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Summary:

A Red/Black PU laminated fabric (diving suit material), submitted by Diving Unlimited International Inc.
was evaluated for its permeation resistance against five chemical solutions selected by the client. The tests
were performed in accordance with ASTM F 739-07. The data and graphical presentations of triplicate
tests are attached.

Objective:
Testing to: ASTM F739-07, “Standard Test Method for Permeation of Liquids and Gases through
Protective Clothing Materials under Conditions of Continuous Contact”

Materials:
One (1) sheet of Red/Black PU laminated fabric, 410 White, 210 Den NY, Model # 807020

Date submitted by client: 25 February 2011

Date testing authorized: 28 February 2011

Dates of tests: 28 February 2011 through 3 March 2011
Model No./Name: Model # 807020, Lot # 029780-00
Physical Description: Red over Black PU laminated fabric
Batch/Lot #: 029780-00

Manufacturer/Supplier: Not Available

ICS Sample ID: 1-X

Equipment and Reagents:
Gas Chromatograph, SRI 8610C GC-FID (EQ0424)
Syringe Pump, (EQ0369)
Digital Flow Meter, (EQ0356)
Permeation Cells; ASTM, 2inch, Glass
Micrometer, Mitutoyo (EQ0461)
Analytical Balance, Mettler (EQ0397)
Punch; Arch 3 inch
Peristaltic Pump, (EQ-0377-1-4)
Data Logger with Smart Q Sensor Conductivity electrodes
Nitrogen Gas, 99.99%
Hydrogen Gas, 99.99%
Aqueous 10 % acetone solution (by volume), Acetone, Spectrum Chemicals, (CAS # 67-64-1)
Aqueous saturated dichloromethane solution, Dichloromethane, Fisher Scientific (CAS # 75-09-2)
Aqueous saturated n-Hexane solution, (n-Hexane, Fisher Scientific, (CAS # 110-54-3)
Aqueous 10 % sulfuric acid solution (by volume), Sulfuric Acid, Fisher Scientific, (CAS # 7664-93-9)
Aqueous saturated toluene solution, Toluene, Acros Organics, (CAS # 108-88-3)

Procedure:
The guidelines of good laboratory practice were adhered to for all tests. All tests were conducted under
standard laboratory conditions unless otherwise specified. Materials for assessment were inventoried,
numbered (if needed) and logged upon receipt. Samples were randomly selected from the material
provided. Testing procedures as specified within ASTM F739-07 were followed unless otherwise
indicated.
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Procedure, continued:
The test samples were prepared by cutting 3-inch diameter swatches from the test fabric. The chemical
permeation test was then carried out in triplicate for 480 minutes against each test chemical, using 2-inch
ASTM permeation cells. The permeation of the volatile organic compounds was measured by a flame
ionization detector in an open-loop configuration. Permeation of the sulfuric acid solution was measured
by a conductivity detector in a closed-loop configuration.

Test chemicals: 10% acetone and10% sulfuric acid solutions were prepared by diluting the neat chemical
by volume, in distilled water. Water saturated solutions of dichloromethane, n-hexane and toluene were
prepared by vigorously agitating an excess of each of the solvents in distilled water, allowing the
immiscible layers to separate and decanting the aqueous fraction for use as the challenge chemical. The
aqueous fraction was then saturated with the organic solvent at ambient temperature.

Results:
The results for the permeation resistance of Red/Black PU laminated fabric, as assessed to ASTM F739-07
are summarized in Table I. The data and graphical presentations of triplicate tests are provided in the
following pages. In the following data tables, the initial breakthrough time (first when the lowest
detectable permeation rate is evident), the normalized breakthrough time (first when the permeation rate of
0.1 pg/ecm’ /min for open-loop system is detected), and the Steady State Permeation Rate are reported.
During the 480 minutes test period, if a stable permeation rate was not reached, the Steady State
Permeation Rate was not calculated. The cumulative permeation (< 6.0pg in lhour period), as outlined in
NFPA 1951-07, section 8.45.4; “Chemical Permeation Resistance” was used as the pass/fail criteria for the

fabric.
Table |
Permeation Resistance of Red/Black PU Laminated Fabric (ASTM F739-07)
A Average Steady Cumulative
verage .
. Normalized State Permeation per Results

Chemical Challenge Permeation Hour NFPA 1951
Breakthrough e’ Jom? (< 6.0 pg/hr)

Time (min) (ng/em’) (ng/em”) Opg

10 % Acetone in water >480 ND 0 Pass

Dichloromethane in water 24 NA 2.6 Pass

N-Hexane in water >480 ND 0 Pass

10% Sulfuric acid in water >480 ND 0 Pass

Toluene in water >480 ND 0 Pass

Note: ND = Not Detected during the 480 minutes test, NA = Not Attained during the 480 minutes test
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Data / Results:

Red/Black PU laminated fabric against 10 % aqueous Acetone solution

Challenge Chemical: Acetone Collection System: Open-loop
CAS No.: 67-64-1 Chemical Contact Continuous
Chemical Source: Spectrum Chemicals Collection Medium: Nitrogen Gas
Chemical State: Liquid Collection Flow Rate: 100 mL/min
Concentration: 10 % Specimen Area 19.5 cm?
Minimum Detection: 0.04 pg/cm?*/min Analytical Method: GC-FID
Sample Type: PU laminated fabric Sampling Frequency: 3 min.
Condition: New Post Test Conditions: No change
Sampling Location: Not Applicable Test Duration: 480 min
Temp. Nominal: 22.0°C Temp. Range: 21.5-225°C
Results 1-1 | 12 | 13 | Average
Initial Breakthrough Time (min.) >480 >480 >480 >480
Initial Breakthrough Rate (pg/cmz/min) ND ND ND ND
ASTM Normalized Breakthrough Time (min) >480 >480 >480 >480
ASTM Steady State Permeation Rate (ug/cm’ /min) ND ND ND ND
NFPA Cumulative Permeation/1Hr (ug/cm?) 0 0 0 0
Thickness (mm) 0.436 0.435 0.433 0.435
Weight Per Area (g / m2) 1127.2 1129.4 1122.1 1126.3

Note: ND = Not Detected during the 480 minutes test, NA = Not Attained during the 480 minutes test

Permeation Graph:

Red/Black PU laminated fabric against 10% aqueous Acetone solution
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Red/Black PU laminated fabric against saturated aqueous Dichloromethane solution

Challenge Chemical: Dichloromethane Collection System: Open-loop

CAS No.: 75-09-2 Chemical Contact Continuous

Chemical Source: Fisher Scientific Collection Medium: Nitrogen Gas
Chemical State: Liquid Collection Flow Rate: 100 mL/min
Concentration: Aqueous Extract Specimen Area 19.5 cm?

Minimum Detection: 0.007 pg/cm?*/min Analytical Method: GC-FID

Sample Type: PU laminated fabric Sampling Frequency: 3 min.

Condition: New Post Test Conditions: No change

Sampling Location: Not Applicable Test Duration: 480 min

Temp. Nominal: 22.0°C Temp. Range: 21.5-225°C
Results 1-1 | 12 | 13 | Average
Initial Breakthrough Time (min.) 6.0 9.0 18.0 11
Initial Breakthrough Rate (pg/cmz/min) 0.0 0.0 0.0 0
ASTM Normalized Breakthrough Time (min) 30.0 15.0 27.0 24
ASTM Steady State Permeation Rate (ug/cm2 /min) NA NA NA NA
NFPA Cumulative Permeation/1Hr (ug/cm?) 2.3 3.6 2.1 2.6
Thickness (mm) 0.435 0.434 0.433 0.434
Weight Per Area (g / m2) 1117.6 1116.3 1113.6 1115.8

Note: ND = Not Detected during the 480 minutes test, NA = Not Attained during the 480 minutes test

Permeation Graph:

Red/Black PU laminated fabric against saturated aqueous Dichloromethane
solution
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Data / Results:

Red/Black PU laminated fabric against saturated aqueous n-Hexane solution

Challenge Chemical: n-Hexane Collection System: Open-loop
CAS No.: 110-54-3 Chemical Contact Continuous
Chemical Source: Acros Organics Collection Medium: Nitrogen Gas
Chemical State: Liquid Collection Flow Rate: 100 mL/min
Concentration: Aqueous extract Specimen Area 19.5 cm?
Minimum Detection: 0.04 pg/cm?*/min Analytical Method: GC-FID
Sample Type: PU laminated fabric Sampling Frequency: 3 min.
Condition: New Post Test Conditions: No change
Sampling Location: Not Applicable Test Duration: 480 min
Temp. Nominal: 22.0°C Temp. Range: 21.5-225°C
Results 1-1 | 12 | 13 | Average
Initial Breakthrough Time (min.) >480 >480 >480 >480
Initial Breakthrough Rate (pg/cmz/min) ND ND ND ND
ASTM Normalized Breakthrough Time (min) >480 >480 >480 >480
ASTM Steady State Permeation Rate (ug/cm’ /min) ND ND ND ND
NFPA Cumulative Permeation/1Hr (ug/cm?) 0 0 0 0
Thickness (mm) 0.435 0.439 0.434 0.436
Weight Per Area (g / m2) 1115.8 1125.3 1112.7 1118.0

Note: ND = Not Detected during the 480 minutes test, NA = Not Attained during the 480 minutes test

Permeation Graph:

Red/Black PU laminated fabric against saturated aqueous n-Hexane solution
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Red/Black PU laminated fabric against 10% aqueous Sulfuric acid solution
Collection System:

Challenge Chemical:

Sulfuric acid

Closed-loop

CAS No.: 7664-93-9 Chemical Contact Continuous

Chemical Source: Fisher Scientific Collection Medium: Distilled water
Chemical State: Liquid Collection Flow Rate: Not Applicable
Concentration: 10.0 % Specimen Area 19.5 cm?

Minimum Detection 0.06 pg/em’ Analytical Method: Conductivity

Sample Type: PU laminated fabric Sampling Frequency: 2 min.

Condition: New Post Test Conditions: No change

Sampling Location: Not Applicable Test Duration: 480 minutes

Temp. Nominal: 22.0°C Temp. Range: 21.5-225°C
Results 1-1 | 12 | 13 | Average
Initial Breakthrough Time (min.) >480 >480 >480 >480
Initial Breakthrough Conc. (ug/cmz) ND ND ND ND
ASTM Normalized Breakthrough Time (min) >480 >480 >480 >480
ASTM Steady State Permeation (pg/cm?) ND ND ND ND
NFPA Cumulative Permeation/1Hr (ug/cm?) 0 0 0 0
Thickness (mm) 0.435 0.433 0.430 0.433
Weight Per Area (g / m2) 1119.9 1119.5 1098.4 1112.6

Note: ND = Not Detected during the 480 minutes test, NA = Not Attained during the 480 minutes test

Permeation Graph:

Red/Black PU laminated fabric against 10% aqueous Sulfuric acid solution
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Data / Results:

Red/Black PU laminated fabric against saturated aqueous Toluene solution

Challenge Chemical: Toluene Collection System: Open-loop
CAS No.: 108-88-3 Chemical Contact Continuous
Chemical Source: Acros Organics Collection Medium: Nitrogen Gas
Chemical State: Liquid Collection Flow Rate: 100 mL/min
Concentration: Aqueous extract Specimen Area 19.5 cm?
Minimum Detection: 0.04 pg/cm?*/min Analytical Method: GC-FID
Sample Type: PU laminated fabric Sampling Frequency: 3 min.
Condition: New Post Test Conditions: No change
Sampling Location: Not Applicable Test Duration: 480 min
Temp. Nominal: 22.0°C Temp. Range: 21.5-225°C
Results [ 11 | 12 | 13 | Average
Initial Breakthrough Time (min.) >480 >480 >480 >480
Initial Breakthrough Rate (ug/cm’/min) ND ND ND ND
ASTM Normalized Breakthrough Time (min) >48(0 >480 >480 >48(0
ASTM Steady State Permeation Rate (ug/cm’ /min) NA NA NA NA
NFPA Cumulative Permeation/1Hr (ug/cm?) 0 0 0 0
Thickness (mm) 0.421 0.423 0.420 0.421
Weight Per Area (g / m2) 1087.3 1092.6 1087.2 1089.0

Note: ND = Not Detected during the 480 minutes test, NA = Not Attained during the 480 minutes test

Permeation Graph:

Red/Black PU laminated fabric against saturated aqueous Toluene solution
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Photographs:

Figure 1: Red/Black PU laminated fabric

Figure 2: Swatch removed for permeation test
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1.

10.

11.

12.

13.

14.

Client acknowledges that ICS Laboratories (ICS) performs
testing services only as specified by Client. ICS does not design,
warrant, supervise or monitor compliance of products or services
except as specifically agreed to in writing. By their very nature,
testing, analysis, and other ICS services are limited in scope and
subject to expected measurement variability.

Client or Client’s authorized representative shall be afforded the
opportunity to clarify test requests and reasonable access to
monitor test work, provisional to protecting the confidentiality of
other clients.

ICS shall keep documents and information related to Client
confidential and will not disclose any such information to third
parties without client permission. ICS will, however, disclose
any such information in response to legal process after providing
Client with a copy of such process.

ICS Reports apply only to the standards or procedures identified
therein and to the sample (s) tested and or inspection (s) made.
Test and/or inspection results are not indicative or representative
of the qualities of the lot from which the sample was taken or of
apparently identical or similar products.

ICS Reports are for the exclusive use of the Client. They and the
name ICS Laboratories, Inc., or its seals or insignia, are not to be
used by or on behalf of Clients under any circumstances for any
purpose whatsoever, including but not limited to use in
advertising, publicity material or in any other manner without
ICS’s prior written approval.

Any use by Client of ICS’s Reports or the information contained
therein is conditional upon timely payment of all fees.

The name () listed as the “Issued to” party on test reports may
not reflect the actual entity submitting and/or contracting the
assessment.

ICS shall retain copies of Reports and applicable evidentiary test
samples for a period of five years, at which time they will be
disposed. If Client requests additional copies of Reports during
this period, an additional charge will apply for the preparation
and delivery of such reports.

Test reports are valid for certification purposes for one year from
date of issue, inclusive of retest or variant additions which must
be performed within one year of date of issue to avoid full retest.
Samples and portions thereof not destroyed in testing remain the
property of the Client, are retained a maximum of 30 days, and
thereafter may be disposed of or returned to Client at ICS’s
option.

Client is responsible for procuring, at its cost, insurance
protecting the value of its property and samples.

For the safety of our personnel, Client must advise if samples are
known or suspected to contain hazardous substances. Material
Safety Data Sheets must be provided upon request if available.
ICS represents that Services shall be performed within the limits
agreed with Client, and in a manner consistent with good
laboratory practice. NO OTHER REPRESENTATIONS TO
CLIENT, EXPRESS OR IMPLIED, AND NO WARRANTY OR
GUARANTEE IS INCLUDED OR INTENDED IN THIS
AGREEMENT, OR IN ANY OTHER REPORT, OPINION OR
DOCUMENT RELATED TO THE SERVICES. ICS DOES NOT
GUARANTEE PRODUCT COMPLIANCE OR CERTIFICATION.
ICS hereby objects to any conflicting terms contained in any
order or acceptance submitted by Client.

16.

17.

18.

19.

20.

21.

22.

23.

24.

TERMS AND CONDITIONS

15.

Schedules confirmed upon acceptance of quotation. All
reasonable efforts will be made to comply with conferred
schedule. Guarantees are neither implied nor promised.

Certain work may be subcontracted to ICS authorized affiliate
laboratories as required or applicable.

Client agrees to pay any and all additional costs associated with
unexpected or above standard communications and/or
consultations with client or third parties as designated by client.
Client agrees to pay any and all additional costs for work
additional to the original scope of work as agreed to by client.
Client understands and agrees that ICS, in entering into this
Contract and by performing services hereunder, does not assume,
abridge, abrogate or undertake to discharge any duty or
responsibility of Client to any other party or parties. No one
other than Client shall have any right to rely on any Report or
other representation of conduct of ICS and ICS disclaims any
obligations of any nature whatsoever with respect to such person.
CLIENT AGREES, IN CONSIDERATION OF ICS
UNDERTAKING TO PERFORM THE TEST(S) HEREUNDER,
TO PROTECT, DEFEND, INDEMNIFY, SAVE HARMLESS AND
EXONERATE ICS FROM ANY AND ALL CLAIMS, DAMAGES,
EXPENSES EITHER DIRECT OR CONSEQUENTIAL FOR
INJURIES TO PERSONS OR PROPERTY ARISING OUT OF OR
IN CONSEQUENCE OF THE PERFORMANCE OF THE
TESTING, INSPECTIONS AND REPORTS HEREUNDER
AND/OR THE PERFORMANCE OF THE PRODUCTS TESTED
OR INSPECTED HEREUNDER, UNLESS CAUSED BY THE
NEGLIGENCE OF ICS.

IT IS AGREED THAT IF ICS SHOULD BE FOUND LIABLE FOR
ANY LOSSES OR DAMAGES ATTRIBUTABLE TO THE
SERVICES HEREUNDER IN ANY RESPECT, ITS LIABILITY
SHALL IN NO EVENT EXCEED THE AMOUNT OF THE FEE
PAID BY CLIENT FOR SUCH SERVICES AND CLIENT’S SOLE
REMEDY AT LAW OR IN EQUITY SHALL BE THE RIGHT TO
RECOVER UP TO SUCH AMOUNT.

Quotations are valid for 30 days from date of issue. Terms: 30%
Laboratory/Testing fees invoiced and payable upon acceptance of
quotation. Remaining Laboratory/Testing fees invoiced and
payable upon completion of services, 15 days net. Cancelled
jobs will be invoiced for work performed and/or set-up costs
incurred. Cancelled Purchase Orders are subject to 10% service
charge. Shipping costs incurred by ICS will be invoiced at cost
+10% handling fee. A minimum USD $25.00 handling fee will
be invoiced. Shipping costs incurred by the client will be
invoiced a USD $25.00 handling fee.

In the event that payment is not received within 15 days of
invoice date, Client agrees to pay a late payment charge on the
unpaid balance equal to 1-1/2% per month or the maximum
charge allowed by law, whichever is less, and all costs and
expenses, including attorney’s fees where recovery of the same is
not prohibited by law, incurred by ICS in collecting such
invoices.

All costs associated with compliance with any subpoena (s) for
documents, testimony in a court of law, or for any other purpose
relating to work performed by ICS in connection with work
performed for that Client, shall be paid by Client. Client shall
also pay ICS’s then existing standard fee for consulting,
deposition and trial testimony and all expenses related thereto.
Cancelled/discontinued orders: Client responsible for all
administrative and testing charges up to point of cancellation.

ICS Laboratories, Inc. - 1072 Industrial Parkway North - Brunswick - Ohio - 44212 - USA
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