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Aerosol Spray

Atmospheric Aerosols

TABLE 1.1 Types of Particulate Suspensions

Type of Suspended Particles

Suspending

Medium Gas Liquid Solid

Gas — Fog, mist, spray Fume, dust

Liquid Foam Emulsion Colloid, suspension, slurry
Solid Sponge Gel Alloy

Hinds 1998. Aerosol technology: properties, behavior, and measurement of airborne particles. 2nd edition.

Aerosol = A suspension of solid, liquid, or combined solid-liquid
particles in a gas, which is usually air.

The term “aerosol’ includes both the particles and the suspending
gas.



Types of Aerosols
S

e Based on their formation processes, aerosols are either
primary or secondary.
— Primary aerosols are directly emitted to the atmosphere or

formed in the atmosphere by condensation or coagulation without
chemical reactions.

- Secondary aerosols are formed in the atmosphere by gas-to-
particle conversion processes:

e Based on their sources, aerosols are either natural or
anthropogenic:
— Anthropogenic aerosols are somehow related to human
activities (fossil fuel burning, industrial processes, traffic, burning of
biomass or biofuel, agricultural activities, etc.)




Main Types of Anthropogenic Aerosols
o« ]

e Categories of anthropogenic aerosols:

- Combustion (energy, transformation industries, non-industrial plants, manufactories, etc.)
- Production processes

- Extraction and distribution of fossil fuels and geothermal energy

- Solvent use and other product use

- Road transport

- Other mobile sources and machinery

- Waste treatment and disposal

- Agriculture
Type Origin Prim./Second. | Typicalsize
soot combustion primary fine
fly ash combustion primary coarse
secondary oxidationof volatile organic | secondary fine
organic aerosol | compounds (anthropogenic)
sulfate aerosol | oxidationof SO, emitted by | secondary fine

anthropogenic sources




Main Types of Natural Aerosols
-

Type Origin Prim./Second. | Typical size
sea-salt sea-surface primary coarse
desertdust soil primary coarse
biogenic
type 1 vegetation primary coarse
type 2 oxidation of monoterpenes | secondary fine
emitted by trees
sulfate particles
type 1 oxidation of DMS emitted | secondary fine
by the sea surface
type 2 oxidation of SO, emitted | secondary fine
by volcanos
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FIGURE 1.6 Particle size ranges and definitions for aerosols.



Chemical conversion
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Representations of Aerosol Concentrations

Aerosol particle concentrations

can be expressed by
Number, Surface area,
Volume, or Mass per unit
volume:

The number concentration is
dominated by the ultrafine
aerosols.

The mass concentration is
dominated by the coarse
and accumulation aerosols.
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Particulate Mass Concentration
«
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Variation of Aerosol Concentrations
<

e Concentration varies depending on location and time
-> high concentrations are encountered nearby

sources.
PN [cm?] PM,, [ng/m?]

Lower troposphere: > 100 000 > 20
-Urban traffic 10 000 — 50 000 20 -100
-Urban background 500 — 10 000 10 -50
-Rural 200 — 5000 5-20
-Marine 50 —-500 0.02 -1
-Remote
Free troposphere 100 — 100 000 0.02-1
Stratosphere (background) 1-20 0.02 - 0.




Physical Properties

Particle size is the most important parameter for characterizing the
behaviour of aerosols. All properties of aerosols depend on particle
size.

Shape:
— Liquid aerosol particles are nearly always spherical.
- Solid aerosol particles usually have complex shapes.

Density:
— Liquid particles and crushed or ground solid particles have a density equal
to their parent material.

- Smoke and fume particles may have apparent densities significantly less
than that predicted from their chemical composition.

Surface area.

Volume.



Volcanoes




Chemical and Elemental Composition
S

e Inorganic ions (sulfate (SO,2°), nitrate (NO3-), ammonium (NH**), sodium (Na*), chloride
(CIF), calcium (Ca?*), potassium (K*), magnesium (Mg?*), etc.)

e Organic compounds: About 10-70% of fine aerosols is organic compounds. While the
inorganic component of atmospheric aerosol particles is well characterized, information
about the organic component is sparse at the present time.

e Black carbon (also called “elemental carbon”)
e Soil-derived compounds (mainly oxides of Si, Al, Fe, Ca, K, Mg)
e Trace elements (heavy metals, etc)

e Water (the amount of water on a particle depends on particle hygroscopic properties and
atmospheric humidity; at relative humidities >80% typically more than half of the particle
mass Iis made of water)

e Recently, atmospheric aerosol particles were found to have polymeric organic compounds.



Volatility
S

e Based on their phase (gas or particle), the organic
compounds can be
— none-volatile,
— volatile, and
- semi-volatile.

e The volatile components remain in the gas phase.

e Semi-volatile components are able to transfer
reversibly between the gas phase and the particle
phase depending on their physical-chemical
properties and the ambient conditions.



Processes Modifying Atmospheric Aerosols

e Processes affecting the concentration and other properties (size, chemical
composition) of atmospheric aerosols include:

— Emissions (primary particles, emissions of aerosol precursor gases)
— Atmospheric transportation
— Deposition from the atmosphere to surfaces (ground, vegetation, water)

— Aerosol dynamics and chemistry



Significance of Atmospheric Aerosols

e climate change

e Human health effects

e Acidification of soil and water
e Visibility degradation

e Atmospheric chemistry
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paa cBﬁ\ﬁj\ @4.::\4*45\ j&ﬂ\ﬁujed\p Gl L_\MA\TUJS\ Lﬁ{)z

A wgekend day
g sl Al A

'W'_, - 'ﬂ‘i 7 ‘: &

A working day
Jac e




Loss of visibility due to sand storm episode in Amman, Jordan
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Case Studies and Examples

New Partficle Formation




; Particle Diameter [um]
Number Concentration [1 000/cm3]

Number Concentration [1000/cm3]

0.01

10

100

1000

|
sl

100000

°
=

r o
-n

!
T

(b)

-
o
T

w
T

1

— Measured total number
concentration 3 - 500 nm

Total number concentration
by multi-lognormal fitting

-
o
T

(&3]
T

T

N<25nm
increased

suddenly

A,

AT

0
-~
L D R G, AP

Dtk

~—— Number concentration 7 - 25 nm
—— Number Concentration 25 - 30 nm
== Number Concentration 90 - 320 nm

o

12.05.2000

06:00

12:00

18:00

13.05.2000 06:00

12:00

o——— e

18:00

+ Mode 1
+ Mode 2
* Mode 3

14.05.2000

An example of new particle formation
event observed at SMEAR-II

Boreal forest

Southern Finland

Why do we observe
such a growth pattern
after a new particle
formation event?!



NPF Occurrence

» NPF observations have been
reported almost anywhere on
the Earth

» NPF not observede!

formed particles survive when
their formation rate exceeds
their removal rate

instrument limitations are
important factors

High concentrations

» The longer the time-span of
an observed NPF event is the
larger the spatial-scale of the
event occurrence
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Case Study I:

‘ Regional new particle formation
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» Despite the lack of particle number production,
the aerosol mass continues to grow,
demonstrating the availability of condensable
vapors.
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Case Studies and Examples

Urban Aerosols Modal Structure
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Case Studies and Examples

Urban Aerosols Temporal Variation
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Middle East and North Africa
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Back trajectories 2016 - 2017
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Case Studies and Examples
Saharan Dust Episodes (April 813, 2016)
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Amman JU: April 7-10, 2016
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Amman JU: April 8-11, 2016
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Amman JU: April 10-13, 2016
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Case Studies and Examples
Levant Dust Episodes (April 5-6, 2016)




Amman JU: Wednesday Apr|I4 7,2016
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Case Studies and Examples
Intense Saharan-Levant-Arabian Dust Episodes (March 2 - 9, 2014)
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MENA CHALLENGES...




Challenges in the MENA region

m The air pollution research activities in the Middle East, especially in the Arab countries, have not
been given enough attention.

m Less than 20% of the studies is suitable for directives

m The aerosol research covered seven main topics:
— aerosol optical depth
— airborne dust as a major concern in all countries (monitoring, source region, and transport)
— anthropogenic aerosols
- chemical and elemental analysis
- physical properties
- gaseous pollution (03, NO,, and CO,)
- particulate matter (PM)

m Veryfew studies were focused on particle number concentration

m [he research on indoor air quality is almost not touched in the MENA region




Recommendations...
Action Plan Knowledge

* Seasonal variations
* Impact of aerosols on weather and vise versa

Long-term measurement
campaigns

* Trends in dust outbreaks
Extensive measurement * Focus on a certaln phenomena
campaligns » State during certain occasions/episodes
Particle size distribution * Understanding the dynamic behavior
measurements * Important for impacts and health effects
Chemical analysis and * Toxicity and health effects
characterization * Transformation/formation processes
Indoor air quality * Indoor-to-cutdoor relationship

* Indoor emissions
* Human activities

assessment




