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ABSTRACT

Scientists, health care professionals and the gempemblic have all raised concerns about the pitent
health impact natural and manmade sources bioderosp response in september 2012 the Natural
Environmental Research Council and public healtlyl&md jointly funded a workshop to review the
‘sources, quantification and health implication$@faerosols’. The organising committee for the ksbop
identified five priority areas-(1) bioaerosol idéication and quantification methodology, (2) bicasol
sources, (3) health effects of bioaerosols, (4yeex¢ events, risk assessment and mediation and (5)
bioaerosol dispersion and modelling. The primargppee was to bring together experts to report oane
research and identify research gaps where increlasedledge would improve risk understanding and
public health. This report summarises the presemstthe main discussion points and key conclisstbat
emerged during the workshop.
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1.INTRODUCTION conditions promote the survival and growth of fungi
(mold) in the indoor environment. Several speciethe
Bioaerosols are airborne viable and non-viable genera Alternaria, Aspergillus, Penicillium and
biological particles (e.g., fungi, bacteria, polland Cladosporium have been reported in studies of mold-
viruses), their fragments and by-products. Although damaged buildings (Andersenal., 2011; Polizzet al.,
bioaerosols are ubiquitous in all environments, the2009). It has become increasingly recognised that t
concentration and composition of bioaerosols emiitte allergenic and pathogenic potential of fungi is hijg
from natural sources (e.g., animals, man, soilpgsla dependent on the species within a genus. However,
and fungi) depends on several factors, including species-level resolution is extremely challengirgeq
geographic location, weather, season and time gf dathe diversity and large number of species. For @am
(Bertolini et al., 2013; Brodieet al., 2007; Fiereset al., the genud\iternaria in cludes approximately 300 species
2008; Leeet al., 2010). There has been sufficient (Seifert and Gams, 2011). In addition to naturairses,
evidence, for example, that warm, damp and humidbioaerosols may originate from human activitieghsas
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industry, farming, waste disposal and agricultume.  bring together leading UK experts from academia,
recent years there has been a strong shift towaais government and industry to report on the most recen
sustainable waste disposal practices, such as atimgo research findings and to identify knowledge gapsneh
and recycling, particularly following the adoptiof the future research is needed. There were also a nuaiber
European Union (EU) landfill directive (1993/31/EC) talks from researchers and academics from across
Under the landfill directive, targets have been wet Europe since the issues that surround bioaerosdisei
reduce the amount of biodegradable municipal wasteUK are most likely to be of relevance to all Eurape
being sent for disposal to landfills to 75% of 196gels ~ Countries. The following report summarises the
by 2020. However, a consequence of this transitiondiscussions and conclusions from each of the five
towards more sustainable forms of waste managemenfemes and outlines the main concerns and chalenge
has been increasing concern about the potentidthhea identified by attendees that must be addressed.
risks associated with bioaerosols emitted from
composting sites. The complexity associated with th 2. MEETING REVIEW AND DISCUSSION
evidence based regulation of bioaerosols was éateml
in the workshop with the presentation of Dr Rob
Kinnersley who outlined the challenges faced by the
environment agency in regulating bioaerosols from  For the analysis and precise quantification of
composting and intensive farming sites. Major bioaerosols, it is first important to obtain biocasol
knowledge gaps in hazard characterisation and expos samples that accurately represent the wider envieon
assessment, however, have made it difficult toycaut from which they were taken. There are presently no
an objective evaluation of risk. Furthermore thegeds to ~ standardised methods for bioaerosol sampling. Marti
be a consideration of the future effects of climeitange  Gallagher (University of Manchester) and Alan Behne
on the bioaerosol exposure. Increases in the ityessd (Health Protection Agency) gave presentations an th
frequency of extreme weather events and conseguentl various sampling methods that can be used to taliec
impacts on bioaerosol dispersion have already beersamples from bioaerosol sites and the evolutiothese
observed (D’Amataet al., 2013; Gioulekast al., 2004). methods over many years. Before deciding on a rdetho
However, to address these concerns it is clearioah ~ of air sampling it is necessary to consider theetyb
greater understanding of exposure is required anthis biological species that it is desired to detecthés will
improved methods to quantitatively and qualitagvel likely influence the choice of the air sampler. For
analyse bioaerosol samples are needed. example it may be necessary to have some prior
On September 13/14, 2102 the Natural information on the likely concentration range, #iee of
Environmental Research Council (NERC; an executivethe particle and whether it will remain viable ihet
non-departmental public body in Britain; Polarisude, collection process if post collection culture iguaed
North Star Avenue, Swindon, SN21EU, UK) and Health and the volume of air it will be required to samg#eur
Protection Agency (now; Public Health England; commonly used bioaerosol sampling methods are; (1)
Chilton, Didcot, Oxon, OX11 ORQ, UK) jointly funded impactors where the sample is collected onto adsoli
the first ever dedicated workshop to review thaitses,  surface such as a culture plate, (2) impingers eviiee
quantification and health implications of bioaedssat ~ sample is collected into a liquid, (3) cyclone sterg
the University of Birmingham. Spread over one and awhere the sample is collected dry and, (4) filemplers
half days, this workshop consisted of presentatiops Wwhich as the name suggest filter particles from aire
invited speakers as well as small break-out group(Gandolfietal., 2013; Williamset al., 2013). While their
discussions on focussed topics related to bioakxoso physical and biological collection properties diffe
There were five main areas of focus during the considerably, all bioaerosol samplers have onegtinin
workshop: (1) Bioaerosol sampling and quantificatio common: None of them are capable of fully captuafig
methodology, (2) bioaerosol sources, (3) healthot$fof  bioaerosol species. For that reason all four sanelee
bioaerosols, (4) extreme events, risk assessmemit anmost certainly likely to qualitatively and quantitely
mediation and, (5) aerosol dispersion and modellltige underestimate the actual numbers of bioaerosols.
overall objective of this UK-based workshop was to Attendees repeatedly emphasised a pressing need to

2.1. Bioaerosol Sampling and Quantification
M ethodol ogy
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address concerns about sample integrity duringon amplification of the sample, followed by either
collection, transportation and storage and the ssige  Sanger-clone based sequencing, hybridisation toifgpe
for longer sampling times and increase in the nunobe ~ Probes or HTS methods to analyse the regions. $ange
samples. As concentration levels of bioaerosolsveay ~ Sequencing strategies have been successfully uged b
dramatically there is also a need for better uridading ~ Pashleyet al. (2012) and others (Robertseinal., 2013)

of the effect environmental factors may have onglam for accurate fungal identification. However, thigtimod

efficiency. Finally, once the sample is collectduert is Iaborious,_requiring the piCk_"_‘g Qf multiple [.]kes
there is the challenging task of identifying theeaips followed by ligation of the amplification produatto a

present in the samples suitable vector, making it unsuitable for routine

Catherine pashley (University of Leicester) provide monitoring. Another method that has been exploged i

an overview of the various methods for the analgdis amplification of products from these gene regions
L ” . followed by hybridisation to specific probes andtin
fungal species in collected samples. Traditionallis

has b based he mi . vsis of a microarray format. Preliminary data (unpublished)
as been based on the microscopic analysis of e from Pashley and Gant has shown some utility is thi
samples or culture analysis. Apart from being time- method. However, the level of diversity in the fahg
consuming, labour intensive and expensive, results enomé is low wiih often onlv a few sinale nucldeti
obtained by culture methods represent only a small? : Y« 9 :
fraction of the total bioaerosol diversity found @& chan_g_es between species. Thls ren_ders the design of
given environment (Gandolfi e¢ al., 2013). spec_lflc pro_bes very _cha_llengmg, part_|c1_1|ar_|y wheay
Furthermore bioaerosols not viable or culturabldam | caure similar hybr|d|sat|o_n characteristics nuimr_to_ be_

the imposed media conditions will not be detected,Ioca.te(.j on the same microarray for co-hybr|d|sa_t|0n
thus producing a potential underestimate or distbrt Preliminary data indicates the method may be slaitab

. ; . for genus identification where there is more diitgrin
picture of the health impact of bioaerosol exposure . .

) the genome sequences but difficult for the speleiesl
Microscopy based methods suffer many of the same

Lo . g : . . where there is likely a high potential for the miss
limitations in being laborious, time consuming and identification of species. Finally further deploymeof
prone to human error, as well as analysis beingdiin b ' y P

to those species that are easily distinguishedhieyr t the method will be limited by its cost.

appearanc% (Gandoét al 2013;/ 9 ¥ The cost effectiveness of HTS methods has lediso th
Efforts to improve our understanding of the health _bemg_ the preferred op_t|0n for ~the = molecular

risks of bioaerosol exposures have therefore fatliss identification of fungal species. It does not suflem

developing new molecular approaches capable Ofthe problem of a requirement for cloning and pigkof

identifying bioaerosols regardless of their viagilor ~ e amplified products and does not require complex
appearance. In developing new methods the focus haBrobe design and hybridisation. It does though irequ
first been on techniques that qualitatively imprdbe careful optimisation of the b|0|nformat|c plpel|_|fmzr_ 'Fhe
qualitative recognition of fungal species, followsdy  data to ensure that the correct species are beemgified
quantification. Particular attention has been given and in the correct diversity. Application of this
developing high-throughput molecular techniqueshsu Methodology for bacterial sequencing utilising &S
as High Throughput Sequencing (HTS) and ribosomal sub unit region (Janda and _Abbott, 2007)
microarrays. All these methods take advantage ofSuggests that this is the method of choice andrakve
genome sequence variation within large repeat syray 9roups are now actively involved with development o
such as ribosomal DNA (rDNA) to differentiate fungi Several HTS platforms. Initial application to defth
at the species level. Three regions of the fungabgne ~ samples has shown substantial utility (Brownal.,
have potentially sufficient diversity amongst spscto ~ 2013; Tongeet al., 2013). This method holds the
allow their use in species recognition and quaraifon ~ greatest promise for the qualitative assessment of
(for a detailed review see (Linda#tlal., 2013)). These fungal species in bioaerosols, but quantisationl wil
are the Internal-Transcribed Spacer (ITS) regiom$ a require further development. The reasons for thes a
the Large Subunit (LSU) regionsFif). 1). These that these regions of the fungal genome are prdsent
regions can be amplified across species by virfube®  multiple copies and the spores themselves are multi
conserved parts of the genome between them. cellular. It will be necessary to determine copynter
Generally molecular methods for  fungal and cells per spore for each species of interestder
identification that employ diversity of these reggorely for HTS methods to develop into quantitative tools.
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Fig. 1. Variable regions of the fungal genome

It is not just speciation that is important in agating highlighted the crucial need to support and furskagch
adverse health effects with bioaerosols but alse th activities on indoor mold to address the recognised
amount of the allergenic macromolecule in the sampl health risks and associated public concern. Indoald
and mycotoxins. The all ergenicity of a bioaeromol affects not only surfaces in the building but fehings
dependent not only on the species distribution andand air quality. In particular there is a challengith
quantity in the sample but also the conditions unde damp affected buildings and a number of pathogenic
which growth has taken place as the expression offungi have been detected in air collected from toogs
allergenic proteins can alter depending on the affected buildings. While studies have reporteefiects
environmental conditions in which growth occurs. in relation to indoor mold exposure, further restais
Analysis of these molecules using mass spectralneeded to better establish the causative specids an
approaches was covered in some detail by Lennartllergenic proteins resulting in the health effettsloor
Larsson of the Lund University, Sweden. Dr Larsson mold affects not only buildings of poor quality baiso
demonstrated how mass spectral approaches caretie usthose affected by flooding events. Furthermorehais
to detect proteins, carbohydrates and lipids insghe recently become apparent that modern buildings
samples and also how this approach can be apmlied tdesigned to retain heat and save energy can prasent
molecular  epidemiological ~studies to examine environment that encourages indoor mold growthodmd
associations between particular fungal moleculed an molds grow at lower humidity and temperature levels

adverse health outcomes. than are required for bacteria (Gravesen, 1979)s Th
The approaches outlined by Drs Pashley and Larssofneans they are particularly well suited to growimghe
applied to samples offer substantial benefits teemdar  jndoor environment. Reports indicate the prevaleoice

epidemiology and opportunities for causation to bejndoor damp in Europe and North America to be 1950
established between fungal species, allergeniceute  (WHO, 2009). Others have estimated the figure clase
and adverse health outcomes. 20% (WHO, 2009). In either case this represents a
22 Bioaerosol Sources substantial_ amount of occupied living space. Moezpv
as described previously there currently are no
Three areas of bioaerosol source were exploreueat t standardised methods for assessing bioaerosol especi
workshop; indoor air, outdoor air and occupational and exposure, making interpretation of existingadat
exposure that can encompass both indoor and outdoadifficult, particularly across studies. For indoatold
exposure. These were explored separately by threéealth effects the strongest link so far estabtisisethat
speakers; Malcolm Richardson  (University of inhaling mold spores in residential or occupational
Manchester) dealt with the topics of indoor mold, settings may cause allergic reactions (Engehllal.,
actinobacteria and allergy, Brian Crook (Health and 2001; Funget al., 2003; Karvalaet al., 2008). Other
Safety Laboratory UK) addressed outdoor air sourcesstudies have also suggested a potential link betwee
and composting and Wijnand Eduard (National Insitu exposure to mold spores, including many Aspergillus
of Occupational Health, Oslo) occupational exposlite  species and the prevalence of asthmaand respiratory
all three of these areas there was an obvious fared infections (Denninggt al., 2006; Moormaret al., 2011;
more research due to some fundamental deficiemgies Mortensenet al., 2011). Finally, despite the fact that
understanding. In particular, the workshop presamnta myocotoxins and other fungal metabolites are kndovn
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be toxic, there is very little published informatiabout  2.3. Health Effects of Bioaer osols
whether these metabolites are responsible for ¢adtth
effects reported by individuals in mold-damaged
buildings. There is clearly a great deal more wibrkt
needs to be done in this area and quite urgently i
relation to modern building design and the incnegsi
occurrence of flooding events.

In recent years there has been a substantial seiaa
composting activity for organic waste driven by eed
to reduce the amount of such waste being deposited
landfill sites. Speakers and participants at theksiwop
discussed the challenges and barriers to implenmgnti
policies and measures regarding bioaerosol emission
from composting sites. Bioaerosols generated frben t
handling and processing of composted organic nadteri
pose a potential health risk not only to the woskdaut
also to nearby residents (see section 3, ‘heafdttsf of
bioaerosols’). There exists considerable uncestaner
exposures to bioaerosols from composting both for
workers and the public and therefore difficultias i
decision making to manage any risk. Part of this
uncertainty stems from an overall lack of underditag
associated with the difficulties mentioned abovethia
identification and quantification of fungal specidsis
has caused difficulties in conducting some research
particularly molecular epidemiological research, the
health effects of compost bioaerosols.

In addition to the diversity of organisms thereais
further challenge of secondary metabolites in the
bioaerosols emitted from composting facilities &hd
diversity of the expression of allergenic proteinsthe
same fungal species that may differ depending en th
growing environment. Moreover all sites are différe For some bioaerosols the health related effecbts n
and have to be assessed individually. The cond@mra  jergenic but resembles influenza-like illnessés:
and composition of bioaerosols emitted from compgst example, Legionnaires’ disease, a potentially féiain
sites will depend on a number of site specific d&&t ¢ pneumonia caused by legionella bacteria, spréad
such as the type of waste, scale of operationdésgn  \yater droplets suspended in air often from enclosed
of composting facility (indoors or outdoors) as M@ \ater systems (Bennett al., 2013) and Q fever,
the stage in the composting process. These fabtr®  \yhich starts as an influenza-like iliness, causgdhe
generally not been taken into consideration whenpacterium Coxiella burnetii, widespread among
undertaking the I’iSk assessment Of faCi|ities al”[d'em livestock. A popu'ation outbreak can occur by
research is urgently required to address thesesr@edl  jnhalation of contaminated dust or contact with
assess the risk to health to workers and thosedliin infected tissues, such an outbreak occurred in the
the vicinity of these facilities. There was intdramong Netherlands from 2007-2010 due to infected goats on
many of the participants to develop a source irmgnt g farm (Van der Hoekt al., 2012).
database of bioaerosols, similar to that develdpeair After metal workers the occupational setting most
pollutant emissions by the United States (US) associated with bioaerosol induced allergenic asbver
Environmental Protection Agency (EPA). It was thiat health effects is farming. The norwegian farmersigt
such a database could assist in the determination ofound acute symptoms such as eye and nasal writati
bioaerosol risk from all sources. were associated with occupational exposure to

The health effects of bioaerosols were addressed by
Debbie Jarvis (Imperial College) and Sherwood Berge
n(Birmingham Heartlands Hospital). Adverse health
effects can be caused by many of the biologicatisge
found in bioaerosols. The most common effects are
respiratory symptoms including wheeze, dyspnoea,
exacerbations of asthma and induction of respiyator
disease, sensitisation, allergic rhinitis and @meaditions
such as allergic alveoli is and hypersensitivity
pneumonitis (WHO, 2009). Referring to the WHO rdpor
of 2009 Professor Jarvis made the important pdiat t
there is sufficient epidemiological evidence to cade
an association between indoor mold and asthma dtut n
enough to prove causation. Epidemiological intetioen
studies indicate that dampness and associated rindoo
mold exacerbate asthma in children (Mendgllal.,
2011). Professor Burge addressed the adverse health
effects of bioaerosol exposure in occupationalirsgst
including sick building syndrome, metalworking and
refuse workers. The highest incidence of asthma
associated with occupational exposure has to date
been in metal workers and was correlated with a
change in composition of the metal working fluid
from an oil-based solution to a water-in-oil ematsi
that encouraged bioaerosols. Whilst demonstrating a
positive association, the causal organism haso/éet
identified. Professor Burge made the point that the
lack of facilities in clinical laboratories for the
detection of non-pathogenic organisms makes the
molecular epidemiology and analysis of patient
samples for allergenic species challenging.
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endotoxins and fungal spores; chronic exposures fro tract, the immune response and how genetic vaniatio
fungal spores and ammonia were associated with nonmay influence an individual’s response.
atopic asthma and many bioaerosol agents were fund In order to understand the incidence of adverséhea
be associated with chronic bronchitis and effectsung outcomes associated with bioaerosols we need #blse
function (Eduardet al., 2001; 2009). Brian Crook to relate the health response to exposure. Thdageuent
(Health and Safety Laboratory) summarised the mainof standardised, objective measure of exposuresffadt
components of bioaerosols at commercial compostingare required. These should be easy to operatep chigg
sites from bacteria (mainly Gram-negative), fungi throughput and suitable for use in large scale
(mainly Aspergillus fumigatus), end toxins and [siia epidemiological studies. Biological sampling, suah,
protozoa with potential health effects such as &hos skin prick and blood sample tests for markers afiimity
described above for individuals working at thesessbut  (IgG/IgE or CD14), or even the use of less invasive
noted that individuals not occupationally exposestev  samples such as tears to measure immunological
less likely to be at risk (Domingo and Nadal, 2008) responses need to be developed and validated.
the UK, the environment agency is responsible for Epidemiological studies also need to be designed to
regulation of these sites and notes that therereotly include qualitative and quantitative measures oftipla
limited research on the health effects for the lloca bioaerosol agents so that data can be collected on
communities living near composting site. Howeveg th exposures and responses to assist with risk assegsm
consensus from various studies is that bioaerdsois to guide treatment and to enable cost-benefit ammafpr
composting activities decline rapidly within thesti100  the development of policy for prevention and
metres from a site and generally decline to baakglo remediation. Such practical actions are well eithbtl
levels within 250 metres (EA, 2010). for indoor air but more research is needed to adre
Evidence suggests that indoor mold is associatédd wi outdoor air exposures.
respiratory symptoms such as increased asthma )
devpelopm)ént zndp exacerbation, dyspnoea, wheeze ang# EXxtreme Events, Risk Assessment and
respiratory infections (Tonget al., 2013). During the Mediation

workshop, Malcolm ~Richardson ~(University —of Climate change is expected to cause more frequent

Manchester) explained how inhalation of spores and .
toxic volatile metabolites, produced by filamentous occurrences of extreme weather events such asasese

fungi, action bacteria and thermoactinomycetesdead in flooding, _thunderisto:jms aﬂd temp_erggure risdiesé
iritation and non-specific symptoms in sensitive EVENts are likely to lead to changes in bioaerggm as

persons. Exposure during infancy to specific moldsthe environmental conditions impact the growth of
associated with damp has been associated withhciuiti ~ species differently and their expression of alleige
asthma at seven years of age (Repoeeal., 2012). macromolecules. Therefore these events could résult
Whereas, more general increased microbial exposuréiew pollen and fungi sensitizations causing aneiase
early in life might be considered protective asdis in cases of respiratory allergy (Kennedy and Smith,
have shown children who experienced a range 0f2012). For example flooded properties, once theersat
microbial exposures have lower prevalence of asthmehave receded, present an ideal environment esjyeitial
and atopy (Douwest al., 2006; Egeet al., 2011). warmer climates for increased indoor mold growtbr F
Despite the information from occupational and indoo example studies of homes undergoing renovatiorr afte
studies, fundamental questions still remain witharés  hyrricane Katrina showed high levels Benicillium,
to the health effects of bioaerosols. Attendeesedjthat Aspergillus andPaecilomyces (Chewet al., 2006).
there is insufficient knOWIEdge about health risks Increases in temperature may encourage the growth
associated with specific species and the variation  of different plants species including those knowave
human health responses. Those who are at risk fromallergenic properties, for example, varieties ajwaed,
developing health effects after bioaerosol expasure which are associated with increased prevalence of
include those with pre-existing respiratory disgase allergic reactions and asthma. Earlier and longer
children, the elderly and those with impaired immun pollination seasons are also likely to occur cayisitore
systems. However there is wide variability in iridival pollen to be produced and released over longeogeri
susceptibility to bioaerosol exposure. To undexbtgnis increasing the duration of symptoms for sufferers
variability more needs to be understood about the(Kennedy and Smith, 2012). Extreme weather events,
penetration of the bioaerosols in the human respiya  particularly thunderstorms, can induce severe asthm
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attacks in a subgroup of asthmatics (D’Amatoal., bioaerosol either acts as a cloud condensatiorensi@r
2005). This may, in part, be explained by the closeice nucleus thereby forming a new hydrometeor. Belo
temporal association between the arrival of a cloud wet deposition rates increase with bioaerssm,
thunderstorm, a rise in airborne pollen concertresti  whilst in cloud wet deposition rates are more
and the onset of asthmatic symptoms (Maeksal., complicated depending on a combination of bioadroso
2001). There is also the possibility that polleaigs in size and composition (Seinfeld and Pandis, 201B¢ T
the humid conditions of the thunderstorm ruptuseliag detailed microphysics of bioaerosol cloud inter@csi
to a greater release of their cytoplasmic contelickv  ispoorly understood (Griffithst al., 2012; Morriset al.,
contain the allergenic proteins (D’Amagbal., 2005). 2011). Clouds can also affect bioaerosol dispersipn
Particulate Matter (PM), Ozone f0Oand other air  suppressing insolation and hence reduce the miikxing
pollutants are associated with effects on respiyato the boundary layer. The re-suspension of ground
health (as well as on cardiovascular health) ambsxre  deposited bioaerosols is possible through mechianica
to both air pollutants and pollen may exacerbateaction such as strong winds and road traffic induce
respiratory symptoms of allergy. Gennaro D’Amato turbulence. However there has been little research
(University of Naples) explained that binding ofr ai undertaken which assesses this route of bioaerosol
pollutants to pollen grains, or other plant-based dispersion. The relative efficiency of these diffietr
allergens, can initiate airway inflammatory evenbst processes is critically dependent upon the size of
may lead toincreased airway permeability and ireeda  individual organisms, or the particles to whichyttere
airway responsiveness to bioaerosols (D'Ametta@l., attached. Bacteria (ca 1 um diameter) and virusés (
2005; 2011). If the air quality monitoring networks pm diameter) typically have quite long atmospheric
were linked with an extended and improved national lifetimes, potentially of days, while whole pollgmains
pollen network to monitor the changes in pollenetyp (typically >10 um diameter) are mostly subject apid
and count, our exposure assessment of these types oemoval, with fungal spores (ca 5-15 um diameter)
interactions would be enhanced. behaving in an intermediate fashion.
The particle size, shape and morphology of
bioaerosols are not static within the atmospherany
Three speakers, Jon West (Rothamsted ResearchRioaerosols are hygroscopic, in that their wateiteot is
Carsten Ambelas Skjgth (National Pollen and dependent upon the relative humidity. The typickdtge
Areobiology Research Unit, University of Worcester) Size of some bioaerosols and hence higher depositio
and lan Hall (Health Protection Agency) addressedrates, generally results in the majority of biozels
modelling and dispersion of bioaerosols. In a risk depositing close to their sources. Field measurésnan
assessment of adverse health outcomes attributable the bioaerosol release from large composting faesli
bioaerosols an accurate measure of exposure ig@dqu show that the bioaerosol concentration typicalljsféo
This will encompass both effective sampling and background levels within 250m of the composting si$
analysis, both of which are challenges as artiedlat a result of dispersion and deposition (Svetal., 2003).
above. In addition to this, however, a necessityois However attendees noted that long range transgort o
understand how a bioaerosol is dispersed undeardift bioaerosols does occur and can be crucially impot@
weather conditions from an area source. the dispersion of pathogens on the global and cental
The physics governing the dispersion and transgfort scales (Brownet al., 2002). Modelling studies have
bioaerosols is similar to that of other aerosoletpDr shown that bioaerosol concentrations typically haeal
Skjgth explained that the main factors that deteemi or regional sources, but intermittently long dis&an
dispersion of aerosols from a point source arezbatal transport from more remote regions can provide
wind speed and vertical mixing due to atmospheric significant enhancements to the concentration. k)ot8
turbulence. Bioaerosols are removed from the presented the example of the concentratioAltsnaria
atmosphere through both dry and wet deposition. Dryspores measured in Copenhagen which were shown to
deposition is a function of density, shape and sizthe result from local crop harvesting in Denmark andreno
bioaerosol  (Aylor, 2003). Larger bioaerosols distant regions (Skjgtlet al., 2012). Various models
preferentially deposit due to higher settling viies. exist which can be used to predict the dispersibn o
Wet deposition occurs ‘below cloud’ where the bioaerosols. The major difficulty in the use of
bioaerosol is caught by impaction with a falling atmospheric chemistry transport models is correctly
hydrometeor (rain, hail, snow) or ‘in cloud’ wheitee describing complex source functions (see section 2)

2.5. Bioaer osol Dispersion and M odelling
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which are highly heterogeneous both spatially andoutcomes were sub-sequentially captured in a relseatl
temporally (Joneset al., 2004). Future modelling from the National Environment Research Council;
capabilities require information on how bioaerosol Environmental Microbiology and Health with a totalue
source functions adapt to changing climates antaglo for bioaerosol research in these two areas of Sllibn
warming (Harrisoret al., 2005). Moreover if bioaerosols (£2.6 million). Projects awarded under this schanmeedue
interact with living creatures via inhalation thehe to commence in April 2015. The specificity of this
dispersion of the bioaerosol within the respirateygtem  funding call to the particular areas of need idiutifrom
also needs to be considered. The respiratory system this workshop is testament to the quality of theksbop
efficiently filter various aerosol sizes throughpattion and the input from participants.

and diffusion (Van Ertbruggest al., 2005).
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