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Table 1. Velocity of fall in relation to particle size

Particle size (μm) Velocity of fall (mm s–1)

10.1 0.00085

11.0 0.035

15.0 0.78

10.0 3.0
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T
he term aerosol has become
associated over the years
with the products of spray
cans that produce coarse
droplets or particles of
materials as diverse as de-

odorants and oven cleaners. The term
has also become associated, in the
minds of many people, with the CFCs
that were used as propellants in cans,
and so ‘aerosols’ are often, quite wrong-
ly, blamed for the destruction of the
protective ozone layer.

In fact the term aerosol was origin-
ally coined to describe a quasi-stable 
suspension of particles, either solid or 
involatile liquid, in air. Of course stabil-
ity is relative and may be applied differ-
ently in various contexts, but as far as
aerosols of the type that might contain
micro-organisms are concerned they
may have lifetimes that range from at
least an hour or two to weeks or even
months.

Atmospheric aerosols
The air we breathe is an aerosol. 
The concentration of particles varies

successful the plant must disseminate
huge numbers of pollen grains. This
results in seasonal clouds of pollen that
cause allergic reactions when they are
inhaled by susceptible individuals.

Bacteria and viruses can also use the
atmosphere for distribution. An infect-
ed host can be induced, by a variety of
mechanisms, to release the organisms
into the atmosphere. Once air-borne,
these can be inhaled by a new host
where they will deposit in the airways
to begin a new infection cycle.

Generation of microbiological
aerosols
All aerosols of micro-organisms are
generated by some type of disruptive
process. This may be by the break-up of
sheets or columns of liquid suspensions
or by air movement lifting deposited
particles and separating them into
single units.

An example from the natural world 
of the break-up of liquid suspensions 
to generate a potentially infectious
aerosol is sneezing. A sneeze is caused
by a rapid muscular spasm that expels

air at high velocity through the nose where the shear forces
tear the mucus from the nasal hairs and lining, breaking up
the ligaments into droplets. The greater the energy input to
the process, the smaller will be the droplets that are produced.

At the other end of the energy scale is the dispersion of 
pollens and spores. Here, plants have evolved complex strate-
gies that use the geometry of the pollen grains, coating of the
grain and the lining of the pollen sac to overcome the effect of
Van der Waals forces that hold small particles both to surfaces
and to each other. So pollens and spores are effectively dis-
persed even in very light winds.

Clearly natural systems have evolved so that, whatever the
aerosolization process, the mechanism does not compromise
the viability of the organism. However, generation techniques
used in the laboratory or field to produce aerosols artifi-
cially, are generally highly energetic and can deliver very high 
shear and impaction forces. It is important to understand,
when designing experiments, that such forces can seriously
damage delicate organisms and may reduce viability or
culturability significantly.

Dispersion
An aerosol, being a quasi-stable suspension of particles 
in air, will act in many ways just like one of the gaseous
components of the atmosphere. So wherever the wind blows
or convection currents move the air, the particles will be
carried with it. However, there are some important differences
in the way that particles behave as compared to gaseous
components of the atmosphere and these can be of particular
significance in the case of micro-organisms.

Diffusion. When a source of gas is added to the atmos-
phere, it will dilute very rapidly as the molecules diffuse
through the other gaseous components. When a source of
particles enters the atmosphere they will also diffuse, due to
Brownian motion, but very much more slowly and with a
diffusion coefficient that is a function of particle size. So for
micro-organisms, which are relatively large particles, their
diffusion coefficient will be many orders of magnitude smaller
than that of a gas molecule. This can be important in the
spread of disease. For example, a flock of coughing sheep
infected with foot-and-mouth disease may produce an aerosol
cloud that will travel many miles with only a low dilution
factor and so retain the potential to infect any other animals 
it passes over.

Deposition. Particles, unlike gas molecules, do fall through
the atmosphere under the influence of gravity, the rate of fall
being, once again, a function of their size. As can be seen from
Table 1, the velocity of fall is extremely slow, even for particles
larger than a micrometre and so the effects of convection and
Brownian motion can result in particles being kept in semi-
permanent suspension.

Impaction. When the wind carries particles among solid
objects, particles can be deposited due to their greater inertia
carrying them to the surface of a body as the air flows around
it. This is the principal mechanism by which air-borne pollen
grains reach their target.

Rain. This is undoubtedly the mechanism by which most
particles are removed from the atmosphere. Removal occurs
either by the particles acting as condensation nuclei on which
rain clouds grow or by the scavenging of particles, beneath the
clouds, by falling raindrops.

Survival of micro-organisms in the atmosphere
Microbes can remain in suspension in the atmosphere almost
indefinitely, but this is a challenging environment and for
many species their lifetime in it will be limited. Clearly, some
organisms have evolved to survive in the atmosphere: pollens
and spores are obvious examples, but also some bacteria, such
as the bacilli, have evolved techniques by which they form
spores that are highly resistant to environmental attack.

The primary destructive agent is the ultra-violet com-
ponent of sunlight, which, with long exposure, is effective in
sterilizing most living cells. Other factors include humidity
(both low and high) and a variety of pollutant materials
commonly found in the atmosphere. It is well established that
the combined effects of these factors needs to be taken into
account when attempting to predict air-borne lifetimes.
However, experiments carried out in laboratories have often
shown poor correlation with field observations and this has
led some investigators to invoke an ‘open air factor’. This is
perhaps another way of saying that there is some destructive
mechanism, or combination of mechanisms, that has not
been reproduced effectively in the laboratory.

J.M. (Don) Clark
Chief Scientific Officer, BIRAL, PO Box 2, Portishead, 
Bristol BS20 7JB, UK (t01275 847787; f01275 847303; 
ed_clark@biral.com)

Microbe-
laden

aerosols

Don Clark explains how 

micro-organisms survive and 

are spread in the air.

enormously with location, altitude and
weather conditions, but even ‘clean’ air
will normally contain billions of parti-
cles in every cubic metre. The majority
are very tiny indeed, typically some tens
of nanometres in diameter, but there
will be a significant number (perhaps
105 or 106 per cubic metre) that have
micrometre dimensions and of these a
significant proportion will be of bio-
logical origin.

The atmosphere acts, like the oceans,
as a global medium of transport for a
wide range of different materials. This
enables the living world to function 
by distributing the components vital 
to maintaining ecosystems and diluting 
or enabling the destruction of waste
products. Many living systems use 
the atmosphere as their means of dis-
tribution, perhaps the most obvious
example being plant pollens that are
wind-disseminated. This has an inter-
esting side-effect for the human popu-
lation. As the probability of a pollen
grain that becomes air-borne being
deposited in the appropriate part of a
plant of the same species is tiny, to be

� High speed photograph showing jets of droplets erupting from a
man's nose as he sneezes. Dr John Brackenbury / Science Photo Library

� A mucus droplet containing bacteria. Don Clark



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


