
1

Air Quality

Air quality problems:

A. Outdoor Air Pollution

B. Ventilation Air

C. Indoor Air Pollutants
• VOCs

• Toxins

• Allergens

• Radon

D. Sick Building Syndrome

Minimal Personal Filtration
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Outdoor air quality

2020 forest fires in the SF Bay Area severely affected 

Moscow, ID air quality.
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Beijing, Lima, Paris, & Spokane could use one:

UTEC context and award-winning building by Grafton Architects

2016 RIBA International Prize
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Air pollution diminishes with elevation above ground

Solution: Mine fresh air from top of 

building.

As did the 1905 Larkin Building by Wright

Suzhou Center, Wujiang by SOM Swiss Re aka the Gherkin--Foster

…maybe impossible in 

Suzhou,

while feasible in 

London

Pittsburgh, PA, circa 1949

Clean Air & Water Act 1970s

10

11

12



5

Picture Dirty vs. Clean metropolis

Filter outdoor ventilation air
Slower and cleaner!
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Indoor Air
90% of our day is spent

indoors

(tightly sealed indoors)

- Rise in Asthma Rates

How we spend 

our waking time!

Poor Quality Indoor Air is High Concentrations of:

Volatile Organic Compounds (VOC’s)

Fungus

Decomposing Insect Body Parts

Pollen

Turpentine 

Carbon-Based Products (Plastics)

Formaldehyde in Glues

Radon

Carbon Dioxide

Chlorine Gas

Tobacco/Vape Smoke

Harvard University asserts, "People who work in well-ventilated 

offices with below-average levels of indoor pollutants and carbon 

dioxide (CO2) have significantly higher cognitive functioning scores-

in crucial areas such as responding to a crisis or developing 

strategy-than those who work in offices with typical levels"

www.hsph.harvard.edu/news/press-releases/...
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Library and Culture Center, Herten Germany

• Produce Oxygen

Exceptional Filters:

• Boston Ferns

- Formaldehyde

• English Ivy

- Benzene

Spider Plants

- Formaldehyde

- Carbon Monoxide

Watch for Mold Growth and 

Pollen Producing Plants

Filtration by Indoor Plants

In this Gensler experiment, the 

presence of a vegetated wall kept 

CO2 concentrations lower than the 

control condition.

Green wall at back of KU’s 

Architecture lecture hall. (4) -----›

With green wall

w/o green wall

…beautiful too!
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2018 Stirling Prize winner
Norman Foster

ENNE Architects Office, Quito
Antonio Naranjo

Eliminate Toxic Products 

Choose non-

toxic mineral 

wool over 

toxic rigid 

insulation.

LEED v4 Moves Green 

Building Toward 

Performance-Based 

Products

Building Product Disclosure and 

Optimization: Environmental Product 

Declarations (EPD) Credit.

The intent of this LEED credit it to encourage 

the use of products and materials for which 

life-cycle information is available and that 

have environmentally, economically and 

socially preferable life-cycle impacts. This 

credit also rewards project teams for selecting 

products from manufacturers who have 

verified improved environmental life-cycle 

impacts.
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2. Building Product Disclosure and Optimization: Material 

Ingredients Credit. 

This LEED credit also emphasizes the use of products and materials 

for which life-cycle information is available and that have 

environmentally, economically and socially preferable life-cycle 

impacts. But in addition, it rewards project teams for selecting:

HPDs are a 6-section inventory of material 

ingredients, summarized above. 

• Products for which the chemical 

ingredients in the product are 

inventoried using an accepted 

methodology, e.g., HPDs.

• Products verified to minimize the use 

and generation of harmful 

substances.

• Raw material manufacturers who 

produce products verified to have 

improved life-cycle impacts. 

3. Indoor Environmental Quality (EQ) Category: 

Low-Emitting Materials Credit. 

The intent of this LEED credit is to reduce concentrations of chemical 

contaminants that can damage air quality, human health, productivity and 

the environment. This credit includes requirements for product 

manufacturing as well as project teams. It covers volatile organic compound 

(VOC) emissions in the indoor air and the VOC content of materials, as well 

as the testing methods by which indoor VOC emissions are determined. 

Different materials must meet different requirements to be considered 

compliant for this credit. 

Beyond LEED
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WELL fosters a holistic 

formula for better health and 

wellness outcomes, leading 

to improvements in things 

like employee productivity, 

engagement and retention.

See: 

https://www.wellcertified.com

ASID HQ: World’s first (2018)

LEED Platinum & WELL Platinum
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Sick Building Syndrome

- Building Related Illness

- Mental Degradation

- Lower Work Performance

Sick Building Prevention:

• Make Space for Maintenance

• Beware of Legionella

• Humidity Balance

• Practical Measures

• Commissioning & POE

Make Space for Maintenance
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Prevent Legionnaire’s Disease

Caused by inhaling 

legionella bacteria in air-

borne water droplets from:

❖Cooling towers

❖Bubbling hot tubs

❖HVAC units

❖Showerheads

❖Decorative fountains

19,000 U.S. cases in 2015

Implement ASHRAE 188 Water Management 

Program to certify CDC compliance 

Cooling towers use evaporation 

to reject heat to atmosphere
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Attain Humidity Balance

Source  Gary Olp Architects

Below 

30%....Sinus 

Infections occur

Fungus Thrive 

Above

60% Humidity
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Acu Weather Alergies Map produced daily

Sick Building Prevention:

Four Actions
▪ Separate

▪ Eliminate

▪ Ventilate

▪ Filtrate

Separate Fresh Air Intakes
• From Pollutants e.g. vehicle exhaust

• Pollinating Plants e.g., junipers
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Yale Rare Book Collection by SOM 

• Toxic Areas
• Copy Machines
• Cleaning Solutions
• Car and Truck 

Waiting Areas

• Older Books and 
Bookcases for the 
Chemically Sensitive

Separate or Buffer 

Door Mats and 
Grates at entry or 
integrated into air 
lock keep dirt outside

Eliminate Dirt and Organic Build-up

• Minimize Carpets

• Adopt Asian 
practice of 
removing shoes 
when entering 
home   

Genkan

Eliminate Dirt and Organic Build-up
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Eliminate Radon  

Eliminate Radon

Eliminate Water Build-up
• Avoid Damming Water Vapor Flow

e.g....avoid vinyl wallpaper on concrete
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Eliminate Standing Water...

Flat roofs vs.

Pitched Roofs

Green Roofs

Stadel Museum

Drain Roof Water

Away From Building

Drain Roof Water

Away From Building

And collect it!

Mockbee Rural Studio Project

Notre Dame du Haut,

Ronchamp, Corbu
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Drain Ground Water Around Building

• Outdoors is best 
ventilated space

• Fuzzy Space is 
second best

• Natural Ventilation 
is next best

Ventilate 

Natural Ventilation vs. Mechanical Ventilation

-

(Brager 2000)

Adaptive comfort zone for Miami

Occupants comfortable in a wider 
range of thermal conditions

Occupants twice as sensitive to 

temperature deviations than 

those in naturally vented 

buildings
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COVID-19 shirkers say, 

“Yes, please do!”

Natural Ventilation 
through...

• Operable Windows 

• Cross Ventilation  

• Stack Ventilation

• Wind Cowls

Ventilation Standard (typical) 
Average of 20 cubic feet per minute (cfm) per person 

Mechanical Ventilation 
through...

• Whole House or 
Building Fans

• Heat Recovery 
Ventilator

Ventilation can be 
Energy Intensive…
or not
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Sick Building = Mechanical Ventilation Only?

Munger Hall Proposal UCSB

4,500+ windowless dorm rooms

100% mechanically ventilated

Typical plan, I of 9

Rationale for Mechanical Ventilation
• Reduce CO2 levels

• Eliminate odor

Problem
Most systems are actuated by the thermostat.

Most conventional mixing systems aim to uniformly dilute the 

concentrations of pollutants in a space. So fresh air may be brought in, 

but the air that people actually breath is mixed with the polluted indoor air, 

and thus never quite as fresh. Displacement ventilation systems do a 

better job of providing the freshest air at breathing height, but are less 

common in the US..

Solution
Demand controlled systems help to decouple ventilation from thermal 

conditioning needs using CO2 sensors to better align ventilation set 

points with actual occupancy levels, but only go on when the level is too 

high!
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This plot graph shows CO2 levels (PPM) in a conference room where 

a meeting was being held. The trend is typical for a ventilation system that 

is tied to thermoset set points: there is a delay between the point at 

which CO2 reaches undesirable levels and when the temperature rises high 

enough that the ventilation is triggered to supply more air. Also notice that 

CO2 concentrations differ drastically between the front of the room and the 

back of the room, where there are more people.
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Furnace Filters

Ineffective          Mildly Effective                  Highly Effective

High Efficiency Carbon Filters

(Good at Filtering Gasses)
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High Efficiency Electrostatic Filters

Standard                  Ornamental

UV C   UVB   UV A                                                                                  Infrared  (Heat)

- Hospitals Use in Ducts

- Kills All Viruses and Bacteria

- No Ozone

- Do Not Expose to Eyes or Skin

Ultraviolet C Lamps

What to do about 

COVID-19?
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FaTIMA, a web-based front end to the CONTAM 

simulation engine, ContamX 
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