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Abstract
Indoor and outdoor air pollution cause serious health risks. Odors associated with air contaminants are a
further nuisance in homes and workplaces, and in communities for residents and surrounding businesses.
Air cleaners must perform two functions—capture, and then destroy contaminants. Conventional air
cleaners, such as those used in hospitals and airplane cabins do not perform either function well. We
present a biological air scrubber which outperforms conventional air cleaners in both capture, and
destruction of airborne contaminants.

Summary
Air contaminants are basically in two physical forms—those that move with air flow and can be sucked into
an air cleaner or pushed outside a building, and those that linger and are not blown away with fans or in a
breeze. While those contaminants that move with normal air flow are captured by conventional air cleaners,
conventional air cleaners do not do a satisfactory job in destroying them. Lingering odors are electrically
charged and act like static cling. Conventional technology does not capture these charged particles. A new
technology based on Biological Oxidation (BioOx®) captures and destroys both of these types of
contamination. BioOx® has indoor and outdoor applications.

Cleaning air has the benefit of increased wellness and worker productivity. Cleaning air in real
time near the source of contamination saves time and money, lowers energy costs, and improves the carbon
footprint—users of a BioOx® unit at a major VA hospital noted that employees “find the air quality
substantially improved, with a noted reduction in odors and respiratory problems”. Successful air cleaning
boosts morale and productivity.

Major categories of air contaminants affecting our health are:
•
•
•
•

Particulates such as smoke, viruses, and mold
Volatile Organic Compounds (VOCs) such as formaldehyde, gasoline nail polish solvents, and
SVOCs such as organophosphates and pesticides
Gases such as carbon monoxide (CO) and hydrogen sulfide (H2S) , and
Ultrafine Particles (UFs), such as oils and metals from air compressors and blowers, used in
airplanes and buildings, and from gasoline and Diesel engines.

Conventional air cleaning technology does not handle all of these problems adequately. Below, we explain
why it doesn’t, review health risks of contaminated air, and introduce a new biological technology based on
the earth’s natural cleaning system.
This biological technology addresses all of the contaminant categories listed above, and produces a healthier
air for breathing. Data from actual industrial and commercial applications of this new technology are
BioOx®
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Introduction

Current air cleaners largely utilize HEPA and HEPA/activated carbon filters.
The Office of Aerospace Medicine (1), notes that HEPA technology has the
limitation of not capturing particles of less than 0.3 microns, fumes of less
than 0.05 microns, VOCs and SVOCs, gasses such as CO, and viruses, all of
which are air quality contaminants of concern.

Jones and coworkers (2) are concerned about exposure chronic
exposure to ultrafine particles, such as oil droplets and metals.
They point out that chronic leakage of UFs into the air can lead to
occupant exposure to health risks.

A new biological air cleaning technology, BioOx®, offers great
advantages in improving air quality. Data using BioOx® air
scrubbers in commercial and industrial sites demonstrate capture
and treatment of large particles as well as small particles such as
CO (0.000113 microns). We show why this technology is superior
to HEPA and carbon technologies in capturing contaminants from
air. Further, BioOx® technology destroys and treats contaminants in
real time, and also has self-cleaning features, whereas HEPA and
activated carbon technologies merely concentrate contaminants on
a filter for later removal, exposing maintenance workers replacing
filters, and contaminating landfills when being thrown in the trash.

BioOx® technology is simple and can be readily packaged for home,
commercial, and industrial air cleaning.

BioOx®
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Data and Applications for all
Contaminant Categories

Table 1. Destruction rates of oil
particulates in air
at a major firearms manufacturer.
Four stations were monitored for 130
days.
Reaming
Station

Percent Destruction,
Oil Particulates from
Reaming

A25

81%

A32

44%

A12

33%

A47

62%

Average
Destruction

55%

Category 1: Focus on Oil and Metal
Particulates (UFs), generated by high
pressure, temperature, and friction
Oil and metal particulates are toxic, and are also a serious source of
lingering odors.
Application A gun manufacturer had concerns about UFs affecting
the indoor air quality (IAQ) at their plant. Indoor air at the rifle barrel
reaming work stations, generating UFs, was treated with the BioOx®
Air Cleaning System. The system consisted of five BioOx® ® Model
5000s placed in the vicinity of the stations, and two Model 600s
placed outside the area, to capture fugitive emissions. Run time
was about 130 days, spanning the years 2013 and 2014. The team
consisted of an engineer from the manufacturer, a PhD scientist,
and an independent 3rd party analytical laboratory. The data have
been published by Zanni and others (3) and are presented below.
The baseline air quality measurements, while within regulatory
limits, were mainly due to fine and ultrafine oil particles (UFs), along
with the metallic dust associated with the precision reaming of rifle
barrels. Synthetic oils containing various additives were exposed to
high temperatures and pressures in the reaming process, creating
particulate emissions of oil, metals, and trace VOCs. Fine and UF
metals and VOCs were also measured.
As shown in Table 1, below, indoor air oil abatement rates varied
from 81% to 33%, with an average of 55%.

BioOx®
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Metals are generated and enter the air along with oil particles in the
precision reaming of rifles. Metallic fine particles generated over
130 days were collected from the BioOx® units, analyzed, and
weighed.
The metal particles were both fine, and ultrafine.
Several observations are made from the results, shown in Table 2.
First, about 884 grams of iron was captured from the air, along with
2.7 grams of chromium and 1.6 grams of nickel. Secondly, the
approximate locations of the major sources of contamination can be
identified, for example, the location of Model 5000 SN 13070005 is
a hot spot. Further, it may be possible to identify the type of metal
being ground by friction by studying its ‘fingerprint’ of chromium,
nickel, and iron ratios.

Table 2. Capture and treatment of metal particles generated with oils at a major arms manufacturer. Seven BioOx® units collected oils,
solids and other contaminants from the air. The oils, VOCs, and other digestible contaminants were destroyed by BioOx®idation. The
metals, having been continuously cleaned in real-time in the BioOx® units during the study, were ready for immediate sampling. All seven
units operated continuously for the 130-day test period.

BioOx® Air Cleaning Unit

Chromium

Nickel

Iron

Model BioOx® 5000
SN 13070003

0.0765 g/l

0.0485 g/l

11.4750 g/l

Model BioOx® 5000
SN 13070004

0.4590 g/l

0.2295 g/l

76.5000 g/l

Model BioOx® 5000
SN 13070005

0.6375 g/l

0.2805 g/l

440.6400 g/l

Model BioOx® 5000
SN 13070001

0.1530 g/l

0.0765 g/l

25.2450 g/l

Model BioOx® 5000
SN 13070002

1.0710 g/l

0.7905 g/l

267.7500 g/l

Model BioOx® 600
SN 13070007

0.2040 g/l

0.1496 g/l

31.8240 g/l

Model BioOx® 600
SN 13070008

0.1224 g/l

0.0544 g/l

31.0080 g/l

Total Metallic Fine Particles and
Metallic Ultra Fine Particles (UFPs)
captured from air

2.7234 g

1.6295 g

884.4420 g

Avg. daily abatement

0.0227 g

0.0136 g

7.3704 g

Baseline VOCs generated with the oil and metals from rifle bore reaming ranged from 0.5 to 0.9 and were
reduced to non-detectable levels (< 0.1 ppm)
BioOx®
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Category 2: Focus on VOCs and SVOCs
Space and coworkers (4) have reported potential concentrations of
formaldehyde of over 0.35 and acetaldehyde at over 0.20 in bleed
air from make-up air compressors. They also have reported that
tricresyl phosphates found in bleed air are not removed by HEPA
and two new technologies tested. They also pointed out a 10,000fold increase in the concentrations of particles in sizes ranging from
0.01 to 0.07 microns. They recommend a further look at new
mitigation technologies.
A. Organophosphates
While we have not field tested tricresyl phosphates, BioOx® units
will capture them and likely Biooxidize them at rates not different
from those observed from organophosphates such as tricresyl
phosphates. Data from organophosphate pesticides are shown
below.

BioOx® destroys Organophosphates and Pesticides
Name

Formula

References and Comments

Ethion

C9H22O4P2S4

Destroyed in lab for US corp using fingerprint
method; US corp used AWSI plant and verified
destruction using chemical test.

Chlorpyrifos C9H11NO3PSC13

Destroyed in Sofer lab by Borkowski

Acephate

C4H10NO3PS

Destroyed in Sofer lab by Borkowski
Also destroyed in Sofer lab by Sheng

Diazinon

C12H21N2O3PS

Destroyed in Sofer lab by Borkowski

For Ethion, an important commercial fungicide, the figure below
demonstrates total destruction by BioOx®idation.

BioOx® destruction of Ethion
Ethion is an important organophosphate fungicide. AWS built a plant for a major US
manufacturer in Maryland. These results have been obtained by the corporation.

Run

BioOx®

Starting Concentration

Ending concentration, ppb

1

10,930

ND (<10 ppb)

2

21,940

ND (<10 ppb)

3

11,090

ND (<10 ppb)

4

9,030

ND (<10 ppb)

5

9,350

ND (<10 ppb)

Page 7

B. Formaldehyde
From the standpoint of odor detection, sensory irritation, and
cancer risk, Golden (5) concluded that a maximum limit of 0.1 ppm
be set for concentrations in air of the VOC, formaldehyde.
Formaldehyde: Working with our partners and a major global
dialysis corporation, formaldehyde destruction using BioOx®
technology was demonstrated. The work was performed with our
partner using BioOx® air scrubbers in 2013 in a 300-patient dialysis
clinic in Portugal.
The figure below shows destruction of formaldehyde in the waiting
areas, the operating and analysis rooms, and the dialysis rooms.
Formaldehyde abatement was essentially immediate, peaking within
24 hours. Removal efficiencies of greater than 90-95% were
observed.
The runs lasted a full year.
Waiting Areas - Formaldehyde (Sara Zanni)

12

DAD

ITA

RECR

RHBV

STEAC

WAIF

mg / m3

9
6
3
0
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03/12/2013
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Q & A Rooms - Formaldehyde (Sara Zanni)

mg / m3

4

AR

OR

3
2
1
0
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Dialysis Rooms - Formaldehyde (Sara Zanni)
3

DRA

DRB

DRC

DRHBV

mg / m3

2.25
1.5
0.75
0
03/03/2013 03/04/2013 03/05/2013 03/08/2013 03/10/2013 03/12/2013 03/01/2014

Category 3: Gasses such as CO and H2S
Nayyeri and coworkers (5) have noted the presence of aldehydes
and carbon monoxide in their study of bleed air contaminants.
Reduction of carbon monoxide (CO) in the San Diego VA Hospital
loading dock
The problem: CO concentrations in the enclosed loading dock of
the VA Hospital in San Diego, CA, were above acceptable levels.
During a 10-day analysis (prior to the installation of a BioOx® Air
Cleaning System) several ultra-large peaks of CO (hundreds of
parts per million) and one peak of >800 ppm CO were observed as
trucks came into the area to unload. Further, the number of times
the CO level exceeded 1 ppm was far too high. Additionally, the
odors created in the loading area were drawn into the waiting area
of the hospital.
The solution: A BioOx® Clean Air System Model 350 was installed
at the loading dock. After the BioOx®350 installation, there were no
ultra-large peaks of CO recorded. In addition, there was an 80%
reduction of the CO levels above 1 ppm.
The VA found this to be ‘highly statistically significant’.
VA concluded that:
“The most effective measure was the introduction of a novel aircleaning technology, which is capable of reducing organic
contaminants by oxidation to carbon dioxide and water on a
continuous basis.”
“Perhaps even more significant is the comments and impressions
of employees working in the area who find the air quality
substantially improved, with a noted reduction in odors and
respiratory problems.”
BioOx®
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Capture and destruction of hydrogen sulfide and related
odoriferous gases in New Mexico
Working with our partners at a sewage treatment plant in New
Mexico, our goal was the destruction of H2S and related sulfurcontaining compounds in a large building.
Three BioOx® Model 5000s and one BioOx® 10,000 were placed at
critical locations inside, and outside the facility. Outdoor air
cleaning as well as indoor air cleaning were successful.
The test period was 90 days. The building volume was about
120,000 cubic feet. H2S removal was calculated by oxidation of
sulfur to S2, elemental sulfur.
An average daily removal and destruction of H2S was 2.62 ppm per
day, for 90 days.

Pathogens
Removal of pathogens in air from a large dialysis clinic. BioOx® units
capture and destroy bacteria and viruses, as shown from our work
in Portugal, at the 300-patient visiting rooms. The figure above is a
graph of Colony Forming Units for viruses and bacteria. The
destruction rates are up to 80-90%.

From: Sara Zanni (3)

BioOx®
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Other pathogens tested with BioOx® Media showed destruction of :

BioOx® Pathogen Destruction Experiments
Experiments to assess the effectiveness of BioOx® were recently
conducted by a third party lab. Researchers sought to understand
how BioOx® can improve public health outcomes around H1N1,
Legionella, Influenza B, MRSA and other pathogens:
•

H1N1 were significantly reduced when introduced to BioOx®
solution. The H1N1 cells were also placed in tap water for
comparison, which caused the concentration of H1N1 to
fluctuate immensely before leveling off at a point still
substantially higher than the cells placed in BioOx® solution.

•

Legionella were significantly reduced when introduced to
BioOx® solution. The Legionella cells were also placed in tap
water for comparison, which actually served to increase the
amount of harmful Legionella cells by the end of the study.

•

Influenza B was significantly reduced after 24 hours in
BioOx® solution. The Influenza B cells were also placed in
tap water for comparison, but—after 120 hours—the tap
water proved incapable of degrading the harmful Influenza B
cells.

•

MRSA was significantly reduced within 36 hours in BioOx®
solution. MRSA DNA stayed at its lowest observed
concentration for the rest of the study. MRSA cells were
placed in tap water for comparison, which initially
succeeded in killing MRSA, but the MRSA cells began
multiplying at an alarming rate once the 72-hour mark had
passed.

In Summary, the following pathogens were tested. All showed
positive destruction by BioOx® Solution:
1.
2.
3.
4.
5.
6.
7.

BioOx®

H1N1 flu virus
Legionella pneumophila
Staphylococcus aureus (MRSA)
Clostridium difficile
Candida albicans
Mycobacterium tuberculosis
Influenza B
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Why BioOx® Air Cleaners are
strategically superior to HEPA and
Carbon units.
1. BioOx® captures all sizes of particles, ranging from larger than
10 microns, to less than 1/1,000th of a micron.
2. BioOx® media (an Additive) attaches to the biosupport,
generating enzymes which which BioOx®idize contaminants.
For example, benzene is totally converted to CO2 and water,
leaving behind no residual benzene.
3. BioOx® has a permanent, immobilized-microorganisms spiral
sheet that attracts small electrically charged particles by
electrical grounding.
4. BioOx® has an internal water curtain that uses Bernoulli’s
Principle to pull contaminants into its reservoir.
5. BioOx® media oxidize organic compounds such as benzene
completely, to carbon dioxide and water, leaving no residues
behind (unlike carbon, which turns into charcoal briquettes,
from the standpoint of fire hazards).
6. BioOx® does not have a filter, is self-cleaning, and does not plug
readily.
7. BioOx® operates at room temperature and pressure, is light, and
is easy to maintain.

This technology can be readily sized to fit
personal, commercial and industrial settings.

BioOx®
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How BioOx® Air Cleaners Work
Immobilized-Cell
Technology
- Is portable
- Eliminates channeling and
plugging

- Operates at room
temperature

- Remarkably long life
- Exceptional resistances to

1. Microorganisms are immobilized on a biosupport:
2. Biosupport with immobilized cells is rolled into a cartridge with a
spiral shape:
3. The spiral cartridge is placed in a tank, BioOx® Media is added
with water, the pump and fan are plugged in, and the unit starts
cleaning air.
4. The spiral cartridge inside captures contaminants of all sizes by
cyclone action, diffusion, electrical charge grounding, and
Bernoulli’s Principle:

contamination

- Self-replenishing
- High biomass densities

Air enters the space between
the biosupport sheets and
exits, without going through a
filter.

Winner of Technology Innovation Award

BioOx®
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Air Out
Air In
BioOx Media
and water addition

BioOx Model 85
Air enters the grill, passes
through the spacing of the
spiral cartridge inside, and
exits at the fan.

Water is distributed evenly from above the spiral
biosupport, exposing contaminants to enzymes and
continuously cleaning the sheet. Enzymes begin
BioOxidation upon contact with water.
Non-digestible solids such as metal dust and fibers,
are washed down to the bottom of the tank—a selfcleaning mechanism.
As water flows into the tank, it captures contaminants
by Bernoulli’s Principle, in tiny bubbles, into the tank,
where enzymes oxidize contaminants.

Electrically charged particles such as ultra fines
rush to the biosupport because the biosupport and
water are electrically grounded.
Cyclone action due to the spiral curves, natural
diffusion, and turbulence cause contaminants to
slam into the water and enzymes.

BioOx®
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