Case Study: Indoor Air
Quality Retrofit for Preschool
Case Study Overview
In January 2016 AirAdvice for Homes tested the indoor air quality at Mrs. Teapot’s Tiny Tots preschool in Portland,
Oregon. Multiple IAQ issues were discovered and equipment was installed by AirAdvice contractor Neil Kelly to
reduce contaminants to within acceptable levels. Post testing was then conducted to measure the effectiveness
of the equipment installed.

Characteristics of the Building
The structure is a 1950s single-family bungalow with a
full, finished basement. A central forced air gas furnace is
located in the basement of the home. The main floor is used
for a preschool Monday-Friday, and the basement level is
occupied by the owners and their two small dogs. Typical
occupancy consists of three adults and 7-10 children during
work hours, a challenging environment for indoor air quality.

Results of the First IAQ Test
AirAdvice first conducted an IAQ test to baseline the project.
Six IAQ parameters were tested; four were found to have
high levels. Concentrations of particulate matter, airborne chemicals (VOCs), carbon dioxide, and relative
humidity were above recommended thresholds established by industry standards.
Mrs. Teapot’s Tiny Tots Preschool

The contaminants were not detectable without sensors, and the owner was surprised and concerned by the
results. She was unfamiliar with the IAQ issues, what the solutions were, or what those solutions might cost,
but relieved to learn that affordable solutions could be installed to address the issues.
Particulate Matter (PM) — The weekly average level of particulate matter found at the preschool was 17
micrograms per cubic meter (ug/m3), almost twice the acceptable level. Elevated particle levels are known to
trigger asthma and allergy symptoms. Cooking and other combustion activities are the most common sources of
PM in homes.
Airborne Chemical Pollutants (VOCs) — The average concentration of VOCs were found to be 2637 ug/m3 —
over five times the acceptable level of 500 ug/m3. Airborne chemicals can trigger allergies and asthma. Common
sources include building materials, furniture and cleaning supplies.
Carbon Dioxide (CO₂) — The weekly average concentration of CO₂ was 1456 ppm —
over twice the recommended maximum. High CO₂ environments have been shown
to diminish cognitive function in healthy adults. The primary cause of excessive CO₂ is
inadequate ventilation.
Relative Humidity — The average weekly level was 64%, with daytime peaks nearing 70%.
Humid environments can support growth of dust mites and mold. Relative humidity
should be kept between 35% - 60% according to ASHRAE.
AirAdvice M5200 Monitor
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Solutions for IAQ Pollutants
New equipment installed:
•
•
•
•

MERV 11 Whole House Media Filter
Heat Recovery Ventilator (HRV)
Photo Catalytic Oxydizer (PCO)
UV Treatment System

• Programmable thermostat

HRV Process

High particulate levels were addressed by installing a MERV 11 filtration cabinet designed to capture
particles less than 10 microns, the size range that causes health problems. The post-test results
revealed the concentration of these particles decreased by more than half.
VOCs were reduced by 99% by using a combination of two different technnologies.
 A heat recovery ventilator (HRV) was installed to bring in outside air,
which diluted indoor concentrations of pollutants.
 A Photo Catalytic Oxidizer (PCO) was installed to break down VOCs as
they pass through the air handler.
The HRV also reduced CO₂ levels 46%, from 1456ppm to 726ppm. By bringing in outside air with a CO₂
level of about 400ppm, and exhausting stale air, the HRV diluted CO₂ to acceptable levels. In addition,
the HRV recovered heat from the outgoing air stream and transferred that heat to the incoming air
stream, providing energy efficient ventilation.
Potential mold growth was addressed by the installation of a UV light in the coil.

Conclusions
• Particles were brought down by
upgrading to a MERV 11 filter
and increasing furnace fan runtime.
• The HRV reduces both VOC and
CO₂ levels.
• New thermostat allowed for
precise control of furnace fan
run-time to get maximum
benefit from IAQ equipment.
• Solutions installed are both
simple and effective.
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Summary
Four of the six IAQ parameters tested exceeded acceptable levels based on health guidelines. Despite the high
levels found, no one recognized the health threat before the testing revealed them. The problems found in
the preschool were typical of regular, everyday homes, but were exaggerated by the high level of occupancy.
Homeowners may not be aware of health risks associated with indoor air pollutants, the solutions available and
how they could benefit from these solutions.
The owner of the preschool noticed the change in air quality
immediately after the IAQ equipment was installed. She now touts
the new system to parents considering enrollment at the preschool
and reassures parents that their children can spend their time in an
environment in which they can breathe healthy air.
The added benefit for the owner is energy savings. The HRV
installed into the existing ductwork dilutes the concentration of
indoor pollutants, but also recovers energy by using the latent heat
in the outgoing air to temper the incoming air. This is much more
energy efficient than a simple exhaust fan which relies on leaks in
the house to bring in outside air.

“... I stopped taking my two
allergy pills before work every
day. I also haven’t had to use my
inhaler at all. Last year, I used to
use it about once a month.”
- Full-time teacher at the preschool,
March 2017.

2017 Update: One Year After Installation
In March of 2017 two teachers were interviewed to discuss results. One full-time teacher stated “I noticed
things were different about a month after the project. That’s when I stopped taking my two allergy pills before
work every day. I also haven’t had to use my inhaler at all. Last year, I used to use it about once a month.” The
other teacher talked about missed work being reduced. “What I noticed ... is that she used to use all of her sick
days by March! She doesn’t need to take them anymore.”
The most profound impact, however, may be upon preventing chronic illness for the children that attend the
school. Environmental triggers such as VOCs, particulates, and high humidity contribute to the development of
asthma and allergies, especially in sensitive populations like children.
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Detailed graphs on the following page, show the
Particulate, VOC, CO2 and Relative Humidity levels
for the 5 days each of Before & After testing.






© 2006 AirAdvice, Inc.
ALL RIGHTS RESERVED

AirAdvice for Homes 9320 SW Barbur Blvd., Suite 395, Portland OR 97219 PH: 888-959-4686

3

Particulates

Preschool Test Results
Before

rgen
6-34
re

After
What We Found: Particle
allergen levels were between
11-25 ug/m3 or spiking >
10ug/m3 for an hour or more.

on
d?

Why is action
recommended?

generally
hen daily
ove 10
Highest Daily Average: 28 ug/m 3

own to
gy
ve 35
ormally
g
hed lung
derly, and
re

Highest Hourly Average: 150 ug/m 3

Particle allergens are generally
a cause for concern when daily
average levels are above 10
ug/m3.
Overall
Average: 17 ug/m 3

Particle allergens are known to
trigger asthma and allergy
symptoms. At levels above 35
ug/m 3 , they can harm normally
healthy adults by causing
emphysema
and diminished
There are many steps
you can take
to control lung
sources
Children, the elderly, and
of particle allergens.capacity.
You can:
pregnant women are more
 Add an air filtration
system
susceptible.

Highest Daily Average: 11 ug/m 3

Chemical Pollutants (VOCs)
Before

Particle allergens are always present in your home’s
air. They can build up to unhealthy levels due to
activities in the home, the presence of excessive
sources, and heating & cooling system issues.

ociation;
gency
sociation




Ensure duct work sealed properly
Ensure ducts areSource:
cleanAmerican Lung Association;

Environmental Protection Agency
(EPA); Indoor air Quality Association

Sources: Pets, dirt on shoes, burning candles,
smoking, open windows (outside pollen, spores, etc.),
dust mites, many common household activities,
including cooking and cleaning.

emical
between
day or

What We Found: Chemical
pollutant levels were below 500
ug/m3.

Possible heating & cooling issues: Leaky, dirty, or
poorly designed ductwork, inadequate filtration, no
filtration at all.

com

nc.
VED

www.airadvice.com
© 2007 AirAdvice, Inc.
ALL RIGHTS RESERVED

Highest Hourly Average: 76 ug/m 3

Overall Average: 9 ug/m 3

After

There are many steps you can take to control sources
of particle allergens. You can:

Particle allergens are always present in your home’s
air. They can build up to unhealthy levels due to
activities in the home, the presence of excessive
sources, and heating & cooling system issues.





Add an air filtration system
Ensure duct work sealed properly
Ensure ducts are clean

Sources: Pets, dirt on shoes, burning candles,
smoking, open windows (outside pollen, spores, etc.),
dust mites, many common household activities,
including cooking and cleaning.
Possible heating & cooling issues: Leaky, dirty, or
poorly designed ductwork, inadequate filtration, no
filtration at all.

Why is no action
necessary?

on
ed?

re
concern
evels are

Highest Daily Average: 2953 ug/m3

Highest Hourly Average: 4000 ug/m 3

Carbon Dioxide (CO2)

known to
gy
levels,
es can be
an

Chemical pollutants are
generally
not a cause
Overall Average:
2637for
ug/m 3
concern when daily levels are
below 500 ug/m3.

Chemical pollutants are known to
trigger asthma and allergy
symptoms. At moderate levels,
eyes and nasal passages can be
irritated. Some people can
experience nausea and
At very
high levels,
There are many stepsheadaches.
you can take
to control
sources
they
cancan:
even affect normally
of chemical pollutants.
You
healthy adults by overworking the
liver and
kidneys.
Children,
the
 Add ventilation and/or
VOC
reduction
system
elderly, and pregnant women are
more susceptible.

Before

Levels can build up in your home’s air due to usage of
chemical products and heating/cooling system issues.

h levels,
mally
orking the
en, the
omen are

EU);
bon
vironmental
ove 1000
ntal
ays.
arch Triangle

com

Inc.
RVED

Sources: Off-gassing from building materials,
carpeting, furniture and other synthetic materials, fuel
fumes, scented products and air fresheners, personal
care products, many household products such as
paint, glue, and plastics.

Source: European Union (EU);

What We Found: Carbon
Leadership in Energy & Environmental
Dioxide
levels were between
Design (LEED); Environmental
751-999
ppm for a day or more.
Protection Agency at Research Triangle

Possible heating & cooling issues: Lack of fresh air
introduced into home (either inadequate mechanical
ventilation or none present), no chemical pollutant
removal equipment.

Park (EPA-RTP).

www.airadvice.com

© 2007 AirAdvice, Inc.
ALL RIGHTS RESERVED

Highest Daily Average: 61 ug/m 3

Highest Hourly Average: 496 ug/m 3

Overall Average: 33 ug/m 3

After

Levels can build up in your home’s air due to usage of
chemical products and heating/cooling system issues.

Sources: Off-gassing from building materials,
carpeting, furniture and other synthetic materials, fuel
fumes, scented products and air fresheners, personal
care products, many household products such as
paint, glue, and plastics.

None -- no action necessary. For more information on
indoor air quality, see:


www.airadvice.com

Possible heating & cooling issues: Lack of fresh air
introduced into home (either inadequate mechanical
ventilation or none present), no chemical pollutant
removal equipment.

Why is action
recommended?

essary?

are
concern
vels are
nsitive

Carbon dioxide levels are

Highest Daily Average: 1488 ppm

kly build up
le are
el 'stale.' If
ersistent
crack a
resh air,
ale air.

f Heating,
ioning
y

a cause
for1456
concern
Highest Hourly Average: 2057 ppmgenerally
Overall
Average:
ppm

Relative Humidity

when daily average levels are
above 750 ppm for sensitive
individuals.

Carbon dioxide can quickly build up
inside homes when people are
present, causing air to feel 'stale.' If
you have
There are many steps
youever
cannoticed
take topersistent
control the
carbon dioxide levels
ofand/or
your home.
can:a
smells
wantedYou
to crack
window in a room to get fresh air,
 Add Ventilation
you have experienced stale air.

Before

Elevated carbon dioxide levels can occur in the home
due to source causes, home heating & cooling system
issues, or both.

Sources: 'Tight' (well weatherized and energy-efficient)
home construction without adequate ventilation,
common human & household activity (breathing, and
burning candles, gas, wood, or other combustion).

e overall
umidity
for the

Source: American Society of Heating,
Refrigeration and Air Conditioning
Engineers;
Air Quality
What WeIndoor
Found:
The relative
Association.

humidity levels were above
55% for an hour or more.

Possible heating & cooling issues: Lack of supplied
fresh air (no ventilation), malfunctioning ventilation,
ventilation shut off by occupant, HVAC equipment
needs repair or service. equipment needs repair or
service.

com

Inc.
VED

www.airadvice.com
© 2007 AirAdvice, Inc.
ALL RIGHTS RESERVED

cessary?

humidity
ange of
ccording
e humidity
evels in
ering the
e.

e in the air
and comfort.
e winter,
der.
ges can
one to

Highest Daily Average: 755 ppm

Highest Hourly Average: 1285 ppm

After

Elevated carbon dioxide levels can occur in the home
due to source causes, home heating & cooling system
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Overall Average: 726 ppm

There are many steps you can take to control the
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influences both health and comfort.

Structural causes: Standing water in basement or
other areas, leaky pipes/faucets, inadequate
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Structural causes: Standing water in basement or

There are many steps you can take to control the
humidity of your home. You can:
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