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Outline of Talk 

1. What are aerosol particles and why 

should we care about them? 

 

2. What are some relevant aerosol 

properties, physical transformations, 

and measurement techniques for 

determining their effects in the work 

environment? 

 



What are aerosol particles? 



Why should we care about particles? 
Visibility, Public Health/Welfare 

Increased 

aerosol 

concentrations 

Cannot see 

mountains 

Aerosols directly interact with solar radiation via absorbance and scattering 
Optical Properties = f (size, shape, composition) 



The Physical Basis for Aerosol Effects on Clouds 

Clean 

(Less Aerosol) 
Polluted 

(More Aerosol) 

(1st indirect effect) 

Twomey (1974) 

Less efficient 

collision 

coalescence 

Suppressed 

precipitation 

generation 

(2nd indirect effect) 

Albrecht (1989) 



Ship tracks off coast of 

California (22 July 2011) 

Visual demonstration of aerosol-cloud interactions 

Courtesy: NASA (MODIS TERRA) 



IPCC, 2007 

Aerosols and Climate Change 

Largest uncertainty: aerosols 



Why should we care about particles? Health 



Why should we care about particles? Health 

Drug Delivery 



The Focus 
Particles in the Semiconductor Manufacturing Work 

Environment 



Particles in the workplace 

Web of Science Searches 

 

Keywords: “Aerosol”, “Semiconductor”, “Health” = 2 papers 

 

Keywords: “Particle”, “Semiconductor”, “Health” = 12 papers 

Nanoparticles 

(1) have a potentially high efficiency for deposition 

(2) target both the upper/lower regions of the respiratory tract 

(3) are retained in the lungs for a long period of time 

(4) induce more oxidative stress and cause greater 

inflammatory effects than their larger fine-sized equivalents 

Madl and Pinkerton, 2009, Critical Reviews in Toxicology 



Particles in the workplace: From aerosolization to 
final health impact 

Madl and Pinkerton, 2009, Critical Reviews in Toxicology 



Respiratory Deposition 

Pope and Dockery (2006). JAWMA 



A critical aerosol measurement: 
The size distribution 



Aerosol Size Spectrum 

Seinfeld & Pandis, 2006 



Aerosol Instrumentation: Differential Mobility Analyzer 



Aerosol Instrumentation: CN Counter 

Hinds, 1999 



Ambient Size Distributions: Urban 

# Concentration dominated by small particles  (< 0.1 micron) 

VERY high concentrations by sources with rapid decline with distance (e.g. freeways) 

 

Sources: soil dust, sea salt, fly ash, tire wear particles, secondary organics/sulfate/nitrate 

Gas-to-particle 

conversion 

processes 

preferentially occur 

where the most 

surface is 



ICARTT: Conesville Power Plant Study (8/9/2004) 

Cleveland, Ohio 



Evolution of Aerosol Size Distribution 

Sorooshian et al. (2006), J. Geophysical Research 



Field Work 

POINT SUR Ambient example of a 

nucleation burst over the 

ocean as measured by a size 

distribution instrument on a 

Twin Otter aircraft 

Wonaschuetz et al. (2013), Atmos. Chem. Phys. Disc. 



Size dictates capture mechanisms: 
(i) Filtration 



Filtration 

Hinds, 1999 

Six basic deposition mechanisms: inertial impaction, interception, diffusion, 

gravitational settling, electrostatic forces, interception of diffusing particles (“DR”) 

solidity thickness face velocity 



Size dictates capture mechanisms: 
(ii) Human respiratory system 



Respiratory Deposition 

Head Airways 

Trachea and bronchi 

Alveoli 
 

This is where the gas 

exchange between air 

and blood stream 

happens 



Deposition Upon Inhalation 

Park and Wexler (2008). J. Aerosol Science 



Respiratory Deposition 

Fine particle 

deposition by 

diffusion 

Coarse particle 

deposition by 

impaction 

Medium-sized 

particles can settle (if 

they make it that far) 

Hinds, 1999 



Respiratory Deposition 

Hinds, 1999 



Respiratory Deposition 

Friedlander: “Smoke, Dust, 

and Haze: Fundamentals 

of Aerosol Dynamics”, 

Second Edition, Oxford 

University Press, Inc. 2000 

Typical aerosol 

volume  

distributions in a 

nice city to live in 



Respiratory Deposition 



Size dictates capture mechanisms: 
(ii) Human respiratory system 

 
But the size of particles may change upon inhalation! 

Why? 
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T, p = constant

Sub-saturated Water-Uptake 

Solid 

DRH 

Gibbs free energy 

of solid salt and 

its aqueous 

solution are equal 

at DRH 



Aerosol Thermodynamics 

Seinfeld & Pandis, 2006 



Aerosol Thermodynamics 

Seinfeld & Pandis, 2006 



The important effect of composition on water uptake 

Hersey et al. (2009), Atmospheric Chemistry and Physics 



Aerosol Instrumentation: Hygroscopic Tandem 
Differential Mobility Analyzer 

Source: http://www.cas.manchester.ac.uk/ 



{ Drying 

Charging 

Particle size selection 

{ Humidification 

{ Particle sizing 

Differential Aerosol Sizing and Hygroscopicity Spectrometer 

Probe (DASH-SP) 

Sorooshian et al., 2008 (Aerosol Science and Technology) 



Field Experiment Case Studies of Particle Size, 
Composition, and Hygroscopicity 



Impaction: Cascade Impactor 

Kulkarni, Baron, and WiIleke, Aerosol Measurement (2011) 



Arizona – Mine Tailings and Smelter Emissions 

Csavina et al. (2011), Water Air Soil Pollut. 

Sorooshian et al. (2012), Environ. Sci. Technol. 



Los Angeles Basin: Surface Measurements in 2009 

Hersey et al. (2011), Atmos. Chem. Phys. 



Aerosol Hygroscopicity During  RF18 (DC-8) / Colorado / Smoke Flight 

Restructuring of  smoke particles 

causing sub-1.0 GFs? 

“Restructuring” 

GFs suppressed in 

smoke-enhanced 

boundary layer 

Dry Dp = 225 nm 

RH = 75% 



Thank you for your attention… 



MASE I 

MASE II 

E-PEACE 

DC3 

GoMACCS 

ICARTT 

PACO 

CalNex 

MASE I 

MASE II 

TACO 

Surface and Airborne Measurements 



Particle Shapes 

Hinds, 1999 



Secondary Organic Aerosol (SOA) 
Green = organics; Red = sulfate; Blue = nitrate; Orange = ammonium 

Excludes black carbon and dust 

Zhang et al. (2007), Geophys. Res. Lett. 



Adhesion 

Hinds, 1999 



Adhesion 

Hinds, 1999 



Adhesion/Detachment 

Clips: http://serc.carleton.edu/NAGTWorkshops/geomorph/visualizations/soil_erosion.html 



 
Processed 

Particle 
 

Water Uptake 

Evaporation 

PA(g) A(aq) 

Aqueous-Phase Processing 

 

Particle 

 

Altered size and  

composition 

Reaction 

B(aq) PB(g) 

Composition helps predict 
size and drop nucleating 

potential 
 

Models currently suffer 
from improper treatment of 

aqueous processing to 
modify aerosol properties 


