


Background Information & Analysis Request

The test samples listed in the above sample log were received directly from
Cabela’s and were sealed in original packaging. Exact product descriptions are
provided in the attached packing slips (See Attachment). A.L.S. Enterprises, Inc.
manufactures proprietary, carbon-impregnated fabrics under the trade name Scent-
Lok™ that are incorporated into hunting garments. The product is intended to
sequester human scent to render it less available for sensory detection by target

prey.

The analysis request was for comparative odor permeation testing of non-
Scent-Lok™ versus Scent-Lok™-containing hunting garments to quantitatively
measure the odor blocking ability of the various fabrics. The use of an odor
mixture containing surrogate body odor compounds plus additional volatile test
compounds was requested.

Overview of Test System and Analytical Methodology

The garments were tested for odor permeation in a highly standardized,
quantitative assay based on a two-chamber, dynamic sampling system using
headspace gas chromatography. It consists of an inner chamber sealed within a
second outer chamber. The garment fabrics are sealed over the lid of the inner
chamber and the mixture of odor compounds are injected inside. The inner
chamber is sealed inside a larger volume outer, leak-tight chamber. Following the
designated incubation period (either 1 or 24 hours post-dose), the headspace vapor
of the outer chamber is withdrawn and analyzed for the gas-phase concentration of
odor compounds. Therefore, this test system quantitatively measures the ability of
the odor molecules to pass through the fabrics into the second chamber.
Comparison testing with no fabric (no barrier to permeation), Scent-Lok™:-
containing garment fabrics and non-Scent-Lok™-containing garment fabrics were
performed to gauge the efficacy of the Scent-Lok™ product ability to block
permeation of the odor molecules. A mixture of 11 compounds were used in the
test odor mixture. These compounds consisted of surrogate body odor compounds
(short chain free fatty acids) plus other volatile odor compounds representing a
range of boiling points and chemical class. Details of the experiments and the
analysis results are provided as follows:



Test Sample Preparation

Two complete sets of Cabela’s hunting garments were provided for testing.
One set were tested right out of the package. The duplicate set of garments were
washed and dried 2 cycles prior to testing to check if this treatment has any impact
on product efficacy. The wash cycle was standard high temperature using
detergent (Kirkland Powder Laundry Detergent) and the dryer cycle was standard
high temperature setting for 1 hour. A Whirlpool Duet washer and dryer were
used. Please note, the above wash and dry conditions are accelerated beyond
manufacturers recommendations. Care instructions on the garments suggest
washing with cold water gentle cycle and preferably no or minimal washing. It is
recommended that Scent-Lok™ products be “activated” or “re-activated” prior to
use by a high temperature dryer cycle.

Test Odor Compounds

A model system “cocktail” of surrogate body odor compounds plus other
volatile odor molecules were used for the study. The test odor mixture contained
11 individual compounds. The compounds used for the testing included a mixture
of short chain fatty acids that are known constituents of human body odor based on
scientific studies (surrogate body odor components) along with other odor
molecules. Pioneering studies conducted at the Monell Institute for the Chemical
Senses on the composition of male and female human axillary odors have
established that short chain free fatty acids are the most prominent contributors of
human body odor (See references 1 and 2). Specifically, the compound Z-3-
methyl-2-hexenoic acid has been identified as the “character compound” of both
male and female axillary odors. However, it is recognized that axillary odors are
comprised of a complex mixture of many sensory-significant compounds, all of
which are from the short chain free fatty acid class. The compound Z-3-methyl-2-
hexenoic acid is not commercially available so that I could not include it in the
model system. However, [ was able to obtain structurally-related analogues of this
compound that are also confirmed present in human body odor. The surrogate
body odor compounds employed consisted of butyric acid, isovaleric acid, 2-
methylhexanoic acid and trans-2-hexenoic acid. Figure 1 shows the chemical
structures of the surrogate body odor molecules employed in the study and their
structural similarity to Z-3-methyl-2-hexenoic acid, the most important “character”
compound associated with body odor.
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Figure 1: Chemical structures of surrogate body odor compounds and structural
similarity to Z-3-methyl-2-hexenoic acid, the character impact compound associated
with human body odor.

In addition to the 4 surrogate body odor compounds described above, the
test odor mixture also included methyl allyl sulfide (garlic odor), n-octane (paint
thinner/mineral spirits odor), toluene (airplane glue odor), ethyl butyrate (fruity
odor like Juicy Fruity gum), limonene (lemon-lime odor, present in many
consumer product fragrances), hexanal (odor of fresh cut grass) and 1-octanol
(fatty-orange like odor).

Permeation Testing

In the permeation tests, 12 mm diameter sections (1.13 cm?) of garment
fabrics were cut out using a cork boring tool (See Photo 1) and crimp sealed onto
the 1id of glass headspace vials in the place where a septum would normally fit.
These vials served as the inner chambers of the two-chamber permeation test
system. Photo 1 shows two plugs of fabric in the foreground, the cork boring tool
used to cut the fabric disks on the right, aluminum crimp rings with and without
fabric disks inside, an empty small inner chamber vial, a small inner chamber vial
crimp-sealed with fabric barrier and a large outer-chamber vial (empty w/ lid
besides) in the background. Photo 2 shows an inner permeation cell chamber
sealed with a fabric barrier on the right and an outer permeation cell chamber on
the left. Photo 3 shows the inner chamber sealed within the outer chamber on the
left hand side of the photo. Photo 4 shows a close up view of the permeation cell
test system chamber within a chamber design. In the permeation cell testing
protocol, the inner chamber was left open (control w/ no fabric barrier) or the lids
crimp-sealed with the various Cabela hunting garment fabrics. Samples are dosed
with the 11-compound odor mixture (10.0 g each component) by injecting a fine-
gauge needle syringe through the septum seal of the outer chamber vial lid,
through the fabric barrier and into the small inner vial chamber. Dosing was via
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injection of 1.0 xl of a 10 mg/ml (10 wg/ul) stock solution of the 11 odor
compounds dissolved in methylene chloride using a Hamilton 5.0 ul syringe with
“solvent flush” technique to insure quantitative delivery. After dosing the vials
were incubated at 37°C (body temperature) in a convection oven. At intervals of
60 minutes or 24 hours post-dose, samples were removed from incubation and
headspace vapor from the outer chambers were withdrawn and injected into the GC
for analysis using a pre-heated gas-tight syringe. Exact details of the GC analysis
conditions are provided on the attached analysis data forms. The concentration of
surrogate body odor in the vapor phase of the outer chamber was then measured
and the data was expressed in units of % reduction relative to no fabric barrier
versus the Cabela’s hunting garment fabrics. Therefore, the permeation cell testing
measured the ability of odor compounds to pass through the fabrics and move from
the inner to the outer chamber. All samples were prepared and analyzed in
duplicate.

Test Results

The permeation study test results are summarized in Table 1 presented on
the following page. This Table lists the average (mean, n=2) percent reduction of
odor permeation through the fabrics relative to the no fabric (no barrier) controls at
1 hour and 24 hours continuous incubation at 37°C post-dose. Graphic
representations of the permeation cell test results are also provided plotting the
relationship between no fabric barrier and Cabela’s hunting garment fabrics with
measurements at 1 and 24 hours (See attached bar graphs).

The permeation study results are also expressed in terms of mass of odor
compound(s) sequestered per unit surface area of hunting garment fabric (i.e.
ug/cm?). These odor adsorption capacity results are summarized in Table 2.



Table 1

Summary of Odor Permeation Test Results for Cabela’s
Hunting Garments w/ and w/out Scent-Lok™

9% Reduction Odor Permeation

Permeation Barrier & Time Post-Dose {(mean, n=2)
No Fabric, T=1 hr. 0
Cabela’s Fleece Balaclava w/out Scent-Lok ™™, T=1 hr. 5
Cabela’s Fleece Balaclava w/out Scent-LokT™, T=1 hr.?WD2C 6
Cabela’s Fleece Balaclava w/ Scent-Lok '™, T=1 hr. 9
Cabela’s Fleece Balaclava w/ Scent—LokTM, T=1 hr. WD2C 98
Cabela’s Base Layer w/out, Scent-Lok™, T=1 hr. 19
Cabela’s Base Layer w/out, Scent-Lok ™, T=1 hr. WD2C 23
Cabela’s Base Layer w/ Sccnt—LokTM, T=1 hr. 8
Cabela’s Base Layer w/ Scent-LokT™, T=1 hr. WD2C 8
Cabela’s Hunting Jacket w/out Scent-Lok™, T=I hr. 1
Cabela’s Hunting Jacket w/out Scent-Lok™, T=] hr. WD2C 15
Cabela’s Hunting Jacket w/ Scent-Lok™, T=1 hr. 97
Cabela’s Hunting Jacket w/ Scent-Lok ™, T=1 hr. WD2C 9
Cabela’s Hunting Pants w/out Sccnt-LokTM, T=1 hr. 32
Cabela’s Hunting Pants w/out Scent—LokTM, T=1 hr. WD2C 35
Cabela’s Hunting Pants w/ Scent-Lok™, T=1 hr. 98
Cabela’s Hunting Pants w/ Scent-Lok™, T=1 hr. WD2C 29
No Fabric, T=24 hr. 0
Cabela’s Fleece Balaclava w/out Scent-Lok™, T=24 hr, 28
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Cabela’s Fleece Balaclava w/out Scent-Lok T, T=24 hr.?WD2C




Cabela’s Fleece Balaclava w/ Scent-LokT™, T=24 hr. 98
Cabela’s Fleece Balaclava w/ Sccnt-LokTM, T=24 hr, WD2C 98
Cabela’s Base Layer w/out Scent—LokTM, T=24 hr. 37
Cabela’s Base Layer w/out Scent-Lok ™™, T=24 hr. WD2C 39
Cabela’s Base Layer w/ Scent—LokTM, T=24 hr. 96
Cabela’s Base Layer w/ Scent-LokT™, T=24 hr. WD2C 96
Cabela’s Hunting Jacket w/out Scent-LokTM, T=24 hr. 34
Cabela’s Hunting Jacket w/out Scent-LokT™, T=24 hr. WD2C 51
Cabela’s Hunting Jacket w/ Scent-Lok T™, T=24 hr. 97
Cabela’s Hunting Jacket w/ Scent-LokT™, T=24 hr. WD2C 97
Cabela’s Hunting Pants w/out Scent-LokTM, T=24 hr. 35
Cabela’s Hunting Pants w/out Scent-Lok™, T=24 hr, WD2C 42
Cabela’s Hunting Pants w/ Scent-Lok ™, T=24 hr. 97
Cabela’s Hunting Pauts w/ Scent-LokTM, T=24 hr. WD2C 98

194 Reduction of odor permeation of 11-component odor mixture at 10 Kg concentration
per component through 1.13 em’ of hunting garment fabric in dual chamber permeation
test cell at 1 or 24 hours continuous incubation at body temperature (37°C) post-dose.
Measurements made by Headspace Gas Chromatography w/ Flame Ionization Detection
(Headspace-GC-FID) w/ Gas Chromatography - Mass Spectrometry (GC-MS)
confirmation of peak identity.

*WD2C = Garments tested after wash & dry 2 cycles



Table 2

Odor Adsorption Capacity Test Results Summary for Cabela’s
Hunting Garments w/ and w/out Scent-Lok™

'Odor Adsorption Capacity
Hunting Garment Fabric in ug/cm?
Cabela’s Fleece Balaclava w/out Scent-Lok T™ 0.50
Cabela’s Fleece Balaclava w/out Scent-Lok™ *WD2C 0.57
Cabela’s Fleece Balaclava w/ Scent-Lok™ 9.59
Cabela’s Fleece Balaclava w/ Scent-Lok™ WD2C 9.54
Cabela’s Base Layer w/out Scent-Lok ™ 1.88
Cabela’s Base Layer w/out Scent-Lok ™ 2.19
Cabela’s Base Layer w/ Scent-Lok™ 9.50
Cabela’s Base Layer w/ Scent-Lok™ WD2C 9.52
Cabela’s Hunting Jacket w/out Scent-Lok™ 1.04
Cabela’s Hunting Jacket w/out Scent-Lok™ WD2C 1.49
Cabela’s Hunting Jacket w/ Scent-Lok™ 947
Cabela’s Hunting Jacket w/ Scent-Lok™ WD2C 9.64
Cabela’s Hunting Pants w/out Scent-Lok™ 3.12
Cabela’s Hunting Pants w/out Scent-Lok™ WD2C 3.44
Cabela’s Hunting Pants w/ Scent-Lok™ 9.59
Cabela’s Hunting Pants w/ Scent-Lok™ WD2C 9.62

'Odor adsorption capacity of hunting garment fabrics in micrograms per square
centimeter (ug/cm?) of one-side surface area using 11-component odor test mixture. Data
calculated from 1 hour incubation permeation measurements at 37°C post-dose.

*WD2C = Garments tested after wash & dry 2 cycles



Discussion

1. The permeation study test results indicate the Scent-Lok™-containing
garments are highly effective at blocking the transmission of surrogate body odor
(plus other odor compounds) through the garments and the odor-blocking ability is
significantly improved relative to non-Scent-Lok™-containing garments. Scent-
Lok™-containing garments were able to block 96-99 % of the odor compounds
while non-Scent-Lok™-containing garments blocked only 5-55%.

2. The permeation tests were done with high challenge concentrations of test
odor compounds that greatly exaggerate real life conditions. For instance, the test
chambers were dosed with 110 g total odor compounds and only small diameter
sections (1.13 cm?®) of garments were tested. This concentration of odor compound
is thousands of times greater than the concentration of body odor compounds
reportedly present in human axillary odor which is in the part per billion (ppb) to
part per million (ppm) range (See references 1 and 2). Despite this accelerated
challenge testing, the Scent-Lok™-containing garments showed excellent odor-
blocking ability. To put this data into perspective, the Cabela’s base layer
undershirt is approximately 1 square meter (1 m®) of one-side surface area. This is
equivalent to 10,000 cm?. Therefore, the adsorption capacity of a Scent-Lok™.-
containing base layer undershirt would be 9.5 ug/cm® x 10,000 = 950000 Lg or 950
mg (almost 1 gram). One gram of pure free fatty acids such as butyric or isovaleric
spread out over a small surface area would have an incredible stench, enough to
cause evacuation of a large movie theater or auditorium. By any stretch of the
imagination the test challenge odor concentrations were likely a thousand fold
greater than a human body could produce in the course of 24 hours.

3. The 11-component odor test mix used for the permeation study contained a
mixture of surrogate body odor compounds (4 short chain free fatty acids) along
with other volatile odor compounds not related to human body odor. The tests
results show (See spreadsheets Tables 3 & 4) that the surrogate body odor
compounds were essentially 100% blocked by the Scent-Lok™-containing
garments. The small percentage of odor molecules that did permeate the Scent-
Lok™-containing garments were the non-body odor type compounds. Body odor
short chain fatty acids are polar molecules that strongly adsorb to activated carbon
(plus cling to fabrics) via hydrogen-bonding interactions. The test odor molecules
that permeated the Scent-Lok™-containing garments at trace levels tended to be
the lower boiling compounds with the highest vapor pressures and those that are
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non-polar and lack ability to hydrogen-bond. These type compounds are much less
significant to odors emanating from humans.

4.  There was no statistical difference in odor-blocking ability of Scent-Lok™-
containing garments tested right out of the package versus those washed and dried
2 cycles. This data indicates the odor-sequestering properties of Scent-Lok™-
containing garments were not negatively impacted by 2 cycles of washing and

drying.

5.  The odor permeation measurements were made following 1 and 24 hours of
continuous incubation at body temperature post-dose. The odor-blocking efficacy
of Scent-Lok™-containing garments were essentially the same at 1 and 24 hour
time points.

6. Please note, all odor compounds were found at reduced concentrations at the
24 hour measurements relative to the 1 hour measurements in all samples including
the no-fabric controls. This is an experimental analysis artifact. The septa on the
outer chamber vials is Teflon-faced silicone rubber. Once septa are pierced to dose
the odor compounds into the vials small holes remain in the Teflon-liner. Vapor
phase odor molecules gradually over time pass through the small hole in the Teflon
and dissolve in the silicone rubber septa resulting in lower overall headspace
concentrations over time. I have documented this phenomenon many times in
headspace studies that I routinely perform. This analysis artifact did not impact or
change the results of the study in any way as the data was control-corrected.

Raw Data Study File
A complete set of raw data GC chromatograms and a set of spreadsheet

calculations with 100% of the raw data from this study along with conditions of
analyses are provided as a raw data file attachment.
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If you have any questions or if I can be of further assistance then please
don't hesitate to contact me at (732) 932-8306 ext. 310 or by E-mail at
hartmantg@aol.com.

Respectfully Submitted,

Thomas G. Hartman, Ph.D.
Mass Spec Lab Manager &
Research Professor
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Attachments

Graphs of Study Results
Photos #1-4, Permeation Cell Test System
Tables 3 & 4, Spreadsheets of Raw Data Calculations

Cabela’s Packing Slips w/ Full Descriptions of Test
Products

Raw Data GC Chromatograms

Analysis Data Forms
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Photo #3 — Permeation test cell system showing fabric plugs, aluminum
erimp rings, small & large vials assembled and unassembled. Large vial
with small vial sealed within and ready for study is shown in upper left
hand of photo.
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Photo #4 — Close up of permeation cell test system showing chamber
within a chamber design with fabric barrier separating small vial inner
chamber from larger outer chamber. For analyses, test odor
compounds are injected via fine needle syringe through septum on lid of
outer chamber through the fabric and into the small inner chamber
vial. The vials are then incubated at body temperature (37C) until
ready for measurements. Gas-tight syringes are then used to draw
headspace vapor from the outer chamber which is injected into the gas
chromatograph for analysis. Test system measures the permeation of
odor molecules lrom the inner chamber, through the test fabries and
into the headspace of the onter chamber from which measurements are
laken.





