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The Particles in Town Air
J. McK. ELLISON 1

Particles constitute an important part ofairpollution, and their behaviour when suspended
in air is very different from that ofgas molecules: in particular, the mechanisms by which
they become deposited on surfaces are different, and consequently the methods normally
usedfor removing particles from the air, either for sampling or for cleaning it, rely mainly
on mechanisms that do not enter into the behaviour of gas molecules. These mechanisms
are described, and the ways in which they affect the problems of air pollution and its
measurement are discussed.

An enormous number of chemical substances,
some readily identifiable and others present in very
complex unresolved mixtures, are included in what
we call air pollution, but it can nevertheless be di-
vided, simply and unambiguously, into two com-
ponents: gaseous and non-gaseous. Although these
are very different chemically, it may not be imme-
diately obvious why they should be treated separately
from any other point of view; both come from the
same or similar sources, both are gradually diluted by
turbulence, and both are dispersed by wind, and it is
true that clouds of small particles behave in much the
same way as do clouds of gases as long as they remain
clouds. Our interest in pollutants is, however,
primarily in their effects. As long as they remain in
the air, they can only react chemically with other
substances present or absorb or scatter radiation,
and although the resulting changes of composition
and reduction of visibility may be of great importance
they produce their effects only indirectly. The direct
effects of pollutants do not occur until they leave the
cloud and come into contact with solid and liquid
surfaces. It is when sulfur dioxide gets adsorbed by
the mucous membrane in our lungs or when sulfuric
acid droplets impinge on it that we are affected. The
terminal processes by which gases reach the surfaces
to which they become adsorbed are quite different
from those that deposit solid and liquid particles,
and consequently the problems created by gaseous
pollution are quite different from those caused by
small particles. This paper mainly concerns particles.
It is an attempt to explain why they behave so
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differently from gases, and to describe how they are
formed, how detected, and how removed from the
air by man and by nature.
The essential difference between a cloud of con-

taminant gas and an aerosol lies in the size of the
constituent particles. A gas consists of a vast number
of identical and extremely small molecules which, in
accordance with the kinetic theory of gases, are in
constant agitation at very high velocity. Thus one
part of a gas per hundred million parts of air, which
is quite a low level of pollution unless radioactive
material is involved, corresponds to 2.7 x 1011
molecules per cubic centimetre, and for sulfur dioxide
at 0°C the root mean square velocity of these mole-
cules is almost that of sound in air.
So many molccules are involved, and their diffu-

sion over short distances is so rapid, that local
differences of concentration cannot persist, and over
short distances a cloud of gaseous pollutant can be
regarded as uniform. If this uniformity is upset by
absorption at a surface, a concentration gradient is
set up and molecules diffuse towards the absorbing
surface: this is the normal mechanism by which
gases are removed from the air, whether in a bubbler
sampler, in a human lung, or in an industrial plant
for the removal of sulfur dioxide from flue gases.
The rapidity of gaseous diffusion is illustrated by the
efficiency of sampling by the ordinary bubbler.
When gas molecules condense to form solid or

liquid particles, the number of molecules constituting
one particle is enormous: consequently the mean
distance between particles is much greater than that
between molecules, and becaube of their greater
weight the particles diffuse much more slowly. Fig. 1
shows the diffusion constants of hydrogen, of sulfur
dioxide and of spherical particles up to 10 ,u in dia-
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FIG. 1
DIFFUSION COEFFICIENT IN AIR OF SPHERES OF UNIT

DENSITY AS A FUNCTION OF THEIR DIAMETER

The diffusion coefficients of hydrogen and of sulfur dioxide
are also shown, for comparison.

meter; it will be seen that sulfur dioxide diffuses
between 10 000 and 100 000 times more rapidly than
do particles 0.1 ,u in diameter. A cloud of particles,
therefore, cannot be regarded as homogeneous and
the behaviour of individual particles must be con-

sidered.

THE INERTIAL SEPARATION OF PARTICLES

FROM GASES

It is clear from Fig. 1 that only the very smallest
particles can be removed from air by diffusion to
surfaces to which they adhere. For particles larger
than about 0.1 p other mechanisms are needed, and
probably the most important in nature are sedimen-
tation and impaction, both of which become more

effective as the masses of the individual particles

increase; they are therefore the antithesis of diffu-
sion, whose effectiveness depends on the lightness of
the diffusing particle. Sedimentation is a familiar
phenomenon, but perhaps it is not generally realized
how rapidly sedimentation velocity increases with
increasing particle size (Fig. 2). The reason for this
rapid increase is that the steady falling speed of a
body in air is the speed at which its weight is equal
to the viscous drag opposing the motion, and for
particles of a given shape and density and moving
at a given velocity, the viscous drag increases less
rapidly with size than does weight. One result of this
is that the particles normally found in air are small,
because the large ones quickly fall out. Another is
that large particles can readily be separated from a
mixed cloud by allowing them to settle under gravity:
the dimensions of the settling chamber and the
velocity of the stream of air through it can be
adjusted so that relatively few of the small particles

FIG. 2
FALLING SPEED IN AIR AS A FUNCTION OF DIAMETER

FOR SPHERES OF UNIT DENSITY
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THE PARTICLES IN TOWN AIR

reach the collecting surface. This is the basis of
operation of an elutriator, which may be used, for
example, to collect a sample that is representative
of the particles that penetrate beyond those parts
of the lung protected by ciliary action, rather than
one that is representative of all the particles sus-

pended in air.
The processes that lead to impaction are similar to

those involved in settling. When a stream of air
approaches an obstacle the air-flow is deflected round
it, but according to Newton's first law of motion the
particles suspended in the air continue to move along
the lines of their original motion until they are

deflected by the drag produced by the lateral move-
ment of the deflected air-stream. The inertia of a

particle is proportional to its weight, and it is de-
flected by aerodynamic drag of the deflected air-
stream, so that the same two factors oppose one

another, the weight of the particle tending to impact
it on the obstacle and aerodynamic drag helping to
deflect. The most spectacular form of impaction is
the " icing up " of aircraft wings, where the air is
pushed aside by the advancing aerofoil but the denser
water droplets are not. If the particles followed the
streamlines of the air then only those which were in
the very thin lamina of air which passes within one

drop radius of the aerofoil would in fact hit it. The
same sort of process occurs rather less dramatically
when smoky air passes through trees and is cleaned
by their leaves, or when it passes through the compli-
cated mesh of a fibrous filter. If the obstacle is large
enough for eddies to form behind it, further impinge-
ment of the same sort may take place on the down-
stream side too. More often, however, the eddies
help in the deposition of airborne matter by provid-
ing an opportunity for the second mechanism,
deposition by gravity, to operate. This is demonstra-
ted by drifting snow, which tends to settle on the
sheltered side of objects which break the wind.
A snowflake has a large surface area and a low

effective density, and therefore even at low speeds the
viscous forces acting on it may be large in comparison
with its weight: consequently it quickly acquires the
velocity of the surrounding air. In this respect its
behaviour resembles that of one of the much smaller
particles in dust or smoke, and it is for the same

reasons that these particles are difficult to impinge.

PARTICLE SIZE AND DEPOSITION

Diffusion, sedimentation and impaction
The above discussion shows that diffusion is an

important mechanism of natural and artificial air

cleaning only when applied to very small particles,
and that impaction is important only for large ones,

but it does not show at what size the one process be-
gins to displace the other as the dominant factor.
From the practical point of view, however, this is
extremely important.

It is possible to compare the rates at which diffu-
sion and inertial forces remove particles from an air
stream only if the velocity of diffusion is comparable
with the sedimentation rate. Diffusion is, however, a

random process, and although at any instant it is pos-
sible to assign a velocity to a given particle, this
velocity changes many times in a second. Never-
theless it is possible to calculate the root mean square

displacement in one second by making use of Ein-
stein's expression for the distance travelled by Brow-
nian " random walk ". Although this mean displace-
ment in a second can be expressed in the same dimen-
sions (distance divided by time) as velocity, it is not a
true velocity, since the distance travelled is propor-
tional not to the time but to the square root of the
time, and it does not provide a valid comparison with
sedimentation velocity because its direction is ran-

dom and its magnitude is merely a statistical para-
meter analogous to a standard deviation, whereas
sedimentation and inertia are both directed. Despite
these limitations, however, it is useful to have a

quantitative comparison, and Fig. 3 shows sedimen-
tation and diffusion "velocities " plotted against
particle size. The two curves cut one another at a

diameter of about 0.6 ,u, and since both are steep
and they slope in opposite directions, the size at

FIG. 3

COMPARISON OF DISTANCE IN AIR FALLEN UNDER
GRAVITY IN ONE SECOND WITH THE MEAN DISTANCE

TRAVERSED BY BROWNIAN "RANDOM WALK"
IN THE SAME TIME, FOR SPHERES OF UNIT DENSITY
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which one replaces the other as the main mechanism
of deposition does not vary greatly with density or
even with velocity when an air-stream passes an
obstacle. Because of its randomness, diffusion is a
less predictable mechanism than impaction or sedi-
mentation, but if it is made directional, for example
by imposing a thermal gradient, it becomes very
much more efficient.

In Fig. 3 diffusion is compared with sedimentation;
the same factors are, however, involved in a compari-
son of diffusion and impingement. Even at low rela-
tive velocities, small particles are subject to viscous
forces which are comparable to their weight and
which therefore rapidly slow them down or accelerate
them to the velocity of the surrounding air. As the
speed of the air relative to any obstacle increases, and
as the distance over which changes of direction of
air-flow take place falls, the probability of impinge-
ment increases; however, so rapid is the increase of
acceleration produced by viscous forces as particle
size diminishes that under natural conditions im-
pingement is not an effective mechanism for remov-
ing particles very much smaller than those readily
removed by sedimentation.

Other mechanisms of deposition

Fig. 3 shows that for particles of sizes between
0.001 IL and 10 ,u the velocities both of diffusion and
of sedimentation are extremely low compared with
the heights at which pollution is released. A sphere of
diameter 0.1 ,u and of unit density will take about a
year to fall from a height of 30 metres, and the
inefficiency of diffusion as a mechanism of air
cleaning has already been stressed. How are parti-
cles of these sizes removed from the atmosphere, and
why do they not accumulate ?
Three factors accelerate the clearance. Firstly,

wind and air turbulence carry particles close to sta-
tionary surfaces, enormously reducing the distances
involved, and the particles are then removed by
impaction, sedimentation, diffusion, and thermal and
electrostatic precipitation. Impaction, sedimentation
and diffusion have already been mentioned: thermal
and electrostatic precipitation will be discussed
below. Secondly, the particles may act as nuclei for
the formation of raindrops and fall out as rain: the
very smallest particles, below about 0.1 t,u do
not readily nucleate water-droplets, particularly if
the particles are insoluble in water, but larger ones
grow rapidly if the relative humidity is high. Finally,
the particles may aggregate: they are not very far
from one another, and in flames and chimneys in

particular they are in very high concentration and
aggregrate rapidly. Since this type of aggregation
occurs mainly before the flue gases are released into
the general atmosphere, it is discussed in the section
devoted to the formation of aerosols. Some par-
ticles are also removed by collision with falling rain-
drops, but small particles follow the movement of the
air so faithfully that they are pushed aside by the fall-
ing drop and the probability of collision is very low.
Of the cleansing mechanisms mentioned above,

gravity and inertia are familiar but the others are
more recondite. We see the results of thermal
precipitation every day in the black marks above
radiators or in the bloom on the inside of windows
in cold weather, but because thermal deposition is
important only with really small particles probably
few of us realize what causes the soiling. Thermal
precipitation is really a special case of diffusion, but
whereas in simple diffusion the particles are equally
likely to " wander " in all directions, in thermal pre-
cipitation the " random walk " is given a preferential
direction by a temperature gradient. As with all
random processes, the details are extremely complex,
but, in simple terms, if molecules bombarding the
particle from one side are at a higher temperature
than those bombarding it from the other they have
higher velocities and therefore tend to knock it in the
direction of the lower temperature. Being a form of
diffusion, it is effective only over short distances and
does not seem to have been used for gas cleaning,
although it is a well-known method of dust sampling.

Electrostatic precipitation is more familiar to the
general public, perhaps because every schoolboy has
used the attraction of an electrically charged body
for other bodies by rubbing his pen on his sleeve and
then picking up pieces of paper with it. In this experi-
ment normally only the pen is charged, and it makes
its own electric field by inducing a mirror-image
charge of opposite sign in the paper. In nature most
objects have little or no net charge and adjacent areas
of any, large surface are likely to have opposite
charges. Natural electrostatic deposition is probably
usually brought about by charged particles inducing
mirror charges in static surfaces: the range at which
these mirror charges are large enough to cause appre-
ciable deposition must be very limited. Nevertheless
particles in air can pick up electrostatic charge when
ions become attached to them, and particles pro-
duced in flames are normally ionized anyhow, so that
they are readily deposited in this way: if an external
field is applied deposition becomes very much more
effective. Any highly insulating material easily
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FIG. 4
THE MECHANISMS BY WHICH PARTICLES ARE REMOVED
FROM THE AIR, AND THE SIZE RANGES WITHIN WHICH

THEY ARE EFFECTIVE

FIG. 5
THE SIZES OF PARTICLES OF BIOLOGICAL AEROSOLS

COMPARED WITH THOSE OF PARTICLES OF
AIR POLLUTION
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becomes charged by friction and once charged will
retain its charge for a long time, thus providing the
necessary field; this is why garments made of nylon
and Terylene soil more quickly than do cotton and
wool: the synthetic materials act as portable electro-
static precipitators.

This discussion demonstrates the importance of
particle size in determining how particles are removed
from the air, and Fig. 4 gives a rough indication of
the size-ranges in which the various mechanisms of
deposition are important. Such a diagram is neces-
sarily vague: thus inertial deposition under natural
conditions depends on wind speed and on the size of
the obstacle involved as well as on particle size, and
only under artificial conditions can it attain the
efficiency shown in the figure. Similarly, no definite
range of particle sizes has been shown for electro-
static precipitation, because the size-range of parti-
cles that can be precipitated artificially is so very
much greater than that within which precipitation
occurs naturally. The figure does, however, indicate
the orders of magnitude of the dimensions of parti-
cles captured. To provide a scale for these dimen-
sions, Fig. 5 and 6 show the sizes of particle found
in clouds of particles of biological or meteoro-
logical origin or of man-made pollution, and the
falling speeds of water droplets of these sizes.

THE GENERATION OF THE SMALL PARTICLES IN

TOWN AIR

The previous section discussed the removal of
particles from the air: how are are these particles

formed in the first place ? The production of small
particles from bulk material is essentially a process
of creating surface. As particle size diminishes, the
ratio of surface to volume increases, so that when a
centimetre cube is broken up into one-micron cubes
the number of particles increases from 1 to 1012,
and the superficial area of these particles increases
from 6 cm2 to 6 M2. Liquid and solid surfaces

FIG. 6
THE SIZES OF PARTICLES IN METEOROLOGICAL

AEROSOLS AND THE TIME REQUIRED FOR A PARTICLE
TO FALL ONE CENTIMETRE
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possess surface energy-for example, liquid drops
are spherical because for a given volume this is the
shape of minimum area and hence of minimum
energy-so that when a large particle is broken
down into a number of smaller ones surface energy
must be supplied. If the original volume is sub-
divided into individual molecules this energy is
called latent heat. The problem of forming really
small particles is largely one of concentrating enough
energy into the very small volume involved: the
smaller the particle the smaller the volume in which
energy must be concentrated and the more energy is
required per unit value.
The main ways in which this may be done and the

sizes of particle that they produce are shown in
Fig. 7. It will be seen that naturally occurring clouds
of really small particles are derived mainly either from
condensation of gases or by the evaporation of solu-
tions leaving the solute behind (although some may
be formed by the release of energy of deformation in
solids). In condensation the necessary energy comes
from the latent heat of the condensation; in the
evaporation of solutions the total surface area is in
fact diminished so that no additional surface energy
is required: latent heat of evaporation is of course
needed, but since the evaporation is a gradual
approach to equilibrium this can come from the
cooling of the air. Clouds of fine particles are pro-
duced by the evaporation of droplets from sea-spray
and the bursting of bubbles in the sea, and are widely
found in fine weather near the sea. Their concen-

FIG. 7
THE MECHANISMS OF FORMATION OF AEROSOL

PARTICLES OF DIFFERENT SIZES

Wt0 50187

tration is not high, however, and they would not
normally be regarded as " pollution ". The " fines "
present in pollution are formed in flames by the
condensation of solid and liquid combustion pro-
ducts with high boiling points.
When a solution in liquid becomes supersaturated

very suddenly it forms a dense white deposit of in-
numerable minute crystals, but if the process occurs
slowly a few large crystals grow; in the same way, if
a gas cools rapidly and so becomes supersaturated
with the vapour of a solid or a liquid, it forms a
cloud of fine particles, although more gradual
cooling would give larger crystals. For example, a
dense white cloud of tiny ice crystals forms over
solid carbon dioxide, whereas if the crystals grow by
slow accretion in a natural snow cloud they may be
quite large. Exactly the same sort of sudden super-
saturation can occur in and above a flame, either

FIG. 8
ELECTRON MICROGRAPH OF A SAMPLE OF AIR

POLLUTION a, b

a Reproduced, by permission, from
Waller, R. E., Brooks, A. G. F. & Cart-
wright, J. (1963) Air Wat. Pollut., 7, 779.

b A large proportion of the particles of diameter less than
about 0.1 A have become attached to one another to form
relatively few aggregates, but the larger particles, although very
diverse in size and appearance, are mostly unaggregated.
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when it is suddenly cooled to below the condensation
point of one of the vapours in it or when a reaction
between gases gives a solid product. Thus carbon is
formed in candle flames and luminous gas jets, and
magnesium oxide from burning magnesium, for in
general gases are poor emitters of radiation and any
luminous flame contains large numbers of small
incandescent particles. These are initially very small,
so that they diffuse rapidly and soon collide with one
another to form aggregates; this is, however, a self-
limiting process, for as the aggregates grow the
number of particles and their diffusion rates both
diminish and aggregation stops. As a result of this
very rapid aggregation of particles when they are
first formed, particles of diameter less than about
0.1 ,u are not very numerous (Fig. 8), although the
detailed structure of the aggregates shows that they
were present in large numbers initially; in contrast,
relatively few of the larger particles form part of
aggregates. Fig. 8 also shows how very small most
of the particles are, their diversity both in size and in
form, and the preponderance among the larger of
them of particles which appear to have originated as
droplets.
The larger particles have less surface per unit

volume, and any process that can produce a small
particle will not be prevented by lack of surface
energy from producing a larger one. (It may of
course be prevented by other mechanisms; as men-
tioned above, the slower rate of diffusion prevents
large particles being formed from smaller ones by
aggregation.) Nevertheless, most of the big particles
in town air are produced in quite a different way, and
are particles of half-burnt fuel or of ash carried up
chimneys by the strong draught in big boilers, the
most conspicuous example of this being the sparks
that come from the chimney of a steam locomotive.
Consequently the material collected in deposit
gauges tends to be representative of what is emitted
by factory chimneys, whereas a large part of that
collected on smoke filters comes from domestic and
office heating plants, which have less draught, so that
large particles remain in the grate.

THE MEASUREMENT OF SMOKE IN THE AIR

OF CrITES

Most methods of sampling or particle measure-
ment, and all those widely used for routine sampling
of urban air pollution, are based on the deposition
of particles under controlled conditions. Thus the
deposit gauge relies on sedimentation and the smoke

filter usually collects particles mainly by impinge-
ment on the fibres of the ifiter, although small
particles may reach them by diffusion, in particular
if the sampling rate is low. The other mechanisms
available are shown in Fig. 4 above. From the
medical point of view, the most interesting size range
is that from 0.1 ,u up to 10 ,u and in particular 0.5 to
5 It; particles of these sizes are difficult to remove
inertially and do not diffuse rapidly, so that they are
not trapped in the nose and upper respiratory tract
but penetrate the depths of the lung. As Fig. 4
shows, the best methods of collecting particles in
this size-range are thermal precipitation, electrostatic
precipitation and impaction, and the first and third
of these are both very widely used for sampling; the
methods employed are described and discussed in
the paper on page 399. In two ways, however, the
sampling of aerosols presents difficulties which are
the result of the dynamic behaviour of the individual
particles and which can therefore be treated best here.

Variation of composition with particle size
As long as the pollution is gaseous, only its

composition matters, but both the composition and
the particle size distribution of the particles in a
cloud are important, and there is no reason why two
different pollutants produced by different chemical
reactions should not have different particle size
distributions; in fact this usually occurs; for example,
the pollution on a cold, clear day in London consists
of two components, large colourless particles of
salts and very much smaller black particles of smoke.
The two size distributions overlap, but the important
point is that the factors of size and composition are,
in the terminology of the statistician, confounded-
that is to say, if particles are separated according to
their size the fractions obtained will differ in com-
position, and vice versa.

Isokinetic sampling
It is important to ensure that the air entering the

nozzle of a sampler is flowing at the same speed
and in the same direction as the air-stream being
sampled. If these two velocities are equal, the sam-
pling is termed isokinetic and the sample drawn will
be truly representative of the cloud from which it is
taken, but if these velocities are not equal the sam-
pling is anisokinetic and the sample is biassed. If the
air velocity is greater in the nozzle than in the main
air-stream, then air will be sucked in from either side
(Fig. 9, upper diagram); the particles in the air
deflected in this way will, however, tend to be carried
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FIG. 9
DIAGRAM SHOWING EFFECTS OF ANISOKINETIC

SAMPLING OF PARTICLES IN AlRa

a For explanation, see text.

past the edge of the nozzle by their inertia. The par-
ticles in the sample will therefore have been sus-

pended in a smaller volume of air than that sucked
through the sampling nozzle, and the heavier the
particles the smaller will be the volume from which
they are drawn. Very small particles will be virtually
carried along by the air. If the air velocity is greater
than the velocity in the sampling nozzle, the reverse

will happen and particles will tend to be projected
into the opening (Fig. 9, lower diagram). Analogous
sampling errors arise when the air-stream from which
the sample is taken undergoes a sudden change of
direction upstream of the sampling point, because
the particles are thrown towards the outside of the
bend and are not uniformly distributed in the air:

particular care must be taken to ensure that the
sampling instrument itself does not disturb the air
flow or produce " dust shadows " which interfere
with its effective operation.
The fact that the larger particles have appreciable

falling speeds can also result in the size distribution
of the particles collected being different from that of
the airborne material. In general however, inertial
effects and anisokinetic sampling introduce serious
errors only when the relative velocity of sampler and
air is high, as in sampling from an aircraft in ffight,
and errors due to the fall of particles under gravity
affect only very large particles, which are of little
medical importance and should in any case be ex-
cluded from samples by drawing the air through an
elutriator before collecting the finer particles.

THE CLEANING OF GASES

The factors involved in the design of filters for
removing particles from gases are the same as those
involved in sampling. The commonest methods for
cleaning large quantities of air are by electrostatic
precipitator, by cyclone and by fibrous filter. Elec-
trostatic precipitation has already been described.
The cyclone relies on centrifugal force and inertia to
throw the particles to the outside of the instrument,
where they fall to the bottom. In filtration by fibrous
filter pads the most important mechanism of capture
is usually impingement. This occurs because as the
air flows through the bed of fibres each fibre deflects
the air-flow to either side of it, and the particles are
unable to follow the sudden change of direction of
the air-stream. As the fibres become thinner, the
point at which the air flow is deflected gets nearer
and nearer to the fibre and the capture of particles
becomes more efficient; efficiency also increases as
the velocity past the fibres increases and inertia
becomes more important. For the very smallest
particles, however, capture is by diffusion, the
efficiency of which increases with the length of time
that the particles are near the fibres, so that slow
filtration is more efficient in this case. This presents
us with a dilemma when we are trying to filter out
particles in the size-range where neither diffusion nor
impingement is very efficient. Finally, there are the
resin-bonded filters, which capture particles by
electrostatic precipitation, in exactly the same way as
does a nylon shirt, except that the resin is charged in
the process of manufacture and, being an extremely
good electric insulator, will retain the charge for a

very long time.
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CONCLUSION without first appreciating the nature of the forces to
which gas molecules and aerosol particles are sub-

The behaviour of small particles suspended in air jected. Practical problems involving aerosols, for
is fundamentally different from that of gaseous example air cleaning and sampling, can only be tack-
molecules, and it is impossible to understand either led by paying due attention to particle mechanics.
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RItSUMIt

L'auteur etudie la maniere dont se forment les parti-
cules solides ou liquides qui polluent l'air, les methodes
employees pour les deceler et comment elles peuvent etre
e1iminees, naturellement ou artificiellement.

Diff6rant physiquement des molecules de gaz, autres
contaminants atmosph6riques, les particules sont for-
m6es d'un grand nombre de molecules. Les plus petites se
forment par condensation des gaz, evaporation des solu-
tions ou condensation de produits de combustion solides
ou liquides a point d'ebullition eleve. Le meme m6canisme
peut entrainer la formation de grandes particules, mais
cependant, dans l'air des villes, celles-ci proviennent sur-
tout de combustibles incompletement bruiles ou de
cendres industrielles.

L'elimination des gaz et des tres petites particules
s'effectue normalement par diffusion dans l'atmosphere.
Pour les grosses particules, les mecanismes naturels d'epu-
ration sont la s6dimentation et l'impact sur obstacles,
variables suivant la taille des particules, et soumis A
l'influence de facteurs comme le vent et la turbulence. Les
particules peuvent aussi s'agglomerer, ou etre entrain6es
par les gouttes de pluie dont elles favorisent parfois la
formation. Enfin, les diff6rences de temperature peuvent

orienter et accelerer le depot des particules, et l'existence
de charges electriques a leur surface ou au niveau des
surfaces de d6pot peut provoquer un phenomene de pre-
cipitation electrostatique. Peu importante dans le milieu
naturel, cette derniere est mise a profit dans certains
appareils d'epuration.

L'6chantillonnage des particules se fait dans des appa-
reils permettant d'6valuer les depots dans des conditions
controle'es: ,c ius imnaip filtres,
conim,tres A impact, et surtout appareils utilisant la pre-
cipitaion thermique ou electrostatique.
La lutte contre la pollution particulaire recourt a des

techniques identiques. Les appareils les plus courants
tirent parti de l'inertie des particules en suspension et de
la force centrifuge (separateurs cyclones); d'autres sont
des filtres dtptation des particules ou des sevarateurs
letqjies bas6s sur le princinpe de la precipitation

electrostatique.
Le choix des appareils d'echantillonnage et d'6pura-

tion depend de la nature et des caracteristiques des parti-
cules que l'on veut prelever pour analyse ou eliminer de
l'atmosphere.
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