
The following 23 pages include 1 test performed by LRRI to a fake 
and intentionally dishonest protocol written by ODOROX /HGI to 
discredit International Ozone and the Titan 4000 Hydoxyl 
Generator.

The first report on pages 3 thru 7 was released on July 23rd., 
2012. This report shows that the Titan unit was tested at 20%
humidity which is 100% against the 60% needed that is written in 
the owner’s manual and screen printed on the front of the unit. 
This was obviously done to make sure the Titan did not perform 
well.

The second release of the same report dates July 2nd., 2013 is 
on pages 9 thru 17. This second release a year later has been 
changed in many ways. They now identify the Titan model. They 
removed the statement on using 20% humidity for the testing.

The last 5 pages of this statement are of a report that proves that 
LRRI was wrong in stating that N-Heptane is not affected by 
ozone.

There is also a chart on the last page showing that our little Titan 
1000 actually oxidized the heck out of N-Heptane with no problem



HGI industries of Boynton Beach Florida, the manufacturer of the Odorox Boss had the Titan Hydroxyl Generator tested under

false conditions. These false conditions caused the test results to be skewed and unrepresentative of the product. Below is our

rebuttal of their erroneous testing procedures and bogus test results. A link to their test, which by the way is not posted on their

site, is included at the end of this rebuttal. I also include links to testing by others that factually disprove HGI’s findings.

The opening statement directly following is from HGI’s corporate web site.

Mark Mino, President of HGI, commented on these test results.

LRRI also tested the Titan machine that is marketed by International Ozone as a “hydroxyl generator”. After extensive testing,

LRRI detected no measurement of hydroxyls at all, and concluded that if the Titan was producing any hydroxyls, they were too
few to be measured. This research confirms the observations of contractors in the field who are unable to remove odors from

surfaces and contents with this product. It is very important for the restoration industry and insurance professionals to

understand the significant differences in these technologies.”

Falsification #1 – HGI identifies their specific model (Boss) and RGF’s specific model (IOX Pro 300) but does not identify the

Titan Hydroxyl Generator tested. International Ozone has learned that HGI tested the Titan 1000 which is a small homeowner

unit intended for use in one room at a time, for lite odors, and is no way a professional restoration piece of equipment. The

model that should have been tested would have been the Titan 4000.

Falsification #2 – If HGI or LRRI had tested our Titan 4000 and read the Titan owner’s manual they would have known that

this machine requires 60%+ humidity for optimal performance. The screen printed instructions on the face of the unit clearly

states, “60%+ Humidity Necessary for Optimal Performance”. The testing was performed at 20% humidity. Everyone in the

restoration industry knows this is a very dry environment. 20% humidity is hard to achieve and HGI & LRRI had to artificially

manipulate the testing environment to achieve that low humidity. True hydroxyl generators must have water vapor in the air to

bust the hydrogen out of for the machine to make OH (hydroxyls).

Falsification #3 – The following statement is taken directly from their test procedures:

“The goal of the studies was to determine the concentration of HO being produced by each system by measuring its rate of

reaction with n-heptane, a volatile organic compound known to react selectively with hydroxyl radicals and not ozone.”

The linked report, Non-thermal plasma n-heptane decomposition enhanced by supplementary addition of active species by S.

Pekárek, following this rebuttal proves ozone oxidizes N-Heptane.

An extract from this report states – “ozone and other active species produced were supplied into the main discharge. In this

way we were able to increase the n-heptane decomposition efficiency from 47 % to 53 %”

HGI’s own test (link following) shows that the Boss and the RGF unit both produce ozone. Low humidity environments are

perfect for ozone production and ozone oxidation of contaminants. True hydroxyl generators will not produce hydroxyls in

20% humidity. Because of the low humidity under which the test was performed, no or very small amounts of hydroxyls would

have been produced and thus the Titan Hydroxyl Generator would not have affected the N-Heptane.

Conclusion: If HGI had tested the International Ozone machine, in accordance with our specifications and recommendations,

the results would have been entirely different. If they had tested the correct model, our Titan 4000, with the correct level of

humidity, the findings would have supported our suggested uses and claims.

NOTE: See link below to UL Ozone Test of the Boss which demonstrates the Boss’s production of ozone at a level 23.2

times greater than considered safe in occupied areas.

Link to HGI Test - http://internationalozone.com/Comparison-UVSystems_7-12%20Text%20Boxes.pdf

Link to N-Heptane Report - http://internationalozone.com/n-heptane%20and%20ozone.pdf

Report by Jacoby - http://internationalozone.com/William%20Jacoby%20-%20Photocatalytic%20Oxidation.pdf

Link to UL Boss Ozone Test - http://internationalozone.com/UL%20Odorox%20Report%20Total.pdf

HGI Industries Falsely Tests Titan Hydroxyl Generator
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independent testing

Something somebody made up.

They had 20% humidity for

this test. Where did they get

their water vapor?

Comparison of Photo Catalytic UV and

Multiple Wavelength UV Irradiation

Air Cleansing Technology

The latest generation of air and surface decontamination/cleaning systems now uses UV

irradiation to generate powerful oxidants to eliminate odor, decompose volatile organic

compounds (VOCs) and kill microorganisms. Some have focused on imitating nature and

generating the same type and levels of oxidants in air by decomposing water vapor and oxygen

in ambient air with UV irradiation. Other methods use artificial approaches. The goal is similar;

to try and generate hydroxyl radicals (HO• /or/ •OH), nature’s principal atmospheric oxidant for

cleansing our atmosphere and biosphere of excessive levels of volatile organic/inorganic

compounds and microorganisms.

Atmospheric hydroxyl radicals are nature’s most effective and fast acting oxidant. Only atomic

fluorine is more powerful and it is not found in nature. For example, hydroxyl radicals oxidize

VOCs about one million times faster than ozone and have much broader reactivity. The

implication is that, any time hydroxyl radicals are proven to be produced, they will dominate

chemical and microbiological reactions. If ozone and hydroxyls are generated together, the

hydroxyls react so fast, it is as if the ozone were not present.

The key to designing safe and effective hydroxyl radical oxidative air cleaners is to literally

imitate the action of the Sun’s interaction with water vapor to produce hydroxyl radicals at the

same rate and levels as found in nature. This ensures that the by-products are also “natural”. We

have evolved and adapted well to the presence of these hydroxyls and by-products in our air.

Modern living causes levels of VOCs to accumulate significantly indoors, where natural outdoor

hydroxyl radicals cannot reach. Hydroxyl radicals react so quickly – within 50 milliseconds –

they are usually consumed basically where they are formed. UV air cleansing systems have the

potential to restore nature’s balance indoors and greatly improve the quality and safety of indoor

environments. They use 185nm to 254nm. 185nm
is ozone producing.

There are three main categories of air cleansing systems. The first type, called multiple
wavelength UV systems, uses a range of different wavelengths of UV energy designed to

produce the hydroxyl radical from water vapor and oxygen in air. This approach imitates nature

in that no other chemicals or devices are used. The second type, called photo catalytic oxidation

(PCO), uses a single wavelength of lower energy UV energy that selectively interacts with a

catalyst coated surface to theoretically produce hydroxyl radicals. The third type combines both

methods.  HGI Odorox
®

systems use the multiple wavelength UV method.

HGI commissioned the Lovelace Respiratory Research Institute (LRRI), an

facility with distinguished expertise in atmospheric oxidative cleaning chemistry, to evaluate

these three methods to determine how effective they were in producing hydroxyl radicals and

what kind of by-products were produced. The goal was to produce quantitative data for each

system under identical conditions, data that is not available in the literature. These studies have

been further analyzed and interpreted by a leading physical chemist and industry expert in

atmospheric hydroxyl radical chemistry and spectroscopic analysis, Dr. David Crosley.

First LRRI Report Release by ODOROX / HGI Dated July 23, 2012



(Manufactured by RGF Environmental Group Inc.)They identify the uv wavelength they use in their patent

application. 185nm to 254nm. 185nm is ozone producing.

The Odorox produces a lot and destroys very

little per Underwriters Laboratories test.

Lots of testing and thousands of units being used

everyday in the field prove this statement wrong.

LRRI tested three different machines
4
, each representative of one of the three different methods

of air cleansing. The systems were:

� Odorox
®

Boss
™

Multiple wavelength UV system (Manufactured by HGI Industries Inc.)

� Titan Photocatalytic Oxidation (PCO) system (Manufactured by International Ozone
Technology Group Inc.)

� Perfex IOX Pro 300 (RGF Rapid Recovery System
®

) Combinationsystem
Where did they get

water at 20% RH?

Multiple wavelength UV systems, like the Odorox
®

Boss
™

unit, use a range of UV wavelengths

below 350 nm, similar to that found in nature, to form hydroxyl radicals. At these wavelengths

there is enough energy to produce hydroxyl radicals directly from dissociation of H2O and by

several pathways involving the decomposition of oxygen and ozone in air.  Free hydroxyl

radicals react with VOCs in air and also with microorganisms. They oxidize and decompose

VOCs producing a complex mixture of intermediate oxidation products that continue to

decompose until they yield carbon dioxide and water.
4,5

Hydroxyls kill microorganisms by

reacting with the proteins and other chemicals in cellular membranes resulting in cell leakage

and death, a process called lysing. High energy oxygen species are formed during the photolysis

process and deliberately decomposed by exposure to selected wavelengths of UV energy to form

additional hydroxyl radicals. This formation and decomposition process is exactly what happens

in nature. There is some level of residual ozone that reaches a steady state concentration that

typically remains within ambient levels in normally ventilated spaces. The key difference among

vendors is the amount of ozone produced and destroyed.

PCO systems, like the Titan, rely on the use of semiconductor catalyst coated surfaces inside the

photolysis chamber to theoretically generate hydroxyl radicals and other oxidants. Typically

titanium dioxide is used. The UV irradiation is absorbed by the catalyst, which produces a

reactive electron “hole” and a free electron. The “hole” presumably removes an electron from

water to form the hydroxyl radical, while the free electron reacts with oxygen to form

superoxide. These reactive oxygen species react rapidly with organic compounds and other

species adsorbed on the catalyst surface. This mechanism does not produce any “free” oxidants

at a distance from the catalyst.
1,2,3

The photocatalytic method uses a longer, lower energy

wavelength of UV energy above 350 nm so that little to no ozone is formed. Developed for the

space shuttle, the approach was designed to generate sufficient oxidants to treat small volumes of

air with low concentrations of VOCs. Nowhere in the patent or scientific literature for these

systems is there definitive proof or measurement of what oxidants are formed.  It is presumed

that the oxidants are the hydroxyl radical and the superoxide radical.

Combination systems, like the IOX Pro 300 system, use both a catalyst coated surface inside the

photolysis chamber and multiple wavelengths of UV light over a broad range from 360 nm and

below. It is presumed that hydroxyl radicals can be formed on the catalyst as well as in the

atmosphere. Ozone is also produced and decomposed in this type of system. There is no data in

the literature about how many hydroxyl radicals are produced or how the catalyst affects the

formation of by-products.

Identified their model, Boss. Identified RGF model, Pro 300.

Didn't identify the Titan model because they tested the Titan 1000. A homeowner

unit intended for one room at a time of lite odors. Not a fire/flood restoration piece of

equipment.

ComparisonPCOMultiUVSystems_20120723.docx Copyright©2012,HGICorporationInc. Page2

First LRRI Report Release by ODOROX / HGI Dated July 23, 2012
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If they don't like the finding they put in a disclaimer.

Each system was tested under identical conditions inside a Teflon room of 120,000 liters (120

cubic meters) designed for atmospheric studies. Using Teflon mi nimizes adhesion of organic

compounds to the test chamber walls, which is important when testing very low parts-per-billion

(ppb) levels of compounds. The environment inside the chamber was controlled to minimize

organic contaminants to a constant level of 7 ppb using HEPA and charcoal filters. Testing was

done at night to eliminate the introduction of ambient UV radiation into the chamber. As each

system ran, a slow purge of purified ambient air with an average relative humidity of 20-30%

passed through the room and exited to a gas chromatograph-mass spectrometer that measured

very low ppb levels of chemicals. Inside the chamber were various meters for measuring a

variety of chemicals including ozone, NO, NO2, etc.. The goal of the studies
4
was to determine

the concentration of HO• being produced by each system by measuring its rate of reaction with

n-heptane, a volatile organic compound known to react selectively with hydroxyl radicals and

not ozone or other oxidants. The kinetics of the reactions of hydroxyl radicals with n-heptane

are well understood and published so that a comparison could be made to confirm that hydroxyl

radicals were the only reactive species.
6
The experiment also measured the formation of ozone

and formaldehyde which are common by-products of incomplete combustion/decomposition.

Each system was run for two hours in the presence of 130 ppb of n-heptane. During the run the

concentrations of n-heptane, ozone and formaldehyde were measured. The results were reported

by LRRI
4
and further analyzed by Dr. Crosley

5
.

(

*

Note: In normal use environments ozone and formaldehyde levels plateau to lower steady state levels due

to loss factors, such as, continued reaction with HO• and other free radicals, chemical reactions with

ambient VOCs, adsorption, ventilation, etc.)

The data for the Boss
™

and IOX Pro 300 multiple wavelength UV systems indicate that:

� Both produced about the same concentration of hydroxyl radicals (within the limits of

error)

� They generated sufficiently high concentrations of hydroxyl radicals so that

measurements of their reaction with the target VOCs n-heptane could be made. In the

two hour test period 18 percent of the n-heptane was consumed

� The fact that the oxidant produced was the hydroxyl radical was based on the rate of
reactions matching the published kinetics data for hydroxyl radicals – a definitive result
determined by Dr. Crosley which corresponded well with published kinetics data by

Finlayson and Pitts
5, 6

20% humidity is dry - No water vapor at all in the air. True hydroxyl generators must

have 60%+ humidity to work. If they had tested the correct Titan unit it is screen printed

right on the front of the unit and also written in the owner's manual.

Did not identify

Titan model.

See report

"Non-thermal

plasma n-

heptane

decomposition

enhanced by

supplementary

addition of

active species.

Ozone oxidized

(eats) n-

heptane.

System

n-Heptane

removal

percent (%)

Ozone net

formation rate*

ppb/min ± 0.4

Formaldehyde net

formation rate*

ppb/min ± 0.001

Boss
™ 18 ± 2 3.2 0.033

RGF/ IOX

Pro 300
18 ± 2 10.9 0

Titan 0 ± 6 0 0

First LRRI Report Release by ODOROX / HGI Dated July 23, 2012
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See report - Photocatalytic Oxidation by

William Jacoby.

Our Titan
�

4000 works

great at

5,000cfm.

True

hydroxyl

generators

have to have

high

humidity.

�

�

�

Wrong model tested - No humidity - no hydroxyls.

technology
3
.

� The hydroxyl radical formation rate was similar to that found in nature of 1 x 10
6

cm
3
/sec

presuming the oxidant and by-products were uniformly distributed throughout the
treatment space

� Negligible amounts of formaldehyde were produced

� The rate of reaction of the hydroxyls generated with the representative of VOCs; n-

heptane was calculated from the data d to be 22-45 milliseconds, which is extremely fast

compared to any other oxidation reaction. This would enable rapid decomposition of

both initial VOCs and their oxidation by-product

� The use of both multiple wavelength UV light and a catalyst in the IOX Pro 300 system
o Did not result in a higher level of hydroxyl radical formation

o Resulted in a higher ozone formation rate - 3.4 times higher than the Boss
™

unit.

The data for the Titan system indicate that it did not produce sufficient hydroxyl radicals to result

in a measurable change in the n-heptane concentration. The value was so low that is was

reported as zero with a 91 percent statistical probability of as much as 1ppb based on the error

bars for the measurement. There was no measured ozone or formaldehyde formation. Based on

this negative result, an additional run was made using 130 ppb of 2-methyl furan, which is

known to be at least twice as reactive as n-heptane with the hydroxyl radical. After two hours no

measurable decrease in the 2-methyl furan concentration was noted either. The results were not

considered quantitatively because the possible change was so low as to be within the error limits

of the GC-mass spectrometer measurement capability.

These results are consistent with published data about PCO systems which report that they have

significant limitations with regard to remediation
1,2,3

.

� PCO system oxidative capacity is limited by catalyst surface area. Typically the amount

of VOCs that could be adsorbed onto the catalyst would be in the high parts per trillion

and low parts per billion. This is much lower that the concentrations of VOCs that are

measured in ambient air, which range from the high ppb to low parts-per-million (ppm)

range.

� Since reaction of any oxidative species generated by a PCO system would occur with

adsorbed VOCs, only throughput air is treated – not external surfaces. Whatever

oxidants are produced would immediately react with adsorbed VOCs, so there are no

“free” hydroxyls or other oxidants that could circulate outside of the treatment chamber.

PCO systems have proven to work best at low air speeds confirming that reactions are

occurring predominantly on the catalyst surface. (High speeds are 340 CFM and low

speeds would be half to one third of that rate – or even lower.) This limits their use when

Humidity inhibits the rate of reaction as water vapor competes for catalyst active sites.

Catalysts are subject to deactivation due to catalyst surface contamination.TiO2 is self cleaning.

Oxidation is incomplete, producing an effluent that has 3.4 to 4.6 times more

formaldehyde and acetaldehyde.  Mathematical modeling studies indicate that there

would continue to be a three-fold increase in the steady state concentrations of these (and

other) incomplete oxidation products given the flow rates and capacity of this

trying to treat large areas.

Their own testing shows this to be untrue.

This is

disproved by

thousands of

units working

in the field.

First LRRI Report Release by ODOROX / HGI Dated July 23, 2012
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It is evident

syste

teste

Refe

Please see following report - Photocatalytic Oxidation by William

Jacoby. He loves our technology.

In summary the LRRI studies and analysis by Dr. Crosley indicate that:

� The use of multiple wavelength UV light is an effective means of producing hydroxyl

They do not
publish their
multiple UV
wavelengths
here but they
do in their
patent
applications.
185nm -

radicals in both the Boss
™

and IOX Pro 300 systems.

� Including a catalyst with multiple wavelength UV irradiation did not increase the amount

of HO• produced in the IOX Pro 300 system.

� Different multiple wavelength UV systems may produce the same levels of hydroxyls –

as was found in this test - while producing very different levels of ozone and potentially a

different distribution of oxidized organic compounds.

� PCO systems, as exemplified by the Titan, are fundamentally dif ferent from multi UV

systems and do not have the capacity to generate a high enough concentration of HO• to

decompose VOCs in the range of 130 ppb, which is typical of what would be required for

254nm. remediation applications. If they had tested the correct model with the correct amount of

185nm is

ozone

producing.

These are the

same lamps

used in every

ozone

generator

ever

produced.

humidity they wouldn't even publish this report.
that each vendor should measure and validate the performance claims of their

ms since oxidant and by-product levels were significantly different among the systems

d.
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First LRRI Report Release by ODOROX / HGI Dated July 23, 2012



The following 9 pages are a rewrite of the original LRRI report which
was dated July 23, 2012. This rewrite was released by ODOROX /
HGI one year later dated July 2, 2013.

Everything that International Ozone pointed out in the first report that
was wrong or in error has been changed in this rewritten report
released a year later.

The Titan 4000 model number is now identified.

The 20% humidity used during the testing has been removed from
this rewritten report.

On the 5th. page 1st. paragraph LRRI identified the Titan 4000 was
running by “confirmed by visual observation of the GREEN
POWER LIGHT and hearing the BLOWER”

The second test with Methal-Furan was supposably done after the
n-heptane test but is dated 4 months before the n-heptane test.

This all adds up to being very suspicious.



Model Number was added to this rewritten version of this report.







This experimental method was used to measure the hydroxyl formation rate for the Titan 4000,

serial number TZ-12291, (International Ozone, Lantana, Florida 33462). The experiments

involved the use of n-heptane, and 2-methyl-furan which selectively react with hydroxyls and not

other oxidants that could be produced by the system. There is an abundance of data in the

literature describing the kinetics and high rates of reaction of hydroxyls with these hydrocarbons

to further enable confirmation that the reactions are due to the presence of hydroxyls.
1-5

The test chamber was purged and the Titan 4000 was placed inside. The chamber was sealed

and allowed to purge again so that a stable baseline was obtained. A sample of n-heptane was

introduced into the system such that an initial vapor phase concentration of 0.13 ppb was

obtained. The Titan 4000 was run for two hours, during which time the concentration of n-

heptane was measured every few seconds by a gas chromatograph-mass spectrometer (GC-MS).

No reduction in the concentration of n-heptane was measured, indicating that no measurable

amount of hydroxyls was being formed.  If any hydroxyls were formed they were below the 2-3

ppb sensitivity level of the GC-MS.

In an effort to determine if even low ppb of hydroxyls were being produced by the Titan 4000

system, the test was repeated using 2-methyl furan, a hydrocarbon that reacts twice as fast with

hydroxyls as n-heptane and would therefore be twice as sensitive. Again, there was no verifiable

concentration of hydroxyls produced by the Titan system during two hours of operation.

In summary, under highly controlled conditions, there was no evidence that the Titan 4000

was producing hydroxyls using published analytical methods capable of measuring

hydroxyl concentrations as low as 2-5 ppb.

Materials and Methods

The experiments described here were conducted in a 120 cubic meter (120,000 liters) Teflon

chamber. The walls and floor are made of inert “water-clear” Tefl on film. A high-volume

ventilation fan connected to a HEPA filter remo ves particulate material from ambient air during

large-volume flushing of the chamber. A cl ean air generator scrubs moisture, VOCs and

particulate material from air before it enters the chamber. The chamber contents are monitored

continuously via sample lines that pass through the floor of the chamber and into the laboratory.

Gas chromatography was conducted on the purged chamber and showed little background

compounds that could interfere with the tests. The experiments were conducted at night so no

sunlight would cause photochemical oxidation of the test mixtures. For all experiments, the Titan

4000 was placed inside the chamber in the middle of the floor; a heavy duty electrical power

extension cord passed through a small opening in the floor to the outside to allow for remote

Serial Number was added in the rewritten report

As stated in the first report this test was run at 20% humidity, The Titan 4000
owner’s manual and the screen printing on the front of the machine clearly
states that 60%+ humidity is neccessary for the unit to perform at its best.



If you look at the pictures at the bottom of the page of the Titan 4000
with the 20” 5,000 CFM fan and 4 very brite UV Lamps and the

Odorox Boss with its GREENPOWER ON LIGHT and SMALL BLOWER.
I think LRRI got mixxed up on which unit they were testing.

This LRRI report is available on ODOROX’s website at:
http://www.odoroxhg.com/odorox-hydroxyl-vs-titan-pco

You can read about the Titan GREEN LIGHT and BLOWER SOUND there.



The date on the front of this report is July 2nd., 2013
which would be 1 1/2 years befor this report was written

Kinda Fishy.







This test was supposably done after the n-heptane test
but is dated 4 months before the n-heptane test.



The following 4 pages are of a report dated July 15 - 20, 2007
by S. Pekarek of the Czech Technical University showing the
oxidation effects of OZONE on N-Heptane.

Ozone eats the heck out of N-Heptane which is why the RGF
unit and the Boss both reduced the N-Heptane without any
humidity.

I guess LRRI missed this report.

Page 23 is a chart of a test showing that when a Titan Hydroxyl
Generator has humidity it will oxidize the heck out of N-Heptane.











Comments Time Temperature (F) Humidity (%) PPM (N‐Heptane)

Chamber is sealed with 

100 cfm circulating  fan 

running and 1 tbl spoon 

of heptane in beaker. 1:15 PM

1:30 PM 81 62 7.1

1:45 PM 81 69 11.5

2:00 PM 81 73 11.6

2:15 PM 81 75 11.5

2:30 PM 84 76 11.6

2:45 PM 85 77 11.9

3:00 PM 86 77 12.2

3:15 PM 87 77 12.3

3:30 PM 85 79 12.3

Titan is powered on. 3:45 PM 86 80 12.4

4:00 PM 85 82 12.2

4:15 PM 86 86 6.5

4:30 PM 86 86 5.7

4:45 PM 87 85 5.3

5:00 PM 86 86 5.1

Within 1 hour and 15 minutes the N‐Heptane leval was reduced from 12.4 PPM to 5.1 PPM a 59% reduction.

Titan Hydroxyl Generator Oxidation of N-Heptane

Chamber was sealed at 1:15 PM with a 100 cfm circulating  fan running and 1 tbl spoon of N‐Heptane in a beaker.

Chamber was let set dormant for 2 1/2 hours to allow N‐Heptane to fully evaporate and come to steady state.

A Titan 1000 Hydroxyl Generator was turned on at 3:45 PM.

A small plastic container of water was placed in chamber to facilitate raising humidity.
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