for temperature by a single term at any lag; the apparent effect of SO2 

was smallest when a lag of two or three days was used for temperature. This is the lag that 
gives the closest relationship of mortality to temperature (Figure 1a; see also Donaldson & 
Keatinge, 1997). The apparent effect of SO 2 disappeared if multiple temperature terms were 
used to allow for effects of temperature at all lags of 0, 1, 2–4, 5–13, and 14–24 days 
(Figure 1a). 
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Figure 1a Regression coefficients of mortality on mean daily temperature at 
successive lags; b Apparent mortality due to SO2 after allowance for temperature at 
successive lags and (horizontal line) after simultaneous allowance for temperature at 
all lags 0, 1, 2–4, 5–13, 14–24 days 

 
 

Conclusion and discussion 
The fact that use of only one temperature term, whatever lag is applied to it, results in 
spurious indications of mortality due to SO2, has wide implications. Numerous reports 
suggesting mortality caused by SO2 or other pollutants have almost all used a single lag, or 
occasionally two brief lags, to allow for temperature. This will not allow fully for the effects 
of the prolonged temperature depressions that are associated (Keatinge & Donaldson, 2001) 
with episodes of pollution. Adjustment for these requires simultaneous use of multiple 
temperature terms at a wide range of lags, and with this we see no demonstrable effect of SO2 

on mortality in London. 
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6 Posters 

6.1 The impact of meteorology on fine particle 
size distributions: Comparison between urban 
and rural sites 
Birmili W, Charron A & Harrison RM 
Division of Environmental Health and Risk Management, The University of Birmingham 
 

Introduction 
Particles emitted into the atmosphere influence the earth’s radiative balance (e.g., Haywood & 
Boucher, 2000), and cause adverse effects upon health (e.g., Pope & Dockery, 1999). Fine 
particles (<1 µm) are emitted in large numbers within cities and conurbations, but can 
eventually be transported into remote regions, depending on meteorological circumstances 
affecting their lifetime. On the basis of an extended data set covering three years, we 
investigate the meteorological and source factors that affect the fine particle size distribution 
at urban and rural sites in south east England. 

Experimental details 
Size distributions of fine particles (12–440 nm) have been recorded since 1998 at the sites 
Harwell (Oxfordshire; rural station), London-Bloomsbury (urban background station), and 
London-Marylebone Road (roadside station) using scanning mobility particle sizers (TSI Inc., 
DMA model 3071 A). The meteorological situation was classified on the basis of surface and 
radiosonde data taken from the national network of UK Met Office stations. 

Results 
An overview of the particle size distributions at the different sites is given in Figure 1. The 
particle concentrations at the roadside station in London-Marylebone were around one order 
of magnitude higher than at the two other sites, reflecting the dominant impact of particle 
sources related to motor vehicles. For more details, see the companion work by Charron et al. 
(6.3). The differences between London-Bloomsbury (urban background) and Harwell (rural) 
were more subtle, and are most evident in the particle size range <5  nm, which indicates the 
prevalence of vehicle exhaust particles at the urban site. When differentiating the particle size 
distributions at the urban background site according to the mixed layer height (see Figure 2), 
it can be seen that this factor has a dominant influence on the particle distribution. This is 
interpreted as dispersion of locally emitted primary aerosols being inhibited, thus 
accumulating high particle concentrations in relatively small mixing volumes. 

The situation is, however, different at the rural site (see Figure 3). The concentrations of 
particles >80 nm are the highest for low mixed layer heights, but the concentrations of smalle r 
particles (<40 nm) behave exactly in the inverse manner. They reach their highest 
concentrations at mixed layer heights >1000 m, that is when the most boundary layer volume 
was available for constituent dispersion. We view this as evidence that most of these particles 
< 40 nm do not originate from primary but secondary sources triggered by the intense solar 
radiation on these days. The data also suggest that the secondary particles have the ability to 
grow from their initial size (~1 nm) into the observed size range 20–60 nm on the day of their 
formation. Strong effects in accumulation mode concentrations (>120 nm) could also be seen 
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as a function of wind direction (Figure 4). At the Harwell site, the concentrations were around 
1000/cm3 for easterly wind directions, but typically around 500/cm3 for westerly sectors. A 
more detailed analysis involving back trajectories will be necessary to distinguish whether 
this is attributable to the plume of the London area (~80 km east of Harwell) or to long range 
transport of accumulation mode aerosol from the European continent. 

Figure 1 Median particle size distributions at two 
sites in London, and a rural site (Harwell). 
Concurrent measurements between 1998 and 
2000 (total: 118 days) 

Figure 2 Median particle size distributions at 
London-Bloomsbury for different atmospheric 
mixed layer heights. Daytime data between 
1000 and 1800 h are shown 

  
Figure 3 Median particle size distributions at 
Harwell for different atmospheric mixed layer 
heights. Daytime data between 1000 and 1800 h 
are shown 

Figure 4 Diurnal patterns of Accumulation 
mode (120-440 nm) particle concentrations at 
Harwell for different wind sectors. 

  

Conclusions and outlook 
Long-term measurements provide a powerful basis to identify the climatologically important 
source contributions and meteorological factors controlling the particle size distribution at 
urban and rural sites. Future work will focus on the effects of local, regional, and long-range 
advection of primary emissions under different weather conditions, on the formation of 
secondary particles, and on their implications for regional climate and air quality. 

References 
Haywood J & Boucher O (2000) Estimates of the direct and indirect radioactive forcing due to tropospheric 
aerosols: A review. Rev Geophys, 38, 513–543 

Pope CA & Dockery DW (1999) Epidemiology of particle effects. Air Pollut Health, 31, 673–705 

 

Acknowledgements : We are highly indebted to Jeff Booker and John Alexander from Stanger Science 
& Environment who carried out the measurements under DETR (now Defra) contract number EPG 
1/3/91. Meteorological data were provided by BADC. 



 
IEH Web Report W12, posted December 2002 at http://www.le.ac.uk/ieh/ 

75 
 

6.2 Characterisation of the ambient respirable 
biological aerosol 
Biggins Pa, Pomeroy Na, Pearce Ma, Stone Ca, Brown Nb, Harrison RMc, Hobman Jb & Jones Ac 

aChemical & Biological Sciences, Dstl Porton Down, Wiltshire 
bSchool of Biological Sciences, The University of Birmingham 
cDivision of Environmental Health and Risk Management, The University of Birmingham 
 

Introduction 
Air pollution research tends to concentrate on the pollutants that mankind’s industrial 
endeavours have added to our atmosphere mainly through the burning of fossil fuels and use 
of motor vehicles: but what about all those particles which occur naturally? Particles of 
biological origin are exclusively naturally occurring, although their sources may be man-made 
such as sewage treatment and waste-disposal processes. These include spores of fungi, ferns, 
mosses and bacteria; pollens; algae; bacteria and viruses. While comparatively little work has 
been carried out in this area, it has been suggested (Matthias-Maser et al., 2000) that as much 
as 28% of total airborne particles are biological. Whilst the vast majority of these are 
innocuous, there are those that cause adverse effects in virtually all plants and animals. We 
are all familiar with hay fever caused by pollens; farmers lung, ringspot, blackspot and 
botrytis caused by fungal spores; woolsorters disease caused by anthrax spores; ‘flu caused by 
influenza virus; Legionella, whooping cough, TB, diptheria and plague caused by bacteria. 
These are but a few well-known examples of plant and animal pathogens and allergens which 
are spread by the route of airborne transmission. 

A pilot study has been undertaken by the Detection and Diagnostics Department of Chemical 
and Biological Sciences, Dstl in conjunction with the University of Birmingham to determine 
the biodiversity and concentrations of microbial species in the respirable ambient aerosol. 

Approach 
Four sampling sites were chosen, lying approximately along the axis of the prevailing south-
westerly wind. One was a remote, marine orientated site on the Lizard Peninsula whilst the 
others were rural terrestrial sites upwind (Pershore) and downwind (Lichfield) of an urban 
conurbation (Birmingham). 

Sampling was carried out over a seven-day period at each location for each season. 

Consecutive six-hour air samples were obtained using high-volume samplers operating at an 
air flow of 1.3 m3/min. These deposited airborne particles onto high-efficiency fibrous filters 
which were then analysed in the laboratory. The detection and characterisation of bacteria 
from air samples has, in the past, relied extensively on growing the organisms on a synthetic 
culture medium. While this is appropriate for single species organisms of medical 
significance, there is no knowledge that the mixed species of environmental organisms in the 
ambient aerosol could be cultured on synthetic media with any certainty. 

Consequently an approach was developed which exploited the common occurrence of 
molecules of ribosomal RNA (16S rRNA) contained within bacterial and fungal cells. Whilst 
the molecule itself is highly conserved it also contains areas of hypervariability which are 
responsible for the differences between microorganisms. An assay methodology was 
developed to exploit this variability so that bacterial identifications could be made using the 
international ribosomal database. 
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For quantification a whole cell hybridisation technique was developed where 
deoxyoligonucleotide probes were designed to target the variable regions of rRNA specific to 
bacteria. By attaching a fluorescent label to each probe and viewing the sample under a 
fluorescent microscope, targeted cells were enumerated in situ. 

Identification and enumeration of airborne spores and pollens was carried out by sampling 
with a proprietary spore trap to take a 24-hour sample. This was analysed using light 
microscopy techniques and carried out by personnel at the UK Pollen Research Unit. 

Observations 
The initial findings of microbial biodiversity are shown below in Figure 1. An interesting 
observation is that 28% of the bacterial loading cannot be readily identified using the 
database. At the Birmingham and Lichfield sites Bacillus spp. were dominant. In comparison, 
at the Lizard site and to a lesser extent at the Pershore site gram negatives predominated along 
with a more diverse bacterial population. 

Figure 1 Predominant microbial genera in ambient air (identified by molecular gene 
probe assay) 

 

Concentrations of bacteria, fungal spores and pollens obtained from the Birmingham site at 
six-hour resolution during the period 2nd to 9th September 1996 are shown in Figure 2. 
Particle number concentrations for the submicron (0.01–1 µm) and micron (1–10 µm) size 
fractions are shown in Figure 3. From the initial findings it was observed that concentrations 
of airborne bacteria are highly variable and do not correlate with particle number and PM10 

mass concentrations  (Figure 4). 
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Figure 2 Concentrations of bacteria, fungal spores and pollens obtained from the 
Birmingham site at six-hour resolution 

 

Figure 3 Particle number concentrations obtained from the Birmingham site for the 
submicron (0.01–1 µm) and micron (1–10 µm) size fractions 

 

Figure 4 PM10 mass concentration at the Birmingham site 
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6.3 Particle number, size and mass 
concentration at Marylebone Road, London: 
Relation to traffic 
Charron Aa, Moorcroft Sb, BookerJb & Harrison RMa  
aDivision of Environmental Health and Risk Management, The University of Birmingham 
bStanger Science and Environment, London 
 

Introduction 
Recent toxicological studies have shown the adverse health potential of ultrafine particles, 
which are appreciably more toxic than coarser particles, per unit mass. Motor vehicles are 
thought to contribute substantially to atmospheric ultrafine particle concentrations. As a 
consequence an important issue is to determine the contribution of different kinds of vehicles 
to the atmospheric budget of ultrafine particles. Because dynamometer studies include a small 
number of vehicles and may be not representative of atmospheric ultrafine particulate matter 
(e.g. secondary particulate matter formed via gas-to-particle conversion of both organic and 
inorganic gases is not measured), the assessment of vehicle contributions from atmospheric 
measurements can provide important additional information to that from dynamometer 
studies. 

Sampling site and instruments 
The Marylebone Road site is part of the London Air Quality Network and is located within a 
street canyon on the kerbside of a major arterial route in the city centre. Traffic flows of over 
80 000 vehicles per day pass the site on six lanes with frequent congestion. 

Particle counts and size distributions are determined using a Scanning Mobility Particle Sizer 
(SMPS, TSI Inc., model 3071 A). The SMPS system comprises an electrostatic classifier (EC) 
which separates the particles into known size fractions, and a condensation particle counter 
(CPC) which measures their concentration. The EC was configured to allow particles in the 
range 11–450 nm diameter to be counted. 

Two tapered element oscillating microbalances (TEOM) are used to monitor PM10 and PM2.5 
particle mass concentrations. This site is also equipped with continuous monitors recording 
concentrations of carbon monoxide (CO) and nitrogen oxides (NOx). Traffic counters installed 
in Marylebone Road provide for vehicle counts on all six lanes, speed and vehicle 
classification according to the EUR6 scheme using loop monitoring. We have classified the 
counts according to two groups: (1) motorcycles and light duty vehicles, and (2) heavy duty 
vehicles, mainly diesel buses/coaches and lorries. 

Data and methods 
Data collected from 1998 to 1999 have been used in this study. The average hour weekly 
cycle is used in order to reduce the variability of concentrations due to meteorology and 
dilution processes. 

The relationship between vehicles and particle numbers, sizes and mass was investigated 
using both univariate analyses (average weekly cycles, correlation matrices) and multivariate 
analyses (principal component analys is followed by a Varimax rotation, hierarchical 
clustering using Ward’s method and squared Euclidean distances as a similarities measure). 
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Results and conclusions 
Considerably higher particle number concentrations are measured in the vicinity of a major 
road in comparison with those measured at a nearby urban background site (Bloomsbury, 
London) suggesting the significant contribution of on-road emissions. 

The study has shown that, at the Marylebone Road site, particles belonging to the Aitken and 
accumulation modes as well as PM2.5 and PM10 mass are related predominantly to diesel lorry 
and coach emissions. CO concentrations are found to be well explained by light duty vehicle 
counts. 

Weak or non-existent relationships are found between vehicle counts and nanoparticles, as 
well as between vehicle counts and the total number of particles, since the latter mainly 
depends on nanoparticle numbers. Nevertheless, the simultaneous occurrence in the early 
morning of higher concentrations of nanoparticles and a rise in the traffic flow suggests that 
vehicles are responsible for the formation of nanoparticles. The higher concentrations of 
nanoparticles in the early morning suggest the role of lower particle surface area available for 
condensation during the end of the night that would favour the nucleation of semi-volatile 
organic compounds as suggested by Kittelson (1998). Lower temperatures during this part of 
the day may also favour nucleation processes. 

Relationships between submicrometre particles and vehicle counts have been examined for 
the daytime and the night time periods separately. The same pattern is found with lorry/bus 
counts for the two periods (i.e. poor correlations with nanoparticles, good correlations with 
Aitken and accumulation mode particles), while two different patterns are found with 
cars/motorcycles: no correlations are found with submicrometre particles during the daytime 
period, while a good correlation is found with particles between ~28 and ~138 nm (r >0.70) 
during the night time period. These different patterns point out the possibility of different 
processes during the two periods, and again suggest the competition between condensation 
and nucleation of high semi-volatile organic compound concentrations emitted by vehicles, 
and a diurnally changing ratio of petrol to diesel light duty vehicles. 

New investigations, in particular with meteorological factors and particle surface area, are 
necessary to better understand the occurrence of nanoparticles at Marylebone Road. 
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6.4 Dust in historic houses 
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bHistoric Royal Palaces Trust, Hampton Court Palace, London 
cEnglish Heritage, Fortress House Row, London 
dThe National Trust, Queen Anne's Gate, London 
 

Introduction 
Dust deposition indoors poses a significant risk to cultural property. The accumulation of 
particles detracts from visual appearance and necessitates cleaning to maintain artistic worth 
and public acceptability. Our studies have measured the rate of soiling in a range of interior 
locations at historic houses. These quantitative measurements can be combined with 
observations of particle morphology to indicate dust sources. Two common methods used in 
museums involve deposits on glass slides and sticky tapes (Adams et al., in press). Our study 
used sticky samplers of 13 mm-diameter circles of white pressure-sensitive adhesive teflon 
labels attached to aluminium, and these were exposed in a horizontal orientation (Yoon & 
Brimblecombe 2000a, 2001a). 

Results 
Measurements at more than twenty sites throughout Knole (a property near Sevenoaks) 
showed that typical soiling rates in the absence of visitors (samples taken during the foot and 
mouth crisis) were only 5% of those when visitors were present. This gave the natural 
background soiling that occurred in the house. A relatively rapid fall-off with distance from 
visitors is characteristic of coarse particle deposition, and fibres, which are typically quite 
large (often greater than 200 µm in length), decline more rapidly than dust (mostly 10–50 µm 
diameter). Very close to visitor pathways a distinct vertical profile of deposition is observed. 
Two features are common at many sites: high rates of deposition at ground level and also at 
waist to chest height (see more examples in Yoon & Brimblecombe 2000b, 2001b). The waist 
level particles seem to be shed from clothing as visitors move. 

Discussion and conclusion 
This project showed that visitor numbers have a strong impact on soiling rates within historic 
buildings. Visitors add to the income of historic houses, but they impose costs either in terms 
of damage or increased need for cleaning, so information of this type aids rational approaches 
to setting entrance fees. This is especially relevant when historic properties wish to attract 
larger numbers of visitors. However, our study suggests that a number of procedures are 
available to minimise soiling on the surface of sensitive objects. Visitors can be kept at a 
distance from these important objects, which also enhances security. Rope barriers or well-
defined pathways can do this. More substantial barriers can intrude on the experience. 
Nevertheless wall to ceiling barriers may not be necessary as particles tend to be shed from 
visitors up to heights of 1.5m. Shoulder height barriers may be almost as effective and less 
obtrusive. If the historic context of a room allows furniture to be re-arranged then more 
sensitive objects might be kept at greater distances from the public, or perhaps rotated into 
different positions. Complex and lengthy visitor routes within each room seem to enhance 
dustiness, so simple routes through rooms, with few turns, may be advisable. It may also be 
sensible to route visitors, such that they pass though rooms with the most sensitive objects at 
the end of tours, where they appear to be less active in generating dust. 
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6.5 Environmental measurement of specific 
products of environmental tobacco smoke in a 
case–control study of asthma in a community 
population 
Gee IL, Watson AFR, Stewart LJ, Fletcher G & Niven R 
Atmospheric Research and Information Centre, Manchester Metropolitan University 
 

Introduction 
In the UK, approximately 20% of children between the ages of 5 and 15 years suffer from 
some form of asthma (National Asthma Campaign, 1999). It is hypothesised that this high 
prevalence among children has coincided with considerable changes in the home 
environment, including the increased use of double glazing, insulation, and greater air-
tightness of buildings to improve energy efficiency. It is therefore possible that the increase in 
the number of children with respiratory illnesses may be linked with indoor air quality. A 
multidisciplinary project, led by the North West Lung Research Centre with Manchester 
Metropolitan University as the main partner, was designed to examine the influences of 
indoor air pollutants, allergens and damp on the development of childhood asthma in the 
community of Wythenshawe, a suburb of Manchester. This is a population with high asthma 
prevalence and high levels of parental smoking. This paper outlines preliminary results from 
this case–control study that describe the differences in indoor air quality parameters related to 
environmental tobacco smoke (ETS) within homes in the Wythenshawe community. 

Methods 
A total of 200 candidates were selected for inclusion from two GP practices in the 
Wythenshawe area, of which 100 were cases (children with asthma) and 100 were controls 
(children without asthma), matched for age and sex. Sampling was conducted blind in order to 
remove any sampling bias. During the first visit an environmental questionnaire was 
administered and sampling equipment left in the living room and the child’s bedroom. Damp 
measurements were also recorded during this visit. Air sampling was conducted for a period 
of 5 days (including the weekend), and at the second visit the equipment was collected and 
dust samples taken from carpets in the living room and bedroom as well as the mattress of the 
child’s bed. The main focus of this paper is the chemical parameters related to ETS. Several 
‘ETS markers’ were selected which represent the chemically complex ETS pollution:  

• Respirable suspended particles (RSP) as PM2.5 

• Ultraviolet particulate matter (UVPM) 

• Fluorescent particulate matter (FPM) 

• Solanesol particulate matter (SolPM) 

Formaldehyde and nitrogen dioxide (NO2) were also monitored using diffusive techniques, as 
well as temperature and relative humidity. 
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Results and discussion 
Levels of indoor air quality parameters measured in 69 homes sampled in the Wythenshawe 
community defined by smoking status are shown in Figure 1. The presence of solanesol in 
either the living room or bedroom was used to define whether a house was a smoking or non-
smoking home, as this was considered to be the most tobacco specific of the measured 
markers (Baek et al., 1996). Levels of the tobacco markers UVPM and FPM were generally 
less than the RSP measurements, indicating that tobacco smoking is one of a number of 
possible sources of RSP. Comparison between smoking and non-smoking homes suggested 
that levels of RSP, UVPM and FPM were higher in smoking homes than non-smoking homes. 
Application of the Wilcox Rank Sum test indicated that there was a statistically significant 
difference in mean levels of these parameters between smoking and non-smoking homes 
(p values: RSP = 0.001, UVPM = 0.001 and FPM = 0.001). Levels of NO2, formaldehyde, 
temperature and humidity were not statistically different in smoking and non-smoking homes 
(p values: NO2 = 0.566, HCHO = 0.257, temperature = 0.622 and humidity = 0.119). 

Figure 1 Effect of smoking status on ETS concentrations in the homes 

 

Correlations between parameters are provided in Table 1 and provide additional indications of 
common sources of pollutants. Strong, positive correlations are observed between RSP and 
the tobacco markers. NO2 is weakly correlated to RSP but not to UVPM or SolPM. and the 
correlation with FPM is very weak. Temperature and humidity are also weakly correlated. 
These results indicate that tobacco smoking in homes is a strong contributor to indoor levels 
of RSP but not to levels of NO2, although the weak correlation for NO2 will be clarified as the 
study progresses. The correlation between RSP and NO2 suggests an additional source of RSP 
that also contributes to indoor NO2. This may be related to indoor sources such as cooking or 
infiltration of ambient air. 
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Table 1 Spearman Rank Correlation coefficients between measured parameters 

 RSP UVPM FPM SolPM NO2 HCHO Temp Humidity 

RSP  1.0        
UVPM  0.73*  1.0       

FPM  0.79*  0.69*  1.0      
SolPM  0.70*  0.54*  0.67*  1.0     
NO2  0.23*  0.05  0.18*  0.10  1.0    

HCHO  -0.15  -0.20  -0.17  -0.11  0.09  1.0   
Temp  0.11  -0.13  0.18  0.19  0.19  0.12  1.0  
Humidity  0.08  -0.20  0.15  -0.10  -0.12  0.07  0.23*  1.0 
* Correlation is significant at the 0.05 level 
 

Conclusion 
Although the full study is not complete, and no health impacts can be assessed at this stage 
due to the ‘blind’ nature of the sampling programme, some trends are beginning to emerge 
with respect to indoor air quality within the community. Tobacco smoking is likely to make a 
considerable contribution to levels of particulate materials in the homes but is not related to 
levels of NO2. The homes identified by the presence of solanesol (SolPM) as smoking homes 
had consistently higher levels of RSP, FPM and UVPM than did the non-smoking homes. 
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6.6 Effect of power station fuel mix on ambient 
pollution 
Hoskins JAa & Grimes Jb 
aReigate, Surrey 
bDrax Power Station, North Yorkshire 
 
The Drax power station in North Yorkshire produces around 8% of the UK’s electricity and, 
at present, burns up to 9 000 000 tonnes of bituminous coal annually. Coals vary considerably 
in composition and calorific  value, from hard anthracitic materials through bituminous coals 
to soft brown coals (lignite), although the softer coals are not produced or used in the UK. In 
addition to its carbon and hydrocarbon content, coal contains a variety of other minerals 
which, after burning, constitute the ash. Gaseous products of combustion are vented to the air. 
To reduce environmental impact at Drax electrostatic precipitators remove most of the 
airborne particulate matter and a flue gas desulphurisation (FGD) unit removes about 90% of 
the sulphur dioxide before release from the stack. 

The material released to air is dependent on the nature of the fuel burnt. At times there may be 
a need to change the type of fuel burnt for reasons of supply, economics or, increasingly, 
politics. Power stations need permission from the Environment Agency (EA) to make 
such a change. They must convince the EA that any change will not result in exceedances 
of permitted levels for materials released and there will be no adverse environmental 
impact. In addition the plant must inform and allow debate from other interested parties 
such as residents who live near the plant and councils who are responsible for the local 
environment and who must view changes in the light of other matters under their control. 

An economically advantageous alternative fuel to coal is petroleum coke (petcoke), the 
residue left after extraction of all the lighter fractions in the oil refinery. This is a hard 
material, similar in some respects to anthracitic coals in that it has a low volatiles content. 
It contains higher levels of nickel and vanadium than does coal, and a higher level of 
sulphur than most coals. It is proposed that a trial burn of petcoke is carried out at Drax. 
For engineering reasons it can only be burnt in admixture with coal and in an amount 
below 20%. 

In spite of a previous successful trial burn of coal/petcoke mixtures, public concern was 
expressed. Coal contains many highly toxic elements, including metals such as barium, 
beryllium, cadmium and mercury, as well as arsenic and the radioactive element 
polonium. Public concern, as with incinerators, was not related to these elements but 
centred on perceived increases in dioxins, PAHs and particulate matter, and also the 
metals nickel and vanadium. Although nickel is considered a human carcinogen by IARC 
only certain compounds, such as the sub-sulphide, cause any real concern and then only 
in specific occupational settings. Vanadium is not usually classed as a toxic metal 
although occupational exposure to high concentrations of its oxides has caused respiratory 
effects that were reversed by removing the exposure. The environmental impact of 
burning coal/petcoke mixtures has been evaluated and found to be less than might be 
expected, and less in some respects than from burning coal alone. Public concern still 
exists. Table 1 details the composition of two types of coal and a typical petcoke. 
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Table 1 Composition of lower sulphur and higher sulphur coals and a typical petcoke 

 Coal (1) Coal (2) Petcoke 

Moisture (%) 11.2  11  6.5 
Ash (%) 15   13  12.8 
Sulphur (mg/kg) 1    1.55  5.28 

Chlorine (mg/kg) 0.46    0.04  0.01 
Volatiles (%) 27.9  29.7  10.2 
Nett cal value 24100 24420 32260 

Nickel (mg/kg) 27   53  252 
Vanadium (mg/kg) 531  27  983 

 

 

Environmental impact of a previous trial burn of an 85/15% 
coal/petcoke mixture 
 
• Sulphur dioxide emission increased in proportion to that predicted from the increase in 

sulphur content of the mixture. Levels were still well within permitted limits. 

• Nitrogen dioxide levels were effectively unchanged. 

• Interestingly PM10 levels were reduced so that, in spite of the fact that nickel and 
vanadium levels were raised in the ‘fly ash’, overall ambient exposure to these was 
reduced. 

• The lower chlorine levels of petcoke appeared to have minimal effect on dioxin levels 
which anyway are low and well below measured levels in soil. 

• PAH levels were reduced. Flue gas generally has very low levels of PAHs compared 
with, say, exhaust from diesel vehicles. Even allowing for the differences in scale  the 
contribution to ambient levels from the total PAHs released by the station are very much 
less than those from one diesel vehicle driven for one kilometre. 
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6.7 Gene expression profiling of primary 
cultures of alveolar cells: Preliminary results 
Wise H & Richards RJ 
School of Biosciences, University of Wales, Cardiff  
 

Introduction 
Increases in ambient levels of PM10 have been correlated with increased cardiorespiratory 
hospital admissions, morbidity and mortality rates (Anderson et al., 1995), although the exact 
mechanisms by which particles interact with the primary target cells are unknown. Cell 
damage is often preceded by, and results in, an alteration of gene expression, which may serve 
to be a more sensitive endpoint than, for example, cell death. Studies in this laboratory 
(Reynolds & Richards, 2001) have established consistent changes in whole lung gene profiles 
following exposure to diesel exhaust particles, a major component of PM10. 

Aim 
The aim of the present study is to determine if gene expression profiles of homogenous 
alveolar cell cultures (macrophages, type I and type II cells) are altered following exposure to 
PM10 collected from the South Wales conurbation. Further aims are to assess changes in 
toxicant gene profiles and to identify candidate genes, providing a possible mechanistic 
insight into the toxicity of the PM10 samples. 

Results 
Metabolically active homogenous type II epithelial cells have been isolated (Richards et al., 
1987) and their differentiation to type I-like cells established using a combination of phase 
microscopy and cell specific markers (γ-GT, rT140). Alveolar macrophages (>97% purity) 
obtained from lavage have been used for comparison. Preliminary experiments established 
that 4–6 million freshly isolated cells are required for RNA isolation. Successful gene profiles 
have been produced from the primary isolates following exposure to characterised PM10 using 
the Atlas Rat 1.2 arrays, Clontech. 
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6.8 Pulmonary inflammation induced by PM10 
from different UK sampling sites 
Lightbody JH, Stone V & Donaldson K 
Napier University, Edinburgh 
 

Introduction 
Experimental evidence of inflammation caused by a range of environmental particles has 
implicated particle size (Li et al., 1999; Donaldson et al., 2000) and metal content (Carter 
et al., 1997; Lambert et al., 2000) as causes of toxicity. Inflammation induced by surrogate 
particles may be attributed to single properties of the particles, but the toxicity of PM10 (air 
pollution particulate with a 50% efficiency of size distribution around 10 µm) is hard to 
elucidate due to its complex and variable nature. This study was undertaken in an attempt to 
identify which components of PM10, such as the primary or secondary fraction, are crucial in 
inducing inflammation by taking PM10 from a variety of environments where different 
pollution sources predominate. 

Methods 
PM10 was collected over concurrent 24-hour periods from six sampling sites (Harwell, 
Birmingham, London Marylebone Road, London North Kensington, Port Talbot and Belfast) 
onto Teflon filters using Partisol Plus gravimetric samplers. Particulate was extracted from 
filters into 1 ml saline by repeated washing and suspension. Particles were fully dispersed by 
sonication prior to intratracheal instillation of 0.5 ml PM10 suspension or saline (control) into 
female Wistar rats and subsequent incubation in the lungs for 18 hours. 

Bronchoalveolar lavage (BAL) was performed to harvest migratory cells and lung lining 
fluid. Relative induction of inflammation was assessed by counts of neutrophils in the BAL 
cell population in differentially stained cell preparations and from cytokine concentration in 
BAL fluid measured by ELISA. Results were analysed by ANOVA using Tukey’s multiple 
comparison. 

Results 
Figure 1 shows the contribution of neutrophils within the BAL cell population as a percentage 
of all cell types present, following lung instillation of PM10 or saline. In these studies the 
number of neutrophils was used as a measure of inflammation. PM10 from all sites except Port 
Talbot induced at least a three-fold increase in neutrophils within the lungs, but only the 
influx caused by Marylebone Road PM10 was statistically significant (p<0.001). 

In Figure 2 the percentage neutrophils have been plotted against gravimetric mass of 
particulate recorded on source filters to check the importance of dose versus particle 
composition in determining inflammogenicity. The relationship between percentage 
neutrophils and mass dose was weak, with a number of points particularly clustered towards 
high inflammation from a low mass of particulate. 

Expression of the inflammatory cytokines tumour necrosis factor alpha (TNF-α; Figure 3) 
and macrophage inflammatory protein-2 (MIP-2; Figure 4) showed a similar distribution 
amongst the treatments. The highest cytokine levels were found in lungs exposed to 
Marylebone Road PM10; the concentration of MIP-2 in these lungs was significantly higher 
than in controls (p<0.01). 
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Figure 1 Inflammation, as indicated by % neutrophils in the bronchoalveolar lavage 
cell population, 18 hours following instillation of PM10 into rat lungs (n = 22 for control, 
HW, BH, MR; n = 13 for PT, NK, BT) 

 

Figure 2 Percentage neutrophils in the BAL cell population expressed as a function of 
PM10 gravimetric mass collected onto each filter 
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Figure 3 TNF-α cytokine concentration (pg/ml) in BAL fluid following exposure of rat 
lungs to PM10 for 18 hours (n = 7) 

Figure 4 MIP-2 cytokine concentration (pg/ml) in BAL fluid following exposure of rat 
lungs to PM10 for 18 hours (n = 4) 

 

Discussion 
PM10 caused increased recruitment of neutrophils into rat lungs as previously observed (Li et 
al., 1997). However, there was considerable variation between the ability of PM10 collected 
on different dates and from different locations to induce inflammation. Presentation of results 
on the basis of mass of particulate collected suggested that dose had some influence on degree 
of inflammation but was not an overriding factor. Several outliers covering a range of sites, 
notably Marylebone Road, indicated high neutrophil influx from relatively low mass, 
suggesting that some integral element, such as metal content in the PM10 may play an 
important role in toxicity. Cytokine expression was also upregulated in response to PM10 
exposure in accordance with results of others (Carter et al., 1997; Ghio & Devlin, 2001). This 
confirms an inflammatory reaction to air pollution particulate and may trigger further 
signalling pathways responsible for increased mortality upon exposure to PM10. 

Finally, it is important to note that during this study, source apportionment modelling will be 
used to identify 24-hour periods that were characterised by high pollution, with predictions 
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further categorised into primary, secondary and coarse episodes. Thus, the modelling data will 
dictate reanalysis of results from certain 24-hour PM10 samples to isolate compositional 
differences in the particulate. These data will be further verified by analysis of the 
bioavailable transition metal content of these samples. 
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6.9 Cytokine regulation of C-reactive protein 
expression in human lung epithelial cells 
Ramage L, Donaldson K & Guy K 
Napier University, Edinburgh 
 

Introduction 
C-Reactive protein (CRP) is an acute phase protein which is a constituent of normal human 
plasma (Szalai et al., 1999). CRP is produced in the liver; the plasma level is normally less 
than 1 mg/ml, and this increases dramatically in response to inflammation and bacterial 
infection, up to 1000-fold. CRP expression is regulated by hepatocyte binding of cytokines 
produced by immune cells responding to infectious and inflammatory stimuli (Du Clos, 
2000). Although expression is assumed to be restricted to the liver, Gould and Weiser (2001) 
reported extrahepatic synthesis of CRP in the human respiratory tract. The presence of CRP in 
the respiratory tract is important in resistance to infection, and may have a role in pulmonary 
inflammation associated with environmental air pollution particles. Heuertz et al. (1994) 
found that high levels of CRP were produced in lung injury and this was associated with 
reduced neutrophil influx and protein leakage into the alveoli. Increased levels of CRP within 
the blood were found in response to particulate air pollution (Seaton et al., 1999; Peters et al., 
2001), associated with an acute phase response (APR). It is known that particulates induce the 
production of cytokines by alveolar macrophages (Jimenez et al., 2002) and airway epithelial 
cells (Quay et al., 1998), which could induce the production of CRP in a systemic acute phase 
response. 

Methods 
CRP was detected in human lung epithelial cells (A549) cells using indirect 
immunofluorescence. The cells were grown in tissue culture attached to glass coverslips prior 
to treatment. Cells were incubated at 37 °C for 18 hours with various cytokines at a 
concentration of 10 ng/ml. Staining for CRP was achieved using a monoclonal anti-CRP 
antibody conjugated with FITC (fluoroscein isothiocyanate). To detect CRP secretion from 
the cells ELISAs were performed on the cell supernatants from the cytokine-treated cells. 
Statistical comparisons of the ELISA results (n = 3) were made by ANOVA. 

Results 
Immunofluorescent staining of A549 cells showed that IL6, TNF-α and IFN-γ treated cells all 
expressed increased amounts of CRP in comparison with untreated cells (Figure 1). The 
ELISA used to measure soluble CRP in the culture supernatants showed that TNF-α induced 
significant levels (p<0.05) of CRP secretion. IL6 also appeared to induce increased synthesis 
of CRP but without any significant increase in the levels of secreted CRP (Figure 2). Using 
hepatocytes, previous studies have suggested that IL1-β and IL6 have a synergistic effect on 
CRP expression. In A549 epithelial cells, IL1-β and IL6 were found to stimulate increases in 
CRP expression in the cell cytoplasm (Figure 3). ELISAs were performed on the culture 
supernatants to determine the concentration of any secreted CRP (Figure 4). This showed an 
additive but not synergistic effect. 
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Figure 1 Immunofluorescent staining of A549 cells: A, untreated; B, IL6 treated;  
C, TNF-α treated; D, IFN-γ treated 

 
 

Figure 2 Secreted CRP concentration determined by ELISA for single cytokine 
treatments  

 

 

C 

A B 

D 



 
IEH Web Report W12, posted December 2002 at http://www.le.ac.uk/ieh/ 

94 
 

Figure 3 Stimulated increases in CRP expression in the cell cytoplasm of A549 epithelial 
cells: A, untreated; B, IL1-β treated; C, IL6 treated; D, IL1-β and IL6 treated 

 

Figure 4 Secreted CRP concentration determined by ELISA for IL1β and IL6 treated 
cells 

 

 

 

Conclusion 
These results show that all the cytokines used can up-regulate the expression of CRP in A549 
cells. The cytokines TNF-α, IL1-β, IL6 and IFN-γ all produced an increase in CRP detectable 
within the cell cytoplasm. TNF-α was the most potent stimulus for CRP secretion from A549 
cells. CRP secretion from lung epithelial cells may suggest that CRP — which has the ability 
to bind and induce the phagocytosis of micro-organisms — has an important role in the 
resolution of inflammation and infection. Current studies are examining the effects of carbon 
black and ultrafine carbon black on CRP in A549 cells. 
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6.10 Effects of diesel exhaust particles on 
primary airway epithelial cells in patients with 
COPD and normal subjects 
Roberts NJ, Patel IS, Sapsford RJ &Wedzicha JA 

Academic Respiratory Medicine, St Bartholomew’s Hospital, London 
 

It is well established that there is an association between respiratory disease and particulate 
pollution. Epidemiological studies have shown that airborne particles are associated with day-
to-day changes in symptoms and lung function, resulting in negative health effects including 
increased mortality and hospital admissions. 

The aim of this study was to compare the inflammatory response to diesel exhaust particle 
(DEP) exposure in bronchial and nasal epithelial cells from normal subjects and patients with 
chronic obstructive pulmonary disease (COPD). 

Bronchial and nasal biopsies were obtained from COPD patients and normal subjects and 
patient characteristics are shown in Table 1. Epithelial cells were cultured from the biopsies 
using a cell explant technique for 3–4 weeks. The biopsy tissue was removed 24 hours prior 
to experiments and cells were washed several times with medium 199 and supplementary 
antibiotics; 2 ml of 10, 50 or 100 µg/ml DEP solution, or control medium 199 plus 
supplementary antibiotics were added to the cell culture dishes. At 6 and 24 hours, 
supernatants were collected and stored at -70 °C. Cells were scraped and assessed for protein 
content using methods by Lowry and colleagues. Supernatants were assessed for IL6 
concentration by ELISA (R&D Systems). Median IL6 concentrations (pg/µg protein) are 
shown in Table 2. 

Table1 Patient characteristics 

Type of 
biopsy 

Patient 
type 

N Mean age, 
years 

FEV1 FVC FEV1/FVC % 

Bronchial COPD  11 71 1.536 2.832 55.55 
Bronchial Normal  7 60 1.990 2.668 75.80 

Nasal COPD  7 69 0.797 2.451 36.35 
Nasal Normal  3 37 - - - 

 
 
Table 2 Median IL-6 concentrations (pg/µg protein) 

COPD patients Normal subjects DEP 
concentration 
(µg/ml) Nasal Bronchial Nasal Bronchial 

 6 h 24 h 6 h 24 h 6 h 24 h 6 h 24 h 
0   0.216 0.408 0.107 0.160 0.572 0.402 0.100 0.259 
10  0.219 0.487 0.079 0.199 0.644 0.454 0.124 0.598 
50 0.188 0.141 0.043 0.102 0.413 0.230 0.116 0.083 

100 0.106 0.167 0.014 0.090 0.071 0.187 0.028 0.218 
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The results in Table 2 show that there was no significant difference in IL6 production 
between normal bronchial and nasal epithelial cells in response to the range of DEP 
concentrations. In contrast, nasal epithelial cells from COPD patients produced significantly 
more IL6 (p=0.017) at 6 hours compared with COPD bronchial epithelial cells when exposed 
to 10 µg/ml of DEP. When exposed to 100 µg/ml DEP, COPD nasal epithelial cells produced 
significantly higher IL6 levels compared with COPD bronchial epithelial cells (p<0.001). 
This study has examined the inflammatory responses of the upper and lower airway in 
epithelial cells from COPD patients and normal subjects. These data suggest that there may be 
some differences between the upper and lower airway in COPD. However, further work is 
required to confirm these findings. 
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6.11 Personal exposure to particles, symptoms 
and peak flow rate in patients with chronic lung 
disease 
Dennekamp M, Prescott GJ, Cherrie JW & Seaton A 

Department of Environmental and Occupational Medicine, University of Aberdeen 
 

Introduction 
Numerous studies have shown associations between particulate air pollution and several 
health indicators. Most of these studies have relied on urban background measurements of 
particles as a surrogate for individual exposure. There may be a considerable misclassification 
of exposure from using these urban measurements since people spend approximately 90% of 
their time indoors, where indoor sources like smoking and cooking contribute to an 
individual’s exposure. 

In this study we investigate the relationships between personal exposure estimates of PM2.5 
(particles <2.5 µm in diameter), urban background measurements and the health effects in 
susceptible people. 

Methods 
Forty-five current non-smokers with chronic lung disease were studied for 8 weeks between 
October 2000 and March 2001. Each kept a daily diary of activities, whereabouts, symptoms 
and peak flow rates. The information from the activity diaries was used to estimate the daily 
personal PM2.5 exposure of the patients. During the study, daily values of PM2.5 were 
calculated from 5-minute measurements using a TSI DustTrak. The outdoor temperature, 
humidity and wind speed were also recorded. The tapered element oscillating microbalance 
(TEOM) was used to measure PM10, and these were data obtained from Aberdeen City 
Council. For the statistical analyses we used the logarithmic values of the particle 
concentration data. The xtgee function within Stata was used as this is designed for panel 
study data. It was set to adjust for first order serial association and significance was taken to 
be at the 5% level. 

Results 
In total we used 2323 person-days of observations of exposure, peak flow and symptoms. 
There was no significant association found between daily urban background concentrations of 
PM2.5 and PM10 and peak flow rates. After adjusting for the weather variables and 
bronchodilator use there were no statistically significant associations between the city centre 
particle measurements and symptoms. 

However, an increase in personal exposure to PM2.5 (as calculated with the model) was 
significantly associated with a decrease in peak flow rate the next morning. The association 
stayed significant after adjusting for the weather variables and after adjusting for 
bronchodilator use. There was a counter intuitive inverse association between shortness of 
breath experienced during the day and the PM2.5 personal exposure estimate. After adjusting 
for weather variables and bronchodilator use the signif icance was unchanged, although the 
association was found to be in the opposite direction to that expected. 
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Conclusion 
We did not find a significant association with daily urban background concentrations and 
symptoms; however, we did find a significant rela tion between increase in personal exposure 
to PM2.5 and decrease in lung function the next morning. This stresses the importance of the 
use of personal exposure models to investigate the effects of air pollution and its impact on 
health outcomes. 
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6.12 IEH air pollution research databases 
Aylward C, Harris RS, Harrison PTC & Holmes P 

MRC Institute for Environment and Health, University of Leicester 
 

Introduction 
There is a general need for scientists, policy makers and stakeholders to keep pace with 
research developments in the field of air pollution. 

With this in mind IEH has produced two distinct web-based databases, the Air Pollution 
Research Database (APRED) and the Inventory of European Research on the Indoor 
Environment (IERIE). APRED was developed for the Department of Health and the then 
Department of the Environment, Transport and the Regions, and enables access to up-to-date 
information on individuals in the UK working in the air pollution field, including their 
expertise and areas of interest. IERIE, developed on behalf of the European Chemical 
Industry (CEFIC), specifically allows access to up-to-date information on research activities 
throughout Europe relating to the indoor environment, together with details of the researchers 
and their organisations. 

Method 
Information contained in the databases is obtained from questionnaires sent directly to 
researchers. The questionnaire structure ensures that all relevant areas of study are captured. 
Researchers in the field of air pollution monitoring, exposure assessment, health effects, 
epidemiology and toxicology relating to the indoor and outdoor environment are targeted for 
APRED, and indoor air environment monitoring, ventilation and building characteristics are 
also included on IERIE. 

The data are regularly updated to ensure that the information provided by the researchers is up 
to date. 

The databases can be accessed and data can be submitted at the following websites: 
http://wads.le.ac.uk/ieh/apred/index.htm and http://wads.le.ac.uk/ieh/ierie/index.htm . 

Results 
Currently the IERIE database contains information on over 100 projects, and this information 
has been analysed. For instance, of the 71 projects that involve the measurement or other 
consideration of specific pollutants, 48% involve the study of particulates; other pollutants 
commonly studied are VOCs and/or PAHs (27%), oxides of nitrogen (20%) and allergens 
(17%). Of the 50 projects on the database that specify a particular indoor environment, a total 
of 60% are concerned with homes, 20% with offices and 18% with schools. 

Currently the APRED database has been populated with the names of over 200 researchers, 
which have been analysed. In the field of respiratory disorders 76% of individuals are 
interested in asthma; in the field of environmental fate 40%, 50% and 10% are interested in 
deposition, dispersion and persistence, respectively; in the field of indoor environment 36% of 
individuals are interested in the home. 

The number of page requests already made by users on the APRED and IERIE websites has 
been 4000 and 7000, respectively, for 2001. 
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Conclusion 
APRED and IERIE are useful tools to identify researchers in the air pollution fie ld and 
current research on the indoor environment. As both databases become further populated with 
data, broader analysis of research trends will be undertaken, which will be of value to policy 
makers, researchers and funders of research. 
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Annex 2 

Meeting programme 

 

Sixth Annual UK Review Meeting on Outdoor and Indoor Air 
Pollution Research 

Programme 

Institute for Environment and Health, University of Leicester  
15-16 April 2002 
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Lawrence, Alan M Jones, Roger Barrowcliffe & Alex Newton 

3.2 Sources and composition of the organic component of urban airborne 
particulate matter Stuart Harrad, Suzanne Hassoun & Roy M Harrison  

3.3 The high volume collection and characterisation of airborne particles 
in the UK Teresa Moreno, Frank J Kelly, Ian S Mudway, Tim P Jones & 
Roy Richards 

3.4 Characterisation and bioreactivity of ‘old’ and ‘new’ pollutant soots 
Andrew G Whittaker, Timothy P Jones, Kelly A BéruBé, Longyi Shao, 
Zongbo Shie, Sarah L Goldsmith & Roy J Richards 
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3.5 Collection and characterisation of individual airborne particles 
Fred D Pooley 
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concentrations, ventilation, indoor turbulence and particle size 
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Gordon Pool & Sonya Marks 
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Jeff W Llewellyn, Veronica M Brown, Derrick R Crump & David I Ross 
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John Stedman  
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4.3 Air quality management in UK local authorities: Public understanding 
and participation Juliette S McDonald , Martin Hession, Ann Rickard, 
Michaela Kendall & Mark J Nieuwenhuijsen 

Discussion on public health impact 
1245-1345 Lunch 

1345-1400 Discussion of all posters 

1400-1600 Epidemiology 

5.1 The metal content of airborne particle matter in Edinburgh: 
Application to epidemiological research Leon R Hibbs, Iain J Beverland, 
Mat R Heal, Raymond M Agius & Rob Elton 

5.2 Factors associated with increased likelihood of pollution related 
mortality Raymond Agius, Iain Beverland, Robert Elton, James Boyd, 
William MacNee, Roseanne McNamee, Geoff Cohen & Melanie Carder  

5.3 The contribution of age and genotype to sensitivity to environmental 
genotoxins Faith M Williams, Emma L Davis, Deborah Morgan & Ann K 
Daly 

5.4 Frequent use of chemical household products is associated with 
wheeze in pre-school age children Andrea Sheriff, Alexandra Farrow, 
John Henderson & Jean Golding and the ALSPAC Study Team 

5.5 Publication bias in time series studies of ambient particulate pollution 
H Ross Anderson, Richard W Atkinson, Janet L Peacock, Michael 
Sweeting & Louise Marston 

5.6 Chronic effects of outdoor air pollution on cardiovascular and 
respiratory symptoms, admissions and mortality in Sheffield Ravi 
Maheswaran, Paul Brindley, Peter Fryers, Stephen Wise, Nicholas Payne, 
Michael Campbell, Lesley Rushton & Robert Haining 

5.7 Apparent mortality due to air pollution by SO2 in London disappears 
after allowance for associated weather patterns (Mortality due to cold and 
pollution) Gavin C Donaldson & William R Keatinge 

Discussion on epidemiology and final discussions  
Close of meeting 

Posters 
Exposure 

6.1 The impact of meteorology on fine particle size distributions: 
Comparison between urban and rural sites Wolfram Birmili, Aurélie 
Charron & Roy M Harrison 

6.2 Characterisation of the ambient respirable biological background 
Peter Biggins, Nigel Pomeroy, Martin Pearce, Carol Stone, Nigel Brown, 
Roy Harrison, Jon Hobman & Alan Jones 

6.3 Particle number, size and mass concentration at Marylebone Road, 
London. Relation to traffic distribution and numbers in London. Relation 
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to traffic Aurélie Charron, Steve Moorcroft, Jeff Booker & Roy M 
Harrison 

6.4 Dust in his toric houses Young-Hun Yoon, Peter Brimblecombe, K 
Frame, B Knight, D Howell, K Lithgow & H Lloyd 

6.5 Environmental measurement of specific products of environmental 
tobacco smoke in a case-control study of asthma in a community 
population Ivan L Gee, Adrian FR Watson, Lorraine J Stewart, Gill 
Fletcher & Robert McL Niven  

6.6 Effect of power station fuel mix on ambient pollution John A Hoskins 
& John Grimes 

Mechanisms and toxicity  

6.7 Response of primary epithelial cells and bronchial cell lines to diesel 
exhaust particles in vitro Anthony Frew 

6.8 Gene expression profiling of primary cultures of alveolar cells: 
Preliminary results Helen Wise & Roy Richards 

6.9 Pulmonary inflammation induced by PM10 from different UK 
sampling sites Janet H Lightbody, Vicki Stone & Ken Donaldson 

6.10 Cytokine regulation of C-reactive protein expression in human lung 
epithelial cells Lindsay Ramage, Ken Donaldson & Keith Ray 

Human studies 

6.11 Inflammatory changes in airways of healthy and atopic subjects 18 
hours after exposure to diesel exhaust Anthony Frew 

6.12 Effects of diesel exhaust particles on primary airway epithelial cells 
in patients with COPD and normal subjects Nicola J Roberts, Irem S 
Patel, Raymond J Sapsford & Jadwiga A Wedzicha 

Epidemiology 

6.13 EMITS: A study of traffic and respiratory health among children in 
Oxford Stephanie J MacNeill, Fiona Goddard, Maria Barnes, Roger 
Pitman & Paul Cullinan 

6.14 Personal exposure to particles, symptoms and peak flow rate in 
patients with chronic lung disease Martine Dennekamp, Gordon J 
Prescott, John W Cherrie & Anthony Seaton 

Demonstration 

6.15 The IEH APRED and IERIE databases Charles Aylward &Bob 
Harris 

 


