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September 28, 2004
Norman Shy
World Wide Sales, Inc.
P.O. Box 250221
Franklin, MI 48025
a et nalvsis Report

Efficacy Testing of Forever Fresh Odor Eliminator Product
Dear Mr Shy:

This is the final report pertaining to the above-captioned project that you
commissioned regarding efficacy testing of Forever Fresh Odor Eliminator in a
model system study.

Sample Log
The following samples were received for testing:

1) Six Forever Fresh Odor Eliminator Pouch Samples

Background Information & Analysis Request

The above-captioned samples are intended for marketing under the trade
name Forever Fresh Odor Eliminator. The product is a mixture of natural zeolite
minerals sealed in a Tyvek pouch. The pouch weighs approximately 400 grams.
The project sponsor requested efficacy testing of the product to determine its
ability to absorb and sequester a range of odor molecules in a closed model system.
It was specifically requested that cigarette smoke be tested and also character
impact compounds representative of pet odors (urine, feces etc.), dirty sweat socks,
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fishy smells, food and/or cooking odor, sulfuryl and other miscellaneous odor
categories. The test was designed as a time course study with periodic
measurements to be taken of airborne odor concentrations both in the presence and
absence of the Odor Eliminator product. Sampling frequency was suggested at
once hourly out to a maximum of approximately six hours. Analytical
determinations were to be made by Headspace-GC-MS and/or Purge & Trap-
Thermal Desorption-GC-MS methodology as deemed appropriate to meet study
requirements,

Overview of Study Design & Analytical Methodology

The study was conducted in a closed system using 25 liter volume Tedlar
gas sampling bags as the test chambers. This volume is equivalent to 0.88 cubic
feet (ft°) or 0.025 cubic meters (m®). Cigarette smoke and/or mixtures of odor
compounds were injected into air-filled Tedlar bags with and without an Odor
Eliminator pouch sealed inside. The bags were allowed to equilibrate at room
temperature and at time 0 and in 30 second intervals thereafter, samples of air from
the headspace within the bags were withdrawn using a gas-tight syringe and
analyzed by Gas Chromatography-Mass Spectrometry for the presence and
concentration of odor indicator compounds. The data from the control bags (no
Odor Eliminator) were compared to those containing an Odor Eliminator pouch
and the percent reduction in odor was quantified. The following Table is a list of
the odor compounds tested in the study:

*Compound Odor Description
cigarette smoke cigarette smoke odor
ammonia ammoniacal, urine
trimethyl amine (TMA) fishy odor
skatole animal/fecal zoo-like odor
methylene chloride solvent, paint remover
acetone nail polish remover
dimethyl sulfide (DMS) sulfuryl odor, vomit-like




isopropanol (IPA) rubbing alcohol, hospital-antiseptic
3-methylbutanal (isovaleraldehyde) roasted, cooked food aroma
dimethy] disulfide (DMDS) garlic odor

n-octane paint thinner, mineral spirits
ethyl butyrate fruity, like Juicy Fruit gum
butyric acid body odor, dirty sweat sock odor

*Please note, in addition to a wide range of odors, the test compounds also
encompass a range of chemical classes including carboxylic acid, amine, N-
heterocyclic, sulfides, hydrocarbon, alcohol, ketone, aldehyde and ester. Also,
cigarette smoke is a complex mixture containing hundreds of compounds from

many chemical classes.

Details of Test Conditions & Analytical Methodology

Tedlar gas sampling bags (25 liter size) were obtained from SKC products
company. Tedlar bags are made from inert and highly chemically-resistant,
polyvinyl fluoride film which is a gas-tight, full vapor-barrier material and is non-
adsorptive towards test substances. The bags contain a septurn port and silicone
rubber septa for injection of test compounds and for withdrawing headspace gas
for sampling. Tests were conducted in three groups. Cigarette smoke was tested
by itself, a second group consisted of amines (ammonia, trimethyl amine and
skatole) and the third group contained carboxylic acid and other odor compounds
(acetone, dimethylsulfide, isopropanol, 3-methylbutanal, dimethyldisulfide, octane,
ethyl butyrate and butyric acid). The solvent compound, methylene chloride was
included in the amine group simply because it was used as solvent to dissolve and
deliver the skatole. Testing was done in different groups to prevent chemnical
interactions between test substances. For instance, acids and amines will react and
neutralize each other and the products are non-volatile and would not be detectable
in the headspace. For each group of compounds tested, two Tedlar bags were
prepared, one containing an Odor Eliminator pouch and the other without to serve
as a control. Both bags were filled to capacity with air and odor test compounds
were injected into both bags at the same concentration. The Odor Eliminator
pouches were sealed inside the Tedlar bags by slitting the seam open on an edge
with a razor blade and then heat-sealing them back leak-tight using a heat seal

machine.



For cigarette smoke, a single Marlboro cigarette was smoked per bag and
each puff was exhaled into the Tedlar bags. For the amines, each bag was injected
with exactly 2.5 ml of pure ammonia gas, 0.5 ml of a 25% solution of
trimethyamine in water and 25 mg of skatole dissolved in 125 n] of methylene
chloride. For the third mixture of odor compounds, 3 drops each of acetone,
isopropanol, dimethylsulfide, 3-methylbutanal, dimethyldisulfide, n-octane, ethyl
butyrate and butyric acid were mixed together in a vial and 500 w1 of this mixture
was injected into each bag. All test compounds that were injected as lignids were
deposited inside the bag on the inner surface of the Tedlar film. A heat gun was
then directed on the wall of the bag to vaporize the compounds. Once vaporized
the bags were “fluffed up” to mix the vapors and then allowed to equilibrate at
room temperature. Time zero measurements were taken immediately and bags
were analyzed at 30 minute intervals thereafter for the study duration which ranged
from 210-346 minutes depending on the samples. Under these conditions, the odor
compounds were allowed to achieve their vapor phase equilibrium concentrations.

Analytical measurements were made by Headspace-GC-MS methodology.

At the designated sampling interval, the bags were picked up and “fluffed up” to
mix the gaseous contents. A pre-heated, 1.0 ml gas-tight sampling syringe with an
on/off-valve was used to withdraw headspace vapor from the bags and the samples
were injected directly into the GC-MS for analysis. Analyses were conducted
using a Varian 3400 GC directly interfaced to a Finigan MAT 8230 high
resolution, double focussing, magnetic sector mass spectrometer. High resolution
capillary chromatography was employed with sub-ambient, cryogenic temperature
'programming to optimize the analysis. Exact details of the Headspace-GC-MS
analytical methodology are provided on the attached data form.

For data processing, mass chromatograms of characteristic ion masses
(molecular ion or base peak) for each test compound were generated from the total
ion chromatograms and integrated to provide peak area. The peak area values for
each test compound at each sampling interval were entered into a spreadsheet. The
percent reduction of compound due to absorption or sequestering by the Odor
Eliminator pouch relative to time zero measurements and the control Tedlar bag
was then calculated. The spreadsheet data was also plotted graphically as well. In
the case of cigarette smoke, this chromatogram was very complicated and
contained many peaks including a very large one for nicotine. The entire
chromatogram of cigarette smoke was integrated and summed as total area under
the curve (AUC) and this data was plotted rather than individual compounds.



Results & Discussion

Table 1 in the attached spreadsheet is a data summary of the cigarette smoke
test. From left to right, the columns in the Table list the GC-MS analysis file, a
description of the sample analyzed, sampling interval in minutes and total area
under the curve (AUC) for all compounds detected in the cigarette smoke, The
first analysis is from the control Tedlar bag w/ no Odor Eliminator and shows the
baseline level of smoke in the bag. The second analysis is the time zero
determination of cigarette smoke from the Tedlar bag containing the Odor
Eliminator pouch. This data point typically was equivalent in peak area value to
the control bag because sample was drawn immediately before the Odor Eliminator
had a chance to work. As you can see from the data, the AUC value dropped
quickly in the presence of the Odor Eliminator pouch indicating it was efficacious
in absorbing and/or sequestering the cigarette smoke. After 346 minutes in the
presence of the Odor Eliminator pouch, the cigarette smoke was reduced in
concentration by 98%.

Table 2 is the results summary of the amines and methylene chloride. The
format is the same as described above for the cigarette smoke except that instead of
AUC the peak area of the individual compounds is plotted. As in the case of the
cigarette smoke, all test compounds were significantly adsorbed or sequestered by
the Odor Eliminator. Please note, I calculated the % reduction data at the 150
minute time point rather than 210, My reason for this is that this was the last time
point in which all compounds were still detectable. Once they are no longer
detectable a zero value is entered in the spreadsheet. However, a zero value does
not necessarily indicate the compounds are completely sequestered. Rather, it
means they are at that point below the analytical detection limit but some trace
level may still be present. The detection limits for the methodology as applied to
this study are estimated to be in the high part per billion (PPB) or low part per
million (PPM) range on a volume to volume (v/v) basis.

Table 3 is the results summary for the final group of compounds tested. The
data summary is redundant with that described above for the amines and methylene
chloride. For the same reasons as described above, the percent reduction was
calculated at the 120 minute data point. The data for cigarette smoke and all of the
individual odor compounds are also plotted graphically and attached for reference.



Conclusions from Data and Limitations

1) The data indicates Odor Eliminator is efficacious for absorbing and/or
sequestering a range of odor molecules including cigarette smoke, and compounds
with different odor attributes representing various chemical classes including
amines, heterocyclics, sulfides, hydrocarbons, aldehydes, ketones, esters and acids
under the given experimental test conditions.

2) The tests were performed with relatively high concentrations of odor
compounds to facilitate detection by Headspace-GC-MS. The data indicates the
Odor Eliminator pouches have sufficient sorption capacity to sequester high
concentrations of odors.

3) Tests were conducted in a closed chamber system of limited volume (25 liters).
This volume is equivalent to 0.88 cubic feet (fi*) or 0.025 cubic meters (m®). In
comparison, a simall closet space measuring 3' w x 3' deep x 8' high is 72 ft’ or
approximately 2 m®. A typical car trunk is slightly less than 1 m®. It is likely that
longer equilibration periods would be required for Odor Eliminator to absorb odor
in a larger spaces such as these.

4) Odor Eliminator relies on passive diffusion from air to absorb odors. Air is not
actively pumped through the Odor Eliminator pouch and it therefore relies on air
currents and natural air circulation to bring odors to the adsorbent. In the model
system tests employed, the Tedlar bags were “fluffed” to provide some mixing and
circulation of gases. If an Odor Eliminator pouch is put into a space with no air
circulation or mixing currents this stagnant condition may also increase the
equilibration time for odor absorption.

Description of Raw Data from Study

Example raw data printouts of the study are included as an attachment to this
report for your files. The raw data is provided in a series of Figures labeled 1-56
and are described as follows:

Figure 1 is the GC-MS chromatogram obtained from cigarette smoke in the
control Tedlar bag with no Odor Eliminator, The bottom trace is total ion current
(TIC) and the upper two traces are mass chromatograms for the molecular ion
(162) and base peak (84) of nicotine. The large nicotine peak is labeled for
reference. Figure #2 shows the mass spectrum of the nicotine peak from this
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sample. The reference peak for nicotine plotted from the US National Institute for
Standards & Technology (NIST) database is shown in Figure 3 for comparison.

As you can see, the two spectra are a perfect match. Fig. 4 is a printout of the
NIST database of the text entry for nicotine. Figure 5 is the GC-MS chromatogram
of cigarette smoke in the Tedlar bag with Odor Eliminator taken at the time zero
data point. The nicotine peak is labeled. The mass spectrum is shown in Fig. 6.
Figure 7 is the same chromatogram plot of the cigarette smoke in the Odor
Eliminator-containing Tedlar bag at time 346 minutes. As you can see, some
traces of smoke are still present on the TIC trace but they are very reduced in
concentration. No nicotine peak is present any more.

Figure 8 is the GC-MS chromatogram of the amines + methylene chloride
group in the control bag w/ no Odor Eliminator. Mass chromatograms identifying
the ammonia peak (m/z 17), trimethylamine (m/z 58), methylene chloride (m/z 84)
and skatole are plotted and labeled for reference. Please note, the skatole peak is
weak but still present, This is due to the high boiling point and low equilibrium
vapor pressure of this compound at room temperature. The mass spectra of
ammonia, trimethyl amine, methylene chloride and skatole along with their
reference spectra plotted from the NIST library are presented in Figures 9-17.

Figure 18 is the GC-MS mass chromatogram of the time zero data point
from the Tedlar bag containing amines + methylene chloride with Odor Eliminator.
Figures 19 through 22 are the mass spectra of the compounds plotted from this run.
Figure 23 is the GC-MS chromatogram of this test group at the 210 minute data
point. Please note the signals for trimethylamine and skatole are completely gone
and ammonia and methylene chloride, although still present are greatly reduced in
concentration compared to the control and the time zero data point.

Figure 24 is the GC-MS TIC chromatogram of the third group of odor
compounds from the control Tedlar bag w/ no Odor Eliminator. All peaks are
labeled for reference. A. mass chromatogram representation of the first half of this
same run is shown in Figure 25. The acetone (m/z 58), dimethylsulfide (m/z 62)
and isopropanol (m/z 45) peaks are shown. The mass spectra of these components
along with their reference spectra from the NIST database are presented in Figures
26-31. Figure 32 is 2 mass chromatogram of the second half of this chromatogram
showing the 3-methylbutanal (m/z 86), dimethyldisulfide (m/z 94), n-octane (m/z
43), ethyl butyrate (m/z 71) and butyric acid (m/z 60) peaks. The mass spectra of
these compounds and their library reference spectra from NIST are shown in
Figures 33-42.



A redundant set of GC-MS chromatograms and mass spectra for this group
of compounds in the time zero Tedlar bag w/ Odor Eliminator is presented in
Figures 43-53. The final three Figures (54-56) are chromatogram plots of the
T=300 minute data point for this group of compounds. By this time only a trace of
the dimethylsulfide peak is still detectable, all other compounds have been
sequestered to below their detection limit.

If you have any questions concerning this study or if I can be of further
assistance to you then please don't hesitate to contact me at (732) 932-8306 ext.

310 (daytime) or at (718) 351-3553 (evenings).
Respectfully Submitted,

/
7y
Thomas G. Hartman, Ph.D.
Mass Spectrometry Lab Manager
Research Professor



Attachments
Tables 1-3, Analysis Results Spreadsheet Summaries
Graphic Plots of Study Data

Figures 1-56, Raw Data GC-MS Chromatograms & Mass
Spectra

Analysis Data Forms



Table 1

Odor Eliminator Data for Cigarette Smoke

Analysis Time Total
File Description in Min. AUC
FM32057 Tedlar Bag w/ Cigarette Smoke no Odor Eliminator 0 693333
FM32058 Tedlar Bag w/ Cigarette Smoke + Cdor Eliminator, T=0 0 695219
FM32059 Tedlar Bag w/ Cigarette Smoke + Odor Eliminator, T=34 34 74665
FM32060 Tedlar Bag w/ Cigarette Smoke + Odor Eliminator, T=68 68 31130
FM32061 Tedlar Bag w/ Cigaretie Smoke + Odor Eliminator, T=102 102 25303
FM32062 Tediar Bag w/ Cigarette Smoke + Odor Eliminator, T=135 135 21432
FM32063 Tedlar Bag w/ Cigareite Smoke + Odor Eliminator, T=170 170 20794
FM32064 Tedlar Bag w/ Cigarette Smoke + Odor Eliminator, T=204 204 19065
FM32065 Tedlar Bag w/ Cigarette Smoke + Cdor Efiminator, T=238 238 16284
FM32066 Tedlar Bag w/ Cigarette Smoke + Odor Eliminator, T=312 312 14947
FM32067 Tedlar Bag w/ Cigareite Smoke + Odor Eliminator, T=346 346 12450
Total % Reduction after 346 min. : 98.21
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