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Outline
o Aerosols: Definition
o Settling Velocity and Lifetime
o Aerosol based disease transmission
o Filtration

o Fibrous Filters
o How they work
o How they are tested and rated
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Aerosols
o An aerosol is a suspension of particles or droplets in a gas

o Aerosol = particles +gas
o However, even in published literature, the term “aerosols” is often 

used to refer to just the particles or droplets
o Aerosol science is a highly interdisciplinary field focused on 

applications ranging from atmospheric chemistry to materials 
science
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Bioaerosols
o Aerosols of biological origin, containing viable cells 

or viruses

Source: CY Wu, University of Florida



University of Minnesota
Driven to Discover

A note on aerosol size

Giardina & Buffa, Atmospheric 
Environment 2008, 180, 11-22

Particle diameter

Stable
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Exhaled Aerosol

Asadi et al, Scientific Reports 2019
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Aerosol based respiratory disease 
transmission- early evidence
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Aerosol based disease transmission- Swine 
Viruses
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Filtration (Fibrous Filters)
HEPA Filtration Units
(High Efficiency Particle Air Filter)

Multiple 
Layer Filter
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How filters work

Lv et al, 2018, Macromolecular Materials & Engineering, Green Electrospun 
Nanofibers and Their Application in Air Filtration
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Interception

Particles follow fluid 
streamlines, but travel 
close enough to the filter 
fiber to be collected
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Impaction

Particles cannot follow 
bending streamlines and 
impact onto the filter fiber
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Diffusion

Smaller particles move 
diffusively, and collide with 
fibers
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Single Fiber Collection Efficiency
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Filter Testing

o ANSI/ASHRE Standard 52.2-2017
o Size dependent collection 

efficiency from 0.3-10 mm
o Pressure drop and loading as well
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Filter Ratings
HEPA: 99.97% Efficient
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MERV Ratings are not linear

Common MERV Filters used

Lower Grade filters

Common Residential Filters

Higher grade filters
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MERV Ratings are not linear

“Pre-filters”

Used to collect large particles only
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Pre-filter + Higher MERV Filter
Pre-filter (low MERV rating) Main filter (higher MERV rating)
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Filter Pressure Drop

Tailor et al, Buidling & Environment, 1998
Recent advances in antimicrobial air filter, 2017

Filter Pleating
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Filtration in Barns
Filters require regular replacement
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Filter cost
o Filter baseline costs are the annual replacement 

costs of the filters
o Additional energy costs

o Energy used (Watts):  Pressure Drop x Ventilate Rate/Fan 
Efficiency
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Summary
o Aerosol particles span a wide size range
o Small particles have long lifetimes in the air
o Small particles can carry infectious pathogens
o Filtration can be used to reduce barn-to-barn 

pathogen aerosol transport
o Filters have size-dependent collection efficiencies

oMERV ratings


