
Advanced Building Science 

• Air Contaminants 
– Classes of contaminants 
– Indoor 
– Outdoor pollutants 
– Soil gases 

 
• Air Cleaners 

– Equipment types 
 

• Readings 
– HF:  Chapter 11 & 12 
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Classes of Air Contaminants 

• Particulate types 
– dust, fume, smoke (mostly solid) 
– mist, fog, smog (mostly liquids) 
– bioaerosols (viruses, bacteria, spores, pollen, animal dander) 

• Other particulate definitions 
– coarse, fine, visible, invisible 
– macroscopic, microscopic, submicroscopic 
– Inhalable (respirable) 

• Gaseous 
– gases (naturally gaseous under ambient conditions) 
– vapors (from items that are normally solid or liquid) 
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Particulates 

• Anthropogenic vs. Natural - Primary vs. Secondary 
• Types of solids 

– dusts => generally 1 to 100 microns 
– fumes => usually smaller than 1 micron 
– bioaerosols => wide range 0.01 to 100 microns 

• Types of liquids 
– mists => fine airborne droplets 
– fogs => transition between vapor and mists 

• Complex particles 
– smoke => small liquid and solid particles; incomplete combustion 
– ETS => mostly a suspension of fine liquid particles (and gases) 
– smog => mixture of smoke, mists, fogs (and gases) 
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Source: ASHRAE Handbook 
Fundamentals 2013 Chapter 11.4 



Airborne Particles 

• Sizes 
– Nasal 
– Tracheo-bronchial 
– Pulmonary 

• Size distribution in the atmosphere 
– Fine 
– Coarse 

• Units of measurement 
– Particle counts (total or by size range) 
– Particle mass (usually total, but can be separate by size) 
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Outdoor Particulates 
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Source: ASHRAE Handbook 
Fundamentals 2009, Chapter 11.3 



Respiratory Deposition 
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Source: ASHRAE Handbook 
Fundamentals 2013, Chapter 11.3 



Outdoor Distributions 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 11.5 



Indoor Air Pollutants 

• Types 
 

• Sources 
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Bioaerosol Contaminants 

Airborne microbiological particulate matter derived 
from: 

– fungi 
– bacteria 
– viruses 
– protozoa 
– algae 
– pollen 
– mites 
– animal dander 
…………..and their cellular or cell mass components 
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Gaseous Contaminants 

• Organic (mostly vapors) vs. Inorganic (mostly gases) 
• Harmful effects 

– human toxicity 
– human irritation 
– odors 
– damage to materials 

• Units 
– ppm or ppb 
– mg/m3 
– Equation 3* to convert  

• based on molecular mass, temperature, pressure 
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Volatile Organic Compounds (VOC) 

• As a serious indoor pollutant, they 
– are beginning to attract considerable attention 
– are a tremendous variety of compounds 
– are very difficult and expensive to measure 

 

• Total VOC (or TVOC) 
– useful concept, but 
– some difficulty in measurements and accuracy 
– not all VOCs have similar levels of concern 
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Volatile Organic Compounds (VOC) 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 11.14 



Inorganic Gases 

• Carbon dioxide 
• Carbon monoxide 

– incomplete combustion 
• Nitrogen oxides 

– high temperature combustion 
• Sulfur dioxide 

– combustion of sulfur containing fuels 
• Ozone 

– photochemical smog 
– coronal discharges from office equipment 
– air cleaners 
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Outdoor Air Contaminants 

• Common gases 
– EPA critical pollutants 
– primary Ambient Air Quality Standards 
– indoor to outdoor concentration ratios 

 
• Soil Gases 

– radon (primary concern) 
– methane 
– pesticides 
– water vapor 
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Outdoor Air Contaminants 
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Source: ASHRAE Handbook Fundamentals 2009, 
Chapter 11.15 



Outdoor Air Contaminants 
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Source: ASHRAE Handbook Fundamentals 2009, Chapter 11.16 



Outdoor Air Contaminants 
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Source: ASHRAE Handbook Fundamentals 2009, Chapter 11.17 



Outdoor Air Contaminants 
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Source: ASHRAE Handbook 
Fundamentals 2013,  
Chapter 10.11 



Air Processing Equipment 

Air Cleaners 
– Critical particle sizes 

 
– Types of air cleaners 

• fibrous media filters 
– viscous impingement filters 
– dry air filters 
– renewable media filters 

• electronic air cleaners 
• turbulent air filter 
• cyclonic air filter 
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Air Filtration 
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Source: Howell, Sauer & Coad, Principles of Heating, Cooling, and Ventilation 1997, Chapter 17.17 



Air Processing Equipment 
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Source: Howell, Sauer & Coad, Principles of Heating, Cooling, and Ventilation 1997, Chapter 17.15 



In Summary 

Questions and Discussion 
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Next Class 

• Duct Systems 
– Basics 
– Fans 
– Air-Diffusing Equipment 

 

• Readings 
– HF Chapter 21 (focus on 21.7 to 21.17) 
– RVS Handout Chapter 2 (pages 6 – 12)  
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