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ATM515 Aerosol Physics 

Lecture 2: Overview of aerosols and research issues

Overview

Aerosol and aerosol properties

Importance of atmospheric aerosols
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Example of aerosols or particles in the atmosphere:
Dust/Sand
Sea salt
Smoke (black carbon, primary organic carbon, sulfate,…)
Pollen
Fungus, spores, bacteria
Water droplets, fog
Volcano ash
Sulfate aerosol, nitrate, ammonium
Secondary particles
Micro-plastics 
Metal particles
Non-tailpipe particles 

Definition: Aerosols are suspended particulate matter 
(liquid or solid) – suspended in a fluid. In terms of 
atmospheric aerosols, this fluid is air.

Dust Storm

Dust storm over Denver, Colorado. 
(Source: worldgeography.com)
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Sea Spray

Sea Salt (Giant CCN)

Microorganisms 

Geo-engineering 

Biomass Burning

5

6



4

Anthropogenic 
Emissions

Pinnacle State Park (PSP) 

*

April 7-21, 2009 104

103

102

101

May 7-21, 2012 104

103

102

101

New particle 
formation (NPF) 
in the atmosphere

Data from James Schwab
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Aerosol properties:

 Size, 

 Composition, Mixing State, 

 Phase (liquid or solid), Shape, 

 Mass Concentrations, Number Concentrations, 

 Surface Area,

 Optical properties,

 Efficiency to act as cloud condensation nuclei or ice 

nuclei,

 ...

Particle number, surface area, and mass size distributions

Secondary Particles Primary Particles

Nuclei Mode

Accumulation Mode

Coarse Mode
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Toronto (1997-99)Egbert (1994-99)

Abbotsford (1994-95)

Quaker City OH (1999)

Arendstville PA (1999)

Atlanta (1999)Yorkville (1999)Mexico City - Pedregal (1997)

Los Angeles (1995-96)

Fresno (1988-89)

Kern Wildlife Refuge (1988-89)

Sulfate

Nitrate

Ammonium

Black carbon

Organic carbon

Soil

Other

12.3 ug m -38.9 ug m -3

7.8 ug m -3

12.4 ug m -3

10.4 ug m -3

19.2 ug m -314.7 ug m -3

55.4  ug m -3

30.3 ug m -3

23.3 ug m -3

39.2 ug m -3

Washington DC (1996-99)

14.5 ug m -3

Colorado Plateau (1996-99)
3.0 ug m -3

      Mexico City -  
Netzahualcoyotl (1997)

24.6  ug m -3

Esther (1995-99)

St. Andrews (1994-97)
5.3  ug m -3

4.6  ug m -3

COMPOSITION OF PM2.5  (NARSTO PM ASSESSMENT)
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II. Importance of atmospheric aerosols

1. Particles and health

2. Effects of aerosols on chemistry, 

radiation, cloud, climate and weather

3. Other emerging research topics 

related to particles

13

14



8

1. Health Impacts of Atmospheric Aerosols

Because of its very small size, particle pollution gets right through the 
nasal passage, past the trachea and deep into the lungs. The smallest 
of the particles can even enter the bloodstream via the lungs. 
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Air pollution and human health

1952: the “London smog disaster”
Air pollution 

O3, CO, NO2, SO2

aerosol

Buildings in Los Angeles’ Civic Center are 
barely visible from 1st and Olive Street on 
September 14, 1955. (Los Angeles Times via 
Getty Images)

A woman takes advantage of a “fresh air 
task force” supplying air from outside Los 
Angeles in 1958. (Bettmann Archive via 
Getty Images)

1950s: Los Angeles smog

As many as 6,000 people attended a meeting 
to protest smog levels in Pasadena in 1954. 
(Allan Grant/The Life Picture Collection via 
G tt I )
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1950s-1960s: New York City smog

A photo of the 1966 New York City smog 
as seen from the Empire State Building 
on November 24, 1966 at 8:30 a.m. The 
photo, taken by Neal Boenzi, was 
published on the front page of The New 
York Times.

The 1966 smog wasn’t the first time that 
New Yorkers were forced to brave 
dangerous smog. The infamous smog 
emergency of 1953 also took place in 

f

April 1, 2013

in 2010

Based on a Study 
published in The 
Lancet.
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Tie, Wu, and Brasseur, 

Atmos. Environ., 2009 

“the dramatic increase 

in the occurrence of 

air pollution events 

between 1954 and 

2006 has been 

followed by a large 

enhancement in the 

incidence of lung 

cancer”

Aerosol extinction coefficient (AEC (Mm−1)) 

M
ortality of lung cancer (red dots; deaths/100,000 people)
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Trees et al., Annals of the American Thoracic Society, 2024
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Trees et al., Annals of the American Thoracic Society, 2024

Lin et al., Environmental Pollution, 2022 
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Nair et al., Environmental Research, 2023 

Qi et al., Journal of Hazardous Materials, 2024
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2. Effects of aerosols on chemistry, 
radiation, cloud, climate and weather

Chemical effects

Semi-volatile 
Organic
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Polar Stratospheric Cloud (PSC) and Ozone Hole

Aerosol Direct and Indirect Climate Effects

IPCC, 2007

Visibility 
reduction
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Mt. Pinatubo June 1991

Impact of Pinatubo aerosols on average global 
surface air temperature: ~0.5 °C!

June 12, 1991 eruption
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Aerosol Indirect Climate Effects

Ramanathan et al., 2001.

Aerosol Indirect Climate Effects

IPCC (1995) IPCC (2001)

IPCC (2007)

IPCC, 1995, 2001, 2007, 2013, 2021IPCC (2013)

IPCC (2021)
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IPCC (2021)
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2015
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2022
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3. Other emerging research topics 
related to particles

46

July 23, 2024

https://www.rtx.com/news/2024/07/23/cto-joint-statement
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Kärcher, Nature 
Communications, 2018

Moore et al., Nature, 2017

Formation and Evolution of Aerosols and Contrails in Aircraft Wakes
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Hydrogen 

flight and 

contrails

Non-tailpiple emissions
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Are non-tailpipe emissions more toxic than other 
types of PM?

“Here, we present global simulations of atmospheric 
transport of microplastic particles produced by road traffic 
(TWPs – tire wear particles and BWPs – brake wear 
particles), a major source that can be quantified relatively 
well. We find a high transport efficiencies of these particles 
to remote regions.”
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“The medical community doesn’t yet fully understand aerosols and has 
been waiting for more evidence from a trial like this one,” said Milton, 
who will lead the project. “My hope is that we can address this persistent 
controversy that has held up our ability to respond to respiratory 
pandemics.”
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Legionnaires’ disease has been increasing 
but the reasons are unknown!

(Barskey et al., 2022)

Interactions of 
aerosolized 
droplets with 
weather and 
environments

Yu et al., PNAS-
Nexus, 2024. 
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Geo-Engineering

Released on March 25, 2021

“The report says the U.S. Global Change 
Research Program (USGCRP) should lead the 
effort to establish and coordinate a solar 
geoengineering research program across federal 
agencies and scientific disciplines, with funding 
in the range of $100 million-$200 million over 
the first five years.”

“Given the urgency of the risks posed by 
climate change, the U.S. should pursue a 
research program for solar geoengineering —
in coordination with other nations, subject to 
governance, and alongside a robust portfolio 
of climate mitigation and adaptation policies, 
says a new report from the National 
Academies of Sciences, Engineering, and 
Medicine. The report emphasizes that solar 
geoengineering is not a substitute for reducing 
greenhouse gas emissions.”

Discussion: 

The importance of 
understanding aerosols.
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