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Introduction

The 2011Annual Review Meeting on Outdoor and Indoor Air Pollution Researdmeituk was held

on 1011 May 2011at Cranfield Universitylt was the fourteentmithis serieand was once again
hosted by the Institute of Environment and Health (IEH) on behalf of the Department of Health (DH)
and the Health Protection Agency (HPA). The principal objective cktineeting is to facilitate the
exchange of informatn between UKbased research groups and between researchers and those
involved in policy and regulatory developmenmthile also tang account of other inteational
research

The HPA Annual Air Pollution Research Lecture 6 Dev el op me nt dth scienceandr qu al
policy in the IpasitedbRrwdessdrdMartnd\dlianis. Thigetiledchronology

of the development of knowledge and government policy on air pollution was informée by

s p e a lrque perspective from a career invgmment science, policy and acadeniiaited

keynote lectures were givery Bix eminent scientists includirigrofessordaron Cohen of the Health

Effects Institute, Boston, USA, who talked drow-to-high dose extrapolation for global air pollution

riskas sessment : a ®Auparticular pighlight wvas tthe ovardedv by Professor Robert
Maynard of 21 years of air pollution research, given shortly before his retirement from a long and
distinguished career in government health policy and research.

This report of the meeting provides the available abstmafcisapers presented in the foomain
sessions, together with notes ofalissions. In addition to the 28l presentations ovend two day
meeting, a further 2poster papers were displayed arscdssed. Poster sessions involved an author

of each poster giving a short oral presentation to the conference and then being available for further
discussion with delegates during a designated poster viewing period. Available abstracts of posters are
alsoincluded in these proceedings. In a few instances, for example because the presentations included
preliminary or as yet unpublished information, it has not been possible to include the abstract in this
report. PowerPoint presentations of most of the mapkrs are available on the IEH website.

The meeting closed with an overview [Brofessor Robert Maynard CBE of the HPA, who
summarised the priority areas for further study identified during the meetingckitewlalged the
continuing support othe Depamment of Health for research into the health effects of air pollutants
and for enabling the valuable dissemination and discussions that occur at the annual review meetings,
which are an important part of the research progranithe proceedings of all receprevious
meetings have been published (IEH, 2000, 2002, 2004a/b, 2005, 2007, 2008 arzD20pand are

freely availableo download from théEH websiteat Cranfield University

! Theproceedings of all previous meetings published by IEH are available for download at:
http://www.cranfield.ac.uk/health/researchareas/environmenthealf@og#1031.html
1
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1. Air pollution and asthma

1.1 Presentations

1.1a Asthma, atopy andt he epithelium

Stephen T Holgate, School of Medicine, University of Southampton, UK.

The airway epithelium in asthma is at the interface between the breathed environment and the airway
tissue. It istherefore likely to play a pivotal role in directing auay responses to adverse exposures

in the face of locally acting susceptibility gen{&@% Our current model of asthma that places the Th2
type T cell as the primary driver is being questioned on the basis of variable efficacy Dfcaiiti
treatments incding biologics and the overall failure of blocking Th2 responses with therapies
directed to TK2 cytokines (L-4, IL-5, IL-9 and L-13) and more pleotropic targets such as &MNRd

CD25 (IL-2 recepto) (2) (Table 1)In addition, epidemiological studies are suggesting that before 5
years of age allergen exposaieneis not a critical determinant of asthma unless of early qBs€x

rather other environmental factors operating through the epithelium such as the enzymic actions of
allergens, environantal tobacco smoke, oxidants (paracetamol and air pollutants) and, most
importantly, respiratory viruses are emerging as important risk factors for the inception of @thma

While for years atopy and allergen exposure has been considered as amldesgate of most
asthma, allergen reduction strategies to prevent initial sensitisation of the airways or, once sensitised,
or to prevent subsequent exacerbation of disease have largely(&il@the reasons for this are hotly
debated with suggestionbat, in parallel with depleting allergens, allergen (e.g. house dust mite)
reduction strategies also deplete protective molecules that influence T cell polarisation towards a Th2
phenotype (e.g. tolike receptor ligands such as viral, bacterial and dlipgoducts)7).

A breakdown in skin barrier function is pivotal to the development of severe and early onset atopic
dermatitis (especially mutations in the filaggrin genechromosome 3d8) (Figure 1)
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Table 1: Therapeutic targets in the allergic cascade that have so far failed in asthma

clinical trials

neuropeptides.
Cytokines: IL-4, -5, -9, -13, TNFa.

Chemokines: CCL3, eotaxin.

Mediators: histamine, prostaglandins (D, F2,, TXA2, LTB,), tryptase, PAF,

Adhesion molecules: a4 (VCAM), ICAM-1, E selectin, P selectin.

Receptors: CD4, CD23 (low affinity IgE receptor), CD25 (IL-2 receptor).

The resulting reduck epithelial barrier function early in life facilitates allergen entry leading to
secondary skin sensitisation through enhanced interactions with dendritic cells. Similar epithelial
defects are now being described in food allergy (claudins) (9) and inichiono-sinusitis (S100

proteins) (10).
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Most of the novel genes that have beamtiiied with asthma through hypothesis free methods such
as GWAS are located in the lower airway epithelium rather than the Th2 inflammatory ddsigade
In addition defective formation of epithelial tight junctions (Td%) (Figure 2) reduced arnoxidant
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defenceq13) and impaired innate immunit{d4) provide a new basis for thinking about asthma in
terms of increased vulnerability to environmental insults leading to a chronic wound scenario.

non-atopic normal atopic asthma

XZ

ZO-1
nuclei

Figure 2: Confocal microscop y showing defective TJs in an asthma biopsy.

Considering the epithelium as a key factor shaping the local innate and adaptive immune response
also explains the unique localisation of asthma to the conducting airways (apart from nocturnal
overspill of inflammatory cells to alveoli adjacent to bronchi). Defective TJ function by the asthmatic
epithelium persists in epithelial cells brushed from the airways and cultured as monolayers before
being differentiated at an air/liquid interface.

This process takespuo 50 days, so it is most unlikely that this change is secondary to inflammation.
Since it can be reversed by addition of exogenous epidermalatedgrowth factor(14), it most
likely represents a component of defective repair (i.e. a chronic wékigdye 3).

There are also defects in innate immunity in the asthmatic epithelium. Virus infections in early life
seem especially important with impaired induction of interfefbrand -A providing a reason why

early life virus infections of the lower aipys are amongst the most powerful risk factors for the
development of asthn{d5,16)and why corticosteroid therapy given over prolonged periods from the
inception of asthma has little effect on its natural history or subsequent remodelling of the airways
7).
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Figure 3: Epidermal growth factor (EGF) and an epithelial cell selective EGF analogue (L47A)
restore barrier function in cultured asthmatic bronchial epithelium in vitro

A new epithelial hypothesisf asthma offers aexplanation for dendritic cell programming towards

an asthma phenotype and the role of epithelial cytokines such as TSLP, TARC and MDC in shaping
the adaptive immune response towards allergen sensitisation and initiating airway wall structural
changes thnagh activation of the epithelial mesenchymal trophic unit (EMTLB) (Figure 4)
Moreover, the recognition of key decision points in the development of the lung in prenatal life that
shape the subsequent response of the airways and alveoli sumt? §$9% provides for the first time

a link between lung development and asthma. Thltered functioning of SOX2 expressed in the
airway but not the alveolar epithelium is able to shape both the Th2 and the remodelling aspects of
asthma.In conditional transg@c mice educedairway epithelial expression of the transcription
factors thyroid transcription factor Ttf-1) andforkhead box AZFoxa? causes increasexkpression

of SAM pointed domain containing ets transcription fadf8PDER expression and golileell
metaplasias well as enhanced Th2 responses (R&cently Hans Michael has shown parallel events
occur in asthmatic epithelial cells and airway biopsies.

This convergence ahechanistic pathwaysrovides insight into why asthms characterisedybboth
structural and immunological features both of which are essential components of the disease (21). It
also provides a rational for different subphenotypes of disease involving variable interactions with
environmental exposures over the life coursg).(Placing the epithelium at the centre of asthma
helps explain the predominance of epitheledhted genes being identified in GWAS (22), the
importance of very early onset atopy as a driver for persistent asthma (23), functionality of recently
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identified cytokines that drive Th2 responses (TSLR23Land [-:33) (24) and the connection
between deficient epithelial innate immune responses and the onset of asthma (25).

A A
ﬁ allergelp{’Z /

Ik Mild

s

JLIcK

e allergic

asthma

Moderate
asthma

Pollution,
Viruses
viruses ETS
Figure 4: Activation of the epithelial mesenchymal troph ic unit in chronic asthma
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1.1b Searching for interactions between genetic
variants and the home environment in asthma

David P Strachan and the ISAAC Phase Two Study Group

Division of Population Health Science& Educati on, St Georgeos, University of Lo

Background and objectives

Asthma has been widely considered as a disease characterised by interactions between genetic and
environmental factors, but evidence for such interactions is sparse. We adoptetnatidyspproach

to searching for interactions between known risk factors for asthma in the home environment and a
selection of genetic variants which were associated with asthma symptoms in candidate gene and
genomewide studies. The aim was not to tegedific interactions, but to obtain an overview of the

likely extent of effect modification when risk factors from the home environment combine with
genetic variants associated with asthma.

Study description

The International Study of Asthma and Allergie<Childhood (ISAAC) Phase Two recruited children
aged 812 years from 30 diverse centres in 22 countries between 1995 and 2002 (Wehmayr
2007). 1105 wheezing and 3137 neheezing children from 17 centres in 13 countries were
genotyped for 55 caidhte single nucleotide polymorphisms (SNPs) in 14 genes, and significant
associations with wheeze in the past year were found for four gedés MS4A2/FCER1B, TLR4,
TLR9 (Genuneitet al, 2009). Additional genotyping of 17 SNPs representing loci hladt been
associated with either asthma or total serum IgE by the GABRIEL consortium (Maftltt 2010)

was performed on a subsample of 577 wheezers and 80Whemzers from 7 centres (pending
inclusion of other centres). These loci inclu@@8DMEORMDL3-GSDML, HLADQ, IL1RL1,IL33,

and SMADB (associated with asthma), afiCER1A, HLADR, IL4RIL21R, IL13 and STAT6
(associated with total IgE). One SNP per locus was included in these interaction analyses, to avoid
correlated effects.

Logistic regression odels were fitted with wheeze in the past year as the primary outcome, each SNP
modelled, in turn, on a peilele basis (scored 0,1,2), a single environmental faotdrthe SNP
environment interaction as explanatory variables. The home environmenta faetre selected as
those most significantly related to wheeze in a randtfiects metaanalysis of all 30 ISAAC2 study
centres: environmental tobacco smoke; mould in the home; antkathrer pillows. The association

with pillows was restricted to childn whose parents denied making changes to pillows because of
the childdés asthma or allergy.

Results

Table 1 (overleaf) summarises the interaction tests for each combination of SNP and environmental
risk factor. None of the 42 interactions were statistjcsifnificant at the 5% level. The distribution

of p values was similar to that expected by chance (a uniform distribution), but shifted slightly in the
direction of norsignificance (higher p values), with a median of 0.545, and interquartile range 0.351
to 0.783.
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Conclusions

These results, which are preliminary, pending further genotyping of the GABRIEL SNPs, suggest that
modification of the effect of the home environment on asthma, by genetic variants that have been
found to be associated with wheezingasthma, is unlikely. The biological pathways represented by
these SNPs are therefore unlikely to be those implicated in the effects of environmental tobacco
smoke, dampness or mould growth, and pillow type, on asthma symptoms in childhood.

Discussion

This study adopt ed -hypathesifiivgnh approaich; oelying rolm the marginal
associations of SNPs with asthma, and environmental risk factors with asthma, to identify SNP
environment pairs to evaluate in interaction models.

An alternative apprach would be to focus specifically on SNPs related to biological pathways that
are considered relevant to each environmental exposure and its effects upon asthma. However, such
candidate interaction studies would need to take into account the failuregef danomevide
association studies, such as GABRIEL (Moffetital, 2010) to identify associations of asthma with
variants in many genes that were previously considered of biological importance in asthma or allergy.

Although most types of statistical @raction (specifically, quantitative interactions or effect
concentration) would be expected to generate a weak marginal association with both interacting
factors, some types (qualitative or cras®r interactions) could, in theory, exist without any rivel
association between the disease and either exposure.

Nevertheless, the general pattern of these results argue that, without other supporting data, the prior
probability of geneenvironment interaction in asthma should be assumed to be low, anditheref
replication should be sought before novel geneironment interactions are published, to avoid an
excessive number of false positives in the scientific literature.
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Table 1 Interaction p values for each SNP  -environmental factor combination, in logisti c
regression models with wheeze in the past year as the outcome

Genetic locus SNP identifier Interaction with Interaction with Interaction with
ETS (p value) mould (p value) pillows (p value)

Wheezerelated

loci in ISAAC2

ILAR rs1805015 0.586 0.227 0.223
MS4A2/FCER1B rs2847666 0.715 0.197 0.365
TLR4 rs11536898 0.358 0.479 0.467
TLR9 rs187084 0.530 0.808 0.532
Asthma-related

loci in

GABRIEL

GSDM1 rs3894194 0.596 0.287 0.449
HLA-DQ rs17843604 0.674 0.855 0.351
ILIRL1 rs10204137 0.772 0.890 0.385
IL33 rs928413 0.768 0.821 0.783
SMAD3 rs745103 0.117 0.557 0.875
IgE-related loci

in GABRIEL

FCER1A rs4656236 0.514 0.297 0.633
HLA-DR rs9271300 0.674 0.855 0.351
ILAR-IL21R rs1859308 0.954 0.791 0.054
IL13 rs20541 0.198 0.926 0.528
STAT6 rs167769 0.587 0.798 0.181

Results for the second and third groups of SNPs are provisional, pending inclusion of additional centres.
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1.1c World-wide asthma prevalence and outdoor
PM:2s estimated by satellite observations

Barbara K Butland’, David P Strachaf, H. Ross AndersotMichael Brauer, Bert Brunekreef, Tadd
Clayton, Aaron Cohen, Aaron van Donkelaar, Chris Lai, Randall V. Martin.

&Divison of Popul ation Health Sciences and Education, St Geor
London SW17 ORE, UK and MREIPA Centre for Environment and Health.

Background and objectives

Evidence from multcommunity studies of asthma presate shows little or no association with
community levels of ambient air pollution. The global extent of the International Study of Asthma and
Allergies in Childhood (ISAAC) collaboration together with the availability of satellite estimates of
PM, s provides an opportunity to investigate this question across a wide range of environments with a
larger number of centres than has been hitherto possible.

Study description

During Phase Three of the ISAAC study a elinplete questionnaire was circulated tample of

around 3,000 school children agedlByears in each of 233 centres in 97 countries. Most samples
were surveyed between 2000 and 2003 (Ellweioal, 2005). Estimates of severe asthma prevalence,
based on these data have already been publishkdilet al. (2009), with severe asthma defined as
frequent attacks of wheeze (>=4 in the past 12 months), sleep disturbance from wheeze (>=1 night per
week in past 12 months) or speech limiting wheeze (>=1 in past 12 months). The aim of our analysis
was b link these estimates to data on air pollution and climate.

For each ISAAC Phase Three centre that was broadly contained within 1600ekm84 centres

within 83 countries), a starting pair of longitude and latituderdinates was chosen. The popialat
densities (Source: Centre for International Earth Science Information Network) of the corresponding
0.1° x 0.1° grid square and the surrounding eight 0.1° x 0.1° grid squares were then compared and the
square with the highest population density chaaerihetarget zone Information on climate was
obtained by linking target zones to the gridded (0.5° x 0.5° grid) estimates of average daily mean
temperature (Celsius), average monthly precipitation (mm/month) and average water vapour pressure
(hPa) for tle period19912000 produced by the Climatic Research Unit, University of East Anglia
(Mitchell & Jones, 2005). Similarly, information on pollution was obtained by linking target zones to
the gridded (0.1° x 0.1° grid) estimates of grolexel PM, s (units w/m® and standardised to 50%
humidity) for 20032006 provided by the Atmospheric Composition Analysis Group, Dalhousie
University.

Center for International Earth Science Information Network (CIESIN), Columbia University; InternationalPBtiog
Researchnstitute (IFPRI); The World Bank; and Centro Internacional de Agricultura Tropical (CIAT) (Zeiofal Rurat
Urban Mapping Project (GRUMP), Alpha Version: Population GriBalisades, NY: Socioeconomic Data and Applications
Center (SEDAC), Columbia Unérsity. Available [2010] alittp://sedac.ciesin.columbia.edu/gpw

Mitchell TD (2004)High Resolution observational climatologies, version. Ziimatic Research Unit (CRUAvailable
[Nov 2010] athttp:/www.ipcc-data.org/obs/cru_ts2_1.html.

Atmospheric Composition Analysis Group, Dalhousie University (2@t0jual Mean Satellit®erived PM 5, 20012006,
at 50% RH Available [Dec 2010] ahttp://fizz.physdal.ca/~atmog/47.swf .
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These PM;s estimates were derived from measures of total column aerosol optical depth (AOD)
produced by two spectroradiometers (the Multiangle Imaging Spectroradiometer and the Moderate
Resolution Imaging Spectroradiometer) oe tatellite Terra, with the mapping of AOD to PM

based on aerosol vertical profiles obtained from the global chemical transport modetCBEDS

(van Donkelaaret al, 2010). The distribution of Pp estimates across centres was positively
skewed. GNI pr capita (Atlas method) for 2001 was obtained from the World Bank.

Statistical Methods

With severe asthma prevalence at centre level as the outcome, multiple regression models were fitted
in STATA 10 to investigate tobh(EMsgshaying adiustes foo e f f e c
country, temperature, vapour pressure, precipitation and sex and country levelslggfRMng

adjusted for temperature vapour pressure, precipitation, sex and GNI per capita.

Three different models were used: Model 1 wéiged effects model which included country as an 83

level factor and provided centre level estimates only. Model 2 was a random intercept model which

adjusted for country as a random effect and used the model parameterisation proposed by Begg &
Parides (R03) to provide separate centre level and country level estimates. Model 3 was a random

intercept / random slope model, fitted to a restricted data set consisting of the 28 countries with at
least 2 centres, which adjusted for country as a random efégraged centre and country level

6effectsd using the Begg & Parides (2003) met ho
prevalence and log (P) to vary between countries.

Results

A summary of our preliminary findings is presented in Tablddving adjusted for climate, sex, and

GNI per capita there was a significant inverse association (p<0.05) between severe asthma prevalence

at centre level and country level RMResults from fitting model 2, which uses all available data to
estimate comt ry | evel 6ef fectsod, suggest t hat i f cen
country 2) have the same RMevel, but the average PMlevel across centres within country is 10%

higher in country 2 than in country 1, then on average, sevémaagrevalence in centre 2 will be an
estimated 0.158 (95% CI: 0.035 to 0.280) percentage points lower than in centre 1.

At the centre level, having adjusted for country, climate and sex, there was no evidence of any
association between communlgvel ambent PM, sand severe asthma prevalence.

World Bank (2009 GNI per capita, Atlas method (current US$)
Available [15th June 2009] attp://data.worldbank.org/indicator/NY.GNP.PCAP.CD
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Conclusions

There was a negative association between centre level severe asthma prevalence and country level
PM,s which did not appear to be explained by differences in climate, sex or in GNI per capita.
However, there was no evidence of an associatfoeevere asthma prevalence and,Rlkross

centres within countries. These findings are only preliminary and if it is assumed that they are not
explained by a causal protective effect of RMhe explanation must lie in some unknown negative
correlats of country level PMs. Elucidating these may give new insights into the causes of asthma.

Various studies have indicated associations between asthma and-owititimunity variation in
exposure to trafficelated air pollution. Within centre analysed®AAC at the individual level have
found associations between asthma prevalence andepelfted truck traffic in street of residence
(Brunekreefet al., 2009). Future ecological analyses will take into account the centre level prevalence
of various envionmental indicators including se#ported truck traffic, indoor environment and
smoking which are available from a smaller number of centres.

Table 1: Estimated percentage point changes in the prevalence of severe asthma
associated with a 10% increase i n centre level and country level PM 25 pu/m 3.

Model No. of No. of Centres Centre Level Country Level
Countries within Countries

Mean (Range) ChangeA (95¢ChangeA (95%

1. 83 2.2 (11 19) -0.029 ¢0.103,0.045) -

2. 83 2.2 (11 19) -0.029 ¢0.101, 0.042)  -0.158 ¢0.280;0.035)*

3 28 4.6 (21 19) -0.050 ¢0.143, 0.043) -0.183 (0.293,-0.072)**

A adjusted for country, temperature, vapour pressure, precipitatic
y adjusted for temperature, vapour pressure, precipitation, sex al

Note: PM, s missing for 1 of the 184 centres
* p<0.05, **p<0.01
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1.1d Why are the results from stud ies of asthma and
air pollution so inconsistent?

Peter Burney Cristina Canova

National Heart Lung Institute,
MRC-HPA Centre for Environment and Health,
Imperial College, London, SW3

It is selfevident that air pollution must have marked acute effectsatieris with asthma. These
patients are pretty much defined by their airwa
cold dry air to histamine, and it is hard to see why they would not respond to changes in exposure to
almost any air pollutant.Rlese prejudices are supported by some experimental evidk)yidere are,
nevertheless, strong counterfactual cases. The iconic air pollution episode in England i the 20
Century was the London fog of Decemb®¢14™ 1952. This accounted for an exce$shousands of

death over a one week period, yet John Fry, in a much neglected article in the Lancet which followed
the main report wrote specifically that the asthmatic children in his practice in south London were
unaffected2) In an analysis of theabt major air pollution episode in Europe in 1985 Erich Wichman
similarly noted an increase in hospitalisation for COPD and for cardiac disease in the affected areas,
but a fall in hospitalisations for asthr{®. Finally, in a metaanalysis of the effectsf PM10 on
hospitalisation of young patients with ast hma,
of any effect. (Anderson, personal communication)

In this talk | will cover two active areas of research which may give some insight into these
inconsistencies, the role that environmental allergen may play and the role of @itaridant
balance in determining the response to particulate pollution.

In contrast to the mystifying absence of any discernable effects of air pollution among iastiomat

some occasions, the really large asthma outbreaks have always been associated with allergen release.
There are many instances but conspicuous examples are outbreaks in @haradj&outh Africéb)
associated with castor bean processing and emgsodBarcelona associated with exposure to soy
bean dus(6) What is interesting about the Barcelona episodes was that after the exposure had been
controlled there were still minor epidemics associated with relatively low exposures that were not
discernibé without prior knowledge of the sensitisation of the patients inv@Xedhe difficulty

with generalising these results to all allergens (neither castor bean nor soy bean allergen are routinely
monitored in air) is the specificity of the allergen to pleeson and the rarity of some of the important
triggers. An attempt was made to overcome this in the Thamesmead study which will be dé®ribed.
this provided evidence that low level exposure to allergen from outdoor air was associated with
exacerbationsf asthma and was probably not due to common pollen allergens. The implications of
these findings for the interpretation of tirseries studies of any other pollutant and asthma
exacerbations are substantial. Methods of monitoring this problem howevmoahe developed and

only available agesearch tools at the current time. Progress will probably only come when there is
better understanding of the important allergens.

The second likely source of variation in response to air pollution relates ¢aitlative power of the
pollutant and the antixidant protection in the airway. It has been shown that the oxidising power of
particulate air pollution is highly variable. The ability of RMollected during the ECRHS to deplete
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ascorbic acid in an arttial lung lining fluid varied from less than 30% in Norwich to over 80% in
Paris(9) Some supplementation studies have shown that antioxidant vitamins can alter responses to
air pollution level§10) though others have ntl) In unpublished results fromhé Thamesmead

study subjects with higher levels of Uric Acid in the nasal lining fluid and higher levels of plasma
Vitamin C reported fewer exacerbations of disease. In an analysis of the ALLOHA study reported at
this conference (Canowt al) an interadon has been shown between the association gf Riith
admission to hospital for airway disease and the plasma levels of Vitamin C and Uric Acid. Most of
these patients, however, were older subjects. It remains to be seen whether similar effects can be
demonstrated clearly in patients with asthma.
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1.2 Discussion

Invited Keynote Presentation: Asthma, atrophy and the epithelium
Stephen Holgate

Following this presentation, the speaker was asked whether he considered that there was a defined
window in development, after which specialisation of these genes does not occur. In response, the
speaker confirmed that there was and that theldpmental biology in branching morphogenesis in

the mouse and human foetus had been quite carefully worketiawver, he had not had time to
providedetaik during the talk. The speaker added that these windows were the most interesting point
to look & to assess intarterine factors that may be modifying expression [of these genes]. An
additional question regarding this issoencernedwhether this also occurs during the poatal

period. In response the speaker informed thdeagd that this wasah known and it would be

difficult to obtain the ce#l that would be needed for an investigation

The speaker was also asked whether the factors responsible for controlling ¢ piiffiedentiation in

the lung also apply in the gut and if we interferé¢hwthese factors in an attempt to reduce mucous
oversecretion, would that have wide reaching consequences. In response the speaker explained that
this was not his field but all of the mouse work to date had been carried out on conditional mice, that
is,wiwth epithelial 6switched ond or Oswitched off ¢
things [factor s] out in the mouse as a whole it

have to use this conditional technique to get the exe in the adults.

A further question was raised regarding the use of the second basement membrane in diagnosis. The
speaker responded that he hadndédt detailed the r
epithelium is a potent source abriogenic growth factors that can drive differentiation of fibroblasts

and myofibroblasts and caugeoliferation with subsequent laying down of matrix. He added that he
considered that as the epithelium barrier function is disturbed with the tight jurbeting broken,

and in severe disease epithelial cells being lost, then this is a defence mechanism whereby the airway
tries to prevent environmental factors from penetrating deep into the airway wall.

Research Presentations

A study of the concentration -response relationship for the effects
of ozone on health

Richard Atkinson

The speaker was asked if there was any evidence of a time delay between exposure to high levels of
ozone and subsequent deaths. In response the audience was informed that tieseddtad @id not

show this but other studies have shown different lag times between exposure and death and have

looked at the shape of that relationship. The speaker added that for their study this would have been a
complication too far and so they optieduse an average of the current and previous exposure data.
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Searching for interactions between genetic variants and the home
environment in asthma

David Strachan

A member of the audience commented that when people carry out these types of studies wariati
diagnoses is caused by the population having an extraordinarily crudely defined phenotype which is
further increased by involving people from all over the world. Taking that into consideration, the
speaker was asked whether it would be better whalyisty geneenvironmental interactions to start

of f with more gene searching built into the mode
searchd approach used. I n response the speaker
well characterised in the first GABRIEL publication but what has come out from epidemiology
studies looking at asthma is that characterisation is not as important a factor as people would assume

it to be. What is of high importance is a carefully chosen biol@gi hypot hesis that
combined with dédenvironmental exposure B6& may shao

World -wide asthma prevalence and outdoor PM2.5 estimated by
satellite observations

Barbara Butland

A member of the audience suggested thatetlveais an issue about phenotype and the definition of
severity because depending on how you define asthma, which is often by level of medication use, that
pattern will vary between countries. On that basis, what may be severe asthma in an individual in one
country may not be allowed to develop into such in another country due to availability of treatments.
When asked how do you control for thiag¢ tspeaker replied that when carrying out the study, country
level effects are adjusted for when looking withiocaintry but those effects could ast modifiers of

the associatiorhowever, it is difficult to get good measurements of country characteristics to show if
this is happening.
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1.3 Posters

1.3a Long-term exposure to air pollution and the
incidence of as thma: meta analysis of cohort
studies

Graziella Favarato H Ross Anderson, Richard W Atkinson

Division of Population Health Sciences andHPRCenteddri on, St
Environment and Health

Background and objectives

While there is good evidence that air pollution may aggravate asthma symptoms, the role of air
pollution in the causation ofsthma incidence is less clear.2005a World Health Organisation
report concluded thatthere was suggestive evidender a causalassociation between the
prevalence/incidence of asthma symptoms and living in close proximity to traffic (WHO European
Centre for Environment and Healte005) This and other reviews (e.g. US Health Effects Institute,
2010) were based on a narrative fguantitative review of individual studies and it has generally
been thought that this body of evidence is too heterogeneous for formahmaysis.The lack of a
guantitative metanalysis of this evidence reduces our capacigvialuate air pollutionsaa hazard

for asthma incidence amtovide estimates that can be used for burden estimation and health impact
assessment.he aim of this study (Anderson, in press) was to quantify the association between long
term exposure to air pollution and the ingide of asthma by conducting a maetaalysis of
systematically reviewed cohort studies.

Study description

As part of a wider review of chronic exposure to air pollution and respiratory outcomes we searched
Medline, Embase and ISI Web of Science up to JOly02We included only studies that were in
English language, based on a population sample and presented a numerical e€gppsuse
relationship for incidence adjusted for confounders and accompanied by an estimate of precision. We
sifted titles and absicts and assessed the full text of potentially eligible articles. Details of articles
and their estimates of lortgrm exposure to air pollutants and the incidence or lifetime prevalence of
asthma were extracted into a database. Questions about asthhreeae symptom were grouped into

two epidemiological measures; incidence between two assessments and, in birth cohorts followed up
less than 10 years, lifetime prevalence. To avoid estimates selection bias we developed a priori
algorithms that allowed ue select estimates blind of size, direction or statistical significance. Where
there were four or more independent (i.e. one per cohort) quantitative estimates for a pollutant
outcome pair we carried out a metaalysis. The summary effects estimates vealeulated using

fixed and random effects models (Der Simonian & Laird, 1986). We calculated heterogeneity
(Higgins & Thompson, 2002) and explored the sensitivity of our results using a range of sensitivity
analyses. Finally, publication bias was invegegausing funnel plots (Sterme al, 2000), statistical
tests(Begg& Mazumday 1994 Eggeret al, 1997)and the trim and fill technique (Duval & Tweedie,
2000).
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Results

We identified 8 birth cohorts and 9 child/adult cohorts with a total of 99 papudadsed risk
estimatesThe studies werdeterogeneous in their design ameéthods of exposure and outcome
measurements:ollow-up ranged from 3 to 23 years. Most studies were based on s@hmimunity
exposure contrasts dominated by traffic pollutior the 13 studies with estimates for nitrogen
dioxide (NO,) the random effectedds ratiovas1.07 (95% CI 1.02 td.13) per 10 pg/fh There was
considerable heterogeneity between studies. The sensitivity analyses showed that there was a
tendency towardsatger associations for asthma than for wheeze, for incidence than for lifetime
prevalence, for adults than for children. Because of the small humber of estimates interpretation
should be cautiougzor 5 studies with estimates for particulate matter wittocdygamic diameter

<2.5 um (PM.) the random effects estimatss 1.16 (95% Cl 0.98 to 1.37) per 10 pg/ifhere was

little evidence of heterogeneity. There was evidence of publication bias in the estimates [®poth
andPM, s After adjusting for pulitation bias using the trim and fill technique the summary effects
were reduced in size and statistical significance but remained positive. We did not have sufficient
number of i ndependent esti mates for Aprmgmary P
methods), ozone (three cohorts) and sulphur dioxide (two cohorts) to run thamaktses.

Conclusion

The results are consistent with an effect of outdoor air pollution on asthma incidence. There was some
evidence of publication bias. Future analysesid benefit from greater standardisation of cohort
methods of assessiegposures and outcomes.

Discussion

Our approach has provided an overview of the strength of the evidence together with the first reported
guantitative metanalysis of outdoor air ploition and asthma incidence. The results support the
conclusions from previous reviews that there is an effect of outdoor air pollution on the onset of
asthma. Studies were heterogeneous in design and assessment methods. Some were not amenable to
the quarification approach. Most of the cohort studies contributing to the -aretfyses provided
estimates which related to withdt@mmunity exposure contrast that had been modelled at address
level. Sensitivity analyses showed that the summary effect forvid®sensitive to the age group of

the participants (children or adults), the type of outcome (wheeze or asthma) or the epidemiological
measure (lifetime prevalence or incidence). Publication (small study) bias may have inflated the size
and statistical signifance of the summary effects for N@nd PM .
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Figure 1 Meta analysis of NO 2

Individual and summarfixed effects estimates for associations between pé® 10 pg/mand the incidence of asthma and wheeze
symptom (I=Incidence; LTP=Lifetime Prevalence)
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Figure 2 Meta analysis of PM 2s

Individual and summary fixed effects estimates for associatietvgsen PMs per 10ug/mand the incidence of asthma and wheeze
symptom (I=Incidence; LTP=Lifetime Prevalence)
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CHIBA® asthma (1)

1
1
1
1
1
British Columbia, asthma (LTP) —o— 1.10 (0.90, 1.35)
:
1 \
- ®—) 1.86 (0.90, 3.86)
1
1

1
PIAMA, asthma (1) ——‘—0% 2.06 (0.91, 4.66)

TRACPA, asthma (LTP)

# ) 1.60 (0.45, 5.70)

1

FE (12 = 7.4%, p = 0.364) ® 1.15 (0.99, 1.33)
(]

RE £ 1.16 (0.98, 1.37)

aPM10 scaled to PM2.5
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1.3b Effect of antioxidant markers in modifying the
response of PM10 on asthma and COPD
exacerbations.

Cristina Canova, Christina Dunstef, Frank Kelly?, Cosetta Minellf, Pallav Shali®, Peter Burney

MRC-HPA Centre for Environment and Health, 1 Imperial College, 2 King's College, London; 3 Institute of Genetic
Medicine, EURAC, Bolzan, Italy; 4 NHLI, Imperial College, London; 5 Chelsea &tminster Hospital, London

Background and objectives

Daily variations of outdoor air pollution, in particular particulate matter (PM), have been associated

with higher number of emergency visits and hospital admissions due to respiratory complaints.
Evidence suggests that oxidative stress is a unifying feature underlying the toxic actions of PM
(Kelly, 2003). Asthmatics, and COPD subjects, which are a subgroup of the population recognised to

be susceptible to air pollution, have been shown to have markledleased concentrations of

vitamin C in lung lining fluid compared to healthy controls (Kedlyal, 1999). Among these groups

of patients, those with lower antioxidant capacity might be more prone to develop exacerbations in the
presence of particulata i r poll uti on. Therefore, we have in\
antioxidant capacity (uric acid, vitamins C, A and E) measured in blood, in modifying the response to
PMyqin patients admitted to hospital with obstructive lung disease.

Study de scription

A bidirectional hospital based casmssover study has been designed to study the effect gfdAM
exacerbation for asthma and COPD. Contiays were selected using a symmetric design. Two days

of the series were taken as control days, onddy$ before and one 14 days after the event. This
design provides adequate control for ldagn trends and seasonality. Data on;Pkdlaily 24h
average ) from 3 fixed monitoring sites representing concentrations in residential areas in the area of
Kensindon and Chelsea (Earls Court, Cromwell Road, North Kensington) were downloaded from the
Air Quality London database. For each monitoring station missing data were detected, and replaced
by the weighted mean of values from the other stations. Conditiagiatitoregression was used to
estimate the effect of PM10 at several lags from 0 to three days prior to the day of the event or the
control days (lag 0ag3), while controlling for confounders (temperature and humidity). Analyses
have been stratified bypa ent 6 s anti oxi dant capacity, and st a
modification (likelihood ratio test).

Results

209 patients admitted for asthma or COPD to the Ché&s@éestminster Hospital (London) on 234
occasions were recruited betwedd0@ and 2010; blood samples for specific markers of antioxidant
capacity were available for 148 patients. A statistically significant increase in asthma/COPD
admission rate was related to a 10 ug/m3 increase in PM10, with the highest effect-BalegisO
before the exacerbation (la@0 OR=1.35, 95% CI 1.64.74). The effect of PM10 was significantly
lower among subjects with a high plasma vitamin C concentration (p<0.01), and lower, but not
statistically significant, among subjects with high level of aric i d -tecopHerolvitamin A did

not show evidence of effect modification.

23

Prepared by IEH for the 2011 Annual UK Review Meeting on Outdoor and Indoor AitiBolResearch
10-11 May 2011



Conclusions

These results show that pati ent-tinefedodiPEOiodant ¢
COPD exacerbations. Further studies, with larger sample sizeg@mmended to elucidate the
underlying mechanisms.
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2. Outdoor pollution -Focus on particulates
2.1 Presentations

2.1a Low-to-high dose extrapolation for global air
pollution risk assessment: a burning question?

Aaron J Colen', Richard T Burnetf, C Arden Pope IIf, Gitanjali Singh’, Bryan HubbelP, H Ross Anderson
® Majid Ezzatl

! Health Effects Institute? Health Canada? Brigham Young University? Harvard School of Public Health® USEPA,®
St. Georges, UOL Imperial College London

Background

Long-term exposur¢o the mixture of ambient fine particulate air pollution, 2Ms associated with
increased mortality from cardiovascular disease (COMEAP 2009; Bxtoalk 2010). Epidemiologic
cohort studies, conductéakgely in the US, have reported this association for annual outdoor average
concentrationsanging from5 € Yt/ om 3 0° PM,g /Nm studieshave estimated the effects of
long-termexposure to Phson cardiovascular mortality at the much higher ambiencentrations in

the developing worldHEI 2010). Urban outdoor air pollution-terms of PM swasestimded to have
caused 800,000 deaths and 6.4 millibrsability-Adjusted Life Yearsin 2000 due largely to
cardiovascular diseas@Cohen AJet al 2004; WHO 2002) These estimates wereased on
extrapolation of the results of a large US cohort stashylassuned a linear increase in the excess
relative risk from 7.5a¢ 5 0 ® RMgg/with no further change in the excess relative risk at higher
concentrations. This model choice was motivated by the concern that linear extrapolation from low
to high levels using the US cohort risk coefficients would produce unrealligtiarge estimates of

the attributable burden, but no theoreticalustherempirical justification was given for ihymodelor

for any other models proposed for such estim@eden Adet al 2004; Ostro 2004).

Recently, Popeet al. (2009) suggestedhat the integration of epidemiologic evidence on
cardiovascular mortality risk from disparate sources of £8lch as ambient air, second hand smoke
(SHS), and active smoking may provide insight into the shape of the exjpespomse relation at
highe concentrations.

This paper describes risk models f@mrdiovascular disease mortalijnd PM s that are consistent
with the risk estimates from epidemiologic cohort studies of ambient air pollution, SHS, and active
smoking. These models reflect tldldwing underlying assumptions:

e Emissions from diverse combustion sources, including tobacco smoke (directly inhaled or
second han)d diverse fossil fuel combustion sources, and biomass are associated with adverse
health effects on the cardiovascular epst

e The toxicity of emissions from different combustion sources may well differ, but current
knowledge does not allow definitivend quantifiableconclusions regarding their relative
cardiovascular toxicityand little is known about international var@ti in source
contributions around the wor({@SEPA 2009; WHO 2006).
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e Fine particle mass, P}, provides a useful common indicator of the mixture of pollutants
from diverse combustion sources. Therefore, we assuinen the state of current knowledge
and consistent with Popet al (2009), thatisk is a function of PMs mass inhaled dose
regardless of source.

e The relation between PMexposure and cardiovascular mortality is nonlinear over the range
of human exposure to PMfrom diverse combustion sawgs, with a higher change in risk for
lower concentrations and a lower change in risk for high concentrations éPah@009;
2010 submitted). Risks at very high PiMoncentrations associated with the highest levels
of active smoking may be nearlyresiant, with almost no noticeable increase.

e The excess relative risk of mortality from cardiovascular disease due to exposurge4o PM
from any source is assumed to be no greater than that associated with active tobacco smoking.

We proposehe followingrelative risk modelR,(z) for sources given by,
1
R(2) =

where S, <1is the parameter that governs the rate of change in riskRHy concentration (z)

from sources (outdoor air pollution or secondahd smokiny with z¢ denotingthe counterfactual
concentration below which we assume there is no additional Fiskvery largez, R~1+«. Our
estimate ofa is based on the risk of cardiovascular mortality afuarent smoker compared to a
never smoker.

The sourcespecific risk model formulation assumes that in conjunction with the specification of the
maximumrelativerisk value,1+ «, which is independent of source, and the form of themistlel,
information on relative risks associated with RMxposure for any given source is sufficient to
predict risks for the entire range of exposure of interest. For example, risk information due to
exposure to outdoor sources of PMs available fom cohort studies. These studies typically have
concentration ranges from a few pdfta 20 pg/ni. However, our approach uses this information to
predict risks for much larger exposures. Exposures to second hand smoke have been astimated
reportedby Popeet al. (2009) to vary from 20 pg/fto 50 pg/ni Cardiovascular mortality risks have
been summarized for these concentratiddSHHS 2006) and this information can be used to
predict risks over the entire range of PMMoncentrations using our riskodel formulation.

Our summary risk estimate is formed by averaging the source specific risk functions at each PM
concentration (denoted by Average Risk Model). This approach places equal importance on the
information available from outdoor air potion, using coefficients from the ACS and other cohort
studies, and second hand smoking. We also considered alternative methods of summarizing
information among sources including estimating the a sifhlbased on outdoor air pollah and

second hand smoking risks simultaneously (Unified Risk Model) and a piecewise risk model which
only incorporates risk information on outdoor air pollution up to a specified concentration and then
uses risk information on second hand smoking ablbatdoncentration. All three of these methods
yielded similar estimates of risk.
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GBD Risk Model for IHD Mortality

The Average Risk Model for Ischemic Hea

(=]
Disease (IHD) mortality is displayed in th - —_—
Figure. This risk model, with a counterfactu iy __,,f‘"f_
concentration of 4 pg/Mm was applied to - Va g
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21lbContri buti on of bi omass bur
PMo1o

Gary W. Fuller, Anja H. Tremper, Timothy D. Baker', Karl EspenYritt?, David Butterfield®, lan. S.
Mudway', and Frank J. Kelly*

MRC HPA Centre for Environment andSHIONH UKh, Kingds College
2 Norwegian Institute for Air Research, Instituttveien 18, P.O. Box 1002827 Kjeller, Norway.
3 National Physical Laboratory, Teddington, Middx, TW11 OLW, UK.

Background and objectives

The 27 member states of the European Union are comdmitteobtain 20% of their energy
requirements from renewable sources, including biomass, by 2020 (EU, 2009) as part of a raft of
proposals to reduce G@missions. In response to these targets, the UK Department for Energy and
Climate Change (DECC) has amnaoced t he worl ddés first renewabl
provide a financial incentive for individuals and businesses to switch from fossil fuel to renewables as
part of a sarbhoegyed ot Malegener ati on odductlore at i n
policies the UK government will launch the world first renewable heat incentive in June 2011 (DECC,
2010a), which will target around 700,000 new domestic biomass installations by 2020 (Klevnas,
2009). Additionally biomass boilers are being inst@lto meet requirements for renewable energy in

new buildings. Concern has been raised over the possible urban air pollution impacts arising from the
widespread installation and use of biomass heating. There is a risk that an increase in biomass burning
may undermine air quality management actions aimed at achievigERV/Limit Values and the EU

exposure reduction target for BMIt was therefore felt prudent to establish a baseline for the PM

from biomass burning in London against which future changese measured.

Study description

The contribution of PM from biomass in London was estimated using two ambient measurement
methods. The first used measurements of the concentration of levoglucosan, a specific marker for PM
from wood combustion, sampledrihg two winter campaigns in 2009 and 2010. The second used the
differential absorption of UV and IR in sampled BMsing aethalometers (Favetal 2010) at two

sites over a period of 15 months. Analysis was supported by measurements,dulDate ad

ethane from UK national networks

Results

Mean winter time concentrations of levoglucosan were 176 figamthe low end of the range of
concentrations found across Europe. Analysis of levoglucosan concentrations and wind speed did not
reveal any larg@oint sources. Having used measurements of ethane (assumed to be from natural gas
leakage) as a tracer for dispersion it was found that levoglucosan emissions were greatest at
weekends.

Good correlation was found between estimates of PM from wood smivkelergoglucosan and UV

and IR absorption {r= 0.76), though the estimated concentrations of organic carbon using the UV
and IR absorption method exceeded estimates using levoglucosan by a factor of between 1.5 and 2 .
Measurements of UV and IR absorptisuggest that wood burning is a winter time pollution source

in London with peak PM concentrations during evenings and especially at weekends
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Conclusions

Ahead of new policies to promote renewable energy it appears that wood burning already contributes
approximately 3 pug ni to wintertime PM, in London; 15% of the wintertime background
concentration. No distinct point sources were detected, suggesting that wood smoke particulate
originates from diffuse urban sources. The wood smoke contribution fpviRld mainly a wintertime

effect; occurring mostly during evenings and at weekends. This suggests that current wood burning in
London is a secondary heating source. Widespread wood burning suggests that smoke control
legislation is no longer effective ltondon.
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2lcModel ling changes to London

domestic PM 25 exposure in a low -carbon future

Clive Shrutsole
Bartlet School of Graduate Studies, University College Londor, 9. Torrington Place, London WC1E 6BT

Using a bottorrup modelling approach, an assessment was made of indoor personal exposure
to PM, s currently being experienced in the Greater LondoraA(GLA) domestic stock and in a

future 2050 low carbon scenario. Parameters changed include: ambient concentrations, projected air
tightness of buildings, construction changes resulting from the application of energy efficiency
measures and the introdiget of mechanically ventilation with heat recovery systems (MVHR).

UK Stock models from Wilkinsoret al, 2009 were modified to reflect ti&l A domestic stock
profile and processed using CONTAMW; a validatedltizone micreenvironmental (mE) model.
Data was posiprocessed using linear regression techniques and differential sensitivity analysis. An
appraisal of the potential impacts on mortality of changes in population expodaké, sovas
performed using a life table method.

Results show that domestioargy efficiency interventions motivated by climate change objectives
can yield health benefits. However, whilst interventions are generally beneficial to health, the
magnitude and directions of health changes are dependent on the details of the sjtggzfiorm
package. Occupant behaviour can play a major role in determining individual indoor exposure levels
and need to be considered in policy formulation.
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2.1d The challenge of meeting the exposure
reduction target for PM 25

Duncan Laxen
Air Quality Consultants Ltd., 23 Coldharbour Road, Bristol, BS6 7JT

Introduction

PM, s is now recognised to be the pollutant most clearly related to adverse health outcomes following
both short and lonterm exposure. It is also a pollutant for which no thresholdffects has been

identified. Standards have recently been introduced both at the UK and EU levels to limit exposure to
PM,s In recognition of the absence of a threshold for effects a new approach to standard setting has
been introduced. This involveh 8 s et t i n gr eodf u céte xopnods utraer get s, wher
measured at urban background locations, averaged across each member state, have to be reduced by
10-15% over a ten year period. The exposureducti on O6objectiveé (UK)
supported by a more traditional standard that is designed to ensure that there are no exceptional
hotspots of exposure. In all cases the,Pbtandards apply to annual mean concentrations, as the
health evidence is that the impacts are around an ofderagnitude more significant than those

arising from exposure to sheadrm (24hour) peaks.

Meeting the exposumeduction standards will require an understanding of the sources and
concentrations of Py at urban background locations. This paper ngsithe current evidence from
monitoring and modelling in the UK.

The basis for this paper is information collated for a report recently completed for the Scotland and
Northern Ireland Forum for Environmental Research (SNIFFER) opsRiMthe UK (Laxenet al,
2010). It covers published papers and an analysis of monitoring data across the UK in 2009.

Standards for PM 25

The UK standards were established in 2007 (Defra, 2007), prior to the publication of the EU standards
(European Commission, 2008). The taets of standards are similar, but have some differences, as
shown in Table 1. There are also separate, more stringent, standards for Scotland. The- exposure
reduction objective is a 15% reduction in urban background concentrations between 2010 and 2020.
The EU exposureeduction target is determined by the average concentration at the beginning of the
period; it will be a 10 or 15% reduction for the UK based on initial measurements.
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Table 1 Standards for PM 252

Time Period Standard Timescale
Annual mean Objective of 25 pg/m By2020

UK 3-year running Objective of 15% reduction in concentrations Between 2010
annual mean measured across urban background sites and 2020
Annual mean Objective of 12 ug/m 2020

Scottish ~ 3-year running  Objedive of 15% reduction in concentrations Between 2010
annual mean measured across urban background sites and 2020
Annual mean Target value of 25 pg/m 2010
Annual mean Limit value of 25 pg/m 2015
Annual mean Stage 2 indicative limit value of 20 pg/m 2020
3 year Average Exposurereduction target relative to the AEI

European Exposure depending on the 2010 value of the 3 year AEI 2020

Indicator (AEI)  (ranging from a 0% to a 20% reductibn)

3 year Average
Exposure Exposureconcentration obligatioof 20 pg/ni 2015
Indicator (AEI)

@ The standards for PMremain in place.
b The target will depend on the initial concentration.

Sources of PM 25

The key distinction to make is between primary and secondary. PRfimary particles are particles
emitted directly ito the atmosphereThey may be both natural and anthropogenic, although the latter
dominate. Secondary particles are formed in the atmosphere through atmospheric reactidghs, e.g.
oxidation of gaseous sulphur dioxidesigiphur acid, which reacts wimmonia to form ammonium
sulphate aerosolThe formation of secondary particles is relatively slow (hours to daysecondary
PM, s is found well downwind of the sources of the quesor gas emissionsAs a consequence
secondary particles arelatively evenly distributedspatially. As with primary particles, they can be
created from both natural and anthropogenic emissions, with the latter dominating.

The evidence from monitoring and modelling is that secondary particles are a major contributor to
urban background P (Figure 1) and that precursor emissions in continental Europe are a major
source. Those primary sources that contribute at the local level account for areddh 26 the

PM,s There are many different sources contributing to phimary PMs. While road traffic
emissions play an important role they are not a predominant source, accounting for 12% in Figure 1A,
compared with industry and efbad mobile sources (fork lift trucks, construction machinery etc.) at
16%.
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Figure 1 Apportionment of PM 25 at urban background locations in Birmingham. A) From
modelling by AEA for 2009, for a location at Birmingham Tyburn (Stedman, 2011). B) From
measurement and receptor modelling in 2007/08 by Yin et al (2010). The categories pro ceed
clockwise from the midday position.
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Urban background concentrations of PM 25

There was little monitoring for PM until 2009, when the UK Government established a UK wide
network to meet the requirements of the new EU Directive (European Commz¥@&), There are

now 67 sites within the Governmentodés Automatic
(43) being urban background. Analysis of the 2009 data indicates the overall pattern as set out in
Table 2.

Table 2 Summary of concentrations acr  oss the UK in 2009.

Site Type Characteristic Concentrations

Rural background From 3 to10 pg/nt, with the lowest valuei northernScotland and the
highestin southern England

Urban background  +3 to 46 pg/nT abovetherural background in major urban age
Kerbsidé +7 to 8 ug/nt abovetheurban backgroundlongside a busy road
Roadsid® +1 to +2ug/n abovethe urban backgroundlongside a busy road

& Kerbside is within 1 m of the keilbbased on limited number of sites
® Roadside is within about0 m of the kerti based on limited number of sites

The rural background dominates at most urban background locations, especially in the south of the
UK. Road traffic is not a dominant source, except for kerbside locations alongside busy roads. Even
herg the limit value of 25ug/n?, to be met by 2015, is unlikely to be exceeded, based on the
monitoring carried out to date. Urban background concentrations in 2009 ranged frpgin&.fn
Edinburgh to 17.Gig/m?® in London (Greenwich). The expostmeducton standards will require a
reduction of around 1-8 pg/n? in urban background concentrations. As the urban background
enhancement in urban areas-8 |3g/nv, the reduction in these local sources to meet the standard will

be some 2%7%, if these souss alone are tackled. Alternately the controls could be focussed on
secondary sources, which account for soréaug/m® of the urban background concentrations in most
parts of the UK, and would require a-26% reduction.

Conclusions

There is rapidly deveping body of information on P4 in the UK. However, there are currently
only limited data describing the contributions of the many different primary and secondary sources.
Without an improved understanding of PMt will be difficult develop cost #ective strategies to

meet the new exposure reduction targets that apply to urban background locations.
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2.1e Air Pollution 1990 0 2011

Bob Maynard

The period 1990 2011 has been one of rapid change @ndlr pollution field. The first edition of the

WHO Air Quality Guidelines had been published in 1987 and represented the beginning of a new
approach. At that time the concept of thresholds of effect was firmly in place and some workers
thought that levesl of common air pollutants had fallen by such an extent that major effects on health
had vanished. The application of modern epidemiological techniques rapidly proved this view to be
incorrect. The appearance of tiseries studies in the late 1980s led associations between
concentrations of pollutants and effects on health being observed at ambient conditions. The concept
of thresholds was called into question and abandoned. Cohort studies followed. All this led to the
possibility of quantificatiorof the effects of air pollutants on health and that allowed abmosfit

tested Air Quality Strategy to be introduced. Concerns about ultrafine particles followed and these
have led to the burgeoning field of natmxicology.

Progress in the UK, from bbow baseline in 1990, has been facilitated by a series of outstanding
committees: MAAPE, COMEAP and EPAQS with support from more specialized groups including
PORG, QUARG and AQEG. These committees provided expert advice, training for members and
secretaats and recommendations for research. The IEH played an early and key role in facilitating
discussions of research and generous funding from DH and the MRC allowed a new generation of
research workers in the air pollution field to flourish in the UKheTmajor reports produced by
MAAPE and COMEAP (a long series) and the series of shorter but very influential reports by EPAQS
set a new standard for detailed examination of evidence in the UK. The UK now has a strong air
pollution research community whids successful in winning funding for new work and which is
deeply involved in collaborative work across Europe.

Work has focused on patrticles, perhaps to the detriment of work on gaseous air pollutants in the past
ten or so years. This picture is now g and new thinking about nitrogen dioxide and the
possible effects of climate change on ozone concentrations and on exposure to outdoor air pollutants
has begun. The move of staff from DH to HPA has facilitated a research focus and the development
of the National Nandoxicology Research Centre at HPA Chilton has been a notable success with,
already, a strong track record of raising grants.

Regular updating of the WHO AQG has proved an important stimulus to new thinking. Reviewing
the literature hasdzome more difficult as it has expanded and the introduction of systematic review
has presented further stimulating challenges.

Being able to participate in all this has been a privilege. Of course the work has reflected the input of
a large and changirtgam. Attention will be drawn to members of the team in the presentation.

Challenges remain: EC Limit Values are increasingly demanding, the Localising Agenda offers new
challenges for small scale quantification, identifying the active components omthierd aerosol
remains an important task. HPA, DH, IEH and the expert committees are well placed to meet these
challenges.

35

Prepared by IEH for the 2011 Annual UK Review Meeting on Outdoor and Indoor AitiBolResearch
10-11 May 2011



2.2 Discussion

Invited Keynote Presentation: Low -to-high dose extrapolation for

global air pollution risk assessment: a burning que stion?

Aaron Cohen

Focussing on the low to high extrapolation in estimating the attributable burden of disease, Aaron
Cohen discussed the main assumptions and caveats entailed in calculations, suggesting that the
exposureesponse function has vast implions for relative risk, further presenting an attributable

diseae burden of 29% for air qualjtyelative to 6% previously estimated in 2000. Following this
presentation, the speaker was queried on the differences in attributable disease burdeuitasf a res

study inclusion and particularly in light of the potentially vast regional differences. Cohen suggests
that the choice of attri lvietegdulare usingdts kh i \gadll i g hgs h ovg
the burden of disease and causality wibeled on a number of factors.

In addition to this, a comment was made regarding the shape of the exmsfmese function,

which irrespective of the relative risk, in combination with Duncan Lé&x@nesentation, suggests

that you get the best pollutiamontrol outcomesn the areas that have the lowest levels of pollution,
which is somewhat counter intuitive, to public health initiatives aiming to reduce inequality. In
response to this, Laxen discussed the importance of-a@d curve initiall postuated 40 years

ago at aBritish Association meeting, suggesting that our lack of certainty regarding our location on
the curve makes estimating where the most significant improvements to health, as a result of air
guality improvement, difficult. In additig the fact that areas of low pollution are generally sparsely
populated, while areas of high pollution, usually have a high population density, adds further debate
as reducing pollution by a lesser amount in a more densely populated area may haveilditger p
health benefits, than reducing pollution significantly in less populated regions.

Coinciding with discussions regarding the exposesponse curve, the need for potentially
significant reductions in pollution in order to reach parts of the cunerenvignificant differences in
population health will be observed was discussed. Cohen agreed that this was an important
consideration in lowhigh dose extrapolation. Laxen added to this by commenting on the tailing off if
health effects at high concentaats, adds another difficulty in extrapolation. Cohen agreed, stating
that acute episodes were looked at in the study, but that understanding this flattening of response may
be due to reductions/declines in the susceptible population, as a result ofitynattalower
concentrations. However, complimenting Lagestatement, Cohen suggests that there is a wealth of
evidence for PMs doseresponse functions, in this regard. Bob May@argrevious work on the
London smog, which established a levellof§) in health effect at high pollutant concentrations
during the London Smog, was al so rSsfhampmemmeded wi t h

In the final comments, Paul Harrison, Chair of the session suggested that the interplay between the
different research presented and the ramifications of-disg®nse curves in policy, raise important
guestions.
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Research Presentations

Contribution of biomasswpoburning to Lor

Gary Fuller

Following this presentation, the speaker was asked abotdléhef other sources. The study appeared

to focus on wood burning in domestic premises as the main sadréM, as estimated by
levoglucosan concentration and the absorption of UV and IR measured by aethalometers, however the
contribution of other sourse such as bonfires, may provide another explanation for the constant
distribution between sites. In response, Fuller suggested thgtBhentrations could be affected by

other sources, but that the time distribution of elevations, suggest an assowidtiodomestic
anthropogenic activities. A further question was raised regarding the regulation/control of wood
burning emissions, to which Fuller replied that there was a certain level of quality control in the
manufacture of wood burning devices, buttheating and energy production in a more centralised
way may be cleaner, raising the question of why this mode of heating is currently being promoted.

Changes to PM 25 exposure in a future low carbon domestic stock

Clive Shrubsole

In his presentation, I@we Shrubsole discussed the modelling of R2Mhroughout the home,
suggesting caveats in the lack of dynamic temperature flux modelling and variances in building stock.
Following the presentation he was asked about assumptions used in assessing prpE&geE,
concentration response functions and regional differdmaegiven time limitations it was agreed this
would be discussed further outside the main session.

The Challenge of meeting the exposure reduction target for PM 25

Duncan Laxen

The speakewas asked whether he had taken account of thedstgnce drifting of particles, as
particles classed under 1um are believed to have a terminal velocity so small that they can travel
enormous distances. In response, Laxen stated that the drifting,gfwWlgl an important contributor

to the observed concentrations, and that like a gas, very little is deposited, or removed from the
atmosphere. Further prompted regarding theusmpension of particles, Laxen suggested that although
re-suspension was an partant consideration in the calculation of BMt has been shown to be a
relatively small contribution to Pp4 concentrations, and subsequently ignored.

A further question was raised regarding the composition of particles. The speaker highlighted the
work by Roy Harrison, which suggested that the composition of particulates varies with concentration
T particles are richer initrates on days with high particencentration, while sulphates dot show

this relationship However, Harrison added the potial role of seasatity combinedwith the semi

volatile nature of nitrates, resulting in dissociation of nitratesn particulate matter at higher
temperatures.

In addition tothis, there was a commenh the importance of location on the expos@gmnse
curve, suggesting that the UK already has sophisticated controls in terms of air quality management of
primary and secondary sources of PM, making improvements more of langeabnd leading to
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consideration of more difficuljuestions, such as therposition of PM, briefly discussed by
Harrison and Laxen. Currently, for regulatory purposes all particles are considered to equate to the
same harm, however, there is evidence to suggest this may not be the case and health effects may
depend on PM compition as well as size. Therefore, elucidating whether tackling primary PM will

have the same health benefittaskling secondary PM may be an important question to be answered.
Chair, Paul Harrison concluded the session by suggesting that elucidatimgptiréance of PM
composition may be an important development over the next few years.

Air Pollution 1990 6 2011

Bob Maynard

Prior to thepresentatiorby way of introductionJon Ayresr e f erred t o Bob Maynar d:¢
the establishment of scienddgven policy along with the supporting government research programme

on air pollution and health. Of particular note was the formation of COMEAP and the cross
government as well as international (WHO in particular) activities in which Bob has playetta cen
role. At the end of Bob Maynarddés presentation
express their thanks for Bobds huge contributi ol
years and wished him a very happy and active forttieg retirement from government service.
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2.3 Posters

2.3a Transport of nitrogen dioxide (NO 2) and
particulate matter (PM) into a mechanically
ventilated office building adjacent to a busy road

Mr Mohd Shukri Bin Mohd Aris (preferred forename Shukri)
Envi ronment al Research Group, Kingds Coll ege London

Supervisors:

Professor Frank Kelly & Dr. Benjamin Barratt

Environmental Research Group

School of Biomedical & Health Sciences, Kingds Coll ege Lon;

Background:

People spend most of their time indoorsbinldings, such as schools and offices as well as their
homes. Over recent years there has been increased interest on Indoor Air Quality (IAQ) and that
indoor airborne particle and traffic related gaseous pollutants may be responsible for the aggregation
of a number of respiratory illnesség. Because of these possible health implications it is considered
important to understand the characteristics of each air pollutants inside/outside buildings and the
variables that affect the degree of exposure.

Obj ectives:

Long term indoor and outdoor monitoring of N& a congested street canyon location identified high
indoor concentrations prompting occupational health concerns. Indoor monitoring of different PM
size fractions has been undertaken to investighfierences between gaseous and particulate
transport. Characterization of monitoring results has revealed a number of important building design
issues relating to the transport of pollution into a mechanically ventilated building. The building
managers &ve agreed a series of improvements, the impact of which will be monitored over the
coming months.

Study description:

Continuous indoor and outdoor monitoring was carried at mechanically ventilated office building at
Corporation of London. Study site cpaign located at congested street canyon in the heart of central
London. NQ and indoor PM were monitored and the indoor sampling point is in the entrance foyer
of the local authority offices, permanently staffed during office hours. Long term I/O gaseous
monitoring were recorded and analysed. Diurnal hourly means and meteorological condition (wind
speed and direction) were used for data analysis for the whole period and seasonally. Differentiation
between I/O londerm gaseous monitoring between weekdays \eeekend by using R was used to
determine the building characterisation on I/O gaseous pollutants movement.

Result

I/O NO, diurnal profile between weekdays and weekendThe average weekday N@oncretion
was 150 pgn™ (outdoors) and 110 pm™ (indoors). However, indoor N@concentration during the
weekend remained almost as high (100mig) even though the main door into the building was
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closed. At the weekend, the average outdoos W& slightly decreased due to the reduction in traffic
flow. Frommonthly observations, a similar pattern of indoor and outdoardé@centration was seen
throughout the year Statistical analysis indicated that there is no significance difference for indoor
NO, concentrations between weekdays and the weekend, wharek®oNQ concentration did
show significance differences at these times (** p<0.01).

Meteorology condition and building orientation (street canyon): Polar frequency plots
demonstrated that N@utdoor concentration was distributed between-190 ug ni®, whereas N@

indoor concentration ranged 980 pg n. The color contrast from the frequency plots 1/0 ,NO
concentration indicates similar meteorological conditions. This phenomenon usually involved high
circulated air movement within the building oriation. Speed of NQransport into the building were
analysed by repeating the correlation analysis with different time lags. The highest correlation was
achieved in first 15 minutes.

The contribution of outdoor NO, into indoors: Linear regression has beanalysed to predict the
proportion of outdoor N@concentration transported into indoors according to day and night time
measurement period. It clearly shows that abouit 88 % (day) and 95 98 % (night) amount of

NO, outdoor were transported intodioors. Characterisation of monitoring results has revealed a
number of important building design issues relating to the transport of pollution into a mechanically
ventilated building. Identification of small gaps at the main automatic doors were possilained

the proportion of N@penetrated into indoors especially during weekend /night time.

Initial indoor PM monitoring: Indoor PM monitoring has recently been added to investigate
differences between gaseous and particulate transport. The monitanipgign began on February
2011 and is ongoing. Initial indoor PM monitoring data (Figure 2) has shown similar pattern with
indoor NG concentration, which has higher concentration during weekdays (60°jRiViaa, 20 ug
m3PM,s& 2 ug m®PM,) and 20 pg M PMyq, 10 ug n°& 1 pg m° PM;, at weekend. Further indoor

and outdoor particulate toxicity will be undertaken in order to disintegrate between gaseous and
particulate exposure assessment in typical mechanically ventilated office building in London.

Con clusion

These new results suggest that the mechanically ventilated office building at the Corporation of
London contained high concentration of N@ue to its location near a heavy trafficked road. Mean

/O NO,concentration wer € (obtidghoerr) tahnadn(inddd8@urergg mm
weekdays. Further, indoor levels of N©Ox ceeded t he EU L%houilytmeateohue ( 2C
11 occasions in 1 year (2008) and predicted to fail the EU directive obligations set for outdoor
pollution. Considerable ariability was observed in indoor and outdoor N€dncentrations during
weekdays/weekend and day/night time. Most of the outdoor tN& penetrates indoors is due to

building design issues.Due to building design improvements in April 2011 pollutant nogiall

continue at this site to establish the effectiveness of these changes in preventing the transport of NO

into the building.

Discussion

Indoor monitoring will continue at both these campaign sites and future monitoring will include
analysis of D particulate matter (PM) concentration. 1/O RMvitro oxidative potential will be
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undertaken in order to disintegrate between par:t
London building types.
Table 1: Study site details including ventil ation source, sampling description & indoor/outdoor
parameters
Site Description Ventilation Sampling inlets
i i - Indoor Outdoor
Name Location Volume Use Ventilation Ventilation Orlgl_n of sampling | sampling Measured
(m3) type control air point point parameters
Local ducted
Upper Office and mec_ha_nlca__l . Source Ground
. ventilation i Centralised .
Corpor- Thames main filtered heating and side, top of | floor lobby Outside NOx (NO; &
- Street, entrance . the main and ; NO) and PM
ation of 150 h (routinely controllable - main
Wallbro with checked and fan speed building, nearby entrance (PMyo, PM;5&
London ok security managed b (of‘f/gn) adjacent | ventilation PM,)
Wharf staff builging y zones exhaust
technician)

Table 2: Linear regression analysis to estimate the contribution outdoor N O: into indoors

Day
Gaseous Weekdays Weekends
pollutant
R? P-value | t-value | U-value va?I;Je R? P-value | t-value | Uvalue | b-value
NOx 0.945 | <0.05* | 27.292| -53.432| 0.972| 0.965 | <0.05* 21.073 | -49.364 0.982
NO2 0.718 | <0.05* | 10.465| -10.867| 0.847 | 0.868 | <0.06 * 10.240 2.548 0.931
Night
Gaseous Weekdays Weekends
pollutant
R? | P-value | t-value | Uvalue vszle R? P-value | t-value | Uvalue | b-value
NOXx 0.969| <0.05* 47.959 25.045 | 0.984 | 0.969 | <0.05* 29.362 12.588 0.984
NO2 0.921] <0.05* 29.084 14522 | 0.959 | 0.949 <0.05 * 22.768 9.975 0.974
References

1. Araujo, AJ., Nel, E.A (2009). Particulate matter and atherosclerosis: role of particle size, composition
and oxidative stress. Particle and Fibre Toxicology,6: 24.

2. Beatrix, G., Kraus, T., Mark, A.V., Wagner, Fjsher, A. (2006) Analyzing the causes of chronic
cough: relation to diesel exhaust, ozone, nitrogen oxides, sulphur oxides and other environmental
factors. Journal of Occupational Medicine and Toxicology. (1): 6.
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Figure 1: 1/0 NO 2 diurnal profile (A), 1/0O monthly observation (B) and box plot analysis of NO 2
concentration distribution (C)
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2.3b Onset and cessation lags for the effect of PMzs
on mortality - areview

Dr Heather Walton
Science Policy Group, MRE&PA Centre for Envionment and Health, King's College, London

Background and objectives

The choice of lag times is crucial for quantifying the benefits of reducingtking exposure to fine
particles. This is difficult to study given everyone is exposed to some degreeistimer clear start

and finish to exposure and past and current exposures are correlated. There is a need to make use of
evidence from a range of studies and to consider mechanistic data and inference from other fields

Study description

References wereotlected from searches on PubMed on particulate matter, mortality andelong

chronic or cohort and on key authors in the field. Further publications were obtained from reference
lists. The scope was limited to BRMand allcause mortality, the effechost often used in health

impact calculations. A PubMed search was also done on smoking cessation. This was supplemented
with information on causspecific mortality androm review papers on mechamis.

Results

A range of lags were suggested (Waltd®10) from the effect mostly occurring within the first year
(e.g. Laderet al2006) through to around 40% in the first 5 years with the remainder tailing out to 30
years and beyond (analogy with smoking cessation literature).

Suggested options are:

a) a pattern based on a high proportion of the effect occurring in the first year based ortLalden
(2006).

b) a pattern where the effect is phased in over 4 years (approximately representing the resigts of
et al,2009).

¢) a more gradual pattebrased on studies that were unable to find evidence that short lags fitted the
data any better than longer ones (e.g. Krewshki,2009; Villeneuveet al,2002).

d) a pattern based on an exponential reduction in the size of the effect over time usgnganstant
from the intervention studies (Rooslial,2005)

e) a pattern based on the smoking cessation literature. This includes long lags for lung cancer
mortality which has some support from the air pollution literature.

1http://www.comeap.org.uk/documents/reportsii28mortality-effectsof-long-termexposureto-particulateair-pollution-

in-the-uk.html
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Figure 1 Various possible lag structures (options a -e) compared with their average
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The 'average' of the suggested lags had around 60% of the effect in the first 5 years, 90% by 20 years
and the remaining 10% spread up td &eyond 30 years. This pattern had a greater proportion of the
effect at longer lags than the pattern suggested by the EPA gBR®Y. This 'average' has no extra
validity T it is based on very different options. This uncertainty can be represgngedahge from

lags from O to 30 years around the 'average'.

Figure 2 Various possible lag structures (options a -e) compared with their average , the EPA
lag structure and 0 -30 year lags
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Mechanistic evidence was compatible with either short or lorgg lag

Conclusions

A reasonable proportion of the effect occurs within 5 years but there may be a long tail to at least 30
years. An 'average' pattern can be used supplemented by sensitivity analysis from 0 to 30 years.

2http://vosemite.epa.qov/sab/SABPRODUCT.NSF/O/72D4EFA39 E48CDB28525774500738776/$Fi{efRMCIL-10-
00%-unsigned.pdf
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Discussion

This work cauld be extended to cover catsgecific mortality and other particle metrics. It might be
possible to combine some of the lag information from different studies statistically, although this
would be complex as the information is expressed in different.ways
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2.3c ldentification of contributionstoa  irborne
particle number and volume through application of
positive matrix factorization to wide  -range size
distributions

HarrisonRM, Beddows, DCS, Dall 60sto M

National Centre for Atmospheric Science, School of Geography, Earth & Environmental Sciendesién of
Environmental Health & Risk Management, University of Birmingham, Edgbaston, Birmingham, B15 2TT
"IDAEA-CSIC, C/ LLuis Solé i Sabaris s/n, 08028 Barcelona, Spain

Background and objectives

There are considerable weaknesses in current knowledgee iemissions of airborne particulate
matter from a number of important sources, including for example, domestic wood burning and non
exhaust particles from road vehicles. Because of these uncertainties there is limited confidence in the
predictions of epersion model calculations of primary pollutant concentrations. Additionally,
chemistrytransport models have significant limitations in predicting the concentrations of secondary
pollutants in the atmosphere. Consequently, in order to achieve s@uadi@nment of airborne
particulate matter, the best approach is through receptor modelling, i.e. the use of atmospheric
measurements to infer the quantitative contribution of different sources to measured airborne
concentrations.

There are two main geriermethods of receptor modelling of airborne particulate matter. The
chemical mass balance (CMB) modelling approach, as applied byetYal. (2010) to airborne
particulate matter in the UK, depends uponaapriori knowledge of the composition of airbern
particles emitted from each source and is unable to account for chemical transformations between the
source and the monitoring site. The other main approach is to applyvanidtie statistical methods

based upon factor analysis to long, matimponen time series of chemical composition data for
airborne particles. By examining those components which have common features to their variation,
the chemical profiles of individual source categories can be inferred and related to specific emission
sources.

This study has used a further complementary approach. Airborne particle number size distributions
have been measured across the entire range from 15 nm to 10 pm diameter. These have been
calculated as hourly averages and then subjected to receptorlingpdesing Positive Matrix
Factorization. The objective of the work was to identify individual particle sources from their
contribution to both number and volume size distributions and to make a quantitative estimate of their
contribution to particle nundy and volume in the atmosphere.
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Study description

Particle number concentration data have been collected using collocat8¥PSland TSAPS
instruments over a 21 day period during the REPARTEE Il campaign on the side of a very busy road
in central Londn (Marylebone Road). Hourly SMPS and APS spectra were merged using an "in
house" merging algorithifBeddowset al,, 2010)to formhourly continuous 15 nm to 10 um diameter
spectra which were then analysed using Positive Matrix Factorization.

Results

Ten factors were identified, five of which were observed to make major contributions (greater than
8%) to either the total number or volume of particulate matter and possible sources associated with
each factor were identified from the size distributiomedional association, diurnal variation and

their relationship to meteorological pollution and traffic volume variables. The factors related to the
vehicular emissions on Marylebone Road accounted for 40.5% of particle volume and 71.9% of
particle numbecomprising of: (i) nucleation mode exhaust particles (3.6% of total volume and 27.4%
of total number); (ii) solid mode exhaust particles (18.8% of total volume and 38.0% of total number;
(iiif) brake dust (13.7% of total volume and 1.7% of total number(amdesuspension (4.4% of total
volume and 4.8% of total number). Another six factors were associated with the urban background
accounting for 59.5% of total volume and 28.2% of total particle number count.

Conclusions

While there have been many repoits the literature of the application of Positive Matrix
Factorization to multcomponent aerosol chemical data, reports of its application of particle number
size distributions are far fewer. Most of the published work has been based solely on size
distributions measured by electrical mobility analysers such as the Scanning Mobility Particle Sizer
and are consequently limited to particles well below 1 pm diameter. This is very limiting as
important sources such as brake wear and particle resuspensiotisétte of this size range and there

are distinct benefits from the use of a much wider size distribution. There have been relatively few
measurements across the entire size distribution, and since the fine and coarse particles are measured
with instruments based on different operational principles, the merging of size distributions is
challenging. This work represents a significant advance through application of an enhanced algorithm
for the merging of size distributions and the application of PMF #amlside pollution data. The
resultant apportionment between emissions within the street canyon and those external to the canyon
is aided considerably by the availability of traffic data for Marylebone Road and also the
identification of associations withimd directions. The quantitative split betweenroad and urban
background particulate matter is in good agreement with estimates of particle number and mass
(which relates to volume) from Marylebone Road paired with North Kensington as a urban
backgroun site.
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2.3d Spatial analysis of air pollutant emissions

Gyula Kothenczand Michaela Kendall

European Centre for Environment and Human Health, Peninsula College of Medicine and Dentistry, University of
Exeter and University of Plymouth, Knowledge Spa, Royal Cornwall Hospital, Truro, Cornwall, TR1 3HD, England
Phone: (+44)1872 258 171

E-mail addressgyula.kothencz@pcmd.ac.uk

Background and objectives

Atmospheric services are a subset of ecosystem services related to the atmosphere. We are developing
a conceptual and practicdtamework to quatify the twelve atmospheric services identified by
Thorneset al (2010) A review and economic evaluation of these serviedgrins public policy

making. These categories includ# the main uses of the atmosphere which could be defined as
supporting life on Earth. The aim is tlevelopan appreciation and understanding of these services
outside scietific circles to supporpublic engagement irnvironmental policy developmerithis
involvespresentingscientific datao a norexpert audience, whilmaintaining scientific rigourHere

we presentone study of one service, using the spatial distribution ofoRvhissions and huma
populations in the UK to identify human exposures tofvhissions.

Study description

We have mapped P emissions in conjunction with population density using geographic
information systems (GIS). The results were visually represented using a &éestyrean cartogram
(Gastner & Newman, 2004)vhich creates a spatial distortion of real geographic areas to emphasise
selected parameters (in this case population density), PiMissionsdatain the UK were made
publicly available by National Atmospheric Emissions Inventory on a i rksplution grid bases
(Murrells, et al, 2010) The Lower Layer Super Output Areas (LSOA; Data Zones in Scotlesicd

used torepresenCensus 200populationdata. The 1 kfcell size National Grid from the Ordnance
Survey provided the geographic framework for the GIS analysis and the seisegapping in
ESRI 6s software package ArcGlI S Desktop 9.3.1.
(Version 2), a free downloadable ArcGIS Desktop extension, to produce the Gésiviean
cartogram.

A 1 kn? grid network was createfdom LSOA unitsandCensus 2001 figures disseminated to LSOA
polygons The result was a 1 Kntell size grid network comprising Census 2001 population data for
each 1 kracell. The second step was tatract emission values frorthe PM, emission gridto
represent total P\ emissions per kftor the year 2008. Finally wassociaté the extracted®M;,
emissionvalueswith the population figuresThe resulting layer was used as the input data for the
cartogram and provided the population humbers and proportions within seioaensiategories. We
categorised the PMemission values into five emission classes and calculated the number of people
exposed to certain emission categories. Grid cells falling in the certain emission band were selected
and the population in the cells wesummed. A Gastnédiewman cartogram was created to
emphasise population density in the UK. The colour of grid cells was based on the five emission
classes (total P\ emissions per kfrper year); with a scale going from red for high emissiong (10
3138 bnnes per kfper annum), to light blue for low emissionsi(0.01 tonnes per kiper year).

48
Prepared by IEH for the 2011 Annual UK Review Meeting on Outdoor and Indoor AitiBolResearch
10-11 May 2011


mailto:gyula.kothencz@pcmd.ac.uk

Results

We depict the United Kingdom in an unusual manner to provide easily recognisable information on
population exposure to P emissions. The Gastrblewman cartogram presented (Figure 1)
enlarges the densely populated areas and shrinks the ones with low population density. Applying
colour and distortion together depicts the fundamental relationship between population density and
PM;o emissions.

358,
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Legend

PM,, Emission - 2008 Number of Percentage of Total
(tonnes /km® /year) People Population (%)
0-0.01 456270 0.78

N 001-0.1 3410690 579
N 01-1 16945090 28.79
. 1-10 373463% 63.45

. 10-3138 703532 120
58861979 100.00

Figure 1 Ga stner-Newman cartogram  representing the r ange of exposur es of the UK
population to total PM 10 emissions per year
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The cartogram make#t immediately apparent that the highgstoportion of the population
(37,346,396 persorw 63.45 % of the total populain) live in areas falling into thei110 tonnegper

km? emission category. Due to the highest population concentration in this emission category, this is
the one whicldominateghe cartogram.

The cartogram demonstrates that the most sparsely populaasl tend to fall into the lowest
emission category (D 0.01 tonneger km? per year) with 456,270 citizener 0.78 % of the total
population. Conversely 63.45 % of the population (> 37 million people) live in regions witt01
tonnesperkm? perannum m®1,, emissions.

Discussion

AEmMi ssions to airo represents one atmospheric
greater challenge to effectively communicate information about multiple variables from a single map.
Choroplethmaps combined withharts become complex when they are intended to depict multiple
variables for many geographic units. The GasM&wvman cartogram operates with distortion of
geographic areas based on one variable while a second attribute can be expressed by colout. We foun
the GastneNewman cartogram a reasonable method to present air pollution and population figures
on one map.

Conclusions

The presented GastAalewman cartogram is an example of one method to quantify and present
publicly gathered information into meanfnggway to the wider public. The relationship between air
pollution and population distribution is clear and areas with good air quality are also easily
identifiable. We will expand this work by examining other atmospheric services and using a range of
newly developed data presentation techniques.
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2.3e The Delta Study: A reanalysis of time -series
studies

Nuredin | Mohammed, Hubert Lam*, Richard Atkinsor?, Ben Armstrong’, Chit-Ming Wongd', Ross
Andersorf, Jon G Ayres*

! Institute of Occupational & EnvironmentaMedicine, University of Birmingham, Birmingham B15 2TT

Division of Popul ati on Health Sciences & Education, St . Ge
% Public & Environmental Health Research Unit, London School of Hygiene & Tropical Medicinendon WC1H 9SH

“ School of Public Health, University of Hong Kong, Hong Kong

Background and objectives

The use of time series data has advanced the understanding of the relationship between air pollution
exposure and health outcomes and has largely bepongble for defining health based air quality
standards (although not without their own problems). Existing time series statistical models relate the
absolute values of a pollutant for each day to the frequency of events occurring on a giteddinday

into account lag structures. The human body, on the other hand, appears to be sensitive to, and
respond to, change (or rate of change) of a stimulus. It is known thé&d-day changes in pollutant

level could induce shoterm changes in biological respens . Whi | e t hietd betiwkeher enc e
air pollution exposures over a period of time may be relevant, whether its effect is more important

than the absolute value in the air pollution field has not been studied. This may be important both in
termsofmagni t ude and dir ect ilevwl ofd ughp.migHht bave aidiffesenta n c e ,
influence on the respiratory tract if the value the day before was less (increase over time more likely

to produce an adver se ef fieechad been higharrfredicéd levehad airp r e v i
pollution and potentially a reduction in adverse response). This situation is also compounded by the
effects of temperature where a @ effect may al s
field and hass yet not been solved.

Study description

In this study weexplorethe use of the difference between air pollution levels across successive days
as an alternative exposure metric using existing time series data from different settings (London, West
Midlands, Hong Kong). Datasets will be restructured calculating the relevant valdemdfcreating

new datasets for analysis, leaving other components in the datasets unckémgei.in the first
instance focus on all cause mortality before moving ondpir&tory and cardiovascular mortality in

these datasets.

Discussion

If this hypothesis is true then, depending on the impact this will have on the recalculated effect
coefficients, this could have major implications in defining the size of the healttiseffé air
pollution and therefore on air quality standards. It would also therefore have implications in other
areas of environmental epidemiology where time series data are a major research approach.
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2.3f Analysis of exposure to silica dust and mortalit vy

Terry Brown
IEH, Cranfield University, Cranfield, Beds. MK43 OAL

Although crystalline silicgCS) dustexposure is associated with silicosis, lung cancer, pulmonary
tuberculosis(TB), and chronic obstictive pulmonary disease (CORDhere is less suppofor an
assaiation with autoimmune diseaaed renal disease.

Using data for England and Wales between 1991 and 200@ality from several diseasewas
examined in relation to occupation using a matched-casgol design Cases wresubjects whose
death certificatggavethe disease of intereas the underlying cause of death (silicofimg cancer,
stomach cacer, oesophageal cancer, COPD,, BBrcoidosis, systemic lupus erythemato&IsE),
systemic sclerosis, rheumatoid arthritiRA), renal faiure, other renal disease and
glomerulonephritis Controls vere selected fromsubjects whose death certificate did gote the
disease of interesor theother diseases associated wils exposure as the underlying causeA
separate control groupasselectedor each of the set of cases.

Subjects wre assigned into a qualitativeSe x posur e category (6Hi gho,
based on the occupaticoedefound on their death certificatd-or each disease of interest, mortality
odds ratios wreestimated by conditional logistic regression. The effe@®€&xposure wsassessed

by comparing subjects in the exposure categories to those in the low/no exposure category.

Of the 2,109,759 death certificates, 1,937,912 (91.9%) were available fgsianalThere were
279,640 cases in total. The mean age at death for all cases was 63 years, which ranged from 50.9 for
SLE to 67.3 for silicosis. Individuals estimated to have had CS exposure had an increased risk for
silicosis, COPD, TB and RA. In aditin a trend of increasing risk with increasing CS exposure was
observed for these causes and for lung cancer.

This work further corroborates the association between CS exposure and silicosis, lung cancer, COPD
and TB, and provides support for an assaziatith RA.

52
Prepared by IEH for the 2011 Annual UK Review Meeting on Outdoor and Indoor AitiBolResearch
10-11 May 2011



3. Exposure and disease burden
3.1 Presentations

3.1a Developments in air quality, health science
and policy in the last two decades

Martin Williams

Kingds Coll ege London

The talk will cover the progress of air quality policy and science ivepast two decades or so. This
period has seen a resurgence in interest in urban air quality following a period in the 1970s and 80s
when it seemed that the major problems had been solved. The resurgence of interest was stimulated
by sophisticated andensitive daily timeseries epidemiological studies initially in the USA which
showed health effects of particulate matter (PM). There was initially some scepticism over the
findings of this work and other related studies, but over time the associatimbd®mn accepted as

being causal. Subsequent studies of lottigan exposures in cohort studies have shown potentially
larger effects on mortality and morbidity. Monetisation of these health effects yields damage costs
which are largé of the order of £1Billion per annum in the UK and this scale of effect dominates

any costbenefit calculations which have been carried out. Although the problem of the multiple
components of PM and their relative toxicity was identified as a major policy issue earhiBois

little progress has been made in producing firm conclusions and this still remains a major area of
uncertainty and importance for policy.

Over the past two decades urban concentrations of most pollutants decreased, largely through
successively tigier vehicle emission standards and reductions in emissions from large combustion
plants. However it has recently become apparent that levels of some pollutants have not declined as
quickly as expected, notably PM and nitrogen dioxide, so that healthegatldompliance issues
remain.
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3.1b Modelling bioaerosol emissions from open
composting facilities: Towards improving source
term characterisation

Philippa Douglas, Gillian Drew", Rob Kinnersle§, Kerry WalsH, Phil Longhurst', Sean Tyrreland Simon
Pollard*

! Cranfield University,Centre for Energy and Resource Technology, Building 40, School of Applied Sciences
Cranfield, Bedfordshire, MK43 OAL

2Environment AgencyQlton Court, 10 Warwick Road, Olton, Solihull B92 7HX
p.douglas@cranfield.ac.ukl234 50111 ex2719

Background

By 2010 the amount of biodegradable municipal waste [BMW] sent to landfill needs to be reduced so
that at least 30% of household waste is recycled or composted @y&ke2007). Achieving these

new targets will require a largadrease in the number of composting facilities in the UK. Composting

is an intense microbial activity leading to the decompaosition of most biodegradable materials (ADAS
& SWICEB, 2005). The high concentrations of microorganisms generated during compmasting
become aerosolised, particularly when the compost is agitated €Taha2006). These are referred

to as bioaerosoland are ubiquitous in ambient air (Kummer & Thiel, 2008). One of the major
concerns with bioaerosol release from composting faglis the potential for adverse health effects
associated with human exposure. However, there is currently necleslicterised dosesponse
relationship for bioaerosols (Douwes al., 2003). At present, the maimethod of monitoring
bioaerosol emissianis via impaction orfiltration samplers(Association for Organics Recycling,
2009), which provides Gsnapshdiof emissions in space and timdsing a dispersion model may
overcome the mblems associated with sampling and can be used to estimateoesissa number

of scenarios.

Study description

In this study, an advanced 6new gener atdiwasnd Gau s
used to estimate bioaerosol emissions from apencomposting facilities. ADMS has been
successfully validatedor a number of different scenarios (CEfRCbut has yet to be applied to

modelling bioaerosols from composting. There are two principal constraints (Drew et al., 2007; Taha

et al., 2006; 2007). Firstly, an extensive sampling data set has not been avaikdliecently and

secondly, there is very limited data on bioaerosol emissions as a source term. Several improvements

are required. One of these is to progress source term characterisation in the model as this has a
considerable effect on model outpuBata requirements include: the pollutant emission rate,
dimensions of the emission, and temperature and velocity of the pollutant at source.

17 CERC (2011)Cambridge Environmental Research Consultants, Environmental Sof@aréridge, UK. CERC. Avkible [14/04/11]
at http://www.cerc.co.uk/environmentabftware.html

2 - CERC (2011)Cambridge Environmental Research Consultants, Model Documeniatatidation studiesCambridge, UK.CERC.
Available [14/04/11] abttp://www.cerc.co.uk/environmentabftware/modetlocumentation.html

54
Prepared by IEH for the 2011 Annual UK Review Meeting on Outdoor and Indoor AitiBolResearch
10-11 May 2011


http://www.cerc.co.uk/environmental-software.html

Methods

Preliminary work focussed on obtaining samples close to source to estimate an emission rate, and
guantify the temperature of emissions using anlaéimaging camera. This work was undertaken at a
small green waste open windrow composting facility in the UK. SKC personal aerosol filter samplers
were used to collect bioaerosols at a flow rate or 2.2+0.1 L/min, loaded with sterile polycarbonate
filters with a 0.8um pore size (SKC Ltd, UK) (Taha et al., 2006). Samples were taken in triplicate;
two upwind, four close to source, and at three downwind locations. Samples were analysed in the lab
and Aspergillus fumigatus, actinomycetes, and Gnagative bateria were cultured. Thermal
images of the pollutant plume close to source were also taken using a FLIR SC3000 thermal imaging
camera (FLIR Systems, Inc). After laboratory analysis bioaerosol concentrations were used to
estimate an emission rate for usehivi the ADMS model. This was applied within the model with

the source temperature, obtained from the use of the thermal imaging camera, and meteorological
data, obtained from the UK Met Office.

Results

Pictures taken with the thermal imaging camdrggyre 1) suggest an emission temperature of
approximately 20°C which is slightly lower than previously thought, (Tamer Vestlund 2009).
However, this finding must be treated with caution as the camera emissivity value needs calibration.
Model outputs wereompared to the downwind samples taken on the day of sampling (Figure 2). The
results suggest the model ovgstimates the sampled concentrations. This is possibly due to the model
being used in a simplified manner. Excluding advanced model options, sukti deposition, from

the model runs could cause higher model outputs. However, these remain preliminary findings.

2410
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Figure 1. Thermal images of pollutant emissions from agitated compost (personal images)
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Figure 2. A comparison between  modelled and sam pled actinomycetes concentration data
from a composting facility

Conclusions and future work

The work presented highlights the difficulties and gaps in knowledge of obtaining data at source.
From the results, there is now an improved estimate of sourgeeteture for use in the ADMS
model. However, as emissivity is unknown, the thermal imaging camera needs to be calibrated in
field to provide a more accurate quantification. The model tends to-estierate sampled
concentrations. This is possibly due toeowimplifying model inputs. Future work will include
calibrating the model to obtain the best input composition. If models are successful, then they can be
used for several applications including:

e Providing a more det ai | esdrete sidagrasmst agingordseaecin i n d
characterising dosesponse relationships

e Estimating potential bioaerosol emissions at proposed or expanding facilities

e Monitoring and regulatory purposealongside current sampling methods to provide an
improved oveall view of emissions and dispersal.
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3.1c Review of indoor air pollution associated with
energy use in residential buildings

Karen N Finney, Vida N Sharifi and Jim Swithenbank
SUWIC, Department of Chemical and Biological Engineering, University of Sheffield, 38D, UK

Background and objectives

Typically, 90% of our time is spent indoor€ur activitiesandcontrol over the environmefheating,
ventilation cooking affectindoor air quality, as thesaystemgroduce pollutantthat elevae indoor
concentratias andhave detrimental impacts dhe environmentandour health. De toventilation,
outdoor air qualityalsoaffect that of the indoor air Theaim of thisreviewwas to investigate indoor

air pollution associated with energy use in residential mgkli The tasksvere (i) a review of
residential pollutant sourceand (ii)a comparison of energy options over spatial (local, centralised)
and temporal scales (present day to 2050)

Indoor air pollutants: Types, sources and impacts

Energyfuel usefor heatingcooking produce gaseous and solghasepollutantsthat degrade air
guality. Speciesnclude CO, CO,, acid gasesHCI, NOx, SOx), dioxingfurans volatile organic
compoundspolycyclic aromatic hydrocarbon®AHs) and unlirned hydrocarbons (UHEs Since
there are various pollutantthdar impacts are brad; some are toxic and/@arcinogenic whereas
others initiate immunological respiratory and cardiovascular disease$hese also impact the
environment, causingcid rain(due toacid gasesphotochemical smog (NOx and UHCSs), global
warming (CQ, NOx, UHCs)andozone depletionagcid gases

Spatial scales of energy and power production

Scales of energy generation vary, from largentralised plantso small domestic appliances that
provideheat/power foa home Community/districtscale projects are also considered.

Local heating and energy usage in residential buildings

Domestic appliances, like gas boilers for space/water heating, offer efficiencies of over 90% but
produce emissions in alose to homes. Ventilation, or lack of it dghtness), affects pollutant
levels; adequate ventilation ensures emissions are transferred outside, lowering indoor concentrations,
however this allows heat to escape. Heating is then left on longstigatesuch effects, whicis
detrimentalto fuel consumption and pollutant generatighis leads to greater environmentand

health impacts Insulation is essential to reduce heating periods and minimise heat loss. Pollutants
associated with resideat energy use vary with the system employed and the fuel type. Flued
systems ensure pollutants do no accumulate insidetral heating generatdsw emissions, as
combustion is highly controlledbut malfunctioninginits can significantly elevate toxigas level (CO

and PAHS), thus sufficient maintenance is vital (Morigtel, 1996). Open firem contrasproduce

more CO and particulates (Bruogt, al, 2004). Nonetheless, all heating systezaa re-suspend
particles that already exist in the irtoenvironment (Spolniket al, 2007). The use of cookers
means emissions are concentrated inside the home, particularly in &itelkgactor fans are thus
needed to limit pollutants from this source. A comparison of @salevealed electric applians
generate fewer pollutants than gas stoves (e.g. Wideed, 2006).
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Microgeneration and district heating

To utilise fuel more efficiently and manage resoursastainably,co-/tri-generationcan achieve
higher efficiencieq70%+) thand s i nggnleetidn as processieat from electricityproductionis
recovered NetCO, can be greatly reduceéven more so if lovearbonfuels areused; thesean
combine climate and resource protect{®ehnt, 2008) Replacing large power stations with several
smaler CHP systems wouldhus be beneficial Renewableshave a range of environmental
advantages. iBmass is an important resouragit can provide us with heatlectricity, fuels and
chemicas; other renewablexannot do this. Moreover,idmass often praluces lownet CQ
emissions whilst energy generation fromind and solar can leatb extensive savingsh many
pollutants(CO,, NOx and S@?% The main issuewith solar/wind howeveris wherethey can be
employed effectively All these technologies carbe used on a smallresidential scale
(microgeneration)where individual homesangenerate their owheatinghot water as well as on a
district scale, for community energy provision.

Centralised Power Plants

These plants producearge amounts of energyrom conventional technologies and fuelalso
generang vastquantites of pollutants Theymainly produceelectricity at low efficiencies(~35%)
without heat recoveryCoakiredplantsare the major source tfK electricity, though biomass/waste
is being introduced tdower CQO,. Although pollutants areemoveal to meetlegislation carbon
capture and storage (CCS) is robnomic and not used in the UK

Current energy options and future scenarios

Energy sources currently in use

Most primary energy(~87%) comes from fossil fuels.Global primary energy consumptidms
increasedy 200% since 196520, emissions rosby 164% over the same periodDespite the rise
in primary energy consumption and electricity generation, @dissionsin the UK havegenerally
been in decline since the 1960s.

Future and long -term options & from 2010 to 2050

To ensure energy securigndachieve C@and renewable targethe technologies and fuel mix need
to change Low-carborisustainable fuels need to beed,alorngside norpolluting renewablesenergy
use minimisatioftonservation an€CSare also vital The UKERC' evaluatedenergy scenario®
2050 based on 80% 0, redudions from 1990 levels. There will be adecrease irenergy demand
(Table 1), particularly fo case LC. [Ectricity and renewabls will have more essential rote
microgeneratiorwill be integral for electricity productionCoalwill still be used thoughCCSneeds
to be extensive.Residential heatingvill also changei reductions inrenergyuseand allboilers will
need tobe &condensing Other heat technologies (solar, district heatiwd) also featureheauvily,
mainlyfor LC.

2 RenewableUK (2010)K Wind Energy Databasevailable[22/03/1] atbwea.com/ukwed/index.asp
% BP (2010)BP Statistical Review of World Energy Jund@Gvailable[22/03/1] atbp.com/statisticalreview

4 UKERC (2009)UK Energy ResearcBientre: UKERC Energy 205@vailable[22/03/1] atukerc.ac.uk/Down
loads/PDF/U/UKERCEnergy2050/0906UKERC2050.pdf
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Table 1 Final energy demand and electricity generation mix for UKERC scenarios 3

Core scenarios Final energy deman d (%)? Electricity mix (%) °
total (PJ) fossil renewable  fossil renewable
2000 BASELINE 6160 77.4 15 69.8 4.0
Reference (REF) 6435 72.5 2.6 80.8 17.0
2050Low-Carbon (LC) 4365 37.9 24.2 404 16.2

2 The remaining total is made up of electricity dreht. ° The total is made up of nuclear, imports and energy storage.

Pollutant emissions 0 the effect of changing energy production

Mostemissionwill decreassignificantlyin manyUKERC scenario§Table 2), due to thehanges in
the scale, method orosrce of energy production, bringing environmental and health benefits
Moving away from large, ragnal facilities towards smallocal plantswould change the location of
pollutants this could increase pollutant levels in cities, impacting local ptippg The same would
also be true for domestic CldPas emissions would be released closer to Bonhdore efficient
production like co-/tri-generatiorinstead oféelectricity onlyd |, | foelvoersemptioranddecrease
emissions.More sustainable flewith fewer detrimental impacts can be cho$e@.-neutral fuels or
those with lowacid gasspecieswill also positivdy influence emissions replacing certain fuels can
reduce emissions of particular speciédodal switching (gas to electricity) forehtingcooking will
further reduce pollutants from an indoor origin, which accumulate insid#ectricity from
renewablésustainable soursdurtheraids emissiongedictions.

Conclusions, Implications and Recommendations

Domestic heat/power appliancpsoduce emissionthat elevate indoor concentrationghese reduce
air quality and add significantly to personal exposuf@e concentrations and species vary viitie
heating system and fyehoreover, fuel type has a noticeable impact on particleasideomposition
wheresubmicron respirable particles have the most harmful health effecistri@ energy schemes
can reduce pollution through moeéficient generationlow-carbonenergy sourcesb{iomass/wastés
can further minimise raissions fromsud schemes. Whilstost primary energycurrently comes
from fossil fuels, this needs to change to nthetstringentegislation. Future gtions includeCCS
energy use minimisation and changing generation technologies and/or fuels. The UxEfced
the fuel and electricity mix up to 2051 is unlikely that coatill continue to be used witho@CS

If CO, and renewable energy targets can be metc#nisesult in major reductions in other pollutants.
The UKERC als@redict major changes in thechnologiedor residential heating

Table 2 Total emissions for UKERC scenarios®, compared to the 2000 baseline

Core scenarios Total SOz (kt) Total CO (Mt) Total N20 (kt) Total PMuo (kt)

2000 2050 2000 2050 2000 2050 2000 2050

Reference (REF) 537 330 282 160 23 32 81 65
Low-Carbon (LC) 536 39 280 152 23 24 81 39

It is evident that changes to our energy infrastructure are ne@istlict heatingand more efficient
boilers can minimise pollutants from indoor sogrdenprovng indoor air quality ad thuslimiting
exposure.As this will have obviouginancial implicationsit is importantthat government strategies
(e.g.,Renewal® Heat Incentivepre well publicised and work with othéunding mechanisms to
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improve awareness The public are nowgenerally consciousthat CO istoxic, but not necessarily
aware of the detrimental impacts of other pollutants, such as particles; this needs to be addressed.
These in turrtanboth bring about substantial health benefits.
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3.1d The impact of outdoor pollution on IAQ

Vina Kukadia*, Stuart Upton*, Dad Hall* and Angela Spantoh

*Building Research Establishment Ltd
*Envirobods Ltd

Background and objectives

It is important to provide effective ventilation and achieve good indoor air quality (IAQ) for the
health, wellbeing and comfort of occupants, wgtilat the same time minimising energy usage and
CO, emissions.

Current guidelines stating ventilation requirements for buildings nearly all assume that the incoming

air is 'fresh'. However, in urban areas (especially those that have been designatedaliyr Qu
Management Areas), the incoming air may be contaminated by a variety of externally generated
pollutants, such as oxides of nitrogen, inhalable particles, ozone, carbon monoxide, benzene, sulphur
dioxide and odour. At elevated concentrations, thefiatants can render the incoming air potentially

har mf ul and affect occupantsé health. Since we
important that the ingress of these pollutants is reduced to help provide good indoor air quality.

However, theinternatexternal air quality relationship is a complex function of several factors
including: the combination of externadalepd,ocal 6
1996 and their temporal and spatial variation; meteorology (winddspeection, weather patterns);
dispersion processes around the building; permeability of the building envelope; indoor pollutant
sources; pollution depletion mechanisms and ventilation proceésesni, 198R In urban locations,

the surrounding structes, as well as the size, shape and the orientation of the building itself are
important parameters in the building contamination process.

BRE has recently carried out environmental monitoring in a large urban office building ever 12
months, with a viewa gaining a better understanding of the impact of outdoor pollution on IAQ.
Parameters measured included airborne gaseous and particle pollutants (indoors and outdoors), some
occupant behaviour (window and door openinghtilation processeandlocal meeorological data.

Study description
Description of building monitored

A building in central London was selected for pollutant and environmental monitoring. The building
is located just behind the Albert Embankment, off Lambeth High Street, to the ehast Bfver
Thames. The building (Figure 1) Cc o rvia ogenabld ed i n
windows and purposprovided ventilators and consisif a fourstorey office block at the front (west

side) of the building, with a twstorey sectiortontaining offices and workshop areas. The fabric of

the building consists of a reinforced concrete frame, with reinforced concrete floor slabs and roof slab
and masonry cladding. This type of construction generally results in very few air leakage paghs in
actual fabric of the building itself. The offices in the building were in normal use with variable
occupancy, normal office activities and a fsmoking policy. There was vehicle access to the
workshop area of the building and also a small cantean with a gas cooker and extract system in
use.
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Parameters monitored

Table 1 summarises the parameters monitored ovendtzhs, thus covering all the seasons in the
year. During this time, the building was occupied and heated as normal during the anities and
unheated during the summer.

Concentrations of nitric oxide (NO), nitrogen dioxide (@nd carbon monoxide (CO) were
measured at a number of sites both externally and internally (Fia{@ead 2(b)), on two floors of

the building using multpoint samplers sampling sequentially around the building. This also gave the
vertical and lateral variation of pollutant concentrationsfdrticle mass fraction and particle size
distributions were measured at one internal and one external site only.

In addition, a number of building characteristics and environmental parameters were monitored
including: ventilation rates; intezonal flows; building aitightness; aileakage of components; local
wind speeds and directions; relative humidity; tempeeatand human activity.

Findings

The following are key findings from the monitoring studies.

e Figure3 shows an example of how pollutant concentrations measured outdoors fluctuated
much more and were generally higher than those measured indoors, altheulgtteth
followed the outdoor pollutant trends with some damping and aléighneRapid decreases in
outdoor concentrations often resulted in indoor concentrations that were higher than those
outdoors due to this tirag. For indoor concentrations, the higeaks in the external
concentrations were attenuated by the building fabric and the transient peak concentrations
measured externally reduced. This indicates the ability of the building to reducdesimort
exposure to peaks in external pollutant levels.

e Figures 4(a) and 4(b) shows the variation of indoor to outdoor pollutant concentration ratios
(Rio) with the type of pollutant monitored and the seasonal ventilation characteristics of the
building, primarily from occupants opening windows in the summer.

o For gases of low chemical reactivity (NO and CO), although there weretshart
differences between the outdoor and indoor concentrations arising from the building
time-lag, the indoor concentration usually retained a{@mg mean equilibrium with the
outdoor concentration (R=1).

0 The chemically reactive gas (MO showed R < 1, primarily due to its deposition to
surfaces, the ratio varied with the ventilation rate and ventilation pathways. For example,
during the heating seasons, with windowssely R, = 0.65, while during the summer,
with windows open during the working dayipoR 0.85 (Figure 5).

o For particle measurements indoors, both the;PMassfraction and particle size
distributions, were affected by the presence and activities of uldiny occupants.
These effects were greater for larger particle sizeu®3 which were rarely present
indoors when the building was unoccupi€te attenuation of particles passing from
outside to inside was considerable, due mainly to losses intttlrmigh the structure
and varied with the particle size (Figutéh)). Measurements when rooms were
unoccupied with windows closed provided the most reliable information on indoor to
outdoor ratios as follows.

A Based on the PMmass fraction), B & 0.60.
A Based on particle number concentration:
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o For particles 0.3 um to 1 pm,da 0.20 to 0.30.
o For particles 1 pm to 3 um, &2a 0.15 to 0.30.
o For particles >3 pm, B4 0.05 to 0.10.

Figure 5 shows that ventilation rates were generally between approxiradelpdl air
changes per hour (ach) over the year. Opening windows in the summer, effectively altering
the air permeability of the building envelope, had a significantly greater effect on ventilation,
and thus pollutant ingress, than variations in vatitih driving forces due to internal and
external temperature differences (buoyancy) andaviddced pressure differences.

Ventilation rates varied with types of room and their use, with closed rooms having much
lower rates as expected. Figure 5 alsoashthat during June indoor concentrations of;PM
were higher than those outdoors. This was as a result of activities of new staff now working in
the room which had previously only housed the monitoring equipment.

Figure 6 shows examples of pollution reder the concentrations of the oxides of nitrogen on the
different facades of the building. The upper row of pollution roses shows concentrations for a typical
2-week monitoring period, whilst the lower row shows concentrations fedtay Deriod in Noveler

2007 when highly localised pollution emissions occurred adjacent to the building. During this latter
period there were large diessigined vehicles and generators continuously operating within only a
few metres of the west fagade of the building. Téllowing characteristics can be determined from
these pollution roses:

Under normal operating conditions, the distances of the main sources of the pollutants
monitored were relatively far from the casteidy building, resulting in greater pollutant
dispeasion before reaching the building. This, in turn resulted in the building being enveloped
in relatively uniform pollutant concentrations. Therefore, the results showed minimal
variation of pollutant concentrations both vertically and laterally.

When higtly localised pollutant sources were emitted close to the building, the values of the
pollutant concentrations varied greatly between the different facades. In the example shown in
Figure 6(b), the concentrations measured on the west facade of the b(aldjexcent to the
emissions) were often approximately twice those measured on the east facade.

Conclusions

The ingress of the different types of pollutant into the building was found to be complex and affected
by many factors, including: the nature of tr@lgtant and the location and distance of its source from
the building; external dispersion processes; ventilation processes; local meteorological conditions;
internal air flows and also occupant actions that resulted in changes in the building chticadferis
example, window and door opening in summer).

The considerable amount of data collected has been analysed and studied in a number of ways to
enable an improved understanding of the ingress and subsequent impact of external pollutants on
indoor ewironments. Results indicated that pollutant concentrations measured inside the building
depended on the:

Pollutant source location;

Concentrations on the facades of the building;

Pollutant characteristics, in particular the deposition rates to surfaces;
Occupant behaviour and activity;

Ventilation characteristics of the building; and

O O O O o o

Local wind speeds and directions.
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A large and valuable database of the measurements has been generated which has already been used
for further developing and validating somexisting exposure models (INDAIRC++ and
EXPAIRC++) within another part of the project. It could be used for developing and validating other,
similar mathematical models.
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Table 1. Parameters monitored

Characteristic
measured

Parameter measured

Location

Monitoring frequency

Unreactive gas

Carbon monoxide (CO)
and nitric oxide (NO)*

Ten pairs of indoor/outdoor
sampling locations. All building
facades, two floors.

2-minute averages, twice
per hour at eackampling
location.

Reactive gas

Nitrogen dioxide (NQ)

Ten pairs of indoor/outdoor
sampling locations. All building
facades, two floors.

2-minute averages, twice
per hour at each sampling
location.

Particle mass

PMyq

Outdoors building roof.

2-minute averages, twenty

fraction Indoorsi on Floor 1. times per hour.
Particle size Particlenumberswithin | Outdoorsi building roof. 5-minute averages, twelve
distribution 13 size bands (0.3, 0.4, |ndoorsi on Floor 1. times per hour.
0.5,0.65,0.8, 1, 1.6, 2,
3,4,5,7.5,1@m).
Temperature Air temperature (°C) Outdoorsi building roof. 5-minute averages, twelve

Indoorsi all sampling locations.

times per hour.

Relative humidity

Relative humidity (%)

Outdoorsi roof. Indoors one
location on each floor.

5-minute averages, twelve
times per hour.

VentilationT Ventilation rate in each | Indoorsi all locations where air | 2-week averages
general monitored area. pollutants monitored.
Ventilation’ Air movement between | Indoorsi all locations where air | 2-week averages
inter-zonal zones pollutants monitored.

Meteorological
data

Wind speed and
direction

Building roof.

Measurements taken eve
30 seconds. From Augus
07 only.

Door and window
opening

Door and window
opening

Some doors & windws

(16 in total) on both Floors 1 an
3.

5-minute averages, twelve
times per hour. 2veek

period in March 07, then
continuous from June 07

Building air Overall air leakage rate| Whole building. Single measurement
tightness (1)

Building air Air leakage rates At a number of locations on Single measurements
tightness (2) through window areas, | Floors 1 and 3.

internal and external
doors

*NO is relatively unreactive in the indoor environment when little ozone is present.
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Figure 1. Pictures of the building monitored

Figure 2. Floor plans of monitored building showing sampling locations in red
for (@) Floor 1 and b) Floor 3.
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Figure 3. Indoor and outdoor NO concentrations showing the time
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Figure 4(a) and 4(b).
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Figure 5. Two week means of indoor/outdoor concentration ratios and ventilation rate over the monitoring programme

(yoe) arel uonEUBA

N < «Q © < N Q
- - o o o o o
T T T T T
- OD =4

08 2 o2
== B .= ©
- =2 ®8 © = & 4
c = & © =
Ss o =5 2
=6 5 =3 ® <
86 6 8 =
B S5 g 88 T
T2 £ TS5 &
2 3> oS = o
50039 %
L o0t &® +
=5 5 =8 &
956 8 98 5
.mddnmnnw DO
SE = c5¢
N X —
OO0 O0O0=o90
I Z2zZ2zZ2 0o = T
i +D++0+ T
bod
<o
<&
o
L Xo 1
=>
oo
oo
1 1 1 1 1
o n o 0 S 0 Q
™ 3] o — — o o

olfes JoopInQ/ioopul

29002-99d.0
99Q/0-NONEZ
NONEZ-AONBO
AONG6-10092
10092-1002T
100OzT-dossz
dasgz-dasyT
dasyT-bnyTe
BnyTe-6nyot
Bny9t-6nvzo
Bnvzo-Incoz
INCOZ-INC90
INC90-uUnCze
unrzz-unrgo
unrgo-AeNGe
KenGz-ReNOT
Keot-1dv.z
ldv/z-1dveT
ldveT-reNoe
Te|NOE-reNgT
TeN9T-1eINZO
TeNZ0-094GT
094GT-994T0
ge4T0-uersT
uergT-uerso

uergp-9adie

Date

70
Prepared by IEH for the 2011 Annual UK Review Meeting on Outdoor and Indoor AitiBolResearch

10-11 May 2011



Figure 6. Pollution roses for NO, NO 2 and NO «, First floor, Outdoor and Indoor averages on West and East Facades
a) 2 015 August 2007; b) 2 6 4 November 2007

Indoors, E facade

Outdoors, W facade 0 Indoors, W facade Outdoors, E facade
(1-1,1-3) 330 ! 30 (1-2, 1-4) 1 (1-5) 1 (1-6)

300 «

@ - ] S ] L R »
i0 30 40 50 g/30 40 50 {zl 30 40 50
o

240~
/ \ . v / 5
210 | 150
I 1 i
180
—=— NO (ppb)
—— NO2 (ppb)
. —— NOx (ppb)
330 } 30 } } }
Y 4 \ ’ \ ’ \ ’
300 . 60 N . N . N "
(b) 270 - . v v r 90 J \ 1 : - g
0 100 150 200 0 100 150 200 50 100 150 200 50 100 150 200
ppb
240~ ~ 120 - < = < X 4
7 \ ¥ \ 7 \ ’ \
210 | 150
i i i
180

71
Prepared by IEH for the 2011 Annual UK Review Meeting on Outdoor and Indoor AitiBolResearch
10-11 May 2011



3.1e Climate change as a risk modifier to ozone
exposure and public health impacts in the UK

Clare Heaviside Sotiris Vardoulakis, Giovani Leonardi, Robert Maynard

Centre for Radiation, Chemical and Environmental Hazards, Health Protection Agency, Chilton, Didcot, Oxon

Ozone has well established acute effects on health, mainly associated with respiratory and
cardiovascular illness. At pgent, ozone levels in the United Kingdom regularly exceed levels which
have been identified as harmful to health. Ground level ozone pollution is affected by climate change,
with current trends indicating possible increases in much of Europe and the ttigylady in urban

areas. Ozone also has an influence on the climate and contributes to climate change, since it is an
important greenhouse gas. As well as being detrimental to health, ozone causes damage to ecosystems
and can reduce the capacity of ptattttake upCO..

Climate change is likely to have an effect on ozone exposure of the population of the UK, both
directly and indirectly. In the most direct way, ozone concentrations are strongly influenced by
weather conditions which are subject to thieat of climate change. For example, we can expect
climate change to lead to increased temperatures and frequency of heat waves, both of which are
associated withraised concentrations of ozoriEhe rate of emission of biogenic ozone precursors
such as viatile organic compounds increases as temperatures rise, leading to increased ozone
production. Land surfaces which act as sinks for ozone are climate sensitive, particularly in terms of
water availability. In fact almost all of the mechanisms which leadozone production and
destruction are influenced by the climate in some way, whether it is modification of photochemical
processes, atmospheric dynamics and transportation or dry depaosition to the surface.

As well as changes in ambient ozone concentrsitirere are other factors which are likely to be
modified by climate change and which could impact on ozone exposure in the UK. In particular,
climate change may modify the health effects of ozew&lence suggests that the health impact of
ozone is morsignificant at higher temperatures. For reliable attribution of current and future burdens

of disease associated with ozone in the UK, it is crucial to understand the complex interactions
between regional and local climate and the possible effects ofatelimhange on ozone
concentrations, but it is also important to develop an understanding of the modifying effects of
climate change on the health impacts of ozone exposure. Health impact assessment for future ozone
depends on the choice of a threshold, shape of the concentration response relationship, and
consideration of possible chronic health effects of ozone.

Some of the biggest impacts of climate change on ozone exposure may not be due to ambient ozone
levels, but changes in the behaviour of the piipulation as it adapts to climate change. As well as
climate change modifying the amount of ozone in the atmosphere and the effect on health, it is likely
that both individual and population behaviour will experience modification. On an individual level,
increased temperatures will affect lifestyle; particularly the use of air conditioning and the amount of
time spent outdoors, where the risk of exposure to ozone is highest. At the population level, climate
change mitigation and adaptation concerns mayg te changes in vehicle and industrial emissions,

and changes in building designs. Therefore there is a need to consider all the modifying effects of
climate change, direct and indirect, when predicting the future health impacts of ozone exposure.
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3.1f Rilot study of risks and long term effects of
carbon monoxide poisoning

Brian Miller !, John Ros§ Laura MacCalmart, Chris Burtor® and Claudia Pagliar?

Ynstitute of Occupational Medicine, Edinburgh
2University of Aberdeen
SUniversity of Edinburgh

A pilot study explored methods of investigating, via a questionnaire, health effects in survivors of
accidental carbon monoxide poisoning requiring hospitalisation. Cases could be identified in
centralised Scottish health record systems, whose keepers drevafsmadl sample, plus a matching
sample of appendicitis cases as controls.

Through records of their registrations with GP practices, questionnaires for 134 subjects were sent to
GPs, with a request that they be forwarded to the subjects. Few GPs refysdebpite a reminder
mailing, response from the subjects was disappointing, leading to only 24 returned questionnaires (10
cases, 14 controls); a response rate of only 18%.

Because of this low response rate, the results from a questionnaire study Suotisad could
produce results that are not representative of the whole population, and we do not recommend that
such a study be commissioned. We discuss briefly some other possible routes of investigation.

Examination of detailed data for the selectades showed that a number had entries suggesting that
their poisoning was intentional rather than accidental. It is therefore possible that estimates of
accidental poisonings for study are overestimates. There is scope to use record linkage for examining
relationships between accidental and intentional CO poisonings and patterns of subsequent mortality
e.g. suicide.

Funding acknowledgement
The Department of Health Policy Research Programme piiof#2/0025
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3.1g Perspectives on environmental burden of
disease in Europe

Otto Hanninen', Anne Knof, Matti Jantunert, Virpi Kollanus®, Olli Leino®, Tek-Ang Lim®, André Conrad,
Marianne Rappoldef, Paolo Carrer, Anna-Clara Fanett?, Rokho Kinf, Annette Priissstiin’, Jurgen
Buek?1r1§, Rudi Torf$, Ivano lavarane®, Pietro Combd Thomas Classefi, Claudia Hornberd®, Odile
Meke

! National Institute for Health and Welfare (THL), Environmental Health, Kuopio, Finland
2National Institute of Public Health and the Environment (RIVM), Bilthoven, The Netherlands
3 French Institute for Public Health Surveillance (InVS), Environmental Health, Paris, France
“Federal Environment Agency (Umweltbundesamt, UBA), Berlin, Germany

5Department of Occupational and Environmental Health, University of Milan, Italy

6 EuropeanCentre for Environment and Health, WHO, Bonn, Germany

"World Health Organization, Geneva, Switzerland

8Flemish Institute for Technological Research (VITO), Belgium

National Institute of Health (ISS), Rome, ltaly

O university of Bielefeld, Germany

11|_andesinstitut fiir Gesundheit und Arbeit des Landes Nordrh#ftestfalen (LIGANRW), Germany

Background and objectives

Health impacts of environmental stressors range from mild psychological effects (e.g. noise
annoyance), to effects on morbidity (such abras or cardiovascular disease caused by exposure to
air pollution), to increased mortality (such as lung cancer provoked by radon exposure). As
demonstrated by these examples, health effects of environmental factors vary considerably with
regard to theirseverity and duration. This makes it difficult to compare different (environmental)
health effects and to set priorities in health policies and research programs.

Efficient public health policies should allocate resources for maximum health benefitawdideng
undue interference with other societal functions and human activities. Comparison and prioritisation
of environmental health effects is a key to information based policy development and allows for:

e Comparative evaluation of environmental heatttpiact s (fAhow bad is it?0)
¢ Evaluation of the potential of environmental policies (largest reduction of disease burden)

e Communication of health risks

Objectives

The EBODE project was set up in order to update the previous assessments, to add stressurs rele
to the Europeanegion, to provide harmonized EBD assessments for participating countries, and to
develop and make available the metHody and databases for other count{iEBoDE, 2010) The
specific objectives are to provide:

Harmonized environnmgal burden of disease (EBD) estimates for selected environmental stressors in
Six countries;

e Comparability of the quantifications and ranking of the EBD
0 between countries
o within countries
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0 between environmental stressors;

e Qualitative assessments of vaisatand uncertainty in the input parameters and results.

Study description

Environmental burden of disease associated with nine stressors (benzene, dioxins, second hand
smoke, formaldehyde, lead, transportation noise, ozone, particulate matter and rasl@s}invated

in six participating countries (Belgium (Flanders), Finland, France, Germany, ltaly, and the
Netherlands). Exposure data was estimated from international or national (benzene, dioxins,
formaldehyde, lead) datasources.

Three estimation methodsere used depending on the availability ofRDrelationships for the
selected endpoints. The optimal method is based on epidemiological evidence and attributable fraction
of burden of disease. In the lack of epidemiological evidence, toxicological unitnadels were

used for benzene, dioxins, lead, sleep disturbance from noise, and the morbidity outcomes for
particulate matter. In some cases additional distributional modeling was applied to process a threshold
(lead, formaldehyde) and to reach a diagddsealth state (lead). The methods are described in more
detail in the EBoDE Final Reponténninen & Knol (eds), 20)1The background burden of disease

was estimated from WHO data.

Results were calculated as standard discounted (3%) andeigigted esthates, with lag, and
without discounting or weighing.

Results

Particulate matter (PM) is estimated to be the leading factor associated with 6.000 to 10.000 DALYs
per million people, followed by noise, secdmand smoke and radon (with overlapping estimate
ranges from 600 to 1500 DALY per millioffigurel).

Non-discounted values

. Ozone
Dioxins Benzene

Formaldehyde

PM2.5

Figure 1 Relative contribution of the nine targeted stressors to the burden of disease
(undiscounted, un -age -weighted DALYSs) att ributed to these stressors, average over the six
participating countries.
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Conclusions

The results suggest that more than98 of thediscounted and ageeightedburden of disease in the
participating countries may be associated with environmental streBsdasively, of the participating
countries, Finland had the largest BoD and the smallest EBD, while for Italy this was viceThersa.
European efforts in developing policies only partly reflect the significance of the stressors. Limit
values set for péicles do not efficiently limit the exposures. On the other hand, second hand smoke
policies are actively implemented across the European Union, and European Noise directive is
creating tools for addressing the increasing significance of the traffic iaslon is a welknown

problem, but does not receive as much attention as e.g. dioxins. Lead exposures have been decreasing
efficiently since 19900s.

Environmental health policies shoutdntinue toeffectively target especially the four highest impact
exposures: PM, noise, SHS and radon.

Discussion

Some of the EBD estimates contain substantial uncertainties that could be only partly quantified.
However, quantification of selected uncertainties and comparison of the results with independent
earlier assessamts indicate that the overall range of the estimates from 2 @A MALYs per

million annually is relatively robust. Some of the stressor estimates are overlapping, in which case the
ranking of them is very uncertainty; this applies especially to ttee thunnetup stressors noise, SHS

and radon. Estimates for dioxins contain largest uncertaiffiggire2; WHO, 2010)

Non-discounted values

Certainty of the assessment

High Medium Low
o High
©
Q
£ Traffic noise
= (500-1100)
= . 4 Dioxins
© Medium - (1%5560‘3* (<500)
2 Radon
O (600-900) Ozone
s (40-200)
o
>

Benzene Formaldehyde
o Low (2-4) (0-2)%

Numerical values indicate non-discounted DALYs per million people in the six participating countries.

* a numerical model has been used to estimate threshold exceedances.

Figure 2 Relative public health impact (in undiscounted, un

guantitative uncertainty in the average estimate.
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Discounting and agweighing have relatively large impacts on the absolute burden ohsdise
estimates of those stressors whose effects are driven by premature mortality and cancer but
nevertheless, have only minor effects on the ranking of the stressors by estimated impacts.
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3.2 Discussion

HPA Annual Air Pollution Lecture

The HPA Annual Air Pol lindrguality, headthcstianceand pdliay nehé o p me r
|l ast two decadesd was given by Martin Wi lIliams.

Research Presentations discussion

Modelling bioaerosol emissions from open composting facilities: steps
towar ds improving source term characterisation

Philippa Douglas

Following the presentation byhilippa Douglas of Cranfield Univeity spoke e discussion began

with a question to Anthony Seaton about the concentration response relationship for this biological
threat. He replied that the general population will not be bothered by high concentrations of
aspergillus, but susceptible individuals would be. These people can be affected by the ambient
concentration which tends to be higher in winter due to the pres#frdead leaves. The conclusion

was that exposure data is needed. There followed a suggestion that the model concentrations seemed
high and that lateral spreading of the plume needed to be considered, with experiments in a wind
tunnel being recommende@inally it was wondered if the move to digestion in containers rather than
using windrows would making testing easier. Philippa replied that they were looking at the open
situation as that is still more common in this country. Also the vessels tend @deefrom different
materials.

Review of indoor air pollution associated with energy use in residential
buildings

Karen Finney

One conclusion of the reviewresented by Karen Finneyas that changing the scale of power
generation to greater use of miggeneration will alter the location of pollutants to nearer the home.
During discussionhis was counteretth some extertty the comment that some current power stations

are located close to centres of population e.g. Drax and Didcot. There was thensaodisdusut the
greater use of biofuels, it was felt that in the domestic situation, in the absence of legislation as exists
for a large power station, use of biofuels, such as wood, could be a significant source of emissions.
Finally the expecteduture changes in fuel for transport was discussed, the projection being for a
switch to electric, ethanol and biodiesel vehicles.

The impact of outdoor pollution on IAQ and exposure

Vina Kukadia

During her presentatioina Kukadiareferred to the importance ofdatingthe building ventilation

inlets correctly, especially where there are multiple outdoor sources. The courtyard of one building
investigatechad been convestl into a car park and the vehicle emissions cainskxbr air pollution.

There followed a dussion about availability of technologies for cleaning air in such a situation. No
generic solution is avail abl e, filters may be
would look at individual cases. When asked if legionella had beentigatesl as part of these
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studies, the presenter said that this had not been possible. She acknowledged that this was only one
aspect, other factors, such as indeaurces otir pollutants, also needed to be taken into account.

Invited Keynote Presenta tion: Climate change as a risk modifier to ozone
exposure and public health impacts in the UK

Clare Heaviside

Clare Heaviside discussed the HPAG6s prioritisat
effects as a result of climate change, fomg# particular on potential alterations in 0zone exposure,

which may lead to elevated chronic respiratory effects. Following the presentation, the audience
commented on tdhremucszomd ddmangntrati onsdé wsouggest.i
much meaning, due to significant variances as a result of several mechanisms affecting the probability
distribution. The speaker was asked for her opinion regarding alterations in ozone precursors, such as
biogenic sources, which may change over the tapan consideredhe speaker referred to earlier
presentationsand pointed out thatiomass burning could be an important contributor, but that the

effect of temperature far outweighed other sources. The speaker added that in relation to biogenic
factors, ozone also affects plant growth, further complicating estimations.

A further gquestion was raised regarding the wuse
responded that although it was notsindtamae wasiinea of
reference to excesses in effect relative to temperature band. However, inconsistency in the literature
was discussed, and the speaker added that whether this is a true interaction between temperature and
ozone, or an indirect effect ag@sult d interaction with the mechanisms that meditite effect is

uncertain, suggesting that distinguishing this relationshgy be an important topic for future

research.

Research Presentations
Pilot study of risks and long term effects of CO poiso  ning

Brian Miller

In his talk, Brian Miller discussed many of the problems facing epidemiologists and statisticians in
elucidating causality and utilising podata sets, detailing tHack of success in a recent approach
usedto study the risks and lortgrm effects of CO poisoning. The small stisigeandthe limitation

of not accounting for suicides in particular werghlighted as major problesn Following the
presentation, the speaker was asked whether he thought excluding suicides from the dtldgweou
increased the dogesponse relationship. In response, Miller suggested that this was possilile, but
was difficult to be certain givethe small amount of data. In further discussion, the limitation of
medical records and difficulties in obtaiginnformation was stressed as a severe hindrance to
scientific researchbf this type

Perspective on environmental burden of disease in Europe

Otto Hanninen

Otto Hanninen discussed the prevalence of disease, and disease burden globally, quantifying levels
using the Japanese life expectancy and highlighting particulate matter (PM) as a leading contributor to
the burden of diseasEollowing this presentation, the audience commented on the possibility that the
disease burden and quantified contributing fiescteere heavily driven by the weight and number of

PM studies relative to other fields, leading to significant publication bias. Furthermore, the focus on
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primary environmental contributing factors was highlighted as a limitation, as in the Western world,
healthcare availability may have a more significant effect on disease burden, and the aetiology of
disease burden may vary substantially on jurisdiction.

A further question was raised regarding the quantification of dioxin disease burden. The wspsaker
asked whether this was appropriatssidering the weak and conflicting epidemiological evidence,
Héanninen acceptedhat it was acontentious issue, baithoughprobablyan overestimate it was an
interesting consideration, particularly due to the higktady exposure in Finland, where theidst
was conducted. As a closing remark the speakertBatdin future, secondary contributing factors,
such as healthcare, could be an important addition to further work.

Screening for raised COHb levels in patient s attending emergency
departments

Simon Clark

Reporting poor correlation between monitoring equipment levels and blood COHb level, Simon Clark
guestioned the applicability of COHb as a biomarker for CO poisoning in a clinical setting. However,
the study di highlight additional CO poisoning incidence, which would previolslye remained
undiagnosed. BoMaynard commented on the difficulty of conducting such a study, but queried why
breath testing for CO was n o6 explairsdahdit. at the mutsetefstheo n s e
project theavailablebreath monitoring equipment required large exhales of breath, which would have
limited the study population, as many patients having respiratory tests are incapable of fully exhaling.
However, the recemmnprovement irequipment irthis field could be utilised iafurther study.

Additional discussion topic 9 Is it still reasonable to ignore NO as a significant
pollutant?

Heather Walton posed a question to the meeting regarding nitric oxide thatdrésudtmnsiderable
debate. With regard to possible health effects siggested that there are some subtleties worth
considering, for example NO exposure may be considered a good thing, due to its vasodilatory
properties. However, abrupt changes may ergaihe adverse health effects, as there are some
suggestions that when infants are treated, usually very successfully at high concentrations, you have
to taper down the dose, due to endogenous reductions in nitric oxide synthase during periods of high
exogerous exposure. Thus, if you reducencentrations abruptly, problems may arise. In a clinical
setting, doses of 2D 40 ppm is the treatable range, which is tapered down to 1 ppm. However,
whether this could be observed at environmental concentrationgstanable.

John Ayrescommené d t hat g i av easoactNe) dieurotransmitting substance had
applicationas a biomarker of asthma, its importance in air quality may currently be underestimated.
However, Ayres added that NO is also released fapithelial lining, among many biogenic
processes and at concentrations relatively tmwnparedto those exposed in a clinical setting.
Furthermore, there is evidence to suggest ambient NO levels are assotiat&BV (respiratory
syncytialvirus) and itsaetiology in acute bronchitis in infants, which is a seasonal and annual cause
of hospitalisation. In addition to this, in vitro cell cultures have shown that the RSV virus replicates
more prolifically on exposure to NO. However, the concentrations studiere in excess of
environmental levels, but not those of clinical setting. Ayres concludes that though probably not
causing as many problems as other pollutaw@,is worthy of further studyparticularly considering
its potential role in making bactarand viruses more permissive, contributing to the double hit model
that Steve Holgate discussiedhis presentation at this conference
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3.3 Posters

3.3a Personal exposure to indoor and outdoor air
pollution near quiet, busy and congested streets

Mr. Hamad Matar*, Dr. Anil Namdeo, Prof. Margaret Bell
*h.b.matar@newcastle.ac.uk

Transport Operation Research Group (TORG), School of Civil Engineering & Geosciences, Newcastle University

Introduction

Many studies &ve observed a link between indoor and outdoor pollution. The fabric of a building
(doors, windows, ventilation etc.) has an influence on the infiltration of outdoor pollution into the
building. Occupants of a building are exposed to total pollutiom;twisicomposed of indoor sources
(cooking, smoking) and infiltrated outdoor pollution. A number of studies stated that most people
spend more than 80% of their time indoors, therefore, these people would be exposed to both indoor
and outdoor air pollutian There is a lack of knowledge of infiltration of pollution into buildings due

to traffic on roads within their vicinity. The pollution levels along a road will vary continuously
depending on traffic flow characteristics namely smooth, interrupted gested.

Aim and objectives

This study will investigate personal exposure to indoor and outdoor air pollutiag, R®)| and CO,
as a function of traffic characteristics and activity patterns of people. The authors are planning to
achieve the following lgjectives:

e Assess and classify urban roads according to traffic flow and fleet characteristics and air
pollution levels.

e Monitor air pollution in different microenvironments home, workplace, public building etc.

e Develop, calibrate and validate a persosgbosure model as a function of activity patterns
and traffic characteristics for different microenvironment.

e Apply the model to improve the understanding of exposure of urban population traffic related
pollution in the case study area.

Study area

Gosforthis located in the north of Newcastle city centre and it is one of two air quality management
areas (AQMAs) declared by Newcastle City Council as shown in Figure 1. The High Street, a narrow
canyon, is a major radial running though Gosforth and it cahigs traffic to and from the city
centre. AURN air quality monitoring station is located at the High Street.
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/\ Weather Station B AURN Station T AQMA saaletion ey

Figure 1 The Location of Air Quality
Monitor stations in Newcastle upon
Tyne (Google map )

Traffic c haracteristics

Data available from automatic traffic monitoring systems will be used to charactaéypes and
air pollution into a number of categories. These information will be used to identify target
populations representing a range of exposures for this study.

Static

Static monitoring of pollution simultaneously indoor and outdoor will be edwut continuously for
a week during summer and winter seag@ingure 2. Two houses at each road type, quiet, busy and
congested, will be monitored, which will be six houses in total.

= CoEMetes
3 T DuaTak

Figure 2 The proposed | ocation of monitoring equipment (Motes, DustTrak and
Langan) for Indoor and outdoor measurement (  Drawing copyright Newland, 2011)
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Dynamic
Using a backpack measurementdl e carried out to record spatial and temporal variatigithin

selected microenvironments (roxdthe monitoring equipment and the backpack are shown in the
Figures3-8 below.

Figure 4 Envirowatch
_ mote (CO, NO, NO 2,
Figure 3 DustTrak Aerosol Temp and RH )
Monitor & 8534 (PMuo)

Figure 5 Langan monitor
T15v (CO and Temp )

Figure 6 QStarz BT

Q1000XT GPS tracker Figure 7 Backpac k  Figure 8 Backpack
(Varologic technologies, carried by a
2011) volunteer

Activity data

Patterns of activity of members of selected households will be collected though a speciallgddesign
guestionnaire. Ethical approval required appiately worded invitation letter to provide an
opportunity to take part in the study for the public. All participants have to complete a consent form.
Full risk assessment will be required for all aspects of the monitoring.

Analysis and application
e Fador and cluster analysis will be used.
o Data will beanalysedy using descriptive analysis and multinomial regression or similar.

e Model of personal exposure will be developed, calibrated and validated.

Outcomes
e Measurement of theffect of traffic flow ard fleet characteristics on personal exposure.

e Evaluation of the influence of site topography, building type and indoor air pollution sources
on personal exposure.
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Conclusions

This research is expected to provide evidence to inform policy decisions rétatitbpor air quality
by identifying key elements that influence personal exposure to air pollution.
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3.3b Engineered nanoparticles 06 exposure and
effects

Jess Tyrrelland Michaela Kendall

European Centre for Environment and Human Health, PeninsuCollege of Medicine and Dentistry, University of
Exeter, The Knowledge Spa, Royal Cornwall Hospital, Truro, TR1 3HD

Phone: 01872 258170

Email: jessica.tyrrell@pms.ac.uk

Background and objectives

Nanomaterials are engineered structures with at leasdiorension of 100 nanometres (nm) or less.

In this size range quantum effects predominate with nanomaterials demonstrating significant changes
in optical, magnetic and electrical properties over their bulk counterparts. Furthermore with
dimensions of lesthan 100 nm the particles surface area to volume ratio is very large. Engineered
nanomaterials (ENM) are increasingly being utilised in a range of commercially and medically
available products; sporting goods, car tyres, sun cream, cosmetics, micooasectirug delivery

and antimicrobial agen{®el et al, 200§. This is a rapidly expanding area of technology which by
some estimates is projected to become a $1 trillion market within the next four years. Whilst the
unique properties of these particles enable impressolentéogical advancements they also raise
concerns about the potential adverse effects on biological syEsaawnet al, 201Q. The concept

of nanoparticles demonstrating unique toxicity profiles to their bulk counterparts may be relatively
recent; however it is derived from classical particle toxicology and epidemiology, specifically the
studies of air pollution. Numerous studies have demonstrated the strong links between air pollution
and adverse human health effd@eatoret al, 201Q. As a result of this paradigm nanotoxicology is
becoming an established discipline investigating the potentially harmful effects of nanomaterials and
informing policy to ensure the sad@plication of this technology.

This review discusses the current information available on the predominant exposure routes to
nanoparticles and the effects of these particles.

Study description

We conducted a review of the available literatcoasidering the prevalent nanoparticles currently
employed in the UK both commercially and medically. The review considered the common exposure
routes, levels of exposure and current human toxicity information about the commercially and
medically prevalen nanoparticles. Furthermore application of nanotechnology was investigated
within our local hospital trust (Royal Cornwall Hospital, Truro).

Results

The Project on Emerging Nanotechnologies (Woodrow Wilson Centre for Scholars,
http://www.nanotechproject.ofgidentified key commercial and medical products available which
employ ENM. Currently the most frequently employed nanoparticles in commercially available
products include: silver, carbon, titanium xiae, silica, zinc and gold. These particles are found in a
range of products, with silver ENPs known to be in 313 products worldwide (as of-@&2001).
The potential exposure routes to these ENM include inhalation, topical application to thersgin,
delivery (growing area) and ingestion. Currently very limited information is available when
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considering the exposures of the general population to engineered nanoparticles (ENP). Inhalation is
considered to be the most likely delivery mode and somodels have hypothesised the potential
levels of several prominent ENP within air, including silv8roQ17 pgrii) and titanium dioxide
(0.0015 pgrif) (Mueller and Nowack, 2008 It should be noted that as ENP application increases the
prevalence of other exposure routes will also increase (e.g. dermal and ingestion). The difficulty i
determining exposure arises from the lack of requirement for appropriate labels to be added to
products containing ENPs. Several groups including specific types of workers and patients will
potentially undergo greater exposure to certain ENPs. Stowhe#oring occupational exposures
noted a significant increase in the concentration of nanoparticles within the atmd§saoeiet al,
2008Tsaiet al, 2009Yeganetet al, 200§. Furthermore the potential exists for greater exposure in
health compromised individuals where nanotechnology is employed in a rangatofents.

Investigations within our local hospital trust (Royal Cornwall Hospital, Truro) indicated that the only
nanotechnology product currently utlised in the treatment of patients was the Acticoat®
nanocrystalline silver dressings (Smith and NepHégi€). In 2010 over 1800 of these dressings were
used by the trust, with the majority utilised to treat diabetic foot wounds and ulcers. These patients
are potentially more susceptible to nanoparticle exposures due to underlying chronic disease.

Discussion

Currently inhalation is considered to be the major route of exposure for the general population and
therefore numerous studies have considered the toxicity of a range of nanoparticles on the respiratory
system. In terms of the current predominant paniicles employed commercially within the UK

silver (Sunget al, 2009, silica (Chenet al, 2008Napierskaet al, 201Q and titanium dioxide
(Johnstoret al, 2009 have demonstrated pulmonary toxicity under certain conditions. However, it
should be noted that in many studies the concentrations of nan@sartitiployed far exceeds
hypothesised exposure levels. Although the rates of translocation of ENPs are low, a percentage of
inhaled NPs are reported to enter the blood stigaeiser and Kreyling, 20)0furthermore all other
exposure routes may result in nanoparticles in blood. It is therefore of critical importance to consider
the interactions of nanoparticles with components of blood. In the literature a similar number of
primary research papers were noted to focus orinteeactions of ENPs with either the respiratory
system or the cardiovascular system.

Conclusions

The interaction between blood components (especially platelets) and ENPs has been demonstrated to
cause protein and cell aggregatidanet al, 2010Mc Guinneset al, 2010Radomskiet al., 2003,

which are linked tophysiological change and disease development (e.g. atherosclerosis). It is
therefore of critical importance that research focuses on understanding these interactions to ensure the
safety of ENPs. Future work must therefore focus on better characteristibe exposure of
humans to ENPs and investigations on the interactions between blood components and ENPs.
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3.3c Characterisation toxigenic fungi in water
damaged buildings

Schale Frazer, Cranfilel Health, Cranfield University, Cranfield, Beds. MK43 OAL

There is an ever increasing concern relatddnigal, ormould growth within the indoor environment,
especially within water damaged buildings, and it is speculated that there may be a direnttcela
the ill-health sometimes reported by occupants of affected dwellngblems associated with mould
growth in the indoor environment amet new; in fact they have been problematic for many centuries,
being reported even in the Bible (Leviticus apker 14, 3318). This association has gathered
momentum with many reportshowing incidences of people with health problems associated with
their mouldy and dampliving or working conditions Recentlythe Centres for Disease Control and
Prevention (CDC)conductedan investigation to determine the cause of death of 12 infants in
Cleveland, Ohio between 1993 and 198Bereport concluded that there was an association between
water damaged homes and the presence of various fungi, including those thatduee righly
toxic metabolites in the indoor environment .
higher quantities of airborne conidia from the toxigenic fuBtichybotrys chartarunthan those
detected in the surrounding non symptomatic hof@&C, 2000; CDC, 1997; CDC, 1994; Dharmage
et al, 2002; Greert al, 2005; Milleret al.,, 2003; Roussadt al, 2008) Fungi commonly detected in
the indoor environmerdn painted walls and ceilings of poorly ventilated houses or those with water
intrusion problemsinclude Aspergillus, Cladosporium, Penicillium, Alternaria and Ulocladium
species, all of which can find suitable conditions for growth. Kuhn and Ghanr{@068)
investigated water damaged buildingsl aletermined the most frequesblated species in one study
were Penicillium (96%), Cladosporium(89%), Locladium (62%), Geomycespannorurtb7%), and
Sistronema brinkmanni{51%). A study which investigated the indoor air of 500 rooms in 128
dwellings in Fance, found that 86.16% of the total fungi isolated there v@eslosporium,
Penicillium or Aspergillusspp (Rousselet al, 2008) Stachybotrys chartarunwas also reportedto
thrive on many of the materials usedhtoild homes particularly on gypsum board, paper, lint and
fibreboardin buildings that have been affected by water intrugéforderseret al,, 2002)

Due to the ubiquitous nature pfoulds and fungicontact is unavdableand many enter buildings
through open window, doors and on clothing. Once in the indoor environment these microorganisms
can thrive on many building materials over a range of environmental cond@omsth carresult in

the production of tiny micrscopic reproductive conidia which can become airborne through the
slightest mechanical action which in turn can affect the indoor air quéhyosure can be via
ingestion, inhalation or skin contact and can result in many different health éffidatting: allergic
reactions infections, neurological effects and toxic effects. Factors contributing to the occurrence off
ill -effects include: the types of organisms present, whether individualsnamenecompromised,
exposure time, their age and their stvigy. It is estimated that about 10% of the population have
allergic antibodies to fungal antigens of which 5% would be expected to show clinical illnesses
(American Wllege of Occupational and Environmental Medicine, 2002je association with ill
health and the indoor environment has dlsen referred to as Sick building syndrome (SBS) but is
not exclusively linked to mould and fungi as mamiyer pollutantamay ako have a contributing
factor including those that are generated outdoors by industry and traffic which diffuse into buildings
through doors, windows or ventilation systems. Other indoor sourmhsde volatile organic
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compounds (VOCSs) released from clisnproducts, furnishings toiletries and those that are involved
in the combustion of tobacco, fuels and canf@@®ok and Burton, 2010; Burge, 2004)

The research aims wefé) to survey homesvith a varied range of water intrusigmoblemsi.e.
ventilation/condensation problems to more chronically water damaged dwellings, for fungal
contaminatiorand (2)to better understand the occurrence, dynamics of growth and toxin production
for importanttoxigenic fungi, principallyStachybotrys chartarunin the built environmentThe use

of conventional plating methods along withalternative rapid automated metlsodvere also
investigated for measuring the effects of water activity, temperature andngatifagents ors.
chartarumgermination, growth, conidial production and Satratoxin G produdatieitro.

Results from survey work revealed the presence of common indoor moulds, indhediinglium,
Aspergillus and Cladosporium species in buildings wh moderate levels of water intrusion.
Stachybotryshartarumwas only detectedrowing on wallpaper and on painted surfaces in buildings
with extensive water intrusion problems which is in line with reports in the literdtasted type and

field isolates of S. chartarumshowed similar characteristics for germination, growth and conidial
production over the tested temperature and water activity ranges with optimal conditions between 25
and 30C with freely available water. No growth was observed for aolate at 37TC or <0.923.

The effect of water activity and temperature on the toxin production ocStwebartarunisolates IBT

7711 Chemotype S (Macrocyclic trichothecene producer) and IBT 14915 Chemotypte A (Non
macrocyclic trichothecene producer) reeglaa 100 fold difference in the level of Satratoxin G
production between the tested isolates with optimal production at,d@8ahemotype S at 2G and
Chemotype A at Z&. Interestingly there was no toxin production atG3éor both isolates although
growth at this temperature was profuse.

The antifungal activity of various agents $nchartarungrowthrevealed silvenitrate as an effective
antifungal agent with MIC values of <4 ppm. The antioxidant BHA also showed promise with MIC at
<200ppm. Antiaidants are being investigated for use in paints to deter fungal growth in buildings as
they are generally regarded as safe (GRAS) with little or no toxicity to humans compared to many
other antifungal agents that contain heavy metals.
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3.3d Effectiveness of campaigns in raising
awareness of risks from carbon monoxide

Véronique Ezratty? David Ormandy and Serge Koscielry

1- WHO Collaborating Centre for Housing Standards and Health, UK
2-Service des Etudes M®dical es doOoEDF, France
3 - Institut de Cancérologie Gustave Roussy, France

Background and objectives

Unintentional CO poisoning in dwellings is a major cause of fatal intoxications. Annually, during the
heating season from October to May there are campaigns in different media directed at raising
awareness of, and the dangers from CO. Two studies were conducted in parallel in populations
considered to be more vulnerable to the possibility of CO poisoning. Thesgé were

¢ University studets, who may be away from home for the first time, and may be unaware of
the dangers

e Tenants of public housing, who include recent immigrants, the elderly, the unemployed, and
oneparent families, all of whom may spend more time at home, be unawarerigkidjeand
may not know what to do in the case of an emergency

The objectives were to assess the need for campaigns on CO (testing the hypothesis that they would
not be necessary if the level of knowledge about CO in October was greater than 70%), and the
effectiveness of those campaigns (shown by an increased level of knowledge of at least 20% absolute,
and at least 80% correct answers at the end of the heating season).

Study description

In Phase 1, October 2009, 441 students and 117 residents wereswgeirvin controlled conditions

by trained interviewers. To avoid raising awareness of CO by the study, the interviewers and
interviewees were told it was about indoor air quality in general. For Phase 2, between March and
May 2010, 328 students and 154 tetisawere interviewed, using the same questions and conditions,
but with additional questions about the campaigns.

Results

In Phase 1, before the campaigns, the average correct responses to CO specific questions was 55.6%
among students and 52.2% among tégidents of social housing. In Phase 2, at the end of the
heating season and campaigns, there was an increase of knowledge about CO among students, with an
average correct responses of 70.5%. In contrast, the level of knowledge remained unchanged among
residents of social housing (53.5% correct answers).

Of the 92 students in Phase 2 who said they remembered campaigns, and 11 that they had changed
their behaviour. Whereas, of the 54 tenants of social housing who said they remembered campaigns,
21 said thg had changed their behaviour. In both groups the most remembered media was television
(71 students, and 52 tenants).
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Conclusions

The findings confirm that campaigns are necessary, but alsthéhmhpact of such campaigns should
be monitored for theirfiectiveness. Monitoring should help those running campaigns to target more
successfully potentially vulnerable groups, in particular tenants of public housing.
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3.3e Secondhand tobacco smoke exposure of
Scottish adults: contribution from different
environments.

Andrew Apsley, Sean Semple

Scottish Centre for Indoor Air, Environmental and Occupational Medicine, University of Aberdeen

*Author presenting

Background and objectives

Introduction

Smokefree legislation introduced across the UK in 2006 and 2@®&7greatly reducedons mo k er s 0
exposure tesecondhand smoK&HS)in the workplaceand enclosed public spaces but recent research
suggests that a significant proportion of adwtrsmokers in Scotland continue to have detectable
levels of cotinine in their saliva with the Geometric mean level of 0.26 ng/ml (Haw and Gruer, 2007).
Unsurprisingly norsmokers who live with smokers have higher exposures (0.81 ng/ml) compared to
nonsmokers who do not live in a household with another smoker (0.18 ndfxosure to SHS of

both groups will occur in a range of microenvironments including horearinwork, outside and
other social settings. There is little information available on tie likely contribution to total SHS
exposure made by each of these microenvironm&hes.aim of this present study is éstimate the
contribution to total SHS exposufeom different microenvironments fothe averagenonsmoking
adultin Scotland.

Study description and method

The Geometric Mean (GM) salivary cotinine values for-somokers who lived with smokers and
nornrsmokers who did not live with a smoker were converted to equivalept iAMdnsities. This was
carried out using equations set oytRepaceetal( 2006) . These O6Rosetta Ston
framework to enable biological cotinine (serum, urinary and salivary) concentrations to be converted
to SHSparticulate matter intensities. Data was collected on the amount of time theeaSewitish

adult spent in each of four microenvironment groupings: home, work, car and other settinggiLader
al,. 2006). Areview of studies carried out the UK describingsHS as assessed by particulate matter
less than 2.5 microns (RN concentrabns, within these foudifferent microenvironmentsvas
carried out to determinthe most appropriateM, s concentrations to apply to each settisiHS
exposuredatawas available for each of the main microenvironments (home, car and workplace)
thefourth categoryother settingswas created to enable various other microenvironments not already
classified (e.g. walking, waiting at bus stops, visiting other homégetoe grouped as one.

Non Smokers SHSexposure for the previous 24 h ours

The salivay cotinine levels found by Haw and Gruer (2007) for samokers are shown in table 1
The equivalent 24h Time Weighted Average (TWA) of SHS deriveds#vhlso provided based on
thed Rosetta Stoned equations (Repace 2006) .
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Table 1: Salivary Cotinine Levels and the Equivalent PM 25 exposure of SHS in Non smoking
adults in Scotland

Salivary Cotinine Equivalent 24 hour TWA
concentration PMzs Intensity pg/m3
Post Legislation (Rosetta Stone)
ng/mi
Non smokers living with non smokers 0.18 215
N=449
Non smokers living with smokers 0.81 97.0
N=143

From Haw and Gruer (2007)

Home -life SHSexposure

Data on average P concentrations in homes where there is and is not a resident smoker was
gathered (from studies investigating air quality in the hontk asthma in children and indoor air
quality for homes using different solid fuels for heating). We have applied a concentration of 122
ug/m® to the homes of neamokers who live with a smoker and a concentration aigl@? to the

homes of norsmokers who do not live with smokers. The latter figure makes the assumption that
some SHS exposure occurs in the averagesnwking household dimg visits from norresidents.

For both groups we have applied a time duration within the home microenvironment of 16.8 hours per
day.

In-car SHS exposure

Data from arecent studycarried out inthe Strathclyde regionf Scotland was used to estimate the
average SHS PM intensity in cars.The geometric mearPM, s intensity for smoking journey
(N=26)was found to be 94;fy/m® (Sempleet al.. 2010) We have used a duration of 0.7 hours as the
amount of time per day that n@mokers who live with smokers would spend in this
microenvironment and an average of 0.1 hours as the time-anmuker who does not live with a
smoke would spend in such an environment.

Workplace SHS exposure

A small number of studies have investigated workplace SHS intensity in Scotland since the
introduction of smokdree legislation. For workplace exposures we have used, as a worst case, the
valuesmeasured in public bars pdsegislation. A study by Semplet al (2007) reported average
PM, s intensitiesof SHS in publicharspost legislatiorof 16ug/m’. We have applied this astgpical

level likely to be found irthe averag@orkplacesn Scotland For both norsmoking groups we have
applied an average daily time of 5.4 hours within the work microenvironment.

Other microe nvironment SHS exposure

No exposure information regarding this final categwas found.The SHS exposureontributionfor
this category was calculated using the SHS exposure from the threenatht@gnvironmentandthe
SHS PM;s exposure of nonsmokersover a 24 hour period (céculated from the cotinine
measurements by Haw and Gruer (2007))
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The method used to calculate the SHS exposure in this microenvironment is shown below:

Other purisution = Total SHS PM, cprevious 24 hrs — Home;pperinution — © O contribution
— Worklplace, jnirimurion

Results

SHS Intensity by environment

The product of the SHS exposure intensity and the time &péiné relevant microenvironment was

then calculated. The sum of these products was set equal to that found by Haw and Gruer (2007) and
thereby enabled the exposure in the microenvironr@ther to be estimated. The percentage of
exposure for each of thedr microenvironments was then calculated and shown in table 2 and
illustrated in figure 1

Table 2: Contribution of SHS exposure to non -smokers by the microenvironment encountered
throughout a 24 hour period

Non Smokers living with Non Smokers Non Smoker s Living with Smokers
Environment Duration SHS PMzs PMzs Duration SHS PMzs PMz.s
Intensity pg/m 3 Contribution Intensity pg/m 3 Contribution
Hrs hr (%) hrs hr (%)
pg/m 3 pg/m 38
Home 16.8 20 336 65.1 16.8 122 2049.6 88.0
Car 0.1 95 13 2.6 0.7 95 66.5 2.9
Work 54 15 85 15.6 5.4 16 85.6 3.4
Other 1.7 51 81 16.8 1.2 109 126.3 5.7

(Social, travel etc)

100
%0 ® Non Smoker in a Non
Smoking Household
-~ 80
S 20 Non Smoker in a
o) Smoking Household
E 60
= 50
C
S 40
< 30
% 20
: .
0 I

Home Car Work Other

Microenvironment

Figure 1: PM2s Contribution from Different Environments
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Table2 illustratesthat for non smokerthe majority of SHS exposure occurs in the hgsraoking
households888% of SHSPM, s and for anonsmoking household 085.1%). The contribution from
exposure to SH# cars is very small <3% for each group. Work and Other microenvironments non
smoking households are similar ~16% and for smoking households ~4%.

Discussion

The estimated exposure contribution from each of the environments for smoking and non smoking
households would indicate that exposure to SHS in the home accounts for the greatest proportion of
total exposure compared to other microenvironments. SHS exposure at home is estimated to account
for nearly 90% of total daily SHS exposure among-aammkerswho live with smokers and nearly
two-thirds of exposure of nesmokers who do not live with a smoker. This indicates that campaigns

or policy measures to try to persuade people to have smoke free homes would have the greatest effect
on the SHS exposure nbn smokers.

The contribution to total exposure from SHS in cars appears similar for both groups (hon smoking
household 2.6% and smoking household 2.9%). The contribution from exposure in cars is lowest for
both groups and would indicate that by consiugiits contribution alone it would have little impact

on the overall burden of SHS exposure amongsrmakers.

In nonsmoking adults living in nosmoking households the contribution to total SHS exposure from
homelife to SHS exposure appears high (65)2% his figure is generated from the product of the
long time duration that people spend in this microenvironment and the WRilie assigned of

20 pg/n?. This SHS exposure intensity figure has been generated to take account of the contribution
made by visiting smokers who are permitted to smoke in the household.

Clearly there are many limitations of this study in that we have assigned singlespiiinates for

time spent in each microenvironment and for the intensity of SHS derived particulate matter to
generate our estimates. While the estimates forsnuokers who live in smoking households are
likely to have less uncertainty, we feel that flgares generated for nesmokers who live in nen
smoking households will have a greater range of uncertainty. A much higher proportion of the latter
group will have salivary cotinine levels lower than the limit of detection (0.1 ng/ml) and much of the
variability in exposure within this group will depend on the makeof their social and family
contacts and the proportion of these contacts who smoke. Having household smoking restrictions
whereby visitors to the home are not allowed to smoke will alse Baynificant bearing on the
contribution experienced from the hoitife microenvironment.

Estimating where SHS exposurarises is important in terms of targeting education and policy
campaigns to reduce nenmo k er s 6 SFhiS wdrkusugdests that fanost norsmokers the
homelife setting is where they inhale most SHS.
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3.3f Modelling IAQ and exposure in modern office
buildings across Europe: overview

Andrew Terry, Mike Ashmoré, Nicola Carslaw, Sani Dimitroulopoulotf, Dafni Missig, John Bartzi$and
Georgios Giannopoulds

'Environment Department, University of York UK

2Department of Mechanical Engineering, University of West Macedonia, Greece

European Commission Joint Research Centre, Instite for Health and Consumer Protection Ispra (VA), ltaly

Background and objectives

Given the fact that people in the developed world spend ~90% of their time indoors, and the
recognition of the significance of indoor air on human health by setting guwdefor selected
pollutants (WHO, 2010jt is important to be able tonodel and predicexposure to indoor air
pollutants and to estimate the likely impact on health. However, exposure models typically focus on
primary pollutants such as nitrogen dioxidehereas there is increasing evidence that secondary
pollutants are more likely to cause adverse health effectsfize buildings(e.g. Carslawet al,

2009).

This poster reports on the modelling aspect of OFFICAIR, a project recently funded by EU EP7. Thi
project aims to establish a framework to assess the health risk from indoor air pollution, with a
specific focus on the modern office environment. The project combines databases, modelling tools
and assessment methods. Our modelling role within OFFICKIRy set up, for the first time, an
integrated modelling systefor modern officego link emissions of key pollutants (ozone, primary
VOCs and particles) to the concentratiasfsmajor secondary indoor pollutantwjth suspected
adverse health effectand eventually to the assessment of exposure of office workers.

Study description

Three different aspects of relevance to indoor air quality will be included within the model:

e Energy efficiency which, according to European directives as well as requirefoeperceived
comfort, should be considered in tandem with requirements for indoor air quality;

e The spatial distribution of pollutants within an office, which is important especially for-multi
occupant office environments thatcupylarge areas withefw or no internal boundaries;

e The generation of secondary pollutants drapotentiallyrelevantfor human health.

All these issues have to be tackled simultaneously in order to achieve indoor air @a&ljtythat

protects the health of office workerBhe new modelling system (Figure 1) will provide access to
different modelling approaches, depending on the data available for parameterisation and the focus of
study, which can range from individual rooms or buildings to population expddare.speciically,

based on existing models, which will be either applied or further developed, the folldweey
modelling approaches will be developed and then integrated:
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a. Modelling of ventilation rates in modern offices;

b. Modelling of indoor concentratiorig office environments, based on:

e Deterministic modelling of indoor air pollutants with:
- Advanced chemistry

- Lumped chemistry);
e Probabilistic modelling of indoor air pollutant concentrations

e Computdional fluid dynamicsnodelling:
- Spatial distribution opollutants;
- Coupling of energy requirements and IAQ.
¢. Simulations of population exposure.

The results from the modelling suite will be validated using monitoring data collected during the
programme in four European countries.

The modelling suite

The man components of the modelling of indoor air concentrations are as follows:

e Advanced indoor air chemistry

We have developed a new detailed chemical model for indoor air, which considers the chemical
breakdown of a wide range of indoor air pollutants exicThe detailed chemical model includes

the neatexplicit chemical degradation of key indoor VOCs, along with terms that describe deposition
onto surfaces, indoasutdoor exchange and photolysis, both by attenuated outdoor light and artificial
lights indbors (Carslaw, 2007). This new model has shown us that secondary species formed indoors
through chemical processing (such as oxygenated volatile organic compounds and particles) may be
much more harmful to health than those species emitted directly. Siesref this chemistry model

will be combined with a timactivity-location model within the INDAIR/EXPAIR modelling
framework(see below) This will enable us to predict for the first time, the frequency distribution of
personal exposures televantsemndary pollutants, within a population exposure model.

e Lumped indoor air chemistry

The chemical scheme of the Multi Chamber Indoor Air Quality (MIAQ) model, which includes
surrogate chemical species, will be further improved, in terms of terpenedoanaldehyde
representation and used to predict indoor air pollutant concentrations.

e Probabilistic modelling (INDAIR)

The probabilistic modelling will be based on the INDAIR modzihfitroulopoulouet al, 2006) that

predics the frequency distributions ofbncentrations of indoor air pollutantBhis model has been

linked to a timeactivity-locationmodel in the INDAIR/EXPAIR modéng framework to predict the

frequency distribution of personal exposures within a populatiomffice workers During the

OFFICAIR project the new probabilistic version of INDAIR willse simplified expressions for the

concentrations of the pollutants, as a function of parameters (e.g. emissions, ventilation, deposition,
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other pollutants) derived from regression analysis anédas the results of the analytical and
lumped chemicalmodelling scheme. Tis simplified probabilistic modelling tool will be based on,

and validated through, the more sophisticated models of the modelling suite, in order to assist policy
makers and regatory agencies to evaluate case by case the level of indoor air quality in modern
office buildings.

e CFD modelling

CFD modelling methods will be used to accurately model pollutant distributions in modern office
environments. Particle distribution requirebust modelling tools such as CFD for predicting their
spatial distribution under various ventilation schemes. The latter is even more important for modern
office buildings due to the various ventilation methods that may exist (mechanical, natural, etc.).
Additionally, in modern office environments the division of the internal space may vary significantly
thus making the evaluation of the spatial distribution of pollutants even more complicated.

Additionally the issue of fulfilling energy efficiency at tkame time as indoor air quality criteria will

also be examined using CFD models. This task requires robust modelling tools in order to accurately
take into account various ventilation rates, boundary conditions and internal boundaries. Apart from
individud case studies this task aims to provide a CFD modelling suite that will be tailored for the
specific needs of indoor air quality and energy efficiency of modern office buildings.

CFD models can provide solutions to a large number of different confignsdticorporating various
parameters whose importance is not known. Thus they can be used to perform sensitivity analyses in
terms of the importance of several parameters for the IAQ, spatial distribution of pollutants and
energy efficiency in modern offic buildings. Such analyses can be used to obtain simplified
analytical models that may accurately simulate the performance of indoor environments without the
increased complexity of CFD models.

CFD for Energy CFDfor Pollutant
Efficiency distribution

Ventilation
modelling

/ | \

Detailed Indoor Lumped Indoor INDAIR modelling

Chemistry Chemistry

\ v /
Exposure
modelling

Figure 1 OFFICAIR modelling suite
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3.3g Survey of the reliability of carbon monoxide
alarms deployed in domestic homes and efficacy
of use by consumers

S Naylor, P Walsh and P Dowker (Health and Safety Laboratory, Harpur Hill, Box, Derbyshire)

Background and objectives

Carbon monoxide (CO) alarms are widely recommended as one of a number of important measures to
protect against the health risks associated with CO leaks from fuel appliances. The expected lifetime
of CO alarms hadeen increasing since their introduction in the -48@0s. Some current models

claim an expected lifetime of more than 6 years under normal operation, leading to manufacturers
offering warranty periods of 6 or 7 years. However, concerns have been ed@gs$sehe reliability

of alarms over an extended period. This survey, undertaken in 2010, sought to derive evidence on the
reliability and use of CO alarms currently employed in UK domestic settings, to support consumer
advice regarding their effectives® and usage. This work focused on the use of carbon monoxide
alarms by gas consumers. However, alarms can be used to detect carbon monoxide arising from any
combustiorfuelled appliance.

Specific objectives were: 1) to estimate the reliability of dome&3@calarms, which have been in

nor mal service in consumersod® homes, based on t h
standard BS EN 50291, or the 400 ppm CO test, for those certified to the US standard UL 2034; and

2) to derive information mthe domestic use of CO alarms, from data obtained from householders by
guestionnaire, and relate such data to the recommendations contained in the guidance standard BS EN
50292.

Study description

A total of 110 households with a CO alarm installed irtheme were recruited to the survey. Each

home was visited, during which the alarm identified for testing was uninstalled, replaced, and a study
guestionnaire administered by a Gas Safe Register Inspector. The questionnaire was designed to
record specifis regarding the alarm and its use, including the alarm make/model, its age, where it was
sited in the home, whether it was correctly sited, and how often it was tested. Other, more general
information on the property was also collected, such as propgry tsnure, and the fuel appliances
present in the property.

Alarm reliability was assessed under laboratory conditions by testing conformity to one of two
standards relating to performance of CO detectors deployed in domestic premises, either lthe Britis
(European) standard, BS EN 50291 for UK certified models, or the US standard, UL 2034 for US
certified models. The test methodology, agreed between HSL, HSE, CoGDEM and Gas Safe Register,
involved initial push button testing, followed by sensor inclugiae testing. With regards gas testing,
alarms certified to BS EN 50291 were tested using the highest CO concentration (330 ppm) test
specified in the standard, requiring activation of the alarm within 3 minutes at this concentration.
Alarms certified to W 2034 were tested using the equivalent high concentration (400 ppm) test
specified in the standard, requiring activation of the alarm between 4 and 15 minutes following the
initiation of exposure.
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Results - Laboratory Gas Testing

All alarms tested emplogkeelectrochemical sensor technology. The manufacturers of all UK certified
models tested, claimed conformity to the British Standard BS EN 50291 (BSI 50291, 2001). Alarms
tested were classed as fAfail so f orusethaydailedthe t wo r
initial button testing (9% of all alarms tested), either because batteries were simply absent or depleted
(6%), or due to a more permanent electronic failure (3%); and/or (b) because they failed subsequent
gas testing (1% of alarms ted). It is worth noting that two thirds (6/9) of the alarms failing initial
button testing, failed simply because the batteries powering the alarms were depleted. The median age
of alarms tested was 2 years; 40% were less than two years old, 59% beavekf Zears and 1%

greater than 6 years. Variability in alarm age, and failure rates in the alarms gas tested, were both too
low to allow detailed investigation of the reliability of alarms of greater than 2 years in age, along
with factors potentially a#ficting alarm failure.

Results - CO Alarm Use Householder Survey

The percentage of households reporting previous CO problems in their home was 6%; the profile of
these households was mixed, including those in both owner occupied and rented propertieghthose

both open and balanced flue fuel appliances, and those in terraceejesachied and detached
properties. BS EN 50292 recommends periodic testing and replacement of alarms (BSI 50292, 2001).
Alarm manufacturers typically recommend weekly testinglafm electronics via the push button,

and replacement every six to seven years. Whilst the majority of householders (73%) reported
periodic button testing of their alarm, only 13% reported weekly or fortnightly testing as
recommended by manufacturers, 5@8ting monthly, quarterly or-@onthly, and 37% testing only
annually. Testing of alarms in rented properties was particularly poor, with 77% testing only annually.

In addition, the fact that the age of alarms was lower in those deployed in rentedezbtopawner
occupied properties, suggested that property owners replaced their alarms less frequently than tenants
in rented properties (or more than likely, their landlords). However, whilst property owners appeared
to replace alarms less frequently, thegre significantly more likely to attribute ownership of their

alarm to a general awareness of the health and safety risks associated with domestic CO exposure
(42%), than those living in rental properties (7%); the latter were more likely to attriboegship of

their alarm to their landlord (59%).

BS EN 50292 also offers guidance to consumers on how alarms should be deployed in the home to
maximise their ability to detect abnormally high levels of CO (BSI 50292, 2001). The home surveys
carried outby Gas Safe Register Inspectors highlighted that 23.6% of alarms were incorrectly
deployed, the most common reason being that the alarms were inappropriately positioned in the room
(e.g. wrong height from floor), which was the case for 76.0% of thoseréutly deployed; in 24.0%

of cases, the alarms were identified as being insufficiently close to potential sources of CO in the
home.Alarms were significantly more likely to be incorrectly deployed when deployed in lounges
(35.5%), compared to kitchens.§%). There was also some evidence suggesting that homeowners
were more likely to deploy alarms incorrectly (26.3%), than landlords deploying alarms in rented
properties on tenantsd behalf (20.0%), although

Discussion

The reslts of laboratory gas testing of CO alarms undertaken as part of this survey provide a
representative snapshot of the reliability of the most common models of CO alarms used by UK
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householders. Current estimates suggest that approximately 1 in 5 of hirdés have a CO alarm
installed. The results suggest that reliability of the most common models of CO alarms available in
the UK, particularly over their first four years of life, appear to have improved significantly since the
last study of this kind irR003 (Pool and Cotton, 2003), as judged by conformance to the British
standard BS EN 50291 (BSI 50291, 2001) and the US standard UL 2034 (UL 2034, 1996). The
average manufacturer recommended lifespan of the alarms tested in this study was around 6 years.
The median age of alarms tested was 2 years, while only 1% were 6+ years, highlighting that the
majority of alarms deployed in the homes partic
recommended lifespan. However, the number of alarms in tdg sample that failed button testing
(9/100, 9.0%) highlights the importance of regular testing by householders to identify alarms that are
not working correctly.

Landlords have a legal duty to ensure that the gas fuelled appliances and associatedttilies in
properties they rent are maintained in a safe condition to prevent harm from CO exposure. The
deployment of CO alarms provides an additional measure to further mitigate against risk and therefore
it is perhaps not surprising that a high proportioneoints in rental properties reported the decision

to install a CO alarm was made by their landlord, rather than themselves. In addition, the fact that the
age of alarms was lower in those deployed in rented compared to owner occupied properties, suggests
that owners of properties may replace their alarms less frequently than tenants in rented properties (or
more than likely, their landlords).

Recommendations

HSEbs 2006 review of gas safety (Frontline, 200
had gradually shifted away from rented properties and towards owner occupied properties, a trend
perhaps attributable to the duty of care imposed on landlords to control risk by the Gas Safety
(Installation and Use) Regulations 1998. Whilst such a trendtisloubted, evidence from the data

collected in this survey suggests that the risks of CO problems in rented properties might be further
reduced by raising awareness of the health risks of CO specifically among the occupiers of rented
properties (as opped to landlords themselves). In particular, awareness should be raised of issues
such as the types of fuel appliances where the risk of CO related problems are higher, the signs to
look for indicating that CO might be being produced, and the importanecegafar CO alarm

checking. Given that home owners are responsible for the control of CO risks in their homes, the
merits of campaigns to raise awareness of further issues such as the importance of regular servicing of
appliances, the merits of installingDCalarms, and the importance of their correct deployment, are

l' i kely to be greater for this group. HSEGs 200E€
frequency of CO poisoning related incidents involved poisonings in lounges and bedroortisié-ron

2006). Therefore, maximising the potential of alarms to detect CO leaks as early as possible in such
rooms in particular would appear an additional potentially effective strategy to adopt.
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3.3h Risks to health of carbon monoxide and other
combustion gases in energy efficient homes

Arun V Sharma& Derrick Crump g

as
IEH, Cranfield Health Safety

Background and objectives

Revisions of the UK buildingegulations introduced to help combat climate change are resulting in
changes in the design and construction of both new and refurbished homes, as well as methods of
heating and ventilation and these could lead to new or increased risks for the heattbpainte

These changes include increas@tightness of homes in order to lower thermal loss, greater use of
mechani cal ventilation with heat recovery and
government aims that newly built homes from 2@té to be zero carbon as part of the Code for
Sustainable Homes: a national standard for the sustainable design and construction of new homes.
There are concerns that inadequate ventilation resulting from poor design or equipment performance,
as well as irmproper use and maintenance by occupants could result in increased levels of indoor
pollutants.

Combustion appliances, such as gas codkedsheatersare a source of indoor air pollution and pose

a health risk if there is inadequate ventilation; carbonmawide (CO) is singled out from other gases
such as nitrogen dioxide (NJDand sulphur dioxide (Sfpas it poses greater health 8sKO is the

leading cause of accidental and intentional deaths related to poisdreng wtoxication can occur as
singleor repeated exposuf®/HO, 2010) Exposure to combustion generated pollutants such as CO,
NO,, particles and environmental tobacco smoke can lead to a range of health effects including cardio
vagular diseases, which are the leading cause of deaths in industrialised cd@rtriap et al.,

2009) Indoor levelsof combustion pollutantsan be much higher than those observed outdoors due

to appliances used ankeir emission rate, ventilation rate and behaviour of occug@ntsford et

al., 2005)

This study considers the possible increased risk to occupant health due to exposure to incomplete
products of combustion in eryy efficient homes. The projecivhich is funded by the Gas Safety
Trust, involves measurements of indoor pollutants in a sample of about 15 new homes as well as
measurements in some older homes. The project is also using an indoor pollution modedsto asse
occupant exposure but this is not described in the current paper.

Study description

The projecthasmonitoredair pollutants in homes that amew or retrofit homes built or refurbished in
accordance with 2006 building regulations or to a higtendad of energy efficiency. Measurements

have been madduring the 2010/11 heating season over a period of two weeks with various
unobtrusive monitors placed in the kitchen and other habitable rdtvaglata obtained beingused

in conjunction with questiaraire and activity diaries kept over the main two day monitoring period.
The project incorporates the development of a protocol for undertaking measurements of air pollutants
and recording occupant activity in energy efficient homes to inform the assésdgmensible health
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risks. The emphasis is on determining CO by continuous monitoring in the kitchen and other habitable
rooms with additional measurements of Nfarticulates and some organic compounds in air

The information about sources, guidelirresl health effects obtained by literature review, combined
with the results of measurements and modeingeingusedto assess if there are new or increased
risks arising from theombustion ofuels in energy efficient homes. Comparisons are madeatithhe
based guidelines for acceptable concentrations in air to determine if the levels recorded and the
scenarios modelled are a potential risk to human health and well being. The study can only be
considered as a preliminary investigation and not reprasenf the wide range of house types and
different occupant behaviours that may influence levels of pollutants and amount of exposure of
occupants in homes. However given the current lack of available information in energy efficient
homes the study pradés valuable indicative data and a basis for recommendations for further work.

The main monitoring equipment used includes multiple electrochemical CO seadtefine
particled ( Wénéensatiomounters and diffusive nitrogen dioxide tubes. Phatisation detectors

and diffusive tubes for volatile organic compounds were sometimes thsd results are not
included. Homes were primarily recruited to participate in the study with letters posted at sites of new
homes. CO alarms were offered to thed® came forward to volunteer as compensation for their
time. After a less than overwhelming response to this, the offer of a high street vouz€D afarm

was offered which prompted a greater response.

Results & Discussion

Table 1 provides informain on 6 properties monitored (5 newly built/retrofit and 1 older home) and
includes the type of fuel used for the heating and cooking appliances. Initial results for pollutants
monitored in the kitchens of these 6 homes are given in Table 2; data isethdhath the CO

monitors, NO2 tubes and UFP counters, which monitors particles in the range of Dj¥a. UFP

are defined as O 0.1 Om, so some fine particles

Table 1 House properties of 6 homes monitored

Home Year built / Build type Main cooking Main heating Cooker hood ?/
age band appliance fuel appliance fuel (used)?

I 2010 Semidetached Gas& electric Gas Yes/ (ye9

1] 2010 End terrace Gas& electric Gas Yes/ (yes)

1 2007 2"%floor flat Electric Gas Yes/ (no)

v 19451964 Semi-detached Gas& electric Gas Yes/ (yes)

\% 2010 1% floor flat Gas& electric Gas Yes/ (yes)

VI 19651975 Semidetached Gas Gas No/ (n/a)

& Retrofit 201011
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Table 2 Summary of pollutant data from the kitchens of 6 monitored homes

Home Maximum Mean CO Maximum 1 & 8 NO2 Maximum Mean UFP
CO (ppm) ®  (ppm) © hour CO (ppm) ¢ (ugm-3%)  UFP (ptcm-3)d (ptcm -3)d

[ 13.9 0.7 488&1.7 0.18 7,360 5,008

Il 10.7 0.7 39&1.1 11.17 500,000° 46,103

1l 1.6 0.9 15&1.1 12.03 315683 119075

v 9.1 0.8 42 8&1.7 22.84 17,198 4,160

Vv 8.5 1.0 3.6&1.4 12.93 493100 112,084

Vi 58.9 1.7 2148 3.9 - 500,000 47,993

b continuously logged data (approximately 2 da)?S)VHOtime weighted averagguidelines: 8 ppm(1 hou) 9 ppm (8 hours)

d continuouslylogged data (approximately 8 houres500,000 pt criis the maximum range that the UFP monitors

NO2 was monitored over 2 weeks in 5 of the 6 homes, with all well below the WHO guideline (40 pg
m-3 annual average). Currently, there are no recommendédligeis on exposure limits to UFP. The
maximum reading monitored in the 6 homes (Table 2) ranged from 7,360-Bt (om reported
activity occurred during operation of the monitor) to >500,000 pt3cfgas cooking reported).
Wallace & Ott (2011) monitored EP in various gas cooking scenarios and found maximum UFP
ranging from 15,000 pt cf8 to 432,000 pt cA3.

Home Il did not have a gas cooking appliance and the maximum CO monitored in the kitchen was
lower in comparison to the other homes, but the averagritored CO is similar. No WHO
guidelines for CO were exceeded in the monitoring of the 6 hofd®mugh some maximum CO
readings were higher than several of the guideline levels set, this only occurred for a short period of
time.

The highest peak andierage levels of CO monitored occurred in Home VI, which was not recently
built. This home had an old gas cooker which caused the maximum concentration observed during an
approximate 40 minute activity, which was the only gas cooking period reported thei@glays of
monitoring. This was the only activity that caused the CO to largely deviate from the background
level of the house, of approximately 1 ppm. The cooker was estimated to be 20 years old and had not
been serviced recently. The occupant wasrinéd of the findings and issued a recommendation
letter for servicing as extended use of the gas cooking appliance may cause CO levels to exceed the
indoor guidelines set for CO.

Figure 1 shows the comparison of the maximum 8 hour continuous data froesH@&VI, in both

these instances approximately 40 minute cooking activity occurred. Although not completely
comparable due to the cooking procedures used, the levels of CO observed in Home VI are
approximately 5 times greater than in Home | after redarte of a single gas hob for 10 minutes. If
older appliances such as that in Home VI were to be used in a more air tight environment, the CO
levels may be elevated for greater time periods than in older homes, therefore it is important that gas
appliancesare regularly serviced, at least once a year, by qualified engineers to ensure that this does
not occur.
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Figure 1 Monitored 8 hour maximum CO in Homes | & VI
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Conclusions

Work is continuing to complete monitoring of 15 energy efficient homes and soree halthes.
Computer modelling will also be applied to further explore scenarios and their risks to health. Initial
results for the 5 homes found guidelines not to be exceeded but the potential of an old cooker to
generate elevated levels of CO was shown.

Ac knowledgements
The Gas Safety Trust
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4. Health impact and understanding exposure
4.1 Presentations

4.1a Recent developments in estimating the public
health impacts of air pollution

Fintan Hurley
Institute of Occupational Medicine, Edinburgh EH14 4AP, Scotland, UK

Background and objectives

While manyaspects of research on air pollution are intrinsically interesting, research also has the
fundamental social purpose of informing the development of policies that help protect human health.
This requires estimates of the public health effects of outdopdution. Fortunately, the
underlying research has progressed to the point where such estimates can be made with sufficient
accuracy and precision that they do in practice inform the development of palitiie UK, the EU,

the USA and in many otherountries. There have however been some unresolved and contested
issues about how best to represent, in terms of population health, the dominant effect of outdoor air
pollution on public health, i.e. the effect on the risks of mortality in adults oftkenmg exposure to air
pollution, characterised as annual average £M

Late last year COMEAPreported on work, carried out principally through its quantification sub
group QUARK, both to clarify the methodological issues and to estimate the momabacts of
outdoor air pollution in the UK. Specifically it addresdmih methodological and substantive issues
related tawo kinds of questions:

e The burden question: O6What is the effect of

e Theimpactquet i on: &6éWhat are the effects on mort al

The talk will summarise briefly the work and conclusions of QUARK / COMEAP.

Study description

A working group of QUARK (members plus Secretariat) met frequently, -ttatace, by
teleconference and by-mail discussion; identified and discussed the issues; sought repeatedly to
improve their understanding of them and the clarity with which they could be expressed; made and
discussed repeated drafts; got informed input from QUARK anWEAP as a whole; made further
revisions; and achieved a draft with which they were happy and COMEAP was happy to sign off.
The process was at times intensivéhe underlying issues were not easy to grasp and to express
clearlyi but rewarding.

1COMEAP(2010). The Mortality Effects of Long -Term Exposure to Particulate Air Pollution in the United

Kingdom. Available (accessed 19 April 2011) at http://comeap.org.uk/documents/reports/128 -the -
mortality -effects -of-long -term exposure -to -particulate -air-pollution -in-the -uk.html
110

Prepared by IEH for the 2011 Annual UK Review Meeting on Outdoor and Indoor AitiBolResearch
10-11 May 2011


http://comeap.org.uk/documents/reports/128-the-mortality-effects-of-long-term%20exposure-to-particulate-air-pollution-in-the-uk.html
http://comeap.org.uk/documents/reports/128-the-mortality-effects-of-long-term%20exposure-to-particulate-air-pollution-in-the-uk.html

Results

COMEAP (2010) clarified the relationship between various wayspesenting the populatienide
mortality impacts of air pollutioi though the methods apply equally to other environmental or social
risk factors, especially those that contribiutgs air pollution doek as one stressor among many.

Briefly, total popuation survival time, expressed as total years of life lived by a population, is a good
summary measure for answering both the burden and the impact question. The associated numbers
are very large and so are difficult to grasp. For example, across théh&lkourden of current

ant hropogenic air pollution was estimated at 34
communication, this burden can be expressesha/alento about 29,000 deaths at typical ages, i.e.

with average loss of life ahbout 11.5 years. This is a population burden, not an estimate of the
number of individuals affectedit may be more realistic to consider that the same burden is reached
through up to 200,000 deaths in the UK in 2008 being affected, with an assoossted life of less

than 2 yearson average but the distribution across individuals is unknown. (Change in) life
expectancy of a birth cohort can also be useful in indicating both mortality burden (a reduction of
about 200 days) or the benefits of ag/m® reduction UKwide in annual average PM(an increase

of about 20 days). However, this is unsuitable for policy analysis because it does not represent a
population burden. And the benefits of reducing pollution cannot easily be expressed in terms of
numbers of deaths because the consequent sustained reduction in death rates leads, over time, to a
larger and older population than would otherwise be the case (all else being equal), and this in turn
affects numbers of deaths.

Conclusions

The complexmethodological issues can beand we think have beéindisentangled and clarified.
Outdoor air pollution remains a serious public health issue and measures to reduce it will have
important public health benefits (unless those measures adversely afffiichpalth in other ways).
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4.1b Scoping the possible health effects of nitrogen
dioxide

Dr Heather Walton
Science Policy Group, MRE&PA Centre for Environment and Health, King's College, London

Background and objectives

The health effects of mitgen dioxide are controversial with strong debate over whether the health
effects detected in epidemiological studies are due to nitrogen dioxide itself or to nitrogen dioxide
acting as an indicator for particles (particularly trafitated primary paidles). While this is still

under debate, it is natural to be cautious about quantifying the effects of nitrogen dioxide.
Unfortunately, this debate has been going on for at least 15 years (the view reported in the WHO Air
Quality Guidelines 2000 (WHO,0®0) was agreed in 1996) and resolution seems unlikely to be
imminent (COMEAP, 2009)The absence of agreed concentratiesponse relationships means that
costbenefit analyses including health effects of nitrogen dioxide cannot be applied even t policie
whose aim is to assist with meeting nitrogen dioxide air quality objectives. This presentation takes
the view that the uncertainties regarding nitrogen dioxide should be included withibeoesit
analyses, at least as sensitivity analyses. It wjplare illustrative calculations of the scope of the
health impacts when particular choices are made as to whether particles or nitrogen dioxide or both
are important. This may allow some judgements about appropriate policies to be made even in the
face d uncertainty.

The objectives are (i) to get an illustrative feel for the potential size of the health effects of nitrogen
dioxide, if the coefficients for nitrogen dioxide can be taken at face value (or if they can') (ii) to
illustrate how such sensitty analysis could be used in practice and (iii) to highlight areas that need
more investigation before this approach can be fully developed.

Study description

The nitrogen dioxide limit value of 40 pgiras an annual average is intended to protect aghias

risk of children's respiratory symptoms as a result of-kemgn exposure to nitrogen dioxide. While

this was originally based on studies in indoor air, there are now studies on children's respiratory
symptoms and lorterm exposure to nitrogen dide in outdoor air (reviewed in a supporting paper

to the 2009 statement by COMEAP). The only one of the reviewed studies of respiratory symptoms
in older children (where respiratory disease is more established than in infants) to include multi
pollutart models for NG (McConnellet al.,2003),was used for the illustrative calculations. At this
early stage, while baseline numbers of children afié B England and Wales in 2005 (6,537,£00)

and the percentage of asthmatic children in the UK (20% ag@@2/3; Asheet al.,2006) were

used in the calculations, baseline rates of bronchitic symptoms in asthmatic children (37%) and
pollutant ranges were taken from the Southern California Children's Health Study paper (McConnell
et al.,2003). The methodf calculation was based on that used for respiratory symptoms in panel
studies in the codienefit analysis for CAFHClean Air for Europe) (Hurlegt al, 2005).

! http://www.comeap.org.uk/documents/statementstédementind supportingpapers.html
2 http://www.statistics.gov.uk/downloads/theme_health/Dh2_32/IMb32_2005.pdfTable 1)
3 http://ec.europa.eu/environment/archives/cafe/pdf/cba_methodology_vol2.pdf
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Results

The McConnell paper contains results for severdupants (only 3 of which are examined here) and
includes two types of coefficients. One is described as 'between communities' and is based on
exposure contrasts betweenyehar averages in different communities. The other (within
communities) is more corgx being based on year to year variations in pollutant concentrations
within communities, or more precisely yearly deviations from tiyea mean. The interesting thing

is that the correlations between pollutants differ for these different metricee(Talbbhich may be
informative as to the relative importance of the different pollutants.

Table 1 Pearson correlation coefficients between 4-year average pollutant concentrations
across study communities (N=12) and  of yearly deviations of air pollutants  from 4-year mean
within communities (n=48)

Between communities Within communities
Pollutant NO:2 PM2zs oC NO2 PMzs oC
NO, For correlations, see Table E1(between communities) of the online supple
PM; 5 http://ajrccm.atsjournals.org/cqgi/content/full/168/7/790/Dfnitl Table 3

OC (organic  (within communities) of McConne#t al (2003)Am J Respir Crit Care Med,
carbon) 168,790-797 available at
http://ajrccm.atsjournals.org/cgi/content/full/168/7/790

As NO, and PM; are both regulated, routinely monitored pollutants, and are less correlated in the
within communities than in the between communitieslysis, these odds ratios were used for
calculations addressing a first question 'if the odds ratios can be taken at face value, what is the size of
the effect we might be dealing with*? Using the odds ratios in Table 2, the results in Table 3 estimate
that if the annual mean NQliffered from the 4 year mean by 1ppb, then the number of asthmatic
children in England and Wales that experienced bronchitic symptoms for 3 months of that year would
change by around 21,000.

Table 2 Bronchitic symptoms as af unction of the 4 -year average air pollutant concentrations
(between communities) and as a function of the difference between annual air pollutant
concentrations and 4  -year average concentrations (within communities) among children

with asthma

Pollutant & ORHunit § (95% CI) ORYunit 8 (95% CI)
(between communities) (within communities)
NO, For odds ratios see Table 4 of McConmelal (2003)Am J Respir Crit
PM, Care Med, 168790-797 available at
oc http://ajrccm.atsjournals.org/cgi/content/full/168/7/790

§ Odds r;aitrogen dioxileNipb), PMparti cul at e nmsk nl ed s atpedCeman¢ € g/ m
carbof(eg/ m
* p<0.08, A p<0.0
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Table 3 Provisional estimates Aof additional numbers of asthmatic children with bronchitic
symptoms amongst 1,307,420 asthmatic children in England and Wales using within
community odds ratios

Pollutant Annual Mean range Annual number of Difference in Extra
number of yearly extra asthmatic yearly asthmatic
extra deviation from children with deviation in children with
asthmatic 4 year average bronchitic 2020 from 3 bronchitic
children with in Southern symptoms if year mean symptoms in
bronchitic California concentration 2010,2015,20 2020 for
symptoms (per (Table 2, variations were as 20 between measure R
lppborl McConnell et in Cali fornia baseline and (negative as
pg/m 3) al., 2003) measure R* reduced)

NO> 21139 4.9 ppb 109559 -0.5ppb -10911

PM.s 26975 3.9 ug/nt 112166 -0.2pg/nt -6036

oC 109752 1.5 ug/r‘r‘? 198319 n/a n/a

NOzadj OC 12217 4.9 ppb 49152 -0.5ppb -6276

OC adj NQ 15214 1.5 ug/r‘r‘? 23450 n/a n/a

AThese estimates are provisional as t htethe methddologuesy ek meéan dedatiomat i on i mi

from 4 year averages could be used for,PEind NQ and understanding of emissions/concentrations, energy projections and available
policy packages have all changed since the projections for the baselinesander® were done. * Calculated from data for UEP12, 2003
base year in Gricet al (2007,

An analogous figure for Ph estimates about 27,000 children affected forpay/tn® deviation from

the 4 year mean. These figures are not directly comparalgletémcy terms as they are not on a

molar basis. However, they can be compared in terms oflifi@gdollutant variations in Southern
California. This gives figures of 109,500 and 112,000 children for @ PM s respectively. It is

unlikely that thee figures can be added together but it could be 109,500 (if thee$lithate were

real and the Pl estimate was not) or somewhere between this and the unlikely total of 221,500. For

real policy packages the ratio between pollutant changes could leerddfn t . 6Measur e
combination of policies on Euro standards, low emission vehicles and controls on emissions from
shipping. Using a monetary value for a day of acute bronchitis from the EAHEAP report (Department

of Health, 1999) would give a monefavalue of £1440 in 1999 prices for 3 months of bronchitic
symptoms. Thus, if true, the additional monetary benefits for the effects poNO c hi | dr en 6
respiratory symptoms for R would be around £15.7 million (no discounting, 1999 prices). The total
annualized monetary benefits of R (discounted, in updated prices) were much larger-a0&918

million but the margin over the costs ranged from-£331 million. In this example the measure was
already justified. In other examples, the costs would begteat to justify the policy even with the
inclusion of effects of N@ Thus, the policies for which this controversial debate would actually

affect the decision one way or the other can be narrowed down. If one belieyés IN®ing no

effectas a reult of acting as a surrogate for Pthen, avoiding doubleounting, the answer could

be £8.7m (the monetary benefit of a reduction of 6036 asthmatic children with bronchitic symptoms)
(but see next paragraph).

The above calculation assumes that tinglsi pollutant models are either to be taken at face value or
ignored but it is more likely that they provide a partial indication. So what do thepuolilitant
modelstellus?The results are giveta.,2a®k60d)s gnMd bd eo ve tMrato

4httr:)://uk-air.defra.qov.uk/repor‘[s/c(':1'[17/070717111§a1\/baselineandadditionalmeasuresreport v6.pdf

114
Prepared by IEH for the 2011 Annual UK Review Meeting on Outdoor and Indoor AitiBolResearch
10-11 May 2011


http://uk-air.defra.gov.uk/reports/cat17/0707171116_newbaselineandadditionalmeasuresreport_v6.pdf



































































































































































