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ABSTRACT

Airborne transmission of SARS-CoV-2 and other respiratory viruses through virus-containing
aerosol particles and droplets has been established as a primary pathway for the spread of
COVID-19 and similar infections.' Suitable infection prevention measures are imperative,

especially in high-risk environments, including where many people convene indoors, as in schools
and hospitals, and where masks cannot be worn, as in restaurants and company breakrooms.

We provide an overview of an advanced form of air purification technology called ActivePure,
which is capable of safely suffusing an occupied indoor space with the same oxidative particles
found to clean the atmosphere outdoors naturally.? ActivePure has its roots in NASA’s
development of Photocatalytic Oxidation (PCO), but multi-generational improvements have
materially improved its efficacy from its PCO origins, and its safety was validated by U.S. Food &
Drug Administration (FDA) clearance of the ActivePure Medical Guardian® as a Class II Medical
Device in June 2020. We cover the safety and efficacy of this technology and compare it to other
air-cleaning methodologies.

1. INTRODUCTION

Safe indoor air and surfaces are more important than
ever, affecting viral transmission, student® and
employee productivity®, and overall health.’
Currently, however, many indoor spaces rely on
inefficient and traditional ventilation and filtration
technologies, when newer technology is available
that can inactivate viruses safely. By the time
pathogen-containing air is passed through a filter or
by an ultraviolet (UV) light, it has already spread
through a room and potentially infected people.

ActivePure solves this problem by taking the fight to
the source. It goes directly to the pathogens
themselves and neutralizes them. The process
continuously energizes the air in the room,
producing the same cleaning particles naturally
found in the atmosphere® but absent from indoor
spaces.

From the moment they are emitted, particles
generated in the ActivePure process begin
inactivating viruses, bacteria, and mold. They clean
both the air itself and any surface that the air touches,
producing a real-time reduction in disease-causing
airborne pathogens.

2. TECHNOLOGY OVERVIEW

ActivePure recreates the organic process that
continuously occurs in outdoor air to cleanse the
atmosphere. Each breath of outdoor air contains
billions of oxidative particles, including hydroxyl
radicals® and hydrogen peroxide.” These oxidizers
are the atmosphere’s primary self-cleaning
mechanism. They continuously down the megatons
of pollutants that humans put into the air each year.?
By contrast, without sunlight indoors, these
cleansing particles are normally missing from
interior environments. ActivePure technology
restores the naturally occurring oxidizer particles to
levels that will break down pathogens.

To recreate this process indoors, the ActivePure
system uses energetic photons from a UV-C (high-
energy ultraviolet radiation) bulb to excite and
release electrons from a proprietary photocatalyst,
made from a base of titanium dioxide -- a naturally
occurring  semiconductor. Electrons are  the
negatively charged particles inside atoms, and once
they are released, they interact with H,O and O; in
the ambient air, causing the same natural oxidizers
to form that are produced in outdoor air when
ultraviolet sunlight rays interact with the
atmosphere: hydrogen peroxide (H»0O;), hydroxide



(OH"), hydroxyl radicals (*OH) and superoxide (*Ox

)‘7—9

These oxidizers spread throughout the space at
tremendous speed. When they encounter an organic
molecule, they strip away an electron, beginning a
series of reactions that quickly render a pathogen
inert and no longer infectious.!® After the oxidizer
has altered the cell wall or viral envelope!!, the
organism continues to decompose into its most
basic, organic (and completely benign) components
— usually CO» and H;O.

3. SAFETY

ActivePure was developed with safety as its primary
focus, using nature as a guide. The process is
completely safe for humans. The compounds it
generates are all well below!? the safety thresholds
required by OSHA and other agencies for
continuous exposure.'* Independent laboratory tests
have shown that ActivePure does not increase levels
of ozone" or Volatile Organic Compounds
(VOCs)"® in the ambient air; instead, ActivePure
actually reduces ozone and VOCs. ActivePure
products meet the standards of every state in which
they are sold.

ActivePure devices have been shown to be safe in
laboratory studies, FDA review, and worldwide
installations'®!”. The technology is used in health
care settings, where it has been deployed to decrease
hospital-acquired infections. ActivePure’s Medical
Guardian device has been cleared by the FDA and is
the subject of a double-blind trial at the Cleveland
Clinic to measure its impact on reducing surgical-
site infections.

ActivePure is qualitatively different from other
forms of PCO technology, which use older, less
effective photocatalyst formulas. These
conventional formulas have often been shown to
produce toxic byproducts such as formaldehyde!®
and ozone, but ActivePure’s proprietary
photocatalyst creates a more efficient reaction, using
techniques that have been shown to avoid creating
any of these harmful intermediaries—serving to
climinate them instead.!”” Some people confuse

* These results have not been cleared by the FDA but have
been submitted to the FDA for clearance.

ActivePure’s proprietary technology, which is
unique, with these other versions of PCO-based
technology.

4. EFFICACY

ActivePure has demonstrated efficacy through
testing in FDA-compliant, independent laboratories
where it was proven to inactivate rapidly a wide
array of viruses, bacteria, and mold.

Testing by Biosafety Level 3 and 4 laboratories at
the University of Texas Medical Branch in
Galveston, which does extensive research for the
CDC and the U.S. military, found that ActivePure
destroyed at least 99.96% of a high concentration of
the SARS-CoV-2 virus (the cause of COVID-19) in
three minutes.” According to the report: “Since no
virus was detected using the experimental device,
the true percent reduction was likely greater than
99.99% in every case.”” Additional testing has
shown a greater than 99.98% reduction on surfaces
within seven hours.?!

The ActivePure device that received FDA clearance
in June 2020 was found to safely reduce the
concentration of the following six airborne
pathogens by at least 99.9% in 30 minutes:" 2

e  MS2 bacteriophage RNA virus, which is
non-enveloped and thus harder to
inactivate than SARS-CoV-2 (the virus
that causes COVID-19), whose envelope is
more vulnerable.”

e PHI-X174 bacteriophage DNA virus, a
surrogate for Hepatitis C and HIV

e Staphylococcus epidermis gram-positive
bacteria, surrogate for Methicillin-resistant
Staphylococcus aureus (MRSA), a major
cause of hospital-acquired infections.

e Erwinia heribcola gram-negative bacteria,
surrogate for black plague-causing
bacteria.

e Aspergillus niger fungal mold, the cause of
black mold disease.

e Bacillus globigii bacterial endospore,
which is generally considered among the
most difficult pathogens to destroy,” but
ActivePure technology reduced

T These results have been cleared by the FDA in the
ActivePure Medical Guardian as a Class II Medical
Device.



concentrations by 99.98% in 30 minutes.
According to Aerosol Research and
Engineering Laboratories, the independent
testing agency, endospores like Bacillus
globigii “are an extremely resilient
structure...that are resistant to UV
radiation, desiccation, chemical
disinfectants and severe temperatures.”
These spores “are routinely used as a
surrogate for weaponized anthrax.”?*

ActivePure technology has also been successfully
tested against pollen particles, lowering allergic
reactions,? as well as yeasts and molds.?®

A list of pathogens against which ActivePure has
been tested with success includes:

e SARS-CoV-2 — RNA Virus (Cause of
COVID-19

HIN1 Influenza (Swine Flu)

H5N8 Influenza (Bird Flu)

Murine Norovirus — RNA Virus
PhiX-174 - DNA Virus

MS?2 Bacteriophage - RNA Virus
MRSA (methicillin-resistant
Staphylococcus aureus)
Methicillin-resistant Staphylococcus
epidermis

Staphylococcus epidermidis (gram +)
E. Coli (gram -)

Salmonella enterica (bacterium)
Legionella pneumophila (bacterium)
Clostridium difficile (endospore)
Bacillus globigii (C. difficile & anthrax
surrogate)

Erwinia herbicola (gram -)

Listeria monocytogenes (gram +)
Candida auris (fungus)

Botrytis cinerea (fungus)

Sclerotinia sclerotiorum (fungus)
Aspergillus versicolor (fungus)
Aspergillus niger endospores (toxic black
mold surrogate)

4.1 Real-World Results

ActivePure’s high inactivation rates in controlled
settings have been replicated in real-world studies,
with measurements and analysis conducted through
independent, FDA-compliant laboratories. In

occupied buildings such as hospitals, schools, retail
spaces, and assisted-living facilities, ActivePure has
demonstrated its ability to reduce the number of
pathogens materially, both in the air and on surfaces.
Some typical examples include:

e ActivePure Units installed in an assisted-
living facility reduced bacteria, molds
(fungi), and particulate matter by 73%-93%,
an effect equivalent to increasing the
ventilation in the room by three to four-
fold.”’

e Portable units installed in multiple hospital
ICUs reduced bacteria, fungi, MRSA, and
Staphylococcus Aureus by 73%-100%.%

e Units installed in another major hospital’s
operating  room  reduced  airborne
particulates by 90%, surface bacteria by
83%, and surface MRSA by 95%.%

5. SAFETY AND REGULATORY STATUS

5.1 FDA

On June 17, 2020, the Aerus Medical Guardian with
ActivePure technology received FDA Class 11
Medical Device Clearance with 501(k) Certificate
Number K201220. This multi-year testing and
clearance process included a full FDA review of the
safety and efficacy of the device in occupied rooms.
The device demonstrated a 99.99% to 99.9999% (4-
6 log) rapid reduction against all tested pathogens,
including gram positive and negative bacteria,
fungal and bacterial spores, and DNA and RNA
viruses (for which a 99.997% reduction was
achieved). The technology passed all required safety
testing, including being shown not to produce
harmful levels of ozone or wvolatile organic
compounds (VOCs). The same technology used in
the Aerus Medical Guardian is used in all
ActivePure devices.

Additionally, ActivePure technology has been
shown by the University of Texas BSL3/4 medical
laboratory, cited above, to meet the FDA’s
guidelines®® for effectiveness at eliminating airborne
SARS-CoV-2. (ActivePure is filing for clearance by
the FDA in this case, but clearance has not yet been
granted.) ActivePure also demonstrated a greater
than 99.99% inactivation rate against representative
surrogate viruses that are harder to kill than SARS-
CoV-2 and is the only technology of its kind to have



been tested against SARS-CoV-2 itself, achieving
elimination from the air below detectable limits of
99.96% in under 3 minutes (inclusive of acrosols and
droplets), and a 99.98% reduction from steel
surfaces.

5.1 Other Regulatory Bodies

e Manufactured in an EPA-registered facility
(#95839-CHN-001) and in accordance with
EPA guidance regarding air cleaning
devices.’!

e Tested for compliance by a facility
designated a Nationally Recognized Testing
Laboratory (NRTL) by the U.S.
Occupational Safety and Health
Administration (OSHA), approved to
perform testing for ANSI/UL Standard 867
and UL507, UL1598, UL1995 and
applicable Canadian standards.

e Shown in tests at an FDA-compliant
laboratory to emit gases far below all OSHA
8-hour exposure limits."

e CARB (California Air Resources Board)-
certified on all products sold in California.
All products sold in California meet the
state’s requirements for ozone emissions.

o ActivePure complies with all Federal and
state environmental and safety standards.

6. COMPARISONS WITH OTHER
TECHNOLOGIES

6.1 Ventilation

Ventilation is meant to exchange outdoor air for
indoor, in part to reduce the risk of disease
transmission, but it is rarely possible to achieve
enough ventilation activity to ensure proper safety.??
Increased ventilation also comes with a direct
tradeoff: energy expenditure rises as the outdoor air
must be pumped, heated or cooled, and humidified.
In many -climates, natural ventilation through
opening windows is impossible for much of the year.
In most buildings, even when HVAC systems are set
to their maximum fresh-air settings, most buildings
will still have a surprisingly high level of risk, a level
that is often underestimated because of imprecise
terminology.

Both filtration (see 6.2) and ventilation systems are
measured in Air Changes per Hour (ACH), the
number of times per hour that a volume of fresh air
equal to the room volume is brought in.*

The American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE)
recommends that a typical home be designed to
receive 0.35 ACH.3* Schools are required to have 3
ACH, but even including Energy Star and LEED
buildings average closer to 2.%°> Office buildings are
supposed to have 6-8 ACH, but a 2008 EPA analysis
found that average levels are less than 2.3

These low ACH numbers would not be overly
concerning if an "Air Change" meant that the room's
air was entirely pristine afterward. That, however, is
not what happens.

Passive systems, such as ventilation and filtration,
are good at lowering initial contaminant levels, but
not at eliminating them completely. They suffer
from diminishing returns. Here is why:

As the fresh air comes in, it immediately begins to
mix with contaminated air, diluting the entire
mixture, including what leaves the room or passes
through a filter. As the contaminant gets diluted, it
requires increasingly large amounts of air to pass
through the filter or out the window in order to
remove the same amount as before. According to the
CDC’s calculations, a room with 4 ACH will still
take more than 3 hours to eliminate >99% of an
initial concentration of contaminants,’’ and that’s
without a constant source, such as an infectious
person, in the room.

6.2 Filtration (MERYV, HEPA)

Air filters such as HEPA (high-efficiency particulate
air) filters, a technology developed more than 70
years ago, are designed to trap airborne particulates,
either when the air is first pumped in from outside or
recirculated between or within rooms. Pathogens
that are continuously released in occupied rooms
have plenty of time to spread and possibly infect
people before finally being pulled through either a
portable or duct-based filter.

This danger was clearly demonstrated in a study
where filters in a hospital had little impact on
protecting construction personnel from airborne
Aspergillus.®® The CDC states that for a space
treated with a portable HEPA filter that provides the



recommended 2 ACH, it would take over 2 hours to
eliminate 99% of an initial concentration of airborne
virus. This number becomes 6-10 hours when the air
in the room is relatively stagnant, as in most
classrooms, offices, and homes.?’

Other limitations of filtration include:

e Filters have no effect on pathogens on
surfaces.

e MERYV filters (minimum efficiency reported
value) rated 13 and below trap fewer than
half of virus-sized particles.*

e The greater the filtration efficiency, the
more stress is placed on the HVAC system.
As a result, these systems need to be
upgraded in size and power, at a high cost
and producing damage to the environment.

6.3 Ionization

Ionizers use electricity to produce ions that impart an
electrical charge to nearby particles. Over 90% of
these ions cause particles to stick together and fall to
the ground or other exposed surfaces, where the
pathogens continue to live, rather than neutralizing
them.***? Only superoxide ions work to puncture the
outer membranes of viruses like SARS-CoV-2, as
well as fungi and bacteria, and inactivate them. But
only a very small proportion of the ions produced by
ionizers are superoxides.*'** ActivePure, by contrast
to ionizers, uses a precise process to produce only
the highly reactive compounds that will rapidly
neutralize—pathogens.** These are the same
compounds used in the mnatural self-cleaning
processes of the atmosphere.?

The large number of charged particles produced by
ionizers has been linked to excessive sympathetic
nervous system activation in humans (the “fight or
flight” response) *°, a factor which has also been
shown to play a role in “long-COVID” sufferers.*

6.4 Ultraviolet Germicidal Irradiation
(UVGI)

A dose of UV-C strong enough to neutralize SARS-
CoV-2 viruses was shown to range from 3.7 mJ/cm?
- 16.9 mJ/cm?* For a standard bulb with 245
uW/cm2, it would take more than 14 seconds of
continuous and focused exposure to achieve the
lowest range of this dose. However, UV-C is
fundamentally limited when it comes to air

purification, as it cannot be used in occupied spaces
safely—except when hidden, which limits its
efficiency. Instead it must be placed in the ducts,
where air moves at speeds of hundreds of feet per
minute, allowing only a fraction of a second of
exposure time to the UV bulb and thus can only
achieve an incomplete inactivation.*®

UV-C light robots have become commonly used in
hospitals, where they clean rooms between patient
occupancy. These robots can operate only in
unoccupied spaces because the light can cause
irreparable damage to the retina. As a result, UV-C
is only an episodic remedy and does nothing to
address continuous risk arising from the
reintroduction of pathogens into occupied spaces in
between cleanings. In addition, UV-C light cannot
reach pathogens in shadows.

6.5 PCO Cleaners

Nearly all PCO-type cleaners are based on early
versions of the technology. They have a simple
titanium dioxide catalyst and an inefficient UV
reactor. These cleaners typically have significantly
reduced reaction rates, limiting their effectiveness.
As a result, the cleaners have to use fans to pull air
into the reaction chamber, which renders them little
better than any other passive filtration technology.*
The fifth-generation ActivePure technology has
solved these limitations with a new photocatalyst
formula and reactor shape, resulting in an FDA-
cleared, PCO-originated technology qualitatively
different from any other version of PCO.

It is important to note as well that early-generation
PCO-type air cleaners create ozone. They also
generate dangerous Volatile Organic Compounds
(VOCs). These deficiencies preclude their use in
occupied settings, such as hospitals and schools. It
was precisely these limitations that led to the
creation of the today’s ActivePure technology, used
today by governments, educators, retailers, and
consumers.

4. CONCLUSION

The COVID-19 pandemic has highlighted the need
for advanced strategies to combat not just the current
widespread virus, but tomorrow’s pathogens as well.
Public health experts have urged a greater
understanding of the danger of airborne spread of the
SARS-CoV-2 virus in both droplets and tinier



acrosols and of the relationship between viral load
and disease severity.*

It has become clear that the world needs layered
defense strategies that combine distancing, masking,
and environmental controls. While the first two
mitigations are dependent on individual behavior
and will become less commonplace as the COVID-
19 vaccination rollout progresses, the third can be
implemented en masse and maintained indefinitely.

We conclude that ActivePure technology provides a
safe and effective answer for places where masks
cannot always be worn — for example, hospitals,
schools, breakrooms, dentist offices, and restaurants.
Even after the majority of the population has been
vaccinated, the combination of imperfect vaccine
efficacy, the waning of immunity over time, and the
emergence of variants will create an environment of
persistent community transmission requiring the
mitigation that a technology like ActivePure
provides. More important, such a technology allows
us to defend against other airborne pathogens,
including the flu and viruses to come.

As schools and businesses continue to plan for their
reopening, increasing attention has been given to the
importance of HVAC systems, air filtration, and
surface disinfection. Much of this focus has been
misplaced. MERV 13 filters and UVGI applications
must wait for airborne virus particles to come to
them before being partially filtered or killed. Surface
disinfection technologies are partially useful, but are
limited by infrequent application, high costs, and the
health concerns posed by toxic chemicals.

By contrast, an active purification technology such
as ActivePure that can continuously and safely
inactivate virus particles and other pathogens both in
the air and on surfaces will have an immediate
impact on limiting transmission in occupied public
spaces.
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