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WHAT IS AN AIR SCRUBBER?

In the simplest terms, an air scrubber is a portable filtration system. It

draws in air from the surrounding environment and passes it through a

series of filters. These filters efficiently remove particles from the air to

help improve indoor air quality.

Air scrubber or negative air machine?

Often the terms "air scrubber and "negative air machine" are used

interchangeably. However, the two terms refer to very different

applications.

An air scrubber stands alone in the center of a room without any

ducting attached. The air it filters is recirculated to the surrounding

area. An air scrubber application helps improve the general air quality

of the jobsite.

A negative air machine uses ducting to remove contaminated air from

a sealed containment area. The filtered air is exhausted outside of the

containment. This creates negative air pressure (a slight vacuum

effect) inside the containment relative to surrounding areas. A negative

air machine application helps limit the spread of contaminants to other

areas inside the structure.

Many air scrubbers can also be used as a negative air machine, but

this requires additional features:

• ductable in and ductable out

• sealed housing

• precise airflow adjustment

• a blower motor with variable speed to maintain containment
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WHY SHOULD I USE AN AIR SCRUBBM?
The goal of every restoration job is to safely and efficiently return the
indoor environment to pre-lass condition for the customer. Part of this
responsibility is to address the quality of the air inside the structure.

Any job that involves cleanup of sewage, mold, and/or fire damage
will generate significant amounts of particulates and odiferous (smelly)
gases. These contaminants are a direct result of the damage itself, as
well as the necessary process of treating and cleaning damaged
materials. This includes not only damage in the occupied space, but
also contaminants in wall or ceiling cavities that may be disturbed and
unknowingly introduced into the occupied space. These contaminants
can settle on carpet, upholstery, furnishings, and be drawn into the
HVAC system.

Even clean-water losses are sus-
ceptible to compromised indoor air
quality. The high-velocity airflow
necessary for effective drying does
more than evaporate moisture into
the air—it also stirs up millions of

microscopic particles that have been trapped in the carpet or have
settled on structural materials.

Some of these particles, such as human skin cells, animal hair, and
dirt, are nearly always present bul are innocuous to occupant health.
Chemical agents such as soot particles, hydrogen sulfide gas. and
mercaptans (organic sulfur-containing chemicals generated by
sewage-borne bacteria) can create unwanted visual damage and nox-
ious odors. Potential human allergens such as cat or dog dander or
dust mites may be released in large concentrations from damaged
carpets and furniture. Most importantly, readily aerosolized biological
agents such as sewage-born bacteria or mold spores (and spore by-
products) are li kely to be introduced into the air in large amounts dur-
ing the drying restoration process—and these agents can cause
adverse human health effects when inhaled.

Ultimately, if these pre-existing or newly introduced contaminants are
not removed effectively they will impact the indoor air quality (IAQ) of
the worksite and compromise the quality of the entire restoration job.
Some contaminants can even create a potential indoor health hazard.

An air scrubber helps prevent these undesirable—and potentially
harmful—particles and gases from remaining in the indoor environ-
ment or lodging in your equipment. By greatly reducing the types and
quantity of airborne particles, an air scrubber also reduces the
chances that occupants or technicians will inhale contaminants or
gases. Removing contaminants safely, efficiently, and cost-effectively
with an air scrubber is a great benefit to your business, your employ-
ees, and your customers.

For your occupants
An air scrubber helps create a cleaner, safer
indoor environment for occupants both during the
restoration work and after it is done. Occupants
who are able to re-enter a previously damaged
building without visual, odor, or health complaints
are likely to be satisfied with your work. Using an
air scrubber on a job is a cost-effective way to
increase the quality and value of the service you
offer to your customers.

For your technicians
Using an air scrubber on the job also reduces
the risk for those working on the job. In many
cases, an air scrubber may be much more effec-
tive, comfortable, and less expensive than requir-
ing the use of respirators. An air scrubber is a
short-term and long-term investment in the
health and productivity of the people who do the
work of restoration.

Legal Implications
An air scrubber not only addresses indoor air
quality concerns while the work is being per-
formed, it can also help li mit your legal exposure
long after the job is done. This is especially true
with water damage and mold contamination,
Sometimes a restored structure develops a
problem with IAC) due to a pre-existing condition
or subsequent damage that is beyond the scope
of your company's responsibility. By using an air
scrubber on every job, you are taking an extra
step to minimize unintended liability and compli-
cations that affect indoor air quality and occu-
pant health.

Increase safety, productivity
Improving 'AC) also benefits equipment perform-
ance and quality of work. For instance, in water
damage restoration an air scrubber captures dirt,
dust, and debris that might otherwise coat dehu-
midifier coils (thereby decreasing water removal
efficiency) and/or clog airmover intake vents
(thereby reducing airflow). An air scrubber helps
keep your equipment clean so that it can per-
form at its best.
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Particulate Pollutants
These very small solid or liquid particles are light enough to float around in
the air. They may include organic (i.e. carbon-containing) or inorganic com-
pounds and both dormant and living organisms. Of primary concern are:

non-visible respirable particles that can pene-
trate deep into the lungs where they may stay a
long time and cause acute or chronic health
effects: and

5) larger particles—such as pollen, animal dander,
or dust—that do not penetrate as deeply, but
may cause an allergic reaction.

1)

Gaseous Poll utants
These include combustion gases and
organic chemicals that are not associated
with particles. With the development of
increasingly sophisticated measurement
equipment, hundreds of different gaseous
chemical pollutants have been detected in
indoor air. Sources include combustion
appliances, cigarette smoking, vehicle
exhaust, building materials, furnishings,
paints, adhesives, dyes, solvents, cleaners,
deodorizers, personal hygiene products,
pesticides, and even the cooking of food or
the metabolic processes of humans, ani-
mals or plants.

Health effects depend on the type and con-
centrations of gaseous pollutants, frequency
and duration of exposure, and in the case of
allergenic substances, individual sensitivity.
Some of these chemicals are simply tran-
sient irritants, capable of causing short-lived
reactions such as watering or burning of the
eyes or nose, cough, or other adverse reac-
tions related to their unpleasant odor. For all
but a few specific agents, the long-term
health effects (at relatively low concentra-
tions found in typical indoor environments)
are unknown and/or not studied.
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WHAT'S IN ME AIR?
Pollutants of concern
Air is composed of much more than nitro-
gen, oxygen, and carbon dioxide. Even the
relatively "clean" air of a normal (non-smok-
ing) household or office environment con-
tains a variety of microscopic particles, aller-
gens, and organic chemicals.

Most of these commonly occurring agents
are the result of normal human and animal
activity, plants, insects, cleaning products,
and personal hygiene products. The normal
introduction of dirt and certain soil- and
plant-borne mold spores into the indoor
environment occurs through open windows,
doors, and foot traffic. These particulates
comprise most of what is found in normal
indoor dust, both on surfaces (such as car-
pets) and in the air.

A normal indoor environment also includes
trace quantities of volatile organic chemicals
(VOCs). These VOCs are the result of
evaporation or off-gassing from carpeting,
furniture, and certain household or other
chemical products. Most cif these sub-
stances are either harmless or, in a few
cases, represent potential allergens to a
small number of genetically susceptible indi-
viduals.

These normally occurring indoor substances
can be distinguished from actual indoor
"contaminants" or "pollutants." The latter
substances have the potential to cause
adverse health effects, both short-term
(acute) and long-term (chronic). The
Environmental Protection Agency (EPA)1
and Arnerican Lung Association 2 have both
published articles li sting pollutants of con-
cern. These pollutants can be classified into
two types: particulate and gaseous.

illnited States Environmental Protection Agency and the United States Consumer Product Safety Commission Office of Radiation and Indoor Air, The Inside
Story: A Guide to Indoor Air Quality - EPA Document #402-R-93-007. 19 June 2003 <http://www.epa.gov/iaq/pubs/insidest.html >.
2American Lung Association, Residential Air Cleaning Devices: Types, Effectiveness, and Health I mpact. 19 June 2003
<MP://wwiviungusa.orgipub/cleaners/air_cleari_toc.html>.
3information presented by Drifaz and 3M at the 2003 Dri-Eaz Restorative Dry i ng Symposiunl
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Because many of these particulate or gaseous agents are reasonably
well tolerated by most individuals in otherwise "normal" indoor environ .
ments, their role as actual "pollutants' . in buildings that sustain water,
fire, or sewage damage is probably minimal. However, substances of
concern to restoration professionals —mold, bacteria and their odor-
causing chemicals, and combustion products—may nevertheless be
difficult to identify by sight or smell from these many common back-
ground substances. For this reason, in at least some restorations for
water damage, fire, mold, or sewage, sampling of the indoor air and
dust for specific biological and less often, chemical) contaminants is
necessary prior to starting the restoration work.

Measured in microns
Most airborne particles of concern to human
health are not visible to the naked eye. The size
of these particles is measured in microns. A
micron, short for micrometer and abbreviated
pm, is one millionth (1/1,000,000) of a meter.
A particle of 1 micron in diameter is far smaller
than the period that ends this sentence. The
following chart compares the average sizes of
some common airborne particles and gas
molecules.

PARTICLE SIZE SPECTRUM
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In the turbulent environment of water damage restoration—or wherever
else high-velocity airflow is employed—even the heaviest particles can
remain airborne where they may be inhaled. Restoration procedures
often disturb particulate matter in such a way that the indoor air, if not
sufficiently filtered, can become contaminated.

Depending on size and other physical properties, as well as environ-
mental conditions, some particles can take quite a long time to settle.
In the case of very small mold spores arising from water-damaged
building materials, they are often able to latch on to larger particles
and remain in the settled dust for long periods of time.

The following chart shows the relative time it takes for particle sizes to
settle one meter under still (non-turbulent) indoor air conditions.

APPROXIMATE PAITTICIF SIZES AND TIME TO SETTLE 1 MEM13
Particle type Diameter (Am) Time
Human hair 100-150 5 seconds

Skin flakes 20-40

Visible dust >10

Common pollens 15-25

Mite allergens 10-20 5 minutes

Fungal spores 2-10

Bacteria 1-5

Cat dander 0.5-1.5 10 hours

Tobacco smoke 0.1-1.0

Metal and organic fumes <0.1-1.0

Cell debris 0.01-1.0

Viruses <0.1 10 days

3Spengler. John D. Ph. D., Harvard School of Public Health, Boston. Mk referenced in Residential Air Cleaning Devices: Types, Effectiveness, and Health Impact
(American Lung Association), 19 June 2003, Appendix 1: Table - Approximate Particle Settling Time ‹http:llwww.lungusa.org1pubicleaners1fig2.html>.
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HOW A\ AIR SCRUBBER WORKS
In order to remove airborne particles from the surrounding
environment, an air scrubber draws the air through a
series of filters. Each filter stage operates with progres-
sively higher efficiency. The net effect is to produce the
cleanest air possible at the highest rate of airflow through
the entire filter system.

Pre-filters
The first stage of filtration is known as the "pre-filter"
stage. Pre-Filters capture the majority of "larger"
particles that may range from visible down to
10 urn. This is accomplished by arranging sev-
eral pre-filters in order of increasing efficiency.

By capturing these larger particles, a set of
relatively inexpensive pre-filters actually extend the serv-
ice life of a more expensive primary filter. Without pre-fil-
ters, the high-efficiency primary filter would load with parti-
cles earlier, thereby causing the airflow rate and filtration
efficiency to decrease. Removing these relatively larger
particles with pre-filters helps the entire unit maintain high
airflow, better filtration efficiency, and process more cubic
feet per minute (CFM). Depending on the duration of the
job, pre-filters may be replaced several li mes during the
lifetime of one high-efficiency primary filter.

Optional carbon filters
Most air scrubbers include space in the pre-filter stage for
an optional carbon filter. The carbon filler captures the
gas- and vapor-phase molecules that the human nose
detects as odors. This is accomplished through a process
called adsorption. where the gaseous molecules are phys-
ically attracted to the surface of the carbon.

The greater the surface area of the carbon, the more
effective the filter is at adsorbing odor-causing molecules.
Activated carbon is the preferred material for odor removal
because it has a very large surface area. Just one gram
of activated carbon may have as many as 2000, 	square
meters of surface area to adsorb gaseous odor molecules.

The service life of a carbon filter depends on the type and
concentration of the odor. Your sense of smell will lel you
know when it's time to replace the carbon filter.

prIrrory HERA fitter

Primary filter
The final stage of filtration in an air scrubber is the primary
filter. The primary filter completes the filtration process by
removing the tiniest particles from the air. These particles
may be as small as 0.3 microns in diameter.

An effective primary filter should be constructed of HEPA
filter media. HEPA media is laboratory-tested to capture at
least 99.97% of all 0.3-micron particles that pass through
the filter media at a predetermined rate of airflow.

Ills important to recognize that not all HEPA-media filters
provide the same level of performance on the jobsite that
they provide in the laboratory. Well address this issue in
the section titled, "The HEPA Facts."

The primary filter should be changed dudng a job when it
becomes loaded with parliculate and performance begins
to suffer. To avoid cross-contamination, the primary filter
should be changed between every job.

Blower
No matter how effective the filter system is, an air scrub-
ber needs a dependable and versatile blower. The blower
pulls the air through the filters and exhausts the filtered air
out of the unit. If the unit is to be used as a negative air
machine, the blower should be powerful enough to pro-
vide sufficient static pressure for maintaining constant
negative air pressure in the contained area.

It is important that the blower's power complements the
efficiency of the installed filter system. A blower that is too
powerful (that is, it pulls too many CFM) may overwhelm a
mismatched filter system and actually decrease the sys-
tem's efficiency.

Some air scrubbers offer the added benefit of variable
speed operation. This feature allows the operator to adjust
the blower speed to better filter small rooms and contain-
ment areas.

Air Marketing Group LL C
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THE HEPA FACTS
The most common buzzword surrounding air scrubbers is
HEPA, which stands for High Efficiency Particulate Air in
reference to filter performance. It seems that nearly every
manufacturer of high-efficiency filters or air-cleaning
devices claims to be HEPA or have a rating of 99.97%.
But what does this HEPA rating actually mean?

The history of HEPA
In order to discover what sort of difference a HEPA filter
actually makes in real world applications, lets look back
at the origins of HEPA filtration.

The first HEPA filters were developed in the 1940s by the
research and development firm Arthur D. Lillie as part of
the Manhattan Project, a classified U.S. government prot-
ect that developed the atomic bomb. The researchers
needed a way to control the spread of very small, radioac-
tive particles. They identified the 0.3-micron particle as the
most penetrating particle into the human lung and focused
their testing of filter performance around this particle size.
The initial fillers were so effective that they were referred
to as "absolute filters." The generic term "HEPA" came
into use in the 1950s after the absolute filter was commer-
cialized.

FILTRATION PRODUCTS
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HEPA and application rates
The particle flow rate at which a filter is tested has a
significant effect on its efficiency rating. The slower
the rate, the longer the dwell ti me for particles within
the filter and the easier they are to capture. A slow
particle flow rate results in a higher efficiency rating.

In the previous section we noted that both IEST-RP-
CCO21.1 and IEST-RP-CC001.3 account for particle
Flow rates as part of the testing procedure. When
testing the media alone °EST-RP-00021.1), this
rate is defined as 5.3 cm/second. But when testing
the entire filter (IEST-RP-00001.3), this rate is left
open to interpretation as the "application rate,"
meaning the rate at which the filter will be used
when performing the intended work.

In order to qualify as HEPA according to the IEST,
many air scrubber filters are tested at slower appli-
cation rates. The actual particle fl ow rate (velocity in
cm/second) may vary according to the size of the fil-
ter but translates to processed volumes of air as low
as 150 to 200 CFM or less. This is in sharp contrast
to the stated capacity of a typical air scrubber that
may process 500-2000 CFM (or more) in real-world
operating conditions.

Thus, a filter that is merely designed to pass a test
For HEPA efficiency in the laboratory may be over-
whelmed at normal operating airflow on the job. It
might provide good filtration, but it will not necessar-
ily be HEPA.

I N important to look at more than just claims of
NEPA efficiency when selecting an air scrubber for
your needs. Make certain that the filtration system is
designed for high volumes of airflow. You should
also look for a filter system that will help to minimize
the build-up of pressure on the filters (also known as
''pressure drop"),

The 99.97% standard
The modem day standard for HEPA per-
formance is very similar to the original tests
performed for the Manhattan Project nearly
60 years ago. Though not regulated by any
government agency, HEPA filler manufactur-
ers conform to the recommended proce-
dures se1 by the Institute for Environmental
Sciences and Technology (IEST). IEST-RP-
CCO21.1 and IEST-RP-CC001.3 are the
most cited recommended practices for
determining whether or not a filter meets
true HEPA standards.

IEST-RP-CCO21.1 specifies that, in order to
qualify as HEPA media, the filter media
must be 99.97% efficient against 0.3-micron
oily aerosol particles traveling at a specified
rate of 5.3 centimeters (cm) per second.
This test focuses on the material out of
which a filter is constructed.

IEST-RP-00001.3 specifies that, in order to
qualify as a HEPA filter, the entire filter
must be 99.97% efficient against 0.3-micron
oily aerosol particles at the application flow
rate. This test focuses on the entire filter in
iIs final constructed form.

Though these brief descriptions do not even
begin to describe the tests in complete
detail, they raise issues that are important
to a discussion of HEPA filtration. Note that
each test addresses three separate factors:
particle type, particle size, and particle flow
rate, or the speed at which particles
encounter the filter. These are all critical to
establishing whether a filler meets HEPA
standards of 99.97% efficiency.
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WHEN TO USE AN AIR SCRUBBER
Water damage restoration
One of the most practical and necessary places to use an air
scrubber is on every water damage restoration job. The
immense amount of airflow necessary for the evaporation of
moisture from carpet, pad, drywall and other damaged materi-
als also stirs up a vast amount of debris into the air from car-
pet. furniture, and ductwork. These airborne particles can
range from allergens normally found indoors (like pet dander)
to potentially hazardous contaminants that may be a result of
water damage (like mold spores).

Use an air scrubber on water damage to drastically reduce
the number of these airborne particles and improve the quality
of indoor air.

Fire damage restoration
Use an air scrubber on fire damage to not only reduce particle
counts, but to reduce odors. Supplement the pre-filter stages
with an optional carbon filler to effectively capture gas mole-
cules that cause odors in addition to airborne debris stirred up
by the restoration and reconstruction process.

Dust control
An air scrubber is a valuable tool in any environment where
dust is undesirable for reasons of safety, comfort, or precision
Situations may include workshops, construction sites, Of facto-
ry production lines.

Odor Control
With an optional carbon filter placed in the pre-filter stage, an
air scrubber can remove odor-causing gas molecules from the
air in addition to microscopic particles. Applications include
cleanup for fire, sewage, mold contamination, and even stan-
dard carpet cleaning jobs.

Sewage rernediation
Use an air scrubber with an optional carbon filter to help con-
trol odor and reduce the number of gaseous pollutants while
rennediating sewage damage.

Negative air machine for mold remediation
Certain air scrubbers can also be used as
negative air machines for containment
purposes. In order to function effectively as a
negative air machine, an air scrubber must
include these features:

• ductable in and ductable out capability

• sealed housing

• precise airflow adjustment

For mold remediat ion, an air scrubber/negative air
machine should be placed outside the contain-
ment. It will draw air from the contained area
through ducting and exhaust filtered air outside
the containment area. Use the variable speed
operation to control the pressure differential of the
containment area and thereby avoid collapsing the
containment barrier because of loo much vacuum
pressure from the air scrubber/negative air
machine.

Achieving true HEPA filtration efficiency of 99.97%
(as described earlier in this guide) is especially
critical when using an air scrubber as a negative
air machine, because the air scrubber (and filter)
will only process the air one time, as its ducted
out. According the IICRC's 5520 mold guidelines
(Sec. 10.3), "11 pressure differentials are used, it is
highly recommended that they be created using
HEPA air filtration devices set up as negative or
positive air machines."

An air scrubber/negative air machine helps pre-
vent contaminants from escaping from a properly
constructed containment area.
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AIR SCRUBBER SAFETY
What an air scrubber does not do
Though an air scrubber is a powerful and versatile
tool when property applied, there are inherent limits
to its abilities. The most significant limitation is
i mplied by its name—an air scrubber helps clean the
air but it does not help clean surfaces. An air scrub-
ber is effective only against airborne particles (and
gaseous pollutants) that pass through the filter sys-
tem. Particles that settle on furniture, countertops, or
other surfaces, or which are drawn in to the HVAC
system. are beyond an air scrubber's reach.

The use of an air scrubber is not a guarantee that
the air will be decontaminated at the conclusion of
the job. The design of any building will have spaces
of "dead air" that resist circulation. It is possible that
an air scrubber will miss certain groups of airborne
particles because that air will never pass through the
filter system.

An air scrubber will not capture every single particle
or gas molecule that passes through the filter sys-
tem. Even the most efficient air scrubber filter sys-
tems are only rated 99.97% effective against parti-
cles 0.3 microns in diameter or larger. Some particles
in this site range and smaller will he able to pass
through the filter without being captured.

Changing filters and cleaning
To help prevent cross-contamination between jobs,
limit your liability, and to optimize the performance of
your air scrubber, you should perform a basic mainte-
nance routine between every use: decontaminate
the entire unit inside and out, (Milgo ()GC works
great for this) and replace the entire filter system
(both pre-filters and primary) before placing the unit
an a new job.

During a job, filters should be changed when they
become so loaded with particles that they begin to
reduce airflow and increase pressure drop. Overly
loaded filters not only restrict CFM, they can result in
a loss of filtration efficiency. You may need to monitor
the exhaust airflow with a manometer at selected
intervals to determine pressure drop. Some air scrub-
bers include on-board pressure sensors that auto-
matically alert you when the filters need changing.

Use appropriate PPE
An air scrubber captures particles that
can be hazardous to human health.
During the process of changing filters,
decontamination, or performing main-

tenance, large concentrations of cap-
tured particles can become airborne in the immediate
area. For these reasons, air scrubber operators
should wear appropriate personal protection equip-
ment (PPE) when performing any type of service on
an air scrubber. A NIOSH-approved respirator is
always essential for these tasks. If you've used the air
scrubber for mold remediation or in another environ-
ment with known contaminants, you should also con-
sider wearing gloves, eye protection, and coveralls.

Disposal of filters
The particles captured by a filter can cause adverse
human health effects should they be re-released into
the air. For this reason, you should dispose of used
filters with care. You should place used filters in a
plastic bag and seal the top before disposing. Always
follow local regulations when disposing of used filters,
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Classes and education
This guide to air scrubbing is a great place to
begin your education in the uses, features, and
advantages of air scrubbers. Now you understand
more about how an air scrubber can help to
improve indoor air quality for various types of
restoration jobs and what features to look for when
you purchase.

But this publication should not be the end of your
education on air scrubbing and jobsite air filtration.
There are currently a number of classes available
that comprehensively address building investiga-
tion, restoration methods, and indoor air quality. As
the restoration and construction industries continue
to learn about the importance of jobsite filtration
there will be even more opportunities to learn. An
investment in your education will ultimately benefit
your customers and employees, and in so doing,
increase the quality, reputation, and longevity of
your business.
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