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MEETING OF THE

TECHNICAL CORRELATING COMMITTEE
ON FIRE AND EMERGENCY SERVICES
PROTECTIVE CLOTHING AND EQUIPMENT

24-26 MAY 2011
COLORADO SPRINGS, CO

AGENDA

ROC MEETING FOR NFPA 1951, NFPA 1971, NFPA 1983,
NFPA 1991, NFPA 1992, NFPA 1994

TUESDAY, MAY 24, 2011

(Continuing through the close of business on 26 May)

09.00, Call to order; Chairman Boord

Introduction of Members and Guests, Chairman Boord

Committee Procedures and Staff Liaison Report

Approval of the TCC Minutes of the 3-4 March 2011 Meeting in Orlando

Chairman’s Remarks, Chairman Boord

NFPA 1971 - Modified Glove Issue, Pat Gleason, SEI (see attached memo)

ROC on NFPA 1951, Protective Ensembles for Technical Rescue Incidents

ROC on NFPA 1971, Protective Ensembles for Structural Fire Fighting and Proximity
Fire Fighting

ROC on NFPA 1983, Life Safety Rope and Equipment for Emergency Services

ROC on NFPA 1991, Vapor-Protective Ensembles for Hazardous Materials Emergencies
ROC on NFPA 1992, Liquid Splash-Protective Ensembles and Clothing for Hazardous
Materials Emergencies

ROC on NFPA 1994, Protective Ensembles for First Responders to CBRN Terrorism
Incidents



13

14.

15.
16.

17.

. Task Group Reports

Man In Simulant Test (MIST) Stull
Product Registration / Recall Gleason
Systems Approach for All hazards PPE Ensemble Rossos

TC Chairpersons’ Reports

TC on EMS, Chairman Haskell
TC on ELS, Chairman Varner
TC on HAZ, Chairman Jirka
TC on RPE, Chairman Ross0s
TC on SCE, Chairman Cox
TC on SPF, Chairman King
TC on WFF, Chairman Swan

Old Business

New Business

e Next meeting date and location — September 2011; TCC ROPs on NFPA 1982,
NFPA 1851, NFPA 1852, NFPA 1981, NFPA 1989, NFPA 1855, NFPA 1999

Adjourn at close of business, 26 May 2011
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@ | Batterymarch Park, Quincy, MA 02169-7471 USA
NFPA Phone: +1 (617) 770-3000 Fax: +1 (617) 770-0700 www.nfpa.org

To:  Technical Correlating Committee on Fire and Emergency Services
Protective Clothing and Equipment

From: Steve King, Chairman
Technical Committee on Structural and Proximity Fire Fighting Protective
Clothing and Equipment

Date: April 11, 2011

Re: Modified gloves

At a meeting of the TC on Structural and Proximity Fire Fighting Protective
Clothing and Equipment on April 5-7, 2011, the committee was informed that
there have been inquiries from the fire service about modified gloves that are
also NFPA compliant. In particular, one fire fighter who is missing a ring finger
needs to have a modified glove that is also NFPA compliant. Several clothing
and glove manufacturer members on the TC said they get numerous requests
every year for modified gloves having specific finger protection areas removed.
Currently, if a manufacturer makes a modified glove, they remove the NFPA
certification label. This practice puts the fire fighter in the position of having to
use a non-NFPA compliant glove.

The TC is requesting that the Technical Correlating Committee review this issue
at its next meeting, as it may apply to other types of PPE and standards in the
project beyond NFPA 1971.

Suggested language was provided (see attached), but this text was not
considered for the revision of NFPA 1971 now currently underway until the TCC
has had the opportunity to discuss the issue from a broader perspective.

Thank you for your consideration.



Suggested modified glove text for NFPA 1971:

4.5.6 Where manufacturers construct custom sized or special fitting gloves for
accommodating the special needs of individual firefighters, the manufacturer
shall employ the same manufacturing methods as used in the construction of
required glove sizes.

4.5.6.1 The manufacturer shall notify the certification organization as required in
Section 4.2.8 and shall obtain written approval from the certification organization
prior to proceeding with any modifications to an existing certified glove design.

4.5.6.2 Custom fitting gloves shall be individually evaluated to verify the integrity
of the glove moisture barrier using air or other similar method to ensure that the
glove is constructed in a leak-free manner.

6.7.6.3 Manufacturers shall be permitted to provide deviations in glove design
from the indicated sizing tables for accommodating the special needs of
individual firefighters with specific sizing and fit issues, such as missing fingers.
Where custom sized or special fitted gloves are provided, these gloves shall be
subject to the quality assurance evaluation established in 4.5.6.

6.7.7.1 Where custom sized or special fitted gloves are provided, the glove size
indicated on the label shall be determined by the closest hand dimensions given
in Table 6.7.6.1(a) through Table 6.7.6.1(e) followed by the word “Custom”.

CC: TC on Structural and Proximity Fire Fighting Protective Clothing and
Equipment






















































































































































































































































































































































































































































































































































































































































































































































































































































incorporate an internal standard so adjustments can be made for solvent
evaporation/water condensation during sampling.

8.45.7.5.2.2 If solid sorbent tubes are to be used, each sorbent tube shall be cleaned by
heating and purging; the absence of any residual chemical shall be verified by the
appropriate analysis technique.

8.45.7.5.3 The air delivery shall be flowing filtered air at a temperature of 32°C, +/- 1°C
(90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent, to the collection
side of the test cell at least 15 minutes prior to the application of the challenge chemical.

8.45.7.5.4 With the cell cap removed, one-microliter droplets shall be placed through
~ the agent challenge port of the test cell on the specimen’s outer surface within 20
seconds, according to the procedure determined in 8.45.7.4

8.45.7.5.5 After placing the liquid challenge chemical on the specimen in the test cell,
the cell cap shall be sealed within 5 seconds.

8.45.7.5.5.1 For testing of Class 2 ensemble materials, (this paragraph should be used
in NFPA 1971 and 1994 and 1991) the filiered air at a temperature of 32°C, +/- 1°C
(90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent, shall be flowed
only to the collection side of the test cell a rate of 1.0 LPM, +/- 0.1 LPM. No air shall be
flowed across the challenge side of the test cell.

8.45.7.5.5.2 For testing of Class 3 ensemble materials, (this paragraph should be used
in NFPA 1951 and 1994) the filtered air at a temperature of 32°C, +/- 1°C (90°F, +/-
2°F) and at a relative humidity of 80 percent, +/~ 5 percent, shall be flowed to the
challenge side of the test cell at a rate of 0.3 LPM, +/- 0.03 LPM, and to the collection
sides of the test cell at a rate of 1.0 LPM, +/- 0.1 LPM.

8.45.7.5.6 The challenge chemical in the effluent air stream shall be collected,
measured, and analyzed using either discrete or cumulative methods for 60 minutes, +1.0
/ - 0 minutes.

8.45.7.5.7 The collection media for the challenge chemical shall be analyzed using an
appropriate analytical procedure.

8.45.7.5.8 At least one test shall be conducted with a specimen, but without the
challenge chemical, as a negative control.

8.45.7.5.9* At least one test shall be conducted with an inert impermeable surrogate
specimen as a negative control.

8.45.7.5.10 The results from tests accompanied by unsuccessful negative controls shall
not be used and the test shall be repeated.

8.45.7.6 Procedure for Gas or Vapor Challenge Chemicals

8.45.7.6.1 The test cell shall be mounted horizontally and connected to the air delivery
system in the environmental chamber at 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative
humidity of 80 percent, +/- 5 percent. All connections shall be secured.

8.45.7.6.2 The air delivery shall be connected and flowing 1 LPM of filtered air at a
temperature of 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/-
5 percent, to the collection side of test cell at least 15 minutes prior to the initiation of any
gas or vapor challenge chemical.

8.45.7.6.3 The calibrated analytical detection system shall be assembled and initiated
according to its instructions.

8.45.7.6.4 The initiation of the test shall occur when the gas or vapor challenge chemical
is introduced into the challenge side of the test cell.

6
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8.45.7.6.4.1 The supply of the gas or vapor challenge chemical shall be sufficient to
maintain the gas or vapor challenge chemical concentration during the exposure period of
60 minutes + 1.0 / -0.0 minutes. _

8.45.7.6.4.2 The gas or vapor challenge chemical shall be at a temperature of 32°C, +/-
1°C (90°F, +/- 2°F).

8.45.7.6.4.3 For testing of Class 2 ensemble materials, (this paragraph should be used
in NFPA 1971 and 1994 and 1991) the concentration of the gas or vapor challenge
chemical shall be 350 ppm, + 35 /-0 ppm.

8.45.7.6.4.4 For testing of Class 3 ensemble materials, (this paragraph should be used
in NFPA 1951 and 1994) the concentration of the gas or vapor challenge chemical shall
be 40 ppm, +10 /-0 ppm.

8.45.7.6.5 The challenge chemical in the effluent air stream shall be collected,
measured, and analyzed using either discrete or cumulative methods for 60 minutes, +1.0
/ -0 minutes.

8.45.7.6.6 The collection media for the challenge chemical shall be analyzed using an
appropriate analytical procedure.

8.45.7.6.7 At least one test shall be conducted with the specimen, but without the
challenge chemical, as a negative control.

8.45.7.6.8* At least one test shall be conducted with an inert surrogate specimen as a
negative control.

8.45.7.6.9 The results from tests accompanied by unsuccessful negative controls shall
not be used and the test shall be repeated.

8.45.7.7 Test conclusion, test cell cleaned, and specimen disposal

8.45.7.7.1 At the conclusion of the test, the test cell shall be purged and the air delivery
and analytical system shall be shut down.

8.45.7.7.2 Each cell shall be disassembled one at a time.

8.45.7.7.3 The tested specimen shall be inspected for degradation or other obvious
abnormalities; these observations shall be recorded with the test results.

8.45.7.7.4 Disposal of tested specimens and other supplies shall be handled according to
local, state, federal or other applicable regulations.

8.45,7.7.5 Each component of the test cell shall be rinsed with acetone or other
appropriate solvent o remove residual chemicals.

8.45.7.7.6 The cell shall be allowed to air dry in a clean area for 24 hours before reuse.

8.45.8 Report :

8.45.8.1 The cumulative permeation in one hour shall be calculated, recorded, and
reported in pg/em® for each specimen for each challenge chemical.

8.45.8.1.1 If no challenge chemical is detected at the end of the 60 minute test period,
then the cumulative permeation shall be recorded and reported as less than the minimum
detectable mass per unit area for the specific chemical being tested.

8.45.8.2 The average cumulative permeation shall be calculated and reported by
averaging the results from all specimens for each challenge chemical.

8.45.8.2.1 For the calculation of average cumulative permeation, if the results of one or
more of the specimens tested is less than the minimum detectable cumulative permeation
then use the minimum detectable cumulative permeation as the result for those
specimens.
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8.45.8.2.2 For the calculation of average cumulative permeation, if the results of all the
specimens tested are less than the minimum detectable cumulative permeation then the
average cumulative permeation is reported as the minimum detectable cumulative
permeation,

8.45.8.3 Report the thickness and weight per unit area of each specimen.

8.45.8.4 Report any observations of degradation or other abnormalities at the conclusion
of the testing of each specimen.

8.45.9 Interpretation

8.45.9.1 The average cumulative permeation for each challenge chemical shall be used
to determine pass or fail performance.

8.45.10 Specific Requirements for the CBRN Barrier layer of Garments, Hoods,
and Booties.

For NFPA 1951 see the existing text in section 8.45.7 of the 2007-edition Standard

For NFPA 1971 see the existing text in section 8.67.7 of the 2007-edition Standard

For NFPA 1991 see the existing text in section 8.6.7 of the 2005-edition Standard

For NFPA 1994 see the existing text in section 8.7.7 of the 2007-edition Standard

8.45.11 Specific Requirements for Testing the CBRN Barrier Layer of Visors

There is no specific text given for visors in NFPA 1951, 1971, or 1991

For NFPA 1994 see the existing text in section 8.7.8 of the 2007-edition Standard

8.45.12 Specific Requirements for Testing the CBRN Barrier Layer of Gloves

For NFPA 1951 see the existing text in section 8.45.9 of the 2007-edition Standard

For NFPA 1971 see the existing text in section 8.67.9 of the 2007-edition Standard

For NFPA 1991 see the existing text in section 8.6.8 of the 2005-edition Standard

For NFPA 1994 see the existing text in section 8.7.9 of the 2007-edition Standard

8.45.13 Specific Requirements for Testing the CBRN Barrier Layer of Footwear

For NFPA 1951 see the existing text in section 8.45.10 of the 2007-edition Standard

For NFPA 1971 see the existing text in section 8.67.10 of the 2007-edition Standard

For NFPA 1991 see the existing text in section 8.6.9 of the 2005-edition Standard

For NFPA 1994 see the existing text in section 8.7.10 of the 2007-edition Standard

8.45.14 Specific Requirements for Testing the CBRN Barrier Layer's seams of
Garments, Hoods, Booties, Visors, and Gloves

For NFPA 1951 see the existing text in section 8.45.8 of the 2007-edition Standard

For NFPA 1971 see the existing text in section 8.67.8 of the 2007-edition Standard

For NFPA 1991 see the existing text in section 8.6.10 of the 2005-edition Standard

For NFPA 1994 see the existing text in section 8.7.11 of the 2007-edition Standard

Annex:

A.8.45.4.5 It is essential that the air delivery system provide precise flow to each test
cell and achieve the specified temperature and humidity conditions. This delivery is
controlled by the conditioning of the incoming air to achieve the temperature and
humidity conditions before reaching each test cell and is monitored by separate flow
meters or controllers for each test cell.

A.8.45.4.6 The performance requirement is based on a cumulative measurement;
however discrete measurements can be used to determine this. These discrete
measurements must be able to account for all of the permeating challenge chemical. This
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means that the frequency of the discrete sampling must be almost continuous, at least
sampling once per minute, preferably sampling two to four times per minute, or more.

The efficacy of the selected sampling and analysis approach should be validated for
each challenge chemical through the use of procedures where a known amount of the
challenge chemical, representative of a cumulative permeation close to the minimum
requirement, is injected into the collection medium of a trial test. The selected sampling
and anatytical approach should be able to demonstrate a mass recovery of 95% or better
to be considered a valid part of the procedures.

A.8.45.5.2 Viton® O-rings have been found to be compatible with the challenge
chemicals.

A.8.45.5.2.1 One procedure to determine the compatibility of O-ring material with the
challenge chemicals would be to place the O-rings in contact with the challenge chemical
for a petiod of 4 hours. Remove the O-ring from contact with the challenge chemical and
observe for any physical changes or signs of degradation.

A.8.45.5.3 Aluminum foil with a thickness of /3™ of an inch has been found to be
acceptable.

A.8.45.6.2.2 Aluminum foil with a thickness of '/3," of an inch has been found to be
acceptable. :

A.8.45.6.3 Tt is recommended that the concentrations for the gases be achieved by
ordering prepared gas mixtures at the prescribed concentration.

A.8.45.7.5.9 Aluminum foil with a thickness of '/3,™ of an inch has been found to be
acceptable.

A.8.45.7.6.8 Aluminum foil with a thickness of '/," of an inch has been found to be
acceptable.
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Report on Comments — November 2011 NFPA 1991
hour shall not exceed 6. 0 pg / em”.

7.3.2 Primary suit visor materials shall be tested for permeation resistance as specified in Section 8.6.4.2 and shall
meet the following performance criteria:

1. For permeation testing. of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2- chloroethyl)
sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 ig / e’

2. For permeation testing of the liquid chemical warfare agent Sarin [GB, or isopropyt methyl phosphonofluoridate, CAS
107-44-8] the average cumulative permeation in one hour shall not exceed 1.25 pg / on’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyi ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 pg/ o’

4, For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 pg / cm”.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 pg / cm”.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not excead 6. 0 ug / c’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 ug / e,
Replace existing 7.3.7, 7.3.8 and 7.3.9 in the pre-print with the following 7.3.7.

7.3.7 Primary suit visor material seams shall be tested for permeation resistance as specified in Section 8.6.4.2 and
shall meet the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2- chloroethyl)
sulfide, CAS 505-60-2], the average cumuiative permeation in one hour shall nct exceed 4.0 |ig/ om’.

2. For permeation testing of the liquid chemical warfare agent Sarin {GB, or isopropyl methyl phosphonofluoridate, CAS
107-44-8] the average cumulative permeation in one hour shall not exceed 1.25 pg/ om’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 pg /o,

4, For permeation testing of the chemical gas acrolem (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 pg / cm’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 pg / cm’.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumutative permeation in
one hour shall not exceed 6. 0 g fem’.

7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 pg / o,

7.4.2 Primary glove materials and seams shall be tested for permeation resistance as specified in Section 8.6.4.2 and
shall meet the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2- chloroethyl)
sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 pg / cm’.

2. For permeation testing of the liquid chemical warfare agent Sarin [GB, or isopropyl methyl phosphonoflucridate, CAS
107-44-8] the average cumulative permeation in one hour shall not exceed 1.25 ug/ cm’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 pg / o’

4. For permeation testing of the chemical gas acrolein {allyl aldehyde, CAS 107-02-8), the average cumulative
pemmeation in one hour shall not exceed 6.0 ug / cm'’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 pg / cm’.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6. 0 pg / cm’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 pg / o’

7.5.2 Primary footwear upper materials and seams shall be tested for permeation resistance as specified in Section
8.6.4.2 and shall meet the following performance criteria:
1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2- chloroethyl)
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Report on Comments — November 2011 NEPA 1991

sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 pg f cm’.

2. For permeation testing of the liquid chemical warfare agent Sarin [GB, or isopropyl methyl phosphonofluoridate, CAS
107-44-8] the average cumulative permeation in one hour shall not exceed 1.25 pg / em®.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug / cm®.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 pg / cm’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 pg / cm’.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6. 0 pg / cm?®.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 pg / cm®.

8.6 Chemical Permeation Resistance Test.

8.6.1 Application.

8.6.1.1 This test method shall apply to suit, visor, glove, and footwear element materials, and shall apply o the
elements’ seams.

8.6.1.2 Modifications to this test method for testing suit materials after flexing and abrading shall be as specified in
86.7.

8.6.1.3 Modifications to this test method for testing glove materials after flexing and abrading shall be as specified in
8.6.8.

8.6.1.4 Modifications to this test method for testing footwear materials after flexing and abrading shall be as specified
in 8.6.9.

8.6.1.5 Modifications to this test method for testing seams shall be as specified in 8.6.10.

8.6.1.6 Modifications to this test for testing primary materials against liquefied gases shall be as specified in 8.6.11.

8.6.1.7 Modifications to this test for testing suit, visor, glove, and feotwear materials following cold temperature
embrittlement exposure shall be as specified in 8.6.12.

8.6.2 Samples

8.6.2.1 Samples for conditioning shall be as specified according to the specific requirements in 8.6.7, 8.6.8, 8.6.9,
8.6.10, 8.6.11 and 8.6.12 as appropriate.

8.6.2.2 Samples shall be conditioned as specified according to the specific requirements in 8.6.7, 8.6.8, 8.6.9, 8.6.10,
8.6.11 and 8.6.12 as appropriate.

8.6.2.3 Samples shall then be cut o the specimen size.

8.6.2.4 All layers of the samples during conditioning shall be present and configured in the order and orientation as
worn.

8.6.3 Specimens

8.6.3.1 Specimens shall be of the size required to fit the permeation test cell.

8.6.3.2 A minimum of three specimens shall be tested against each challenge chemical.

8.6.3.3 Any outer layer or other composite layers normally worn over the specimen shall be permitted to be included on
top of the specimen in the test. Place the outer layer or other composite layers on the test specimen through the cell cap
port after the test cell has been assembled.

8.6.3.4 if the specimen is the outer most layer of the composite then it shall be tested without any additional layers on
top.

8.6.3.5 Any separable layers normally worn underneath the specimen shall not be permitted to be included in the test.

8.6.3.6 Specimens with non-uniform surfaces shall be permitted to be treated with an impermeable nonreactive sealant
outside the area of the specimen exposed to the challenge chemical in order to allow sealing of the test cell to a uniform
surface of the specimen.

8.6.3.7 Following any sample preparation, the specimens shall be conditioned at a temperature of 32° C +/- 1° C (90°
F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent, for at least twenty-four hours prior to testing in
accordance with paragraph 8.6.4.2.

8.6.4 Procedures.

8.6.4.1 Industrial Chemicals. ‘

8.6.4.1.1 Permeation resistance shall be measured in accordance with ASTM F 739, Standard Test Method fo
Resistance of Prolective Clothing Materials to Permeation by Liquids and Gases, at 27°C, £2°C (81°F, +3°F) for a test
duration of at least 3 hours for the following chemicals:

(1) Acetone
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Report on Comments — November 2011 NFPA 1991

(2) Acetonitrile

{3) Anhydrous ammonia {gas)
(4} 1,3-Butadiene {gas}

(5) Carbon disuifide

(8) Chlorine (gas)

{7) Dichloromethane

(8) Diethyl amine

(9) Dimethyl formamide

(10) Ethyl acetate

(11) Ethylene oxide (gas)
{12) Hexane

(13} Hydrogen chioride (gas)
(14) Methanol

{15) Methyl chloride (gas)
{16) Nitrobenzene

(17) Sodium hydroxide

(18) Sulfuric acid

{19) Tetrachloroethylene
{20) Tetrahydrofuran

(21) Toluene
8.6.4.1.2 The minimum detecfable permeation rate for the permeation test apparatus shall be measured for each

chemical tested. The minimum detectable permeation rate shall be less than or equal to 0.10 pg / cm’/min for all
permeation resistance tests, When using closed loop systems, the testing laboratory shall assume 1 hour accumulated
permeation.

8.6.4.2 Chemical Warfare Agents.

8.6.4.2.1 Apparatus

8.6.4.2.1.1 A controlled environmental chamber shall be used to maintain the test cell, air flow control system, and
reagent chemicals within +/- 1.0° C (+/- 2.0° F) of the test temperature and +/- 5 percent of the test relative humidity.
The controlled environment chamber shall be sized so that it can be used for conditioning test materials, test cells when
not in use, challenge chemicals, and other test apparatus prior to testing, as well as holding the test cells horizontafly
during use while connected to the air delivery system with manifold and to the effluent sampling mechanism.

8.6.4.2.1.2 The test cell shall be a two-chambered cell for contacting the specimen with the challenge chemical on the
specimen’s narmal outside surface and for flowing a collection medium on the specimen’s normal inside surface, which
meets the test cell requirements for the Liquid Challenge/Vapor Penetration (L/V) Test Cell specified in TOP 8-2-501
and shown in Figure 8.6.4.2.1.2 (1), and with the following additional specifications:

(1) The test cell is configured to separately permit flow across the challenge side and the collection side, and to allow
the challenge side to be exposed for the placement of challenge chemical.

{2) The sample support plate and compression plate shall be modified as shown in Figure 8.6.4.2.1.2 (2), Figure
8.6.4.2.1.2 (3), and Figure 8.6.4.2.1.2 {4), to permit the O-rings to be closer to the exposed surface area of the
specimen.

(3) The cell cap shall have a smooth solid surface facing the test specimen, i.e. no opening ports for cell integrity
testing.

(4) Ports for testing the integrity of the assembled test cell shall be mounted on the inlet fittings on both the upper body
and lower body of the test cell.

we*insert the folfowing Figures from Log 32 Here****

8.6.4.2.1.2 (1) Liquid Challenge/Vapor Penetration (L/V) Test Cell {from Log 32 Figure 8.7.4.1.4 Liquid Challenge/Vapor
Penetration {L/V) Test Cell).

8.6.4.2.1.2 (2) Modifications to Sample Support Plate and Compression Plate (from Log 32 Figure 8.7.4.1.4(2)-1
Maodifications to Sample Support Plate and Compression Plate).

8.6.4.2.1.2 (3} Specific Modifications to Compression Plate (from Log 32 Figure 8.7.4.1.4(2)-2 Specific Modifications to
Compression Plate).

8.6.4.2.1.2 (4) Specific Modifications to Sample Support Plate (from Log 32 Figure 8.7.4.1.4(2)-3 Specific Modifications
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Report on Comments — November 2011 NFPA 1991
to Sample Support Plate).

8.6.4.2.1.3* An air delivery system and manifold shall be used to provide oil-free, conditioned air to the test cellffidures
at a rate of 2 standard liters per minute (SLPM) per test celiffixture with a temperature precision of +/-0.2° Cand a
relative humidity precision of +/- 5 percent. The manifold is designed to deliver 0.3 L/min for the challenge side of the
test cell and 1 L/min for the collection side of the test cell and maintain at the test temperature. All parts of the air
delivery system and manifold must be chemically inert and non-absorptive to the challenge chemical.

8.6.4.2.1.4* An analytical system shall be used to evaluate the amount of challenge chemical in the effluent air
streams from the collection side of the test cell and shall be selected to provide the ability to measure the challenge
chemical at 0.1 pgicm’ over the test exposure period. The analytical system shall be permitted to include a bubbler tube,
solid sorbent, or real time chemical analyzer. Effuent sampling shall be permitied to be taken discretely or cumulatively;
however the selected analytical system shall be able to determine all of the challenge chemical permeating through the
specimen in 60 minules.

8.6.4.2.1.5 A vacuum pump capable of creating vacuum of at teast 5 inches water column shall be used for testing the
integrity of the assembled test cell.

8.6.4.2.1.6 A manometer or pressure gage capable of measuring pressures or vacuums to 10 inches water column,
with an accuracy of 5 percent of scale, shall be used for testing the integrity of the assembled test cell.

8.6.4.2.2 Supplies

8.6.4.2.2.1 Syringe needles, capable of delivering one-microliter droplets, +/- 1%, of the challenge chemical, shall be
used for dispensing liquid challenge chemical onto the sufface of the specimen in the test cell.

8.6.4.2.2.2* Replacement O-rings shall be available for use in the permeation test cell.

8.6.4.2.2.3" If unknown, the compatibility of the O-ring materiat with the challenge chemical shall be verified before
use.

8.6.4.2.2.4 If an O-ring shows any signs of chemical degradation in the form of softening, hardening, swelling,
deterioration, or loss of shape, or function, an O-ring of different material shali be used that does not show chemical
degradation.

8.6.4.2.2.5* An inert impermeable surrogate material shall be used as a negative control during validation tests.

8.6.4.2.3 Chemicals

8.6.4.2.3.1 The following challenge chemicals shall be tested as liquids:

(1) Liquid chemical warfare agents

(a) Sulfur mustard, disfitled {HD, or bis (2- chloroethyl) sulfide, CAS 505-60-2]

(b) Soman [GD, ar O-Pinacolyl methylphosphonofluoridate, CAS 96-64-0]

{2) Liquid toxic industrial chemical

(a) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS 77-78-1)

8.6.4.2.4 Process for Determining the Mass of Liquid Chemical Challenge Applied

8.6.4.2.4.1 Prior to assembling the test cell and conducting the test, the mass of the applied chaltenge chemical shall
be determined using the following procedure.

8.6.4.2.4.2* The challenge chemical shall be applied to an inert impermeable surrcgate specimen in the pattern
described in 8.6.4.2.7.

8.6.4.2.4.3 Alter application, the inert impermeable surrogate specimen shall be visually inspected to verify that the
liquid chemical challenge was correctly applied.

8.6.4.2.4.4 The inert impemeable surrogate specimen with the applied liquid chemical challenge shall be placed in a
closed large vial containing a known volume of solvent compatible with the following analysis procedure.

8.6.4.2.4.5 The large vial with solvent and impermeable surrogate specimen with the applied liquid challenge chemical
shall be agitated for at least 1 hour to ensure complete extraction of the challenge chemical.

8.6.4.2.4.6 After agitation the solvent vial shalt be removed and submitted for analysis of the liguid challenge chemical
using a procedure capable of detecting 1.0 mg of the liquid challenge chemical.

8.6.4.2.4.7 Using the mass of the fiquid challenge chemical detected in the extraction procedure and the exposed area
of the test specimen defined by the test cell, the exposure concentration shafl be 100 g/m’ (+10.0/-0.0 glmz).

8.6.4.2.4.8 The number of ten-microliter liquid droplets shall be adjusted to conform to the 100 gim2 (+10.0 /- 0.0 g/m?)
concentration requirement.

8.6.4.2.4.9* The following challenge chemicals shall be tested as gases or vapors in dry air or nitrogen.

(1) Ammonia {NH,, CAS 7664-41-7)

(2) Chilorine (Cl,, CAS 7782-50-5)

(3) Acrolein (allyl aldehyde, CAS 107-02-8)
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(4} Acrylonitrile (VCN, cyanocethylene, CAS 107-13-1)

8.6.4.2.5 Preconditioning

8.6.4.2.5.1 The challenge chemicals, test specimen, test equipment, and test cell assembly shall be piaced in the
environmental chamber for a minimum of twenty-four hours at 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity
of 80 percent, +/- & percent, prior to testing.

8.6.4.2.5.2 Test Cell Assembly

***INSERT FIGURE 8.7.5.2.1 from Log 32, Permeation Cell Assembly, Renumber 8.6.4.2.5.2. Here®***

8.6.4.2.5.3 The test cell shall be assembiled in the environmental chamberat 32° C, +~- 1°C{90°F, +/~2°F)and ata
relative humidity of 80 percent, +/- 5 percent.

8.6.4.2.5.4 An O-ing shall be placed on the lower body of the test cell.

8.6.4.2.5.5 The sample support plate shall be ptaced on QO-ring #1 and O-ring #2 shall be placed in the groove on the
sample support plate.

8.6.4.2.5.6 The specimen shall be removed from the conditioning location in the environmental chamber and sha!l be
placed on top of the sample support plate with O-ring #3 placed over the specimen.

8.6.4.2.5.7 With the upper body of the test cell upside down, O-ring #4 shall be placed in the upper body of the test
cell and the compression plate shall be positioned over O-ring #4.

8.6.4.2.5.8 The upper body of the test cell with O-ring #4 and the compression plate, shall be inverted, aligned with the
lug posts, and joined with the lower body of the test cell.

8.6.4.2.5.9 Using the four cell sealing lugs, the cell halves shall be clamped together and 51.8 cm-kg (45 m—lbs) of
torque shalt be applied to each lug to ensure a proper cell seal.

8.6.4.2.5.10 O-ring #5 shall be inserted into the groove around the agent chalienge port in the upper body of the test
cell and the cell cap shall be screwed into place.

8.6.4.2.5.11 The integrity of the test cell assembly shall be verified using the procedure in 8.6.4.2.6.

8.6.4.2.5.12 Each test cell shalt be labeled with the challenge chemical to be used in it.

8.6.4.2.6 Verification of Test Cell integrity

8.6.4.2.6.1 Test cell integrity shall be performed in the environmental chamber at32°C,+-1°C(90°F, +/-2° F) and
at a relative humidity of 80 percent, +/- 5 percent.

8.6.4.2.6.2 Valves on the outlet ports of the upper and lower body of the test cell shall be closed.

8.6.4.2.6.3 Both the upper and lower body inlet ports of the test cell shall be connected to a manometer.

8.6.4.2.6.4 Both inlet ports shall be connected to a vacuum and the test cell upper body and test cell lower body shall
be depressurized to 75 mm (3 inch) water column pressure.

8.6.4.2.6.5 If the test cell pressure drops below 50 mm (2 inch) of water column within 2 minutes, the test cell shall be
reassembled according to the steps in 8.6.4.2.5.2.

8.6.4.2.6.6 Only test cells that have passed this integrity test shall be used for testing.

8.6.4.2.7 Determination of Procedure for Applying Liquid Challenge Chemicals

8.6.4.2.7.1 The liquid chemical challenge concentration shall be 100 g/m?(+10.0 / -0.0 g/m?).

8.6.4.2.7.2 The number of ten-microliter droplets shall be permitted to vary depending on the density of the liquid
chemical chalienge. Eight droplets shall be applied evenly spaced around the perimeter. The remaining droplets shall be
placed in the center, if more than one droplet is required in the center, then the droplets shall be spaced 8.1 mm (1/3 in)
apart. For seams, the droplets in the center shall be spaced along the seam juncture.

8.6.4.2.7.3 A mechanical or automated device shall be permitted for uniformly digpensing the droplets onto the surface
of the specimen.

8.6.4.2.7.4 When testing any liquid chemical, a quality contro! trial shall be conducted to verify that the application
process delivers 100 g/m” (+10.0 / - 0.0 g/m") using the procedures in 8.6.4.2.4.

8.6.4.2.8 Procedure for Liquid Chemical Challenge

8.6.4.2.8.1 The test cell shall be mounted horizontaily and connected to the air delivery system in the environmental
chamber at 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent All connections shall
be secured.

8.6.4.2.8.2 The calibrated analytical detection system shall be assembled and initiated according to its instructions.

8.6.4.2.8.2.1 lf bubblers are used, each bubbler shall be filled with the proper collection solvent using a calibrated
pipette or equivalent device; the collection selvent shall incorporate an internal standard so adjustments can be made
for solvent evaporation/water condensation during sampling.

8.6.4.2.8.2.2 If solid sorbent tubes are to be used, each sorbent tube shall be cleaned by heating and purging; the
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absence of any residual chemical shall be verified by the appropriate analysis technique.

8.6.4.2.8.3 The air delivery shall be flowing filtered air at a temperature of 32° C, +/~-1° C (90° F, +/- 2° F) and at a
refative humidity of 80 percent, +/- 5 percent, o the collection side of the test cell at least 15 minutes prior to the
application of the challenge chemical.

8.6.4.2.8.4 With the cell cap removed, one-microfiter droplets shall be placed through the agent challenge port of the
1est cell on the specimen’s outer surface within 20 seconds, according to the procedure determined in 8.6.4.2.7.

8.6.4.2.8.5 Afier placing the liquid challenge chemical on the specimen in the test cell, the cell cap shall be sealed
within 5 seconds.

8.6.4.2.8.5.1 The filtered air at a temperature of 32° C, +/- 1° C (80° F, +/- 2° F) and at a relative humidity of 80
percent, +/- 5 percent, shall be flowed only to the collection side of the test cell a rate of 1.0 LPM, +/- 0.1 LPM. No air
shall be flowed across the challenge side of the test cell.

8.6.4.2.8.6 The challenge chemical in the effluent air stream shall be collected, measured, and analyzed using either
discrete or cumulative methods for 60 minutes, +1.0 /- 0 minutes.

8.6.4.2.8.7 The collection media for the challenge chemical shali be analyzed using an appropriate analytical
procedure.

8.6.4.2.8.8 At least one test shall be conducted with a specimen, but without the challenge chemical, as a negative
control.

8.6.4.2.8.9* At least one test shall be conducted with an inert impermeable surrogate specimen as a negative control.

8.6.4.2.8.10 The results from tests accompanied by unsuccessful negative controls shall not be used and the test shall
be repeated.

8.6.4.2.9 Procedure for Gas or Vapor Challenge Chemicals

8.6.4.2.9.1 The test cell shall be mounted horizontally and connected to the air delivery system in the environmental
chamber at 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent. All connections shall
he secured.

8.6.4.2.9.2 The air delivery shall be connected and flowing 1 LPM of filtered air at a temperature of 32° C, +/- 1° C (90°
E, +/- 2° F) and at a relative humidity of 80 percent, 4/- 5 percent, to the collection side of test cell at ieast 15 minutes
prior to the initiation of any gas or vapor challenge chemical.

8.6.4.2.9.3 The calibrated analytical detection system shall be assembled and initiated according to its instructions.

8.6.4.2.9.4 The initiation of the test shall occur when the gas or vapor challenge chemical is introduced into the
challenge side of the test cell. _

8.6.4.2.9.4 .1 The supply of the gas or vapor challenge chemical shall be sufficient to maintain the gas or vapor
challenge chemical cencentration during the exposure period of 60 minutes + 1.0/ -0.0 minutes.

8.6.4.2.9.4.2 The gas or vapor challenge chemical shall be at a temperature of 32° C, +/- 1° C (80° F, +/- 2° F).

8.6.4.2.9.4.3 The concentration of the gas or vapor challenge chemical shall be 99% or greater.

8.6.4.2.9.5 The challenge chemical in the effluent air stream shall be collected, measured, and analyzed using either
discrete or cumulative methods for 60 minutes, +1.0 /-0 minutes.

8.6.4.2.9.6 The collection media for the challenge chemical shalf be analyzed using an appropriate analytical
procedure.

8.6.4.2.9.7 At least one test shall be conducted with the specimen, but without the challenge chemical, as a negative
control.

8.6.4.2.9.8" At least one test shall be conducted with an inert surrogate specimen as a negative control.

8.6.4.2.9.9 The results from tests accompanied by unsuccessful negative controls shall not be used and the test shall
be repeated.

8.6.4.2.10 Test conclusion, test cell cleaned, and specimen disposal

8.6.4.2.10.1 At the conclusion of the test, the {est cell shall be purged and the air delivery and analytical system shall
be shut down.

8.6.4.2.10.2 Each cell shall be disassembled one at a time.

8.6.4.2.10.3 The tested specimen shall be inspected for degradation or other obvious abnomalities; these
observations shall be recorded with the test results. .
- 8.6.4.2.10.4 Disposal of tested specimens and other supplies shall be handied according to local, state, federal or
other applicable regulations.

8.6.4.2.10.5 Each component of the test cell shall be rinsed with acetone or other appropriate solvent to remove
residual chemicals.

8.6.4.2.10.6 The cell shall be allowed fo air dry in a clean area for 24 hours before reuse.

8.6.5 Report

8.6.5.1 Industrial Chemicals.

8.6.5.1.1 The following information and resulis shall be recorded and reported:
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(1} Material type or name

{2) Chemical or chemical mixture (volume composition of mixture)

(3) Permeation normalized breakthrough detection time in minutes calculated at a system detectable permeation rate
of 0.10 pg / cm’/min for industrial chemicals

(4) Maximum permeation rate (g / cm’/min) observed for industrial chemicals

(5} Minimum deteclable rate for test apparatus (ug / cmzlmin) for industrial chemicals

{6) Cumulative permeation mass (pg / em’) for chemical warfare agents

{7) Minimum detectable cumulative permeation mass (ig/fcm) for chemical warfare agents

(8) Detection method

{9) Date of test

(10) Testing laboratory

8.6.5.1.2 The manufacturer shall report all three measured normalized breakthrough detection times or cumulative
permeation masses in the technical data package.

8.6.5.1.3 The manufacturer shall report all three observed permeation rates in the technical data package for industrial
chemicals.

8.6.5.2 Chemical Warfare Agents.

8.6.5.2.1 The cumulative permeation in one hour shall be calculated, recorded, and reported in pg/cm’ for each
specimen for each challenge chemical.

8.6.5.2.1.1 If no challenge chemical is detected at the end of the 60 minute test period, then the cumulative
permeation shall be recorded and reporied as less than the minimum detectable mass per unit area for the specific
chemical being tested.

8.6.5.2.2 The average cumulative permeation shall be calculated and reported by averaging the results from all
specimens for each challenge chemical.

8.6.5.2.2.1 For the calculation of average cumulative permeation, if the results of one or more of the specimens tested
is less than the minimum detectable cumulative permeation then use the minimum detectable cumulative permeation as
the result for those specimens.

8.6.5.2.2.2 For the calculation of average cumulative permeation, if the results of ali the specimens tested are less
than the minimum detectable cumulative permeation then the average cumulative permeation is reported as the
minimum detectable cumulative permeation.

8.6.5.2.3 Report any observations of degradation or other abnormalities at the conclusion of the testing of each
specimen.

8.6.6 Interpretation.

8.6.6.1 Industrial Chemicals.

8.6.6.1.1 For industrial chemicals, the average nomalized breakthrough detection time shall be used in determining
compliance for the particular material/chemical combination.

8.6.6.1.2 For chemical warfare agents, the average cumulative permeation mass shall be used in determining
compliance for the particular material/chemical combination.

8.6.6.2 Chemical Warfare Agents.

8.6.6.2.1 The average cumulative permeation for each challenge chemical shall be used to determine pass or fail

performance.

Annex:
A8.6.4.2.1.3 ltis essential that the air delivery system provide precise flow to each test cell and achieve the specified

temperature and humidity conditions. This delivery is controlled by the conditioning of the incoming air to achieve the
temperature and humidity conditions before reaching each test cell and is monitored by separate flow meters or
controllers for each test cell.

A_8.6.4.2.1.4 The performance requirement is based on a cumulative measurement; however discrete measurements
can be used to determine this. These discrete measurements must be able to account for the total amount of the
challenge chemical permeating. This means that the frequency of the discrete sampling must be almost continuous, at
teast sampling once per minute, preferably sampling two to four times per minute, or more.

The efficacy of the selected sampling and analysis approach should be validated for each chatlenge chemical through
the use of procedures where a known amount of the challenge chemical, representative of a cumulative permeation
close to the minimum requirement, is injected into the collection medium of a trial test. The selected sampling and
analytical approach should be able to demonsirate a mass recovery of 95% or better at test conditions to be considered
a valid part of the procedures.

A.8.6.4.2.2.2 Viton® O-rings have been found {o be compatible with the challenge chemicals.
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A.8.6.4.2.2.3 One procedure to determine the compatibility of O-ring material with the challenge chemicals would be to
place the O-rings in contact with the challenge chemical for a period of 4 hours. Remove the O-ring from contact with
the challenge chemical and observe for any physical changes or signs of degradation,

A.8.6.4.2.2.5 Aluminum foil with a thickness of 1/32™ of an inch has been found to be acceptable.

A.8.6.4.2.4.2 Aluminum foil with a thickness of 1/32™ of an inch has been found to be acceptable.

A.8.6.4.2.4.9 Itis recommended that the concentrations for the gases be achieved by ordering prepared gas mixtures
at the prescribed concentration.

A.8.6.4.2.8.9 Aluminum foil with a thickness of 1/32™ of an inch has been found to be acceptable.

A.8.6.4.2.9.8 Aluminum foil with a thickness of 1/32™ of an inch has been found to be acceptable.

Committee Statement: The technical committee accepted the proposal in principle, and revised the text as shown in
the meeting action to reflect additional task group work since the original comment was submitted.
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1991-21  Log#13 FAE-HAZ Final Action: Reject
(7.8.5 and 8.28)

Submitter: Peter Kirk, Sainf-Gobain Petformance Plastics

Comment on Proposal No;: 1991-39

Recommendation: Delete the requirement for an additional overall ensemble flash fire test and test method found in
paragraph 7.8.5 and section 8.28, respectively.

Substantiation: An overall fiash fire test requirement and procedure is already provided in NFPA 1991-2005. The
adoption of this comment adds a second test and is redundant. It is also inappropriate and problematic for several
reasons:

1. ASTM F1930 was never intended for evaluating non-form fitting garments and instead is mainly apptied fo relatively
tight-fitting uniforms and clothing (e.g., NFPA 2112). The test is not appropriate for encapsulating suit ensembles, which
generally remain inflated and off of the wearer's body because of the exhalation air from the SCBA resulting in little
contact of the suit materials with the wearer's skin. Heat transfer will only be measured if the suit material happens to
contact the manikin in the specific area of a manikin sensor. As a result, test values will be highly dependent on the fit of
the encapsulating ensemble on the manikin and will be highly variable.

2. With the lack of physical contact of the ensemble with the manikin, the test will fail to address the important issues of
continued suit integrity and functional performance, if the ASTM F1930 test is accepted over the current flash test
procedures. The current criteria were created to ensure that suit does not ignite and continue to burn, that the suit
maintains its gas-tight integrity at some minimum level, and that the suit visor remains clear for continuing the protection
- of the individual and allowing their escape from the emergency scene. The proposed implementation of ASTM F1930
does not address any of these issues.

3. The proposed flash fire exposure of 3 seconds is much shorter than the 7 +/- 1 second exposure used in the current
flash fire test. The current flash fire test (8.27) is a more realistic exposure of the ensemble to a flash fire caused by the
ignition and burning of a chemical.

4. The incorporation of the ASTM F1930 imposes certain impracticalities for conducting the test. First, most thermal
manikins do not have sensors in the hands, an area where burn injury could be expected to occur. Some of these
manikins also do not have sensors in the head or feet. The design and fit of the vapor-protective ensembles is partly
dependent of being worn over an individual wearing a self-contained breathing apparatus. No provision is provided in
the proposed procedures to address this issue. Further, the configuration of thermal manikins requires the pass through
of cables to provide signals from the sensors to recording software. Different thermal manikins have different locations
for these cables, which in any case would require cutting a large hole in the suit for the purpose of creating a pass
through.

5. NFPA 1991 ailready incorporates a separate requirement for the measurement of material thermal insulation using
the thermal protective performance (TPP) test. This test requires that ensemble materials be exposed to a 2.0
cal/cm’sec exposure and have a TPP rating of 12, which is equivalent fo 6 seconds of protection. The 2.0 cal/cm’sec is
the same as the specified exposure level in the proposed ASTM F1930 test. The requirement for 6 seconds of
protection is well in excess of the 3 second only manikin exposure provided in the new NFPA 1991 procedure.
Moreover, the TPP represents a more rigorous method for evaluating thermal insulation against flash fire given the fact
that the material system is in direct contact with the sensor.

6. The flash fire test for NFPA 1992-2005 employs the same flash fire test method as NFPA 1991-2005. No changes to
the method have been proposed for NFPA 1992, Both standards should remain consistent in the evatuation of
ensembles against flash fire,

7. For the reasons provided above, this test is redundant with current criteria and procedures. Access to thermal
manikins is limited and the equipment is much more difficult to maintain. The proposed test adds unnecessary cost for
no additional value for understanding chemical protective ensemble performance in flagh fires.

Committee Meeting Acfion: Reject

Committee Statement: The technical committee rejected this comment because it believes it is important to maintain
this performance and test requirement as it helps predict potential burn injury in addition to the ensemble integrity in the
ensemble integrity fest in 8.27.
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1991-22 Log #21 FAE-HAZ Final Action: Accept
{8.1.1.1 and 8.1.1.2)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1991-44

Recommendation: Delete "preparation” from the expression "sample preparation section”
Substantiation: The "sample preparation" section has been reheaded "samples®
Committee Meeting Action: Accept

1991-23 Log#22 FAE-HAZ Final Action: Accept
(8.1.2.1)

Submitter: Daniel J. Gehlke, W. L. Gore and Associates
Comment on Proposal No: 1991-44

Recommendation: Delete "or specimens”
Substantiation: Samples are the subject of conditioning.
Committee Meeting Action: Accept

1891-24 Log #33 FAE-HAZ Final Action: Accept
(8.1.9, 8.26.2.2, and 8.26.4.1)

Submitter; Jeffrey O. Stull, International Personnel Protection, Inc.
Comment on Proposal No: 1991-43
Recommendation: Revise text {o read as follows:

8.1.8 Elevated Humidity Conditioning Procedure for Exhaust Valves. Specimens for elevated humidity shali be
conditioned at 21°C + 3°C (70°F + 5°F) and a relative humidity of 80 percent + 5 percent uniil equilibrium is reached, as
specified in ASTM D 1776, Standard Practice for Conditioning and Testing Textiles, or for at least 24 hours, whichever is

shortest.
8.26.2.2 Samples shall be conditioned as specified in 8-2 8.1.8.

8.26.4.1 (5] The testing shall be carried out in an environment controlled fo 21°C # 3°C (70°F + 5°F) and a relative

humidity of 80 percent + 5 percent

Substantiation: Exhaust valves should be preconditioned and tested under wet, hot conditions consistent with the
other material conditioning performed in the standard and to better replicate the environment where they will be
operating (e.g., permeation resistance testing and man-in-simulant testing, taking into account the interna! suit
environment).

Commitiee Meeting Action: Accept
The technical committee notes that the new paragraph to be added should be 8.1.9, and the revised paragraph should
be 8.26.4 (5), not 8.26.4.1 (5).
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1991-25 Log#4 FAE-HAZ Final Action: Reject
{8.24)

Submitter: Peter Kirk, Sainf-Gobain Performance Plastics

Comment on Proposal No: 1991-45

Recommendation: Revert to the original language in 8.2.4 as found in the 2005 edition. Do not include the new
reference to ISO 17491.

Substantiation: 1. The testing of ensembles at higher pressures does not provide any addttional value in the
evaluation of ensemble integrity {the specified test pressures are well above any pressures that would be experienced
inside the ensembie).

2. There is an increased cost associated with the longer required test time (16 minutes versus 5 minutes).

3. Most of the current equipment in place for evaluating ensembles is based on ASTM F1052. The adoption of this
requirement would make this equipment obsolefe and would require end users o replace the equipment.

4. The adoption of a new pressure testing method wilf create industry confusion, requiring different equipment and
procedures for 2005-compliant ensembles compared to new ensembles certified to the 2011 edition.

5. No research has been conducted to determine the effects of the increased pressure of unused suits over time.
Although the EN-943 standard utilizes these higher pressure values from I1SO 1749, there is an absence of annual
testing requirements forcing repeated inflations over time when suits are unused. NFPA 1991 specifies annual testing.
Committee Meeting Action: Reject

- Committee Statement: The 1SO 17491 standard has a more stringent level, so the technical commiftee supported ifs
previous decision to move in that direction.
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1991-26 Log#6 FAE-HAZ Final Action: Reject
(8.2.4.1 and 8.2.4.2)

Submitter: Jeffrey O. Stull, Intemational Personnel Protection, Inc.
Comment on Proposal No: 199145
Recommendation: Revise text to read as follows:

8.2.4.1 Specimens shall be tested in accordance with136-4748+Method-2-RigorousProcedure) ASTM F 1052,
Standard Test Method for Pressure Testing of Vapor-Protective Ensembles.

8.2.4.2 The following pressures shall be used during testing:
{1) Pre-test expansion pressure of 4750+56Pa{7-0-m)_125 mm (5 in.) water gauge

(2) Test pressure of 465925 Far(6-6-m-y 100.mm (4 in.) water gauge
Substantiation: | oppose the change for modifying the gas-tight integrity test specified in NFPA 1991 fo the European

approach for two primary reasons—(1) There are no data and no research has been conducted to justify that the
proposed change in the test procedures will provide a higher degree of suit quality and integrity as used as the basis in
accepting this modification, and (2) The idea that the committee should have a goal of harmonization with the
International standards on chemical protective clothing is absolutely preposterous.

The basis for the current pressure test procedures can be found in the following reference:

Carroll, T. R., Resha, C. J., Vencill, C. T., and Langley, J. B., "Determining the Sensitivity of International Test
Methods Designed to Assess the Gas-Tight Integrity of Fully Encapsulating Garments,” Sixth Volume, Performance
of Protective Clothing: ASTM STP 1273, Jeffrey O. Stull and Arther D. Schwope, Eds., American Society for Testing and
Materials, 1997, pp. 3-15.

This research evaluated a range of pressure testing conditions, including those used in Europe and Internationally.
Experiments were conducted to determine the relative sensilivity of the inflation pressure, dwell pressure, and dwell time
in showing pressure drop from leaks introduced into sample garments from different diameter hypodermic needies. At
the time of this research, a slightly lower inflation pressure (3 in.), dwell pressure (2 in.) and test duration (3 minutes)
were specified in the procedures of ASTM Test Method F1052, These conditions, along with those established in EN
464 (the equivalent of ISO 17491, Procedure 2), and other intermediate pressures and test times, were evaluated for
leak detection sensitivity. The study found that a 4 in. water gauge pressure, 4-minute pressure test provided the
optimum pressure test conditions for identifying leaks. As a result of this research, the test conditions in ASTM F1052
were increased to those currently specified and now cited in the 2005 edition of NFPA 1991. This information was
presented internationally and Europe chose to ignore if. The reason for the continued insistence on high pressures and
longer dwell times in Europe is the accommodation of rubber-based technology combined with relatively insensitive
permeation measurements.

As the original author of 1SO 17491 and then head of the U.8. Delegation to ISO TC94, $G13 on Protective Clothing, 1
can attest that the reason that there are two pressure test methods in that standard is because of a refusal for European
interests to compromise with North American practice. The terms "minimum procedure" assigned to the U.S.-based
pressure test method and "rigorous procedure” representing the European approach were not acceptable to the United
States for the designation of these test methads. In fact, it was the U.S. experience that some European interests
preferred not to compromise on any technical testing issues related to evaluation of chemical protective clothing counter
to an agreement that was reached in 1993 with Phil Turnbull. That is why there are two sets of pressure and shower
tests in the 1SO 17491 standard, which incidentaily, Europe is trying to discontinue. Just as a simple example, it it
instructive to point out that European standards define normalized breakthrough time for permeation using a permeation
rate that is 10 times higher than that used in ASTM F739 and NFPA 1991. In all certainty, harmonization with European
practice is not a safety-based geal for the development of U.S.-based standards.

Committee Meeting Action: Reject
Committee Statement: The iSO standard has a more stringent level, so the technical committee supported its previous
decision to move in that direction.
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1991-27 Log#23 FAE-HAZ Final Action: Accept
(8.6.3.3)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates
Comment on Proposal No: 1991-49
Recommendation: Change "sample" to "specimen®
Substantiation: Specimens are the subject of testing.
Committee Meeting Action: Accept

19%1-28 Log #CC1 FAE-HAZ Final Action: Accept
{8.6.11.5.1 (New) )

Submitter: Technical Committee on Hazardous Materials Protective Clothing and Equipment,
Comment on Proposal No: 1991-32
Recommendation: Add a new Section 8.6.11.5.1 as follows:
8.6.11.5.1 The test cell for liquified gases shall be swept with nitrogen or dry air.
Substantiation: The technical committee believes the use of conditioned air will create plugging in the test cell, so dry
air or nitrogen is required.
Committee Meeting Action: Accept

1991-29 log#10 FAE-HAZ Final Action: Accept in Principle
(8.23.3.1)

Submitter: William Alexander, Onguard Industries
Comment on Proposal No: 1991-58a
Recommendation: Revise text to read as follows:
Recommendation: Revise test to include the footwear size:
8.23.3.1 A minimum of three complete size 9 footwear items shall be tested in both the flat and heel position.
Substantiation: The surface contact area of different sizes of footwear will affect the static coefficient of friction. The
size 9 is the typical median size.
Committee Meeting Action: Accept in Principle
Committee Statement: See Comment 1291-31 (Log #11).

1991-30 Log#27 FAE-HAZ Final Action: Accept in Principle
(8.23.3.1, 8.23.4, 8.23.5)

Submitter: Technical Correlating Committee on Fire and Emergency Services Protective Ciothing and Equipment,
Comment on Proposal No: 1991-58a

Recommendation: - The TCC instructs the Technical Committee on Hazardous Materials Protective Clothing and
Equipment to consider adding text as provided in the ROP ballot Affirmative with Comments by Corrado, Fithian
and Kavelesky.

Substantiation: This is a direction from the Technical Correlating Commitiee on Hazardous Materials Protective
Clothing and Equipment in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.
Committee Meeting Action: Accept in Principle

Committee Statement: See Comment 1991-31 (Log #11).
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1991-31 Log#11 FAE-HAZ Final Action: Accept in Principle
(8.23.3.1, 8.23.4, and 8.23.5)

Submitter: William Alexander, Onguard Industries
Comment on Proposal No: 1991-58a
Recommendation: Revise text {o read as follows:
Is there enough test data of currently certified footwear to ensure continued compliance to the proposed footwear test
methad for slip resistance?
Substantiation: No substantiation provided.
Committee Meeting Action: Accept in Principle
Revise section 8.23 as follows, and add associated Annex items:
8.23.1 Application. This test method shall apply to vapor protective footwear etermentsotes.
8.23.3.1 Specimens shalf be whole footwear heelsamdt-baitofsotesitems.

8.23.3.2 At least three specimens of footwear heetsand-atteastthreespecimensofbaftofsotes shali be {ested.
8.23.4 Procedure. Slip resistance shall be performed in accordance with ASTWMF488-Starmary-Fest-Metfrod-for

DIN EN ISO 13287, Personal Protective Equipment — Foolwear — Test Method for Stip Resistance, in the following
configurations:

a,) A minimum of three size 9 foolwear specimens shall be tested both in the forepart and heel positions.

b.} Footwear shall be tested {n both the dry and wet conditions. The wet condition shall be achieved using distilled or
de-ionized water. The water shall be applied to thoroughly wet the testing surface and make a pool at least as wide and
long as the test podion of the footwear in the area of initial contact.

¢.”) Footwear shall be tested on a guarry tile surface that meets the following specifications:

1.) Flat unglazed clay quarry tile thaf is wider than the test specimen and long enough to allow a sliding distance of at

least 75mm without crossing a joint,

2.} is sufficiently flaf to allow it to be secured on the mounting table such that no movement occurs between the tile and
mounting table during the test,

3.) has a ribbed profile or directional marking on the underside 1o identify the direction in which the tile should be
gligned {with the ribs paraliel to the sliding direction).

4.) conforms to the values specified in Table 8.23.4 when calibrated by the Slider 96 method.

5.} Calibration of the files shall be checked after every 10 tests or prior {o each day of testing whichever is the less

frequent, to ensure that they are not being wom smooth or otherwise damaged.

**Insert Table 8.23.4 . Coefficient of Friction Values. Here*****

specerTshattberecorded-artreported:

8.23.5.1 The coefficient of friction of each specimen shall be recorded and reported.

8.23.5.2 The average coefficient of friction of alt specimens for each configuration shalt be calculated, recorded, and
reported.

8.23.6 Interpretation. Omerormore-footwear-specimensfaifimgthistest The average coefficient of friction for each

configuration shall comstitute-faiting be used to determine pass/fail performance.
Add the following Annex items:

A.8.23.4{(c) A suitgble tile is available from SATRA, reference STM 803 Quarry Tile.
A.8.23.4(c)(5) However, if experience shows that the friction properties of the test floor are not strongly influenced by
repeated testing then calibration intervals may be extended.

Commiftee Statement: The technical committee accepted the comment in principle, and revised the text in section
8.23 as shown in the meeting action. The stainless steel plate is being removed to maintain more simplicity of this test.
The surfactant condition was changed to a plain water condition so that the basic conditions of the footwear slip industry
would be recorded. The sole position was changed to the forepart condition because the forepart condition is more
critical and more accurately reflects shoe position for actual slipping. The test method was changed from SATRA to DIN
EN IS0 for consistency with other standards in the project. Requirement is being changed based on information
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Dry CoF Wet CoF
Minimum 0.57 (.36
Maximum 0.63 0.42
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leamed about minimum slip requirements necessary for standing and testing performed.

1991-32 Log #24 FAE-HAZ Final Action: Accept
(8.27.5.1)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1991-17

Recommendation: Change reference from ASTM F 1052 to Section 8.2 Gastight integrity Test.
Substantiation: This will hammonize with 8.27.5.8.

Committee Meeting Action: Accept

1991-33 Log #CC2 FAE-HAZ Final Action: Accept
{8.28.4.3 (New))

Submitter: Technical Committee on Hazardous Materials Protective Clothing and Equipment,
Comment on Proposal No: 1991-39
Recommendation: Add a new section as follows:
8.28.4.3 The manikin shall be fitted with a self-contained breathing apparatus {SCBA) that is compliant with NFPA
1981, Standard on Open-Circuit Self-Contained Breathing Apparaius for Fire and Emergency Services.
{1) The air tank shall be empty.
{2) The manikin shall be fitted with the SCBA facepiece.
Substantiation: The technical commitiee submitted this comment to test the ensemble in the minimum configuration as
specified in the standard.
Committee Meeting Action: Accept

1991-34 Log #30 FAE-HAZ Final Action: Reject
(A1.1.7)

Submitter: Jeffrey O. Stuli, International Personnel Protection, inc.
Comment on Proposal No: 1991-8
Recommendation: Revise text to read as follows:

A.1.1.7 The appropriate primary recommended type of respiratory protection for this ensemble is a self-contained
breathing apparatus that is certified to NFPA 1981, Standard on Open-GCircuit Self-Contained Breathing Apparatus for
Fire and Emergency Services, and certif ed to NIOSH requirements for CBRN SCBA. f self-contained

hin ratus may be by the manufacturer or authori jurisdiction as long as the type of

elf—contalned breathing gggaratus is subject is certified by NIOSH per 42 CFR Part 84 and by additional organization

as appropriate for use by emergency responders.
Substantiation: Other types of seif-contained breathing apparatus can be appropriate. For example, the NFPA
Technical Committee on Respiratory Protective Equipment is working on a new standard for closed circuit self contained
breathing apparatus that may become available sometime after the promulgation for the new edition of the NFPA 1991
standard.
Committee Meeting Action: Reject
Committee Statement: See Comment 1991-1 (Log #31).
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1991-35 Log#16 FAE-HAZ Final Action: Accept in Principle
(A.6.1.3 (New) )

Submitter: Peter Kirk, Saint-Gobain Performance Plastics
Comment on Proposal No: 1991-20
Recommendation: Add new {ext to read as follows:

A.6.1.3 The simple placement of an outer cover over top of the chemical protective ensemble is an unacceptable
practice for meeting this reguirement. This requirement is intended to have the ensemble include a specific means far

attaching the outer cover to the inner ensemble by means of zippers, snaps, other hardware, hook and loop closure
tape, or belis that enable the secure integration of the outer cover with the ensembile.

Substantiation: This comment provides supplemental information in the form of an appendix item for anather public
comment. Currently, some vapor-protective ensemble manufacturers provide over covers that are simply worn over top
of the inner ensemble that provides the primary chemical protection of the wearer. The words "securely attached" must
he hetter defined {o ensure that the certification organization can properly assess the compliance of the manufacturer
product with this requirement. '
Committee Meeting Action: Accept in Principle

Revise text to read as follows:

6.1.3* Other than outer gloves and outer boots, vapor-protective ensembles shall be designed so that all separate
components are securely attached and provided as a single and integrated unit.

A.6.1.3 The simple placement of an ouier cover over top of the chemical protective ensemble is an unacceptable
practice for meeting this reguirement. This requirement is intended to have the ensemble include a specific means for
attaching the outer cover to the inner ensemble which could include but is not limited to the use of zippers, snaps, cther
hardware, hook and loop closure {ape, belts, or other means that require the end user to physicajly remove the separate .

component from the vapor-protective ensemble.
Committee Statement: The technical committee accepted the comment in principle, and provided alternate wording as

shown in the meeting action.
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1992-1 Log #11 FAE-HAZ Final Action: Accept in Principle
(2.3.2)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates
Comment on Proposal No: 1992-4
Recommendation: Add "ASTM F1868, Standard Test Method for Thermal and Evaporative Resistance of Clothing
Materials Using a Sweating Hot Plate, 2002" to paragraph 2.3.2.
Substantiation: The addition of THL in 5.1.1.10 and 6.1.5 should also mean this reference is included in 2.3.2.
Committee Meeting Action: Accept in Principle
Add a new reference 2.3.2 as follows:
2.3.2 ASTM F1868, Standard Test Method for Thermal and Evaporative Resistance of Clothing Materials Using a

Sweating Hot Plate, 2009.
Committee Statement: The technical committee accepted the comment in principle, but decided to reference the 2009

edition of this ASTM standard.

1992-2 Log #6 FAE-HAZ Final Action: Hold
(2.3.2, 2.3.4, and 8.20)

Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Comment on Proposal No: 1992-4
Recommendation: Revise text to read as follows:
Add to 2.3.2: ASTM F 2700, Standard Test Method for Unsteady-State Heat Transfer Evaluation of Flame Resistant

Materials for Clothing with Continuous Heating, 2008.

Delete from 2.3.4: {SO+7492~Clotmmyforprotectiorraganmst-freatamd-fiame=——determmatiorrof freat-trarrsmissiomromr
exposure-tobotirfiarmeamdradiarnt-freat 2603

See other changes as follows:

8.20.4 Apparatus. The test apparatus specified in #SE6-1782—Crothimgfor protectiorragarnsttreatarrd-fiarme-
determimatiorrof-featand-trarrsmissiomrormrexpostre to both flameardradiant-freat—Standard Test Method for

Unsteady-State Heat Transfer Evaluation of Flame Resistant Materials for Clothing with Continuous Heating, shall be
used.

8.20.5 Procedure . Radiant protective performance testing shall be performed in accordance with ¥S6- 782 €ty
; ) . A —h L . . A . :
Standard for Test Method for Unsteady-State Heat Transfer Evaluation of Flame Resistant Materials for Clothing with
Continuous Heating, shall be used with the following modifications:

tHAmexposureteatftuxof 84kWm2«2-0—catfcm2s)shattbeused:

£2)-(1) The contactconfiguratiorr optional spacer shall not be used for testing of all material specimens.

£3y.(2) The_tiermmatthreshotd-imdexamatysismethod-heat transfer performance value shall be used with calculations
made using the heat flux in calories per square centimeter per second and reported as the TPP rating.

& =150quartztubesshattbeused-

8.20.6 Report.

8-20-6-4 The individual test TPP rating of each specimen shall be recorded and reported. The average TPP rating
shall be calculated, recorded, and reported.
Substantiation: The proposed reference test method for the conduct of thermal protective performance (TPP) has
been updated and includes an improved calibration protocol. The new method permit reporting of TPP values greater
than 60 cal/cm’.
Committee Meeting Action: Hold
Committee Statement: The technical committee decided to hold this comment because no validation testing has been
provided to the technical committee for its review and consideration.
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1992-3 Log #7 FAE-HAZ Final Action: Accept in Principle
(2.36,7.1.3,7.1.71,7.1.8.1,7.1.91,7.22,7.2.7,7.3.2, 7.3.10, 8.4.4.1, and 8.4.11)

Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Comment on Proposal No: 1992-3
Recommendation: Revise text to read as follows:

2.3.6 Additional Publications.

Dangerous Properties of Industrial Chemicals,6th 10th Edition, Sax, N. Irving, 1996 2000.

NIOSH Pocket Guide to Chemical Hazards, U.S. Department of Health and Human Services, Public Health Services,-
PubticatiomBHHSNo—85-+14-September+996 November 2010.

Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure Indices, American
Conference of Governmental Industrial Hygienists, 4896 2010.

7.1.3 Garment materials shall be tested for penetration resistance after flexing and abrasion as specified in Section
8.4, Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for thefottowngtist each
of the specified chemicals, and shall exhibit no penetration for at least 1 hour for each additional chemical or specific
chemical mixture for which the manufacturer is certifying the garment-,

H#cetorme
(2rtthytacetate
3156 ot o

5y Tetrahydrofuram

7.1.7.1 Where provided, visor materials shall be tested for penetration resistance as specified in Section 8.4, Chemical
Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for each of the NFPAbatteryof
specified chemicals and for each additional chemical or specific chemical mixture for which the manufacturer is
certifying the garment.

7.1.8.1 Garment seams, and visor seams where visors are provided, shall be tested for penetration resistance as
specified in Section 8.4, Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for
100 percent isopropanol-amd-93-t+percentwiw-sutfuricacid.

7.1.9.1 Where garment closures are not fully covered by a protective flap that is constructed of the same material as
the garment, garment closure assemblies shall be tested for penetration resistance as specified in Section 8.4,
Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for 100 percent isopropanol-

7.2.2 Glove materials shall be tested for penetration resistance after flexing and abrading as specified in Section 8.4,
Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for -thefottowimgtist-each of
the specified chemicals, and shall exhibit no penetration for at least 1 hour for each additional chemical or specific
chemical mixture for which the manufacturer is certifying the glove:.

H#cetorme
2y Ethytacetate
3150 et o

7.2.7 Glove seams,_if present, shall be tested for penetration resistance as specified in Section 8.4, Chemical
Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for 100 percent isopropanol amd-93-+
percentwiwacid:

7.3.2 Footwear upper materials shall be tested for penetration resistance after flexing and abrading as specified in
Section 8.4, Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour forthefottowig-
listeach of the specified chemicals, and shall exhibit no penetration for at least 1 hour for each additional chemical or
specific chemical mixture for which the manufacturer is certifying the footwear=.

H#cetorme
2y Ethytacetate
3156 et o
7.3.10 Footwear upper seams, if present, shall be tested for penetration resistance as specified in Section 8.4.
Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for 100 percent isopropanol.
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8.4.4.1 Unless otherwise specified, penetration testing shall be conducted against the following liquid chemicals:
(1) Acetone

(2) Dimethylformamide
£2¥ (3) Ethyl acetate

(4) Nitrobenzene

{3y (5) 50 percent w/w sodium hydroxide

¢5¥ (6) Tetrahydrofuran

(7) Toluene

8.4.11 Specific Requirements for Testing Garment . or-Glove, or Footwear Seams.

8.4.11.5 Seam specimens shall be taken from gloves from the gauntlet portion of the glove when amrexternal seamss
are used in the construction of the glove_that are intended to provide the barrier protection to the wearers' hands and
wrists.

8.4.11.6 Seam specimens shall be taken from the upper portion of the footwear when external seams are used in the

construction of the footwear that are intended to provide the barrier protection to the wearers' feet and lower legs.
8.4.11.7 Penetration testing shall be conducted against 100% isopropanol.

*kk

***Insert Table here

Substantiation: The selection of test chemicals excludes liquid ASTM F1001 chemicals with vapor pressures greater
than 5 mm Hg that are either human or carcinogens or chemicals with a skin notation as defined in paragraphs 4.1.11
and 4.1.12 of the standard. Changes in the classification of these chemicals have occurred since the 2005 edition. The
references on which the classifications are based also need to be updated. A table is attached with the substantiation for
the proposed changes. One of the newly excluded chemicals is sulfuric acid, which is not classified as a suspected
human carcinogen, requires changes in the testing of seams and closures. In addition, other errors in the application of
the test were corrected.

Committee Meeting Action: Accept in Principle

Revise text to read as follows:

2.3.6 Additional Publications.

Dangerous Properties of Industrial Chemicals,6th 10th Edition, Sax, N. Irving, 4996 2000.

NIOSH Pocket Guide fo Chemical Hazards, U.S. Department of Health and Human Services, Public Health Services,-
Pubticatiomr BHHSNo—85-+44September+996 November 2010.

Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure Indices, American
Conference of Governmental Industrial Hygienists, 4996 2010.

7.1.3 Garment materials shall be tested for penetration resistance after flexing and abrasion as specified in Section
8.4, Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for the following list of
chemicals, and shall exhibit no penetration for at least 1 hour for each additional chemical or specific chemical mixture
for which the manufacturer is certifying the garment:

(1) Acetone

(2) Ethyl acetate

(3) 50 percent w/w sodium hydroxide

(4) 93.1 percent w/w sulfuric acid

5y TFetrahydrofuran

(5) Toluene
(6) Dimethylformamide

(7) Nitrobenzene

7.1.7.1 Where provided, visor materials shall be tested for penetration resistance as specified in Section 8.4, Chemical
Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for each of the NFPAbatteryof
specified chemicals and for each additional chemical or specific chemical mixture for which the manufacturer is
certifying the garment.

7.1.8.1 Garment seams, and visor seams where visors are provided, shall be tested for penetration resistance as
specified in Section 8.4, Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for
100 percent isopropanol and 93.1 percent w/w sulfuric acid.

7.1.9.1 Where garment closures are not fully covered by a protective flap that is constructed of the same material as
the garment, garment closure assemblies shall be tested for penetration resistance as specified in Section 8.4,
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Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for 100 percent isopropanol
and 93.1 percent w/w sulfuric acid.

7.2.2 Glove materials shall be tested for penetration resistance after flexing and abrading as specified in Section 8.4,
Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for the following list of
chemicals, and shall exhibit no penetration for at least 1 hour for each additional chemical or specific chemical mixture
for which the manufacturer is certifying the glove:

(1) Acetone

(2) Ethyl acetate

(3) 50 percent w/w sodium hydroxide

(4) 93.1 percent w/w sulfuric acid

5y Fetrahydrofuran

(5) Toluene
(6) Dimethylformamide

(7) Nitrobenzene

7.2.7 Glove seams,_if present, shall be tested for penetration resistance as specified in Section 8.4, Chemical
Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for 100 percent isopropanol and 93.1
percent w/w sulfuric acid.

7.3.2 Footwear upper materials shall be tested for penetration resistance after flexing and abrading as specified in
Section 8.4, Chemical Penetration Resistance Test, and shall exhibit no penetration for at least 1 hour for the following
list of chemicals, and shall exhibit no penetration for at least 1 hour for each additional chemical or specific chemical
mixture for which the manufacturer is certifying the footwear:

1) Acetone

2) Ethyl acetate

3) 50 percent w/w sodium hydroxide
4) 93.1 percent w/w sulfuric acid
5y TFetrahydrofuran

(5) Toluene
(6) Dimethylformamide

(7) Nitrobenzene
7.3.10 Footwear upper seams, if present. shall be tested for penetration resistance as specified in Section 8.4.
Chemical Penetration Resistance Test. and shall exhibit no penetration for at least 1 hour for 100 percent isopropanol

and 93.1 percent w/w sulfuric acid.
8.4.1.6 Maodifications to this test method for testing seams without flexing and abrading shall be as specified in 8.4.11.

8.4.4.1* Penetration testing shall be conducted against the following liquid chemicals:
(1) Acetone

(2) Ethyl acetate

(3) 50 percent w/w sodium hydroxide

(4) 93.1 percent w/w sulfuric acid

5y Fetrahydrofuran

(5) Toluene
(6) Dimethylformamide

(7) Nitrobenzene

8.4.11 Specific Requirements for Testing Seams of Garment ., or-Glove, or Footwear.

8.4.11.5 Glove seam specimens shall be prepared representative of the actual glove construction or shall be taken
from each different type of seam found in the glove. Only the barrier layer(s) shall be included in the test. fromrttre-

8.4.11.6 Footwear seam specimens shall be prepared representative of the actual footwear construction or shall be
taken from each different type of seam found in the footwear. Only the barrier layer(s) shall be included in the test.

8.4.11.7 Penetration testing shall be conducted only against 100% isopropanol and 93.1 percent w/w sulfuric acid.

A.8.4.4.1 The chemicals are chosen from ASTM F1001 Standard Guide for Selection of Chemicals to Evaluate
Protective Clothing Materials and either have a vapor pressure less than 5 mm Hg at 20°C or do not have a skin
notation and are not classified as a human carcinogen according to the ACGIH “Threshold Limit Values / or Chemical

Substances and Physical Agent and Biological Exposure Indices” or “NIOSH Pocket Guide to Chemical Hazards.”
Committee Statement: The technical committee accepted the comment in principle, and provided the revised text as

shown in the meeting action.

P
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1992-4 Log#2 FAE-HAZ Final Action: Accept
(3.3.23 External Fittings)

Submitter: Marcelo M. Hirschler, GBH International
Comment on Proposal No:  1992-1
Recommendation: Revise text to read as follows:

3.3.23* External Fittings. Any component that allows the passage of gases, liquids, or electrical current from the
outside to the inside of the element or item as well as any ~Amny fitting externally located on, and part of, the ensemble
which is not part of the garment material, visor material, gloves, footwear, seams, or closure assembly.

Substantiation: The proposed definition conflicts with the Manual of Style as it has multiple sentences. The second
sentence needs to be changed either by incorporating into a single sentence (as proposed) or by placing it elsewhere in
the standard.

Committee Meeting Action: Accept
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Table of ASTM F1001 Liquids

Skin Notation Actual or Suspected Human Carcinogen
Vapor Pressure

Chemical (mm Hg at 25°C) 2004 2010 2004 2010
Acetone 260 No No No No
Acetontrile 73 Yes Yes No No
Carbon Disulfide 300 Yes Yes No No
Dicholoromethane 350 No No Yes Yes
Diethylamine 192 Yes Yes No No
Dimethylformamide 2.7 Yes Yes No No
Ethyl Acetate 76 No No No No
Hexane 124 Yes Yes No No
Methanol 97 Yes Yes No No
Nitrobenzene <<1 Yes Yes No No
Sodium Hydroxide, 50% approx. 0 No No No No
Sulfuric Acid, 93.1% <0.001 No No No Yes
Tetracholroethylene 14 No No Yes Yes
Tetrahydrofuran 145 No Yes No No
Toluene 22 Yes No No No

Test chemical include those chemicals which have vapor pressures less than 5 mm Hg, or chemicals that have vapor pressures that are greater
than 5 mm Hg that have neither skin notation nor are carcinogens.
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1992-5 Log#1 FAE-HAZ Final Action: Accept in Principle
(3.3.61 Respiratory Equipment and 4.9 (new))

Submitter: Marcelo M. Hirschler, GBH International
Comment on Proposal No:  1992-1
Recommendation: Revise text to read as follows:
3.3.61 Respiratory Equipment. A positive pressure, self-contained breathing apparatus (SCBA) or combination

SCBA/supplled -air breathlng apparatus mwmmmmrmm&n—

4.9 Certification of respiratory equipment. Respiratory equipment shall be certified by the National Institute for
Occupational Safety and Health (NIOSH) and shall be certified as compliant with NFPA 1981, Standard on Open-Circuit

Self-Contained Breathing Apparatus for Fire and Emergency Services.
Substantiation: The proposed definition conflicts with the Manual of Style as it contains requirements. The proposed

change will place the requirements where they belong, which is within the body of the standard.
Committee Meeting Action: Accept in Principle

[The technical committee notes that the comment references the preprint document in the print line. This definition
appears in 3.3.60 in the 2005 edition]

Revise text to read as follows:

Delete existing definition of respiratory equipment in 3.3.60.

Add the project definitions for "respirator" and "self-contained breathing apparatus" (and related Annex) to section 3.3
as follows:

3.3.X Respirator. A certified device that provides respiratory protection for the wearer within the limits of the
certification.

3.3.X Self-Contained Breathing Apparatus. An atmosphere-supplying respirator that supplies a respirable air
atmosphere to the user from a breathing air source that is independent of the ambient environment and designed to be
carried by the user.

A.3.3.X For the purposes of this standard, where the term is used without a qualifier, it indicates only open-circuit
self-contained breathing apparatus or combination SCBA/SARs. See also the definitions for: Afmosphere-Supplying
Respirator, Combination SCBA/SAR, and Supplied Air Respirator.

Revise the text of 6.4.1 to read as follows:

6.4.1 Non-encapsulating protective ensembles shall be designed and configured to protect the wearer's torso, head,
arms, legs, hands, and feet and shall completely enclose the wearer but shall not completely enclose the wearer's
respiratory protectiveequiprment respirator.

Revise the text of 6.5.1 to read as follows:

6.5.1 Encapsulating protective ensembles shall be designed and configured to protect the wearer's torso, head, arms,
legs, hands, feet and respiratoryequipment self-contained breathing apparatus and shall completely enclose the wearer

and the wearer's respiratoryequipment self contained breathing apparatus.
Committee Statement: The technical committee accepted the comment in principle, and decided to delete the

definition for respiratory equipment.

The technical committee added the project definition for respirator and the project definition of self-contained breathing
apparatus, and revised the text in paragraphs 6.4.1 and 6.5.1 to reference those definitions as appropriate.

Respiratory equipment is not a project definition, therefore it is being deleted and replaced with the project definitions
as indicated, and the relevant text was updated accordingly.
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1992-6 Log#22 FAE-HAZ Final Action: Accept in Principle
(4.5)

Submitter: William A. Fithian, Safety Equipment Institute (SEI)
Comment on Proposal No:  1992-1
Recommendation: Revise text to read as follows:

4.5.2 The operation of the quality assurance program shall evaluate and test compliant product production to the
requirements of this standard to assure production remains in compliance.

4.5.3 The manufacturer shall be registered to ISO 9001, Quality management systems — requirements.

4.5.3.1 Registration to the requirements of ISO 9001, Quality management systems — requirements, shall be
conducted by a registrar that is accredited for personal protective equipment in accordance with ISO Guide 62, General
requirements for bodies operating assessment and certification/reqistration of quality systems. The registrar shall affix
the accreditation mark on the 1ISO registration certificate.

4.5.3.2 The scope of the ISO reqistration shall include at least the design and manufacturing systems management for
the type of personal protective equipment being certified.

4.5.4 Any entity that meets the definition of manufacturer specified in Section 3.3, General Definitions, and therefore is
considered to be the “manufacturer” but does not manufacture or assemble the compliant product, shall meet the
requirements specified in Section 4.5.

4.5.5 Where the manufacturer uses subcontractors in the construction or assembly of the compliant product, the
locations and names of all subcontractor facilities shall be documented. and the documentation shall be provided to the
manufacturer’s 1ISO registrar and the certification organization.

4.5.5.1 Component manufacturers shall be considered as subcontractors.

4.5.5.2 Subcontractors shall include but not be limited to a person or persons. or a company, firm, corporation,
partnership. or other organization having an agreement with or under contract with the compliant product manufacturer
to supply or assemble components of the compliant product, or to assemble portions of the compliant product.

4.5.5.3 The assembly portion of the manufacturing process shall include but not be limited to the sewing. gluing,
laminating, tacking. or other means of attaching whereby materials or component parts are joined together to form a
portion, a component, or a complete compliant product.

4.5.6 All subcontractors, where different from the manufacturer, shall also be registered to the requirements of ISO
9001, Quality management systems — requirements, for manufacturing.

Substantiation: The wording in Section 4.5 needs to be consistent between the NFPA 1991, NFPA 1992 and NFPA
1994 Standards. The proposed changes presented above will accomplish this goal.

Additionally, it was brought to SEI's attention that some ISO Registrars will not allow a manufacturer to apply an ISO
registration to a subcontractor. Based on this, the provisions in Sections 4.5.6.1 and 4.5.6.2 cannot be complied with
and need to be removed from the 2011 edition.

This is not original material; its reference/source is as follows:

2007 Edition of the NFPA 1994 Standard.

Committee Meeting Action: Accept in Principle

Replace the current definition of "manufacturer” in 3.3.44 with the project definition as follows:

3.3.XX Manufacturer. The entity that directs and controls any of the following: compliant product design, compliant
product manufacturing, or compliant product quality assurance; or the entity that assumes the liability for the compliant
product or provides the warranty for the compliant product.

Replace existing text in Section 4.5 with the following:

4.5 Manufacturers’ Quality Assurance Program.

4.5.1 The manufacturer shall provide and operate a quality assurance program that meets the requirements of this
section and that includes a product recall system as specified in 4.2.7.1, and Section 4.8, Manufacturers’ Safety Alert
and Product Recall Systems.

4.5.2 The operation of the quality assurance program shall evaluate and test compliant product production to the
requirements of this standard to assure production remains in compliance.

4.5.3 The manufacturer shall be registered to ISO 9001, Quality management systems — requirements.

4.5.3.1 Registration to the requirements of ISO 9001, Quality management systems — requirements, shall be
conducted by a registrar that is accredited for personal protective equipment in accordance with ISO 17021, Conformity
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assessment — Requirements for bodlies providing audit and certification of management systems.

4.5.3.2 The scope of the ISO registration shall include at least the design and manufacturing systems management for
the personal protective equipment being certified.

4.5.3.3 The registrar shall affix the accreditation mark on the ISO registration certificate.

4.5.4* Any entity that meets the definition of manufacturer specified in Section 3.3, General Definitions, and therefore
is considered to be the “manufacturer,” but does not manufacture or assemble the compliant product, shall meet the
requirements specified in this Section 4.5.

4.5.5* Where the manufacturer uses subcontractors in the construction or assembly of the compliant product, the
locations and names of all subcontractor facilities shall be documented and the documentation shall be provided to the
manufacturer’s ISO registrar and the certification organization.

A.4.5.4 For example, this situation exists when a product is
wholly manufactured and assembled by another entity or entities for a separate entity that puts its name and label on the
product (frequently called “private labeling”) and markets and sells the product as its own product.

A.4.5.5 Subcontractors include, but are not limited to, a person or persons, company, firm, corporation, partnership, or
other organization having an agreement with or under contract with the compliant product manufacturer to supply or
assemble the compliant product or portions of the compliant product.

Committee Statement: The technical committee accepted the comment in principle, and agrees that the language
should be harmonized with the current boilerplate language on Manufacturers Quality Assurance Program. However,
current language is as shown in the Meeting Action [from NFPA 1952, section 4.5 and the associated Annex items].

1992-7 Log #4 FAE-HAZ Final Action: Accept
(7.1.6 and 7.2.5)

Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Comment on Proposal No:  1992-1
Recommendation: Revise text to read as follows:

7.1.6 Garment materials shall be tested for cold weather performance as specified in Section 8.7, Cold Temperature
Performance Test 1, and shall have a bending moment of 668 0.057 N x m (0.50tb~-m_in.-Ibf) at an angular deflection
of 60 degrees and -25°C (-13°F).

7.2.5 Glove materials shall be tested for cold weather performance as specified in Section 8.7, Cold Temperature
Performance Test 1, and shall have a bending moment of 668 0.057 N x m (0.50 to—=-m—in.-Ibf) at an angular
deflection of 60 degrees and -25°C (-13°F).

Substantiation: The proposed changes correct an error in NFPA 1992 relative to NFPA 1991 and NFPA 1994.
Committee Meeting Action: Accept

1992-8 Log#5 FAE-HAZ Final Action: Accept
(7.1.8.2and 7.1.9.2)

Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Comment on Proposal No:  1992-1
Recommendation: Revise text to read as follows:

7.1.8.2 Garment seams, and visor seams where visors are provided, shall be tested for seam strength as specified in
Section 8.8, Seam Closure Breaking Strength Test, and shall have a breaking strength of not less than 67-N/56-mmm
1.31 kN/m (15 Ibf/2 in.).

7.1.9.2 Garment closure assemblies shall be tested for closure strength as specified in Section 8.8, Seam/Closure
Breaking Strength Test, and shall have a breaking strength of not less than 6756 1.31 kN/m (15 Ibf/2 in.).
Substantiation: The proposed changes correct an error in NFPA 1992 relative to NFPA 1991 and NFPA 1994.
Committee Meeting Action: Accept
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1992-9 Log #14 FAE-HAZ Final Action: Accept
(7.2.3 and 7.3.3)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No:  1992-1

Recommendation: Change "25 mm (1 in.) to "20 mm (0.8 in.)".

Substantiation: ASTM F1790 was revised to make the test method more demanding. This change adjusts the
requirement so that the level of performance required remains roughly the same.

Committee Meeting Action: Accept

1992-10 Log #10 FAE-HAZ Final Action: Accept in Principle
(7.3.9)

Submitter: William Alexander, Onguard Industries
Comment on Proposal No: 1992-21a
Recommendation: Revise text as follows:
Does the proposed minimum 0.2 static coefficient of friction apply to both wet and dry surfaces?
Substantiation: No substantiation provided.
Committee Meeting Action: Accept in Principle
Revise 7.3.9 to read as follows:
7.3.9 Footwear sotfes shall be tested for slip resistance as specified in Section 8.18, Slip Resistance Test, and shall
have a statrc coefficient of 6775 0.30 or greater.
Committee Statement: The technical committee accepted the comment in principle and provided the text as shown in
the meeting action.

1992-11  Log #13 FAE-HAZ Final Action: Accept in Principle
(7.3.9)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1992-12

Recommendation: Change requirement and method to be based on DIN EN ISO 13287.

Substantiation: The current slip resistance test is not very discerning. Revise requirement and method as proposed by
NFPA 1951.

Committee Meeting Action: Accept in Principle

Committee Statement: See 1992-10 (Log #10) and 1992-15 (Log #18).

1992-12 Log #15 FAE-HAZ Final Action: Accept
(8.1.1.1 and 8.1.1.2)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1992-13

Recommendation: Delete "preparation” from the expression "sample preparation section.'
Substantiation: The "sample preparation” section has been retitled "samples".
Committee Meeting Action: Accept
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1992-13  Log #16 FAE-HAZ Final Action: Accept
(8.2.4(2))

Submitter: Daniel J. Gohlke, W. L. Gore and Associates
Comment on Proposal No: 1992-13
Recommendation: Revise text to read as follows:

(2) The mannequin used in testing shall have straight arms and legs, with arms positioned at the mannequin's side. If
the garment being tested has an integrated glove, then one arm of the mannequin shall be bent at the elbow upward at
a 45° angle.

Substantiation: Having one arm up is intended to evaluate the interface of the glove and garment. Evaluating a
garment this way, without a glove, only evaluates the test lab's ability to seal it off.
Committee Meeting Action: Accept

1992-14 Log #17 FAE-HAZ Final Action: Accept
(8.3.7,8.3.7.1, 8.3.7.2, and 8.3.1.2)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates
Comment on Proposal No: 1992-13

Recommendation: Delete 8.3.7 and subparagraphs.
Substantiation: These paragraphs add no new information.
Committee Meeting Action: Accept
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1992-15 Log #18 FAE-HAZ Final Action: Accept in Principle
(8.18.4, 8.18.5)

Submitter: Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment,
Comment on Proposal No: 1992-21a

Recommendation: The TCC instructs the Technical Committee on Hazardous Materials Protective Clothing and
Equipment to consider adding text as provided in the ROP ballot Affirmative with Comments by Corrado, Fithian and
Kavelesky.

Substantiation: This is a direction from the Technical Correlating Committee on Hazardous Materials Protective
Clothing and Equipment in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.
Committee Meeting Action: Accept in Principle

Revise section 8.18 as follows:

8.18.1 Application. This test method shall apply to footwear sotes.

8.18.4 Procedure. Slip resistance shall be performed in accordance with ASTVF489-StardardFest-#etfrodfor

Static-Coefficr it s Sor teiaters o , et i e
DIN EN I1SO 13287, Personal Protective Equipment — Footwear — Test Method for Slip Resistance, in the following
configurations:

a.) A minimum of three size 9 footwear specimens shall be tested both in the forepart and heel positions.

b.) Footwear shall be tested in both the dry and wet conditions. The wet condition shall be achieved using distilled or
de-ionized water. The water shall be applied to thoroughly wet the testing surface and make a pool at least as wide and
long as the test portion of the footwear in the area of initial contact.

c.”) Footwear shall be tested on a quarry tile surface that meets the following specifications:

(1) _Flat unglazed clay quarry tile that is wider than the test specimen and long enough to allow a sliding distance of at
least 75mm without crossing a joint,

(2) is sufficiently flat to allow it to be secured on the mounting table such that no movement occurs between the tile and
mounting table during the test.

3) has a ribbed profile or directional marking on the underside to identify the direction in which the tile should be
aligned (with the ribs parallel to the sliding direction).

(4) conforms to the values specified in Table 8.18.4 when calibrated by the Slider 96 method.

T**Insert 1992 118 Tbl 8.18.4 CA Here****

(5*) Calibration of the tiles shall be checked after every 10 tests or prior to each day of testing whichever is the less
frequent, to ensure that they are not being worn smooth or otherwise damaged.

8.18.5 Report. Thestaticcoefficrentof frictomumderbothdryamnd-wetconditions of eachspecmemstattberecorded-
andreported:

8.18.5.1 The coefficient of friction of each specimen shall be recorded and reported.

8.18.5.2 The average coefficient of friction of all specimens for each configuration shall be calculated, recorded, and
reported.

8.18.6 Interpretation. Smeormore-footwearspecimensfaitmgthistest The average coefficient of friction for each
configuration shall corstitutefaitimg be used to determine pass/fail performance.

A.8.18.4(c) A suitable tile is available from SATRA, reference STM 603 Quarry Tile.

A.8.18.4(c)(5) If experience shows that the friction properties of the test floor are not strongly influenced by repeated
testing then calibration intervals may be extended.

Committee Statement: The technical committee accepted the comment in principle, and revised the text of section
8.18 as indicated in the meeting action. The stainless steel plate is being removed to maintain more simplicity of this
test. The surfactant condition was changed to a plain water condition so that the basic conditions of the footwear slip
industry would be recorded. The sole position was changed to the forepart condition because the forepart condition is
more critical and more accurately reflects shoe position for actual slipping. The test method was changed from SATRA
to DIN EN ISO for consistency with other standards in the project. Requirement is being changed based on information
learned about minimum slip requirements necessary for standing and testing performed.
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Dry CoF Wet CoF
Minimum 0.57 0.36
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1992-16 Log #8 FAE-HAZ Final Action: Accept in Principle
(8.18.4 and 8.18.5)

Submitter: William Alexander, Onguard Industries
Comment on Proposal No: 1992-21a
Recommendation: Revise text as follows:
Is there enough test data of currently certified footwear to ensure continued compliance to the proposed footwear test
method for slip resistance?
Substantiation: No substantiation provided.
Committee Meeting Action: Accept in Principle
Committee Statement: See 1992-15 (Log #18).

1992-17 Log #9 FAE-HAZ Final Action: Accept in Principle
(8.18.4(a))

Submitter: William Alexander, Onguard Industries
Comment on Proposal No: 1992-21a
Recommendation: Revise text to read as follows:
8.18.4(a) A minimum of three size 9 footwear items shall be tested in both the flat and heel position.
Substantiation: The surface contact area of different sizes of footwear will affect the static coefficient of friction. The
size 9 is the typical median size.
Committee Meeting Action: Accept in Principle
Committee Statement: See 1992-15 (Log #18).

1992-18 Log #12 FAE-HAZ Final Action: Accept in Principle
(8.22.4 and 8.22.5)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1992-4

Recommendation: In 8.22.4 and 8.22.5 change reference from "ASTM F1868" to "ASTM F 1868-02".
Substantiation: The new revision of ASTM F1868 introduces new techniques for handling composites that distort
dimensionally during the test. This revision alters the standard values on which NFPA's performance requirements are
based, and introduces a bias caused by the spiral handling of these materials.

Committee Meeting Action: Accept in Principle

Committee Statement: See 1992-19 (Log #19).
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1992-19 Log #19 FAE-HAZ Final Action: Accept in Principle
(8.22.5)

Submitter: Holly Blake, WL Gore & Associates
Comment on Proposal No: 1992-4
Recommendation: Revise text to read as follows:

8.22.5* Testing shall be conducted in accordance with ASTM F 1868, Standard Test method for Thermal and
Evaporative Resistance of Clothing Materials Using a Sweating Hot Plate, using Part C, with the following modifications:
(1) The specimen shall be placed on the test plate with the side normally facing the human body toward the test plate.

(2) Eor multiple layers. arrange the layers in the order and orientation as worn.
(3) Smooth each layer by hand to eliminate wrinkles or bubbles in each layer and., if necessary, secure the edges.

(4) *Once the test is started. no further adjustments to the specimen shall be made.
*Annex 8.22.5 These modifications shall be used instead of Note 6 in ASTM F 1868 Part C.

Substantiation: The new revision of ASTM F 1868 has introduced new techniques via Note 6 for handling composites
that distort dimensionally during the test. The standard values of performance in total heat Loss testing are dependent
on the test parameters and procedures. By modifying the testing and handling techniques of the specimen, Note 6 has
the unintended consequence of modifying standard values. It can allow material systems that previously failed the
requirements to pass. Furthermore, the instructions are biased and unclear. For example, in a multi-layer composite, it is
difficult to determine, which layer, if any, is not laying flat per Note 6. By preferentially re-smoothing one or more of the
layers in one composite, and not all layers, or not all composites, Note 6 introduces bias. It is unclear when to implement
Note 6 or which parts of Note 6. When is a flat specimen no longer flat? It also introduces a bias by assuming materials
only change dimensionally under the conditions of the test, and, therefore, preferentially attempts to correct for only this
one effect. A uniform handling of the specimens is needed as this comment recognizes.
Committee Meeting Action: Accept in Principle
[The technical committee notes that the print line refers to the preprint document]

Revise text to read as follows:

8.22.5* Testing shall be conducted in accordance with ASTM F 1868, Standard Test method for Thermal and
Evaporative Resistance of Clothing Materials Using a Sweating Hot Plate, using Part C, with the following modifications:
(1) The specimen shall be placed on the test plate with the side normally facing the human body toward the test plate.

(2) Eor multiple layers. arrange the layers in the order and orientation as worn.

(3) Smooth each layer by hand to eliminate wrinkles or bubbles in each layer.

(4) *Once the test is started. no further adjustments to the specimen shall be made.

Annex 8.22.5 (4) These modifications shall be used instead of Note 6 in ASTM F 1868 Part C. By modifying the testing
and handling techniques of the specimen. note 6 has the unintended consequence of modifying standard values. By

preferentially re-smoothing one or more of the layers in one composite, and not all layers, or not all composites. Note 6
introduces bias.

Committee Statement: The technical committee accepted the proposal in principle, provided the amended text as
shown in the meeting action, and added new Annex text.
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1994-1  Log #17 FAE-HAZ Final Action: Hold
(1.1.4,7.1.1.6,7.2.1.6, 7.3.1.6, and 8.26)

Submitter: Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment,
Comment on Proposal No: 1994-3
Recommendation: The TCC instructs the Technical Committee on Hazardous Materials Protective Clothing and
Equipment to consider information provided by the task group for CBRN Test Methods related to the creation of criteria
for determining the effect of the ensemble on the performance of the CBRN respirator by undertaking the following
actions:
a) Determine basis for applying a total inward leakage test to evaluate the ensemble-respirator interface.
b) Investigate approaches for conducing inward leakage test that accommodates both SCBA and APR respirators.
¢) Investigate specific use of MIST evaluation test for monitoring inward leakage of MeS into facepiece during an
abbreviated exercise protocol.
Substantiation: This is a direction from the Technical Correlating Committee on Hazardous Materials Protective
Clothing and Equipment in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.
Committee Meeting Action: Hold
Committee Statement: The technical committee decided to hold this comment for further study.

1994-2 Log #7 FAE-HAZ Final Action: Accept
(1.3.9)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates
Comment on Proposal No: 1994-1
Recommendation: Revise text to read as follows:
...to any emsembtesortoamny CBRN protective ensemble efements and ensemble elements.
Substantiation: Editorial correction. See 1.1.3 for example.
Committee Meeting Action: Accept
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1994-3 Log #1 FAE-HAZ Final Action: Accept in Principle
(3.3.1.5 Radiological Particulate Terrorism Agents and A.3.3.15 (New) )

Submitter: Marcelo M. Hirschler, GBH International
Comment on Proposal No: 1994-1
Recommendation: Revise text to read as follows:

3.3.1.57 Radiological Particulate Terrorism Agents. Radioactive particulates, including alpha and beta particulates,
that are generated from a source of radioactive material or nuclear event which are intentionally used to inflict lethal or
incapacitating casualties, generally on a civilian population as a result of a terrorist attack. Thecontamimatedpartictes-

A.3.3.1.5 The contaminated particles emit ionizing radiation.

Substantiation: The proposed definition conflicts with the Manual of Style as it has multiple sentences. The second
sentence is not part of the definition but is information that can be placed into an annex or somewhere in the body of the
standard.

Committee Meeting Action: Accept in Principle

Replace the current definition of Radiological Particulate Terrorism Agents in 3.3.1.5 with the following, and add an
Annex item as follows:

3.3.1.5 Radiological Particulate Terrorism Agents. Particles that emit ionizing radiation in excess of normal background
levels used to inflict lethal or incapacitating casualties, generally on a civilian population, as the result of a terrorist
attack.

A.3.3.1.5 This standard only provides partial protection from certain radiation sources. By their nature these
ensembles provide protection from alpha radiation, and the element materials and distance will significantly attenuate
beta radiation. These ensembles do not provide any protection from ionizing radiation such as gamma- and X-rays other
than to keep the actual radiological particulate from direct skin contact.

Committee Statement: The technical committee accepted the comment in principle, and is replacing the current
definition of radiological particulate terrorism agents with the project definition.

1994-4 Log #8 FAE-HAZ Final Action: Accept in Principle
(3.3.2.8 Ensemble Elements)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates
Comment on Proposal No: 1994-1
Recommendation: Add new text to read as follows:

Ensemble Elements. The certifi arts of the ensemble that provide protection to th er and lower torso, arms
legs. head. hands and feet.
Substantiation: This is the definition from NFPA 1951 and it recognizes that ensemble elements are certified as
distinct from items.
Committee Meeting Action: Accept in Principle
Replace the current definition of ensemble elements with the following:

3.3.28 Ensemble Elements. The compliant products that provide protection to the upper and lower torso, arms, legs,
head, hands, and feet.
Committee Statement: The technical committee accepted the comment in principle, and decided to add the project
definition of "ensemble elements" to make the definition here consistent with another project document, NFPA 1951.
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1994-5 Log#22 FAE-HAZ Final Action: Accept in Principle
(4.5)

Submitter: William A. Fithian, Safety Equipment Institute (SEI)
Comment on Proposal No: 1994-1
Recommendation: Revise text to read as follows:
4.5.6 All subcontractors, where different from the manufacturer, shall also be registered to the requirements of ISO

9001, Quality management systems - requirements, for manufacturing;umtesstheprovisionsspecifredm4-5-6-t=amdt-

Substantiation: It was brought to SEl's attention that some ISO Registrars will not allow a manufacturer to apply an
ISO registration to a subcontractor. Based on this, the provisions in Sections 4.5.6.1 and 4.5.6.2 cannot be complied
with and need to be removed form the 2011 edition. Additionally, the wording in Section 4.5 needs to be consistent
between the NFPA 1991, NFPA 1992 and NFPA 1994 Standards. Comments were also provided for the 2011 editions
of the NFPA 1991 and NFPA 1992 Standards to accomplish this goal.

This is not original material; its reference/source is as follows:

2007 Edition of the NFPA 1994 Standard.

Committee Meeting Action: Accept in Principle

Replace the current definition of "manufacturer” in 3.3.44 with the project definition as follows:

3.3.44 Manufacturer. The entity that directs and controls any of the following: compliant product design, compliant
product manufacturing, or compliant product quality assurance; or the entity that assumes the liability for the compliant
product or provides the warranty for the compliant product.

Replace existing text in Section 4.5 with the following:

4.5 Manufacturers’ Quality Assurance Program.

4.5.1 The manufacturer shall provide and operate a quality
assurance program that meets the requirements of this section and that includes a product recall system as specified in
4.2.7.1, and Section 4.8, Manufacturers’ Safety Alert and Product Recall Systems.

4.5.2 The operation of the quality assurance program shall
evaluate and test compliant product production to the requirements of this standard to assure production remains in
compliance.

4.5.3 The manufacturer shall be registered to ISO 9001, Quality management systems — requirements.

4.5.3.1 Registration to the requirements of ISO 9001, Qualify management systems — requirements, shall be
conducted by a registrar that is accredited for personal protective equipment in accordance with ISO 17021, Conformity
assessment — Requirements for bodies providing audit and certification of management systems.

4.5.3.2 The scope of the ISO registration shall include at least the design and manufacturing systems management for
the personal protective equipment being certified.

4.5.3.3 The registrar shall affix the accreditation mark on the ISO registration certificate.

4.5.4* Any entity that meets the definition of manufacturer specified in Section 3.3, General Definitions, and therefore
is considered to be the “manufacturer,” but does not manufacture or assemble the compliant product, shall meet the
requirements specified in this Section 4.5.

4.5.5* Where the manufacturer uses subcontractors in the construction or assembly of the compliant product, the
locations and names of all subcontractor facilities shall be documented and the documentation shall be provided to the
manufacturer’s ISO registrar and the certification organization.

A.4.5.4 For example, this situation exists when a product is wholly manufactured and assembled by another entity or
entities for a separate entity that puts its name and label on the product (frequently called “private labeling”) and markets
and sells the product as its own product.

A.4.5.5 Subcontractors include, but are not limited to, a person or persons, company, firm, corporation, partnership, or
other organization having an agreement with or under contract with the compliant product manufacturer to supply or
assemble the compliant product or portions of the compliant product.

Committee Statement: The technical committee accepted the comment in principle, and agrees that the language
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should be harmonized with the current boilerplate language on Manufacturers Quality Assurance Program. However,
current language is as shown in the Meeting Action [from NFPA 1952, section 4.5 and the associated Annex items].

1994-6 Log#9 FAE-HAZ Final Action: Accept
(5.1.3.3,7.2.4.10, and 7.3.4.9)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1994-6a

Recommendation: In5.1.3.3,7.2.4.10 and 7.3.4.9. Change reference 6.4.8 to 6.4.10.
Substantiation: Wrong cross-reference.

Committee Meeting Action: Accept

The technical committee notes that the paragraphs in the print line refer to the preprint document.

1994-7 Log #24 FAE-HAZ Final Action: Hold
(6.1.8.3 and A.6.1.8.3 (New) )

Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Comment on Proposal No: 1994-13
Recommendation: Add new text to read as follows:

6.1.8.3* The interface of and integration of the selected respirator with the protective ensemble shall not invalidate the
NIOSH cetrtification of the respective respirator.

A.6.1.8.3 Invalidation of the NIOSH certification may occur as the result of modifications to the respirator by the
attachment of additional parts or modification of the respirator in order for the respirator to be donned with the ensemble.
This requirement is not intended to affect common industry practices for the integration of respirators with protective
ensembles such as through the use of a soft, flexible gasket material on the hood of a protective ensemble that provides

a circumferential seal around the respirator facepiece.
Substantiation: Currently, there is no formal mechanism for certification organization to identify the circumstance by

which the fit or function of a respirator is adversely affected by its integration with a protective ensemble. The Technical
Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment Task Group on CBRN Test
Methods has indicated that this issue should be formalized within each CBRN standard. No specific information has
been provided from NIOSH Respirator and Ensemble Interoperability Benchmark Project as indicated as the basis for
originally rejecting this proposal in the committee statement.

Committee Meeting Action: Hold

Committee Statement: The technical committee decided to hold this comment for further study.

1994-8 Log#11 FAE-HAZ Final Action: Hold
(7.1.3.6)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1994-1

Recommendation: Change requirement from "300 percent" to "250 percent".

Substantiation: Improved dexterity in gloves is needed. NFPA 1951 has lowered its requirement. See 1951-15 (Log
#9). Gloves are available that can meet this requirement. NFPA 1971 can meet this requirement.

Committee Meeting Action: Hold

Committee Statement: The technical committee decided to hold this comment because it introduces new material.
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1994-9 Log #3 FAE-HAZ Final Action: Accept in Principle
(7.1.46,7.2.4.7, and 7.3.4.6)

Submitter: William Alexander, Onguard Industries
Comment on Proposal No: 1994-44
Recommendation: Revise text as follows:

Does the proposed minimum 0.2 static coefficient of friction apply to both wet and dry surfaces?
Substantiation: No substantiation provided.
Committee Meeting Action: Accept in Principle
Revise the following sections:

7.1.4.6 Class 2 footwear sotes shall be tested for slip resistance as specified in Section 8.19, Slip Resistance Test, and
shall have a static coefficient of 6-75 0.30 or greater.

7.2.4.7 Class 3 footwear sotes shall be tested for slip resistance as specified in Section 8.19, Slip Resistance Test, and
shall have a static coefficient of 6-75 0.30 or greater.

7.3.4.6 Class 4 footwear sotes shall be tested for slip resistance as specified in Section 8.19, Slip Resistance Test, and
shall have a static coefficient of 6-75 0.30 or greater.
Committee Statement: The technical committee accepted the comment in principle, and revised the text as shown in
the meeting action to change the coefficient.

1994-10 Log #15 FAE-HAZ Final Action: Accept in Principle
(7.1.4.6,7.2.4.7, and 8.19.4)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1994-44

Recommendation: Change requirement and test method to be based on DIN EN ISO 1328.

Substantiation: The current slip resistance test is not very discerning. Revise requirement and method as proposed by
NFPA 1951.

This is not original material; its reference/source is as follows:

See NFPA 1951 preprint.

Committee Meeting Action: Accept in Principle

Committee Statement: See Comment 1994-9 (Log #3).

1994-11  Log #12 FAE-HAZ Final Action: Hold
(7.2.3.7)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1994-1

Recommendation: Change requirement from "200 percent" to "170 percent".

Substantiation: Improved dexterity in gloves is needed. NFPA 1951 has lowered its requirement. See 1951-15 (Log
#9). Gloves are available that can meet this requirement.

Committee Meeting Action: Hold

Committee Statement: The technical committee decided to hold this comment because it introduces new material.
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1994-12  Log #10 FAE-HAZ Final Action: Accept
(7.2.4.10(c) and 7.3.4.9(c))

Submitter: Daniel J. Gohlke, W. L. Gore and Associates
Comment on Proposal No: 1994-6a
Recommendation: In7.2.4.10(c) change 7.2.4.6t07.2.4.7.
In7.3.4.9(c) change 7.3.4.6 t0 7.3.4.7.
Substantiation: Wrong cross-reference.
Committee Meeting Action: Accept
The technical committee notes that the print line refer to the preprint document.

1994-13 Log #5 FAE-HAZ Final Action: Accept
(8.1.1.1 and 8.1.1.2)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1994-34

Recommendation: Delete "preparation” from "Sample preparation section".

Substantiation: The sample preparation section has been changed to the sample section.

Committee Meeting Action: Accept

The technical committee notes that the change should only be made the second time this phrase appears in these
paragraphs.

1994-14 Log #6 FAE-HAZ Final Action: Accept
(8.1.2.1,8.1.2.2,8.1.3,8.1.4, 8.1.5.1, 8.1.6, 8.1.7, and 8.1.8)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1994-34

Recommendation: Change "specimens" to "samples".

Substantiation: Samples are the subject of conditioning.

Committee Meeting Action: Accept

The technical committee notes that the print line references the preprint document.
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1994-15 Log #23 FAE-HAZ Final Action: Accept
(8.1.8,8.25.2.2, and 8.25.4.1)

Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Comment on Proposal No: 1994-40
Recommendation: Revise text to read as follows:

8.1.8 Elevated Humidity Conditioning Procedure for Garment, Glove, Footwear, Seam, Closure, amd Visor, and
Exhaust Valves. Specimens for elevated humidity shall be conditioned at 21°C * 3°C (70°F * 5°F) and a relative
humidity of 80 percent + 5 percent until equilibrium is reached, as specified in ASTM D 1776, Standard Practice for
Conditioning and Testing Textiles, or for at least 24 hours, whichever is shortest.

8.25.2.2 Samples shall be conditioned as specified in8-4:2-8.1.8.

8.25.4.1 (5) The testing shall be carried out in an environment controlled to 21°C + 3°C (70°F + 5°F) and a relative

humidity of 80 percent + 5 percent.
Substantiation: Exhaust valves should be preconditioned and tested under wet, hot conditions consistent with the

other material conditioning performed in the standard and to better replicate the environment where they will be
operating (e.g., permeation resistance testing and man-in-simulant testing, taking into account the internal suit
environment.)

Committee Meeting Action: Accept

The technical committee notes that in the print line, the reference in 8.25.2.2 should be to 8.1.8.

1994-16 Log #18 FAE-HAZ Final Action: Accept in Principle
(8.2)

Submitter: Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment,
Comment on Proposal No: 1994-37

Recommendation: The TCC instructs the Technical Committee on Hazardous Materials Protective Clothing and
Equipment to consider information provided by the task group for CBRN Test Methods pertaining to the criteria in
Sections 7.1.1.1 and 7.2.1.1 in NFPA 1994, and the test method in Section 8.2 in NFPA 1994 as follows:

a) Provide detailed specifications for the PADs that meet test requirements for the uptake rate as set in the
standard. These specifications should go beyond the current edition of ASTM F2588, which have not been
validated to meet the uptake rate of 3.5 cm/min, +1.0 cm/min. ASTM is considering similar changes to the uptake
rate specifications.

b) Establish specific methodology for the determination of uptake rate.

c) Provide a method for a pre-assessment of the exposure concentration in the chamber as determined by the
measured uptake rate of the PADs.

d) Remove the conflict in the test method for the exposure of the exterior PADs (15 minutes as indicated in the
apparatus section versus 30 minutes in the procedure section)

e) Provide more detailed specifications for the placement of PADs for measurement of chamber concentrations
and for the placement of PAD on individual test subjects.

f) Determine an approach to consistently set the inside Ct value for the determination of local protection factors.

g) Establish limits for the time of analysis of exposed PADs.

h) Investigate the accuracy and appropriateness of the body region hazard analysis as applied in the
determination of systemic physiological protective dosage factor.

i) Consider using the average systemic physiological protective dosage factor to determine pass fail performance
for specific ensembles.

Substantiation: This is a direction from the Technical Correlating Committee on Hazardous Materials Protective
Clothing and Equipment in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.
Committee Meeting Action: Accept in Principle

Committee Statement: See Comment 1994-17 (Log #26).
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1994-17 Log #26 FAE-HAZ Final Action: Accept in Principle
(8.2)

Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Comment on Proposal No: 1994-36, 1994-37
Recommendation: Revise text as follows:

****Include-1994-L26****

Substantiation: Errors have been identified in the MIST evaluation procedures that create problems with the conduct
and reproducibility of the test. A task group assigned by the Technical Correlating Committee has been established to
resolve these issues with efforts including the conduct of experiments to assist with the identification of improvements.
The proposed changes reflect these changes.
Committee Meeting Action: Accept in Principle
Revise Section 8.2 as follows:

8.2.4 Apparatus.

8.2.4.1 Test Facility.
8243 8.2.4.1.1 The test facility shall include areas for dressing, a first stage undressing area adjacent and

accessible to the chamber, and a second stage undressing area adjacent and accessible to the first stage undressing
area.

8244 8.2.4.1.2 The test shall be conducted in a sealed chamber with a minimum volume of sufficient dimensions to
permit free movement of the test subject(s) when fully dressed in the ensemble.

8245 8.2.4.1.3 More than one test subject shall be permitted in the chamber at the same time, provided that they
can complete all tasks completely in the appropriate time period and that they have an unobstructed direct path to the
wind stream.

8:24-6 8.2.4.1.4 The test chamber shall have a temperature of 25°C, £2°C, relative humidity of 55 percent, £10
percent, and a nominal wind speed of 0.9 to 2.2 m/sec (2 to 5 mph). The average wind speed shall be 1.6 m/sec, 0.2
m/sec (3.5 mph, £0.5 mph).

8.2.4.2 Test Chemical and Analytical Equipment.

8242 8.2.4.2.1 The test simulant shall be methyl salicylate (MeS; C,H,O,) CAS #119-36-8, more commonly known
as oil of wintergreen. The MeS minimum purity shall be 95 percent. Vapor doses shall be measured using Passive
Adsorbent Dosimeters (PADs).

8247 8.2.4.2.2 The standard concentration of MeS in the vapor chamber shall be 100 mg/m3, +15 mg/m3, as
measured by a real-time infrared analysis of the chamber air or other validated real-time analytical technique.

8:24-8 8.2.4.2.3 Infrared readings shall be taken every 60 seconds to verify compliance with the concentration
requirement, and an air sample shall be taken at least every 10 minutes for validation of infrared readings.

8:249 8.2.4.2.4 Every step shall be taken to avoid generation of liquid aerosol.

8.2.4.2.5 The sensitivity of the analytical technigue used for the measurement of MeS in the PADs shall provide a
detection limit of 30 ng MeS per PAD. The analytical technique shall have an upper limit of quantification of 31,500 ng.

8.2.4.3* Passive Adsorbent Dosimeters (PADs).

8-24-1t4 The test shall be conducted using Passive Adsorbent Dosimeters (PADs) that affix directly to the skin of the
test subjects with the following characteristics. FrePADSusedmensembtecertificatiomshattbethesametypeof-
dosimeterthatwas usedduring-thevatidatiomrof the vt ST testtab:

(1) The PADs shall be armradhesive=bracked-a foil packet measurmg 25T >=-35mmm=-6-62-mmm, which contains an
adsorbent material covered by a high- denS|ty polyethylene film that acts as a pseudo-skin barrier. Ttreactivesurface-

(2) The PADs shall have an uptake rate of stratHbe 1.0 cm/min to 4.5 cm/min. ThefourchamberPADsstattbeused-
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8.2.4.4 Test Subjects.
824712 8.2.4.4.1 All test subjects shall be medically and physically suitable to perform these tests without danger to

themselves. A medical certificate for each test subject shall have been issued within 12 months prior to testing.

82413 8.2.4.4.2 Test subjects shall be familiar with the use of chemical protective ensembles and with the selected
CBRN SCBA.

8.2.5.9.4* Where an adhesive is used on the back of the PADs, each PADS shall be backed with aluminum foil, placed
in individual sealed glass vials with a nonadsorbent lid liner, and stored in a refrigerated environment sufficiently cold to
prevent migration of the MeS from the adhesive and shall not be removed from the environment for more than 15
minutes before processing.

Delete existing A.8.2.5.9.4.

New A.8.2.5.9.4 To determine if the temperature is low enough to prevent migration of the MeS from the adhesive, 12
pads are exposed simultaneously to an atmosphere of 1 to 10 mg/m3 of MeS for 30 minutes. After 15 minutes, 4 pads
are extracted or thermally analyzed, 4 pads are each placed in separate sealed jars which are packed in dry ice and 4
pads are each placed in separate sealed jars and refrigerated at the intended storage temperature. After 24 hours, the
4 PADs packed in dry ice and the 4 PADs refrigerated should be extracted or thermally analyzed. The average amount
of MeS observed on each of the 3 sets of 4 PADs should be statistically equivalent.

826P lification and Analysis.

8.2.6. 1* The mwmmmmmmmmmmﬁmgﬁmm <approxmatety 36~
WWMWWMWWWMW -wittrarcoefficrentof-
varatiorronrepticate spikeddosimetersamptesof tessthamt5percent uptake rate for each lot of PADs shall be
determined in accordance with 8.2.6.2 using a minimum of 7 PADs selected randomly from the lot.

8.2.6.2 PAD uptake rate shall be measured by exposing the PADs to a concentration of MeS ranqing from 1 to 10
ma/m3 for a period under conditions of 25°C + 2°C ( 77°F + 4°F) and a relative humidity of ercent + 10 percent for
a period of 30 minutes, +5/-0 minutes.

—8:2:6-2 8.2.6.3 Processing of the PADs samples shall be performed within 24 hours of exposure. Where liquid

extraction of the PADs samples is performed, the liquid extracts shall be permitted to be stored at 4°C (39°F) for up to 7
2 days before analysis.

hnearra'nge-oﬁhea'n-afy'trcal-tecmque—The average ofttrechamber MeS vapor exposure concentration and the actual
time of exposure shall be used to determine the uptake rate from the following equation:

mm=uACct
=m/A

where:

u = the uptake rate in cm/min
m = the total mass of MeS measured on the PAD in mg
- 3 .
r=theuptakeratemem A
A = the average active area of the PAD in cm’
Ct = the chramber exposure vapor dosage in mg/min/cm3.

8-2-6-# 8:2:6-5 For the test results to be considered valid for a given ensemble, no more than one PAD from each of the
body region locations tested (i.e., no more than one PADS out of the four replicates for any particular region) shall be
permitted to be lost to analysis over the course of the four test subjects.

8.2.7.1 The arithmeticmeanforthecatibrateduptake ratestattbeusedtocatcutatethe dosage measured by each
PADS (Ct, ;) fromrthesameequatiombasedomrthemeasuredmass takerrup by the PABS—Fimatty; theprotectiom
factorateachPADSHocatiomrrinside theensembteshatt-becatcutatedusmythefottowimgequatior: shall be determined

using the average uptake rate determined for the PAD lot used in the evaluation of a specific ensemble using the
following equation:
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gm_,inﬂa_vgﬁ
where:

Ct, e, = the MeS vapor dosage at the specific PAD in ma/min/cm®
m, = the total mass of MeS measured on the specific PAD in mg

4,,,= the average uptake of the PAD lot in cm/min
A= the average active area of the PA in cm?

8.2.7.1.1 The protection factor at each PAD location shall be calculated using the following equation:

PFi = Ct

outside

!/ Ct,

inside, i

where the C%,,,,. shall be determined from the measured chamber vapor dosage of the individual trial over the entire
exposure. The value for Cf

outside

shall be the average of the chamber MS concentration readings taken during the course
of the test subject exposure period.

8.2.7.1.2 Where the measured total mass of MeS for a given PAD falls below 30 ng . the value of 30 ng shall be used
for that specific PAD.

8.2.7.3.1 The average PPDF for all specimens tested shall be calculated amdreported.

8.2.8 Report.

8.2.8.1 The individual specimen and average local PPDF, values for each PAD location shall be recorded and
reported.

8.2.8.2 The PPDF_ value for each specimen and the average PPDF_ value for the ensemble tested shall be
recorded and reported.

8.2.8.3 A spreadsheet shall be prepared that shows all test measurements and calculations including at least the
following:

(1) The MeS vapor exposure concentration for PAD lot qualification

(2) The exposure time for used for PAD lot qualification

(3) The measured MeS mass on each PAD used for PAD lot qualification

(4) Each individual and the average PAD uptake rate

(5) The measured MeS mass on each PAD using in the dressing room, stage 1 undressing room, and stage 2
undressing room.

(6) The measured MeS mass on each PAD placed on the test subject

(7) The calculated vapor dosage for each PAD placed on the test subject

8.2.9 Interpretation. The average local PPDF, values at each PAD location and the average PPDF  value foreactr
specimen shall be used to determine pass or fail performance.

A.8.2.4.3 PADs meeting these requirements that use an adhesive-backedfoil packet measuring 25 mm x 35 mm x
0.02 mm, using a Tenax TA adsorbent that is covered by a high-density polyethylene film and having an active surface
sampling area of a PAD shall be 3.5 cm? +0.6 cm.

A.8.2.6.2 A convenient approach for measurement of PAD uptake rates under these conditions is to use a small scale
chamber or permeation test cell and system where the air flow rate is controlled at a low rate (100 mL per minute) under

the specified temperature and humidity conditions.
Committee Statement: The technical committee accepted the comment in principle, and made modifications to the

comment based on developments from the ASTM subcommittee since the comment was submitted.
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7.1.1.1* Class 2 ensembles shall be tested for overall inward leakage as specified in Section 8.2,
Man-In-Simulant Test (MIST), and shall have an average local physiological protective dosage
factor (PPDF;) value at each PAD location for the four ensembles tested of no less than 360.0
and an average systemic physiological protective dosage factor (PPDFis) value for eaeh the four
tested ensembles no less than 361.0.

7.2.1.1* Class 3 ensembles shall be tested for overall inward leakage as specified in Section 8.2,
Man-In-Simulant Test (MIST), and shall have an average local physiological protective dosage
factor (PPDF;) value at each PAD location for the four ensembles tested of no less than 120.0
and an average systemic physiological protective dosage factor (PPDFjy) value for eaeh the four
tested ensembles no less than 76.0.

8.2.4 Apparatus.

8.2.4.1 Test Facility.

8243 8.6.4.1.1 The test facility shall include areas for dressing, a first stage undressing area
adjacent and accessible to the chamber, and a second stage undressing area adjacent and
accessible to the first stage undressing area.

8:2:4-4 8.6.4.1.2 The test shall be conducted in a sealed chamber with a minimum volume of
sufficient dimensions to permit free movement of the test subject(s) when fully dressed in the
ensemble.

8-2:4-5 8.6.4.1.3More than one test subject shall be permitted in the chamber at the same time,
provided that they can complete all tasks completely in the appropriate time period and that they
have an unobstructed direct path to the wind stream.

8-2:4-6 8.6.4.1.4 The test chamber shall have a temperature of 25°C, £2°C, relative humidity of
55 percent, £10 percent, and a nominal wind speed of 0.9 to 2.2 m/sec (2 to 5 mph). The average
wind speed shall be 1.6 m/sec, +0.2 m/sec (3.5 mph, £0.5 mph).

8.2.4.2 Test Chemical and Analytical Equipment.

8242 8.6.4.2.1 The test simulant shall be methyl salicylate (MeS; CsHgOg) CAS #119-36-8,
more commonly known as oil of wintergreen. The MeS minimum purity shall be 95 percent.
Vapor doses shall be measured using Passive Adsorbent Dosimeters (PADs).

8.2.4.7 8.6.4.2.2 The standard concentration of MeS in the vapor chamber shall be 100 mg/m’,
+15 mg/m’, as measured by a real-time infrared analysis of the chamber air or other validated
real-time analytical technique.

8248 8.6.4.2.3 Infrared readings shall be taken every 60 seconds to verify compliance with
the concentration requirement, and an air sample shall be taken at least every 10 minutes for
validation of infrared readings.

8249 8.6.4.2.4 Every step shall be taken to avoid generation of liquid aerosol.

8.6.4.2.5 The sensitivity of the analytical technique used for the measurement of MeS in the
PAD:s shall provide for a detection limit of 3 mg-min/m* (approximately 30 ng MS per PAD). In
order to achieve the required maximum PF; under the standard test conditions in this method (4.5
cm’ PADS for 30 minutes at 100 + 15 mg/m® MeS concentration), the ratio of the analytical
mass limit of quantification to uptake rate must be less then 7.5 ng-min/cm. The analytical
technique shall have an upper end dose limit of quantification of a minimum of 2000 mg.min/m’

1994/L26/F2011/ROC
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8.2.4.3* Passive Adsorbent Dosimeters (PADs).
82414 The test shall be conducted using Passive Adsorbent Dosimeters (PADs) that affix

dlrectly to the skin of the test subJects Wlth the followmg characterlstlcs T—h&PArBS—&sed—m

(1) The PADs shall be anadhestve-backed-a foil packet measuring 25-mm—>x35-mm—>-0-02-mm;

which contains an adsorbent material covered by a high-density polyethylene film that acts as a

pseudo-skin barrier. Theactive surfacesamplins areaofa PAD shall be 3-5 em™- +0-6 cmand-its
(2) The PADs shall have an uptake rate of shall-be 3 5 cm/min, £1 cm/min. Fhefourchamber

8.2.4.4 Test Subjects.

82412 8.2.4.4.1 All test subjects shall be medically and physically suitable to perform these
tests without danger to themselves. A medical certificate for each test subject shall have been
issued within 12 months prior to testing.

82413 8.2.4.4.2 Test subjects shall be familiar with the use of chemical protective ensembles
and with the selected CBRN SCBA.

8.2.5.9.4 Where an adhesive is used on the back of the PADs, each PADS shall be backed with
aluminum foil, placed in individual sealed glass vials with a nonadsorbent lid liner, and stored in
a refrigerated environment [4°C (38°F)] and shall not be removed from the environment for
more than 15 minutes before processing.

8.2.6 PAD Qualification and Analysis.

8.2.6.1% The se&sﬂwﬂy—eﬁth%a&a%y&eaHeehmq&%s%m%Harewd&fe&%detee&ea—km%efé
me/minm’ 3 2 g )
samples-efless-than15-pereent uptake rate for each lot of PADs shall be determined in
accordance with 8.2.6.2 using a minimum of 7 PADs selected randomly from the lot.

8.2.6.2 PAD uptake rate shall be measured by exposing the PADs to a concentration of MeS
ranging from 1 to 10 mg/m3 for a period under conditions of 32°C +3°C (90°F +5°F) and a
relative humidity of 80 percent +5 percent for a period of 15 minutes, +5/-0 minutes.

8-2:6-2 8.2.6.3 Processing of the PADs samples shall be performed within 24 hours of exposure.
Where liquid extraction of the PADs samples is performed, samples shall be permitted to be
stored at 4°C (39°F) for up to 4 2 days before analy51s

1994/L26/F2011/ROC
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technique—The average ofthe-ehamber MeS vapor exposure concentration and the actual time of
exposure shall be used to determine the uptake rate from the following equation:

m=uACt
u=m/ACt

where:

u = the uptake rate in cm’/min

m = the total mass of MeS measured on the PAD in mg
_ . 3, .

v—theuptakeratethem ‘min

A = the average active area of the PAD in cm’

Ct = the ehamber exposure vapor dosage in mg/min/cn’.

8-2:6-4 8:2.6-5 For the test results to be considered valid for a given ensemble, no more than one
PAD from each of the body region locations tested (i.e., no more than one PADS out of the four
replicates for any particular region) shall be permitted to be lost to analysis over the course of the
four test subjects.

8.2.7.1 The afﬁhmeﬁﬁﬂeaﬂ—fe%&%eahbfa%edﬂ@takﬁa%%s%mﬂ—bﬁmeﬂ&eﬂeu}ﬁ%ée dosage
measured by each PADS (Ctmslde 1) m-th

ealea—l—a%ed—&si—ng—ﬂ&e—fel—lew'r&g—eq&&ﬁeﬂ— shall be determmed using the average uptake rate

determined for the PAD lot used in the evaluation of a specific ensemble using the following
equation:

Clinside.i = Mj/ Uavg A

where:

Ctinside.i = the MeS vapor dosage at the specific PAD in mg/min/cm’
m;_= the total mass of MeS measured on the specific PAD in mg
Uavg = the average uptake of the PAD lot in cm’/min

A = the average active area of the PA in cm’

8.2.7.1.1 The protection factor at each PAD location shall be calculated using the following
equation:

Fi= Ctoutside / Ctinside,i

where the Ctoysige shall be determined from the measured chamber vapor dosage of the individual
trial over the entire exposure. The value for Ctyyisige shall be the average of the chamber MS
concentration readings taken during the course of the test subject exposure period.

8.2.7.1.2 Where the measured total mass of MeS for a given PAD falls below 0.03 mg, the
value of 0.03 mg shall be used for that specific PAD.

8.2.7.3.1 The average PPDFy, for all specimens tested shall be calculated and-repeorted.

8.2.8 Report.

1994/L26/F2011/ROC
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8.2.8.1 The individual specimen and average local PPDF; values for each PAD location shall be
recorded and reported.

8.2.8.2 The PPDFy value for each specimen and the average PPDFy, value for the ensemble
tested shall be recorded and reported.

8.2.8.3 A spreadsheet shall be prepared that shows all test measurements and calculations
including at least the following:

(1) The MeS vapor exposure concentration for PAD lot qualification

(2) The exposure time for used for PAD lot qualification

(3) The measured MeS mass on each PAD used for PAD lot qualification

(4) Each individual and the average PAD uptake rate

(5) The measured MeS mass on each PAD using in the dressing room, stage 1 undressing room,
and stage 2 undressing room.

(6) The measured MeS mass on each PAD placed on the test subject

(7) The calculated vapor dosage for each PAD placed on the test subject

8.2.9 Interpretation. The average local PPDF; values at each PAD location and the average
PPDFy, value for-each-speetmen shall be used to determine pass or fail performance.

A.8.2.4.3 PADs meeting these requirements that use an adhesive-backed-foil packet measuring
25 mm X 35 mm x 0.02 mm, using a Tenax TA adsorbent that is covered by a high-density
polyethylene film and having an active surface sampling area of a PAD shall be 3.5 cm?, 0.6 cm
are available from M&C Specialties, 90 James Way, Southampton, PA 18966, tel: 215-322-1600
(“Natick Sampler,” Part Number 037-002101-113).

A.8.2.6.2 A convenient approach for measurement of PAD uptake rates under these conditions
is to use a small scale chamber or permeation test cell and system where the air flow rate is
controlled at a low rate (100 mL per minute) under the specified temperature and humidity
conditions.

1994/L26/F2011/ROC
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1994-18 Log #20 FAE-HAZ Final Action: Accept in Principle
(8.7)

Submitter: Paul Dacey, W L Gore & Associates
Comment on Proposal No: 1994-39
Recommendation: Revise text to read as follows:

***Insert Include 1994_L20_F2011_Include_R***

Substantiation: This revised requirement and test method will, if adopted, harmonize the permeation resistance
performance requirements for CWs and TICs in NFPA 1951, NFPA 1971, NFPA 1991, and NFPA 1994. Currently, they
all try to do the same thing with slightly different words and format. This comment updates the procedures to conform
with current best practices, corrects many editorial mistakes, and aligns the formatting in all 4 documents.
This is not original material; its reference/source is as follows:
Risk-Based Protective Clothing Material Permeation Criteria: Final Report prepared by International Personnel
Protection Inc. dated Feb 19, 2010.
Committee Meeting Action: Accept in Principle
The technical committee notes that the sections below refer to the preprint document.

7.1.2.1 Class 2 garment material and seams shall be tested for permeation resistance as specified in Section 8.7,
Chemical Permeation Resistance Test and shall meet the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2-chloroethyl)
sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 ug / cm’.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 pug / cm’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug / cm’.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 pg / cm’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 ug / cm’.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6. 0 ug / cm’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 ug / cm’.

7.1.2.8 Class 2 visor material and seams shall be tested for permeation resistance as specified in Section 8.7,
Chemical Permeation Resistance Test and shall meet the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2-chloroethyl)
sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 pg / cm’.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 ug / cm’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug / cm®.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 ug / cm’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 ug / cm’.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6. 0 ug / cm’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 ug / cm’.

7.1.3.2 Class 2 glove material and seams shall be tested for permeation resistance as specified in Section 8.7,
Chemical Permeation Resistance Test and shall meet the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2-chloroethyl)
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sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 ug / cm’.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 ug / cm’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug / cm’.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 pug / cm’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 pug / cm’.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6. 0 ug / cm’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 ug / cm’.

7.1.4.1 Class 2 footwear upper materials and soles shall be tested for permeation resistance as specified in Section
8.7, Chemical Permeation Resistance Test and shall meet the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2-chloroethyl)
sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 pg / cm’.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 ug / cm’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug / cm®.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 ug / cm’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 ug / cm’.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6. 0 ug / cm’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 ug / cm’.
7.2.2.1 Class 3 garment material and seams shall be tested for permeation resistance as specified in Section 8.7,
Chemical Permeation Resistance Test and shall meet the following performance criteria:
1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2-chloroethyl)
sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 ug / cm’.
2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 ug / cm’.
3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester,
CAS 77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 pg / cm’.
4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 pug / cm’.
5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 pug / cm’.
6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6. 0 ug / cm’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 ug / cm’.

7.2.2.9.1 Class 3 garment visor material and seams shall be tested for permeation resistance as specified in Section
8.7, Chemical Permeation Resistance Test and shall meet the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2-chloroethyl)
sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 ug / cm’.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 ug / cm’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug / cm’.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 pug / cm’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
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cumulative permeation in one hour shall not exceed 6. 0 pug / cm’.
6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6. 0 ug / cm’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 ug / cm’.

7.2.3.2 Class 3 glove material and seams shall be tested for permeation resistance as specified in Section 8.7,
Chemical Permeation Resistance Test and shall meet the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2-chloroethyl)
sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 pg / cm’.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 ug / cm’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug / cm®.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 ug / cm’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 ug / cm’.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6. 0 ug / cm’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6. 0 ug / cm’.

7.2.4.2 Class 3 footwear upper materials and soles shall be tested for permeation resistance as specified in Section
8.7, Chemical Permeation Resistance Test and shall meet the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2-chloroethyl) sulfide,
CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 ug / cm’.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 ug / cm’.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6.0 ug / cm’.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6.0 ug / cm’.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6.0 pg / cm’.

6. For permeation testing of the chemical gas ammonia (NH,, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6.0 pg / cm’.
7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6.0 pg / cm’.
.7 Chemical Permeation Resistance T

8.7.1 Application

8.7.1.1 This method shall apply to the CBRN barrier layer and the CBRN barrier layer’'s seams used in ensembles and
ensemble elements for CBRN terrorism agent protection.

8.7.1.2 Specific requirements for testing the CBRN barrier layer of garments, hoods, and booties shall be as specified
in 8.7.10

8.7.1.3 Specific requirements for testing the CBRN barrier layer of visors shall be as specified in 8.7.11

8.7.1.4 Specific requirements for testing the CBRN barrier layer of gloves shall be as specified in 8.7.12

8.7.1.5 Specific requirements for testing the CBRN barrier layer of footwear shall be as specified in 8.7.13

8.7.1.6 Specific requirements for testing the CBRN barrier layer’'s seams of garments, hoods, booties, visors, and
gloves shall be as specified in 8.7.14

8.7.2 Samples

8.7.2.1 Samples for conditioning shall be as specified according to the specific requirements in 8.7.10, 8.7.11, 8.7.12,
8.7.13, and 8.7.14 as appropriate.

8.7.2.2 Samples shall be conditioned as specified according to the specific requirements in 8.7.10, 8.7.11, 8.7.12,
8.7.13, and 8.7.14 as appropriate.

8.7.2.3 Samples shall then be cut to the specimen size.

8.7.2.4 All layers of the samples during conditioning shall be present and configured in the order and orientation as
worn.
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8.7.3 Specimens

8.7.3.1 Specimens shall be the CBRN barrier layer or the CBRN barrier layer’s seam of the size required to fit the
permeation test cell.

8.7.3.2 A minimum of three specimens shall be tested against each challenge chemical.

8.7.3.3 Any outer shell or other composite layers normally worn over the specimen shall be permitted to be included on
top of the specimen in the test. Place the outer shell or other composite layers on the test specimen through the cell cap
port after the test cell has been assembled.

8.7.3.4 If the specimen is the outer most layer of the composite then it shall be tested without any additional layers on
top.

8.7.3.5 Any separable layers normally worn underneath the specimen shall not be permitted to be included in the test.

8.7.3.6 Specimens with non-uniform surfaces shall be permitted to be treated with an impermeable nonreactive sealant
outside the area of the specimen exposed to the challenge chemical in order to allow sealing of the test cell to a uniform
surface of the specimen.

8.7.3.7 Following any sample preparation, the specimens shall be conditioned at a temperature of 32° C +/- 1° C (90° F,
+/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent, for at least twenty-four hours prior to testing in
accordance with 8.7.7.1.1

8.7.4 Apparatus

8.7.4.1 A controlled environmental chamber shall be used to maintain the test cell, air flow control system, and reagent
chemicals within +/- 1.0° C (+/- 2.0° F) of the test temperature and +/- 5 percent of the test relative humidity. The
controlled environment chamber shall be sized so that it can be used for conditioning test materials, test cells when not
in use, challenge chemicals, and other test apparatus prior to testing, as well as holding the test cells horizontally during
use while connected to the air delivery system with manifold and to the effluent sampling mechanism.

8.7.4.2 The test cell shall be a two-chambered cell for contacting the specimen with the challenge chemical on the
specimen’s normal outside surface and for flowing a collection medium on the specimen’s normal inside surface, which
meets the test cell requirements for the Liquid Challenge/Vapor Penetration (L/V) Test Cell specified in TOP 8-2-501
and shown in Figure 8.45.4.2 (1), and with the following additional specifications:

***Insert 1994 _L25 Fig 8.7.4.1.4_R_(ROP) here***
Figure 8.7.4.1.4 Liquid Challenge/Vapor Penetration (L/V) Test Cell. To be renumbered 8.45.4.2 (1).

***Insert 1994_L25 Fig 8.7.4.1.4(2)-1_R_(ROP) here***
Figure 8.7.4.1.4(2)-1 Modifications to Sample Support Plate and Compression Plate. To be renumbered 8.45.4.2 (2).

***Insert 1994_L25 Fig 8.7.4.1.4(2)-2_R_(ROP) here***
Figure 8.7.4.1.4(2)-2 Specific Modifications to Compression Plate. To be renumbered 8.45.4.2 (3).

***Insert 1994_L25 Fig 8.7.4.1.4(2)-3_R_(ROP) here***

Figure 8.7.4.1.4(2)-3 Specific Modifications to Sample Support Plate. To be renumbered 8.45.4.2 (4).

(1) The test cell is configured to separately permit flow across the challenge side and the collection side, and to allow
the challenge side to be exposed for the placement of challenge chemical.

(2) The sample support plate and compression plate indicated in Figure 8.45.4.2 (1) shall be modified as shown in
Figure 8.45.4.2 (2), Figure 8.45.4.2 (3), Figure 8.45.4.2 (4), to permit the O-rings to be closer to the exposed surface
area of the specimen.

(3) The cell cap shall have a smooth solid surface facing the test specimen, i.e. no opening ports for cell integrity
testing.

(4) Ports for testing the integrity of the assembled test cell shall be mounted on the inlet fittings on both the upper body
and lower body of the test cell.

8.7.4.3* An air delivery system and manifold shall be used to provide oil-free, conditioned air to the test cell/fixtures at a
rate of 2 standard liters per minute (SLPM) per test cell/fixture with a temperature precision of +/- 0.2° C and a relative
humidity precision of +/- 5 percent. The manifold is designed to deliver 0.3 L/min for the challenge side of the test cell
and 1 L/min for the collection side of the test cell and maintain at the test temperature. All parts of the air delivery system
and manifold must be chemically inert and non-absorptive to the challenge chemical.

8.7.4.4* An analytical system shall be used to evaluate the amount of challenge chemical in the effluent air streams
from the collection side of the test cell and shall be selected to provide the ability to measure the challenge chemical at
0.1 pg/cm2 over the test exposure period. The analytical system shall be permitted to include a bubbler tube, solid
sorbent, or real time chemical analyzer. Effluent sampling shall be permitted to be taken discretely or cumulatively;
however the selected analytical system shall be able to determine all of the challenge chemical permeating through the
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specimen in 60 minutes.

8.7.4.5 A vacuum pump capable of creating vacuum of at least 5 inches water column shall be used for testing the
integrity of the assembled test cell.

8.7.4.6 A manometer or pressure gage capable of measuring pressures or vacuums to 10 inches water column, with
an accuracy of 5 percent of scale, shall be used for testing the integrity of the assembled test cell.

8.7.5 Supplies

8.7.5.1 Syringe needles, capable of delivering one-microliter droplets, +/- 1%, of the challenge chemical, shall be used
for dispensing liquid challenge chemical onto the surface of the specimen in the test cell.

8.7.5.2* Replacement O-rings shall be available for use in the permeation test cell.

8.7.5.2.1* If unknown, the compatibility of the O-ring material with the challenge chemical shall be verified before use.

8.7.5.2.2 If an O-ring shows any signs of chemical degradation in the form of softening, hardening, swelling,
deterioration, or loss of shape, or function, an O-ring of different material shall be used that does not show chemical
degradation.

8.7.5.3* An inert impermeable surrogate material shall be used as a negative control during validation tests.

8.7.6 Chemicals

8.7.6.1 The following challenge chemicals shall be tested as liquids:

(1) Liquid chemical warfare agents

(a) Sulfur mustard, distilled [HD, or bis (2- chloroethyl) sulfide, CAS 505-60-2]

(b) Soman [GD, or O-Pinacolyl methylphosphonofluoridate, CAS 96-64-0]

(2) Liquid toxic industrial chemical

(a) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS 77-78-1)

8.7.6.2 Process for Determining the Mass of Liquid Chemical Challenge Applied

8.7.6.2.1 Prior to assembling the test cell and conducting the test, the mass of the applied challenge chemical shall be
determined using the following procedure.

8.7.6.2.2* The challenge chemical shall be applied to an inert impermeable surrogate specimen in the pattern
described in 8.7.7.4

8.7.6.2.3 After application, the inert impermeable surrogate specimen shall be visually inspected to verify that the liquid
chemical challenge was correctly applied.

8.7.6.2.4 The inert impermeable surrogate specimen with the applied liquid chemical challenge shall be placed in a
closed large vial containing a known volume of solvent compatible with the following analysis procedure.

8.7.6.2.5 The large vial with solvent and impermeable surrogate specimen with the applied liquid challenge chemical
shall be agitated for at least 1 hour to ensure complete extraction of the challenge chemical.

8.7.6.2.6 After agitation the solvent vial shall be removed and submitted for analysis of the liquid challenge chemical
using a procedure capable of detecting 1.0 mg of the liquid challenge chemical.

8.7.6.2.7 Using the mass of the liquid challenge chemical detected in the extraction procedure and the exposed area of
the test specimen defined by the test cell, the exposure concentration shall be 10 g/m2 (+1.0/-0.0 g/mz).

8.7.6.2.8 The number of one-microliter liquid droplets shall be adjusted to conform to the 10 g/m2 (+1.0/-0.0 g/mz)
concentration requirement.

8.7.6.3* The following challenge chemicals shall be tested as gases or vapors in dry air or nitrogen.

(1) Ammonia (NH;, CAS 7664-41-7)

(2) Chlorine (Cl,, CAS 7782-50-5)

(3) Acrolein (allyl aldehyde, CAS 107-02-8)

(4) Acrylonitrile (VCN, cyanoethylene, CAS 107-13-1)

8.7.7 Procedures

8.7.7.1 Preconditioning

8.7.7.1.1 The challenge chemicals, test specimen, test equipment, and test cell assembly shall be placed in the
environmental chamber for a minimum of twenty-four hours at 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity
of 80 percent, +/- 5 percent, prior to testing.

8.7.7.2 Test Cell Assembly

***Insert 1994_L25_Fig 8.7.5.2.1_R_(ROP) here***
Figure 8.7.5.2.1 Permeation Cell Assembly.

8.7.7.2.1 The test cell shall be assembled in the environmental chamber at 32° C, +/-1° C (90° F, +/- 2° F) and at a
relative humidity of 80 percent, +/- 5 percent.
8.7.7.2.2 An O-ring shall be placed on the lower body of the test cell.
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8.7.7.2.3 The sample support plate shall be placed on O-ring #1 and O-ring #2 shall be placed in the groove on the
sample support plate.

8.7.7.2.4 The specimen shall be removed from the conditioning location in the environmental chamber and shall be
placed on top of the sample support plate with O-ring #3 placed over the specimen.

8.7.7.2.5 With the upper body of the test cell upside down, O-ring #4 shall be placed in the upper body of the test cell
and the compression plate shall be positioned over O-ring #4.

8.7.7.2.6 The upper body of the test cell with O-ring #4 and the compression plate, shall be inverted, aligned with the
lug posts, and joined with the lower body of the test cell.

8.7.7.2.7 Using the four cell sealing lugs, the cell halves shall be clamped together and 51.8 cm-kg (45 in-lbs) of torque
shall be applied to each lug to ensure a proper cell seal.

8.7.7.2.8 O-ring #5 shall be inserted into the groove around the agent challenge port in the upper body of the test cell
and the cell cap shall be screwed into place.

8.7.7.2.9 The integrity of the test cell assembly shall be verified using the procedure in 8.7.7.3.

8.7.7.2.10 Each test cell shall be labeled with the challenge chemical to be used in it.

8.7.7.3 Verification of Test Cell Integrity

8.7.7.3.1 Test cell integrity shall be performed in the environmental chamber at 32° C, +/- 1° C (90° F, +/- 2° F) and at
a relative humidity of 80 percent, +/- 5 percent.

8.7.7.3.2 Valves on the outlet ports of the upper and lower body of the test cell shall be closed.

8.7.7.3.3 Both the upper and lower body inlet ports of the test cell shall be connected to a manometer.

8.7.7.3.4 Both inlet ports shall be connected to a vacuum and the test cell upper body and test cell lower body shall be
depressurized to 75 mm (3 inch) water column pressure.

8.7.7.3.5 If the test cell pressure drops below 50 mm (2 inch) of water column within 2 minutes, the test cell shall be
reassembled according to the steps in 8.7.7.2

8.7.7.3.6 Only test cells that have passed this integrity test shall be used for testing.

8.7.7.4 Determination of Procedure for Applying Liquid Challenge Chemicals

8.7.7.4.1 The liquid chemical challenge concentration shall be 10 g/m2(+1 .0/-0.0 g/mz).

8.7.7.4.1.2 The number of one-microliter droplets shall be permitted to vary depending on the density of the liquid
chemical challenge. Eight droplets shall be applied evenly spaced around the perimeter. The remaining droplets shall be
placed in the center, if more than one droplet is required in the center, then the droplets shall be spaced 8.1 mm (1/3 in)
apart. For seams, the droplets in the center shall be spaced along the seam juncture.

8.7.7.4.1.3 A mechanical or automated device shall be permitted for uniformly dispensing the droplets onto the surface
of the specimen.

8.7.7.4.1.4 When testing any liquid chemical, a quality control trial shall be conducted to verify that the application
process delivers 10 g/m2 (+1.0/-0.0 g/mz) using the procedures in 8.7.6.2

8.7.7.5 Procedure for Liquid Chemical Challenge

8.7.7.5.1 The test cell shall be mounted horizontally and connected to the air delivery system in the environmental
chamber at 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent. All connections shall
be secured.

8.7.7.5.2 The calibrated analytical detection system shall be assembled and initiated according to its instructions.

8.7.7.5.2.1 If bubblers are used, each bubbler shall be filled with the proper collection solvent using a calibrated pipette
or equivalent device; the collection solvent shall incorporate an internal standard so adjustments can be made for
solvent evaporation/water condensation during sampling.

8.7.7.5.2.2 If solid sorbent tubes are to be used, each sorbent tube shall be cleaned by heating and purging; the
absence of any residual chemical shall be verified by the appropriate analysis technique.

8.7.7.5.3 The air delivery shall be flowing filtered air at a temperature of 32° C, +/- 1° C (90° F, +/- 2° F) and at a
relative humidity of 80 percent, +/- 5 percent, to the collection side of the test cell at least 15 minutes prior to the
application of the challenge chemical.

8.7.7.5.4 With the cell cap removed, one-microliter droplets shall be placed through the agent challenge port of the test
cell on the specimen’s outer surface within 20 seconds, according to the procedure determined in 8.7.7.4

8.7.7.5.5 After placing the liquid challenge chemical on the specimen in the test cell, the cell cap shall be sealed within
5 seconds.

8.7.7.5.5.1 For testing of Class 2 ensemble materials, the filtered air at a temperature of 32° C, +/- 1° C (90° F, +/- 2°
F) and at a relative humidity of 80 percent, +/- 5 percent, shall be flowed only to the collection side of the test cell a rate
of 1.0 LPM, +/- 0.1 LPM. No air shall be flowed across the challenge side of the test cell.

8.7.7.5.5.2 For testing of Class 3 ensemble materials the filtered air at a temperature of 32° C, +/- 1° C (90° F, +/- 2° F)
and at a relative humidity of 80 percent, +/- 5 percent, shall be flowed to the challenge side of the test cell at a rate of
0.3 LPM, +/- 0.03 LPM, and to the collection sides of the test cell at a rate of 1.0 LPM, +/- 0.1 LPM.

Printed on 4/4/2011 16



Report on Comments — November 2011 NEPA 1994

8.7.7.5.6 The challenge chemical in the effluent air stream shall be collected, measured, and analyzed using either
discrete or cumulative methods for 60 minutes, +1.0 / - 0 minutes.

8.7.7.5.7 The collection media for the challenge chemical shall be analyzed using an appropriate analytical procedure.

8.7.7.5.8 At least one test shall be conducted with a specimen, but without the challenge chemical, as a negative
control.

8.7.7.5.9" At least one test shall be conducted with an inert impermeable surrogate specimen as a negative control.

8.7.7.5.10 The results from tests accompanied by unsuccessful negative controls shall not be used and the test shall
be repeated.

8.7.7.6 Procedure for Gas or Vapor Challenge Chemicals

8.7.7.6.1 The test cell shall be mounted horizontally and connected to the air delivery system in the environmental
chamber at 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent. All connections shall
be secured.

8.7.7.6.2 The air delivery shall be connected and flowing 1 LPM of filtered air at a temperature of 32° C, +/- 1° C (90°
F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent, to the collection side of test cell at least 15 minutes
prior to the initiation of any gas or vapor challenge chemical.

8.7.7.6.3 The calibrated analytical detection system shall be assembled and initiated according to its instructions.

8.7.7.6.4 The initiation of the test shall occur when the gas or vapor challenge chemical is introduced into the challenge
side of the test cell.

8.7.7.6.4.1 The supply of the gas or vapor challenge chemical shall be sufficient to maintain the gas or vapor challenge
chemical concentration during the exposure period of 60 minutes + 1.0 / -0.0 minutes.

8.7.7.6.4.2 The gas or vapor challenge chemical shall be at a temperature of 32° C, +/- 1° C (90° F, +/- 2° F).

8.7.7.6.4.3 For testing of Class 2 ensemble materials, the concentration of the gas or vapor challenge chemical shall
be 350 ppm, + 35 /-0 ppm.

8.7.7.6.4.4 For testing of Class 3 ensemble materials, the concentration of the gas or vapor challenge chemical shall
be 40 ppm, +10 /-0 ppm.

8.7.7.6.5 The challenge chemical in the effluent air stream shall be collected, measured, and analyzed using either
discrete or cumulative methods for 60 minutes, +1.0 / -0 minutes.

8.7.7.6.6 The collection media for the challenge chemical shall be analyzed using an appropriate analytical procedure.

8.7.7.6.7 At least one test shall be conducted with the specimen, but without the challenge chemical, as a negative
control.

8.7.7.6.8™ At least one test shall be conducted with an inert surrogate specimen as a negative control.

8.7.7.6.9 The results from tests accompanied by unsuccessful negative controls shall not be used and the test shall be
repeated.

8.7.7.7 Test conclusion, test cell cleaned, and specimen disposal

8.7.7.7.1 At the conclusion of the test, the test cell shall be purged and the air delivery and analytical system shall be
shut down.

8.7.7.7.2 Each cell shall be disassembled one at a time.

8.7.7.7.3 The tested specimen shall be inspected for degradation or other obvious abnormalities; these observations
shall be recorded with the test results.

8.7.7.7.4 Disposal of tested specimens and other supplies shall be handled according to local, state, federal or other
applicable regulations.

8.7.7.7.5 Each component of the test cell shall be rinsed with acetone or other appropriate solvent to remove residual
chemicals.

8.7.7.7.6 The cell shall be allowed to air dry in a clean area for 24 hours before reuse.

8.7.8 Report

8.7.8.1 The cumulative permeation in one hour shall be calculated, recorded, and reported in pg/cm2 for each
specimen for each challenge chemical.

8.7.8.1.1 If no challenge chemical is detected at the end of the 60 minute test period, then the cumulative permeation
shall be recorded and reported as less than the minimum detectable mass per unit area for the specific chemical being
tested.

8.7.8.2 The average cumulative permeation shall be calculated and reported by averaging the results from all
specimens for each challenge chemical.

8.7.8.2.1 For the calculation of average cumulative permeation, if the results of one or more of the specimens tested is
less than the minimum detectable cumulative permeation then use the minimum detectable cumulative permeation as
the result for those specimens.

8.7.8.2.2 For the calculation of average cumulative permeation, if the results of all the specimens tested are less than
the minimum detectable cumulative permeation then the average cumulative permeation is reported as the minimum
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detectable cumulative permeation.

8.7.8.3 Report any observations of degradation or other abnormalities at the conclusion of the testing of each
specimen.

8.7.9 Interpretation
8.7.9.1 The average cumulative permeation for each challenge chemical shall be used to determine pass or fail
performance.
8.7.10 Specific Requirements for the CBRN Barrier layer of Garments, Hoods, and Booties.
8.7.10.1 Samples shall be conditioned by flexing as specified in 8.1.3. Samples shall be 200 mm x 280 mm (8 in. x 11
in.). Following flexing, one specimen shall be taken from the center of each sample subjected to flexing for permeation
resistance testing.

8.7.10.2 Samples shall be conditioned by abrading as specified in 8.1.4. Samples shall be as specified in Figure
8.1.4. Following abrading, one specimen shall be taken from the center of each sample subjected to abrading for
permeation resistance testing.

8.7.10.3 It shall be permitted to precondition one sample to both flexing and abrading prior to permeation resistance
testing.

8_7 11 Qnacific

on
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8.7.11.1 Samples for conditioning shall be visor materials.

8.7.12 Specific Requirements for Testing the CBRN Barrier Layer of Gloves

8.7.12.1 Samples for conditioning shall be whole gloves.

8.7.12.2 Samples shall be conditioned as specified in 8.1.5.

8.7.13 Specific Requirements for Testing the CBRN Barrier Layer of Footwear

8.7.13.1 This test shall apply to all types of footwear configurations.

8.7.13.2 Where the footwear incorporates a sock or overboot constructed of garment material, the garment material
flex fatigue resistance test as specified in 8.1.3 shall be permitted to be substituted for this test.

8.7.13.3 Upper samples for conditioning shall be whole footwear items.

8.7.13.4 Upper samples shall first be conditioned by flexing as specified in 8.1.6.

8.7.13.5 Following flexing, new upper samples shall be taken in areas from the footwear upper where the greatest
flexing occurred, usually at the footwear quarter or vamp, and shall be as specified in Figure 8.1.4.

8.7.13.6 Sole samples for conditioning shall be taken from the footwear or shall be permitted to be facsimile samples
of sole material where the facsimile samples are the same composition and construction of the sole used in actual
footwear.

8.7.13.6.1 Facsimile sole samples shall be of a maximum thickness representative of the thinnest portion of the sole,
exclusive of hardware, midsoles, or inner soles.

8.7.13.6.2 Where facsimile samples are elected, the sole samples shall not be subjected to the flexing specified in
8.7.10.4.

8.7.13.6.3 Specific Requirements for Testing Thermoplastic Sole Compositions. Samples shall be compression
mold samples with a consistent thickness from the thermoplastic compound used to manufacture the footwear sole or
from the actual sole.

8.7.13.6.4 Specific Requirements for Testing Vulcanized Sole Compositions. Samples shall be compression mold
samples with a consistent thickness from the nonvulcanized compound used to manufacture the footwear sole.

8.7.13.6.5 Specific Requirements for Testing Thermoset Sole Compositions. Samples shall be compression mold
samples with a consistent thickness from the thermoset material used to manufacture the footwear sole.

8.7.13.7 The upper samples that were taken per 8.7.13.5, and sole samples shall then be conditioned by abrading as
specified in 8.1.4.

8.7.13.8 Following abrasion, only one test specimen for chemical permeation resistance testing shall be taken from
each sample subjected to abrasion.

8.7.13.9 The chemical permeation test specimen shall be taken from the exact center of the abraded sample so that
the center of the permeation test specimen and the center of the abraded specimen coincide.

8.7.14 Specific Requirements for Testing the CBRN Barrier Layer's seams of Garments, Hoods, Booties, Visors,
and Gloves
8.7.14.1 Samples for conditioning shall be 600 mm (23 %z in.) lengths of prepared seam or cut from ensembles.

8.7.14.2 Seam specimens shall be prepared from seam samples that have a minimum of 75 mm (3 in.) of material on
each side of the seam center.

8.7.14.3 Permeation test specimens shall be cut such that the exact seam center divides the specimen in half.

8.7.14.4 Seam specimens shall be prepared representing each different type of seam found in the garment, or shall
be taken from each different type of seam found in the garment, including as a minimum the garment-to-garment
material seams and the garment-to-visor material seams.
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8.7.14.5 Seam specimens shall be taken from gloves from the gauntlet portion of the glove when an external seam is
used in the construction of the glove.

Annex:

A.8.7.4.5 It is essential that the air delivery system provide precise flow to each test cell and achieve the specified
temperature and humidity conditions. This delivery is controlled by the conditioning of the incoming air to achieve the
temperature and humidity conditions before reaching each test cell and is monitored by separate flow meters or
controllers for each test cell.

A.8.7.4.6 The performance requirement is based on a cumulative measurement; however discrete measurements can
be used to determine this. These discrete measurements must be able to account for the total amount of the challenge
chemical permeating. This means that the frequency of the discrete sampling must be almost continuous, at least
sampling once per minute, preferably sampling two to four times per minute, or more.

The efficacy of the selected sampling and analysis approach should be validated for each challenge chemical through
the use of procedures where a known amount of the challenge chemical, representative of a cumulative permeation
close to the minimum requirement, is injected into the collection medium of a trial test. The selected sampling and
analytical approach should be able to demonstrate a mass recovery of 95% or better at test conditions to be considered
a valid part of the procedures.

A.8.7.5.2 Viton® O-rings have been found to be compatible with the challenge chemicals.

A.8.7.5.2.1 One procedure to determine the compatibility of O-ring material with the challenge chemicals would be to
place the O-rings in contact with the challenge chemical for a period of 4 hours. Remove the O-ring from contact with
the challenge chemical and observe for any physical changes or signs of degradation.

A.8.7.5.3 Aluminum foil with a thickness of 1/32™ of an inch has been found to be acceptable.

A.8.7.6.2.2 Aluminum foil with a thickness of 1/32™ of an inch has been found to be acceptable.

A.8.7.6.3 It is recommended that the concentrations for the gases be achieved by ordering prepared gas mixtures at
the prescribed concentration.

A.8.7.7.5.9 Aluminum foil with a thickness of 1/32™ of an inch has been found to be acceptable.

A.8.7.7.6.8 Aluminum foil with a thickness of 1/32™ of an inch has been found to be acceptable.

Committee Statement: The technical committee accepted the comment in principle, and revised the text as shown in
the meeting action to address the comment.

1994-19 Log #25 FAE-HAZ Final Action: Accept in Principle
(8.7)

Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Comment on Proposal No: 1994-39
Recommendation: New text to read as follows:

***Insert 1994_L25_Include_F2011_R***
Substantiation: The procedures used in NFPA 1991 for measuring the permeation resistance of chemical warfare
agents do not reflect the actual industry practice for certification of chemical protective ensembles. The proposed test
procedures provide the appropriate details for conducting permeation testing with chemical warfare agents and are
document in Technical Support Working Group Contract No. W91CRB-07-C-0006 Project Final Report, Risk-Based
Protective Clothing Materials Permeation Criferia, dated 31 March 2010 on pages 82 to 88. A copy of the Technical
Support Working Group Contract No. W91CRB-07-C-0006 Project Final Report, Risk-Based Protective Clothing
Material Permeation Criferia, dated 31 March 2010 will be separately forwarded to NFPA to be provided upon request.
Committee Meeting Action: Accept in Principle
Committee Statement: See Comment 1994-18 (Log #20).
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In NFPA 1971, replace para 7.20.1.3 with the following:

- In NFPA 1994 Replace para 7.1.2.1,7.1.2.8.1, 7.1.3.2, 7.1.4.2 and create new para
7.1.1.6 with the following:

- In NFPA 1994, replace para, 7.2.2.1,7.2.2.9.1, 7.2.3.2 & 7.2.4.2 and create new para
7.2.1.6 with the following:

- In NFPA 1951, replace para 7.3.1.3 with the following:

- In NFPA 1991, replace Para 7.2.2, 7.2.3,7.2.4,7.2.10, 7.2.11, 7.2.12, 7.3.2, 7.3.3,
7.3.4,73.7,738,739,7.4.2,74.3,7.4.4,75.2,75.3, 7.5.4 with the following new
para 7.1.10:

The following numbering is correct for NFPA 1951 document only

7.3.1.3 Each ensemble element’s CBRN barrier layer and the CBRN barrier layer’s
seams shall be tested for permeation resistance as specified in Section 8.45 and shall meet
the following performance criteria:

1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled
[HD, or bis (2- chloroethyl) sulfide, CAS 505-60-2], the average cumulative permeation
in one hour shall not exceed 4.0 pg /cm?.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-
Pinacolyl methylphosphonofluoridate, CAS 96-64-0], the average cumulative permeation
in one hour shall not exceed 1.25 ug /cm?.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS,
sulfuric acid dimethyl ester, CAS 77-78-1), the average cumulative permeation in one
hour shall not exceed 6. 0 pg /cm?.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8),
the average cumulative permeation in one hour shall not exceed 6. 0 g /cm?.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS
107-13-1), the average cumulative permeation in one hour shall not exceed 6. 0 pg /cm?.

6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the
average cumulative permeation in one hour shall not exceed 6. 0 ug /cm?.

7. For permeation testing of the chemical gas chlorine (Cl,, CAS 7782-50-5), the
average cumulative permeation in one hour shall not exceed 6. 0 g /cm?.

In the NFPA 1971 Standard, replace Section 8.67 with the following:

In the NFPA 1994 Standard, replace Section 8.7 with the following:

In the NFPA 1951 Standard, replace Section 8.45 with the following:

In the NFPA 1991 Standard, replace Section 8.6.4.2 with the following new method:

The following numbering is correct for NFPA 1951 document only}

8.45 Chemical Permeation Resistance Test

8.45.1 Application

8.45.1.1 This method shall apply to the CBRN barrier layer and the CBRN barrier
layer’s seams used in ensembles and ensemble elements for CBRN terrorism agent
protection.

8.45.1.2 Specific requirements for testing the CBRN barrier layer of garments, hoods,
and booties shall be as specified in 8.45.10

8.45.1.3 Specific requirements for testing the CBRN barrier layer of visors shall be as
specified in 8.45.11

8.45.1.4 Specific requirements for testing the CBRN barrier layer of gloves shall be as
specified in 8.45.12
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8.45.1.5 Specific requirements for testing the CBRN barrier layer of footwear shall be as
specified in 8.45.13

8.45.1.6 Specific requirements for testing the CBRN barrier layer’s seams of garments,
hoods, booties, visors, and gloves shall be as specified in 8.45.14

8.45.2 Samples

8.45.2.1 Samples for conditioning shall be as specified according to the specific
requirements in 8.45.10, 8.45.11, 8.45.12, 8.45.13, and 8.45.14 as appropriate.

8.45.2.2 Samples shall be conditioned as specified according to the specific
requirements in 8.45.10, 8.45.11, 8.45.12, 8.45.13, and 8.45.14 as appropriate.

8.45.2.3 Samples shall then be cut to the specimen size.

8.45.2.4 All layers of the samples during conditioning shall be present and configured in
the order and orientation as worn.

8.45.3 Specimens

8.45.3.1 Specimens shall be the CBRN barrier layer or the CBRN barrier layer’s seam
of the size required to fit the permeation test cell.

8.45.3.2 A minimum of three specimens shall be tested against each challenge chemical.

8.45.3.3 Any outer shell or other composite layers normally worn over the specimen
shall be permitted to be included on top of the specimen in the test. Place the outer shell
or other composite layers on the test specimen through the cell cap port after the test cell
has been assembled.

8.45.3.4 If the specimen is the outer most layer of the composite then it shall be tested
without any additional layers on top.

8.45.3.5 Any separable layers normally worn underneath the specimen shall not be
permitted to be included in the test.

8.45.3.6 Specimens with non-uniform surfaces shall be permitted to be treated with an
impermeable nonreactive sealant outside the area of the specimen exposed to the
challenge chemical in order to allow sealing of the test cell to a uniform surface of the
specimen.

8.45.3.7 Following any sample preparation, the specimens shall be conditioned at a
temperature of 32°C +/-1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5
percent, for at least twenty-four hours prior to testing in accordance with paragraph
8.45.7.1.1

8.45.4 Apparatus

8.45.4.1 A thickness gauge suitable for measuring thicknesses to the nearest 0.02 mm
(or the nearest 0.001 in.), as specified in ASTM D1777, shall be used to determine the
thickness of each test specimen.

8.45.4.2 An analytical balance readable and reproducible to +/- 0.5 mg, as specified in
ASTM D3776 shall be used to determine the weight per unit area of each test specimen.

8.45.4.3 A controlled environmental chamber shall be used to maintain the test cell, air
flow control system, and reagent chemicals within +/- 1.0°C (+/- 2.0°F) of the test
temperature and +/- 5 percent of the test relative humidity. The controlled environment
chamber shall be sized so that it can be used for conditioning test materials, test cells
when not in use, challenge chemicals, and other test apparatus prior to testing, as well as
holding the test cells horizontally during use while connected to the air delivery system
with manifold and to the effluent sampling mechanism.
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8.45.4.4 The test cell shall be a two-chambered aluminum alloy cell for contacting the
specimen with the challenge chemical on the specimen’s normal outside surface and for
flowing a collection medium on the specimen’s normal inside surface, conforming to
diffusion test cell part # TOP 8-2-501 from Aero-Space Tooling & Machining, 2190
West 1700 South, Salt Lake City, UT 84104, with the following modifications:

(@) The cell cap shall have a smooth solid surface facing the test specimen, i.e. no
opening ports for cell integrity testing.

(b) Ports for testing the integrity of the assembled test cell shall be mounted on the inlet
fittings on both the upper body and lower body of the test cell.

8.45.4.5* An air delivery system and manifold shall be used to provide oil-free,
conditioned air to the test cell/fixtures at a rate of 2 standard liters per minute (SLPM) per
test cell/fixture with a temperature precision of +/- 0.2°C and a relative humidity
precision of +/- 5 percent. The manifold is designed to deliver 0.3 L/min for the challenge
side of the test cell and 1 L/min for the collection side of the test cell and maintain at the
test temperature. All parts of the air delivery system and manifold must be chemically
inert and non-absorptive to the challenge chemical.

8.45.4.6* An analytical system shall be used to evaluate the amount of challenge
chemical in the effluent air streams from the collection side of the test cell and shall be
selected to provide the ability to measure the challenge chemical at 0.1 pg/cm? over the
test exposure period. The analytical system shall be permitted to include a bubbler tube,
solid sorbent, or real time chemical analyzer. Effluent sampling shall be permitted to be
taken discretely or cumulatively; however the selected analytical system shall be able to
determine all of the challenge chemical permeating through the specimen in 60 minutes.

8.45.4.7 A vacuum pump capable of creating vacuum of at least 5 inches water column
shall be used for testing the integrity of the assembled test cell.

8.45.4.8 A manometer or pressure gage capable of measuring pressures or vacuums to
10 inches water column, with an accuracy of 5 percent of scale, shall be used for testing
the integrity of the assembled test cell.

8.45.5 Supplies

8.45.5.1 Syringe needles, capable of delivering one-microliter droplets, +/- 1%, of the
challenge chemical, shall be used for dispensing liquid challenge chemical onto the
surface of the specimen in the test cell.

8.45.5.2* Replacement O-rings shall be available for use in the permeation test cell.

8.45.5.2.1* If unknown, the compatibility of the O-ring material with the challenge
chemical shall be verified before use.

8.45.5.2.2 If an O-ring shows any signs of chemical degradation in the form of
softening, hardening, swelling, deterioration, or loss of shape, or function, an O-ring of
different material shall be used that does not show chemical degradation.

8.45.5.3* An inert impermeable surrogate material shall be used as a negative control
during validation tests.

8.45.6 Chemicals

8.45.6.1 The following challenge chemicals shall be tested as liquids:

(1) Liquid chemical warfare agents

(a) Sulfur mustard, distilled [HD, or bis (2- chloroethyl) sulfide, CAS 505-60-2]

(b) Soman [GD, or O-Pinacolyl methylphosphonofluoridate, CAS 96-64-0]

(2) Liquid toxic industrial chemical
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(a) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS 77-78-1)

8.45.6.2 Process for Determining the Mass of Liquid Chemical Challenge Applied

8.45.6.2.1 Prior to assembling the test cell and conducting the test, the mass of the
applied challenge chemical shall be determined using the following procedure.

8.45.6.2.2* The challenge chemical shall be applied to an inert impermeable surrogate
specimen in the pattern described in 8.45.7.4

8.45.6.2.3 After application, the inert impermeable surrogate specimen shall be visually
inspected to verify that the liquid chemical challenge was correctly applied.

8.45.6.2.4 The inert impermeable surrogate specimen with the applied liquid chemical
challenge shall be placed in a closed large vial containing a known volume of solvent
compatible with the following analysis procedure.

8.45.6.2.5 The large vial with solvent and impermeable surrogate specimen with the
applied liquid challenge chemical shall be agitated for at least 1 hour to ensure complete
extraction of the challenge chemical.

8.45.6.2.6 After agitation the solvent vial shall be removed and submitted for analysis of
the liquid challenge chemical using a procedure capable of detecting 1.0 ug of the liquid
challenge chemical.

8.45.6.2.7 Using the mass of the liquid challenge chemical detected in the extraction
procedure and the exposed area of the test specimen defined by the test cell, the exposure
concentration shall be 10 g/m® (+1.0 / - 0.0 g/m?).

8.45.6.2.8 The number of one-microliter liquid droplets shall be adjusted to conform to
the 10 g/m? (+1.0 / - 0.0 g/m?) concentration requirement.

8.45.6.3* The following challenge chemicals shall be tested as gases or vapors in dry air
or nitrogen.

(1) Ammonia (NHs, CAS 7664-41-7)

(2) Chlorine (Cl,, CAS 7782-50-5)

(3) Acrolein (allyl aldehyde, CAS 107-02-8)

(4) Acrylonitrile (VCN, cyanoethylene, CAS 107-13-1)

8.45.7 Procedures

8.45.7.1 Preconditioning

8.45.7.1.1 The challenge chemicals, test specimen, test equipment, and test cell
assembly shall be placed in the environmental chamber for a minimum of twenty-four
hours at 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5
percent, prior to testing.

8.45.7.2 Test Cell Assembly

INSERT FIGURE: Use figure 8.7.5.2.1 Permeation Cell Assembly from Risk-Based
Protective Clothing Material Permeation Criteria: Final Report prepared by International
Personnel Protection, Inc. dated February 19, 2010.

8.45.7.2.1 The test cell shall be assembled in the environmental chamber at 32°C, +/-
1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent.

8.45.7.2.2 An O-ring shall be placed on the lower body of the test cell.

8.45.7.2.3 The sample support plate shall be placed on O-ring #1 and O-ring #2 shall be
placed in the groove on the sample support plate.

8.45.7.2.4 The specimen shall be removed from the conditioning location in the
environmental chamber and shall be placed on top of the sample support plate with O-
ring #3 placed over the specimen.
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8.45.7.2.5 With the upper body of the test cell upside down, O-ring #4 shall be placed in
the upper body of the test cell and the compression plate shall be positioned over O-ring
#4.

8.45.7.2.6 The upper body of the test cell with O-ring #4 and the compression plate,
shall be inverted, aligned with the lug posts, and joined with the lower body of the test
cell.

8.45.7.2.7 Using the four cell sealing lugs, the cell halves shall be clamped together and
51.8 cm-kg (45 in-Ibs) of torque shall be applied to each lug to ensure a proper cell seal.

8.45.7.2.8 O-ring #5 shall be inserted into the groove around the agent challenge port in
the upper body of the test cell and the cell cap shall be screwed into place.

8.45.7.2.9 The integrity of the test cell assembly shall be verified using the procedure in

8.45.7.3.

8.45.7.2.10 Each test cell shall be labeled with the challenge chemical to be used in it.

8.45.7.3 Verification of Test Cell Integrity

8.45.7.3.1 Test cell integrity shall be performed in the environmental chamber at 32°C,
+/- 1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent.

8.45.7.3.2 Valves on the outlet ports of the upper and lower body of the test cell shall be
closed.

8.45.7.3.3 Both the upper and lower body inlet ports of the test cell shall be connected to
a manometer.

8.45.7.3.4 Both inlet ports shall be connected to a vacuum and the test cell upper body
and test cell lower body shall be depressurized to 75 mm (3 inch) water column pressure.

8.45.7.3.5 If the test cell pressure drops below 50 mm (2 inch) of water column within 2
minutes, the test cell shall be reassembled according to the steps in 8.45.7.2

8.45.7.3.6 Only test cells that have passed this integrity test shall be used for testing.

8.45.7.4 Determination of Procedure for Applying Liquid Challenge Chemicals

8.425.7.4.1 The liquid chemical challenge concentration shall be 10 g/m? (+1.0 / -0.0
g/m?).

8.45.7.4.1.2 The number of one-microliter droplets shall be permitted to vary depending
on the density of the liquid chemical challenge. Eight droplets shall be applied evenly
spaced around the perimeter. The remaining droplets shall be placed in the center, if more
than one droplet is required in the center, then the droplets shall be spaced 8.1 mm (/5 in)
apart. For seams, the droplets in the center shall be spaced along the seam juncture.

8.45.7.4.1.3 A mechanical or automated device shall be permitted for uniformly
dispensing the droplets onto the surface of the specimen.

8.45.7.4.1.4 Prior to testing any liquid chemical, a quality control trial shall be
conducted to verify that the application process delivers 10 g/m? (+1.0 / - 0.0 g/m?) using
the procedures in 8.45.6.2

8.45.7.5 Procedure for Liquid Chemical Challenge

8.45.7.5.1 The test cell shall be mounted horizontally and connected to the air delivery
system in the environmental chamber at 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative
humidity of 80 percent, +/- 5 percent. All connections shall be secured.

8.45.7.5.2 The calibrated analytical detection system shall be assembled and initiated
according to its instructions.

8.45.7.5.2.1 If bubblers are used, each bubbler shall be filled with the proper collection
solvent using a calibrated pipette or equivalent device; the collection solvent shall
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incorporate an internal standard so adjustments can be made for solvent
evaporation/water condensation during sampling.

8.45.7.5.2.2 If solid sorbent tubes are to be used, each sorbent tube shall be cleaned by
heating and purging; the absence of any residual chemical shall be verified by the
appropriate analysis technique.

8.45.7.5.3 The air delivery shall be flowing filtered air at a temperature of 32°C, +/- 1°C
(90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent, to the collection
side of the test cell at least 15 minutes prior to the application of the challenge chemical.

8.45.7.5.4 With the cell cap removed, one-microliter droplets shall be placed through
the agent challenge port of the test cell on the specimen’s outer surface within 20
seconds, according to the procedure determined in 8.45.7.4

8.45.7.5.5 After placing the liquid challenge chemical on the specimen in the test cell,
the cell cap shall be sealed within 5 seconds.

8.45.7.5.5.1 For testing of Class 2 ensemble materials, (this paragraph should be used
in NFPA 1971 and 1994 and 1991) the filtered air at a temperature of 32°C, +/- 1°C
(90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent, shall be flowed
only to the collection side of the test cell a rate of 1.0 LPM, +/- 0.1 LPM. No air shall be
flowed across the challenge side of the test cell.

8.45.7.5.5.2 For testing of Class 3 ensemble materials, (this paragraph should be used
in NFPA 1951 and 1994) the filtered air at a temperature of 32°C, +/- 1°C (90°F, +/-
2°F) and at a relative humidity of 80 percent, +/- 5 percent, shall be flowed to the
challenge side of the test cell at a rate of 0.3 LPM, +/- 0.03 LPM, and to the collection
sides of the test cell at a rate of 1.0 LPM, +/- 0.1 LPM.

8.45.7.5.6 The challenge chemical in the effluent air stream shall be collected,
measured, and analyzed using either discrete or cumulative methods for 60 minutes, +1.0
/ - 0 minutes.

8.45.7.5.7 The collection media for the challenge chemical shall be analyzed using an
appropriate analytical procedure.

8.45.7.5.8 At least one test shall be conducted with a specimen, but without the
challenge chemical, as a negative control.

8.45.7.5.9* At least one test shall be conducted with an inert impermeable surrogate
specimen as a negative control.

8.45.7.5.10 The results from tests accompanied by unsuccessful negative controls shall
not be used and the test shall be repeated.

8.45.7.6 Procedure for Gas or Vapor Challenge Chemicals

8.45.7.6.1 The test cell shall be mounted horizontally and connected to the air delivery
system in the environmental chamber at 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative
humidity of 80 percent, +/- 5 percent. All connections shall be secured.

8.45.7.6.2 The air delivery shall be connected and flowing 1 LPM of filtered air at a
temperature of 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/-
5 percent, to the collection side of test cell at least 15 minutes prior to the initiation of any
gas or vapor challenge chemical.

8.45.7.6.3 The calibrated analytical detection system shall be assembled and initiated
according to its instructions.

8.45.7.6.4 The initiation of the test shall occur when the gas or vapor challenge chemical
is introduced into the challenge side of the test cell.
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8.45.7.6.4.1 The supply of the gas or vapor challenge chemical shall be sufficient to
maintain the gas or vapor challenge chemical concentration during the exposure period of
60 minutes + 1.0 / -0.0 minutes.

8.45.7.6.4.2 The gas or vapor challenge chemical shall be at a temperature of 32°C, +/-
1°C (90°F, +/- 2°F).

8.45.7.6.4.3 For testing of Class 2 ensemble materials, (this paragraph should be used
in NFPA 1971 and 1994 and 1991) the concentration of the gas or vapor challenge
chemical shall be 350 ppm, + 35 /-0 ppm.

8.45.7.6.4.4 For testing of Class 3 ensemble materials, (this paragraph should be used
in NFPA 1951 and 1994) the concentration of the gas or vapor challenge chemical shall
be 40 ppm, +10 /-0 ppm.

8.45.7.6.5 The challenge chemical in the effluent air stream shall be collected,
measured, and analyzed using either discrete or cumulative methods for 60 minutes, +1.0
/ -0 minutes.

8.45.7.6.6 The collection media for the challenge chemical shall be analyzed using an
appropriate analytical procedure.

8.45.7.6.7 At least one test shall be conducted with the specimen, but without the
challenge chemical, as a negative control.

8.45.7.6.8* At least one test shall be conducted with an inert surrogate specimen as a
negative control.

8.45.7.6.9 The results from tests accompanied by unsuccessful negative controls shall
not be used and the test shall be repeated.

8.45.7.7 Test conclusion, test cell cleaned, and specimen disposal

8.45.7.7.1 At the conclusion of the test, the test cell shall be purged and the air delivery
and analytical system shall be shut down.

8.45.7.7.2 Each cell shall be disassembled one at a time.

8.45.7.7.3 The tested specimen shall be inspected for degradation or other obvious
abnormalities; these observations shall be recorded with the test results.

8.45.7.7.4 Disposal of tested specimens and other supplies shall be handled according to
local, state, federal or other applicable regulations.

8.45.7.7.5 Each component of the test cell shall be rinsed with acetone or other
appropriate solvent to remove residual chemicals.

8.45.7.7.6 The cell shall be allowed to air dry in a clean area for 24 hours before reuse.

8.45.8 Report

8.45.8.1 The cumulative permeation in one hour shall be calculated, recorded, and
reported in pg/cm? for each specimen for each challenge chemical.

8.45.8.1.1 If no challenge chemical is detected at the end of the 60 minute test period,
then the cumulative permeation shall be recorded and reported as less than the minimum
detectable mass per unit area for the specific chemical being tested.

8.45.8.2 The average cumulative permeation shall be calculated and reported by
averaging the results from all specimens for each challenge chemical.

8.45.8.2.1 For the calculation of average cumulative permeation, if the results of one or
more of the specimens tested is less than the minimum detectable cumulative permeation
then use the minimum detectable cumulative permeation as the result for those
specimens.
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8.45.8.2.2 For the calculation of average cumulative permeation, if the results of all the
specimens tested are less than the minimum detectable cumulative permeation then the
average cumulative permeation is reported as the minimum detectable cumulative
permeation.

8.45.8.3 Report the thickness and weight per unit area of each specimen.

8.45.8.4 Report any observations of degradation or other abnormalities at the conclusion
of the testing of each specimen.

8.45.9 Interpretation

8.45.9.1 The average cumulative permeation for each challenge chemical shall be used
to determine pass or fail performance.

8.45.10 Specific Requirements for the CBRN Barrier layer of Garments, Hoods,
and Booties.

For NFPA 1951 see the existing text in section 8.45.7 of the 2007-edition Standard

For NFPA 1971 see the existing text in section 8.67.7 of the 2007-edition Standard

For NFPA 1991 see the existing text in section 8.6.7 of the 2005-edition Standard

For NFPA 1994 see the existing text in section 8.7.7 of the 2007-edition Standard

8.45.11 Specific Requirements for Testing the CBRN Barrier Layer of Visors

There is no specific text given for visors in NFPA 1951, 1971, or 1991

For NFPA 1994 see the existing text in section 8.7.8 of the 2007-edition Standard

8.45.12 Specific Requirements for Testing the CBRN Barrier Layer of Gloves

For NFPA 1951 see the existing text in section 8.45.9 of the 2007-edition Standard

For NFPA 1971 see the existing text in section 8.67.9 of the 2007-edition Standard

For NFPA 1991 see the existing text in section 8.6.8 of the 2005-edition Standard

For NFPA 1994 see the existing text in section 8.7.9 of the 2007-edition Standard

8.45.13 Specific Requirements for Testing the CBRN Barrier Layer of Footwear

For NFPA 1951 see the existing text in section 8.45.10 of the 2007-edition Standard

For NFPA 1971 see the existing text in section 8.67.10 of the 2007-edition Standard

For NFPA 1991 see the existing text in section 8.6.9 of the 2005-edition Standard

For NFPA 1994 see the existing text in section 8.7.10 of the 2007-edition Standard

8.45.14 Specific Requirements for Testing the CBRN Barrier Layer's seams of
Garments, Hoods, Booties, Visors, and Gloves

For NFPA 1951 see the existing text in section 8.45.8 of the 2007-edition Standard

For NFPA 1971 see the existing text in section 8.67.8 of the 2007-edition Standard

For NFPA 1991 see the existing text in section 8.6.10 of the 2005-edition Standard

For NFPA 1994 see the existing text in section 8.7.11 of the 2007-edition Standard

Annex:

A.8.45.4.5 It is essential that the air delivery system provide precise flow to each test
cell and achieve the specified temperature and humidity conditions. This delivery is
controlled by the conditioning of the incoming air to achieve the temperature and
humidity conditions before reaching each test cell and is monitored by separate flow
meters or controllers for each test cell.

A.8.45.4.6 The performance requirement is based on a cumulative measurement;
however discrete measurements can be used to determine this. These discrete
measurements must be able to account for all of the permeating challenge chemical. This
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means that the frequency of the discrete sampling must be almost continuous, at least
sampling once per minute, preferably sampling two to four times per minute, or more.

The efficacy of the selected sampling and analysis approach should be validated for
each challenge chemical through the use of procedures where a known amount of the
challenge chemical, representative of a cumulative permeation close to the minimum
requirement, is injected into the collection medium of a trial test. The selected sampling
and analytical approach should be able to demonstrate a mass recovery of 95% or better
to be considered a valid part of the procedures.

A.8.45.5.2 Viton® O-rings have been found to be compatible with the challenge
chemicals.

A.8.45.5.2.1 One procedure to determine the compatibility of O-ring material with the
challenge chemicals would be to place the O-rings in contact with the challenge chemical
for a period of 4 hours. Remove the O-ring from contact with the challenge chemical and
observe for any physical changes or signs of degradation.

A.8.45.5.3 Aluminum foil with a thickness of /3" of an inch has been found to be
acceptable.

A.8.45.6.2.2 Aluminum foil with a thickness of /3™ of an inch has been found to be
acceptable.

A.8.45.6.3 It is recommended that the concentrations for the gases be achieved by
ordering prepared gas mixtures at the prescribed concentration.

A.8.45.7.5.9 Aluminum foil with a thickness of */3,™ of an inch has been found to be
acceptable.

A.8.45.7.6.8 Aluminum foil with a thickness of */3,™ of an inch has been found to be
acceptable.
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8.7 Chemical Permeation Resistance Test.

8.7.1 Application.

8.7.1.1 This method shall apply to Class 2 and Class 3 garment, visor, glove, and footwear
materials and seams.

8.7.1.2 Specific requirements for testing garment materials after flexing and abrasion shall be as
specified in 8+% 8.7.8.

8.7.1.3 Specific requirements for testing visor materials shall be as specified in 878 8.7.9.

8.7.1.4 Specific requirements for testing glove materials after flexing shall be as specified in
879 8.7.10.

8.7.1.5 Specific requirements for testing footwear materials after flexing and abrasion shall be
as specified in 87140 8.7.11.

8.7.1.6 Specific requirements for testing garment, visor, and glove seams shall be as specified
in &7H 8.7.12.

8.7.2 Specimens.

8.7.2.1 A minimum of three specimens of each material shall be tested against each chemical.

8.7.2.2 For composite materials, only the CBRN barrier material shall be tested for chemical
permeation resistance.

8.7.2.2.1 The thickness and the weight of the CBRN barrier material specimens shall be
determined in accordance with ASTM D1777 and ASTM D3776, respectively.

8.7.2.3 Where the flexing and abrading conditioning is required in this section, all layers shall
be present during the conditioning required.

8.7.3 Preparation.

8.7.3.1 Specimens shall be conditioned at least as specified in 8.1.8.

8.7.3.2 Specimens shall be placed in the environmental chamber at least 24 hours prior to

testing.
8.7.4 Procedures: Apparatus, Supplies, and Chemicals.

A
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sealant
8.7.4.1 Apparatus.

8.7.4.1.1 A thickness gauge suitable for measuring thicknesses to the nearest 0.02 mm (or the
nearest 0.001 in.), as specified in ASTM D1777, shall be used to determine the thickness of each
protective clothing material specimen tested.

8.7.4.1.2 An analytical balance readable and reproducible to £0.5 mg, as specified in ASTM
D3776, shall be used to determine weight per unit area of each test specimen.

8.7.4.1.3 A controlled environmental chamber shall be used to maintain the test cell, air flow
control system, and reagent chemicals within £1.0°C of the test temperature and £5% of the test
relative humidity. The controlled environmental chamber shall be sized so that it can be used for
conditioning test materials, test cells when not in use, challenge chemicals, and other test
apparatus prior to testing.

8.7.4.1.4* The test cell shall be a two-chambered stainless steel cell for contacting the specimen
with the challenge chemical on the specimen's normal outside surface and with a collection
medium on the specimen's normal inside surface, which meets the test cell requirements for the
Liquid Challenge/Vapor Penetration (L/V) Test Cell specified in TOP 8-501 and shown in
Figure 8.7.4.1.4 and with the following additional specifications:
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(1) The test cell is configured to separately permit flow across the challenge side and the
collection side, and to allow the challenge side to be exposed for the placement of challenge
chemical.

(2) The sample support plate and compression plate indicated in Figure 8.7.5.2.1 shall be
modified as show in Figures 2 8.7.4.1.4(2)-1, 2 8.7.4.1.4(2)-2, and 2 8.7.4.1.4(2)-3, to permit the
O-rings to be closer to the exposed surface area of the specimen.

(3) The cap of the test cell shall be modified to permit the attachment of a manometer or
pressure gauge meeting the requirements of 8.7.4.1.9.

***Insert 1994 L25 Fig 8.7.4.1.4 F2011 R here***

Figure 8.7.4.1.4 Liquid Challenge/Vapor Penetration (L/V) Test Cell.

***Insert 1994 L25 Fig 8.7.4.1.4(2)-1 F2011 R here***

Figure 8.7.4.1.4(2)-1 Modifications to Sample Support Plate and Compression Plate.

***Insert 1994 L 25 Fig 8.7.4.1.4(2)-2_F2011_R here***

Figure 8.7.4.1.4(2)-2 Specific Modifications to Compression Plate.

***Insert 1994 L25 Fig8.7.4.1.4(2)-3_F2011_R here***

Figure 8.7.4.1.4(2)-3 Specific Modifications to Sample Support Plate.

8.7.4.1.5 Equipment shall be placed within the controlled environmental chamber to position
the test cells horizontally and permit connection with the air delivery system and manifold.

8.7.4.1.6* An air delivery system and manifold shall be used to provide oil-free, conditioned air
to the test cells/fixtures at a rate of 2 standard L/min (slpm) per test cell/fixture with a
temperature precision of £0.2°C and relative humidity precision of +5 percent. The manifold is
designed to deliver 1 L/min for the challenge side of the test cell and 1 L/min for the collection
side of the test cell and maintain the test temperature. All parts of the air delivery system and
manifold must be chemically inert and non-absorptive to the challenge chemical.

8.7.4.1.7* An analytical system shall be used to evaluate the amount of challenge chemical in
the effluent air streams from the collection side of the test cell and shall be selected to provide
the ability to measure the chemical at 0.1 pg/cm’ over the test exposure period. The analytical
system shall be permitted to include a bubbler tube, solid sorbent, or real time chemical analyzer.
Samples shall be permitted to be taken continuous, discretely, or cumulatively; however, the
selected analytical system shall capture all challenge chemical emitted in the effluent air stream.

8.7.4.1.8 A vacuum pump capable of creating vacuum of at least 5 inches water column shall be
used for testing the integrity of the assembled test cell.

8.7.4.1.9 A manometer or digital pressure gauge capable of measuring pressures or vacuums to
10 inches water column, with an accuracy of 5% scale, shall be used for testing the integrity of
the assembled test cell.

8.7.4.2 Supplies.

8.7.4.2.1 Syringe needles, capable of delivering 1 uL + 1% droplets of challenge chemical, shall
be used for dispensing liquid chemicals onto the surface of the specimens in the test cell.

8.7.4.2.2 Replacement O-rings shall be available for use in the permeation test cell.

8.7.4.2.2.1 If unknown, the compatibility of the O-ring material shall be verified before using
the O-rings by placing the O-ring in contact with the chemical for a period of 4 hours and
observing any physical changes to the O-ring within 10 minutes after the O-ring is removed from
contact with the chemical.

8.7.4.2.2.2 If an O-ring shows any signs of chemical degradation in the form of softening
hardening, swelling, deterioration, or loss of shape, or function, an )-ring of different material
shall be used that does not show chemical degradation.

3
1994 125 Include F2011 ROC



8.7.4.2.3 Aluminum foil shall be used for the control and validation tests.

8.7.4.3 Chemicals.

8.7.4.3.1 The following chemicals shall be tested as liquids:

(1) Liquid chemical warfare agents

(a) Distilled sulfur mustard [HD; bis (2-chloroethyl) sulfide], 505-60-2

(b) Soman (GD; o-pinacolyl methylphosphonofluoridate), 96-64-0

(2) Liquid toxic industrial chemical

(a) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester), 77-78-1

8.7.4.3.2* The following chemicals gases shall be tested as gases or vapors in dry air or
nitrogen:

(1) Ammonia (NHj3, 7664-41-7)

(2) Chlorine (Cly; 7782-50-5)

(3) Acrolein (allyl aldehyde), 107-02-8

(4) Acrylonitrile (VCN, cyanoethylene), 107-13-1

8.7.5 Procedures.

8.7.5.1 Test Set Up.

8.7.5.1.1 The test cell holders and the air delivery system manifolds shall be installed in the
environmental chamber and shall be prepared to receive the loaded test cells.

8.7.5.1.2 The analytical detection system shall be assembled and calibrated.

8.7.5.1.2.1 If bubblers are used, each bubbler shall be filled with the proper collection solvent
using a calibrated pipetter or equivalent device; the collection solvent shall incorporate an
internal standard so adjustments can be made for solvent evaporation/water condensation during
sampling.

8.7.5.1.2.2 If solid sorbent tubes are to be used., each sorbent tube shall be cleaned by heating
and purging; the absence of any residual chemical shall be verified by the appropriate analysis
technique. Checks should also be made to determine that the flow rate through the test cells are
not affected by the differential pressure through the sorbent tubes.

8.7.5.1.3 Each test cell shall be labeled.

8.7.5.1.4 All liquid chemicals shall be placed in the environmental chamber for a minimum of
24 hours prior to testing.

8.7.5.1.5 The air delivery system shall be turned on and shall be operated at 32.2 + 2°C (90 +
3°F) and 80 + 5 percent relative humidity for a minimum of 30 minutes to achieve environmental
equilibrium before swatch loading.

8.7.5.2 Test Cell Assembly.

8.7.5.2.1 The test cell shall be assembled 24 hours before specimen conditioning in the
environmental chamber as shown in Figure 8.7.5.2.1.

8.7.5.2.2 An O-ring shall be placed on the lower body of test cell.

8.7.5.2.2.1 The testing of seams and other non-uniform profile specimens shall require special
O-rings to ensure that test cell integrity is maintained.

8.7.5.2.3 The sample support plate shall be placed on O-ring 1 and O-ring 2 shall be placed in
the groove on the sample support plate.

8.7.5.2.4 The specimen shall be removed from the conditioning location in the environmental
chamber and shall be placed in the depression of the sample support plate with O-ring 3 placed
over the specimen.
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8.7.5.2.5 O-ring 4 shall be placed in the upper body of the test cell and the compression plate
shall be positioned over O-ring 4.

8.7.5.2.6 O-ring 4 shall be inverted and the upper body shall be aligned with the lower body.

8.7.5.2.7 Using the four cell sealing lugs, the cell halves shall be clamped together and 51.8 cm-
kg (45 in-lbs) of torque shall be applied to each lug to ensure a proper cell seal.

8.7.5.2.8 O-ring 5 shall be inserted into the groove around the agent challenge port in the upper
body of the test cell and the cell cap shall be screwed into place.

8.7.5.2.9 For semipermeable fabrics the integrity of the seal between O-ring 5 and the cell cap
shall be visually inspected and the procedure in 8.7.5.3 shall be used to verify the test cell seal.

8.7.5.2.10 For impermeable fabrics tested in dual mode, the procedures in 8.7.5.4 shall be used
to verify test cell seal.

***Insert 1994 L25 Fig8.7.5.2.1 F2011 R here***

Figure 8.7.5.2.1 Permeation Cell Assembly.

8.7.5.3 Verification of Test Cell Integrity (Permeable and Semipermeable Fabrics).

8.7.5.3.1 All ports shall be sealed except for the outlet port.

8.7.5.3.2 The cell shall be depressurized to 75 mm (3 in.) water column pressure by opening the
valve slightly and watching the manometer.

8.7.5.3.3 When the pressure inside the test cell drops by 75 mm (3 in.) water column pressure,
the valve shall be closed and the manometer shall be monitored for 2 minutes.

8.7.5.3.4 A 25 mm (1 in.) drop in water column pressure shall be considered failure to seal.

8.7.5.3.5 If a test cell fails, the procedures in 8.7.5.2 for assembling the cell shall be repeated to
reseal the cell.

8.7.5.3.6 Only cells that have passed this test shall be used for testing.

8.7.5.4 Verification of Test Cell Integrity (Impermeable Fabrics).

8.7.5.4.1 Before applying chemical challenge, each test cell shall be subjected to a vacuum of
75 mm (3 in.) water column pressure in the bottom chamber of the cell as measured by a
manometer.

8.7.5.4.2 The pressure shall be maintained for 2 minutes.

8.7.5.4.3 The pressure drop shall be observed at 2 minutes.

8.7.5.4.4. Test cells shall be considered to have an adequate seal if the pressure drop is less than
a 25 mm (1 in.) drop in water column pressure.

8.7.5.4.5 If a pressure drop of 25 mm (1 in.) drop in water column pressure or greater is
observed, the procedures in 8.7.5.2 for assembling the cell shall be repeated to reseal the cell.

8.7.5.3.6 Only cells that have passed this test shall be used for testing.

8.7.5.5 Application of Liquid Chemical Challenge.

8.7.5.5.1 Eight 1-uL droplets shall be placed evenly spaced around a 25.4 mm (1-in) diameter
circle on the upper specimen surface and two 1-uL droplets shall be placed 8.1 mm ('/3-in) apart
in the center of the specimen. For seams, the two droplets shall be placed on the seam juncture.

8.7.5.5.1.1 A mechanical or automated device shall be permitted for uniformly dispensing the
droplets onto the surface of the specimen.

8.7.5.5.2 Prior to any test with a new chemical, a quality control trial shall be conducted to
verify the challenge level delivery process using the procedures in 8.7.5.6.

8.7.5.6 Verification of Liquid Chemical Challenge Method.

8.7.5.6.1 For 10 1-uL droplets, the mass + 1 pg shall be determined using the density of the
challenge chemical.
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8.7.5.6.2 An inert specimen (aluminum foil) shall be placed in the test cell using the procedures
described in 8.7.5.2.

8.7.5.6.3 The challenge chemical shall be applied to the inert specimen in the pattern described
in 8.7.5.5.

8.7.5.6.4 After placement of the chemical, the specimen shall be visually inspected to verify
that the agent was correctly applied.

8.7.5.6.5 The contaminated specimen shall be carefully removed and shall be placed in a closed
large vial containing a known volume of solvent compatible with the analysis procedure.

8.7.5.6.6. The vial of solvent shall be agitated for at least one hour to ensure complete
extraction of the challenge chemical from the swatch.

8.7.5.6.7 After agitation, the solvent vial shall be removed and submitted for analysis for
challenge chemical using a procedure capable of detecting 1 pg using the density of the
challenge chemical.

8.7.5.7 Test Start-Up for Liguid Chemical Challenges.

8.7.5.7.1 The test cells shall be installed in test cell holder prior to chemical challenge and all
connections shall be ensured to have been properly made.

8.7.5.7.2 The operation of any analytical system shall be initiated according to its instructions.

8.7.5.7.3 After placing the challenge chemical on the specimen in the test cell, the cell cap shall
be closed.

8.7.5.7.4 The air delivery system shall be immediately operated to provide filtered air at a
temperature of 32°C +£2°C (90°F £5°F) and a relative humidity of 80 percent +5 percent, flowed
through the collection chamber of the test cell at a rate of 1.0 Lpm +0.1 Lpm.

8.7.5.7.4.1 For testing of Class 2 ensemble materials, the filtered air shall be flowed to
collection sides of the test cells only.

8.7.5.7.4.2 For testing of Class 3 ensemble materials, the filtered air shall be flowed to both the
challenge and collection sides of the test cells, each at a rate of 1.0 Lpm +0.1 Lpm.

8.7.5.7.5 Challenge chemical in the effluent air streams shall be collected, measured, and
analyzed either by using appropriate discrete sample methods or continuously.

8.7.5.7.5.1 If bubblers or sorbent tubes are used for collecting challenge chemical, bubblers or
sorbent tubes shall be replaced at a prescribed frequency.

8.7.5.7.6 The collection media for challenge chemical shall be analyzed using an appropriate
analytical procedure.

8.7.5.7.7 The exposure to challenge chemical shall be conducted for 60 minutes, -0,+1 minute.

8.7.5.7.8 A minimum of three specimens shall be tested with challenge chemical.

8.7.5.7.9 At least one test shall be conducted with the specimen but without challenge chemical.

8.7.5.7.10 At least one test shall be conducted with an inert specimen (e.g., aluminum foil).

8.7.5.8 Test Start-Up for Gas or Vapor Chemical Challenges.

8.7.5.8.1 The test cells shall be installed in test cell holder prior to chemical challenge and all
connections shall be ensured to have been properly made.

8.7.5.8.2 The operation of any analytical system shall be initiated according to its instructions.

8.7.5.8.3 The initial of the test shall occur when the gas or vapor chemical challenge is
introduced into the test cell.

8.7.5.8.3.1 The flow of the gas or vapor chemical challenge shall be continuous over the
exposure period of 60 minutes, -0,+1 minute.

8.7.5.8.3.2 The gas shall be at a temperature of 32°C £3°C (90°F £5°F).
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8.7.5.8.3.3 For Class 2 ensembles, the concentration of the challenge chemical in the gas shall
be 350 ppm +35 ppm/—0 ppm.

8.7.5.8.3.4 For Class 3 ensembles, the concentration of the challenge chemical in the gas shall
be 40 ppm +10 ppm/—0 ppm.

8.7.5.8.4 The air delivery system shall be immediately operated to provide filtered air at a
temperature of 32°C +£3°C (90°F £5°F) and a relative humidity of 80 percent +5 percent, flowed
through the collection chamber of the test cell at a rate of 1.0 Lpm +0.1 Lpm.

8.7.5.8.5 Challenge chemical in the effluent air streams shall be collected, measured, and
analyzed either by using appropriate discrete sample methods or continuously.

8.7.5.8.5.1 If bubblers or sorbent tubes are used for collecting challenge chemical, bubblers or
sorbent tubes shall be replaced at a prescribed frequency.

8.7.5.8.6 The collection media for challenge chemical shall be analyzed using an appropriate
analytical procedure.

8.7.5.8.7 The exposure to challenge chemical shall be conducted for 60 minutes, -0,+1 minute.

8.7.5.8.8 A minimum of three specimens shall be tested with challenge chemical.

8.7.5.8.9 At least one test shall be conducted with the specimen but without challenge chemical.

8.7.5.8.10 At least one test shall be conducted with an inert specimen (e.g., aluminum foil).

8.7.5.9 Test Conclusion, Test Cell Clean Up and Specimen Disposal.

8.7.5.9.1 At the conclusion of the test, the air delivery and analytical systems shall be shut
down.

8.7.5.9.2 The test cells shall be removed from the test cell holders after completion of each trial.

8.7.5.9.3 Each cell shall be disassembled one at a time.

8.7.5.9.4 The test specimen shall be removed and inspected for any degradation or obvious
abnormalities; these observations shall be recorded with test results.

8.7.5.9.5 Each specimen shall be extracted using appropriate extraction procedures for
challenge chemical.

8.7.5.9.6 The extracted protective clothing material specimens and test cell O-rings shall be
disposed of according to local, stated, Federal or other applicable regulations.

8.7.5.9.7 Each component of the test cell shall be rinsed with acetone or other appropriate
solvent to remove residual chemicals.

8.7.5.9.8 The cells shall be allowed to air-dry in a clean area between 4 and 24 hours before

8451 Forpermeation

5 : o of chemical-warfarc agents speeified in 8.7.4- 8.7.6.1 The
cumulative permeation in 60 minutes shall be recorded and reported in pug/cm? for eac

specimen.

8.7.6.2 If no challenge chemical is detected at the end of the 60-minute test period, the
cumulative permeation shall be reported as less than the minimum detectable mass per unit area
for the specific chemical being tested.

8.7.6.3 The average cumulative permeation shall be calculated for all specimens for each
challenge chemical.
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8.7.6.3.1 If no challenge chemical is detected for one or two specimens, the average cumulative
permeation shall be the average of all specimens where the cumulative permeation is measured
and the minimum detectable cumulative permeation for those specimens where no challenge
chemical is detected.

8.7.6.3.2 If no challenge chemical is detected in all of the specimens tested, the average
cumulative permeation shall be reported as less than the minimum detectable mass per unit area
for the specific chemical being tested.

8.7.6.4 Observations for the condition of the specimen following the test shall be provided with

the test results.
846 8.7.7 Interpretation.

8-+ 8.7.8 Specific Requirements for Testing Garment Materials.

8++1 8.7.8.1 Samples shall be conditioned by flexing as specified in 8.1.3. Samples shall be
200 mm x 280 mm (8 in. % 11 in.). Following flexing, one specimen shall be taken from the
center of each sample subjected to flexing for permeation resistance testing.

8-++2 8.7.8.2 Samples shall be conditioned by abrading as specified in 8.1.4. Samples shall be
as specified in Figure 8.1.4. Following abrading, one specimen shall be taken from the center of
each sample subjected to abrading for permeation resistance testing.

8++3 8.7.8.3 It shall be permitted to precondition one sample to both flexing and abrading
prior to permeation resistance testing.

8-78 8.7.9 Specific Requirements for Testing Visor Materials. Samples for conditioning
shall be visor materials.

8-+9 8.7.10 Specific Requirements for Testing Glove Materials After Flexing.

8+9-18.7.10.1 Samples for conditioning shall be whole gloves.

8-+9:2 8.7.10.2 Samples shall be conditioned as specified in 8.1.5.

8-+10 8.7.11 Specific Requirements for Testing Footwear Materials After Flexing and
Abrading.

8+20-1 8.7.11.1 This test shall apply to all types of footwear configurations.

8-+210-2 8.7.11.2 Where the footwear incorporates a sock or overboot constructed of garment
material, the garment material flex fatigue resistance test as specified in 8.1.3 shall be permitted
to be substituted for this test.

8+210-3 8.7.11.3 Upper samples for conditioning shall be whole footwear items.

842104 8.7.11.4 Upper samples shall first be conditioned by flexing as specified in 8.1.6.

8+210-5 8.7.11.5 Following flexing, new upper samples shall be taken in areas from the
footwear upper where the greatest flexing occurred, usually at the footwear quarter or vamp, and
shall be as specified in Figure 8.1.4.

8-+10-6 8.7.11.6 Sole samples for conditioning shall be taken from the footwear or shall be
permitted to be facsimile samples of sole material where the facsimile samples are the same
composition and construction of the sole used in actual footwear.

8+10-6-1 8.7.11.6.1 Facsimile sole samples shall be of a maximum thickness representative of
the thinnest portion of the sole, exclusive of hardware, midsoles, or inner soles.
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8-+10-6-2 8.7.11.6.2 Where facsimile samples are elected, the sole samples shall not be
subjected to the flexing specified in 8.7.10.4.

8-+10-6-3 8.7.11.6.3 Specific Requirements for Testing Thermoplastic Sole Compositions.
Samples shall be compression mold samples with a consistent thickness from the thermoplastic
compound used to manufacture the footwear sole or from the actual sole.

8-7£-10-6-4 8.7.11.6.4 Specific Requirements for Testing Vulcanized Sole Compositions.
Samples shall be compression mold samples with a consistent thickness from the nonvulcanized
compound used to manufacture the footwear sole.

8-+410.6-5 8.7.11.6.5 Specific Requirements for Testing Thermoset Sole Compositions.
Samples shall be compression mold samples with a consistent thickness from the thermoset
material used to manufacture the footwear sole.

8-+10-+7 8.7.11.7 The upper samples that were taken per 8.7.10.5, and sole samples shall then
be conditioned by abrading as specified in 8.1.4.

8-+10-8 8.7.11.8 Following abrasion, only one test specimen for chemical permeation
resistance testing shall be taken from each sample subjected to abrasion.

8+210-9 8.7.11.9 The chemical permeation test specimen shall be taken from the exact center of
the abraded sample so that the center of the permeation test specimen and the center of the
abraded specimen coincide.

8-+11 8.7.12 Specific Requirements for Testing Garment, Visor, and Glove Seams.

87111 8.7.12.1 Samples for conditioning shall be 600 mm (23" in.) lengths of prepared seam
or cut from ensembles.

8412 8.7.12.2 Seam specimens shall be prepared from seam samples that have a minimum of
75 mm (3 in.) of material on each side of the seam center.

8113 8.7.12.3 Permeation test specimens shall be cut such that the exact seam center divides
the specimen in half.

8114 8.7.12.4 Seam specimens shall be prepared representing each different type of seam
found in the garment, or shall be taken from each different type of seam found in the garment,
including as a minimum the garment-to-garment material seams and the garment-to-visor
material seams.

8115 8.7.12.5 Seam specimens shall be taken from gloves from the gauntlet portion of the
glove when an external seam is used in the construction of the glove.

A8 6 N A NME O ng ) NMathod for Rao alaYaWa

A.8.7.4.1.4 A test cell meeting these requirements is available from Aerospace Tooling &

Machining, 2190 West 1700 South, Salt Lake City, UT 84104.

A.8.7.4.1.6 It is essential that the air delivery system provide precise flow to each test cell and
achieve the specified temperature and humidity conditions. This delivery is controlled by the
conditioning of the incoming air to achieve the temperature and humidity conditions before
reaching each test cell and is monitored by separate flow meters or controllers for each test cell.
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A.8.7.4.1.7 1t is not required to provide an analytical and sampling approach that provides
discrete measurements of cumulative permeation as the criterion for this test is based on total
cumulative permeation over a one hour period. This approach allows complete collection of any
permeating chemical and subsequent analysis. The efficacy of the selected sampling and analysis
approach should be validated for each challenge chemical through the use of procedure where a
known amount of the challenge chemical representative of a cumulative permeation close to the
minimum requirement is injected into the collection medium of a trial test. The selected
sampling and analytical approach should be able to demonstrate a recovery of 95% or better to
be considered a valid part of the procedures.

A.8.7.4.3.2 1t is recommended that the concentrations for the gases be achieved by ordering
prepared gas mixtures at the prescribed concentration.

Add the following additional references:

In section 2.3.2, ASTM Publications:

ASTM D 1777 Test Method for Thickness of Textile Materials, 2007.

ASTM D 3776 Standard Test Methods for Mass per Unit Area (Weight) of Fabric, 2009.

In section 2.3.6, Military Publications:

i D o

Testi  ChemicalBiological P ive Stiits. S ber 2001

Test Operations Procedure (TOP) 8-2-501, Permeation and Penetration Testing of
Air-Permeable, Semipermeable, and Impermeable Materials with Chemical Agents or Simulants
(Swatch Testing), Report No. WDTC-TR-99-095. January 2002
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Figure 8.7.4.1.4 Liquid ChallengefVapar Penetration (LIV) Test Cell.
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Report on Comments — November 2011 NEPA 1994

1994-20 Log #16 FAE-HAZ Final Action: Accept in Principle
(8.7.4.1)

Submitter: Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment,
Comment on Proposal No: 1994-40
Recommendation: The TCC instructs the Technical Committee on Hazardous Materials Protective Clothing and
Equipment to consider information provided by the task group for CBRN Test Methods to update the permeation
resistance test method in Section 8.7 in NFPA 1994 consistent with the latest research and laboratory test
practices by undertaking the following actions:

a) Remove the reference to ASTM F 739

b) Base revised test procedures on recommendations provided in Technical Support Working Group (TSWG)
report, Risk-Based Protective Clothing Material Permeation Criteria, dated March 31, 2010, in the following table.

******Insert 1994_Log 20_Tb_TCC Note Here******

Substantiation: This is a direction from the Technical Correlating Committee on Hazardous Materials Protective
Clothing and Equipment in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.
Committee Meeting Action: Accept in Principle

Committee Statement: See Comment 1994-18 (Log #20).

1994-21 Log #13 FAE-HAZ Final Action: Reject
(8.8.3.1, 8.8.4, and 8.8.5)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates

Comment on Proposal No: 1994-34

Recommendation: Change reference from "ASTM F 1868" to "ASTM F 1868-02".

Substantiation: The new revision of ASTM F 1868 introduces new techniques for handling composites that distort
dimensionally during the test. This revision alters the standard values on which NFPA's performance requirements are
based and introduces a bias caused by the special handling of these materials. And will allow materials that previously
failed to pass.

Committee Meeting Action: Reject

Committee Statement: The technical committee rejected the comment. See also Comment 1994-22 (Log #21).

Printed on 4/4/2011 20



NFPA Technical Correlating Committee on
Fire and Emergency Service Protective Clothing and Equipment

NFPA 1994
Table for Log 20

Table of Recommended Changes to Permeation Resistance Test Method

Test Parameter

Current Specification

Proposed Change

Referenced standards

ASTM F 739

ASTM D 1777 for thickness
measurement;

ASTM D 3776 for unit area weight
measurement

Test environment

None; however, testing to be
performed at 32 £1°C

All testing to be performed in separate
test chamber that will be maintained
at test conditions; specimens,
chemicals, and test apparatus will be
placed in chamber and required to be
in place 24 hrs prior to testing

Test cell

Per ASTM F 739, alternative test
cells permitted; no requirements
for determining equivalency

Modified TOP 8-2-501 test cell with
drawing specification for modified
specimen plate to accommodate
control of exposed surface area in
saturated surface exposure tests; test
cap to contain fitting for measuring
integrity of test cell after specimen is
mounted

Air flow requirements
in collection side

Filtered air at rate of 1 0.1
Lpm at 80 +5% RH

Balance air flow with challenge side
for consistency and absence of
pressure drop; measure temperature
and relative humidity at test cell
inlet; principal air flow system to be
positioned inside environmental
chamber

Specimen size

Varies with test cell

Standardized for TOP 8-2-501 test
cell

Permeation specimen
conditioning

21 +3°C and 65 £5% RH
(standard textile conditioning)

32 +£1°C and 80 +5% RH to be
conducted inside test chamber;
tolerance on temperature to be
relaxed to £2°C

Test cell sealing

None

Alternative gasketing material to be
specified,

O-rings and fittings must be assessed
for compatibility with test chemical;
Specific torque to be applied in
sealing test cell

F2011 - NFPA 1994 - Log #20 - Table
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Test Parameter

Current Specification

Proposed Change

Test cell integrity None Using fitting in test line cap, test cell
check to be pressurized with air to 2 psig
with specimen in place with pressure
drop measured after 1 minute (only
10% pressure drop permitted)
Liquid challenge Liquid applied at surface density | For each liquid chemical (including
conditions of 10 g/m” using appropriate chemical warfare agents), nine (9) 1-

number of 1-pL droplets
uniformly dispensed on material
specimen surface

uL droplets will be applied in specific
pattern on exposed specimen surface;
time of 30 seconds will be required
for opening test cell cap, dispensing
droplets, and closing test cell cap.

Air flow on challenge

Filtered air at rate of 0.3 +0.03

Filtered air at rate of 0.3 £0.03 Lpm

side for open top test Lpm at 80 +5% RH at 80 £5% RH, temperature

cell configuration conditioning with environmental
chamber

Volatile liquid toxic None Chemicals with vapor pressures of 5

industrial chemical
challenge

mm Hg or greater at 25°C will be
tested as vapors at the corresponding
gas concentration in the respective
standard

Collection technique

Combination of analytical
technique and collection
medium shall be selected to
maximize sensitivity for the
detection of the test chemical
and represent actual
occupational conditions as
closely as possible

Test system collection efficiency
evaluated using procedure to
determine total test chemical
collected; evaluation must be
performed for each test chemical and
verified periodically by laboratory

Analytical sensitivity

Test system must have detection
limit that is one order of
magnitude lower than prescribed
permeation end point

Specification to be based on each
individual chemical; good laboratory
practice standards will be referenced
for correct analytical procedures

Results reported

Breakthrough time
Permeation rate (optional)
Test parameters as part of report

Cumulative permeation
Test parameters as part of report

Interpretation of results

Average of all results

Average of all results; however, if one
or two test cells show no cumulative
permeation, the standard-defined
minimum detection limit will be used
for no detectable permeation test
results for purposes of averaging
results

F2011 - NFPA 1994 - Log #20 - Table
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Report on Comments — November 2011 NEPA 1994

1994-22 Log #21 FAE-HAZ Final Action: Accept in Principle
(8.8.5)

Submitter: Holly Blake, WL Gore & Associates
Comment on Proposal No: 1994-34
Recommendation: Revise text to read as follows:
8.8.5* Testing shall be conducted in accordance with ASTM F 1868, Standard Test method for Thermal and
Evaporative Resistance of Clothing Materials Using a Sweating Hot Plate, using Part C, with the following modifications:
1) The specimen shall be placed on the test plate with the side normally facing the human body toward the test plate.

(2) For multiple layers, arrange the layers in the order and orientation as worn.
(3) Smooth each layer by hand to eliminate wrinkles or bubbles in each layer and, if necessary, secure the edges.

(4)* Once the test is started, no further adjustments to the specimen shall be made.
*Annex 8.6.5 These modifications shall be used instead of Note 6 in ASTM F1868 Part C.

Substantiation: The new revision of ASTM F 1868 has introduced new techniques via Note 6 for handling composites
that distort dimensionally during the test. The standard values of performance in Total Heat Loss testing are dependent
on the test parameters and procedures. By modifying the testing and handling techniques of the specimen, Note 6 has
the unintended consequence of modifying standard values. It can allow material systems that previously failed the
requirements to pass. Furthermore, the instructions are biased and unclear. For example, in a multi-layer composite, it is
difficult to determine, which layer, if any, is not laying flat per Note 6. By preferentially re-smoothing one or more of the
layers in one composite, and not all layers, or not all composites, Note 6 introduces bias. It is unclear when to implement
Note 6 or which parts of Note 6. When is a flat specimen no longer flat? It also introduces a bias by assuming materials
only change dimensionally under the conditions of the test, and therefore preferentially attempts to correct for only this
one effect. A uniform handling of the specimens is needed as this comment recognizes.
Committee Meeting Action: Accept in Principle
Revise text to read as follows:

8.8.5* Testing shall be conducted in accordance with ASTM F 1868, Standard Test method for Thermal and
Evaporative Resistance of Clothing Materials Using a Sweating Hot Plate, using Part C, with the following modifications:

(1) The specimen shall be placed on the test plate with the side normally facing the human body toward the test plate.

(2) Eor multiple layers, arrange the layers in the order and orientation as worn.

(3) Smooth each layer by hand to eliminate wrinkles or bubbles in each layer.

(4) *Once the test is started. no further adjustments to the specimen shall be made.

A.8.8.5 (4) These modifications shall be used instead of Note 6 in ASTM F 1868 Part C. By modifying the testing and
handling technigues of the specimen, note 6 has the unintended consequence of modifying standard values. By

preferentially re-smoothing one or more of the layers in one composite, and not all layers. or not all composites. Note 6
introduces bias.

Committee Statement: The technical committee accepted the proposal in principal, provided the amended text as
shown in the meeting action, and added new Annex text.6

1994-23 Log #14 FAE-HAZ Final Action: Accept in Principle
(8.12.7.1 and 8.12.7.2)

Submitter: Daniel J. Gohlke, W. L. Gore and Associates
Comment on Proposal No: 1994-34
Recommendation: Add new "8.12.7.2 Specimens shall be conditioned as specified in 8.1.3."
Substantiation: No specimen preconditioning is given.
Committee Meeting Action: Accept in Principle
Revise text as follows:
8.12.7 Specific Procedures for Testing Seams
8.12.7.1 Samples for conditioning shall include 150 mm (6 in.) of material on either side of the seam.
8.12.7.2 Specimens shall be conditioned as specified in 8.1.2.
Committee Statement: The technical committee accepted the comment in principle, and revised the text as shown in
the meeting action.

Printed on 4/4/2011 21



Report on Comments — November 2011 NEPA 1994

1994-24 Log #19 FAE-HAZ Final Action: Accept in Principle
(8.19.4)

Submitter: Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment,
Comment on Proposal No: 1994-44

Recommendation: The TCC instructs the Technical Committee on Hazardous Materials Protective Clothing and
Equipment to consider adding text as provided in the ROP ballot Affirmative with Comments by Corrado, Fithian
and Kavelesky.

Substantiation: This is a direction from the Technical Correlating Committee on Hazardous Materials Protective
Clothing and Equipment in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.
Committee Meeting Action: Accept in Principle

Committee Statement: See Comment 1994-25 (Log #2).

Printed on 4/4/2011 22



Report on Comments — November 2011 NEPA 1994

1994-25 Log #2 FAE-HAZ Final Action: Accept in Principle
(8.19.4)

Submitter: William Alexander, Onguard Industries
Comment on Proposal No: 1994-44
Recommendation: Revise text as follows:

Is there enough test data of currently certified footwear to ensure continued compliance to the proposed footwear test
method for slip resistance?

Substantiation: No substantiation provided.
Committee Meeting Action: Accept in Principle
Revise the following sections:

8.19.1 Application. This test method shall apply to footwear sotes.

8.19.4 Procedure. Slip resistance shall be performed in accordance with ASTVF489-StarmdareFest-Metfroofor

Sttic-Coefich et r5 3 . ot . f , ; it i
DIN EN ISO 13287, Personal Protective Equipment — Footwear — Test Method for Slip Resistance, in the following
configurations:

a.) A minimum of three size 9 footwear specimens shall be tested both in the forepart and heel positions.

b.) Footwear shall be tested in both the dry and wet conditions. The wet condition shall be achieved using distilled or
de-ionized water. The water shall be applied to thoroughly wet the testing surface and make a pool at least as wide and
long as the test portion of the footwear in the area of initial contact.

c.”) Footwear shall be tested on a quarry tile surface that meets the following specifications:

1.) Flat unglazed clay quarry tile that is wider than the test specimen and long enough to allow a sliding distance of at

least 75mm without crossing a joint
2.) is sufficiently flat to allow it to be secured on the mounting table such that no movement occurs between the tile and

mounting table during the test.
3.) has a ribbed profile or directional marking on the underside to identify the direction in which the tile should be
aligned (with the ribs parallel to the sliding direction).

4.) conforms to the values specified in Table 8.19.4 when calibrated by the Slider 96 method.

****Insert Table 8.19.4 Here****

5.%) Calibration of the tiles shall be checked after every 10 tests or prior to each day of testing whichever is the less

frequent, to ensure that they are not being worn smooth or otherwise damaged.

8.19.5 Report. Thestaticcoefficrentof frictiomrofeachspecimemstatt-berecordedamndreported:

8.19.5.1 The coefficient of friction of each specimen shall be recorded and reported.

8.19.5.2 The averaqge coefficient of friction of all specimens for each configuration shall be calculated, recorded, and
reported.

8.19.6 Interpretation. Omeormorefootwearspecmensfaitmgthistest The average coefficient of friction for each
configuration shall comstitutefaitimg be used to determine pass/fail performance.

A.8.19.4(c) A suitable tile is available from SATRA, reference STM 603 Quarry Tile.

A.8.19.4(c)(5) However, if experience shows that the friction properties of the test floor are not strongly influenced b
repeated testing then calibration intervals may be extended.
Committee Statement: The technical committee accepted the comment in principle, and revised the text as shown in
the meeting action. The stainless steel plate is being removed to maintain more simplicity of this test. The surfactant
condition was changed to a plain water condition so that the basic conditions of the footwear slip industry would be
recorded. The sole position was changed to the forepart condition because the forepart condition is more critical and
more accurately reflects shoe position for actual slipping. The test method was changed from SATRA to DIN EN ISO for
consistency with other standards in the project. Requirement is being changed based on information learned about
minimum slip requirements necessary for standing and testing performed.
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Table 8.19.4, Coefficient of Friction Values

Dry CoF Wet CoF
Minimum 0.57 0.36
Maximum 0.63 0.42

1994/L.2/Th 8.19.4/CA/F2011/ROC




Report on Comments — November 2011 NEPA 1994

1994-26 Log #4 FAE-HAZ Final Action: Accept in Principle
(8.19.4(1) (New))

Submitter: William Alexander, Onguard Industries

Comment on Proposal No: 1994-44

Recommendation: Revise text to read as follows:
8.19.4

(1) A minimum of three complete size 9 footwear items shall be tested in the flat and heel positions.

Substantiation: The surface contact area of different sizes of footwear will affect the static coefficient of friction. The
size 9 is the typical median size.

Committee Meeting Action: Accept in Principle

Committee Statement: See Comment 1994-25 (Log #2).
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