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MODULE 1

Overview of HVAC
Systems Cleaning
WHAT WE’LL LEARN
•

History of Heating, Ventilating and Air-Conditioning (HVAC) Systems Cleaning

•

Factors Affecting the HVAC (Duct) Cleaning Industries Growth

•

What is HVAC Contamination Composed Of?

•

The National Air Duct Cleaning Association (NADCA)

History of Heating, Ventilating & Air-Conditioning (HVAC) Systems Cleaning
Heating, Ventilating and Air-Conditioning
(HVAC) Systems Cleaning, commonly referred
to as “duct cleaning” traces it’s roots back to the
mid-1900’s. Initially duct cleaning was primarily
conducted in the northern part of the United
States, strictly in the residential market. The
main purpose was removal of large amounts
of gross contaminants from the duct system.
Many duct systems were constructed with both
supply and return grilles located within the
home’s flooring. This would allow large amounts
of floor debris to end up in the duct system
such as carpet fibers, dirt, dust and anything
else that was small enough to pass through the
floor register. As time progressed the industry
of duct cleaning has taken on a new complexion that has crossed over from gross contamination
removal to the improvement of system efficiency and indoor air quality. Initially the main thrust
behind the cleaning of duct systems was geared towards the increase of air flow and efficiency
in a heating and cooling system. In general, ducts were cleaned using large vacuum trucks
which could establish high amounts of suction. These trucks would be connected to the furnace
AIR SYSTEMS CLEANING SPECIALIST
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through a series of hoses at a main connection point. The large volume of suction from the truck
would then be utilized as air driven devices or brushes would be sent down the ducts through
various openings to dislodge the debris from the duct walls. All debris would then be transported
through the hoses to the vacuum truck for easy disposal. This technique was widely used and
accepted throughout the United States as the standard practice for duct cleaning. This technique
still remains popular in some areas of the country today.
Over the past 30 years duct cleaning techniques have come a long way and industry associations
like the National Air Duct Cleaners Association (NADCA) have lead the way in assisting
professionals with education, research and outreach programs. NADCA has also been
instrumental in assisting the general public in determining what to look for from professional
duct cleaning or HVAC cleaning companies. NADCA has also worked closely with EPA in the
US and similar agencies around the world to ensure government guildelines and publications
include information on the correct methods for properly cleaning HVAC systems. We will look
at NADCA activities in more detail in the last section of this MODULE.

Factors Affecting the HVAC (Duct) Cleaning Industry Growth
Numerous factors must come into the equation when attempting
to address nationwide duct cleaning. The original invention of
the power vacuum truck left a number of issues needing answers.
It seemed that the original system of truck cleaning worked very
well when used as designed, but if you ventured outside of the
standard duct system configuration many questions began to arise.
Specifically when addressing the type and size of the duct system.
Many new unanswered questions needed to be addressed. Duct cleaning techniques were
historically a regional issue and most new contractors were spin off ’s or new start-ups from an
existing company. This meant as the industry began to expand outside of their regional zones,
duct construction and fabrication techniques began to change. The emergence of tighter buildings
in the 70’s now catapulted duct cleaning into the forefront as many people viewed HVAC system
remediation as a new industry. Facilities from around the country were looking to this newly
discovered industry to answer some critical questions. One of the most common questions was
can my type of ductwork be cleaned? Over time HVAC cleaning has become a well established
profession with industry and government guidelines, standards, specifications and in some cases
even state regulations.
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Duct Cleaning – The Misnomer
Duct cleaning is perhaps one of the worst
terms that could be applied to what the
modern day professionals actually do. The
commonly accepted terminology has become
HVAC cleaning and restoration or HVAC
remediation. Duct cleaning of course is a
non-glamorous term used to describe what
has become a highly technical business. Some
states now require HVAC remediation firms
to be licensed under current HVAC state
–US EPA
licensing requirements. Another reason duct
cleaning is not an accurate term is the
significant amount of work which must be conducted throughout the entire HVAC system
including the main air handling unit and terminal units. In most cases the highest levels of
contamination and remediation exist in these areas and require extensive knowledge of
mechanical components for disassembly and rebuilding.
“If you decide to
have your heating
and cooling
system cleaned,
it’s important to
make sure the
service provider
agrees to clean all
components of
the system and is
qualified to do so.”

What is HVAC Contamination Composed Of?

Micrograph of Particulate from an air sample.
Courtesy of www.iaqtraing.com
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There are a number of items which contribute
to duct contamination. These would include
common dust, pollen, mold, mildew. algae,
bacteria, plaster, construction materials, loose
fiberglass, skin flakes, live and dead insects,
carpet fibers, drywall dust and much more.
However any substance which was not
originally intended to be present in the
system is suspect for being a contaminant. A
competent Air Systems Cleaning Specialist
(ASCS)will be concentrating on the methods
for removal of specific contaminants in a safe
manner, more so than how they affect the
buildings overall air quality. The role of
identifying the contaminants is commonly left
to IAQ specialists.
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The National Air Duct Cleaning Association (NADCA)
The growing HVAC remediation industry made a significant
step forward in 1989 by forming a non-profit organization
dedicated to increasing the professionalism the HVAC
remediation industry. This organization is know as NADCA
(The National Air Duct Cleaners Association). NADCA was
responsible for the creation of the very first national standard
of any kind with regard to HVAC remediation. This standard
was originally is known as NADCA standard 1992-01
mechanical cleaning of non-porous HVAC systems. The
revised standard is now known as Assessment, Cleaning and Restoration (ACR) 2006. All
competent duct cleaners will have a working knowledge of this standard. Most specifications now
include this standard as the state of the art in HVAC remediation. Even other industry standards
and government specifications reference ACR 2006 when it comes to cleaning and restoring
HVAC systems.
NADCA was also instrumental in the creation of the consumer guide for residential and
commercial system cleaning. These documents should be read by all who must further their
knowledge with specific regard to proper HVAC remediation techniques.
The NADCA certification program is a method of testing the retained and practical knowledge of
it’s membership. This program was developed to verify that the members of the association are all
applying equal knowledge to the challenges that meet them in the field every day.
NADCA also joint ventured a scientific research project with the EPA to determine the
effectiveness of duct cleaning on HVAC systems.
When any duct cleaning is being specified it is always a good idea to check with the NADCA
headquarters for the latest information with regard to competent duct cleaners in your area.

HVAC Cleaning Specifications
Numerous specifications exist in the industry through various channels for conducting a
HVAC remediation project. The most proficient jobs are conducted with a site-specific protocol
developed by a consultant that addresses the exact nature of the current problems. These issues
can be quite complex with HVAC remediation only addressing a small part of the overall
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remediation solutions. Well-crafted specifications will be able to address issues such as humidity,
temperature control, total particulate dispersion, site and worker safety, timetables and a number
of other factors. In the absence of contracting to have specifications written specifically for a
project, the second best choice is to obtain specifications on high-level successful projects that
have been completed in the recent past. Remember, this is a growing industry and new concepts
are being worked into specifications every day. Don’t rely on old specifications

Practice Question
What year was NADCA formed? _______
A. 1998
B. 1989
C. 1990
D. 1993

AIR SYSTEMS CLEANING SPECIALIST
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HVAC Systems Overview
WHAT WE’LL LEARN
•

Principles of Heating Ventilation and Air Conditioning Systems

•

Types of HVAC Systems

•

Components of HVAC Systems

Principles of Heating Ventilation and Air Conditioning Systems
What is Air Conditioning?
One reason human beings can thrive in all kinds of climates is that they can control the qualities
of the air in the enclosed spaces in which they live. “Air conditioning” is the use of mechanical
systems to achieve that control in such places as homes, offices, theaters, institutions, factories,
airplanes, and automobiles. The most familiar type of air conditioning is summertime cooling.
Although important, this is but one of several aspects of air conditioning. Other applications
include the control of the humidity (or air moisture), cleanliness, circulation of the air, and
heating.

Effects On People And Products
Tests have determined that people generally feel best under certain temperature, humidity, and
air velocity conditions. Temperatures can range from 71° F (21.5° C) with 70 percent relative
humidity to 83.5° F (28° C) with 30 percent relative humidity. Relative humidity is the amount of
moisture in the air at a specific temperature compared with the amount it could contain at that
temperature. Agreeable air velocities range from 15 to 35 feet (4.5 to 10.5 meters) per minute. It is
also desirable that an air conditioner remove dust, pollen, smoke, and odors from the air.
In many industrial environments, air conditioning is essential. Most print shops, for example,
require constant humidity in order to control paper shrinkage and to ensure uniform operation
in processes such as collotype and offset lithography. Libraries, especially ones with rare books,
require air control to preserve the physical quality of their collections. Bakeries and the tobacco
AIR SYSTEMS CLEANING SPECIALIST
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and cotton industries require high humidity’s for their products, and perishables such as fruits
must be stored in cool, dry rooms. Some electronic components, drugs, and chemicals must be
manufactured where the air is as free as possible of dust and other particles. Air conditioning is
vital in hospitals, especially in operating rooms.

How Air Conditioners Work
There are many kinds of air conditioners, but their functions are essentially the same. Nearly all
air conditioners cool and clean the air while they ventilate the space. Some humidify, dehumidify,
and heat as well.

Cooling
Air conditioners customarily cool by
blowing the air through a coil of tubing
that contains a cold fluid. The fluid,
usually a special chemical, is most often
cooled by the process of refrigeration.

A typical home air conditioning unit.

This process makes use of the
relationship between the volume
of a substance and its capacity for
holding heat. For example, if a quantity
of gas at a given temperature is
suddenly compressed, its temperature
momentarily rises. If the gas is then
suddenly expanded, the temperature will
momentarily fall.

Refrigeration type air conditioners compress their fluids with a mechanical compressor system.
The most common compressor is the reciprocating type. It employs a piston in a cylinder.
These compressor-type air conditioners circulate a refrigerant fluid in a closed tube system,
compressing it, exhausting the heat the compression creates, and expanding the fluid. Warm
interior air is circulated over the coil that contains the refrigerant, which becomes a cool vapor as
it expands. The cool vapor removes heat from the air and the cooled air is returned to the interior.
The refrigerant is compressed and its heat exhausted to the exterior again.
Many refrigeration units employ fluids that alternate between liquid and gaseous forms
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when compressed and expanded. The change from gas to liquid can involve large degrees of
compression and expansion, and equally large amounts of heating and cooling. A condenser
transfers the heat from refrigerant to the outdoor air. The more efficiently this is done, the more
efficient the air conditioner.
There are several types of condensers. Air-cooled condensers, which are generally used in small
air conditioners, transfer heat to the outdoors through a coil of finned tubing. In water-cooled
condensers, water flows through tubing within a refrigerant chamber to pick up and convey heat
outdoors. The water may be cooled in a device that resembles an automobile radiator or it may
be cooled by evaporation. In evaporative cooling, water is pumped to a high, narrow outdoor
structure called a cooling tower. These towers are frequently seen atop large factories and office
buildings. The water is released from the top of the tower in a fine spray. Air blown through the
spray causes some evaporation. The water is cooled in the process, and fresh water is added to the
tower to replace the small amount lost by evaporation.

Air Cleaning/Filtration
The air is usually cleaned by passing it through a filter in the duct that carries it into the air
conditioner. Three main types of air filter are used: impingement, dry, and electronic.

HEPA filters are 99.97% efficient at removing particles 0.3
micrometers in diameter.

AIR SYSTEMS CLEANING SPECIALIST

Impingement filters, the most
common type, consist of fiberglass
or stranded metal formed into a
sheet and coated with a thick,
sticky substance such as oil or
liquid adhesive. Relatively large
particles in the intake air stream
impinge upon, or strike, a fiber of
the filter and stick to it. Such filters
are commonly enclosed in a
cardboard frame and changed at
regular intervals. Large air-conditioning systems often use large
impingement filters held on rollers,
as is film in a camera, and moved
across the air stream in stages.
Some impingement filters can be
cleaned or even clean themselves.
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Dry filters work like a kitchen strainer, capturing impurities while clean intake air passes through.
Any dirt particle that cannot fit between two filter fibers is trapped. A dry filter is made of small
cellulose, synthetic, or bonded glass fibers packed closely together and shaped like a sheet or
blanket. Dry filters are commonly arranged in the form of accordion pleats, folds, or pockets. They
are held on light frameworks and discarded when filled with dirt.
Electronic filters work by ionization or polarization. The ionization filter employs high-voltage
charged wires or screens to ionize, or impose an electrical charge on, all particles. The particles
next pass between metal plates that are coated with oil or liquid adhesive and are either grounded
or charged oppositely from the particles. The particles are drawn to the plates and stick to them.
From time to time, the plates are washed clean and recoated.
Polarization filters are similar, but need not be washed and recoated. The charged particles stick
on oppositely charged plates, like iron filings on an electromagnet. Momentarily turning off the
electricity and rapping the plates clean the filter. The particles fall off and are discarded.
Air washers are also used to clean the air. Air is passed through sprays of water to trap particles
and wash them away. The air is not only cleaned but also cooled and made more humid. Air
washers are used in industry when high humidity is desirable.

Ventilating
Most air conditioners can draw fresh air in and exhaust
stale air out. Most also permit or create air movement
within the conditioned space. Air motion alone can
have a slight cooling effect on the body. But the motion
has to be too fast for comfort to achieve significant
cooling. Most air conditioners use both fresh and recirculated air. Air circulation, or movement, may be
natural, caused by the tendency of warm air to rise, or a
fan may force it. Natural circulation is sometimes used
in heating systems, but cooling systems generally employ forced circulation.
Air-conditioning fans other than those in small, window units are usually arranged in ducts,
which are essentially long tubes. Typically rectangular in shape and made from galvanized steel,
the ducts may be attached to the ceilings, walls, or floors of the conditioned space. Ducts often
contain metal vanes that direct the air flow to increase system efficiency. Room air inlets and

10 | NADCA

AIR SYSTEMS CLEANING SPECIALIST

HVAC Systems Overview | MODULE 2

outlets are customarily rectangular in shape and fitted with a metal grill that often has dampers
that open and close to control flow.
Centrifugal fans, or blowers, are the type of fan most commonly used. The familiar three-bladed
propeller-type fan is often noisy and is inefficient. Centrifugals have a rotating cylinder (called
an impeller) mounted inside a scroll-type housing, which somewhat resembles a snail’s shell in
shape. These fans have scoop-like blades that collect air and throw it against the inside of the
housing to create the desired air stream for efficient cooling.

Humidifying
Moisture is added to the air by injecting steam directly, by spraying water into the air stream, or
by evaporating water from electrically heated pans. Air is often humidified after being heated.
Warm air can contain more moisture than cool air.

Dehumidifying
Because it is warmer, summer air often contains more
moisture than winter air. The more moisture there is in
the air, the more slowly perspiration evaporates. Since
perspiration evaporation is an important mechanism
for cooling the human body, high humidity increases
discomfort during warm weather.

Typical “portable” dehumidifier, mounted
on casters. Courtesy www.wikipedia.com.

When warm, moist air passes over an air conditioner’s
cooling coil, its temperature can fall to a point where
it can no longer hold all the moisture it contains. The
moisture then condenses on the coil as droplets that
may be drained away. This process, called condensation
dehumidification, is the one most often used in air
conditioning.

Adsorbent dehumidification employs a bed of silica gel, the common metal silica in a finely
divided state. The gel adsorbs, or picks up on its surface, moisture from air that is passed through
it. As it removes the water vapor in the air stream, the silica-gel bed generates heat, which is
removed by cooling water. Once the bed is saturated, it can be taken out, heated to drive off the
adsorbed water, and then reused.

AIR SYSTEMS CLEANING SPECIALIST
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Heating
Air conditioners heat by blowing air through coils that contain hot
water or steam or over devices that create heat by passing electricity
through resistant metal wires and plates. Many air-conditioning systems,
particularly those in large buildings, recover and reuse waste heat in
winter. Sources of such heat include refrigeration compressors, lights and
machines, and even the bodies of the building’s human occupants. Sharply
rising energy costs have made waste heat recovery economically attractive,
leading to a rapid development and widespread adoption of the technology.
To recover waste heat, the warm air exhausted from a room by an air conditioner is passed
through a heat exchanger. This device transfers the heat from the air to a fluid such as water.
The heated fluid is then used within the building’s basic heating system. Only cool air leaves the
structure. Every unit of waste heat that is recovered and reused saves a unit that would otherwise
be created with fuel.
The technology makes possible dramatic reductions in energy use. Some newer buildings in coldwinter areas have such efficient waste heat recovery systems that they need no boiler at all.

Types Of Air Conditioners
There are several ways to classify air conditioners. Most people tend to group them by size and
complexity. For example, the familiar boxy device, commonly referred to as a room or window air
conditioner, is also called a self-contained air conditioner. This is because all of its working parts
are in a single unit. Many homes and other buildings have central air conditioners. These have
their controls in one area, machinery in another, and ducting throughout the structure. Systems
in hospitals, factories, or other large buildings may perform several functions at once in widely
separated areas. These large air conditioners, often controlled by computers, are properly called
environmental control systems. Another way to classify air conditioners is according to the details
of how they work. Common air-conditioner types classified in this way include refrigeration
compressor (described earlier), heat pumps, steam-jet, and air-cycle.
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Heat Pumps
All refrigeration systems are
essentially pumps that transfer
heat from one place to another.
The process of cooling is
reversible; that is, a refrigeration
system can transfer heat into an
enclosure. This is easier to
understand by considering the
heat that comes out of the back
of a refrigerator. In fact, some
air-conditioning systems used
for summer cooling can be used
for heating in winter. These and
other types of heat pumps take
the heat that is already in the air
and boost its temperature. This is
done, for example, in waste heat
Vapor compression refrigeration. Courtesy www.wikipedia.com.
recovery systems, where the
recovered heat is not intense. A heat pump is used to amplify heat, raising the temperature to a
useful level.

Steam-Jet
Coolers of this type employ water as a refrigerant, vaporizing it at low temperatures in a partial
vacuum that is induced by a strong jet of superheated steam. The process is similar to compressor
refrigeration except that low pressures are used to expand a liquid refrigerant into a vapor.
Steam-jet coolers fit well into systems that use a boiler to provide heat. The same boiler may be
used to produce steam both for heating and for cooling, and the same piping may transmit both
hot and cold fluids. Coolers of this kind are used only in systems with large capacities.

Air-Cycle
Commonly employed to cool high-speed aircraft such as jets, this system uses a forward-facing
tube in which air is compressed by the motion of the aircraft. The operation resembles that of an
ordinary compressor cooler, except that the refrigerant, which is air, does not liquefy. In this case,
air is cooled by air.
AIR SYSTEMS CLEANING SPECIALIST
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Mechanical System History
Mechanical air conditioning did not come into existence until refrigeration machines were
invented at the end of the 19th century. As scientists learned more about the properties of fluids,
the physics of air movement, and human comfort conditions, their findings were used to improve
air conditioning.
At first, air-conditioning systems were designed with initial cost as a major consideration.
Operating costs were virtually ignored because electrical energy was cheap. Rapid energy price
increases during the 1970s, however, caused a shift in emphasis toward energy-efficient operation.
Special units that conserve energy became available for the home. Many owners of large
structures modified or replaced existing systems to cut energy use. The focus of the industry on
increasing efficiency continued into the 1980s.

Efficient Home Units
The amount of cooling produced by a home air conditioner compared with the electricity it
consumes is its energy efficiency ratio (EER). The higher the EER, the more efficient the air
conditioner is. They cost more initially but cost less to operate and are thus money savers in the
long run.
High efficiency also results from careful sizing of the home system. An oversized unit will
consume more energy than is needed to condition the space and also may not lower humidity
sufficiently. If the unit is too small, however, it will not get the cooling job done and may dry the
air out too much.
The size of air conditioner required for a given job is best determined by calculating a cooling
load--that is, the amount of cooling that the machine will have to put out to condition the space.
Cooling load depends upon the size and shape of the space; the number and size of windows and
their orientation toward the sun; the areas of walls, ceilings, and floors and the extent to which
they are insulated; local climatic conditions; the wattage of electrical equipment present; and the
number of people who normally occupy the space. Standardized forms are available from some
air conditioning manufacturers, public utilities, and consumer groups for calculating cooling
load.
The efficiency of air conditioners is often rated by the Seasonal Energy Efficiency Ratio
(SEER) which is defined by the Air Conditioning, Heating and Refrigeration Institute in its
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standard ARI 210/240, Performance Rating of Unitary Air-Conditioning and Air-Source Heat
Pump Equipment.[1]
The SEER rating of a unit is the cooling output during a typical cooling-season divided
by the total electric energy input during the same period. The higher the unit’s SEER
rating the more energy efficient it is. In most countries, the SEER is a unitless ratio, as
both cooling energy and energy consumed are measured in the same units. In the United
States, SEER is computed by measuring cooling in British thermal unit (BTU) and energy
consumed in watt-hours, so the resulting number is measured in units of 0.29307107.
Thus, a US SEER of 14 BTU/W·h corresponds to an efficiency ratio of only 4.1. The rest of
this article talks about SEER in the United States.
For example, consider a 5,000-British-thermal-unit-per-hour (1,500 W) air-conditioning
unit, with a SEER of 10 BTU/W·h, operating for a total of 1000 hours during an annual
cooling season (e.g., 8 hours per day for 125 days).
The annual total cooling output would be:
5000 BTU/h × 8 h/day × 125 days/year = 5,000,000 BTU/year
With a SEER of 10 BTU/W·h, the annual electrical energy usage would be about:
5,000,000 BTU/year / 10 BTU/W·h = 500,000 W·h/year
The average power usage may also be calculated more simply by:
Average power = (BTU/h) / (SEER) = 5000 / 10 = 500 W
If your electricity cost is 20¢/kW·h, then your cost per operating hour is:
0.5 kW * 20¢/kW·h = 10¢/h
—www.wikipedia

Larger Systems
Rising energy costs increase operating costs drastically for many older air-conditioning systems in
large buildings, causing owners to seek help. In some cases, existing equipment must be replaced
completely with more efficient new systems. Most of the time, however, the old system can be
reengineered, with some new components replacing older ones.
AIR SYSTEMS CLEANING SPECIALIST
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Often engineers achieve large energy savings by reviewing operations, making adjustments
so that the system operates according to original design, and setting up a program of careful
maintenance. A single dirty filter or slipping fan belt does not in itself waste much energy. But
many such problems in a large system add up to large efficiency losses.
Engineers also make changes to reduce the resistance to air flow in ducts, grills, and piping.
Lowered resistance results in less energy needed to drive the fan or pump, and sometimes a lower
horsepower fan can be used. “Turning down” the entire system is another way to save energy.
Without seriously affecting occupant comfort, the engineer can reduce the extent to which the air
is heated or cooled.
Each type of large-building system presents engineers with its own unique set of problems. For
example, the single-duct-single-zone system--which is probably the most common--supplies air
at a constant temperature to one complete zone, or area, of a building or to the entire structure all
at once. Because it is not easy to control zones, this system wastes energy by heating or cooling
unoccupied rooms.
The terminal reheat system allows for better zone control. It has a heating coil in each branch
duct to zones of similar loads. Terminal reheat wastes energy in the cooling season, however,
because all air in the system must be cooled to the lowest temperature demanded in the structure
and then reheated in zones where the coolest air is not needed. Energy is thus used twice, first to
cool the air, then to reheat it.
Two improved systems--multi-zone and dual duct-have better zoning capabilities but still waste energy.
In variable air volume (VAV) systems, a central unit
supplies cooled or heated air at constant, controllable
temperatures to VAV boxes for each zone. These
boxes vary the quantity rather than the temperature
of the air. This mode of operation is energy efficient
Variable Air Volume Control Boxes
because no air is heated or cooled beyond need. In
structures where zoned air conditioning is required, engineers selecting systems often choose
VAV for its energy efficiency without even considering other systems.
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Heating
Heating of living quarters dates from
earliest times, when people who lived in
cold climates used open fires for warmth.
Stoves or fireplaces that heated only single
rooms later replaced open fires. Central
air heating, which distributes heat evenly
throughout a building, was used in Roman
times. Today central heating is the most
economical form of heating for year-round
homes and is a necessity for large buildings.

Central Heating Systems
Central heating systems obtain their
heat from burning fuel in a furnace. The
furnace may heat water, it may turn water
into steam (in which case it is called a
boiler), or it may heat recirculated room
air. These fluids are then the medium
used to distribute the heat through the
various rooms of the building. If central air
conditioning is also desired, hot-air systems
are generally most effective because the
same system can provide heat in the winter
and cool air in the summer.

Hot-Water and Steam Systems
In hot water or steam systems, the hot fluid is generally distributed from the furnace through
insulated pipes to radiators placed in strategic areas of a building. The cooled water or condensed
steam is then returned to the furnace for recycling. Most hot-water systems have two pipes
attached to each radiator, one for the hot supply water, the other for the cold return. In systems
that are fed by gravity, the hot water rises as the cool water runs down to a boiler in the basement.
Since water expands on heating, an expansion tank must be supplied at the highest point of a
gravity system. The expansion tank consists of a closed vessel partly filled with air; the air is
compressed as the water is heated. Larger buildings invariably use a water pump for circulation.

AIR SYSTEMS CLEANING SPECIALIST
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Such systems can work under higher pressures and with smaller water pipes.
In each room, the actual heat transfer takes place by a combination of radiation, conduction,
and convection. Thus cold air in contact with the hot radiator rises by convection and circulates
through the room. Because hot air rises, radiators are generally located near the floor of a room,
away from any obstructions. At the same time, the radiator transmits heat to colder walls and
furniture by radiation.
In older hot-water and steam heating systems, cast-iron radiators are frequently used. Newer
hot-water systems generally use convectors, which consist of one or more water tubes covered
with a large number of thin metal sheets or fins attached at right angles to the tubes. Convectors
are normally placed near the floor along room walls. They are often partially enclosed in a
rectangular sheet-metal casing, open near the bottom and top. The casing acts as a chimney,
drawing in cold air from the floor, passing it up over the fins, and then discharging it back
into the room. Both radiators and convectors have valves to control the amount of heating. In
buildings with concrete floors, hot-water pipes may also be embedded in the concrete to heat the
floor directly by conduction and the rest of the room by radiation.
Steam systems require smaller pipes than hot-water systems and are used primarily in large
buildings. In some large metropolitan areas, inexpensive low-pressure steam is available as a byproduct of electric power generation. In a system known as district heating, this steam is piped to
nearby buildings for use in their heating systems.

Hot-Air Systems
Hot-water residential heating systems have remained popular in Europe. However, for private
homes in the United States and Canada, hot-air systems are less expensive to construct and,
because they can be combined with central air conditioning systems, they have become widely
accepted for use in large buildings as well. In hot-air systems a circulating blower and air filters
are encased in the same housing as the furnace. The hot air is distributed to the various rooms
through ducts; the air flow through the ducts is regulated with adjustable dampers.
In each room, the air is discharged through outlet registers, located near the floor, from which
the hot air rises and circulates. Registers have louvers that can be opened or closed to control the
amount of hot air entering the room. The air is drawn back through return ducts, located near the
floor at a distance from the inlet registers, and is fed back to the furnace. If the same circulation
system is also used for air conditioning, additional ducting outlets and return inlets are required.
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Furnaces and Boilers
A furnace consists of two basic components: a combustion chamber where the fuel is burned, and
a heat exchanger where the hot combustion gases transfer heat to the distribution medium (water,
steam, or air). In water or steam heating systems the heat exchanger may line the combustion
chamber; in hot-air heating systems the hot gases come into contact with the heat exchanger after
they leave the combustion chamber. The hot combustion gases are then vented to the outside
through a stack or chimney.
Although coal was a common fuel for furnaces through the 1940s, it has been largely replaced in
North America by fuel oil and natural gas. Before oil can be burned efficiently, it may have to be
preheated and it must be atomized, or broken into tiny droplets.
This atomization may be achieved
by using an air jet, by forcing the
oil under high pressure through
small nozzles in a gun-type
burner, or by using a centrifugal
device that spins the oil off a
rotating disk or cup. A separate
blower usually supplies the air
required for combustion, which
is then initiated by an electric
arc. Fuels for domestic furnaces
are similar to diesel oil; for large
commercial units they may be
heavier oils.
Gas furnaces require a stream
of gas and air for combustion,
which can be started by a pilot
flame or, more economically, by
an electric sparkplug. In remote
locations where natural gas is not available, compressed gaseous fuels, such as propane, may
supply a gas furnace. However, their relatively high cost makes them an economical alternative
only in temperate regions or in houses used only part of the year.
All types of furnaces have temperature overload protections. If the heat exchanger surface gets
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too hot, combustion is shut off until the temperature drops to an acceptable level. Conventional
gas furnaces have efficiencies of from 70 to 80 percent--that is, 70 to 80 percent of the heating
energy in the fuel finds its way into the home. In oil furnaces, the efficiency may drop to as low as
60 percent unless the furnace is tuned up and cleaned frequently. Most of the remaining energy
is lost as hot exhaust. If the exhaust temperature can be reduced, the overall performance of the
system is substantially improved.
This improved performance is the aim of modern gas-fired high-efficiency furnaces, which have
efficiencies of from 93 to 97 percent. High-efficiency furnaces significantly increase the surface
area of the heat exchanger, where hot combustion gases on one side transmit heat to house air
on the other side. To further increase their efficiency, these furnaces take in only outside air for
combustion rather than warm inside air, and they use a sparkplug to initiate combustion instead
of using a pilot flame.
One such furnace uses a type of pulsed combustion. Air and gas are fed into a combustion
chamber with a long tail pipe and are initially fired by a sparkplug. A pressure pulse closes the air
and gas inlet valves while the hot combustion gas empties through the exhaust pipe into the heat
exchanger sections. A low-pressure wave reflected from the end of the tail pipe admits a fresh air/
gas mixture and another combustion pulse begins. This pulsing takes place about 60 to 70 times
per second.

Heating Control
A thermostat controls most home furnaces. The heart of the
thermostat is a primary, or sensitive, element, which has physical
properties affected by temperature changes. Generally it is an
element that expands or contracts with increases or decreases
in room temperature. Changes in the primary element usually
activate an electric switch, which is called the secondary element.
Usually, when the temperature falls by about a half degree below
a preset amount, the switch is tripped, closing an electric circuit and starting the burner. Then,
when the temperature has risen above the setting, the switch is opened again and the burner
stops.
Some thermostats use tilting mercury contact switches. These contain a spiral strip made of two
metals, one of which expands and contracts in response to temperature change more rapidly than
the other one. This uneven response causes a bending in the strip. Thus as the room temperature
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drops below the desired level and the spiral cools, it contracts, allowing a tiny capsule half filled
with mercury to tilt to one side. There are two wires at one end of the capsule; when the mercury
fills that end, it completes a circuit that turns on the burner. Other thermostats use entirely
electronic switching. In large buildings the heating system is usually subdivided into zones that
can be individually controlled by separate thermostats

Other Heating Systems
Furnace-operated heating systems are not the only ones in use. For some regions other heating
systems may be more practical. Such systems include solar heating, electric radiant heating, and
heat pumps.

Solar Heating
A simple form of solar heating is used in greenhouses. Glass and certain
plastics are transparent to short-wavelength solar radiation. When these
materials are used in roofs and walls, the solar radiation readily passes
through them and into the space within. The plants in the greenhouse
reemit radiation, but because they are at a relatively low temperature,
the radiation is at longer wavelengths and cannot pass through the glass.
Thus much of the solar heat is trapped within the greenhouse, which
becomes warmer than the outside air.
Solar radiation can also be used to heat homes and other buildings. Solar heating systems used
in buildings typically include a solar collector, a water or air distribution system, and a storage
system. Most often a flat-plate solar collector is mounted on the roof, facing south and preferably
positioned at a steep angle. In water systems, the collector typically consists of an outer glass
plate, a small airspace, and a bottom heat-absorption plate through which water is pumped in
closely spaced tubes. To provide heat when the sun is not shining, a large hot-water storage tank
is used. As room heating is required, the hot water is pumped, either directly from the collector
or from the storage tank, through one side of a heat exchanger. On the other side the building air
is forced through with a fan. About 20 to 30 percent of the incident solar energy can actually be
utilized in such a system. A backup heating system using a conventional furnace is also required.
Hot-air solar systems use more complex collectors that heat air directly. Because air cannot store
much thermal energy, however, supplementary storage systems must be added. They consist of
rock beds or assemblies of large pebbles that are heated by the air flowing through the collector.
Room air then passes over the storage bed and absorbs heat from the rocks.
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Solar systems can be active, whereby the circulating water or air is pumped through the system,
or passive. In passive, circulation relies solely on the rising of warm fluids and falling of cooler
ones. Solar heating systems, particularly passive systems, designed into a building before its
construction, can be quite economical in moderate climates and sunny areas. At present, active
solar systems and solar heating in less ideal climates are generally less economical.

Electric Radiant Heating
In some heating systems electric resistance heaters are buried in concrete floor slabs. These
heaters warm first the floor by conduction and then the rest of the house by radiation and
convection. Although this type of heating is very comfortable, its high cost makes it impractical
except in areas where electric power is inexpensive and the seasonal heating requirements are
low. Electric heating elements have been widely used in the southern United States to heat homes.
Whenever the heating season is short electric resistant heating can make sense. One advantage
of electric resistant heating element over a heat pump system is the recovery time of warming a
home. The total output temperature of an electric resistant system is generally much higher than a
heat pump system.

Heat Pumps
A home refrigerator takes warm air out of a cold region, raises it to a higher temperature, then
discharges it into the room. This requires mechanical energy. For many home refrigerators the
amount of heat extracted is equal to about six times the mechanical energy required to extract the
heat, and the heat discharged is about seven times the mechanical energy. These values decrease
when the difference between the high and low temperatures is increased.
A heat pump works like a refrigerator. It extracts heat from the atmosphere or from the
ground and releases it at a higher temperature into the building. For moderately cool outdoor
temperatures, the heat discharged is many times the mechanical and electrical energy supplied
to the system. Thus a heat pump can be a practical heating system in climates where the air
temperature does not drop much below 50° F (10° C). At lower air temperatures, heat may
be drawn from the ground or from groundwater, though this can be costly. Heat pumps are
becoming more common in moderate climates. Most heat pumps systems installed now must
also include an auxiliary electric resistant heating element within the unit. The primary reason
the electric resistant heating element exists is to supplement the heating capacity of the unit when
the heat pump becomes inefficient. A secondary reason the electric heat elements are present is to
improve the slower heating time a heat pump has.
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Stoves and Fireplaces
In the United States, the use of domestic wood stoves rose sharply after the energy crisis of the
early 1970s. In northern parts of the country where firewood was cheap, they provided a simple
and economical means of heating the home. Their use has been limited, however, because of the
dangers of accidental fire and carbon monoxide poisoning, as well as the rising cost of firewood.
Fireplaces have long been a favorite means of heating areas of the home. However, though a
fireplace will warm its immediate environment, it may actually cool the rest of the house because
it draws in large amounts of surrounding air. Narrowing the damper opening after the fire has
settled to a slow burn can reduce this heat loss. Nevertheless, a fireplace is more effective for
space heating if it is flanked by separate ducts, or heatolators. These allow room air to enter at the
bottom of the fireplace, draw heat from the fireplace walls, and then reenter the room from the
top of the fireplace.

Space Heaters
Supplementary heat for a single room or for an area that is used only
occasionally can be supplied by electric space heaters. When electric
current passes through the heater’s resistance elements, the elements
become red hot. A reflective surface at the back of the unit may serve
to concentrate the heat toward the front of the heater. Heat transfer
takes place principally by radiation and conduction, which may be
aided by a fan that directs air past the elements and reflective surface.
For safety, many space heaters have a shut-off device that is activated if the heater is tipped over.
Because the cost of electric heating is usually much higher than that of gas or oil heating, space
heaters are generally used only for supplementary, short-term heating.

Seasonal Heating Needs
In the winter human comfort requires not only a certain temperature range, but also a certain
humidity level. The relative humidity — the percentage of moisture in the air compared to the
maximum amount of moisture that the air can contain at a given temperature--should range
from 30 to 600 percent. Due to increased evaporation from the skin, persons in a room at 75°
F (24° C) feel colder if the relative humidity is too low than they do in a room at 70° F (21° C)
with moderate relative humidity. Thus, because cold air can contain less humidity than warm air,
the relative humidity of outside winter air, once heated, will be too low for comfort. This can be
remedied in central hot-air heating systems by adding a humidifier in the furnace. For steam and
water systems, separate room humidifiers may be required.
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In general, heating is required if the daily average outside temperature falls below 65° F (18° C).
A system of “degree days,” based on degrees Fahrenheit, is sometimes used to estimate the annual
fuel requirement for a given region. For each degree Fahrenheit that the average temperature falls
below 65° F, one-degree day accrues. Thus if the daily average temperature is 20° F, 45 degreedays will accumulate. The total number of degree days in a year is a measure of the annual fuel
requirement, though the actual amount of fuel required depends both on the exact number of
degree days and on the temperature at which the home is maintained. The higher the average
inside temperature, the greater the fuel consumption.
Heating requirements also increase with strong winds, which hasten the heat loss from a building.
In all cases, heating costs can be greatly reduced by lowering the thermostat setting during the
night, when room temperatures between 60° F and 65° F (16° C and 18° C) are comfortable for
most persons.

Building Insulation And Air Exchange
To a large extent the heating requirements of a building depend on the amount of insulation in
the building. US housing stock varies tremendously with respect to the amount of insulation in
walls and ceilings. Insulation may be in the form of matts or battens (insulation packaged in
paper covers) or open cell and closed cell foam. The trend is toward more energy efficient and
tighter homes that make proper HVAC design, installation and maintenance more important
than ever.
Much of the heat loss from a building does not take place through the walls, however. Instead
it takes place through glass windows and cracks in the walls, often near window frames. Thus
installing double- or triple-pane windows, in which the panes of glass are separated by a small
airspace that acts as an insulator, can reduce a building’s heat loss. Heavy curtains over windows
can also lower heat loss. Radiation loss from buildings can be reduced by applying special
coatings to the inside window pane that reflect radiation back into the room.
Careful caulking of all joints with a sealing compound can minimize heat loss through cracks
in building walls. Programs like the EPA “Energy Star” program have specific guidance on air
sealing of homes. The best way to increase energy efficiency is to tighten up the building envelope.
However, insufficient air exchange can create indoor air quality problems. For example if a
building it too tight VOC’s will not be diluted as readily and build up in the space. In such cases
mechanical ventilation may be provided. You may have heard the building science phrase “build
tight and ventilate right”, this means we want tight construction with smart ventilation strategies
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that bring make up air into buildings in a controlled manner through designed penetrations not
air being sucked in through every nook and cranny of the building envelope.

U.S. Environmental Protection Agency
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Ventilation
Large buildings require ventilation to distribute fresh air to all parts of the structure, particularly
if windows cannot be opened. The degree of ventilation required depends on the building’s
use, the height of the ceilings, the number of door openings, and the number of occupants. A
ventilating system may be required to supply an amount of fresh air ranging from 7.5 to 40 cubic
feet (0.2 to 1.1 cubic meters) per minute for each occupant.
Ventilation systems draw fresh air from outdoors, filter it, and then distribute it through a system
of ducts by means of blowers. Part of the room air is returned through separate ducts and is often
mixed with the incoming air, particularly if the system also includes air conditioning. Filters for
industrial and commercial building ventilation are made of many materials. Replaceable fabric
or glass fiber filters, also used in home air heating systems, remove particles from the air. They
must be replaced when they become clogged. Electrostatic filters charge particles in the air and
deposit them on oil-coated plates, which must be washed periodically. Activated charcoal filters
are effective in removing odors and tobacco smoke and are often used when a high percentage of
the air is recirculated.
Buildings containing laboratories or manufacturing areas that produce objectionable gases
or fumes have special ventilating hoods that draw off the bad air and discharge it outdoors.
Environmental laws require filtering the air before it leaves the building. In the home, special
ventilation may be required if an occupant is allergic to materials normally found in the air, such
as pollen. In this case the incoming air may be filtered before distribution.
For general circulation, exhaust fans
may be used to discharge stale air from
the building while drawing in fresh air
through windows and doors. Attic fans
may be used to ventilate closed spaces
under a roof. Closed ventilating systems,
which do not bring outside air into the
home, can assist circulation and, to a
smaller extent, heating in the home.
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Because hot air rises, the upper floors of an open house are likely to be much warmer than the
lower ones. The heat can be more evenly distributed through the home by using a recirculating
blower system. Similarly, ceiling fans can redistribute warm air by pushing down the hot air that
accumulates near ceilings and providing air movement.
Ventilation plays a critical role in many industrial sites, such as in chemical processing plants and
paint shops, where poisonous or combustible fumes and vapors can accumulate. A continuous
supply of fresh air is also necessary in underground mines and in long vehicular tunnels. Today
heating and ventilating, along with air conditioning and noise and vibration suppression, are
considered part of the larger field of environmental engineering. Engineers in this field recognize
that human comfort and efficiency, as well as the proper operation of mechanical and electronic
equipment, are affected by the immediate environment. Thus they attempt to take environmental
factors into account in the original design of a building.

Types Of HVAC Systems
Single Zone
A single air handling unit can only serve more than one building area if the areas served have
similar heating, cooling, and ventilation requirements, or if the control system compensates for
differences in heating, cooling, and ventilation needs among the spaces served. Areas regulated by
a common control (e.g., a single thermostat) are referred to as zones. Thermal comfort problems
can result if the design does not adequately account for differences in heating and cooling loads
between rooms that are in the same zone. This can easily occur if:
• The cooling load in some area(s) within a zone changes due to an increased occupant
population, increased lighting, or the introduction of new heat-producing equipment
(e.g., computers, copiers).
• Areas within a zone have different solar exposures. This can produce radiant heat gains
and losses that, in turn, create unevenly distributed heating or cooling needs (e.g., as the
sun angle changes daily and seasonally).
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Multiple Zone

T12

Multiple zone systems
Variable
Air
can provide each
VAV
12
Volume
zone with air at a
different temperature
by heating or cooling
the airstream in each
zone. Alternative design
Multi
Zone
strategies involve
VAV
14
delivering air at a
constant temperature
T14
while varying the
volume of airflow, or
modulating room temperature with a supplementary system (e.g., perimeter hot water piping).

Constant Volume
Constant volume systems, as their name suggests, generally deliver a constant airflow to each
space. Changes in space temperatures are made by heating or cooling the air or switching the
air handling unit on and off, not by modulating the volume of air supplied. These systems often
operate with a fixed minimum percentage of outdoor air or with an “air economizer.”

Variable Air Volume
Variable air volume systems maintain thermal comfort by varying the amount of heated or cooled
air delivered to each space, rather than by changing the air temperature. (However, many VAV
systems also have provisions for resetting the temperature of the delivery air on a seasonal basis,
depending on the severity of the weather). Overcooling or overheating can occur within a given
zone if the system is not adjusted to respond to the load. Under ventilation frequently occurs if
the system is not arranged to introduce at least a minimum quantity (as opposed to percentage)
of outdoor air as the VAV system throttles back from full airflow, or if the system supply air
temperature is set too low for the loads present in the zone.

Dual Duct
A dual duct system was popular in the early days of air conditioning. It had several advantages,
but the disadvantages, like excessive energy consumption, led to its downfall after the energy
crisis of 1973.
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The dual duct concept is fairly simple. A fan discharges air which is directed through the cooling
coil and/or the heating coil. What determined which path the air would take? Actually it was a
device separate from either the fan or the coil, a device called the dual duct mixing box.
The dual duct mixing box is just that: a mixing box. It has a damper, controlled by the zone’s
thermostat that mix’s the correct amount of cool air and hot air to maintain the proper supply
air temperature called for by the zone. This system worked on the same principal as your shower
at home. Turn on a given volume and simply add more or less hot and cold water to achieve the
proper water temperature. Replace the water with air and the concept still holds true.

Testing and Balancing
Modern HVAC systems typically use
sophisticated, automatic controls to supply
the proper amounts of air for heating, cooling,
and ventilation in commercial buildings.
Problems during installation, operation,
maintenance, and servicing the HVAC system
could prevent it from operating as designed.
Each system should be tested to ensure its
initial and continued performance. In addition
to providing acceptable thermal conditions
Flow head
and ventilation air, a properly adjusted and
balanced system can also reduce operating costs
and increase equipment life. Testing and balancing involves the testing, adjusting, and balancing
of HVAC system components so that the entire system provides airflows that are in accordance
with the design specifications. Typical components and system parameters tested include:
•
•
•
•
•

all supply, return, exhaust, and outdoor airflow rates
control settings and operation
air temperatures
fan speeds and power consumption
filter or collector resistance

The typical test and balance agency or contractor coordinates with the control contractor to
accomplish three goals: verify and ensure the most effective system operation within the design
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specifications, identify and correct any problems, and ensure the safety of the system. A test and
balance report should provide a complete record of the design, preliminary measurements, and
final test data.
The report should include any discrepancies between the test data and the design specifications,
along with reasons for those discrepancies. To facilitate future performance checks and
adjustments, appropriate records should be kept on all damper positions, equipment capacities,
control types and locations, control settings and operating logic, airflow rates, static pressures,
fan speeds, and horsepower’s.
Testing and balancing of existing building systems should be performed whenever there is reason
to believe the system is not functioning as designed or when current records do not accurately
reflect the actual operation of the system. The Associated Air Balance Council recommends the
following guidelines in determining whether testing and balancing is required:
• When space has been renovated or changed to provide for new occupancy.
• When HVAC equipment has been replaced or modified.
• When control settings have been readjusted by maintenance or other personnel.
• After the air conveyance system has been cleaned.
• When accurate records are required to conduct an IAQ investigation.
• When the building owner is unable to obtain design documents or appropriate air
		 exchange rates for compliance with IAQ standards or guidelines.
Because of the diversity of system types and the interrelationship of system components,
effective balancing requires a skilled technician with the proper experience and instruments.
Due to the nature of the work, which involves the detection and remediation of problems, it is
recommended that an independent test and balance contractor be used and that this contractor
report directly to the building owner, facility manager, or IAQ manager.
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Basic Components Of An HVAC System
The basic components of an HVAC system that delivers conditioned air to maintain thermal
comfort and indoor air quality are:
• outdoor air intake
• mixed-air plenum and
outdoor air control
• air filter
• heating and cooling coils
• humidification and/or
de-humidification
equipment
• supply fan
• ducts
• terminal device
• return air system
• exhaust or relief fans
and air outlet
• self-contained heating
or cooling unit
• controls
• boiler
• cooling tower
• water chiller

Courtesy of EPA”s Building Air Quality
A Guide for Building Owners and Facility Managers
Typical Commercial AHU Components (Interior Diagram)
Courtesy of Terry Brennan, Camroden Associates, Oriskany, NY

Outdoor Air Intake
Building codes require the introduction of outdoor air for ventilation in most buildings. Most
non-residential air handlers are designed with an outdoor air intake on the return side of the
ductwork. Outdoor air introduced through the air handler can be filtered and conditioned
(heated or cooled) before distribution. Other designs may introduce outdoor air through air-toair heat exchangers and operable windows. Indoor air quality problems can be produced when
contaminants enter a building with the outdoor air. Rooftop or wall-mounted air intakes are
sometimes located adjacent to or downwind of building exhaust outlets or other contaminant
sources. Problems can also result if debris (e.g., bird droppings) accumulates at the intake,
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obstructing airflow and potentially introducing microbiological contaminants. If more air is
exhausted than is introduced through the outdoor air intake, then outdoor air will enter the
building at any leakage sites in the shell. Indoor air quality problems can occur if the leakage site
is a door to a loading dock, parking garage, or some other area associated with pollutants.

Mixed-Air Plenum and Outdoor Air Controls
Outdoor air is mixed with return air (air that has already circulated through the HVAC system)
in the mixed-air plenum of an air handling unit. Indoor air quality problems frequently result if
the outdoor air damper is not operating properly (e.g., if the system is not designed or adjusted
to allow the introduction of sufficient outdoor air for the current use of the building. The amount
of outdoor air introduced in the occupied mode should be sufficient to meet needs for ventilation
and exhaust make-up. It may be fixed at a constant volume or may vary with the outdoor
temperature.
When dampers that regulate the flow of outdoor air are arranged to modulate, they are usually
designed to bring in a minimum amount of outdoor air (in the occupied mode) under extreme
outdoor temperature conditions and to open as outdoor temperatures approach the desired
indoor temperature. Systems that use outdoor air for cooling are called “air economizer cooling”
systems. Air economizer systems have a mixed air temperature controller and thermostat that
are used to blend return air (typically at 74°F) with outdoor air to reach a mixed air temperature
of 55° to 65°F. (Mixed air temperature settings above 65°F may lead to the introduction of
insufficient quantities of outdoor air for office space use.) The mixed air is then further heated or
cooled for delivery to the occupied spaces.
Air economizer systems have a sensible or enthalpy control that signals the outdoor air damper
to go to the minimum position when it is too warm or humid outdoors. Note that economizer
cycles which do not provide dehumidification may produce discomfort even when the indoor
temperature is the same as the thermostat setting.
If outdoor air make-up and exhaust are balanced, and the zones served by each air handler are
separated and well defined, it is possible to estimate the minimum flow of outdoor air to each
space and compare it to ventilation standards such as ASHRAE 62- 2010. Techniques used
for this evaluation include the direct measurement of the outdoor air at the intake and the
calculation of the percentage of outdoor air by a temperature or CO2 balance. Carbon dioxide
measured in an occupied space is also an indicator of ventilation adequacy. Some investigators
use tracer gases to assess ventilation quantities and airflow patterns. There are specific methods
for each of these assessments.
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Many HVAC designs protect the coils by closing the outdoor air damper if the airstream
temperature falls below the setpoint of a freezestat. Inadequate ventilation can occur if a
freezestat trips and is not reset, or if the freezestat is set to trip at an excessively high temperature.
Stratification of the cold outdoor air and warmer return air in the mixing plenums is a common
situation, causing nuisance tripping of the freezestat. Unfortunately, the remedy often employed
to prevent this problem is to close the outdoor air damper. Obviously, solving the problem in this
way can quickly lead to inadequate outdoor air in occupied parts of the building.

Air Filters
Filters are primarily used to remove
particles from the air. The type and
design of filter determine the efficiency at
removing particles of a given size and the
amount of energy needed to pull or push
air through the filter.
In order to maintain clean air in occupied
spaces, filters must also remove bacteria,
pollens, insects, soot, dust, and dirt with an
efficiency suited to the use of the building.
Commercial Bag Filters
Medium efficiency filters can provide
much better filtration than low efficiency filters. To maintain the proper airflow and minimize the
amount of additional energy required to move air through these higher efficiency filters, pleatedtype extended surface filters are recommended. In buildings that are designed to be exceptionally
clean, the designers may specify the equipment to utilize both a medium efficiency pre-filter
and a high efficiency extended surface filter. Some manufacturers recommend high efficiency
extended surface filters.
Air filters, whatever their design or efficiency rating, require regular maintenance (cleaning for
some and replacement for most). As a filter loads up with particles, it becomes more efficient at
particle removal but increases the pressure drop through the system, therefore reducing airflow.
Filter manufacturers can provide information on the pressure drop through their products
under different conditions. Low efficiency filters, if loaded to excess, will become deformed and
even “blow out” of their filter rack. When filters blow out, bypassing of unfiltered air can lead to
clogged coils and dirty ducts. Filtration efficiency can be seriously reduced if the filter cells are not
properly sealed to prevent air from bypassing.
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Filters should be selected for their ability to protect both the HVAC system components and
general indoor air quality. In many buildings, the best choice is a medium efficiency, pleated filter
because these filters have a higher removal efficiency than low efficiency filters, yet they will last
without clogging for longer than high efficiency filters.
Choice of an appropriate filter
and proper maintenance are
important to keeping the
ductwork clean. If dirt
accumulates in ductwork and if
the relative humidity reaches
the dewpoint (so that
condensation occurs), then the
nutrients and moisture may
support the growth of
microbiologicals. Attention to
air filters is particularly important in HVAC systems with acoustical duct liner, which is frequently
used in air handler fan housings and supply ducts to reduce sound transmission and provide
thermal insulation. Areas of duct lining that have become contaminated with microbiological
growth must be replaced. Sound reduction can also be accomplished with the use of special
duct-mounted devices such as attenuators or with active electronic noise control.
Air handlers that are located in difficult to access places (e.g., in places which require ladders for
access, have inconvenient access doors to unbolt, or are located on roofs with no roof hatch access)
will be more likely to suffer from poor air filter maintenance and overall poor maintenance. Quick
release and hinged access doors for maintenance are more desirable than bolted access panels.
Filters are available to remove gases and volatile organic contaminants from ventilation air;
however, these systems are not generally used in normal occupancy buildings. In specially
designed HVAC systems, permanganate oxidizers and activated charcoal may be used for gaseous
removal filters. Some manufacturers offer “partial bypass” carbon filters and carbon impregnated
filters to reduce volatile organics in the ventilation air of office environments. Gaseous filters must
be regularly maintained (replaced or regenerated) in order for the system to continue to operate
effectively.
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Heating and Cooling Coils
Heating and cooling coils are placed
in the airstream to regulate the
temperature of the air delivered to the
space. Malfunctions of the coil controls
can result in thermal discomfort.
Condensation on underinsulated pipes
and leakage in piped systems will often
create moist conditions conducive
to the growth of molds, fungus, and
bacteria.

Commercial Evaporator Coil

During the cooling mode (air
conditioning), the cooling coil provides dehumidification as water condenses from the airstream.
Dehumidification can only take place if the chilled fluid is maintained at a cold enough
temperature (generally below 45°F for water). Condensate collects in the drain pan under the
cooling coil and exits via a deep seal trap. Standing water will accumulate if the drain pan
system has not been designed to drain completely under all operating conditions (sloped
toward the drain and properly trapped). Under these conditions, molds and bacteria will
proliferate unless the pan is cleaned frequently.
It is important to verify that condensate lines have been properly trapped and are charged with
liquid. An improperly trapped line can be a source of contamination, depending on where
the line terminates. A properly installed trap could also be a source, if the water in the trap
evaporates and allows air to flow through the trap into the conditioned air. During the heating
mode, problems can occur if the hot water temperature in the heating coil has been set too low in
an attempt to reduce energy consumption. If enough outdoor air to provide sufficient ventilation
is brought in, that air may not be heated sufficiently to maintain thermal comfort or, in order to
adequately condition the outdoor air, the amount of outdoor air may be reduced so that there is
insufficient outdoor air to meet ventilation needs.
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Humidification and Dehumidification Equipment
In some buildings (or zones within
buildings), there are special needs
that warrant the strict control of
humidity (e.g., operating rooms,
computer rooms). This control is
most often accomplished by adding
humidification or dehumidification
equipment and controls. In office
facilities, it is generally preferable
to keep relative humidities above
20% or 30% during the heating
season and below 60% during the
Commercial Humidification System
cooling season. ASHRAE Standard
55-1981 provides guidance on acceptable temperature and humidity conditions.
The use of a properly designed and operated air conditioning system will generally keep relative
humidities below 60% RH during the cooling season, in office facilities with normal densities and
loads.
Office buildings in cool climates that have high interior heat gains, thermally efficient envelopes
(e.g., insulation), and economizer cooling may require humidification to maintain relative
humidity within the comfort zone. When humidification is needed, it must be added in a
manner that prevents the growth of microbiologicals within the ductwork and air handlers.
Steam humidifiers should utilize clean steam, rather than treated boiler water, so that occupants
will not be exposed to chemicals. Systems using media other than clean steam must be rigorously
maintained in accordance with the manufacturer’s recommended procedures to reduce the
likelihood of microbiological growth.
Mold growth problems are more likely if the humidistat setpoint located in the occupied
space is above 45%. The high limit humidistat, typically located in the ductwork downstream
of the point at which water vapor is added, is generally set at 70% to avoid condensation (with a
potential for subsequent mold growth) in the ductwork. Adding water vapor to a building that
was not designed for humidification can have a negative impact on the building structure and the
occupants’ health, if condensation occurs on cold surfaces or in wall or roof cavities.
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Supply Fans
After passing through the coil section
where heat is either added or extracted,
air moves through the supply fan
chamber and the distribution system.
Air distribution systems commonly
use ducts that are constructed to be
relatively airtight. Elements of the
building construction can also serve
as part of the air distribution system
(e.g., pressurized supply plenums or
return air plenums located in the cavity
Commercial Supply Fan
space above the ceiling tiles and below
the deck of the floor above). Proper coordination of fan selection and duct layout during the
building design and construction phase and ongoing maintenance of mechanical components,
filters, and controls are all necessary for effective air delivery.
Fan performance is expressed as the ability to move a given quantity of air (cubic feet per minute
or cfm) at a given resistance or static pressure (measured in inches of water column). Airflow in
ductwork is determined by the size of the duct opening, the resistance of the duct configuration,
and the velocity of the air through the duct. The static pressure in a system is calculated using
factors for duct length, speed of air movement and changes in the direction of air movement.
It is common to find some differences between the original design and the final installation, as
ductwork must share limited space with structural members and other “hidden” elements of the
building system (e.g., electrical conduit, plumbing pipes). Air distribution problems can occur,
particularly at the end of duct runs, if departures from the original design increase the friction
in the system to a point that approaches the limit of fan performance. Inappropriate use of long
runs of flexible ducts with sharp bends also causes excessive friction. Poor system balancing
(adjustment) is another common cause of air distribution problems. Dampers are used as
controls to restrict airflow.
Damper positions may be relatively fixed (e.g., set manually during system testing and balancing)
or may change in response to signals from the control system. Fire and smoke dampers can be
triggered to respond to indicators such as high temperatures or signals from smoke detectors.
If a damper is designed to modulate, it should be checked during inspections to see that it is at
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the proper setting. ASHRAE and the Associated Air Balance Council both provide guidance on
proper intervals for testing and balancing.

Ducts

Ductboard

Spiral Oval High Pressure Duct

Flexible

The same HVAC system that distributes conditioned air throughout a building air can
distribute dust and other pollutants, including biological contaminants. Dirt or dust
accumulation on any components of an air handling system — its cooling coils, plenums,
ducts, and equipment housing — may lead to contamination of the air supply.
There is widespread agreement that building owners and managers should take great precautions
to prevent dirt, high humidity, or moisture from entering the ductwork; there is less agreement
at present about when measures to clean up are appropriate or how effective cleaning techniques
are at making long-term improvements to the air supply or at reducing occupant complaints.
The presence of dust in ductwork does not necessarily indicate a current microbiological
problem. A small amount of dust on duct surfaces is normal and to be expected. Special
attention should be given to trying to find out if ducts are contaminated only where specific
problems are present, such as: water damage or biological growth observed in ducts, debris
in ducts that restricts airflow, or dust discharging from supply diffusers.
Problems with dust and other contamination in the ductwork are a function of filtration
efficiency, regular HVAC system maintenance, the rate of airflow, and good housekeeping
practices in the occupied space. Problems with biological pollutants can be prevented by
minimizing dust and dirt build-up, promptly repairing leaks and water damage, preventing
moisture accumulation in the components that are supposed to be dry, and cleaning the
components such as the drip pans that collect and drain water.
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In cases where sheet metal ductwork has become damaged or water-soaked, building owners will
need to undertake clean-up or repair procedures. For example, in cases where the thermal liner
or fiberboard has become water-soaked, building managers will need to replace the affected areas.
These procedures should be scheduled and performed in a way that does not expose building
occupants to increased levels of pollutants and should be carried out by experienced workers.
Correcting the problems that allowed the ductwork to become contaminated in the first place is
vital. Otherwise, the corrective action will only be temporary.
The porous surface of fibrous glass duct liner presents more surface area (which can trap dirt and
subsequently collect water) than sheet metal ductwork. It is therefore particularly important to
pay attention to the proper design, installation, filtration, humidity, and maintenance of ducts
that contain porous materials. In addition, techniques developed for cleaning unlined metal
ducts often are not suitable for use with fibrous glass thermal liner or fiberboard. Such ducts may
require a special type of cleaning to maintain the integrity of the duct (i.e., no heavy brushing
tools that might fray the inner lining) while removing dirt and debris.
Pay attention to worker safety when working with air handling systems including during duct
cleaning. Any worker who may potentially breathe duct contaminants or cleaning products,
sealants, etc. should wear suitable respiratory protection. Workers who are doing the duct
cleaning should be encouraged to also look for other types of problems, such as holes or gaps in
the ducts that could allow contaminants to enter the ventilation airstream.

Terminal Devices

Fan Terminal Unit
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Thermal comfort and effective contaminant
removal demand that air delivered into a
conditioned space be properly distributed
within that space. Terminal devices are the
supply diffusers, return and exhaust grilles, and
associated dampers and controls that are designed
to distribute air within a space and collect it from
that space. The number, design, and location
(ceiling, wall, floor) of terminal devices are very
important. They can cause a HVAC system with
adequate capacity to produce unsatisfactory
results, such as drafts, odor transport, stagnant
areas, or short-circuiting.
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Occupants who are uncomfortable because of distribution deficiencies (drafts, odor transport,
stagnant air, or uneven temperatures) often try to compensate by adjusting or blocking the flow
of air from supply outlets. Adjusting system flows without any knowledge of the proper design
frequently disrupts the proper supply of air to adjacent areas. Distribution problems can also be
produced if the arrangement of movable partitions, shelving, or other furnishings interferes with
airflow. Such problems often occur if walls are moved or added without evaluating the expected
impact on airflows.

Return Air Systems
In many modern buildings the above ceiling space is utilized for the unducted passage of return
air. This type of system approach often reduces initial HVAC system costs, but requires that the
designer, maintenance personnel, and contractors obey strict guidelines related to life and safety
codes (e.g., building codes) that must be followed for materials and devices that are located in
the plenum. In addition, if a ceiling plenum is used for the collection of return air, openings
into the ceiling plenum created by the removal of ceiling tiles will disrupt airflow patterns. It is
particularly important to maintain the integrity of the ceiling and adjacent walls in areas that are
designed to be exhausted, such as supply closets, bathrooms, and chemical storage areas.
After return air enters either a ducted return air grille or a ceiling plenum, it is returned to the air
handlers. Some systems utilize return fans in addition to supply fans in order to properly control
the distribution of air. When a supply and return fan are utilized, especially in a VAV system, their
operation must be coordinated in order to prevent under- or over-pressurization of the occupied
space or over-pressurization of the mixing plenum in the air handler.

Exhausts, Exhaust Fans, and Pressure Relief
Most buildings are required by law (e.g., building or plumbing codes) to provide for exhaust of
areas where contaminant sources are strong, such as toilet facilities, janitorial closets, cooking
facilities, and parking garages. Other areas where exhaust is frequently recommended but may
not be legally required include: reprographics areas, graphic arts facilities, beauty salons, smoking
lounges, shops, and any area where contaminants are known to originate.
For successful confinement and exhaust of identifiable sources, the exhausted area must be
maintained at a lower overall pressure than surrounding areas. Any area that is designed to be
exhausted must also be isolated (disconnected) from the return air system so that contaminants
are not transported to another area of the building.
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In order to exhaust air
from the building, make-up
air from outdoors must be
brought into the HVAC
system to keep the building
from being run under
negative pressure. This
make-up air is typically
drawn in at the mixed air
plenum as described earlier
and distributed within the
building. For exhaust
systems to function properly, the make-up air must have a clear path to the area that is being
exhausted.
It is useful to compare the total cfm of powered exhaust to the minimum quantity of
mechanically-introduced outdoor air. To prevent operating the building under negative pressures
(and limit the amount of unconditioned air brought into the building by infiltration), the amount
of make-up air drawn in at the air handler should always be slighter greater than the total amount
of relief air, exhaust air, and air exfiltrating through the building envelope. Excess makeup air is
generally relieved at an exhaust or relief outlet in the HVAC system, especially in air economizer
systems. In addition to reducing the effects of unwanted infiltration, designing and operating a
building at slightly positive or neutral pressures will reduce the rate of entry of soil gases when
the systems are operating. For a building to actually operate at a slight positive pressure, it must
be tightly constructed. Otherwise unwanted exfiltration will prevent the building from ever
achieving a neutral or slightly positive pressure

Self-Contained Units (package units)
In some designs, small decentralized units are used to provide cooling or heating to interior or
perimeter zones. With the exception of induction units, units of this type seldom supply outdoor
air. They are typically considered a low priority maintenance item. If self-contained units are
overlooked during maintenance, it is not unusual for them to become a significant source of
contaminants, especially for the occupants located nearby.
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Split systems
Some designs separate the main HVAC components from each other A split-system air
conditioner splits the hot side from the cold side of the system. The cold side, consisting of the
expansion valve and the evaporator coil, is generally placed into a furnace or some other air
handler. The air handler blows air through the coil and routes the air throughout the building
using a series of ducts. The hot side, known as the condensing unit, exists outside the building.
The outside unit usually consists on a long, spiral coil. Inside the coil is a fan to blow air through
the coil along with a weather-resistant compressor and some control logic. This approach has
evolved over the years because it is low cost, and also because it normally results in reduced noise
inside the house (at the expense of increased noise outside the house). Besides the fact that the
hot and cold sides are split apart and the capacity is higher (making the coils and compressor
larger), there is no difference between a split-system and a window air conditioner.

Controls
HVAC systems can be controlled manually or automatically. Most systems are controlled by some
combination of manual and automatic controls. The control system can be used to switch fans
on and off, regulate the temperature of air within the conditioned space, or modulate airflow
and pressures by controlling fan speed and damper settings. Most large buildings use automatic
controls, and many have very complex and sophisticated systems. Regular maintenance and
calibration are required to keep controls in good operating order. All programmable timers and
switches should have “battery backup” to reset the controls in the event of a power failure.
Local controls such as room thermostats must be properly located in order to maintain thermal
comfort. Problems can result from:
• thermostats located outside of the occupied space (e.g., in return plenum)
• poorly designed temperature control zones (e.g., single zones that combine areas with
very different heating or cooling loads)
• thermostat locations subject to drafts or to radiant heat gain or loss (e.g., exposed to direct
sunlight)
• thermostat locations affected by heat from nearby equipment
To test whether or not a thermostat is functioning properly, try setting it to an extreme
temperature. This experiment will show whether or not the system is responding to the signal in
the thermostat, and also provides information about how the HVAC system may perform under
extreme conditions.
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Boilers
Like any other part of the HVAC system, a boiler must be adequately maintained to operate
properly. However, it is particularly important that combustion equipment operate properly to
avoid hazardous conditions such as explosions or carbon monoxide leaks, as well as to provide
good energy efficiency. Codes in most parts of the country require boiler operators to be properly
trained and licensed.
Elements of boiler operation that are particularly important to indoor air quality and thermal
comfort include:
• Operation of the boiler and distribution loops at a high enough temperature to supply
adequate heat in cold weather.
• Maintenance of gaskets and breeching to prevent carbon monoxide from escaping into
the building.
• Maintenance of fuel lines to prevent any leaks that could emit odors into the building.
• Provision of adequate outdoor air for combustion.
• Design of the boiler combustion exhaust to prevent re-entrainment, (especially from
short boiler stacks, or into multistory buildings that were added after the boiler plant was
installed).
Modern office buildings tend to have much smaller capacity boilers than older buildings because
of advances in energy efficiency. In some buildings, the primary heat source is waste heat
recovered from the chiller (which operates year-round to cool the core of the building).

Cooling Towers
Maintenance of a cooling tower ensures proper operation and keeps
the cooling tower from becoming a niche for breeding pathogenic
bacteria, such as Legionella organisms. Cooling tower water quality
must be properly monitored and chemical treatments used as
necessary to minimize conditions that could support the growth
of significant amounts of pathogens. Proper maintenance may also
entail physical cleaning (by individuals using proper protection) to
prevent sediment accumulation and installing drift eliminators.
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West Ford Flat Geothermal
Cooling Tower
www.wikipedia.com
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Water Chillers
Water chillers are frequently found in large building air conditioning systems because of
the superior performance they offer. A water chiller must be maintained in proper working
condition to perform its function of removing the heat from the building. Chilled water supply
temperatures should operate in the range of 45°F or colder in order to provide proper moisture
removal during humid weather. Piping should be insulated to prevent condensation. Other than
thermal comfort, IAQ concerns associated with water chillers involve potential release of the
working fluids from the chiller system. The rupture disk (safety release) of the system should be
piped to the outdoors, and refrigerant leaks should be located and repaired. Waste oils and spent
refrigerant should be disposed of properly.

Practice Question
Which of the following is the current version of the NADCA Air Systems Cleaning and
Restoration Standard? _______
A. NADCA standard 1992-01
B. Assessment, Cleaning and Restoration (ACR) of HVAC Systems 2002
C. Assessment, Cleaning and Restoration (ACR) of HVAC Systems 2005
D. Assessment, Cleaning and Restoration (ACR) of HVAC Systems 2013
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Preliminary Recommendations n HVAC Cleaning
1. Any duct cleaning should be scheduled during periods when the building is unoccupied
(if possible) to prevent exposure to cleaning products and loosened particles.
The air-handling unit should not be used during the cleaning or as an air movement device for
the cleaning process. The National Air Duct Cleaning Association recommends that the system
should be run to allow at least eight air changes in the occupied space when duct cleaning has
been completed.
2. Negative air pressure that will draw pollutants to a vacuum collection system should
be maintained at all times in the duct cleaning area to prevent migration of dust dirt, and
contaminants into occupied areas.
Where possible, use vacuum equipment or fans during cleaning to make sure that cleaning
product vapors and particulate are exhausted to the outside or filtered and do not enter the
occupied space.
3. If it is determined that the ductwork should be cleaned, careful attention must be given
to protecting the ductwork.
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When gaining access to sheet metal ducts for cleaning purposes, it is essential to seal the access
hole properly in order to maintain the integrity of the HVAC system. Access doors are
recommended if the system is to be cleaned periodically, and all access holes should be identified
on the building’s mechanical plans.
Particular attention is warranted when cutting fibrous glass
ducts, and manufacturers’ recommended procedures for
sealing should be followed stringently. Use existing duct
system openings where possible because it is difficult to repair
the damage caused by cutting new access entries into the
ducts. Large, high volume vacuum equipment should be used
with extreme care because high negative pressure together
with limited airflow can collapse ducts.
4. Duct cleaning performed with high velocity airflow (i.e., greater than 6,000 cfm) should
include gentle, well-controlled brushing of duct surfaces or other methods to dislodge
dust and other particles.
Duct cleaning that relies only on a high velocity airflow through the ducts is not likely to achieve
satisfactory results because the flow rate at the duct surface remains too low to remove many
particles.
5. Only HEPA filtered (high efficiency particle arrestor) vacuuming equipment should be
used if the vacuum collection unit is inside the occupied space.
Conventional vacuuming equipment may discharge extremely fine particulate matter back into
the atmosphere, rather than collecting it. Duct cleaning equipment that draws the dust and
dirt into a collection unit outside the building is also available. People should not be allowed to
remain in the immediate vicinity of these collection units.
6. If biocides are to be used, then select only products registered by EPA for such use. Use
the products according to the manufacturer’s directions, and pay careful attention to the
method of application.
See the White Paper “Chemicals in HVAC Systems” by NADCA in MODULE 6 of this manual
for details on this subject.
7. Careful cleaning and sanitizing of coils and drip pans can reduce microbiological
pollutants.
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Once cleaned, these components should be thoroughly rinsed and dried to prevent exposure of
building occupants to the cleaning chemicals.
8. Water-damaged or contaminated porous materials in HVAC systems should be removed
and replaced.
Even when such materials are thoroughly
dried, there is no way to guarantee that all
microbial growth has been eliminated.
9. After the duct system has been
cleaned and restored to use, a
preventive maintenance program will
prevent the recurrence of problems.
Such a program should include particular
attention to the use and maintenance of
adequate filters, control of moisture in the
HVAC system, and periodic inspection and
cleaning of HVAC system components.

HVAC Systems and Indoor Air Quality
This section provides information about how HVAC affects in door air quality.
Selected excerpts from EPA I-BEAM program follow in italics, I-BEAM stands for Indoor Air
Quality Building Education and Assessment Model
What is Indoor Air Quality?
Indoor air quality (IAQ) in I-BEAM refers to the quality of the air inside buildings as represented by
concentrations of pollutants and thermal (temperature and relative humidity) conditions that
affect the health, comfort, and performance of occupants. Other factors affecting occupants, such as
light and noise, are important indoor environmental quality considerations, but are not treated in
I-BEAM as core elements of indoor air quality.
HVAC systems are obviously vital when it comes to thermal comfort. Control of temperature and
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relative humidity (thermal comfort) are key components of IAQ. The other key component of
IAQ is control of pollutants, the HVAC system if properly designed, installed and maintained can
be a strong ally in maintaining appropriate pollutants levels. On the other hand if the system is
not designed installed or maintained properly it can cause an increase in pollutants. One example
would be an outdoor air that is too close to a loading dock where trucks idle their engines. The
HVAC system could actually be the source of the pollutant in this case.

Ventilation
All occupied buildings require a supply of
outdoor air. Depending on outdoor
conditions, the air may need to be heated or
cooled before it is distributed into the
occupied space. As outdoor air is drawn into
the building, indoor air is exhausted or
allowed to escape (passive relief), thus
removing air contaminants. The term
“HVAC system” is used to refer to the
equipment that can provide heating, cooling,
filtered outdoor air, and humidity control to
maintain comfort conditions in a building. Not all HVAC systems are designed to accomplish all
of these functions. Some buildings rely on only natural ventilation. Others lack mechanical
cooling equipment (AC), and many function with little or no humidity control. The features of
the HVAC system in a given building will depend on several variables, including:
•
•
•
•
•
•
•

age of the design
climate
building codes in effect at the time of the design
budget that was available for the project
planned use of the building
owners’ and designers’ individual preferences
subsequent modifications

HVAC systems range in complexity from stand-alone units that serve individual rooms to large,
centrally controlled systems serving multiple zones in a building. In large modern office buildings
with heat gains from lighting, people, and equipment, interior spaces often require year-round
cooling. Rooms at the perimeter of the same building (i.e., rooms with exterior walls, floors, or
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roof surfaces) may need to be heated and/or cooled as hourly or daily outdoor weather conditions
change. In buildings over one story in height, perimeter areas at the lower levels also tend to
experience the greatest uncontrolled air infiltration.
Some buildings use only natural ventilation or exhaust fans to remove odors and contaminants.
In these buildings, thermal discomfort and unacceptable indoor air quality are particularly likely
when occupants keep the windows closed because of extreme hot or cold temperatures. Problems
related to underventilation are also likely when infiltration forces are weakest (i.e., during the
“swing seasons” and summer months).
Modern public and commercial buildings generally use mechanical ventilation systems to
introduce outdoor air during the occupied mode. Thermal comfort is commonly maintained by
mechanically distributing conditioned (heated or cooled) air throughout the building. In some
designs, air systems are supplemented by piping systems that carry steam or water to the building
perimeter zones. As this section is concerned with HVAC systems in relation to indoor air quality,
the remainder of this discussion will focus on systems that distribute conditioned air to maintain
occupant comfort.

Roles of the HVAC System Operator and Facility Manager
The system operator(s) and facility manager(s)
(or IAQ manager) are among the most significant
factors in determining whether IAQ problems
will occur in a properly designed, constructed,
and commissioned HVAC system. HVAC systems
require preventive maintenance and prompt
repairs if they are to operate correctly and provide
comfortable conditions. The operator(s) must
have an adequate understanding of the overall
system design and its limitations. The HVAC
system capacity and distribution characteristics
should be evaluated before renovations to the building, changes in its occupancy, or changes
in the use of an area. System operators must be able to respond appropriately to occupant
complaints. For example, if an occupant complains that it is too cold or too hot and the observed
(measured) conditions are outside of the ASHRAE comfort zone, then the HVAC system needs
to be evaluated. Sometimes the problem can be relieved by fine tuning or repairing the HVAC
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system, but in some cases the system cannot perform as expected, and a long-term solution must
be investigated.

American Society of Heating, Refrigerating and Air Conditioning Engineers
ASHRAE (American Society of Heating, Refrigerating and Air
Conditioning Engineers), founded in 1894, is a building technology
society with more than 50,000 members worldwide. The Society and its
members focus on building systems, energy efficiency, indoor air quality,
refrigeration and sustainability within the industry. ASHRAE produces
the ASHRAE Handbook which is considered the bible of HVAC, a new edition comes out every
and each year one of the four volumes (Fundamentals, HVAC Applications, HVAC Equipment
and Systems, Refrigeration) is updated. ASHRAE standards are the go to standards in the HVAC
industry. ASHRAE standards related to IAQ are briefly described below.

Standard 62-2010, “Ventilation for Acceptable Air Quality”
ASHRAE 62-2010 is intended to assist professionals in the proper design of ventilation systems
for buildings. The standard presents two procedures for ventilation design, a “Ventilation Rate”
procedure and an “Air Quality” procedure. With the Ventilation Rate procedure, acceptable air
quality is achieved by specifying a given quantity and quality of outdoor air based upon occupant
density and square footage. The Air Quality procedure is a performance specification that allows
acceptable air quality to be achieved within a space by controlling for known and specifiable
contaminants. This procedure is seldom used because source strength is usually not known.
Whichever procedure is utilized in the design, the standard states that the design criteria and
assumptions shall be documented and made available to those responsible for the operation and
maintenance of the system.
Important features of ASHRAE 62-2010 include:
• a definition of acceptable air quality
• a discussion of ventilation effectiveness
• the recommendation of the use of source control through isolation and local exhaust of
contaminants
• recommendations for the use of heat recovery ventilation
• a guideline for allowable carbon dioxide levels
• appendices listing suggested possible guidelines for common indoor pollutants
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Standard 55-2010,
“Thermal Environmental Conditions for Human Occupancy”
ASHRAE 55-2010 covers several environmental parameters including: temperature, humidity,
and air movement.
The standard specifies thermal environmental conditions for the comfort of healthy people in
normal indoor environments for winter and summer conditions. It also attempts to introduce
limits on the temperature variations within a space. In addition to specifications for temperature
and humidity, guidelines are given for air movement, temperature cycling, temperature drift,
vertical temperature difference, radiant asymmetry, and floor temperatures. Adjustment factors
are described for various activity levels of the occupants, and different clothing levels.
Important features of this standard include:
• a definition of acceptable thermal comfort
• a discussion of the additional environmental parameters that must be considered
• recommendations for summer and winter comfort zones for both temperature and
relative humidity
• a guideline for making adjustment for activity levels
• a guidelines for making measurements
It should be noted that space temperatures above 76°F but within the summer comfort envelope
have nevertheless been associated with IAQ complaints in offices.
• methods for evaluating resistance to airflow and dust-holding capacity
No comparable guidelines or standards are currently available for use in assessing the ability of air
cleaners to remove gaseous pollutants or radon and its progeny.

HVAC Systems and Mold
Mold and biological contamination in buildings has garnered tremendous attention over the
past 15 years. Mold issues tend to be amplified because of media attention, legal concerns and
insurance disputes. Numerous guidelines, standards and even regulations come into play when
dealing with mold and HVAC systems. We will go into detail about HVAC systems, HVAC
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cleaning when mold contaminations exists and HVAC cleaning in conjunction with structural
mold remediation in MODULE 6 of this course.
HVAC systems can be the cause of mold problems or may act to distribute or spread around
existing mold contamination. HVAC systems should always be addressed in some way when
mold contamination is suspected or found in any building. At a minimum the HVAC system
should be isolated and protected from cross contamination whenever mold remediation, or any
other indoor environmental contracting is being performed. In some cases the mold is being
caused by the HVAC system. You should recall that in the previous section on HVAC and IAQ
we discussed the fact that HVAC systems assist with control of relative humidity. Mold can only
begin to grow if there is enough moisture available for growth and elevated relative humidity can
be enough moisture to promote mold growth so HVAC systems can be the cause of mold growth
or can help control mold growth. Finally the HVAC system could be contaminated with what
are called “settled spores” from mold growth in a building that became airborne and settled in
the HVAC system. It is very common for mold remediation projects to include HVAC systems
cleaning at the end of the project to remove settled spores that are in the HVAC system.

Preparing and Protecting the Site
The NADCA ACR 2006 Assessment Cleaning and
Restoration of HVAC Systems standard includes a
section on Project Evaluation and Recommendation.
Most of the responsibilities within this section fall on
supervisors. We will focus on the third step in the
process “conducting an indoor environmental impact
survey”. Understanding this section will help you with
your responsibilities with respect to preparing and
protecting the site.
The introduction to Section 4 Project Evaluation and
Recommendation states:
When contamination is identified or other criteria
triggering cleaning in Section 3 are met, it is highly recommended a project evaluation take place
prior to initiating cleaning work. The project evaluation includes three steps: 1) determining the

52 | NADCA

AIR SYSTEMS CLEANING SPECIALIST

Protecting Health & Safety Of Occupants and Building | MODULE 3

building usage by classification; 2) identifying the type of contamination present in the HVAC
system; and 3) conducting an indoor environmental impact survey.
The HVAC contamination type and the environmental impact survey must include a visual
evaluation of representative sections of the HVAC components and the occupied spaces served by the
HVAC system. This evaluation serves to visually inspect conditions within the HVAC system and
verify the overall physical integrity of system components and surfaces.
Information collected from the project evaluation should be used to define the scope of the cleaning
and restoration project, cleaning techniques to be employed, the environmental engineering controls
required for the workspace, and any unique project requirements
The results of your supervisors Project Evaluation and Recommendation will determine how you
prepare and protect the site.
Site preparation is an issue that
can have a strong psychological
impact on the facility owner and
occupants. A well-planned,
coordinated approach will reduce
owner and employee concerns/
stress related to the project.
Technicians must be aware of the
key tasks that are part of
Preparing and Protecting the Site
and should communicate with
supervisors when concerns arise about site protection and preparation. Improper site preparation
can have significant negative impact by reducing the confidence of the buildings occupants in the
project and the contractor. It can also create concerns about health and safety of occupants.
Remember site preparation is one of the few visible tasks performed by technicians. First
impressions are very important if a site is not prepared properly that may be all the owner or
occupants see and even the best cleaning techniques cannot make up for the impression that poor
site preparation leaves with customers. Another important aspect of that first impression is the
appearance of the mechanical systems cleaning contractor’s equipment. Quite often equipment
used on a project will be located in areas that are in plain site of occupants.
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To help ensure a successful project site preparation must include protection of
• contents
• structure
• occupants
Site preparation is the process of the contractor and the customer cooperatively reviewing and
evaluating all aspects of the mechanical systems cleaning process as it relates to the facility
and its occupants. After review and evaluation strategies are developed for safe and effective
management of the project.
Site protection is the actions taken to limit or stop damage to contents, structure and occupants
during the mechanical systems cleaning process. Site protection is a primary consideration when
performing mechanical systems cleaning and restortion.

Furniture and Flooring
Protection of furniture and flooring is one of the first issues that must be addressed when
planning a project. Furniture and flooring in areas to be cleaned should be covered with
protective coverings to keep them clean. When performing mechanical systems cleaning it will
be necessary to access areas that are rarely accessed. This can include removing or covering
diffusers and registers, removing or moving suspended ceiling tiles, moving equipment and
ladders into areas, etc.
When moving from area to area the occupants of the area should be notified that protective
coverings will be used and they should prepare the area accordingly. When possible furniture
should be moved to allow technicians easier access to the site and to protect it from damage.
Productivity can be increased by having the occupants move fragile or breakable items from the
area prior to starting the project. Flooring should be well protected as some mechanical systems
cleaning equipment can be large and may be moved through the facility. Floor preparations can
vary from light protective coverings to cardboard to plywood sheeting depending on the facility
and type of flooring.
Supervisors should consult with building owners to determine if contents and structure will
be wiped down as part of the project. Building occupants may be more aware of dirt and dust
accumulation after mechanical systems cleaning. Technicians should determine if this type of
cleaning is part of the scope of work before starting and technicians and supervisors should photo
document all pre-existing damage to contents and structure before starting the cleaning project.
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Cross Contamination Avoidance
Containment strategies and engineering controls that were discussed earlier in this MODULE
are in part designed to prevent cross contamination. As site preparation progresses further cross
contamination assessments should be made throughout the project. Engineering controls and
containment strategies should be adjusted as necessary.
Assess if equipment brought to a job will create the potential for cross contamination. Equipment
should be cleaned and assessed before and after every job. Cleaning techniques vary greatly
from one crew and contractor to another and equipment can come straight from other projects
evaluate the condition before the project, after initial set up and operation and when you are done
to prevent cross contamination from equipment.
The good procedures for verifying if engineering
controls, containment and equipment are
operating properly are smoke testing and laser
particle counting.
Both of these techniques will be discussed in
more detail in MODULE 5 of this manual. Once
it has been determined that cross contamination
has occurred it will be necessary to determine the
level of cleaning that will be necessary to bring
the area back to pre-existing conditions or better.

Security Issues and Responsibilities
Along with protecting the indoor air quality of the facility, the mechanical systems cleaner
is tasked to note unusual security conditions and address them with the owner. Contract
documents should state security issues are the responsibility of the owner. However it is
important for technicians and supervisors to note any possible security issues and coordinate
with the owner. Projects conducted during off or unusual hours will require changes in normal
building security. Alarm systems and companies need to be advised that outside doors and
windows may be opened. In general the normal facility security for that work area will be altered.
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WHAT WE’LL LEARN
•

Preliminary Determination

•

Administrative Controls

•

H&S Employees

•

Engineering Controls and Containment

•

Work Practices

In this chapter we will detail how HVAC systems are cleaned, focusing on systems that are not
contaminated with mold or microbial growth and are not part of a mold remedation project.
As we discussed in Chapter 1, HVAC cleaning is commonly referred to as “duct cleaning” this
can cause people to think that only the ducts of the system need cleaning, however all industry
standards and government guidance state something similar to the following:
The term “HVAC system cleaning” is used exclusively throughout this document instead of the
common term “air duct cleaning.” The requirements of this document encompass the entire HVAC
system and its components. To ensure optimum system performance and environmental conditions,
the entire HVAC system should be maintained at the highest cleanliness levels possible and at an
acceptable hygiene condition as described in this Standard.

Preliminary Determination Inspection or Assessment
3.2.1 AHU Inspections
The air-handling unit (AHU) cleanliness inspection should consider all components within the
unit, including filters and air bypass, heating and cooling coils, condensate pans, condensate drain
lines, humidification systems, acoustic insulation, fans and fan compartments, dampers, door
gaskets and general unit integrity. This is the supervisors responsibility but technicians may be
asked to help!
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Administrative
Controls
Administrative Controls
Occupational Safety and Health Administration
(OSHA)
Processes and activities utilized before and at the
start of a project
Ensure the health and safety of occupants and
workers
Examples





Job specific emergency procedures
Training
Scheduling
Moving people to other areas, etc

The Occupational Safety and Health Administration (OSHA) uses the term administrative
controls to describe the processes and activities utilized before and at the start of a project
that will help ensure the health and safety of occupants and workers on the job. Examples
of administrative controls include general and job specific emergency procedures, training,
scheduling, moving people to other areas, etc. An example sign for HVAC Cleaning is below.

DO NOT ENTER – HVAC CLEANING IN PROGRESS
Remediation Company:

ABC Company

Company Address:
24-Hour Emergency#
Health & Safety Officer

123 Main Street
Your Town, State
111-111-1111
John Smith - Manager

Date Posted:
Approximate Completion Date

2/15/12
2/24/12

NO UNAUTHORIZED ENTRY
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Protecting Health and Safety

Lock out tag out







Removal of Locks and Tags
(3) Make sure that locks or tags are removed ONLY by those
employees who attached them. (In the very few instances when this
is not possible, the device may be removed under the direction of
the employer provided that he or she strictly adheres to the specific
procedures outlined in the standard); and
(4) Notify affected employees after removing locks or tags and
before starting equipment or machines.
1 Lock per worker is the rule.

Administrative controls includes
any programs, training, etc. that
assists in protecting the health and
safety of technicians and
occupants. One of the most
important OSHA regulations that
must be taken into consideration
is the OSHA standard for The
Control of Hazardous Energy
(Lockout/Tagout) (29 CFR
1910.147) for general industry.
This regulation outlines specific
action and procedures for
addressing and controlling
hazardous energy during servicing and maintenance of machines and equipment. There is also a
corresponding rule for the construction industry.
According to the OSHA web site failure to control hazardous energy accounts for nearly 10
percent of serious accidents in many industries.
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Lock out tag out



Energy Control Program
The employer's primary tool for providing protection under the
standard is the energy-isolating device, which is the mechanism
that prevents the transmission or release of energy and to
which locks or tags are attached. This device guards against
accidental startup or the unexpected re-energization in machines
or equipment during servicing or maintenance. There are two
types of energy-isolating devices: those capable of being locked
and those that are not.

Air-Handling
Unit

Supply Duct

Return Duct/
Exhaust Duct

Residential

1 year

2 years

2 years

Commercial

1 year

1 year

1 year

Industrial

1 year

1 year

1 year

Healthcare

1 year

1 year

1 year

Marine

1 year

2 years

2 years

Building Use
Classification

Growing contamination
 If the inspection of the air handling unit reveals

contamination, then supply and return ductwork must
be inspected at that time rather than in accordance with
the intervals specified in Table 1.
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Electrical hazards







*NADCA’s Intro to HVAC system cleaning services

Circuit protection devices
The ground-fault circuit interrupter, or GFCI, is designed to shut
off electric power within as little as 1/40 of a second. It works by
comparing the amount of current going to electric equipment
against the amount of current returning from the equipment along
the circuit conductors. If the current difference exceeds 6
milliamperes, the GFCI interrupts the current quickly enough
to prevent electrocution. The GFCI is used in high-risk areas
such as wet locations and construction sites.
Why are drop lights a hazard when working with water

Confined Space




*NADCA’s Intro to HVAC system cleaning services

…is sufficient air provided to assure combustion
without reducing the oxygen concentration of the
atmosphere below 19.5 percent by volume?
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Respiratory Protection




*OSHA respiratory protection

Identification of filters, cartridges, and canisters. The
employer shall ensure that all filters, cartridges and canisters
used in the workplace are labeled and color coded with the
NIOSH approval label and that the label is not removed and
remains legible.


MAGENTA = HEPA

Original Illustrations created by Attiliis & Associates
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Hazard Communications







Under the provisions of the Hazard Communication
Standard, employers are responsible for informing
employees of the hazards and the identities of workplace
chemicals to which they are exposed.
Container Labeling issues
"Material safety data sheet (MSDS)" means written or
printed material concerning a hazardous chemical which is
prepared in accordance with paragraph (g) of this section.
NADCA standard ACR does not address hazardous
materials within the standard
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Cross Contamination




*NADCA’s Intro to HVAC system cleaning services

Mechanical cleaning shall incorporate the use of vacuum
collection devices that are operated continuously during
cleaning. Vacuum collection devices shall be used to
prevent cross contamination of debris and/or to convey
and capture debris dislodged during the mechanical cleaning
process.

Part of the cross contamination assessment is determining how much debris is in the system but
more importantly how you will clean the system without spreading that contamination to the rest
of the building. We will go into more detail on how to set up engineering controls and how to
inspect your equipment in the next section “engineering controls and containment.”

Equipment contamination and safety


In cases of severe microbial growth, or where hazardous
substances are known to be present within the HVAC
system, or on projects taking place within healthcare
facilities, there shall be an on-site hygiene/integrity
inspection of vacuum collection equipment prior to
commencement of work. The building owner or his
representative should conduct the inspection.
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Where is the safest
place to walk when
working in a fully
exposed attic?

The photo above illustrates just one of the many health and safety topics that must be addressed
on HVAC cleaning projects. This section of the manual only provides a quick overview of some
safety and health issues you will need to take into consideration on HVAC cleaning projects. For
a more thorough discussion of the numerous health and safety related issues you will need to be
familiar with, review the NADCA Health and Safety Guidance Program.

4,609 workers died on the job in 2011

“

With every one of these fatalities, the lives of
a worker’s family members were shattered and
forever changed. We can’t forget that fact.
  –Hilda Solis, Secretary of Labor
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Engineering Controls and Containment

Used to assure
worker/technician
safety and health
Help prevent crosscontamination

As with any type of indoor environmental contracting, engineering controls are a vital part of
HVAC cleaning. The two most important engineering controls used on almost every HVAC
cleaning project are vacuum collection devices and HEPA vacuums. The next slide is a quote from
the NADCA ACR 2006 on “engineering controls.”

According to the ACR engineering controls:
Engineering controls shall be used to assure
worker safety and health, and to prevent cross contamination. These engineering controls may include,
but are not limited to:
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Source control
Isolation barriers
Pressure differentials
Dust suppression methods
HEPA vacuuming and filtration
Detailed cleaning
Temperature and humidity control
Sanitary approach
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Source Control

Source Control is an engineering control
and a term used to describe the lowest level
of containment in the American
Conference of Governmental Industrial
Hygienist’s (ACGIH) Bioaerosols
Assessment and Control book. In the photo
above flex tube is connected to the return
side of a residential air handling unit to
create a negative pressure in the return air
portion of the system. To create a good
negative pressure you must also seal off all
but one opening to the return side of the
system. Source Control can also be as
simple as using HEPA Vacuums.
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Isolation Barriers

Isolation barriers are commonly constructed using polyethylene that is 6 mils thick. Fire retardent
poly is preferred and it is commonly hung using wood or pvc to help support the poly. Various
types of tape are used to make an airtight seal. On some projects Air Filtration Devices are placed
inside the containment and exhausted outdoors to create pressure differentials.
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Pressure Differentials
Pressure differentials can be verified
visually by observing poly billowing inward
(see photo left) or by using a pressure
differential monitor. In the photo on the
left a pressure differential monitor is being
used to monitor a containment. Below is a
close up of a pressure differential monitor
that also has a strip chart recorder.
Pressure differential and containments
are discussed in more detail in Chapter 5
HVAC cleaning and Mold Remediation.
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Dust Suppression Methods
Dust suppression methods such as misting with an airless sprayer are common and in fact
required for asbestos abatement. Surfactants (non-sudsing detergent) are commonly mixed with
water to help ensure the water penetrates surfaces better. An example of using dust suppression is
low pressure flushing of coils.

HEPA Vacuuming and Filtration
All work done on HVAC cleaning projects should be done using HEPA equipped tools, vacuums, etc. HEPA vacuums are used for contact cleaning and for general cleaning in and around
HVAC systems.
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Detailed Cleaning
Just like it sounds performing cleaning in a detailed or white glove manner is in itself an
engineering control.

Temperature and Humidity Control
During HVAC cleaning the system should be shut down and therefore contractors should take
whatever steps are necessary to maintain the environmental controls in the area. The use of
portable air conditioning and heating equipment along with dehumidifiers may be appropriate on
certain jobs.

Sanitary Approach
By continuously bagging
debris and HEPA
vacuuming areas as you are
doing the cleaning, HVAC
cleaning technicians are
using a very basic
engineering control to help
ensure debris does not get
spread around an area. For
example, immediately
bagging insulation that is
removed keeps the
insulation from being
disturbed by activities in
the work area.
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Work Practices

Source Control is an engineering control and a term used to describe the lowest level of
containment in the American Conference of Governmental Industrial Hygienist’s (ACGIH)
Bioaerosols Assessment and Control book. In the photo above flex tube is connected to the return
side of a residential air handling unit to create a negative pressure in the return air portion of the
system. To create a good negative pressure, you must also seal off all but one opening to the return
side of the system and seal off the air handling unit as shown below.
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Prior to sealing off the return air register it should be HEPA vacuumed as shown above. You may
also remove the register and vacuum it. If so you must mark the position of any dampers prior
to removal. When the cleaning is done the system must be returned to the position you found it
in. In the photo below the technician is using a product called “grill mask” which is a lightweight
low-tack film that sticks to registers and removes easily after the cleaning is finished.
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Accessing and closing the system




NADCA has created a standard that is used to define appropriate
service openings in duct systems
NADCA Standard ACR - Service Openings

Prior to installing the vacuum collection equipment, which creates a source containment, you
must access the system. Access points are cut into the system at various locations to hook up
vacuum collection equipment or provide access to insert other types of equipment.
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There are numerous tools available to help with cutting access panels. Access panels can be used
to assist in investigations, for connection points and to provide access for contact vacuuming.
The tool below is the Malco 2”-12” hole cutter.

Duct Systems Identification and Cleaning Requirements:1. Create service openings in the
system as necessary in order to accommodate cleaning of otherwise inaccessible areas.
Service Openings Do’s and Don’ts:
The contractor shall utilize existing service openings, as required for proper cleaning, at various
points of the HVAC system for physical and mechanical entry, and inspection.
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Accessing the System

What type of tool do we need for fiberglass
duct board openings?
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…..The service openings should be made using either a
straight knife or a shiplap tool to cut a converging 45
degree angle on all four sides.
The above paragraph may be conflicting. If given the
option, always choose the knife for cutting opening first.
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Construction techniques used in the creation of openings should conform to requirements of
applicable building and fire codes, and applicable NFPA, SMACNA and NADCA Standards.

Duct Board

• Reuse cut out
• Make pumpkin cut
• Reseal with UL-181A Tape
(mastic tape or scrim faced)

Rigid fiber glass duct systems shall be resealed in accordance with NAIMA recommended
practices. Only closure techniques that comply with UL Standard 181 or UL Standard 181a are
suitable for fiber glass duct system closures.
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Disconnect to clean
and reinstall following
local codes
Cutting service openings into flexible duct is not permitted. Flexible duct shall be disconnected
at the ends as needed for proper cleaning and inspection.
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General HVAC System
Cleaning Requirements
Air distribution devices
(registers, grilles & diffusers):
The contractor shall clean all air
distribution devices. Familiarize
yourself with the different types
of components and how they are
disassembled and reinstalled.

General HVAC System
Cleaning Requirements
Ceiling Types and Considerations:

The contractor may remove
and reinstall ceiling sections to
gain access to HVAC systems
during the cleaning process. Be
prepared to replace ceiling
components damaged during
inspections and cleaning.
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Mechanical Cleaning
Methodology
Source Removal Cleaning Methods,
Tools and Equipment:
The HVAC system shall be cleaned
using Source Removal mechanical
cleaning methods designed to extract
contaminants from within the HVAC
system and safely remove
contaminants from the facility.

Mechanical Cleaning
Methodology
Source Removal Cleaning Methods,
Tools and Equipment:
All vacuum devices exhausting air
outside the facility shall be equipped
with Particulate Collection including
adequate filtration to contain debris
removed from the HVAC system.
Such devices shall exhaust in a manner
that will not allow contaminants to reenter the facility. Release of debris
outdoors must not violate any outdoor
environmental standards, codes or
regulations.
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Cleaning the Air
Conveyance System

A

N

Match line “A”

C
B

HVAC
12

What happens if we cover all the
ducts and energize the truck?
What is the minimum number of
connection points that will be needed
to clean?
Main purpose of the truck is to collect
and contain debris

M-1
First Floor
Residential
Home 33

Source removal is the key and vacuum collection devices can be either inside or outside of the
building. Any vacuum collection device used inside must be HEPA filtered.
Below is an air filtration device that can be used to create a negative pressure or to scrub the air
during HVAC cleaning. Photo on the right shows the HEPA filter.
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On some projects it may be necessary to have a containment in addition to vacuum collection
equipment. In the example above there is both an air filtration device like the ones below creating
a negative pressure in the containment and a vacuum collection device being used to maintain
source control over the HVAC cleaning operation.

All tools, equipment, and
instrumentation shall be
clean and free of
contaminants before they
are brought into the
building or systems.
All equipment shall be
serviced and in safe
operating condition for
all cleaning projects.
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Equipment Hygiene Inspection
The building owner or his representative should conduct an on-site hygiene/integrity inspection
of vacuum collection equipment prior to commencement of work when the following conditions
exist:
•

In cases of severe microbial growth in HVAC system

•

Hazardous substances in the HVAC system

•

Within healthcare facilities

The inspection of equipment should start with a visual inspection for dirt, debris, broken parts,
intact seals, tight connections etc. The second level that can be performed by the contractor or
an independent third party is laser particle counter screening. There are no formal standards for
laser particle screening currently but several are being developed and will be available in 2013.
All equipment shall be maintained in good working order, consistent with OSHA
requirements. This includes everything from power cords and ground fault equipment to
vacuum collection and rotary brush systems

AIR SYSTEMS CLEANING SPECIALIST

NADCA | 83

MODULE 4 | Performing the Cleaning

Smoke and Fire detection equipment shall not be impaired by
cleaning activities. The owner or owner’s designated
representative shall be responsible for temporary modification,
alteration, deactivation and reactivation of smoke and fire
detection equipment. The facility owner or his representative
has the responsibility to inform the authority having
jurisdiction over the detection equipment status.

Ambient Air Cleaning
Ambient Air Cleaning provides ambient
airborne particle reduction during and
after HVAC cleaning work.
Ambient Air Cleaning is a supplemental
engineering control to provide ambient air
particle reduction during and immediately
after HVAC cleaning work.
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Mechanical Cleaning
Methodology
Source Removal Cleaning Methods,
Tools and Equipment:
All methods require mechanical
agitation devices to dislodge debris
adhered to interior HVAC system
surfaces, such that debris may be
safely conveyed to vacuum collection
devices.
Acceptable methods will include
those, which will not potentially
damage the integrity of the ductwork,
nor damage porous surface materials
such as liners inside the ductwork or
system components.
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Mechanical Cleaning
Methodology
•Methods of Cleaning Fibrous
Glass Insulated Components
1. Fibrous glass thermal or
acoustical insulation elements
present in any equipment or
ductwork shall be thoroughly
cleaned with HEPA vacuuming
equipment, while the HVAC
system is under constant negative
pressure, and not permitted to
get wet in accordance with
applicable NADCA and NAIMA
standards and recommendations.
2. Cleaning methods used shall
not cause damage to fibrous
glass components and will render
the system capable of passing
Cleaning Verification Tests (see
NADCA Standards).

General HVAC System
Cleaning Requirements
Air-Volume Control Devices: One
Dampers and any air-directional
mechanical devices inside the HVAC
system must have their position
marked prior to cleaning and, upon
completion, must be restored to their
marked position. Upon completion, all
components must be returned to
those settings recorded just prior
to cleaning operations.
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General HVAC System
Cleaning Requirements
Air handling units, terminal units
(VAV, Dual duct boxes, etc.), blowers
and exhaust fans:
Insure that supply, return, and exhaust
fans and blowers are thoroughly
cleaned.
Areas to be cleaned include blowers,
fan housings, plenums (except ceiling
supply and return plenums), scrolls,
blades, or vanes, shafts, baffles,
dampers and drive assemblies.
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General HVAC System
Cleaning Requirements
Air handling units, terminal units (VAV, Dual duct
boxes, etc.), blowers and exhaust fans:
1. Clean all air handling units (AHU) internal surfaces,
components and condensate collectors and drains.
2. Assure that a suitable operative drainage system or
water recovery is in place prior to beginning wash down
procedures.
3. Clean all coils and related components, including
evaporator fins.
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Coil Cleaning or Reconditioning

Cleaning of coils
Any cleaning method may be used
which will render the Coil Visibly Clean
and capable of passing Coil Cleaning
Verification (see applicable NADCA
Standards). Coil drain pans shall be
subject to Non-Porous Surfaces
Cleaning Verification.
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The substances impacted on the
evaporator coil help determine the
initial selection of the cleaning
protocol. Evaporator coil cleaning is
broken into two (2) categories
known as Types. Evaporator coil
reconditioning will utilize Type-1 or
Type-2 cleaning methods.

Type 1

Type 2

Type 1

HEPA
Type 2

Both Types require usage of HEPA
filtered negative air machines when
exhausting within a facility. When
machines are externally exhausted
HEPA filters are only recommended.
Negative air machines must be
operational continuously during the
complete coil reconditioning process.

The evaporator coil must be physically isolated from the duct system during the cleaning process
to assure disrupted particulate does not migrate to or redeposit on unintended areas.
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Minimum Requirements according to the standard
Inspection

Cleaning

Preliminary

Loose Dust,
Dirt
or Particulate
Cleaning

Type 1

Adhered
Particulate

Type 2

Type 1
Inspection

Type 2
Inspection

Static Pressure
Difference

Plugged coils




Contact vacuuming of
impregnated surfaces is
the most appropriate
method of starting to
clean heavily
contaminated
evaporative coils
How should we contact
vacuum the surface?
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Coil Cleaners and pH value


Alkaline Cleaners
 Grease and oil-based soils are responsive to high alkalinity.
These types of soils are often encountered on evaporator and
other internal air-handler surfaces. The oils come from
human and animal skin flakes, cooking, and other inside
sources.



Acidic Cleaners
 Particulates, smoke, and other environmental soils tend to
be responsive to acid solutions. This makes acid type
cleaners especially popular in exterior applications.
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Coil cleaners for wet cleaning




Coil surfaces shall be thoroughly cleaned using methods that
will render the coil visibly clean. Cleaning methods shall
not cause any appreciable damage to, displacement of,
inhibit heat transfer, or erosion of the coil surface or
fins, and shall conform to coil manufacturer
recommendations when available. All chemical cleaner
residue shall be thoroughly rinsed from the coil and
other HVAC surfaces.
Wet cleaning is the most effective cleaning method for
evaporative coils

AIR SYSTEMS CLEANING SPECIALIST

NADCA | 93

MODULE 4 | Performing the Cleaning

When you encounter a limited access
evaporator coil in an HVAC system:


All portions of each coil assembly must be cleaned.
Both upstream and downstream sides of each coil
section must be accessed for cleaning. Where limited
access is provided between close proximity or zerotolerance heating and cooling coils in an AHU,
cleaning will require coil removal and/or replacement.

This Gauge
measures pressure
differential of the
coil

Visual observations of coil surfaces can be misleading. Therefore a static pressure drop
should be obtained before and after the cleaning process to demonstrate the effectiveness of
such efforts. This type of measurement, which can be performed using a Magnehelic gauge, or
manometer, is a more accurate indicator for the presence of debris that has either been removed
or remains within the coil.
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Cleaning Coils

Supervisor will be
checking your tool
selection skills in
the field …consider
the following:
The Fin Comb is
designed to
straighten / clean
the delicate
condenser and
evaporator fins to
ensure maximum
system efficiency.

Mechanical Cleaning
Methodology
Cleaning Agents and Coatings
1.

2.

3.

Antimicrobial agents shall only be
applied if active fungal growth is
reasonably suspected, or where
unacceptable levels of fungal
contamination have been verified
through testing.
Application of any antimicrobial
agents used to control the growth
of fungal or bacteriological
contaminants shall be performed
after the removal of surface
deposits and debris.
Review the NADCA Position
Paper Using Chemical Products In
HVAC Systems.

AIR SYSTEMS CLEANING SPECIALIST

NADCA | 95

MODULE 4 | Performing the Cleaning

Mechanical Cleaning
Methodology
Cleaning Agents and Coatings
4. When used, antimicrobial
treatments and coatings shall be
applied in strict accordance with the
manufacturer’s written
recommendations and
EPA registration listing.
5. Antimicrobial coatings shall be
applied according to the
manufacturer’s written instructions.
Coatings shall be sprayed directly
onto interior ductwork surfaces,
rather than “fogged” downstream
onto surfaces.

• What is NADCA’s name for these tools?
• What is the purpose for all these devices?
• What is the best tool to use for coating
application?
• What tool is best for microbiocide application?
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Closing the System
What type of metal do we need for closures?




Metal panels used for closing service openings in the
HVAC system shall be of an equivalent gauge or heavier
As sheet metal gauge numbers increase from 22 to 28
what happens to the thickness of the metal?

What about the size of closures?


The panel shall overlap the ductwork surfaces by a
minimum of 1” on all sides

12 Inch
10 Inch

6
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Metal Duct

Access Panel

Access Door
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Metal ducts with fiberglass liner

Insulated Access Door
Insulated Access Panels

Contaminated materials removed from the HVAC system shall be contained to prevent crosscontamination. Debris should be double bagged and sealed in 6-mil poly bags. Bagged materials
should be placed inside a secure dumpster or vehicle for transport. Hazardous materials must be
handled in strict accordance with any applicable local, regional, or national codes. All vacuum
collection devices shall be sealed prior to relocation or removal. If the contaminated vacuum
must be opened for any reason, it must be under negative pressure in the containment area or
outside the building.
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Mechanical Cleaning
Methodology
Post-project Report
At the conclusion of the project,
the Contractor shall provide a
report to the customer/owner
indicating the following:
1.Success of the cleaning project,
as verified through visual
inspection and/or gravimetric
analysis.
2.Areas of the system found to be
damaged and/or in need of repair.
3.Photographic documentation
of before and after cleaning.

Resetting the system


Dampers and any air-directional mechanical devices inside
the HVAC system must have their position marked prior
to cleaning and, upon completion, must be restored to their
marked position.
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HVAC Cleaning and
Mold Remediation
WHAT WE’LL LEARN
•

Bacteria & Fungi

•

ACR Mold Section

•

IICRC S520 and Other Mold Guidelines, Standards and Regulations

•

Biological Contamination in HVAC Systems

•

Microbial Remediation Overview (Structural Remediation)

•

HVAC Cleaning and Structural Mold Remediation

•

NADCA Position Paper Chemicals in HVAC Systems

•

Indoor Environmental Professionals (IEP)

Bacteria & Fungi
A bit about microbiology…
The big picture
Microbiology is the study of microorganisms, which are
microscopic, unicellular, and cell-cluster organisms. Microbiology is a broad term which includes virology, mycology, parasitology, bacteriology and other branches. A microbiologist is a
specialist in microbiology and these other topics.
Microbiology is researched actively, and the field is advancing
continually. It is estimated only about one percent of all of
Colony Forming Unit (CFU) of Mold
the microbe species on Earth have been studied. Although
microbes were directly observed over three hundred years ago, the field of microbiology can be
said to be in its infancy relative to older biological disciplines such as zoology and botany.
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Mold: A Definition
Molds, mushrooms, mildews, and yeasts are all classified as fungi, a kingdom of organisms
distinct from plants and animals. Fungi differ from plants and animals in several respects. Unlike
animals, fungi have cell walls. However, unlike plants, which also have cell walls, fungal cell walls are
made mostly of chitin and glucan. Fungi cannot produce their own nutrients as plants do through
photosynthesis. Fungi secrete enzymes that digest the material in which the fungi are imbedded
and absorb the released nutrients. Multicellular fungi do not differentiate into different organs or
functional components the way plants and animals do.
Approximately 100,000 species of fungi exists; fewer than 500 fungal species have been described
as human pathogens that can cause infections. Visible growth of multicellular fungi consisting of
branching filamentous structures (mycelia) are known popularly as molds and are referred to by that
term in this report.
Molds are ubiquitous in nature and grow almost anywhere
indoors or outdoors. The overall diversity of fungi is considerable.
For example, the genus Aspergillus has at least 185 known
species. Molds spread and reproduce by making spores, which are
small and lightweight, able to travel through air, capable of
resisting dry, adverse environmental conditions, and capable of
surviving a long time. The filamentous parts of mold (hyphae)
form a network called mycelium, which is observed when a mold
Example of filamentous mold
is growing on a nutrient source. Although these mycelia are
usually firmly attached to whatever the mold is growing on, they can break off, and persons can be
exposed to fungal fragments. Some micro-organisms, including molds, also produce characteristic
volatile organic compounds (VOCs) or microbial VOCs (mVOCs). Molds also contain substances
known as beta glucans; mVOCs and beta glucans might be useful as markers of exposure to molds.
Stachybotrys

Some molds are capable of producing toxins (sometimes called mycotoxins) under specific
environmental conditions, such as competition from other organisms or changes in the moisture
or available nutrient supply. Molds capable of producing toxins are popularly known as toxigenic
molds; however, use of this term is discouraged because even molds known to produce toxins can
grow without producing them. Many fungi are capable of toxin production, and different fungi can
produce the same toxin.
—CDC Recommendations and Reports – 2006 Mold Prevention Strategies and Possible Health
Effects in the Aftermath of Hurricanes and Major Floods
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Where does mold come from?
Most fungi reproduce and spread through the
distribution of spores, which you can think of as
seeds. Fungal spores come from environmental
sources. Fungi are present in all climates and soils teem
with activity and diversity of microorganisms. Fungi
are ubiquitous in the environment and critically
affect the welfare of all living organisms in the
environment. Fungi are transported around the globe
along with air, water and soil. Fungi in indoor
environments come from the outdoor environment
through air water and soil transport whether it be open
window and doors, water damage from roof leaks, etc
or on the shoes of people hair of pets and body parts of insects. There are very few indoor
environments on earth that do not have fungi naturally occurring in the air or on surfaces.
Geography has a lot to do with the make-up of outdoor spore concentrations. Some laboratories
have extensive databases of the types of fungi that are common in different environments around
the world.
Like all living things, fungi need food (nutrients) to grow. According to IICRC S520 “Molds
are microorganisms that utilize organic substrates as nutrient sources in the presence of
moisture.” Fungi (molds) can find a food source in a variety of common materials in our indoor
environment.
Organic - noting or pertaining to a class of chemical compounds that formerly comprised only
those existing in or derived from plants or animals, but that now includes all other compounds of
carbon. *courtesy Webster’s Dictionary
Ubiquitous - existing or being everywhere, especially at the same time. *courtesy Webster’s
Dictionary
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Factors That Produce Mold Growth
Although molds can be found almost anywhere, they need moisture and nutrients to grow. The
exact specifications for optimal mold growth vary by the species of mold. However, mold grows
best in damp, warm environments. The availability of nutrients in indoor environments rarely
limits mold growth because wood, wallboard, wallpaper, upholstery, and dust can be nutrient
sources. Similarly, the temperature of indoor environments, above freezing and below the
temperature for denaturing proteins, can support mold growth, even if the actual temperature is
not optimal (8).
The primary factor that limits the growth
of mold indoors is lack of moisture.
Substantial indoor mold growth is
virtually synonymous with the presence
of moisture inside the building envelope.
This intrusion of moisture might be from
rainwater leaking through faulty gutters
or a roof in disrepair, from a foundation
leak, from condensation at an interface
(e.g., windows or pipes), or between a
cold and a warm environment. Water
also can come from leaks in the plumbing
or sewage system inside the structure. Studies of mold growth on building materials, such as
plywood, have found that mold grows on materials that remain wet for 48-72 hours (8). Flooding,
particularly when floodwaters remain for days or weeks, provides an almost optimal opportunity
for mold growth.
—CDC Recommendations and Reports – 2006 Mold Prevention Strategies and Possible Health
Effects in the Aftermath of Hurricanes and Major Floods
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Bacteria
Bacteria are a large domain of prokaryotic
microorganisms. Typically a few micrometres
in length, bacteria have a wide range of
shapes, ranging from spheres to rods and
spirals. Bacteria are present in most habitats
on Earth, growing in soil, acidic hot springs,
radioactive waste, water, and deep in the
Earth’s crust, as well as in organic matter and
the live bodies of plants and animals.
There are approximately ten times as many
bacterial cells in the human flora as there are
human cells in the body, with large numbers
www.wikipedia.com
of bacteria on the skin and as gut flora. A
few species of bacteria are pathogenic and cause infectious diseases, including cholera, syphilis,
anthrax, leprosy, and bubonic plague. The most common fatal bacterial diseases are respiratory
infections, with tuberculosis alone killing about 2 million people a year, mostly in sub-Saharan
Africa. In developed countries, antibiotics are used to treat bacterial infections and in agriculture,
so antibiotic resistance is becoming common. –www.wikipedia

Where Does Bacteria Come From?
The ancestors of modern bacteria were single-celled microorganisms that were the first forms
of life to appear on Earth, about 4 billion years ago. For about 3 billion years, all organisms were
microscopic, and bacteria and archaea were the dominant forms of life. –www.wikipedia.com
Bacteria are abundant in air, soil, water: in and on animals; on plant surfaces; and on man
made surfaces both indoors and outdoors. Bacteria may become airborne from any of these
natural reservoirs.
The indoor air of occupied buildings typically contains higher concentrations and more types
of bacteria than outdoor air. In non-manufacturing environments, the majority of bacteria in
the air are shed from human skin and respiratory tracts.
–American Conference of Governmental Industrial Hygienists
(ACGIH Bioaerosols Assessment and Control)
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It is generally taught that bacteria
requires a water activity of .90 or
higher to reproduce. The issue is
more complicated than just assigning
a water activity and more detailed
than needed for this manual. What
technicians need to understand is
that bacteria are everywhere and
that areas of HVAC systems that are
moist or wet are great areas for
bacteria to reproduce. It is always
prudent to use caution when working around or cleaning wet materials or wet areas such as
drain pans or cooling towers.
Its also important to understand that bacteria are too small to see with the human eye.

ACR 2006 Mold Section
Remediation of Mold
Cleaning Methods
Surface cleaning must be performed using mechanical
agitation methods to remove particulate, debris, nutrient
sources and surface contamination. Mechanically cleaned
surfaces must be capable of passing cleanliness verification
methods as defined in this standard
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Removal of Mold Contaminated Porous Materials
It is highly recommended that porous materials with actual fungal growth (Condition 3)
be removed. The exposed non-porous substrate underneath the porous materials must be
mechanically cleaned and treated before new replacement material is installed. When removal
of all Condition 3 contaminated porous material cannot be performed, partial removal to the
greatest extent possible should take place. This must be followed by surface cleaning of remaining
material using mechanical cleaning methods.

Surface Treatments
It is highly recommended mechanical cleaning procedures be performed on porous HVAC
materials prior to the application of any surface treatments such as mechanical repair coatings.
Surface treatments may be used to restore the integrity of material surfaces only as an interim
control measure, and must not be used as a substitute for mechanical cleaning or complete
removal. Surface treatments must only be applied after confirming the system has been cleaned,
utilizing the cleanliness verification tests as defined in this standard.

Antimicrobial Surface Treatments and Coatings
Use of antimicrobial treatments and/or coating products may be considered only after mechanical
surface cleaning has been performed and the need for such treatment has been deemed necessary.
When used, antimicrobial treatments or
coatings must be applied in strict accordance with the
manufacturer’s written recommendations or EPA
registration listing.
Any antimicrobial product used in an HVAC system
must be specifically registered by the EPA or other
applicable regulatory agency for use in HVAC systems,
have undergone a comprehensive risk assessment
for such use, and contain specific and detailed label
directions. If the label directions cannot be followed
completely, use must be avoided.
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IICRC S520 and Other Mold Guidelines, Standards and Regulations
The IICRC S520 Standard and Reference Guide for Professional
Mold Remediation is an ANSI approved standard that has been
widely accepted for insurance covered mold remediation projects
and by the industry in general. This standard also references the
NADCA ACR 2006 standard when mold remediation of HVAC
systems is necessary. Following is an outline of topics from the
S520:
13
13.1

13.2
13.3
13.3.1
13.3.2

HVAC Remediation
HVAC Operational, Maintenance and
Modification Issues
Notes that special attention should be paid to the HVAC system
when mold is remediated and that the HVAC system is an
important factor in controlling the conditions that lead to mold growth.
HVAC Engineering Considerations
References the NADCA ACR 2006 for doing an assessment of the system.
HVAC System Cleaning and NADCA ACR 2006
Cleaning should be carried out in accordance with the ACR 2006
Use of a Mechanical System as a Dehumidification Device
When systems are used for humidity control they should be cleaned following
the ACR 2006
Fungal Contamination Considerations
References the cleanliness criteria in the ACR 2006
HVAC should be isolated from areas where structural remediation is taking place.
Discusses antimicrobial use and sealants coatings etc

Other Mold Guidelines and Regulations
• EPA Mold Remediation in Schools and Commercial Buildings
• NYC Department of Health Bureau of Environmental & Occupational Disease Epidemiology
“Guidelines on Assessment and Remediation of Fungi in Indoor Environments”
– Original 1993, Revision 2000, Revision 2008
• 2008 Florida Statutes, MODULE 468, Part XVI,
http://www.myfloridalicense.com/dbpr/pro/mold/statutes.html
• Louisiana License, Act 800, Regular Session 2003,
http://www.lslbc.louisiana.gov/pdf_files/Mold%20Act.pdf
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Biological Contamination in HVAC Systems
Lets review some vocabulary and four key concepts to keep in mind when trying to determine if
mold contamination exists – first the vocabulary.

Important Vocabulary
Condition 1- (normal fungal ecology): an indoor environment that may have settled spores,
fungal fragments, or traces of actual growth whose identity, location and quantity are
reflective of a normal fungal ecology for a similar indoor environment. Source IICRC S520 &
NADCA ACR 2006
Condition 2- (settled spores): an indoor environment which is primarily contaminated with
settled spores that were dispersed directly or indirectly from a Condition 3 area, and which
may have traces of actual mold growth. Source IICRC S520 and NADCA ACR 2006
Condition 3- (actual growth): an indoor environment contaminated with the presence of
actual mold growth and associated spores. Actual growth includes growth that is active or
dormant, visible or hidden. Source IICRC S520 & NADCA ACR 2006
Contamination- The presence of undesired substances; the identity, location, and quantity of
which are not reflective of a normal indoor environment, and may produce adverse health effects,
cause damage to structure and contents and/or adversely affect the operation or function of
building systems. Source IICRC S-500
The IICRC uses condition 1,2 and 3 to describe normal fungal ecology up to actual growth
circumstances. All the other mold guidelines use the square footage visible mold contamination
to determine levels of containment and PPE when doing mold remediation. Whatever guidance
or standard you follow, mold growth should be removed and the moisture problem that caused it
must be fixed.

Five Key Concepts of Assessment for Mold Contamination
1. Mold will not grow without moisture and a food source. The dirt and dust found in HVAC
systems is a great food source, so there are varying levels of food in HVAC systems.
Look for any signs of moisture; that is where you will find mold. Staining, discoloration, and
physical damage ie; (swollen lining, gaps in lining and rust) are signs of moisture.
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2. Mold colonies will typically
grow in circular patterns. When
mold contamination gets heavy
enough the circular patterns can
grow together into a more solid
pattern.
3. Mold growth can vary in color.
Common dirt and dust in HVAC
systems often times looks gray.
Mold contamination can be gray
as well but can also be blue, green,
white, orange or black. Unusual
colors can be an indication of mold
contamination.
4. Mold and bacteria have a must, mildewy or earthy odor when they are growing on
materials. This type of odor is a sure sign of biological contamination.
5. Samples of materials must be analyzed by a laboratory to confirm the presence of mold.
Building owners, Supervisors, Indoor Environmental Professionals (IEP’s) and technicians can
assume suspect material is mold, but to prove it laboratory analysis is key.
Investigation for mold contamination is typically done by IEP’s or properly trained supervisors.
Some of the common tools used to investigate for mold are also used to assess HVAC systems
both before and after cleaning.
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Where Mold Contamination is commonly found in HVAC Systems
In MODULE 2 we went over the different types of HVAC systems and discussed their
components. We also started the discussion about what areas of the HVAC system are most likely
to have conditions conducive to mold growth. Technicians are not expected to test for mold
or assess systems but they should be aware of the areas of HVAC systems most likely to have
mold contamination and should have some idea of what actual mold growth looks like. This
will allow you to assist your supervisor in determining if undiscovered mold has been found
during cleaning and will allow you to recognize when additional safety and PPE precautions are
advisable.
Lets start with some photos of typical dust and dirt build up in an HVAC system vs. mold
contamination.

If dirt accumulates in ductwork and if the relative humidity reaches the dewpoint (so
that condensation occurs), then the nutrients and moisture may support the growth of
microbiologicals.
On the next page we have a diagram that highlights in gray what areas of an HVAC system tend
to accumulate the most dirt, dust and debris. In areas or systems with high RH any of these
collections spots could be breeding grounds for microbial contamination.
Condensation on under insulated pipes and leakage in piped systems will often create moist
conditions conducive to the growth of molds, fungus, and bacteria. This sometimes shows up on
ceilings (drywall or ceiling tile) as a stained or moldy spots in a line on the ceiling following the
path of the pipe or duct.

AIR SYSTEMS CLEANING SPECIALIST

NADCA | 111

MODULE 5 | HVAC Cleaning and Mold Remediation

Now lets review what areas of the HVAC system are most likley to have mold contamination.

Terminal
units and
areas close
to terminal
units

Areas where
transitions occur

Air handling unit
and drain pan
and 1st ten ft after
air handling unit
4.

1. Air handling unit and drain pan – Condensate collects in the drain pan under the cooling coil
and exits via a deep seal trap. Standing water will accumulate if the drain pan system has not been
designed to drain completely under all operating conditions (sloped toward the drain and
properly trapped). Under these conditions, molds and bacteria will proliferate unless the pan is
cleaned frequently. A properly installed trap could also be a source, if the water in the trap
evaporates and allows air to flow through the trap into the conditioned air. Coils that are not
maintained also collect dirt, moisture and eventually mold and bacteria. The first 5-15 feet of the
supply side (especially interior insulated) plenum and trunk can also become contaminated if
moisture from coils and drain pan carries over into this area.
2. Areas where transitions occur. Especially problematic in areas of the country with hot/humid
or mixed/humid climates. Transitions like turning vanes and areas where ducts transition to
smaller diameters are points where dirt and dust accumulate add moisture and you have mold.
3. Terminal units and areas close to terminal units. Depending on the type of system these areas
may combine the problems found with AHU and transition points.
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4. Diffusers/Registers – Especially in hot/humid climates these areas can be very cold with
respect to the rest of the room causing condensation and the potential for mold contamination.
5. By humidification devices – Office buildings in cool climates that have high interior heat
gains, thermally efficient envelopes (e.g., insulation), and economizer cooling may require
humidification to maintain relative humidity within the comfort zone. When humidification is
needed, it must be added in a manner that prevents the growth of microbiologicals within the
ductwork and air handlers.
Mold growth problems are more likely if the humidistat setpoint located in the occupied
space is above 45%. The high limit humidistat, typically located in the ductwork downstream
of the point at which water vapor is added, is generally set at 70% to avoid condensation (with a
potential for subsequent mold growth) in the ductwork. Adding water vapor to a building that
was not designed for humidification can have a negative impact on the building structure and the
occupants’ health, if condensation occurs on cold surfaces or in wall or roof cavities.

Microbial Remediation Overview (Structural Remediation)
What is Mold remediation?
According to all Federal, State and Local Regulations, industry standards or guidelines, mold
remediation is fixing the moisture problem and the physical removal of all growth.
The experts don’t always agree on what guidelines we should follow in determining what is
contaminated and what levels of contamination pose a health threat. The Federal government
does not have regulations covering fungal contamination of the indoor environment.

Important Definitions
actual growth – molds that have colonized
a substrate, formed fungal mycelia, growth
structures, and spores; are active or dormant,
visible or hidden. Source IICRC S520
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containment – the act or condition of containing. Contain-to keep under proper control.
Source “Webster’s College Dictionary.”
containment – a precaution used
to minimize cross-contamination
from an affected area to
unaffected areas by traffic or
material handling. Containment
normally consists of 6-mil
polyethylene sheeting, often in
combination with negative air
pressure, to prevent crosscontamination. Source IICRC
S520
Note – The American Conference of Governmental Industrial Hygienists (ACGIH)
in their publication “Bioaerosols Assessment and Control” further breaks down
containment into Source, Local and Full-scale containment, these definitions will be
detailed later in this MODULE.
engineering controls – the utilization of methods, equipment and containment in such a manner
that they limit the exposure of remediation workers/technicians and prevent the introduction of
contaminants to surrounding uncontaminated areas and contents.” Source IICRC S520
standard of care – practices that are common to reasonably prudent members of the trade who
are qualified and competent. Source IICRC S520 & NADCA ACR

The Steps in Mold Remediation
Preliminary Determination/Inspection or Assessment
The first step in a mold remediation project is some type of preliminary determination, inspection
or assessment. The terminology is different depending on who does the work. Your supervisor or
an independent Indoor Environmental Professional will provide this service.

Administrative Controls
The Occupational Safety and Health Administration (OSHA) uses the term administrative
controls to describe the processes and activities utilized before and at the start of a project
that will help ensure the health and safety of occupants and workers on the job. Examples
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of administrative controls include general and job specific emergency procedures, training,
scheduling, moving people to other areas, etc. Your supervisor must coordinate with the building
owner and any other trades on the site to determine the appropriate administrative controls for
the project.
•
•
•

Emergency phone numbers (fire, EMS, police) and procedures must be job specific, posted
at the site and should be reviewed with each worker/technician prior to starting any project.
According to IICRC S520 Signs should be conspicuously placed outside the work area at
entrances and other appropriate locations.
Note, photograph and document with the owner any pre-existing DAMAGES.

Example Warning Signs
Per IICRC S520

DO NOT ENTER – HVAC CLEANING IN PROGRESS

• Do Not Enter - Mold Remediation in
Progress
• No Unauthorized Entry

Remediation Company:

ABC Company

Company Address:
24-Hour Emergency#
Health & Safety Officer

123 Main Street
Your Town, State
111-111-1111
John Smith - Manager

Date Posted:

2/15/12

Approximate Completion Date
2/24/12
According to IICRC S520, warning
signs posted on the job site should
NO UNAUTHORIZED ENTRY
list the following emergency contact
information; the remediation company
name and address, 24-hour emergency contact phone number and the name of the project
supervisor.

Engineering Controls/Work Practices
Engineering controls and work practices are a vital part of
any mold remediation project and must be used to assure
worker/technician safety and health. Engineering controls
also help prevent cross-contamination and protect building
occupants. According to the IICRC S520 engineering
controls include but are not limited to:
•
•
•
•

contamination source control
isolation barriers
pressure differentials
dust suppression methods
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•
•
•
•

HEPA vacuuming and filtration
detailed cleaning
temperature and humidity control
a sanitary approach
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IICRC includes what OSHA calls work practices in their description of engineering controls. It
is important for mold remediation workers/technicians to make sure appropriate engineering
controls are implemented before disturbing contaminated materials and contents. According
to IICRC S520 careful removal of contaminated materials with a minimum of particulate
dispersal is an example of the engineering control called “controlled demolition.” Mold
remediation projects that include removal of building materials such as dry-wall (sheetrock)
should use controlled demolition techniques as a primary engineering control. Your supervisor
must determine what engineering controls and work practices will be used on the project and
communicate that information with you. They may also ask for your opinion about what types
of work practices or engineering controls will work or are working best on a project. Before
deciding to change the engineering controls or work practices on a project you should notify your
supervisor.

Personal Protective Equipment (PPE)
Your supervisor will determine what level of personal protective
equipment is necessary on a job by job basis. You are responsible for
using the selected equipment and maintaining your PPE. Remember
PPE is the last line of defense you shouldcontinue to use appropriate
engineering controls and work practices to lower exposure first then
supplement with appropriate PPE.
Select appropriate PPE (PPE may also be needed during evaluation
and implementation of engineering controls)
• Personal Protective Equipment is covered in more detail in
MODULE four.
•

The NADCA Safety Manual goes into much more detail on PPE and safety issues.

Contamination Removal
Once again the method used for contamination removal should be specified by your supervisor.
If you find the method chosen is not working as planned, consider recommending changes to the
method, do not implement the changes without contacting your supervisor first unless you are
authorized to make such decisions.
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•
•
•
•
•

Determine how room contents will be protected or cleaned
Determine what contaminated components will be cleaned or removed
Determine what removal and/or cleaning techniques will be used
Determine how final cleaning will proceed and what products will be used during final
cleaning
Dispose of contaminated debris

Verification of Completion
Every project can have different requirements for
verification of completion. Discuss the expected results
for the work you are doing with your supervisor at the
beginning of the project. If you find the results are not
being achieved as quickly as scheduled or the results
are not possible for some reason discuss the issue with
your supervisor. Be prepared to make recommendations
for how to achieve the expected results and remember
communication with your supervisor is the key to a
successful project.
•
•

•

•

•

Document the entire process
Communicate with appropriate contacts throughout
the entire process. All communications with clients
and others should only be made through your
company’s designated contact.
If hidden mold is discovered talk to your
superivor! It is not uncommon for hidden mold to be discovered during a remediation
project. According to IICRC S520 when hidden mold is discovered a written change order
may be necessary. Contract modifications or additions should be made through written
change orders.
Your supervisor may perform a post remediation evaluation. When following the IICRC S520
this is the process contractors perform to determine if scope of work is complete and the area
has been cleaned to contractors satisfaction and in accordance with the contract documents.
Arrange for Post Remediation Verification (PRV) by an independent third party if applicable.
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Types of Containment
Why use containment structures? – Contamination is best controlled at the source and
containment is the best way of controlling contamination. A properly designed and constructed
containment keeps contamination from spreading to clean areas while you are doing the
remediation. A properly designed containment area can be an excellent engineering control.

Levels of Containment
The American Conference of Governmental Industrial Hygienists (ACGIH) book “Bioaerosols
Assessment and Control” describes three levels of containment for microbial remediation
projects.

Source control with HEPA Vacuum

Source Containment- Used when small areas or small volumes
of contamination are being remediated. Also defined as material removal with minimum dispersal of dust and spores as
when carefully placing material into a plastic bag, sealing it and
discarding. Source containment can be as simple as that. We
recommend holding a HEPA vacuum in close proximity to the
material being removed and evacuating air from the plastic bag
using the HEPA vacuum. It can also be a good work practice to
seal polyethylene over the contaminated area prior to removing
the material then placing it in disposal bags or wrapping it in
poly.

Vacuum collection equipment that
should be used on almost every HVAC
cleaning project is a type of source
containment. Putting each section of
ductwork under a negative pressure is an
excellent example of source containment,
it can be the only containment used on
a project or in some cases which we will
discuss later it is one of several levels of
containment on a project.
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Local
ContainmentUsed for relatively
small jobs, local
containment can be
made out of plastic
sheets
(polyethylene) and
a wooden,
Local containment example
aluminum or PVC
frame. Negative pressure in the area can be maintained with a HEPA equipped vacuum or an air
filtration device being used as a negative air machine. Local containment may also include an
attached decontamination area. Local containment size and configuration can vary tremendously
from job to job and should be carefully designed and built on a case-by-case basis.
Full-Scale Containment- This type of containment is similar to the full-scale asbestos project
containment with a work area and a decontamination unit. A HEPA equipped Air Filtration
Device (AFD), a.k.a. negative air unit, is used to keep the work area under negative pressure
with respect to the non-contaminated outside area.
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Containment Construction
Containment begins with sealing off all penetrations to the work area. This typically entails using
what are called critical barriers to seal doorways, windows, diffusers, return air, light fixtures, pipe
penetrations, vents, etc. Critical barriers are typically constructed using polyethylene and various
types of tape and fasteners. A critical barrier is defined in the OSHA asbestos regulations as 2
layers of 6-mil poly or equivalent. Additional containment strategies include covering floors and
walls with poly secured once again with tape and fasteners.
Zipwall® or similar products used in combination with
polyethylene sheeting is another method often used when
constructing containments.
Building a containment structure is one of the most
important jobs of the remediation worker/technician. The
supervisors choice of containment design and construction
will influence how successful the remediation project will
be. A properly designed containment will stop the spread
of contamination and limit the scope of work. In some
cases a containment strategy will be spelled out for the
contractor in the project specifications or the contractor may be asked to submit a containment
strategy with their proposal.
Occupants and Special building considerations - Doing work in occupied buildings requires
special considerations. Off hours work is preferable, containment may need to be re-enforced
with furring strips, etc. and communication once again is paramount. Additional considerations
include life safety system design concerns including: fire escapes, smoke detectors, sprinklers and
procedures for emergency situations.
Defining a containment zone – The containment zone will be defined based on the spread of
contamination in conjunction with the air patterns in the building. The remediation supervisor
may need to make an educated guess about how far the contamination has spread before they
arrived on the job. In situations where the spread of contamination has not been defined through
sampling or other objective means, the supervisor should take a conservative approach in setting
up critical barriers working toward the source. Airflow should be away from clean areas and
toward the source. Use signs or barrier tape to demarcate the boundaries of your containment.
You or your supervisor will need to educate other trades, building owners, employees, tenants and
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others about the reason for containment and the problems that can be caused by breaches in your
containment. It is important to educate others and document methods used to keep people from
contaminating clean areas, by breaching your containment. Make sure you notify your supervisor
so he/she can document breaches of containment in daily logs and also with photographs if
necessary. In some cases 24-hour video surveillance has been necessary on particularly sensitive
projects.
Air exchange – The industry standard is 4 or more air changes per hour in the contained area.
Your instructor will go into more detail on how to determine the number of air changes and the
ways airflow is controlled and measured. OSHA asbestos regulations specify air changes every 5
to 15 minutes or 4 to 12 air changes per hour. This standard has been adopted by much of the
mold remediation industry.
IICRC Air Exchange Formula – The industry standard is 4-12 air changes per hour in the
contained area. The IICRC S520 formula for determining the CFM needed in the work area is as
follows:
CFM =

Volume (cubic feet) x Number of ACH
Room
_________________________________
60 minutes

Make-up
Air

Diagram of full containment
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ACH = Air Changes per hour

Generally positioned or
located at the farthest
point from the entrance or
decontamination chamber

Breaches or tears in
a negative pressure
containment will result
in decreased pressure
differential as air
rushes in
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Pressure relationships – In most cases the source area and any contaminated areas should be
placed under negative pressure throughout the duration of the project. Clean areas can be
positive pressurized in relation to the contaminated areas. Many other pressure relationships will
come into play when designing a remediation project. Factors such as stack effect, elevators,
backdraft, and even outside wind can affect pressure relationships.
Understanding Air Exchange
The negative pressure system should be tested before any remediation. After the work area has
been prepared, the decontamination facility set up, and the exhaust units(s) installed, the units(s)
that have not been running should be started (one at a time). Observe the barriers and plastic
sheeting. The plastic curtains of the decontamination facility should move (billow) slightly
in toward the work area indicating air-flow direction (high pressure always moves towards
low pressure). The use of ventilation smoke tubes and an aspirator bulb is another easy and
inexpensive way to visually check system performance and direction of air flow through openings
in the barrier. For example, smoke emitted on the inside of the work area at a barrier should not
leak outward. Smoke emitted in decontamination should move inward to the work area.
Another test method for negative pressure is to use a Pressure Differential Monitor. The
measuring device must be sensitive enough to detect a relatively low-pressure drop. The pressure
drop across the barrier is measured from the outside by punching a small hole in the plastic
barrier and inserting one end of a piece of rubber or Tygon® tubing (be sure to seal around
tubing if tube is left in place). The other end of the tubing is connected to the “low pressure”
tap of the instrument. The “high pressure” tap must be open to the atmosphere. The pressure
is read directly from the scale. Various instruments are available which monitor the pressure
drop continuously. These units can be connected to a strip chart recorder to provide continuous
documentation of differential pressure. An audible and/or visible alarm may be used to alert
the project manager of a severe drop in pressure. The U.S. Occupational Safety and Health
Administration (OSHA) requires a minimum pressure differential of -0.02 inches of water
column/gauge on asbestos abatement projects. Much of the mold remediation industry has
adopted this practice. According to IICRC S520 negative pressure microbial remediation
containments should provide a minimum of 4 air changes per hour and -0.02 inches of
water column/gauge, which is approximately equal to 5 pascals. Negative pressure should be
monitored and documented at regular intervals.
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Dwyer Mark II
Model 25 Manometer

Omniguard III Differential
Pressure Recorder

REMEMBER, for every cubic foot pulled out of a negative pressure containment you
need a cubic foot of make up air. Anytime air is exhausted from an area, replacement air
(make up) must enter. It is very important to know where your make up air is coming
from for several reasons. The most important reason is you could be bringing make up
air in from a bad source for instance the exhaust of any combustion source.
In some cases replacement air could be pulled from the combustion exhaust of furnaces
or hot water tanks; this is known as backdrafting and can be deadly. You may also bring
air from another contaminated part of the building complicating your post remediation
verification sampling if it is conducted. You could change the air patterns in a building
causing a hazard for building occupants. You could pull humidity-laden air into your
containment. For all these reasons it is very important to understand where your make
up air is coming from on a mold remediation project. Smoke testing can assist in
determining air flow patterns in containment and sources of make up air.
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HVAC Cleaning and Structural Mold Remediation
Questions about how HVAC cleaning and structural mold remediation are common and at times
the answers are a matter of common sense.
Should HVAC cleaning or mold remediation be done first?
Most often HVAC cleaning is completed after mold remediation is completed. During the
structural remediation the HVAC system should be sealed off from the mold remediation areas.
Generally speaking HVAC cleaning should not be done during mold remediation. It is preferable
to have the HVAC cleaning done after the other portions of the project are done.
How much mold in an HVAC system is OK to just clean as part of HVAC cleaning?
There is no specific guidance on this issue. Some documents ie. New York City Guidelines.
consider less than 10 square feet of mold contamination to be a small project that does not
require extraordinary precautions. However, less than 10 square feet in an air handling unit
serving a neonatal intensive care unit would require extreme caution.
HVAC cleaning when done properly is done under containment with vacuum collections devices
but even the NADCA ACR states this may not be enough for certain types of mold remediation
projects.
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Level 1 Containment – Minimum Engineering Controls
Level 1 Containment is applicable to HVAC system cleaning in buildings classified as residential,
industrial, light commercial and marine, provided that there is no known mold or biological
contamination. If mold or biological contamination is known to exist, Level 2 Containment may
apply. The following protective actions are required under Level 1 Containment strategies.
• Protective Coverings – Clean, protective coverings must be used within each work area.
Protective coverings must extend beyond the work area to provide protection of flooring,
equipment, and furniture whenever necessary.
• Cleaning Equipment – Inlet openings on all vacuum collection devices and negative air
machines must be properly sealed during transport and when the equipment is not in use.
Vacuum hose openings must be sealed during transport. All tools, equipment, and equipment
components that enter the HVAC system from an occupied space must be wet-wiped, HEPA
vacuumed, or sealed in a disposable polyethylene bag during removal from the HVAC system.
• Cross-Contamination Control – Suitable provisions must be made to control contaminant
discharge from the HVAC system and cross contamination into occupied space during the
cleaning process. This may require temporary sealing of existing duct joints, seams and other
system components.

Level 2
Containment – Work Area Containment without Decontamination Unit
Level 2 Containment may be applicable to HVAC system cleaning in any building use
classification when mold or biological contamination is known to exist within the system.
In cases when microbial amplification covers a surface area greater than 5 square feet, Level
3 Containment must be used. Level 2 Containment is the minimum level of containment
appropriate to a healthcare facility. All of the Level 1 Containment requirements apply to Level
2 Containment areas. In addition, the following protective actions are required under Level 2
Containment strategies:
• Work Above Ceilings – Above ceiling work areas must be completely isolated from occupied
spaces within containment barriers utilizing 6-mil fire retardant polyethylene sheeting or
equivalent. These barriers must be sealed airtight where they meet the ceiling, floor, and walls.
• Containment Area Floor – The containment must have a two-layer floor utilizing 6-mil fire
retardant polyethylene or equivalent. The floor material must extend at least 6 inches (15.2
AIR SYSTEMS CLEANING SPECIALIST
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centimeters) up the containment side walls. The floor material must be sealed to side walls with
two layers of duct tape in an airtight manner.
• Containment Area Access – A vertical cut in the containment side wall must provide access into
the containment area. This vertical cut must begin no less than 6 inches (15.2 centimeters) from
the floor and must be at least 5 feet (1.5 meters) long. The entrance must be entirely covered by
two flaps (one on each side of the polyethylene).
• Negative Pressure – The containment area should be kept under negative pressure at all times
to the degree feasible. Negative pressure must be sufficient to prevent migration of particulate
material out of the containment area. Exhaust from the device providing negative pressure must
be HEPA filtered. If this device does not exhaust directly outdoors, it must be possible to verify
that there is no leakage through or around the HEPA filter.
• Dismantling – Interior surfaces of the containment enclosure must be wet-wiped or HEPA
vacuumed before moving or dismantling the containment enclosure.

Level 3 Containment Work Area Containment with Single Chamber Decontamination Unit
Level 3 Containment may be applicable to HVAC system cleaning in buildings where severe cases
of microbial amplification or hazardous substances are known to exist within the HVAC system
or indoor environment. Level 3 Containment is commonly the level of containment appropriate
to healthcare facility cleaning projects, including those where microbial contamination may
not exist. All of the Level 1 Containment and Level 2 Containment requirements apply to Level
3 Containment areas. In addition, the following protection actions are required under Level 3
Containment strategies:
• HEPA-filtered negative air machines may be utilized as a supplement to containment techniques
described herein to control ambient airborne particulate levels.
• Decontamination Facility – A single chamber decontamination facility must be utilized in
conjunction with the containment area. The decontamination chamber must be attached and
sealed directly to the containment area. The decontamination chamber must be separated from
the containment area by double flaps of 6-mil fire retardant polyethylene sheeting or equivalent.
The flaps must be attached at (Assessment, Cleaning and Restoration of HVAC Systems – ACR
2006) the top and one side. The decontamination chamber must utilize double flaps for its
opening to the nonwork area.
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• Monitoring Requirements – Level 3 containment areas must be monitored for negative pressure
on a continuous basis by using an instrument sensitive enough to detect a loss of negative
pressure. Background monitoring for total particulate must be performed prior to set-up of
containment to establish baseline airborne total particulate concentrations. It is recommended
that monitoring also be conducted during the set-up of containment. Real time monitoring for
total particulate must be conducted on a regular basis to ensure that particulate is not escaping
the containment. If airborne particulate levels exceed background levels, work must cease until
airborne particulate levels are reduced to background levels and the cause of the problem is
found and corrected.

Level 4 Containment Work Area Containment with 2-Chamber Decontamination Unit
Level 4 Containment may be applicable to HVAC system cleaning work sites harboring
hazardous substances or those within a healthcare facility. All of the Level 1, Level 2, and Level
3 Containment requirements apply to Level 4 Containment areas. In addition, the following
protective actions are required under Level 4 Containment strategies:
• Decontamination Facility – A decontamination facility as described for a Level 3 Containment
area must be utilized, except that the decontamination facility must consist of two chambers.
Each chamber must be constructed according to the requirements described for a Level 3
Containment area.
• Monitoring Requirements – Monitoring requirements described for a Level 3 Containment area
must apply. In addition, the containment must have a constant recording pressurization monitor
with an alarm.

NADCA Position Paper Chemicals in HVAC Systems
At the end of this MODULE is the NADCA Position Paper on Chemical Product Applications
in HVAC Systems. It is an excellent resource on cleaning products and other chemicals used
during HVAC cleaning. For mold remediation of buildings in non-HVAC areas EPA recommends
soap and water. Some disaster restoration situations may, in the professional judgement of the
supervisor, necessitate the use of biocides or antimicrobials. HVAC systems cleaning products
should be used in conformance with the following document.
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General rules on cleaning products antimicrobials and biocides:
• Read and follow label directions.
• Use in a well ventilated area.
• Disinfectants, biocides and antimicrobials must be registered with EPA. When they
are, the label is the law. The EPA regulation that requires registration and in some cases
licensing of applicators is the Federal Insecticide Fungicide and Rodenticide Act (FIRA).

Indoor Environmental Professionals (IEP)
The use of Indoor Environmental Professionals or IEP’s is common on large commercial mold
remediation projects and on some residential projects. The IICRC S520 recommends the use of
an independent IEP on projects where the scope of work is not clear or when there have been
complaints about health related issues that may be caused by the mold in a home or building. IEP
is a generic term that describes someone with education, training and experience of performing
assessments of indoor environments. In some cases Certified Industrial Hygienists (CIH) or
Certified Safety Professionals may be used on projects. There are numerous industry associations
that claim to certify indoor environmental professionals and/or mold inspectors. Choose an IEP
with experience with the type of project you are on if you choose one at all. It is best to leave the
choice to the building owner if possible.
IEP’s are commonly called upon to provide some type of post-remediation verification or final
clearance on projects. There is no standard method for clearance on mold remediation projects
and the key is to know what the IEP has specified for a clearance criteria prior to starting the
project. The NACDA ACR 2006 has a good section on ‘Verification of HVAC System Cleanliness”
that includes three levels of verification. The first level for any verification should be a thorough
visual inspection as NADCA spells out. Beyond this level NADCA specifies the Surface
Comparison Test and the NADCA Vacuum Test if necessary.
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NADCA POSITION PAPER
on Chemical Product
Applications in HVAC Systems
Introduction
Awareness of indoor air quality has increased
substantially in recent years, and the systems that supply
air to our living and working spaces are critical to the
maintenance of a healthy indoor environment. As the
global industry’s leading advocate and trusted resource
for reliable information, The National Air Duct
Cleaners Association (NADCA) is uniquely qualified
to provide guidance for consumers and the industry on
the best practices for inspecting, cleaning and restoring
HVAC systems.
One topic that has generated both substantial interest
and concern is the use of chemicals, cleaners, sealants
and coatings inside air handling systems. Currently a
broad diversity of information exists regarding the use
and efficacy of these chemical products. In working
with all parties associated with indoor air quality,
NADCA recognizes the need to provide direction in this
complicated and evolving area.
It is generally agreed that source removal of
contaminants remains the single best method for
cleaning and decontaminating HVAC systems. However,
chemicals may be applied within HVAC systems for
a variety of reasons. This position paper provides an
overview of the products and associated techniques
utilized in and around HVAC systems.
NADCA’s goal is to provide sound guidance for
all parties (consumers, regulators, and remediation
professionals) that can be useful when evaluating
specific structures and situations. Although the
following information reflects the current state of the
art for the use of chemicals in HVAC systems, readers
should recognize that new developments regularly occur
and should familiarize themselves with the most current
information when determining the appropriate steps to
take. Readers are encouraged to review NADCA’s ACR
Standard for Assessment, Cleaning & Restoration of
HVAC Systems, for information regarding best practices
related to cleaning and restoring those systems.
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Disclaimer
NADCA recognizes that differences in opinion will
exist as to how to manage the use of chemical products.
NADCA also recognizes that industry professionals
will decide whether or not a chemical application
is appropriate for a given HVAC system, based on
the unique circumstances surrounding that system.
Ultimately, the decision of whether or not to apply a
chemical product in an HVAC system, and the selection
of that product, rests with the owner of the system.
This document was written in the United States of
America and is intended primarily for use in this
country. This material may also prove useful for
industry professionals and others operating outside of
the USA. All users of this document are encouraged to
refer to applicable federal, state/provincial, and/or local
authorities having jurisdiction over the subjects addressed
within this document.

HVAC Contamination
Numerous types of contamination may be found within
HVAC systems. Depending on the environment and
conditions, these contaminants may contribute to mold/
mildew (i.e., fungal growth) and other microbiological
growth. Other contaminants may include debris from
outside air sources, fire damage residue, dust, vermin, etc.

Source Removal
Source removal is defined as the physical removal of
contaminants and debris from internal HVAC system
surfaces. Complete HVAC system cleaning removes
the contaminants that may contribute to mold and
other microbiological growth. Cleaning can also reduce
household dust, increase energy efficiency, increase
equipment life expectancy, and improve overall indoor
air quality and comfort.
It is not necessary to apply chemical products to achieve
source removal within an HVAC system. However,
applying appropriate cleaning compounds may enhance
the cleaning process (e.g., coils, hard surfaces, blowers).
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Safety Considerations & MSDS
A variety of safety considerations must be taken into
account as part of any chemical application within an
HVAC system.
A Material Safety Data Sheet (MSDS) is a document
produced by a chemical product manufacturer that
contains information on the chemical makeup, use,
storage, handling, emergency procedures and potential
health effects related to a chemical product. The MSDS
may contain more information about the material than
the label on the container.
In the United States, the Occupational Safety and
Health Administration (OSHA) requires that the MSDS
be available at any job site where chemical products
are in use. When concentrated products are used at the
work site, manufacturers may make available a diluted
solution MSDS (referred to as a “use solution”), as well
as secondary-use labels for the application container for
such diluted solutions. All application containers must
have use labels affixed to them.
Other nations may have different regulations regarding
the use of the MSDS, bulletin or materials and chemical
products so this should be taken into consideration
when delivering service outside the United States.
Some people are sensitive to certain chemical products.
If there is a reason to believe that the use of a product
would create a hazard, information about the potential
hazard must be communicated to the building
occupants and/or managers. In some circumstances,
it may be necessary to perform work when occupants
are out of the building and to adequately ventilate the
building. With certain EPA-registered products, building
evacuation is mandatory.
Workers must be trained to follow procedures on the
label and in the current MSDS bulletin for the safe
use, handling, and storage of any product used to treat
an HVAC system. Appropriate personal protective
equipment must be worn, including respiratory
protection if required. Correct application procedures
must be understood and carried out to avoid hazards
from failing to use the product according to the
manufacturer’s instructions.

Risk Management
Possible risks associated with chemical products include,
but are not limited to:
Allergic reactions
Chemical burns
n Respiratory irritation or damage
n Eye injuries
n Poisoning
n Toxic fumes
n Exposure to carcinogens
n
n
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It is recommended that the client sign a release
authorizing the use of specific chemical products and
acknowledging that he or she has been informed of risks
associated with their use.
Products that are used to mitigate pests are required
to be registered with the EPA. When using an EPAregistered product, a state pesticide applicator’s license
may be required for the owner, firm, supervisor and/
or worker. All users of this document are encouraged to
refer to applicable federal, state/provincial, and/or local
authorities having jurisdiction over the subject addressed
within this document.

Categories of Chemical Products
A variety of chemical products may be used as part of an
HVAC system cleaning process.
Note: In general, chemical products that do not make
a claim of antimicrobial activity are not required to be
registered with the Environmental Protection Agency
(EPA). Some exceptions exist.

Antimicrobial Pesticides
(including disinfectants and sanitizers)
Product definition
Antimicrobial pesticide: Any substance or mixture of
substances intended to prevent, destroy, repel or mitigate
a microbial pest. These agents kill or suppress the growth
of microorganisms (bacteria, viruses and fungi). In the
absence of product claims, if the product is composed of
ingredients known to be pesticides and they do not have
a non-pesticidal use, then the product is a pesticide. If the
product’s mode of action is pesticidal in nature (no nonpesticidal use) then the product is a pesticide. If the intent
is to distribute or sell the pesticide, it must be registered
by the EPA as well as with the state in which it will be
sold or used.
Sanitizer: The term “sanitizer” is often misused and
misunderstood. A sanitizer is a substance or mixture of
substances that kills a high percentage (99.9%) of, but
not necessarily all, bacteria on a surface. Technically,
the EPA defines a sanitizer as a substance or mixture
of substances that reduces the bacterial population in
the inanimate environment (on surfaces and objects) by
significant numbers (e.g, 3 log10 reduction or more),
but does not destroy or eliminate all bacteria.1 Another
useful definition is: an agent that reduces contamination
in the inanimate environment to levels considered safe as
determined by public health ordinance.2
Disinfectant: An agent that eliminates a specific species
of infectious or other undesired microorganism, but not
necessarily bacterial spores, in the inanimate environment
only.2 Disinfectant products are often found to be
effective against fungi and viruses as well as bacteria.

AIR SYSTEMS CLEANING SPECIALIST5/15/12

7:29 PM

Fungicide: A substance that destroys fungi and yeast
and/or fungal spores (on environmental surfaces) that
may pose a threat to human health.
Fungistat: An agent that inhibits the growth of
fungi of economic or aesthetic significance that
are not considered to be human health related (on
environmental surfaces). This agent has no fungicidal
claim.
Bacteriostat: An agent similar to a fungistat in that
it inhibits the growth of bacteria (on environmental
surfaces) that is not considered to be human health
related.
Algaestats: An agent similar to a fungistat in that it
inhibits the growth of algae that is not considered to be
human health related.

n

Products chosen must include label directions
detailing use in HVAC systems and their
components and those directions must be followed.

Application method
Products are generally applied through spraying,
wiping or fogging. However, the application method
chosen must be one that is in the label directions.
Antimicrobials should only be applied after the surfaces
have been cleaned. Surface soil or contamination can
interfere with the efficacy of a product. Antimicrobial
products are evaluated based on use pattern (locations
of use) and application method for potential human
exposure and risk. When using any antimicrobial
product, follow the directions carefully and use the
personal protective equipment as directed by the label.

At this time, the EPA has not accepted any disinfectant,
sanitizer or fungicidal products for use in the ductwork
of HVAC systems. However, some of these products are
accepted for use in other parts of HVAC systems.

Pros

Those products which have been accepted by the EPA
for use in the ductwork of HVAC systems include the
following claims:

Cons

Fungistatic
Bacteriostatic
n Inhibits odor-causing bacteria and fungi
n Inhibits stain and damage-causing bacteria,
fungi, and algae
n Deodorizes
n Inhibits fungi and algae
n Cleaning (a non pesticidal activity; removal
of contaminants)
n
n

Antimicrobial products are available for the treatment
of coils, drain pans and other related HVAC system
surfaces. Refer to the EPA-accepted product label for
specific directions for treatment of these surfaces.
Typical use
n

The major use of antimicrobial products in HVAC
systems is for the inhibition of microbial growth
on hard surfaces within components such as air
handlers, fans and duct interiors.

n

Disinfectant products may be used in coils, drain
pans, and other parts of the air handler.

n

HVAC components that have been exposed to
flood water or sewage contamination should be
assumed to contain disease-causing organisms and
should be disinfected prior to being placed back
into service. Since no disinfectants are registered
for use in air ducts, systems that have been exposed
to contamination from floods, sewage, or similar
biological contamination must be evaluated by
a qualified individual prior to being placed back
into service. Cleaning alone may or may not be
satisfactory. Replacement of such duct sections may
be necessary.
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Properly used, antimicrobials can help reduce the risk or
incidence of future microbial growth.

Overuse of antimicrobial products can lead to needless
exposure to chemicals.
Failure to follow label directions can pose risks or result
in ineffective product performance.
In some applications it can be difficult to apply the
product in a manner that ensures adequate coverage and
dwell time, leading to ineffective product performance.
EPA requirements
All antimicrobial pesticides for use in HVAC systems are
required to be registered by the EPA. Products without
specific HVAC directions are not to be used on these
surfaces. A product has only been evaluated based on
the directions for use listed on the label. The product is
likely not to be effective if used in incorrect amounts or
for a different dwell time.
Every pesticide label bears the following misuse
statement: “It is a violation of Federal law to use a
product in a manner inconsistent with its labeling.”
It means that if the product is used in a manner other
than that which is directed by the label, such action may
be illegal and put the applicator and occupants of the
building at risk.
The label will also include the following information:
n

Specific pest(s) against which the product is effective
(meaning that the product has only passed the
testing requirements for those organisms listed on
the label).

n

Sites (homes, hospitals, etc.) and surfaces (e.g.,
cooling coil) to which the product may be applied.
This means that the product may only be used
at those sites and on those surfaces which are
identified on the label.
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n

Type of equipment or method used to apply the
product including application rate and contact time.

n

During the application or cure, sealants may give
off irritating fumes.

n

How often the product is applied. Reapply as
directed by the label.

n

Occupants may need to leave the building during
application or while the sealant cures.

n

In order for the product to be effective it must
be used in accordance with the directions for use
(application method and rate, and dwell time).

n

System may need to remain shut down for a period
of time to allow sealant to cure.

n

Pesticide manufacturers may make available a
diluted-solution or secondary-container-use label
(which must be consistent with the EPA-approved
label) when using concentrated products.

Best Practices

EPA requirements
Most sealants do not make claims of antimicrobial
activity, so they do not have to be registered with the
EPA.
Best practices
It is prudent to perform a duct leakage test to determine
the condition of the ductwork and establish whether
duct sealing would be beneficial.

n

Follow instructions and safety precautions as per
the EPA-accepted label.

n

Use in a well-ventilated area.

n

Keep in original or properly marked container.

Once the need has been established, the appropriate
materials and methods can be chosen.

n

Label all containers. Where concentrated products
are used, label containers holding diluted (ready-touse) products.

Correct protective equipment should be used by
employees applying sealants.
Ensure occupants are not exposed to objectionable fume
levels during application and drying.

Sealants
Product definition
Sealants are materials – liquids of varying viscosity or
tapes - used to seal surfaces, joints, connections, gaps
and openings.

Resurfacing Materials
Product definition

Typical use

Resurfacing materials (also known as repair coatings)
are coatings that are applied to surfaces that show signs
of damage or degradation.

Sealants are used in HVAC systems to control air
leakage.

Typical use

Application method
A sealant may be applied like paint with a brush, roller,
trowel, or spray equipment. It also may come in a caulk
tube and be applied with a caulk gun. Sealants can exist
as tape as well.
Pros
n

Improves energy efficiency of an HVAC system.

n

Improves performance of an HVAC system.

n

Reduces air leakage, as well as air intake from
unconditioned areas.

n

Some sealants have elastomeric (flexible) properties
to maintain integrity of seal.

Cons
n

Difficult to apply after systems have been
constructed.

n

If the material used is not applied properly or does
not have the proper characteristics, it may crack,
split or separate from the surface it is applied to,
allowing air leakage.
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Resurfacing materials may be used to coat internallylined or fiberglass ductwork to provide a smoother
surface and control odors in the system. This reduces
resistance of airflow in the system. Coatings secure loose
fibers to reduce the potential that they will become
airborne and enter the conditioned space. Resurfacing
materials may also be used to protect duct surfaces
from moisture and conditions that may lead to rust and
corrosion. Some coatings have antimicrobial ingredients
solely to preserve the coating and help retard the growth
of mold and fungi on the coating film.
In no case should a coating be used in lieu of sourceremoval cleaning of an HVAC system. Refer to the
NADCA Standard, Assessment, Cleaning & Restoration
of HVAC Systems.
Application method
Resurfacing materials are usually applied like paint with
a brush, roller or spray equipment.
Pros
n

Can restore integrity to a duct system.

n

Retards or repairs fiberglass deterioration.
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n

Saves costly replacement of duct board or lining in
ductwork or air handler.

n

Coatings can isolate non-removable particulate
from the airstream.

n

Coatings can smooth the interior profile of surfaces
within HVAC systems to make them easier to clean
in the future.

n

Coatings can yield a smooth film surface when
dry that reduces the probability of deposition
and accumulation of foreign materials that could
support future microbial activity.

n

Ensure occupants are not exposed to potentially
hazardous fume levels during application and
drying time.

n

Users must comply with EPA, state and local
regulations. Building codes and/or engineering
specifications may require that coatings have
been tested to certain ASTM test methods (such
as ASTM E 84 and ASTM C 411) as required by
the performance protocols of the National Fire
Protection Association (NFPA) 90A/90B. (ASTM
International is an organization that establishes test
methods, among other things.) Before using any
resurfacing coating, copies of this testing should be
obtained from the product manufacturer.

Cons
n

Does not replace duct cleaning

n

Adds an additional stage to an HVAC project after
initial duct cleaning which will create additional
expense.

n

Occupants may need to leave the building while
coatings are applied or curing.

n

May affect sound attenuation where lining or
fiberboard are used for that purpose.

n

Some odors may linger after application.

n

Using EPA-registered coatings (with antimicrobial
properties) requires some form of licensing in some
states which may add additional costs and burdens
to the applicator.

n

System may need to remain shut down for a period
of time to allow sealant to cure.

EPA requirements
Some coatings may contain antimicrobial ingredients
to preserve the integrity of the product, but if the
product does not make antimicrobial claims, EPA
registration is not required. Coatings and sealants
used as resurfacing and repair products that do not
claim to kill microorganisms, and which claim only to
prevent growth on or in the coating film, do not need
to be registered by the EPA for use in ductwork. Such
products fall within the scope of the Treated Articles
Exemption of the Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA). The EPA does not intend to
register or regulate resurfacing coatings that do not
make pesticidal claims.

Coil Cleaning Compounds
Product Definition
Coil Cleaners are a subset of a broad category that
includes all hard-surface cleaning agents. These cleaning
compounds differ from general-purpose consumer
products in that the soil that accumulates on surfaces of
refrigeration and air-conditioning coils tends to be more
resistant to removal than soil on walls, floors, counter
tops and bathroom fixtures. In addition, coil structure
(especially aluminum fins) can be more easily damaged
than most environmental surfaces. For example, dried
layers of organic debris on an evaporator coil can be
almost as difficult to remove as baked-on oven soil,
however, while a thin aluminum fin is easily damaged,
the porcelain or stainless steel surface of an oven is
highly resistant to damage.
There are three general formulation strategies that
manufacturers follow in manufacturing coil cleaners:
n

Acid: These products combine an acid (phosphoric,
hydrofluoric, etc.) with a detergent. They generally
have a pH of 3 or below. They work by creating a
chemical reaction with the aluminum of the coil fins
that mechanically helps release the soil that is then
held in suspension by the detergent until it is rinsed
off.

n

Alkaline: These cleaners are formulated by
combining sodium hydroxide, potassium hydroxide
or some other caustic with a surfactant (soap). They
normally have a pH of 10 or above and work in
much the same way as acid cleaners by creating a
chemical reaction that mechanically breaks soil free.

n

Detergent: These are more complex formulations.
They combine different detergents and other
ingredients to create a strong cleaner. There is a
wide variety of these formulations and they vary
greatly in effectiveness against the types of soil that
are found in coils. Detergent cleaners are sometimes
called ‘neutral’ cleaners. This is an error as a

Best practices
n

Ductwork, components, and surfaces to be coated
should be thoroughly cleaned and evaluated before
coating for best results.

n

Materials must be used in accordance with
manufacturer’s instructions and in accordance with
the label.

n

Correct protective equipment should be used by
employees applying resurfacing materials.
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have enough power to penetrate, yet not enough
to damage or bend the fins. Spraying directly
facing the fins rather than across fins will result in
less damage. Cleaner should be sprayed from side
to side onto the coil assembly, starting from the
bottom and working to the top. This allows loose
soil to rinse out of the coil assembly as you proceed
rather than falling down the fins and becoming
more impacted.

formulation would have to be exactly pH 7 to be
truly neutral and detergent cleaners generally fall in
a range between pH 4 and 9.
Important Note: Sometimes, cleaners are formulated for
specific types of soils. For example, systems that serve
commercial kitchens may have greasy soil that requires
a special formulation. In addition, regional conditions
may favor one cleaning formulation over another. It is
normal for contractors to select coil cleaners by trial,
eventually settling on one or two formulations that
work best for the conditions that they encounter. User
and occupant safety is a critical issue and cleaners at
both ends of the pH range tend to be unpleasant to use
and handle.

n

Typical use
Traditionally, acid cleaners are used on condenser
coils because the types of soils that are associated with
their outside location are more easily removed by the
acid formulation. In a like manner, alkaline cleaners
sometimes work better with the greasy soil that is
often found on indoor evaporator, chilled water, or
heat pump coils. Because both of these cleaner types
can be unpleasant to use and can damage coil surfaces,
there has been a trend toward greater use of detergent
cleaners. Acid cleaners should never be used indoors as
they release unpleasant and potentially dangerous fumes
unless rinsed completely from all surfaces in the air
handler.
Coil cleaners are normally used for cleaning other
portions of an HVAC system such as fans and housings,
drain pans, supply and return grills and supply plenums
that have an accumulation of soil and microbial growth.
In special situations such as following a fire, an entire
duct system may have to be cleaned with a detergent
cleaner.

Pros
n

The soil that accumulates on coils (especially
cooling coils) is extremely difficult to remove.
Unless a coil is cleaned very frequently, it is virtually
impossible to remove the soil without using some
cleaning compound.

n

Cleaners speed up soil removal and thus less labor
is needed for coil cleaning.

n

More complete cleaning results in significant energy
savings.

n

Complete cleaning lowers the possibility of bacteria
and fungi growing on coil surfaces being carried to
occupied spaces.

Cons
n

Use of a cleaner risks exposure to chemicals that
may be toxic or irritating to users and occupants.

n

Some areas have regulations preventing the
discharge of cleaning compounds (especially
alkaline cleaners) into storm sewers or roof drains.

n

Some cleaners (extremely high and low pH) can
damage and shorten the life of the coils.

Application method
Each manufacturer develops directions for the use of
its cleaners, and in many cases these directions are
based on actual research findings. For this reason, a
user should always refer to the directions printed on
the container label as the best way to effectively use the
product. The following are generally applicable to all
coil-cleaning compounds:
n

Prepare the proper use dilution: The product
label should recommend a starting-use dilution.
A common dilution is one part cleaner to three
parts water. In most cases water from the tap is
acceptable.

n

Apply to coil: Dilute cleaner can be applied with a
hand sprayer or a power sprayer. In most situations,
a power sprayer – not to exceed 150 psi - provides
better coverage and deeper penetration into the
depth of the fin assembly. Several sprayers are
manufactured specifically for coil cleaning and
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Allow soaking time: The soil-removal activity of
most cleaners takes time so the cleaner should not
be rinsed off too soon. Four to five minutes is a
good general soak time. However, do not let the
cleaner dry on the coil surface or it may be difficult
to rinse off. Some coil cleaners are marketed as ‘no
rinse’ as the condensate is supposed to wash the
residue off. If a coil is cleaned during a dry time of
year, that does not happen since there is little or no
condensate.

EPA Requirements
The EPA does not have the authority to regulate
cleaning compounds. However, in the spring of 2010,
the EPA published a notice that they had received
reports of cleaners that are being marketed with claims
that they “remove microbial growth.” If marketers
make such claims, those products will be regulated as
antimicrobial pesticide products. Thus, it is important
that service providers and sellers of coil-cleaning
compounds not make any claims related to microbial
growth control, prevention, or removal as this would
make their product subject to registration by the EPA.
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Best Practices

Pros

Select the product that represents the best balance
between effectiveness, potential for least equipment
damage, and lowest risk to users and occupants of
spaces served by the equipment being cleaned.

n

Simple to use.

n

Easily available.

n

Inexpensive.

n

Follow printed label directions.

n

Effective for mild to moderate cleaning jobs.

n

For EPA-registered pesticides, use in compliance
with the EPA-accepted label.

n

Use the smallest quantity of cleaner that will do the
job.

n

Inform the customer that you will be using a coilcleaning compound and provide him or her access
to the label and MSDS.

EPA requirements

n

Rinse thoroughly with clean water even if a “no
rinse” cleaner is used.

Soaps and detergents are generally not required to be
registered by the EPA unless pesticidal claims are made.

n

Clean frequently enough that there is not a major
buildup of soil.

Best practices

n

Perform multiple cleanings if needed to completely
remove soil.

n

Often coils can be more completely cleaned if they
are removed and taken to a location outside or
where plenty of water is available for thorough
rinsing.

n

Soaps and Detergents

Cons
n

May contain perfumes that occupants could find
objectionable.

n

Not effective or only partially effective for heavyduty cleaning tasks.

n

Follow the manufacturer’s application instructions,
including any safety recommendations.

n

If product is scented, ensure occupants do not
object to using it.

n

Do not wet fiberglass or electrical components in
HVAC systems.

n

Avoid damage that may be caused by dripping and
leaking while cleaning.

n

Ensure any wet walking surfaces are taped off to
avoid slips and falls.

Product definition
Soaps and detergents are technically known as
surfactants, a word that comes from “surface” and
“active.” Soaps and detergents are substances that,
when added to water, cause the water to dissolve
compounds more easily. They do so by changing the
properties of the water’s surface.
Typical use

Degreasers
Product definition
A chemical product that dissolves fat-based and
other water-insoluble substances. Degreasers vary
in ingredients from simple surfactants (see above) to
powerful caustics that can react with other chemicals.

Soaps and detergents are used in general cleaning
situations where heavy-duty or specialty cleaners are
not required. Uses include washing register grills and
wiping down surfaces. They may also be included in
the ingredients of more specialized products such as coil
cleaners and heavy-duty degreasers.

Cleaning grease or oils from a hard surface. In HVAC
systems, a degreaser may be required if the system
has been exposed to cooking fumes or fat-based
contaminants.

Application method

Application method

Soaps and detergents are simple to use. They are
normally added to water in the amount desired, and
the mixture is applied to the item being cleaned with
a cloth, brush, or other scrubbing method. Check the
manufacturer’s instructions for recommended productto-water ratios and other application recommendations.

“Cold cleaning” is generally referred to as cleaning
below the boiling point of water or at room
temperature. There are three general methods of cold
cleaning - wipe or cloth, spraying, and dipping.
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Typical use

Pros
n

Very effective.

n

Inexpensive.
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n

Easy to use.

n

No special equipment required.

Cons

Pros
n

Easy to apply.

n

Reduces or eliminates odors.

n

Must be kept in original or marked container.

n

Potential allergic reactions for users and occupants.

n

May mask but not remove odor.

n

Some degreasers may be harmful to skin or if
inhaled.

n

Building occupants may have objections to the use
of chemicals or scents in the product.

n

Possible chemical sensitivity for users and
occupants.

n

n

Possible offensive odor during use.

n

Containment of overspray.

Occasionally people report asthma attacks, allergic
response, headaches, breathing difficulties, or other
health problems when exposed to air fresheners or
deodorizers.

EPA classification
Degreasers are not required to be registered by the EPA.
Best Practices

Cons

EPA Requirements
Any deodorizers for which pesticidal claims are
made, such as sanitizers that inactivate odor-causing
microorganisms, must be registered with the EPA.
Best practices

n

Always use and wear personal protective
equipment.

n

n

Follow manufacturer’s instructions and safety
precautions.

When using a scented product, ensure the occupants
have no objection to the product before applying.

n

Remove the source of odors whenever possible.

n

Use in well-ventilated area.

n

n

Keep in original or properly marked container.

Avoid using masking deodorizers if possible since
this is only a temporary remedy.

n

Follow manufacturer’s instructions for safety of
occupants and workers.

n

For EPA-registered pesticides, use in compliance
with the EPA-accepted label.

Deodorizers
Product definition
Deodorizers remove or mask unwanted odors inside
an HVAC system or building. Four types of deodorizers
are common:
n

Receptor blockers block scent receptors in the nose
from detecting certain odors.

n

Oxidizers chemically combine with (oxidize)
sources of odors on surfaces.

n

Air sanitizers inactivate odor-causing
microorganisms.

n

Masking chemicals overwhelm an odor with
another scent.

Typical uses
Remediating odors from fire smoke damage, tobacco
smoke damage, dead animals, water damage, and mold
and mildew.
Application methods
Deodorizers may be sprayed or they may be placed,
as liquids or solids, in a location that allows them to
evaporate slowly into the building space.
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Frequently Asked Questions
What is the position of the National Air Duct
Cleaners Association (NADCA) regarding the
use of chemicals in ductwork?
NADCA does not recommend the use of chemicals
within ductwork unless there is a specific need.
Is sanitizing ductwork legal?
NO. The EPA has not registered any products for
sanitizing or disinfecting ductwork. Further, no
fungicides are registered for use in ductwork. As
noted earlier in this document, IT IS A VIOLATION
OF FEDERAL LAW TO USE A PRODUCT IN A
MANNER INCONSISTENT WITH ITS LABELING.
For antimicrobials, this law is the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA). Therefore,
any claims of sanitizing or disinfecting ductwork would
require the use of a product in a manner inconsistent
with its labeling, which is a violation of FIFRA.
Violations of FIFRA can result in fines and criminal
penalties from the EPA.
This is a short answer. For a more comprehensive
explanation of this complex issue, please refer to the
“Antimicrobial Products” section of this document.
What does NADCA recommend for cleaning
heating, ventilation and air conditioning
(HVAC) systems?
NADCA recommends “source removal” as the best
method for cleaning HVAC systems. For best results,
the entire HVAC system should be cleaned, including
coils, blowers, and other components of the system.
These components, which are exposed to the air stream,
become contaminated with dust and other unwanted
materials, and should be cleaned as warranted. Readers
are encouraged to review NADCA’s ACR Standard for
Assessment, Cleaning & Restoration of HVAC Systems,
for information regarding best practices related to
cleaning and restoring those systems.
When is a chemical application acceptable?
The application of chemicals in an air conveyance
system is acceptable only when the product is legally
approved for the application for which it will be used.
At this time, the EPA has not accepted any disinfectant,
sanitizer or fungicidal products for use in the ductwork
of HVAC systems. However, some of these products are
registered and accepted by the EPA for use on certain
components in other parts of HVAC systems.
Should the client review the MSDS and Product
Label before authorizing application?
Yes, that is recommended.
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Should occupants leave the building during
chemical application?
In some circumstances, it may be necessary to perform
work when occupants are out of the building and to
adequately ventilate the building before occupants
return. With certain EPA-registered products,
building evacuation is mandatory. If there is a reason
to believe that the use of a product would create a
hazard, information about the potential hazard must
be communicated to the building occupants and/or
managers.
How long should the client stay out of the
house or building after chemical application?
Until fumes or scents are no longer at a level to produce
discomfort or concern for occupants. Typically, this is 2
to 8 hours with adequate ventilation.
What if the client has asthma, allergies, or
chemical sensitivities?
It is recommended that the client sign an informed
consent agreement authorizing the use of specific
chemical products and acknowledging that he or she has
been informed of risks associated with their use. The
client with concerns should talk to his or her doctor or
other healthcare practitioners.
What are the advantages to using these
products?
These products are designed to provide the benefits
described above in the section reviewing each product.
See the Pros and Cons subsections for each product.
What are the risks to using these products?
The risks are discussed in the MSDS and the label for
each product.
Are there any chemical products used in HVAC
systems that can create unintended effects?
Some products may have properties (such as corrosivity,
off-gassing, environmental impact) that customers might
see as negative or objectionable. As part of the selection
process for what products you will carry or use, you
should determine which, if any, candidate products
are associated with any of these potential problems.
The product(s) may have other positive features that
will lead you to use the product in spite of these issues.
However, you should be sure that your customers are
aware of the facts and accept the possible risks.
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