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An introduction to Aerosol Science

Brief History of Aerosol Science

“Whosoever shall be found guilty of burning coal shall suffer the loss of his head.”
Edward II. Circa 1300

Major investigators/Applications
1869 Tyndall - detectors, light scattering

1871 Kelvin - nucleation

Claude Monet. The Houses of

1885 Aitken, atm aerosols, CN counters Parliament (Effect of Fog), 1003-1904

(Aitken pocket counter used >50 yrs), 1st to investigate photochemical pollution,

proved sulphurous gas from coal combustion produced air pollution.

1905 Einstein, diffusion and Brownian motion
1908 Mie, light scattering by small particles.
1917 Smoluchowski, particle coagulation.

1923 Milikan, electrical charge (e)
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Brief History of Aerosol Science
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An introduction to Aerosol Science

Definitions

Aerosols are generally defined as

a colloidal suspension of solid or liquid particles in a gas.

analogy with sols — solid particles in a liquid suspension.

The aerosol is the bulk but in general usage, the term aerosol has become synonymous with

the particles themselves
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An introduction to Aerosol Science

Definitions
Baron and Willeke, [2001] and Colbeck, [1998] classify aero  sols according to their

physical form and method of generation.
Dust — a solid particle formed by mechanical disintegration by crushing, grinding or
blasting of a parent material. Size range from sub micrometre to visible.
Fume — solids produced by physicochemical reactions such as combustion, sublimation
or distillation. Typically below 1um in size.
Smoke — a visible aerosol resulting from incomplete combustion. Typically below 1uym in

size.
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An introduction to Aerosol Science

Definitions
Baron and Willeke, [2001] and Colbeck, [1998] classify aero  sols according to their

physical form and method of generation.
Mist and fog — liquid aerosol produced by the condensation of vapour or by
disintegration of larger droplets. Size range from sub micrometre to around 20um and
can coalesce to 100um.
Smog — a combination of smoke and fog. Consists of products of photochemical
reactions. Typically below 1um in size.
Bioaerosol — solid or liquid aerosol consisting of or containing biologically viable

material.
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An introduction to Aerosol Science

Formation processes

mechanical (geological processes, wind-blown dust, sea salt),
coarse fraction (2.5um<d<10um)

biological (pollen, bacteria)

chemical (gas-particle conversion, photochemical reactions, combustion).
ultra-fine fraction (d<100nm).
form as nano-particles (d<20nm) followed by growth through
agglomeration to the accumulation mode (d=100-300nm)

In urban areas, combustion particles, particularly those from traffic are the
predominant source of ultra-fine-particles (UFP)
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An introduction to Aerosol Science

Formation processes

How much?
Colurmn Contribu
Sources Emlss!?n Lower |Iin|t Upper I!gmt burden on_to
Tgyr?, Tgyr Tgyr ma m2 Optical
gm
depth
Natural
Primary
Soil dust 1500 100 2000 32.2 0.023
Sea-salt 1300 300 10000 7 0.003
Volcanic dust 33 25 300 0.7 0.001
Biological debris 50 3 150 11 0.002
Secondary
Sulphates 150 85 1100 2.8 0.014
Organics 55 15 200 21 0.011
Nitrates 30 15 700 0.5 0.001

Total Natural 543 14450 46.4 0.055

Anthropogenic

Primary

Industrial dust 100 10 170 21 0.004
Black carbon 20 3 150 0.6 0.006
Secondary

Sulphates 140 70 375 3.8 0.019
Biomass burning

(wio BC) 90 60 150 34 0.017
Nitrates 40 23 65 0.8 0.002
Organic matter 10 5 90 0.4 0.002
Total 400 171 1000 11.1 0.05

Anthropogenic

Total 3518 714 15450 57.5 0.105 ____——N-.I WA

Anthropogenic 11 24 6 19 48 . .
Taihoro Nukurangi
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Size and shape — they’re all different
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Size and shape — they’re all different

From molecules to visible
Particle Falling Speed
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Size and shape — they’re all different
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An introduction to Aerosol Science

Different descriptions

Particle size
Diameter of individual particle

Particle number concentration
Number of particles per unit volume (#/cms3)

Particle size distribution
Range of sizes in a sample

Particle Mass concentration
Mass of particles per unit volume (ug/cm3, ng/cms3)

Source or composition
Black Carbon, Brown Carbon, marine, diesel etc

Mixing state
Mixtures of particles

Optical Depth
Absorbing and scattering ___...-—-/-\LLWA -
Taihoro Nukurangi




An introduction to Aerosol Science

Different descriptions

What is “size™? — “equivalent diameter”
equates a particular
property of a particle to
the diameter it would
have if it were spherical
and of even density.

S T

] Aerodynamic
Voluggiqel;'e‘:‘ale“t equivalent
sphere
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An introduction to Aerosol Science

Different descriptions

Scattered g (1

Common forms of equivalent diameter g
¢q§/§; /
‘{ _‘\._.?/’ \«,. jpa— . Intensity (W..), W ?\g
. NS /' ' /\y
Aerodynamic diameter A Ll
Cyclone type inlets
. . . W, . ¥
APS (Aerodynamic Particle Sizer) Cow =" Cy has units of area (m?) _
i Aerosol Society

Light scattering equivalent diameter (Optical cross section)

Grimm aerosol spectrometer
Passive Cavity Aerosol Spectrometer Probe (PCASP)

Electrical mobility equivalent diameter
Scanning Mobility Particle Sizer (SMPS ... a.k.a. Differential Mobility Analizer —
DMA)
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Different descriptions

Number vs Mass

<+———— Ultra-fine Particulates 4u| Typical Urban Aerosol Distribution
I
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An introduction to Aerosol Science

Different descriptions “brown carbon”

p» Black Carbon (BC)

. sugars

M Also referred to as Elemental Carbon (EC) or Soot a'COhO'_S
g aromatics
v A|SO |n UFP range 90;:AMS adjusted BC direct forcing (W m™) di/tri acids
s . ketoacids

Lm * Expressed as mass in  ng/m?3 @ Z hydroxyacids

308

60S

#3 Marker for diesel particles sos F——
§ (as long as you can...)

Differentiate between fossil carbon and biomass car bon (Brown
Carbon)

1. Uv absorption at 370nm and 880nm (Delta BC)
2. Zratio = BC/CO2

potential long-term effect on Global Warming as high as 1600 times CO,
biomass burning is estimated to contribute 20% of global Black Carbon
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An introduction to Aerosol Science

Different descriptions

External vs Internal mixing
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An introduction to Aerosol Science

Lifetimes and ranges

Aitken nuclei — hours to days (diffusion/coagulation)
Accumulation mode — weeks

Coarse mode — hours to days (deposition)

Ultrafine — minutes to hours

Classification Range of distances Range of times
Local 0 — 10km 1 hour — 1 day
Urban 10 — 100km 1 hour — 1 day
Long-range

Mid-range 100 — 250km 3 hours — 1 day

Regional 250 — 1000km 8 hours — 4 days

Continental 1000 — 5000km 1 day — 2 weeks
Global 5000 — 40,000km > 2 weeks

Saharan dust found in US
Lead from Roman workings in Greenland ice cores —--""'_'N“LWA /
. = Lead from industrial revolution in Antarctic ice cores Taihoro Nukurangi
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Removal processes
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Health effects

traditional assessment — fixed point monitors - assoc lations with

daily mortality THE LONDON SMOG
respiratory ‘
asthma
lung function etc
cardiovascular
Immune function
cancer

- 750

SMOKE, SULFUR DIOXIDE, mgm®
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1234567 5990112134915

DATE IN DECEMEER 1952

Lots of the evidence for health effects of traffic pollution is
“suggestive but not sufficient”
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An introduction to Aerosol Science

Health effects
Cardiovascular

CVD — mortality
Increased cardiac events

Subclinical effects — increased susceptibility — sudd en fatalities

Fine fraction only (<2.5um)
no significant effects from coarse fraction (2.5-1  Oum)

Absolute mortality risk from PM higher for cardiova scular than
pulmonary — short and long term exposures

UFP

(high surface area)
systemic effects (extrapulmonary)
oxidative stress ( > DNA damage)

Genotoxicity —N-IIWVA -
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The End
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