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This article series discusses some common indoor air quality issues,
how to measure them and how to resolve them so customers can

enjoy cleaner air.

BY BRYNN COOKSEY SR., CEM, CMS

Images on pgs. 14-17 provided courtesy of AirAdvice, www.airadviceforhomes.com.
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According to the Environ-
mental Protection Agency &
(EPA)y we spegd about 90%
of our time inddors. The EPA has
also conguded ghat the air qual-
ity indoors is two to five times worse 4
than outdoors. Poorgndoor air qual-
ity (IAQ) has been linked to sevetal
illnesses, including allerg‘ics, headaches,
fatigue, asthma and other flu-like symp-
toms. These issues are prevalent, yet
indoor air quality issues often go undi-
agnosed and 1-1nsolvcd. .
Indo8r air quality continuegto be
an extremely important issue, but it
is a relatively uniapped market for
HVAC contractors. Many people suffer
from poor indoor air quality, and even
though we are not doctors and cannot
cure their illnesses, we can improve
their indoor air quality. Large retail-
ers report that indoor air quality is a
$10 billion dollar industry, and it is
still growing. Every year, individuals
purchase millions of products, such as
dehumidifiers, humidifiers, air clean-
ers and air puriﬁers, in an attempt to
relieve some IAQ problems.
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HVAC technicians and contractors
are on the front line regarding indoor
air quality. For starters, every cubic foot
gf air eventually goes through the air-
handling unit of the home or building.
Additionally, many IAQ products can
be connected to the existing HVAC
system to help clean the air and remove
harmful pollutants. Numerous stud-
ies show that inefficient, poorly main-
tained, and poorly installed HVAC
systems initiate or contribute to poor
IAQ. In the case that a person has
purchased an TAQ product (such as a
humidifier or air purifier), it signals to
professionals that the customer has a
problemiand is spending money to try
to resolve it. This article discusses some
common indoor air quality issues,
how to measure them and how to
resolve them so customers can enjoy
cleaner air.

IAQ issues can come from a combi-
nation of sources inside and outside
the building. Pollen can travel indoors
and disturb the building occupants’
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allergies. Other irritants such as fertil-
izers, lawn chemicals and pesticides can
enter into the home during normal day-
to-day activities. Items in the building,
such as combustion appliances, tobacco
byproducts, building materials, household
cleaning chemicals, radon, uncontrolled
moisture and more, can pose serious health
risks. Regardless of the source of the TAQ
pollutant, the end result is that they all
build up in the building and the pollutants
need to be controlled.

The IAQ level in a building can be
measured with a handful of parameters,
and the good news is that solutions are
available to improve the air quality. There
are several IAQ parameters, but for the
context of the article, we will focus on
the following: particles, chemicals, carbon
dioxide, and carbon monoxide, humidity,
and temperature. These parameters provide
a tremendous overall snapshot of IAQ
issues of which every building occupant
needs to be aware.

Measuring IAQ issues

The fundamentals of any successful IAQ
program start with testing. Testing is criti-
cal to determine “what” type of IAQ issue
the customer has and “how” bad it is. Test-
ing should be a standard process of HVAC
technicians' service or maintenance calls.
Testing should be as commonplace as
using a meter for electrical troubleshoot-
ing or refrigerant gauges for taking pres-
sure measurements. The average customer
is coping with an IAQ issue and is unaware
that it can be measured and resolved.
Performing an IAQ test on every call will
allow the technician to discover these issues
and provide better customer service. It is a
significant profit center for contractors as
competitors are not likely thinking about
indoor air quality.

Particles

Particles, also known as “particulate
matter,” are a combination of solid and
liquid particles that can linger in the air.
Particles can come in various shapes and
sizes. The concern with particles is that
some may be small enough to be inhaled in
the lungs and pose a severe health risk as
they cannot be filtered easily with our nasal
passages and sinuses.
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This is an example of a report identifying air pollutants commonly found in homes.
Recommendations are offered to help make informed decisions about health,
comfort and safety.

blinds when one can “see” dust parti-

cles represents a particle size of about 50
microns. The human €ye cannot see parti-
cles smaller than SO microns. The number
of particles per volume of air represents
ilyice particle concentration. Particle concen-
tration is generally measured in pg/m3 or
micrograms per cubic meter of air. Smaller
particles are the primary concern when it
comes to indoor air quality. Unlike dust,
soot, and smoke, smaller particles cannot
be seen by the naked eye and can cause
respiratory issues if inhaled for extended
periods.

At 35 pg/m?®, The World Health Orga-
nization (WHO) reports that our most
vulnerable populations, children and the
elderly, are more susceptible to respira-
tory illnesses from exposure to particles

in this range. Most concerning is PM2.5,
(particulate matter 2.5 microns in diam-
An example of an air quality
monitor.

eter). PM2.5 is considered a fine parti-
cle and is listed by the EPA as one of a
home's top five health hazards. PM2.5
particles can even irritate the eyes, and
Particle size is measured in microme- they can enter the bloodstream. Chemi-
ters or microns, so the larger the number, cal reactions, construction activities, and
the larger the particle. For reference, the emission from the combustion process

sunlight shining through partially open can cause PM2.5.
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VOCs are elevated
in 38% of homes,
with 9.4% having
dangerous levels.

Relative humidit

is over 60% in 16

of homes, creating
the perfect environ-
ment for dust mites
& mold when the
level is chronic.

Common home IAQ issues. Source: AirAdvice Home IAQ Data Project.

How to control harmful particles
Remember, particles can come from an
array of indoor and outdoor sources.
Activities such as cooking, air fresheners,
combustion appliances, cigarette smoke,
and cleaning products produce particles
inside the home. Particles can also come
from unsealed ductwork in an uncondi-
tioned space, allowing harmful air from
attics and crawlspaces to enter the home
and cause IAQ complaints. Particles from
outside of the home can come from pollen,
fertilizers, wildfires, background air pollu-
tion, mold spores, dust mites, and animal
and insect activity.

Before implementing any solution to
control particles, source control is the
No. 1 defense against harmful particles.
Source control involves stopping the TAQ
issues where they are created. For exam-
ple, combustion appliances like gas ranges
and gas ovens that vent directly into the
home produce harmful particles while
they are being used. Source control for this
particular appliance would be installing a
range hood to evacuate the harmful parti-
cles from the home before they can cause
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an issue. In this example, using an elec-
tric range to eliminate combustion related
particles may be a long-term solution. The
key here is to stop the particles before they
have an opportunity to cause an issue.

Other ways to improve particle concen-
tration include duct cleaning and sealing.
Duct cleaning is a process that mechani-
cally removes dirt and debris from the duct
system, and duct sealing uses glue or tape to
seal any openings in the duct systems.

A professional duct-cleaning job involves
using a rated vacuum cleaner with a high-
efficiency particle arrestor (HEPA) filter
designed for duct cleaning. The duct
system’s openings (supply and return regis-
ters and grilles) are scaled, and the duct
system is placed under negative pres-
sure to capture the particles loosened and
removed from the duct the being cleaned.
Compressed air and brushes are passed
through the system to agitate and loosen
the dirt and debris. As the dirt and debris
is loosened, it is picked up and carried by
the negative pressure created by the HEPA
Vac. The HEPA vacuum will collect and
trap the dirt and debris.

¢

22y,

Carbon dioxide

is elevated (over

1,000 ppmy) in 27%

of homes, and

between 800-999

ﬁpm in 26% of
omes.

Particles

are elevated in
22% of homes
(PM10).

Duct sealing is another valuable tool to
combat the generation of particles. Espe-
cially with the return air duct system,
harmful particles can enter the HVAC
system through the return air. The return
air duct system is generally under negative
pressure, making it a prime vehicle for TAQ
containments to enter the building. These
openings include the mechanical fasten-
ers used to connect duct sections together
or the seams where the ducts are joined.
Not only can duct leaks create poor IAQ,
but they also represent a significant energy
waste, as conditioned air is not delivered to
its intended location. Before sealing ducts,
verify that the ducts are properly sized.
Duct systems are generally undersized, and
sealing an undersized duct will cause equip-
ment performance issues, damage, and
improper air distribution.

Other ways to combat harmful parti-
cles can be done through filter upgrades
and variable speed blower operation.
Several filters are on the market and select-
ing the proper one can be overwhelm-
ing. Proper filtration is a vital tool for
removing particles in the air stream. Every
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cubic foot of air inside a building eventu-
ally travels through the HVAC system. A
high-efficiency filtration system is a great
way to capture harmful particles linger-
ing within the home or building, Filters
are rated based on their Minimum Efh-
ciency Reporting Value (MERV) rating,
The higher the MERYV rating, the more
efficient the filter removes smaller particles.
To capture particles traveling through the
HVAC system, a minimum of MERV 13
should be used. Before making any filter
replacement or adjustments, verify that the
duct system can handle the specified pres-
sure drop of the more efficient filter and
verify that the filter will not impact the
operation of the HVAC system. For filtra-
tion to be most effective, the blower must
run frequently. The HVAC technician and
the homeowner must work together to
balance the cost of operating the blower
motor versus the benefits of consistent
filtration. With the introduction of elec-
tronically commutates motors (ECMs) into
the HVAC market, the cost of continu-
ous operation has reduced significantly in
recent years, making constant filtration
more affordable.

Ventilation is a silver bullet for many
IAQ issues, and there are many techniques
and methods to implement ventilation to
control TAQ. Ventilation is the process of
bringing fresher air from outdoors, and
this fresher air dilutes the particle levels in
the air. To illustrate, think about a sugary
drink that is too sweet. The typical reaction
would be to add water to dilute the drink
to improve its taste. Bringing fresh air from
outdoors will dilute the harmful particles
and reduce the contaminant levels within
the building. Ventilation is essential, and
it should be designed by technicians who
deeply understand ASHRAE Standard
62.2 “Ventilation for Single-Family Dwell-
ings.” The contractor and the homeowner
must work together to design the system to
manage the trade-offs between the energy
used for ventilation and the benefits of
excellent indoor air quality.

Chemicals

Like particles, several government and
health organizations consider chemi-
cals to be a concern for indoor air qual-
ity. Chemicals mentioned here in this
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fmage courtesy of the U.5. EPA

This image compares IAQ contaminants in micron sizes to a grain of sand and a

human hair.

article are described as volatile organic
compounds (VOCs). VOCs are carbon-
based compounds that can be artificial or
naturally occurring. The chemicals from
gas or the vapors from the chemicals can

be created casily at standard temperatures
and pressures. Similar to particles, long-
term and high doses or chemical exposure
can often lead to respiratory illness and
asthma, and they can also trigger allergic
reactions. VOC vapors come from chemical
compounds like solvents, adhesives, glues,
stored fuels, construction materials, carpet-
ing, furniture and standard cleaning chemi-
cals. Formaldehyde and benzene are two
very common VOCs in many houschold
items we use.

Chemicals are also measured in the air
and like particles, chemicals have concen-
tration levels where adverse health reac-
tions will take place. Chemicals are
measured based on the containment per
unit measurement of air. According to
the AirAdvice Indoor Air Quality Field
Guide, “Chemical pollutants are generally
a cause for concern when average levels
are above 500 micrograms per cubic meter
of air.” At this level or above, chemical
exposure may cause the following: pink

eye, nose and throat irritation, headache,
allergic reaction to the skin, shortness of
breath, liver problems, nausea, vomiting,
bloody nose, fatigue, and dizziness.

How to control chemical exposure
Source control is still the best defense
against any IAQ issue, including chemicals.
The EPA has several behaviors or actions the
building occupants can take to reduce the
likelihood of illness due to chemical expo-
sure. Remember that many daily household
products have high amounts of chemicals, so
follow the labels and instructions carefully.
Another excellent practical behavior is to
properly discard any partially full containers
of old or unneeded chemicals. Other practi-
cal advice from the EPA on using chemicals
includes buying limited qualities and avoid-
ing mixing chemicals not specially designed
to be mixed. Lastly, avoid storing chemicals
without caps or containers.

After source control measures are taken,
the harmful chemicals must be captured,
destroyed, or diluted through ventilation.
Chemicals in the air can be captured using
a filtering media with activated charcoal or
carbon. Activated charcoal or carbon traps
the chemicals using a chemical force or
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absorption force, which removes the
chemicals from the air stream. For the
capturing technique to work effectively, the
blower on the HVAC system must be oper-
ating so the chemical can be removed from
the air stream.

Chemicals in the can be destroyed
using a photo catalytic oxidizer or (PCO)
device. A PCO device is installed in the
HVAC system ductwork. As airflow is
circulated throughout the duct system, the
PCO will work to destroy the chemicals
until they are broken down into harmless
elements, CO, and water vapor. The PCO
device uses a UV light and a catalytic
Oxidizer to accomplish this reaction.

Ventilation is another great solution to
“handle” chemicals inside the buildings.
Like the particles above, ventilation plays
the same role with particles as it does with
chemicals. =
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Keep your eyes peeled for the Fall issue of
RSES Journal, where Part 2 of this article

will discuss LAQ issues related to C 0, CO,

temperature and humidity.

Highest Hourly Average: 13279 ug/m3
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