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_____________________________________________________________
1991-15 Log #32 FAE-HAZ  Final Action: Accept in Principle
(7.2, 7.3, 7.4, 7.5, 7.7, and 8.6)
_____________________________________________________________
TCC Action: The TCC directs the Technical Committee on Hazardous 
Materials Protective Clothing and Equipment to do the following for the 
purposes of correlation with other standards in the project: 
  1. Correct the permeation language to test acrylonitrile and acrolein as 
liquid TICs in Chapter 7 and Chapter 8 as indicated in the text provided 
below. 
  2. Correct the permeation test method to reflect updates made by the 
CBRN task group for permeation of the CWAs and TICs as indicated in 
the text provided below. 
  3. Address the issues of ammonia and chlorine to be tested twice, once as 
an industrial chemical and once as a TIC.
  4. Address the issue of how industrial chemicals, TICs and warfare agents 
endpoints are evaluated (cumulative permeation vs breakthrough times). 
Note: Items 3 and 4 should be addressed by the TC with the objective of 
submitting a concurrent TIA at the time of publication of the 2012 edition 
of NFPA 1991.
  With this direction, the TCC has harmonized the permeation resistance 
performance criteria and test method among each of the standards 
specifying CBRN requirements. In the case of NFPA 1991, this has been 
accomplished by establishing the criteria in separate paragraphs and using 
a separate second permeation test method to address chemical warfare 
agents and toxic industrial chemicals to reduce confusion as to which test 
methods apply to which chemicals. In addition, the error of requiring 
acrolien and acrylonitrile testing as 99% gases has been corrected by 
specifying that these chemicals be tested as neat liquids. The redundancy 
for testing ammonia and chlorine both as industrial chemicals and toxic 
industrial chemicals using both methods has been retained to create an 
incentive for the Technical Committee to resolve issues regarding those 
chemicals that should be tested for breakthrough time and those that 
chemicals that should be tested for cumulative permeation mass.
  Note: The following changes override those made in the committee 
actions on Proposal 1991-29 (Log #1) with the exception that the change 
for 7.1.4 (repositioning of SF6 integrity test criteria) still applies. The 
changes are indicated relative to NFPA 1991-2005.
  Revise referenced paragraphs as follows:
  7.2.1 Suit materials shall be tested for permeation resistance after flexing 
and abrading as specified in Section 8.6, Chemical Permeation Resistance 
Test One, and shall not exhibit a breakthrough detection time of 1 hour or 
less for the following list of industrial chemicals: 
[retain current list of chemicals]
  7.2.6 Suit seams shall be tested for permeation resistance as specified in 
Section 8.6, Chemical Permeation Resistance Test One, and shall not 
exhibit a breakthrough detection time of 1 hour or less for the following 
list of industrial chemicals: 
[retain current list of chemicals]
  7.3.1 Visor materials shall be tested for permeation resistance after 
flexing and abrading as specified in Section 8.6, Chemical Permeation 
Resistance Test One, and shall not exhibit a breakthrough detection time 
of 1 hour or less for the following list of industrial chemicals: 
[retain current list of chemicals]
  7.3.6 Visor materials seams shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test One, and 
shall not exhibit a breakthrough detection time of 1 hour or less for the 
following list of industrial chemicals: 
  [retain current list of chemicals]
  7.4.1 Glove materials and seams shall be tested for permeation resistance 
after flexing and abrading as specified in Section 8.6, Chemical 
Permeation Resistance Test One, and shall not exhibit a breakthrough 
detection time of 1 hour or less for the following list of industrial 
chemicals: 
  [retain current list of chemicals]
  7.5.1 Footwear materials and seams shall be tested for permeation 
resistance after flexing and abrading as specified in Section 8.6, Chemical 
Permeation Resistance Test One, and shall not exhibit a breakthrough 
detection time of 1 hour or less for the following list of industrial 
chemicals: 
  [retain current list of chemicals]
  7.7.2 Primary suit, glove, and footwear element materials shall be tested 
for liquefied gas permeation resistance as specified in Section 8.6, 
Chemical Permeation Resistance Test One, and shall not show signs of 
damage, and shall not exhibit a normalized breakthrough detection time of 
15 minutes or less for the following list of gaseous industrial chemicals:
  [retain current list of chemicals]
  Add the following paragraphs to Chapter 7:
   7.2.1.2 Suit materials shall be tested for permeation resistance after 
flexing and abrading as specified in Section 8.28, Chemical Permeation 
Resistance Test Two, 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 μg/cm2.
   (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 μg/cm2.
   (3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   (4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average cumulative 
permeation in one hour shall not exceed 6.0 μg/cm2.
   (5) 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 μg/cm2.
   (6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
   (7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   7.2.6.2 Suit seams shall be tested for permeation resistance as specified in 
Section 8.28, Chemical Permeation Resistance Test Two, 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 μg/cm2.
   (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 μg/cm2.
   (3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   (4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average cumulative 
permeation in one hour shall not exceed 6.0 μg/cm2.
   (5) 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 μg/cm2.
   (6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
   (7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   7.3.1.2 Visor materials shall be tested for permeation resistance after 
flexing and abrading as specified in Section 8.28, Chemical Permeation 
Resistance Test Two, 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 μg/cm2.
   (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 μg/cm2.
   (3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   (4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average cumulative 
permeation in one hour shall not exceed 6.0 μg/cm2.
   (5) 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 μg/cm2.
   (6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
   (7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   7.3.6.2 Visor material seams shall be tested for permeation resistance as 
specified in Section 8.28, Chemical Permeation Resistance Test Two, 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 μg/cm2.
   (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 μg/cm2.
   (3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.

   (4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average cumulative 
permeation in one hour shall not exceed 6.0 μg/cm2.
   (5) 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 μg/cm2.
   (6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
   (7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   7.4.1.2 Glove materials and seams shall be tested for permeation 
resistance after flexing and abrading as specified in Section 8.28, Chemical 
Permeation Resistance Test Two, 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 μg/cm2.
   (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 μg/cm2.

   (3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   (4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average cumulative 
permeation in one hour shall not exceed 6.0 μg/cm2.
   (5) 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 μg/cm2.
   (6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
   (7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   7.5.1.2 Footwear materials and seams shall be tested for permeation 
resistance after flexing and abrading as specified in Section 8.28, Chemical 
Permeation Resistance Test Two, 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 μg/cm2.
   (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 μg/cm2.
   (3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
   (4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average cumulative 
permeation in one hour shall not exceed 6.0 μg/cm2.
   (5) 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 μg/cm2.
   (6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
   (7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
8.6 Chemical Permeation Resistance Test One.
8.6.1 Application.
8.6.1.1 This test method shall apply to suit, visor, glove, and footwear 
element materials, and shall apply to 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 8.6.7.
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 footwear 
materials following cold temperature embrittlement exposure shall be as 
specified in 8.6.12.
8.6.2 Sample Preparation.
8.6.2.1 Samples shall be either vapor-protective ensembles or suit 
materials, visor materials, gloves, and footwear of the sizes specified in the 
modifications.
8.6.2.2 Samples shall be conditioned as specified in 8.1.2 after the 
conditioning specified in the modifications.
8.6.3 Specimens.
8.6.3.1 Specimens shall be the size specified in ASTM F 739, Standard Test 
Method for Resistance of Protective Clothing Materials to Permeation by 
Liquids and Gases.

8.6.3.2 At least three specimens shall be tested per chemical challenge.
8.6.3.3 For composite materials, only the chemical protection layer shall be 
the sample for testing for chemical permeation resistance.
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 for Resistance of Protective 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
  (2) Acetonitrile
  (3) Anhydrous ammonia (gas)
  (4) 1,3-Butadiene (gas)
  (5) Carbon disulfide
  (6) Chlorine (gas)
  (7) Dichloromethane
  (8) Diethyl amine
  (9) Dimethyl formamide
 (10) Ethyl acetate
 (11) Ethylene oxide (gas)
 (12) Hexane
 (13) Hydrogen chloride (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 8.6.4.2The minimum detectable 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 ìg/
cm2/min for all permeation resistance tests. When using closed loop 
systems, the testing laboratory shall assume 1 hour accumulated 
permeation.
8.6.4.3 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.
8.6.4.2 Chemical Warfare Agents.
8.6.4.2.1 Specimens shall be tested for permeation resistance for not less 
than 60 minutes in accordance with ASTM F 739, Standard Test Method for 
Resistance of Protective Clothing Materials to Permeation by Liquids or Gases 
Under Conditions of Continuous Contact, with the following modifications:
 (1) The test cells shall be designed to accommodate the introduction of 
liquid chemicals in a safe manner.
 (2) The liquid concentration density shall be 100 g/m2, +10/-0 g/m2, and 
the cell shall be assembled in closed top configuration.
 (3) The collection media shall be filtered air flowed through the bottom of 
the test cell at a rate of 1 L/min ±0.1 L/min.
 (4) Analytical methods used shall be sensitive to concentrations of at least 
one order of magnitude lower than the required end points.
 (5) Cumulative permeation shall be determined and reported.
 (6) Testing shall be performed at a temperature of 32°C, ±1°C (90°F, 
±2°F).
8.6.4.2.2 The following chemicals shall be tested:
 (1) Cyanogen chloride (CK; 506-77-4)
 (2) Carbonyl chloride (CG; 75-44-5)
 (3) Dimethyl sulfate (DMA, sulfuric acid dimethyl ester; 77-78-1)
 (4) Hydrogen cyanide (AC, HCN, CAS; 74-90-8)
8.6.4.2.3 The chemical warfare agent sarin (GB) shall be tested.
8.6.4.2.4 The minimum detectable cumulative permeation shall be 
determined for each chemical warfare agent tested.
8.6.5 Report.
8.6.5.1 The following information and results shall be recorded and 
reported for each chemical:
 (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 ìg/cm2/min for 
industrial chemicals
 (4) Maximum permeation rate (ìg/cm2/min) observed for industrial 
chemicals
 (5) Minimum detectable rate for test apparatus (ìg/cm2/min) for industrial 
chemicals
 (6) Cumulative permeation mass (ìg/cm2) for chemical warfare agents
 (7) Minimum detectable cumulative permeation mass (ìg/cm) for chemical 
warfare agents
 (8) (6) Detection method
 (9) (7) Date of test
 (10) (8) Testing laboratory
8.6.5.2 The manufacturer shall report all three measured normalized 
breakthrough detection times or cumulative permeation masses in the 
technical data package.



8.6.5.3 The manufacturer shall report all three observed permeation rates 
in the technical data package for industrial chemicals.
8.6.6 Interpretation.
8.6.6.1 For industrial chemicals, The average normalized breakthrough 
detection time shall be used in determining compliance for the particular 
material/chemical combination.
8.6.6.2 For chemical warfare agents, the average cumulative permeation 
mass shall be used in determining compliance for the particular material/
chemical combination.
8.6.7 Specific Requirements for Testing Suit Materials After Flexing and 
Abrading.
8.6.7.1 Samples for conditioning shall be 200 mm × 280 mm (8 in. × 11 in.) 
rectangles and shall consist of all layers as configured in the suit.
8.6.7.2 Two samples shall first be conditioned by flexing as specified in 
8.1.3.
8.6.7.2.1 One sample shall be flexed with the longitudinal axis parallel to 
the machine direction of the material, and the second sample shall be 
flexed with the longitudinal axis parallel to the cross-machine direction of 
the material.
8.6.7.2.2 Following flexing, two samples for abrasion conditioning, each 
measuring 45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center 
of the flexed samples.
8.6.7.2.3 At least one specimen for abrasion conditioning shall be taken 
from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.6.7.3 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.6.7.3.1 Following abrasion, only one specimen for permeation resistance 
testing shall be taken from each sample subjected to abrasion.
8.6.7.3.2 The permeation test specimen shall be taken from the exact center 
of the abraded sample so that the center of the permeation test and the 
center of the abraded sample coincide.
8.6.8 Specific Requirements for Testing Glove Materials After Flexing and 
Abrading.
8.6.8.1 Samples for conditioning shall be whole glove components or whole 
glove individual elements.
8.6.8.2 Samples shall first be conditioned by flexing as specified in 8.1.5.
8.6.8.2.1 Following flexing, three samples for abrasion conditioning, each 
measuring 45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center 
of the gauntlet portion of the flexed sample.
8.6.8.2.2 At least one specimen for abrasion conditioning shall be taken 
from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.6.8.3 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.6.8.3.1 Following abrasion, only one specimen for permeation resistance 
testing shall be taken from each sample subjected to abrasion.
8.6.8.3.2 The permeation test specimen shall be taken from the exact center 
of the abraded sample so that the center of the permeation test and the 
center of the abraded sample coincide.
8.6.9 Specific Requirements for Testing Footwear Materials After Flexing 
and Abrading.
8.6.9.1 This test shall apply to all types of footwear configurations. Where 
the footwear incorporates a bootie constructed of suit material, the suit 
material flex fatigue resistance test shall be permitted to be substituted for 
this test.
8.6.9.2 Samples for conditioning shall be whole footwear components or 
whole footwear individual elements.
8.6.9.3 Samples shall first be conditioned by flexing as specified in 8.1.6. 
Following flexing, three samples for abrasion conditioning, each measuring 
45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center of the 
footwear upper where the greatest flexing occurred, usually at the quarter 
or vamp of the flexed sample.
8.6.9.4 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.6.9.4.1 Following abrasion, only one specimen for permeation resistance 
testing shall be taken from each sample subjected to abrasion.
8.6.9.4.2 The permeation test specimen shall be taken from the exact center 
of the abraded sample so that the center of the permeation test and the 
center of the abraded sample coincide.
8.6.10 Specific Requirements for Testing Seams.
8.6.10.1 Seam specimens shall be prepared from seam samples that have a 
minimum of 150 mm(6 in.) of material on each side of the seam center.
8.6.10.2 Permeation test specimens shall be cut such that the exact seam 
center divides the specimen in half.
8.6.10.3 Seam specimens shall be prepared representing each different 
seam or shall be taken from each different type of seam found in the 
vapor-protective suit, including as a minimum the suit-to-suit material 
seams and the suit-to-visor material seams.
8.6.10.4 Samples for conditioning shall be 600 mm (239/16 in.) lengths of 
prepared seam or cut from vapor-protective ensembles.
8.6.11 Specific Requirements for Testing Primary Materials Against 
Liquefied Gases.

8.6.11.1 Samples for conditioning shall be suit material, visor material, 
glove material from the glove gauntlet, and footwear material from the 
footwear upper.
8.6.11.2 Specimens shall be conditioned as specified in 8.1.8.
8.6.11.3 Visor materials that are rigid and cannot be bent in the test 
apparatus shall be excluded from this conditioning.
8.6.11.4 Only one specimen for permeation resistance testing shall be taken 
from each sample subjected to embrittlement conditioning. The 
permeation test specimen shall be taken from the exact center of the folded 
sample so that the center of the permeation test and the center of the 
folded sample coincide.
8.6.11.5 The test cell and test chemical shall be maintained at a 
temperature sufficient to keep the test chemical as a liquid at ambient 
pressure such that a 13 mm (1/2 in.) liquid layer is maintained at all times 
during the test.
8.6.12 Specific Requirements for Testing Suit, Visor, Glove, and Footwear 
Materials Following Cold Temperature Embrittlement Exposure.
8.6.12.1 Samples for conditioning shall be suit material, visor material, 
glove material from the glove gauntlet, and footwear material from the 
footwear upper.
8.6.12.2 Specimens shall be conditioned as specified in 8.1.8.
8.6.12.3 Only one specimen for permeation resistance testing shall be taken 
from each sample subjected to embrittlement conditioning.
8.6.12.4 The permeation test specimen shall be taken from the exact center 
of the folded sample so that the center of the permeation test and the 
center of the folded sample coincide.
Add New Test Method as follows:
8.28 Chemical Permeation Resistance Test Two.
8.28.1 Application.
8.28.1.1 This test method shall apply to suit, visor, glove, and footwear 
element materials, and shall apply to the elements’ seams.
8.28.1.2 Modifications to this test method for testing suit materials after 
flexing and abrading shall be as specified in 8.6.10.
8.28.1.3 Modifications to this test method for testing glove materials after 
flexing and abrading shall be as specified in 8.6.11.
8.28.1.4 Modifications to this test method for testing footwear materials 
after flexing and abrading shall be as specified in 8.6.12.
8.28.1.5 Modifications to this test method for testing seams shall be as 
specified in 8.6.13.
8.28.2 Samples.
8.28.2.1 Samples for conditioning shall be as specified according to the 
specific requirements in 8.28.10, 8.28.11, 8.28.12, and 8.28.13 as 
appropriate.
8.28.2.2 Samples shall be conditioned as specified according to the specific 
requirements in 8.28.10, 8.28.11, 8.28.12, and 8.28.13 as appropriate.
8.28.2.3 Samples shall then be cut to the specimen size.
8.28.2.4 All layers of the samples during conditioning shall be present and 
configured in the order and orientation as worn.
8.28.3 Specimens.
8.28.3.1 Specimens shall be of the size required to fit the permeation test 
cell. 
8.28.3.2 A minimum of three specimens shall be tested against each 
challenge chemical.
8.28.3.3 For composite materials, only the chemical protection layer shall 
be the sample for testing for chemical permeation resistance.
8.28.3.4 If the specimen is the outer most layer of the composite then it 
shall be tested without any additional layers on top.
8.28.3.5 Any separable layers normally worn underneath the specimen 
shall not be permitted to be included in the test.
8.28.3.6 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.
8.28.3.7 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 8.28.7.1.1
8.28.4 Apparatus.
8.28.4.1 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.
8.28.4.2* 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, consisting of parts shown in Figure 8.28.4.2(1) and 
individual part detail shown in Figures 8.28.4.2(2) through 8.28.4.2(6), 
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               Figure 8.28.4.2(1) – Diffusion Test Cell Assembly
(Copyright ©2006 W. L. Gore & Associates, Inc. Used by permission.)
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            Figure 8.28.4.2(2) – Lower Body (Collection Side)
 (Copyright ©2006 W. L. Gore & Associates, Inc. Used by permission.)
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              Figure 8.28.4.2(3) – Sample Support Plate
 (Copyright ©2006 W. L. Gore & Associates, Inc. Used by permission.)
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                   Figure 8.28.4.2(4) – Compression Plate
 (Copyright ©2006 W. L. Gore & Associates, Inc. Used by permission.)
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             Figure 8.28.4.2(5) – Upper Body (Challenge Side)
 (Copyright ©2006 W. L. Gore & Associates, Inc. Used by permission.)
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                          Figure 8.28.4.2(6) – Top Cap
     (Copyright ©2006 W. L. Gore & Associates, Inc. Used by permission.)

8.28.4.3* 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.
8.28.4.4* 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 μg/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 specimen in 60 minutes.
8.28.4.5 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.
8.28.4.6 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.
8.28.5 Supplies
8.28.5.1 Syringe, capable of delivering challenge chemical, shall be used for 
dispensing liquid challenge chemical onto the surface of the specimen in 
the test cell.
8.28.5.2* Replacement O-rings shall be available for use in the permeation 
test cell.
8.28.5.2.1* If unknown, the compatibility of the O-ring material with the 
challenge chemical shall be verified before use.
8.28.5.2.2 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.
8.28.5.3* An inert impermeable surrogate material shall be used as a 
negative control during validation tests.
8.28.6 Chemicals
8.28.6.1 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) Sarin [GB, or isopropyl methyl phosphonofluoridate, CAS 107-44-8] 
  (2) Liquid toxic industrial chemicals
  (a) Acrolein (allyl aldehyde, CAS 107-02-8)
  (b) Acrylonitrile (VCN, cyanoethylene, CAS 107-13-1)
  (c) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS 77-78-1)
8.28.6.2 The following challenge chemicals shall be tested as gases.
  (1) Ammonia (NH3, CAS 7664-41-7)
  (2) Chlorine (Cl2, CAS 7782-50-5)
8.28.7 Procedures.
8.28.7.1 Preconditioning.
8.28.7.1.1 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.
8.28.7.2 Test Cell Assembly.

8.28.7.2.1 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.
8.28.7.2.2 O-Ring #1 shall be placed on the lower body (collection side) of 
the test cell.
8.28.7.2.3 The sample support plate shall be placed on the lower body 
(collection side) of the test cell.
8.28.7.2.4 O-ring #2 (outer) and O-ring #3 (inner) shall be placed in the 
respective grooves on the sample support plate.
8.28.7.2.5 The specimen shall be removed from the conditioning location in 
the environmental chamber and shall be placed on top of the sample 
support plate.
8.28.7.2.6 With the upper body (challenge side) of the test cell upside 
down, O-ring #4 shall be placed in the upper body of the test cell on the 
specimen side and the compression plate shall be positioned over O-ring 
#4.
8.28.7.2.7 The upper body (challenge side) 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 (collection side) of the test cell. 
8.28.7.2.8 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.
8.28.7.2.9 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 top cap shall 
be screwed into place.
8.28.7.2.10 The integrity of the test cell assembly shall be verified using the 
procedure in 8.28.7.3.
8.28.7.2.11 Each test cell shall be labeled with the challenge chemical to be 
used in it.
8.28.7.3 Verification of Test Cell Integrity.
8.28.7.3.1 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.
8.28.7.3.2 Valves on the outlet ports of the upper and lower body of the test 
cell shall be closed.
8.28.7.3.3 Both the upper and lower body inlet ports of the test cell shall be 
connected to a manometer.
8.28.7.3.4 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.
8.28.7.3.5 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 8.28.7.2
8.28.7.3.6 Only test cells that have passed this integrity test shall be used 
for testing.
8.28.7.4 Determination of Procedure for Applying Liquid Challenge 
Chemicals. 
The liquid chemical challenge concentration shall be 100 g/m2 (+1.0 / -0.0 
g/m2) to achieve a flooded surface on the specimen.
8.28.7.5 Procedure for Liquid Chemical Challenge.
8.28.7.5.1 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.
8.28.7.5.2 The calibrated analytical detection system shall be assembled 
and initiated according to its instructions.
8.28.7.5.2.1 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.
8.28.7.5.2.2 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. 
8.28.7.5.3 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.
8.28.7.5.4 With the cell top cap removed, the liquid chemical 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 
8.28.7.4
8.28.7.5.5 After placing the liquid challenge chemical on the specimen in 
the test cell, the cell top cap shall be sealed within 5 seconds. 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.
8.28.7.5.6 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.
8.28.7.5.7 The collection media for the challenge chemical shall be analyzed 
using an appropriate analytical procedure. 
8.28.7.5.8 At least one test shall be conducted with a specimen, but without 
the challenge chemical, as a negative control.



8.28.7.5.9* At least one test shall be conducted with an inert impermeable 
surrogate specimen as a negative control.
8.28.7.5.10 The results from tests accompanied by unsuccessful negative 
controls shall not be used and the test shall be repeated.
8.28.7.6 Procedure for Gas Challenge Chemicals.
8.28.7.6.1 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.
8.28.7.6.2 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 challenge 
chemical.
8.28.7.6.3 The calibrated analytical detection system shall be assembled 
and initiated according to its instructions.
8.28.7.6.4 The initiation of the test shall occur when the gas challenge 
chemical is introduced into the challenge side of the test cell. 
8.28.7.6.4.1 The supply of the gas challenge chemical shall be sufficient to 
maintain the gas challenge chemical concentration during the exposure 
period of 60 minutes + 1.0 / -0.0 minutes.
8.28.7.6.4.2 The gas challenge chemical shall be at a temperature of 32° C, 
+/- 1° C (90° F, +/- 2° F).
8.28.7.6.4.3 The concentration of the gas challenge chemical shall be 99% 
or greater.
8.28.7.6.4.4 For testing of Class 3 ensemble materials, the concentration of 
the gas challenge chemical shall be 40 ppm, +10 / -0 ppm.
8.28.7.6.5 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.
8.28.7.6.6 The collection media for the challenge chemical shall be analyzed 
using an appropriate analytical procedure. 
8.28.7.6.7 At least one test shall be conducted with the specimen, but 
without the challenge chemical, as a negative control.
8.28.7.6.8* At least one test shall be conducted with an inert surrogate 
specimen as a negative control.
8.28.7.6.9 The results from tests accompanied by unsuccessful negative 
controls shall not be used and the test shall be repeated.
8.28.7.7 Test Conclusion, Cleaning of Test Cell, and Specimen Disposal.
8.28.7.7.1 At the conclusion of the test, the test cell shall be purged and the 
air delivery and analytical system shall be shut down.
8.28.7.7.2 Each cell shall be disassembled one at a time.
8.28.7.7.3 The tested specimen shall be inspected for degradation or other 
obvious abnormalities; these observations shall be recorded with the test 
results. 
8.28.7.7.4 Disposal of tested specimens and other supplies shall be handled 
according to local, state, federal or other applicable regulations.
8.28.7.7.5 Each component of the test cell shall be rinsed with acetone or 
other appropriate solvent to remove residual chemicals.
8.28.7.7.6 The cell shall be allowed to air dry in a clean area for 24 hours 
before reuse.
8.28.8 Report
8.28.8.1 The cumulative permeation in one hour shall be calculated, 
recorded, and reported in μg/cm2 for each specimen for each challenge 
chemical.
8.28.8.1.1 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.
8.28.8.2 The average cumulative permeation shall be calculated and 
reported by averaging the results from all specimens for each challenge 
chemical. 
8.28.8.2.1 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.
8.28.8.2.2 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.
8.28.8.3 Report any observations of degradation or other abnormalities at 
the conclusion of the testing of each specimen.
8.28.9 Interpretation. The average cumulative permeation for each 
challenge chemical shall be used to determine pass or fail performance.
8.28.10 Specific Requirements for Testing Suit Materials After Flexing and 
Abrading.
8.28.10.1 Samples for conditioning shall be 200 mm × 280 mm (8 in. × 11 
in.) rectangles and shall consist of all layers as configured in the suit.
8.28.10.2 Two samples shall first be conditioned by flexing as specified in 
8.1.3.
8.28.10.2.1 One sample shall be flexed with the longitudinal axis parallel to 
the machine direction of the material, and the second sample shall be 
flexed with the longitudinal axis parallel to the cross-machine direction of 
the material.

8.28.10.2.2 Following flexing, two samples for abrasion conditioning, each 
measuring 45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center 
of the flexed samples.
8.28.10.2.3 At least one specimen for abrasion conditioning shall be taken 
from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.28.10.3 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.28.10.3.1 Following abrasion, only one specimen for permeation 
resistance testing shall be taken from each sample subjected to abrasion.
8.28.10.3.2 The permeation test specimen shall be taken from the exact 
center of the abraded sample so that the center of the permeation test and 
the center of the abraded sample coincide.
8.28.11 Specific Requirements for Testing Glove Materials After Flexing 
and Abrading.
8.28.11.1 Samples for conditioning shall be whole glove components or 
whole glove individual elements.
8.28.11.2 Samples shall first be conditioned by flexing as specified in 8.1.5.
8.28.11.2.1 Following flexing, three samples for abrasion conditioning, each 
measuring 45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center 
of the gauntlet portion of the flexed sample.
8.28.11.2.2 At least one specimen for abrasion conditioning shall be taken 
from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.28.11.3 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.28.11.3.1 Following abrasion, only one specimen for permeation 
resistance testing shall be taken from each sample subjected to abrasion.
8.28.11.3.2 The permeation test specimen shall be taken from the exact 
center of the abraded sample so that the center of the permeation test and 
the center of the abraded sample coincide.
8.28.12 Specific Requirements for Testing Footwear Materials After 
Flexing and Abrading.
8.28.12.1 This test shall apply to all types of footwear configurations. 
Where the footwear incorporates a bootie constructed of suit material, the 
suit material flex fatigue resistance test shall be permitted to be substituted 
for this test.
8.28.12.2 Samples for conditioning shall be whole footwear components or 
whole footwear individual elements.
8.28.12.3 Samples shall first be conditioned by flexing as specified in 8.1.6. 
Following flexing, three samples for abrasion conditioning, each measuring 
45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center of the 
footwear upper where the greatest flexing occurred, usually at the quarter 
or vamp of the flexed sample.
8.28.12.4 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.28.12.4.1 Following abrasion, only one specimen for permeation 
resistance testing shall be taken from each sample subjected to abrasion.
8.28.12.4.2 The permeation test specimen shall be taken from the exact 
center of the abraded sample so that the center of the permeation test and 
the center of the abraded sample coincide.
8.28.13 Specific Requirements for Testing Seams.
8.28.13.1 Seam specimens shall be prepared from seam samples that have 
a minimum of 150 mm(6 in.) of material on each side of the seam center.
8.28.13.2 Permeation test specimens shall be cut such that the exact seam 
center divides the specimen in half.
8.28.13.3 Seam specimens shall be prepared representing each different 
seam or shall be taken from each different type of seam found in the 
vapor-protective suit, including as a minimum the suit-to-suit material 
seams and the suit-to-visor material seams.
8.28.13.4 Samples for conditioning shall be 600 mm (239/16 in.) lengths of 
prepared seam or cut from vapor-protective ensembles.
  Add new Annex paragraphs as follows:
A.8.28.4.2 The specified test cell meets the test cell requirements for the 
Liquid Challenge/Vapor Penetration (L/V) Test Cell specified in TOP 8-2-
501 with the following exceptions:
  (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 shown in Figure 8.28.4.2 (3) has been 
modified to permit the O-rings to be closer to the exposed surface area of 
the specimen. 
  (3) The cell top cap shown in Figure 8.28.4.2 (5) has 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 are mounted 
on the inlet fittings on both the upper body and lower body of the test cell.
A.8.28.4.5 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.8.28.4.6 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.8.28.5.2 Viton® O-rings have been found to be compatible with the 
challenge chemicals.
A.8.28.5.2.1 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.8.28.5.3 Aluminum foil with a thickness of 1/32nd of an inch has been 
found to be acceptable.
A.8.28.6.2.2 Aluminum foil with a thickness of 1/32nd of an inch has been 
found to be acceptable.
A.8.28.7.5.9 Aluminum foil with a thickness of 1/32nd of an inch has been 
found to be acceptable.
A.8.28.7.6.8 Aluminum foil with a thickness of 1/32nd of an inch has been 
found to be acceptable.
Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
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Recommendation: 
  Where paragraphs have been removed, the respective section should be 
renumbered
7.2.1 Suit materials shall be tested for permeation resistance after flexing and 
abrading as specified in Section 8.6, Chemical Permeation Resistance Test, 
and shall not exhibit a breakthrough detection time of 1 hour or less have 
a cumulative permeation of 6.0 μg/cm2 or greater for the following list of 
industrial chemicals: each chemical tested.
  (1) Acetone
  (2) Acetonitrile
  (3) Anhydrous ammonia (gas)
  (4) 1,3-Butadiene (gas)
  (5) Carbon disulfide
  (6) Chlorine (gas)
  (7) Dichloromethane
  (8) Diethyl amine
  (9) Dimethyl formamide
  (10) Ethyl acetate
  (11) Ethylene oxide (gas)
  (12) Hexane
  (13) Hydrogen chloride (gas)
  (14) Methanol
  (15) Methyl chloride (gas)
  (16) Nitrobenzene
  (17) Sodium hydroxide
  (18) Sulfuric acid
  (19) Tetrachloroethylene
  (20) Tetrahydrofuran
  (21) Toluene
7.2.2 Primary suit materials shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test, and shall not 
exhibit normalized breakthrough detection times of 60 minutes or less for the 
following list of industrial chemicals:
  (1) Cyanogen chloride (CK; 506-77-4)
  (2) Carbonyl chloride (CG; 75-44-5)
  (3) Dimethyl sulfate (DMA, sulfuric acid dimethyl ester; 77-78-1)
  (4) Hydrogen cyanide (AC, HCN, CAS; 74-90-8)
7.2.3 Primary Suit materials shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test, and shall not 
exceed a cumulative permeation of 1.25 μg/cm2 for the chemical warfare agent 
sarin (GB, or isopropyl methyl phosphonofluoridate) soman (GD, o-pinacolyl 
methylphosphonofluoridate).

7.2.4 Primary Suit materials shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test, and shall not 
exceed a cumulative permeation of 4 μg/cm2 for the chemical warfare agent 
sulfur mustard, distilled [HD, or bis(2-chloroethyl)sulfide].

7.2.9 Suit seams shall be tested for permeation resistance after flexing and 
abrading as specified in Section 8.6, Chemical Permeation Resistance Test, 
and shall not exhibit a breakthrough detection time of 1 hour or less have 
a cumulative permeation of 6.0 μg/cm2 or greater for the following list of 
industrial chemicals: each chemical tested.

   (1) Acetone
  (2) Acetonitrile
   (3) Anhydrous ammonia (gas)
   (4) 1,3-Butadiene (gas)

(5) Carbon disulfide
(6) Chlorine (gas)
(7) Dichloromethane
(8) Diethyl amine
(9) Dimethyl formamide
(10) Ethyl acetate
(11) Ethylene oxide (gas)
(12) Hexane
(13) Hydrogen chloride (gas)
(14) Methanol
(15) Methyl chloride (gas)
(16) Nitrobenzene
(17) Sodium hydroxide
(18) Sulfuric acid
(19) Tetrachloroethylene
(20) Tetrahydrofuran
(21) Toluene

7.2.10 Primary suit,material seams shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test, and shall not 
exhibit normalized breakthrough detection times of 60 minutes or less for the 
following list of industrial chemicals:

(1) Cyanogen chloride (CK; 506-77-4)
(2) Carbonyl chloride (CG; 75-44-5)
(3) Dimethyl sulfate (DMA, sulfuric acid dimethyl ester; 77-78-1)
(4) Hydrogen cyanide (AC, HCN, CAS; 74-90-8)

7.2.11 Primary Suit material seams shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test, and shall not 
exceed a cumulative permeation of 1.25 μg/cm2 for the chemical warfare agent 
sarin (GB, or isopropyl methyl phosphonofluoridate) soman (GD, o-pinacolyl 
methylphosphonofluoridate).

7.2.12 Primary Suit material seams shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test, and shall not 
exceed a cumulative permeation of 4 μg/cm2 for the chemical warfare agent 
sulfur mustard, distilled [HD, or bis(2-chloroethyl)sulfide].

7.3.1 Visor materials shall be tested for permeation resistance after flexing 
and abrading as specified in Section 8.6, Chemical Permeation Resistance 
Test, and shall not exhibit a breakthrough detection time of 1 hour or less 
have a cumulative permeation of 6.0 μg/cm2 or greater for the following list of 
industrial chemicals: each chemical tested.

(1) Acetone
(2) Acetonitrile
(3) Anhydrous ammonia (gas)
(4) 1,3-Butadiene (gas)
(5) Carbon disulfide
(6) Chlorine (gas)
(7) Dichloromethane
(8) Diethyl amine
(9) Dimethyl formamide
(10) Ethyl acetate
(11) Ethylene oxide (gas)
(12) Hexane
(13) Hydrogen chloride (gas)
(14) Methanol
(15) Methyl chloride (gas)
(16) Nitrobenzene
(17) Sodium hydroxide
(18) Sulfuric acid
(19) Tetrachloroethylene
(20) Tetrahydrofuran
(21) Toluene

7.3,2 Primary suit visor materials and seams shall be tested for permeation 
resistance as specified in Section 8.6, Chemical Permeation Resistance Test, 
and shall not exhibit normalized breakthrough detection times of 60 minutes or 
less for the following list of industrial chemicals:

(1) Cyanogen chloride (CK; 506-77-4)
(2) Carbonyl chloride (CG; 75-44-5)
(3) Dimethyl sulfate (DMA, sulfuric acid dimethyl ester; 77-78-1)
(4) Hydrogen cyanide (AC, HCN, CAS; 74-90-8)

7.3.3 Primary suit Visor materials shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test, and shall not 
exceed a cumulative permeation of 1.25 μg/cm2 for the chemical warfare agent 
sarin (GB, or isopropyl methyl phosphonofluoridate) soman (GD, o-pinacolyl 
methylphosphonofluoridate).



7.3.4 Primary suit Visor materials shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test, and shall not 
exceed a cumulative permeation of 4 μg/cm2 for the chemical warfare agent 
sulfur mustard, distilled [HD, or bis(2-chloroethyl)sulfide].

7.4.1 Glove materials and seams shall be tested for permeation resistance 
after flexing and abrading as specified in Section 8.6, Chemical Permeation 
Resistance Test, and shall not exhibit a breakthrough detection time of 1 hour 
or less have a cumulative permeation of 6.0 μg/cm2 or greater for the following 
list of industrial chemicals: each chemical tested.

(1) Acetone
(2) Acetonitrile
(3) Anhydrous ammonia (gas)
(4) 1,3-Butadiene (gas)
(5) Carbon disulfide
(6) Chlorine (gas)
(7) Dichloromethane
(8) Diethyl amine
(9) Dimethyl formamide
(10) Ethyl acetate
(11) Ethylene oxide (gas)
(12) Hexane
(13) Hydrogen chloride (gas)
(14) Methanol
(15) Methyl chloride (gas)
(16) Nitrobenzene
(17) Sodium hydroxide
(18) Sulfuric acid
(19) Tetrachloroethylene
(20) Tetrahydrofuran
(21) Toluene

7.4,2 Primary glove materials and seams shall be tested for permeation 
resistance as specified in Section 8.6, Chemical Permeation Resistance Test, 
and shall not exhibit normalized breakthrough detection times of 60 minutes or 
less for the following list of industrial chemicals:

(1) Cyanogen chloride (CK; 506-77-4)
(2) Carbonyl chloride (CG; 75-44-5)
(3) Dimethyl sulfate (DMA, sulfuric acid dimethyl ester; 77-78-1)
(4) Hydrogen cyanide (AC, HCN, CAS; 74-90-8)

7.4.3 PrimaryGlove material and seams shall be tested for permeation 
resistance as specified in Section 8.6, Chemical Permeation Resistance Test, 
and shall not exceed a cumulative permeation of 1.25 μg/cm2 for the chemical 
warfare agent sarin (GB, or isopropyl methyl phosphonofluoridate) soman 
(GD, o-pinacolyl methylphosphonofluoridate).

7.4.4 Primary Glove material and seams shall be tested for permeation 
resistance as specified in Section 8.6, Chemical Permeation Resistance Test, 
and shall not exceed a cumulative permeation of 4 μg/cm2 for the chemical 
warfare agent sulfur mustard, distilled [HD, or bis(2-chloroethyl)sulfide].

7.5.1 Footwear material and seams shall be tested for permeation resistance 
after flexing and abrading as specified in Section 8.6, Chemical Permeation 
Resistance Test, and shall not exhibit a breakthrough detection time of 1 hour 
or less have a cumulative permeation of 6.0 μg/cm2 or greater for the following 
list of industrial chemicals: each chemical tested.

(1) Acetone
(2) Acetonitrile
(3) Anhydrous ammonia (gas)
(4) 1,3-Butadiene (gas)
(5) Carbon disulfide
(6) Chlorine (gas)
(7) Dichloromethane
(8) Diethyl amine
(9) Dimethyl formamide
(10) Ethyl acetate
(11) Ethylene oxide (gas)
(12) Hexane
(13) Hydrogen chloride (gas)
(14) Methanol
(15) Methyl chloride (gas)
(16) Nitrobenzene
(17) Sodium hydroxide
(18) Sulfuric acid
(19) Tetrachloroethylene
(20) Tetrahydrofuran
(21) Toluene

7.5,2 Primary footwear materials and seams shall be tested for permeation 
resistance as specified in Section 8.6, Chemical Permeation Resistance Test, 
and shall not exhibit normalized breakthrough detection times of 60 minutes or 
less for the following list of industrial chemicals:

(1) Cyanogen chloride (CK; 506-77-4)
(2) Carbonyl chloride (CG; 75-44-5)

(3) Dimethyl sulfate (DMA, sulfuric acid dimethyl ester; 77-78-1)
(4) Hydrogen cyanide (AC, HCN, CAS; 74-90-8)

7.5.3 Primary Footwear material and seams shall be tested for permeation 
resistance as specified in Section 8.6, Chemical Permeation Resistance Test, 
and shall not exceed a cumulative permeation of 1.25 μg/cm2 for the chemical 
warfare agent sarin (GB, or isopropyl methyl phosphonofluoridate) soman 
(GD, o-pinacolyl methylphosphonofluoridate).

7.5.4 Primary Footwear material and seams shall be tested for permeation 
resistance as specified in Section 8.6, Chemical Permeation Resistance Test, 
and shall not exceed a cumulative permeation of 4 μg/cm2 for the chemical 
warfare agent sulfur mustard, distilled [HD, or bis(2-chloroethyl)sulfide].

7.7.2 Primary suit, glove, and footwear element materials shall be tested for 
liquefied gas permeation resistance as specified in Section 8.6, Chemical 
Permeation Resistance Test, and shall not show signs of damage, and shall 
not exhibit a normalized breakthrough detection time of 15 minutes or less 
have a cumulative permeation of 6.0 μg/cm2 or greater for the following list of 
gaseous industrial chemicals: each chemical tested.

(1) Ammonia
(2) Chlorine
(3) Ethylene oxide

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 to 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 8.6.7 8.6.8.
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 8.6.9.
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 8.6.10.
8.6.1.5 Modifications to this test method for testing seams shall be as specified 
in 8.6.10 8.6.11.
8.6.1.6 Modifications to this test for testing primary materials against liquefied 
gases shall be as specified in 8.6.11 8.6.12.
8.6.1.7 Modifications to this test for testing suit, visor, glove, and footwear 
materials following cold temperature embrittlement exposure shall be as 
specified in 8.6.12.

8.6.2 Sample Preparation.
8.6.2.1 Samples shall be either vapor-protective ensembles or suit materials, 
visor materials, gloves, and footwear of the sizes specified in the modifications.
8.6.2.2 Samples shall be conditioned as specified in 8.1.2 after the conditioning 
specified in the modifications.

8.6.3 Specimens.
8.6.3.1 Specimens shall be the size specified in ASTM F 739, Standard Test 
Method for Resistance of Protective Clothing Materials to Permeation by 
Liquids and Gases. 
8.6.3.2 At least three specimens shall be tested per chemical challenge.
8.6.3.3 For composite materials, only the chemical protection layer shall be the 
sample for testing for chemical permeation resistance.
8.6.4 Apparatus.
8.6.4.1 Industrial Chemicals. The test apparatus shall be as specified in 
ASTM F 739, Standard Test Method for Resistance of Protective Clothing 
Materials to Permeation by Liquids and Gases, with the following 
modifications:

(1) Alternative permeation test cells shall be permitted if demonstrated to 
meet the expected variation of results that are established in ASTM F 739, 
Standard Test Method for Resistance of Protective Clothing Materials to 
Permeation by Liquids and Gases, using the standard reference material for 
either the Neoprene or Butyl rubber reference materials. 
(2) 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.

8.6.4.2 Chemical Warfare Agents.
8.6.4.2.1 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. 
8.6.4.2.2* 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 
8.6.4.2.2(2) 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 indicated in Figure 
8.6.5.2.2 shall be modified as show in Figures 8.6.4.2.2(2)-1,  8.6.4.2.2(2)-2, 
and 8.6.4.2.2(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 8.6.4.2.7.

Diffusion test cell
configuration (sealed)

Diffusion test cell
configuration (unassembled)

  Figure 8.6.4.2.2(2) Liquid Challenge/Vapor Penetration (L/V) Test Cell.

Place O-ring seals here

Bottom sealing plate

Top sealing plate

Test sample

           Figure 8.6.4.2.2(2)-1 Modifications to Sample Support Plate and 
Compression Plate.
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 Figure 8.6.4.2.2(2)-2 Specific Modifications to Compression Plate.
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       Figure 8.6.4.2.2(2)-3 Specific Modifications to Compression Plate

8.6.4.2.3 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.
8.6.4.2.4* An air delivery system and manifold shall be used to provide oil-
free, conditioned air to the test cells/fixtures at a rate of 1 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 shall be designed to deliver 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 shall be chemically inert and 
non-absorptive to the challenge chemical. 
8.6.4.2.5 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 μg/cm2 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.
8.6.4.2.6 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.
8.6.4.2.7 A manometer or 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.
8.7.4.3 The following chemical warfare agents shall be tested:

(1) Distilled sulfur mustard [HD; bis (2-chloroethyl) sulfide], 505-60-2
(2) Soman (GD; o-pinacolyl methylphosphonofluoridate), 96-64-0

8.6.4 8.6.5 Procedures.
8.6.4.1 8.6.5.1 Industrial Chemicals.
8.6.4.1.1 8.6.5.1.1 Permeation resistance shall be measured in accordance with 
ASTM F 739, Standard Test Method for Resistance of Protective 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 and test 
conditions:

(1) Acetone
(2) Acetonitrile
(3) Anhydrous ammonia (gas)
(4) 1,3-Butadiene (gas)
(5) Carbon disulfide
(6) Chlorine (gas)
(7) Dichloromethane
(8) Diethyl amine
(9) Dimethyl formamide
(10) Ethyl acetate
(11) Ethylene oxide (gas)
(12) Hexane
(13) Hydrogen chloride (gas)
(14) Methanol
(15) Methyl chloride (gas)
(16) Nitrobenzene
(17) Sodium hydroxide
(18) Sulfuric acid
(19) Tetrachloroethylene
(20) Tetrahydrofuran
(21) Toluene
(1) Testing shall be performed for a minimum exposure period of 3 hours.
(2)* Individual tests shall be conducted for all 21 chemicals of ASTM 
F1001, Standard Guide for Selection of Chemicals to Evaluate Protective 
Clothing Materials,  chemicals at 27°C, ±2°C (81°F, ±3°F).
(3) Individual tests shall be conducted for the additional following chemicals 
at 32°C ±1°C (90°F ±2°F):
(a) Acrolein (allyl aldehyde), 107-02-8 
(b) Acrylonitrile (VCN, cyanoethylene), 107-13-1
(c) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester), 77-78-1
(4) Testing of liquids shall be performed with sufficient neat liquid at to fully 
cover the exposed specimen surface over the exposure period.
(5) Testing with gases shall performed with the concentration of the gas is 
100%, +0,-0%.  

8.6.4.1.2 (6)The minimum detectable 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 μg/cm2/min for all 
permeation resistance tests. 

(7) When using closed loop systems, the testing laboratory shall assume 
1 hour accumulated permeation for the purpose of reporting normalized 
breakthrough time.
(8) The cumulative permeation mass shall be measured at 60 minutes.
(9) It shall be permitted to measure the actual breakthrough detection time, 
normalized breakthrough detection time, and maximum or steady-state 
permeation rate for reporting purposes only.

8.6.4.2 8.6.5.2 Chemical Warfare Agents.
8.6.4.2.1 Specimens shall be tested for permeation resistance for not less 
than 60 minutes in accordance with ASTM F 739, Standard Test Method for 
Resistance of Protective Clothing Materials to Permeation by Liquids or Gases 
Under Conditions of Continuous Contact, with the following modifications:

(1) The test cells shall be designed to accommodate the introduction of liquid 
chemicals in a safe manner.
(2) The liquid concentration density shall be 100 g/m2, +10/−0 g/m2, and the 
cell shall be assembled in closed top configuration.
(3) The collection media shall be filtered air flowed through the bottom of 
the test cell at a rate of 1 L/min ±0.1 L/min.
(4) Analytical methods used shall be sensitive to concentrations of at least 
one order of magnitude lower than the required end points. 
(5) Cumulative permeation shall be determined and reported.
(6) Testing shall be performed at a temperature of 32°C, ±1°C (90°F, ±2°F).

8.6.4.2.2 The following chemicals shall be tested:
(1) Cyanogen chloride (CK; 506-77-4)
(2) Carbonyl chloride (CG; 75-44-5)
(3) Dimethyl sulfate (DMA, sulfuric acid dimethyl ester; 77-78-1)
(4) Hydrogen cyanide (AC, HCN, CAS; 74-90-8)

8.6.4.2.3 The chemical warfare agent sarin (GB) shall be tested.
8.6.4.2.4 The minimum detectable cumulative permeation shall be determined 
for each chemical warfare agent tested.
8.6.5.2.1 Test Set Up. The following steps shall be undertaken before 
conducting the test:

(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. 
(2) The analytical detection system shall be assembled and calibrated.
(a) 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.
(b) 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.
(3) Each test cell shall be labeled. 
(4) All liquid chemical containers shall be placed in the environmental 
chamber for a minimum of 24 hours prior to testing.
(5) The air delivery system shall be turned on and shall be operated at 32.2 ± 
1.67°C (90 ± 3°F) and 80 ± 5 percent relative humidity for a minimum of 30 
minutes to achieve environmental equilibrium before swatch loading.  

8.6.5.2.2 Test Cell Assembly.  The test cell shall be assembled 24 hours before 
specimen conditioning in the environmental chamber as shown in Figure 
8.7.5.2.2 and using the following steps:  

(1) An O-ring shall be placed on the lower body of test cell.  

Agent challenge port

Cell cap/tower cap

Upper body

Lower body

O-ring (#4)

O-ring (#5)

O-ring (#3)

O-ring (#2)

O-ring (#1)

Sample support plate

Test sample

Compression plate

                    Figure 8.7.5.2.2 Test Cell Assembly.

(2) 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.  
(3) 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.    
(4) 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.  
(5) O-ring 4 shall be inverted and the upper body shall be aligned with the 
lower body.  
(6) Using the four cell sealing lugs, the cell halves shall be clamped together 
and 51.8 cm-kg (45 inlbs) of torque shall be applied to each lug to ensure a 
proper cell seal.  



(7) 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.

8.6.5.2.3 Verification of Test Cell Integrity (Impermeable Fabrics). Verify 
the test cell seal using the following steps:

(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. 
(2) The pressure shall be maintained for 2 minutes.
(3) The pressure drop shall be observed at 2 minutes.
(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.  
(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.
(6) Only cells that have passed this test shall be used for testing. 

8.7.5.2.4 Test Start-Up. The following steps shall be undertaken to conduct the 
exposure of the material specimens to the liquid chemical warfare agents.

(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. 
(2) The operation of any analytical system shall be initiated according to its 
instructions. 
(3) After placing the challenge chemical on the specimen surface in the test 
cell at a liquid concentration density of 100 g/m2, +10, -0 g/m2, the cell cap 
shall be closed. 
(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.
(5) Challenge chemical in the effluent air streams shall be collected, 
measured, and analyzed either by using appropriate discrete sample methods 
or continuously.
(6) If bubblers or sorbent tubes are used for collecting challenge chemical, 
bubblers or sorbent tubes shall be replaced at a prescribed frequency.
(7) The collection media for challenge chemical shall be analyzed using an 
appropriate analytical procedure.
(8) The exposure to challenge chemical shall be conducted for 60 minutes, 
-0,+1 minute.
(9) A minimum of three specimens shall be tested with challenge chemical.
(10) At least one test shall be conducted with the specimen but without 
challenge chemical.

8.7.5.2.5 Test Conclusion, Test Cell Clean Up and Specimen Disposal. The 
following steps shall be undertaken at the conclusion of the test:

(1) At the conclusion of the test, the air delivery and analytical systems shall 
be shut down.
(2) The test cells shall be removed from the test cell holders after completion 
of each trial.  
(3) Each cell shall be disassembled one at a time.  
(4)The test specimen shall be removed and inspected for any degradation or 
obvious abnormalities; these observations shall be recorded with test results.
(5) Each specimen shall be extracted using appropriate extraction procedures 
for challenge chemical.
(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.
(7) Each component of the test cell shall be rinsed with acetone or other 
appropriate solvent to remove residual chemicals.
(8) The cells shall be allowed to air-dry in a clean area for 24 hours before 
reuse.

8.6.5 8.6.6 Report.
8.6.5.1 8.6.6.1The following information and results shall be recorded and 
reported:

(1) Material type or name
(2) Chemical or chemical mixture (volume composition of mixture)
(3) Individual test cell and average cumulative permeation mass (μg/cm2) 
(4) Minimum detectable cumulative permeation mass (μg/cm2) 
(3) Permeation (5) Actual and normalized breakthrough detection time in 
minutes calculated at a system detectable permeation rate of 0.10 μg/cm2/min 
for industrial chemicals
 (4) (6) Maximum or steady-state permeation rate (μg/cm2/min) observed for 
industrial chemicals, whichever is greater
(5) (7) Minimum detectable rate for test apparatus (μg/cm2/min) for industrial 
chemicals
(6) Cumulative permeation mass (μg/cm2) for chemical warfare agents
(7) Minimum detectable cumulative permeation mass (μg/cm) for chemical 
warfare agents
(8) Detection method
(9) Date of test
(10) Testing laboratory

8.6.5.2 8.6.6.2 The manufacturer shall report all three measured normalized 
breakthrough detection times or cumulative permeation masses in the technical 
data package for each chemical.
8.6.5.3 8.6.6.3 The manufacturer shall report all three measured normalized 
breakthrough detection times and the observed permeation rates in the technical 
data package for industrial chemicals.

8.6.6 8.6.7 Interpretation.
8.6.6.1 For industrial chemicals, the average normalized breakthrough detec-
tion time shall be used in determining compliance for the particular material/
chemical combination.
8.6.6.2 For chemical warfare agents, The average cumulative permeation mass 
shall be used in determining compliance for the particular each material/chemi-
cal combination.

8.6.7 8.6.8 Specific Requirements for Testing Suit Materials After Flexing 
and Abrading.
8.6.7.1 8.6.8.1 Samples for conditioning shall be 200 mm × 280 mm (8 in. × 11 
in.) rectangles and shall consist of all layers as configured in the suit.
8.6.7.2 8.6.8.2 Two samples shall first be conditioned by flexing as specified 
in 8.1.3.
8.6.7.2.1 8.6.8.2.1 One sample shall be flexed with the longitudinal axis paral-
lel to the machine direction of the material, and the second sample shall be 
flexed with the longitudinal axis parallel to the cross-machine direction of the 
material.
8.6.7.2.2 8.6.8.2.2 Following flexing, two samples for abrasion conditioning, 
each measuring 45 mm × 230 mm (13⁄4 in. × 9 in.), shall be cut from the cen-
ter of the flexed samples.
8.6.7.2.3 8.6.8.2.3 At least one specimen for abrasion conditioning shall be 
taken from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.6.7.3 8.6.8.3 These new samples for abrasion conditioning shall then be con-
ditioned by abrading as specified in 8.1.4.
8.6.7.3.1 8.6.8.3.1 Following abrasion, only one specimen for permeation resis-
tance testing shall be taken from each sample subjected to abrasion.
8.6.7.3.2 8.6.8.3.3 The permeation test specimen shall be taken from the exact 
center of the abraded sample so that the center of the permeation test and the 
center of the abraded sample coincide.

8.6.8 8.6.9 Specific Requirements for Testing Glove Materials After Flexing 
and Abrading.
8.6.8.1 8.6.9.1 Samples for conditioning shall be whole glove components or 
whole glove individual elements.
8.6.8.2 8.6.9.2 Samples shall first be conditioned by flexing as specified in 
8.1.5.
8.6.8.2.1 8.6.9.2.1 Following flexing, three samples for abrasion conditioning, 
each measuring 45 mm × 230 mm (13⁄4 in. × 9 in.), shall be cut from the cen-
ter of the gauntlet portion of the flexed sample.
8.6.8.2.2 8.6.9.2.2 At least one specimen for abrasion conditioning shall be 
taken from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.6.8.3 8.6.9.3 These new samples for abrasion conditioning shall then be con-
ditioned by abrading as specified in 8.1.4.
8.6.8.3.1 8.6.9.3.1 Following abrasion, only one specimen for permeation resis-
tance testing shall be taken from each sample subjected to abrasion.
8.6.8.3.2 8.6.9.3.2 The permeation test specimen shall be taken from the exact 
center of the abraded sample so that the center of the permeation test and the 
center of the abraded sample coincide.

8.6.9 8.6.10 Specific Requirements for Testing Footwear Materials After 
Flexing and Abrading.
8.6.9.1 8.6.10.1 This test shall apply to all types of footwear configurations. 
Where the footwear incorporates a bootie constructed of suit material, the suit 
material flex fatigue resistance test shall be permitted to be substituted for this 
test.
8.6.9.2 8.6.10.2 Samples for conditioning shall be whole footwear components 
or whole footwear individual elements.
8.6.9.3 8.6.10.3 Samples shall first be conditioned by flexing as specified in 
8.1.6. Following flexing, three samples for abrasion conditioning, each measur-
ing 45 mm × 230 mm (13⁄4 in. × 9 in.), shall be cut from the center of the foot-
wear upper where the greatest flexing occurred, usually at the quarter or vamp 
of the flexed sample.
8.6.9.4 8.6.10.4 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.6.9.4.1 8.6.10.4.1 Following abrasion, only one specimen for permeation 
resistance testing shall be taken from each sample subjected to abrasion.
8.6.9.4.2 8.6.10.4.2 The permeation test specimen shall be taken from the exact 
center of the abraded sample so that the center of the permeation test and the 
center of the abraded sample coincide.

8.6.10 8.6.11 Specific Requirements for Testing Seams.

8.6.10.1 8.6.10.1 Seam specimens shall be prepared from seam samples that 
have a minimum of 150 mm (6 in.) of material on each side of the seam center.

8.6.10.2 8.6.10.2 Permeation test specimens shall be cut such that the exact 
seam center divides the specimen in half.
8.6.10.3 8.6.10.3 Seam specimens shall be prepared representing each different 
seam or shall be taken from each different type of seam found in the vapor-



protective suit, including as a minimum the suit-to-suit material seams and the 
suit-to-visor material seams.
8.6.10.4 8.6.10.4 Samples for conditioning shall be 600 mm (23 9⁄16 in.) lengths 
of prepared seam or cut from vapor-protective ensembles.

8.6.11 8.6.12 Specific Requirements for Testing Primary Materials Against 
Liquefied Gases.
8.6.11.1 8.6.12.1 Samples for conditioning shall be suit material, visor mate-
rial, glove material from the glove gauntlet, and footwear material from the 
footwear upper.
8.6.11.2 8.6.12.2 Specimens shall be conditioned as specified in 8.1.8.
8.6.11.3 8.6.12.3 Visor materials that are rigid and cannot be bent in the test 
apparatus shall be excluded from this conditioning.
8.6.11.4 8.6.12.4 Only one specimen for permeation resistance testing shall be 
taken from each sample subjected to embrittlement conditioning. The perme-
ation test specimen shall be taken from the exact center of the folded sample 
so that the center of the permeation test and the center of the folded sample 
coincide.
8.6.11.5 8.6.12.5 The test cell and test chemical shall be maintained at a tem-
perature sufficient to keep the test chemical as a liquid at ambient pressure 
such that a 13 mm (1⁄2 in.) liquid layer is maintained at all times during the test.
8.6.12.6 Testing shall be performed against the following chemicals:

(1) Ammonia
(2) Chlorine
(3) Ethylene oxide

8.6.12 Specific Requirements for Testing Suit, Visor, Glove, and Footwear 
Materials Following Cold Temperature Embrittlement Exposure.
8.6.12.1 Samples for conditioning shall be suit material, visor material, glove 
material from the glove gauntlet, and footwear material from the footwear 
upper.
8.6.12.2 Specimens shall be conditioned as specified in 8.1.8. 
8.6.12.3 Only one specimen for permeation resistance testing shall be taken 
from each sample subjected to embrittlement conditioning.
8.6.12.4 The permeation test specimen shall be taken from the exact center of 
the folded sample so that the center of the permeation test and the center of the 
folded sample coincide.

A.8.6.4.2.2 A test cell meeting these requirements is available from Aerospace 
Tooling & Machining, 2190 West 1700 South, Salt Lake City, UT   84104.

A.8.6.4.2.4 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.8.6.5.1.1 The referenced edition of ASTM F1001, Standard Guide for 
Selection of Chemicals to Evaluate Protective Clothing Materials, includes the 
following chemicals:
Liquids:

(1) Acetone (2-propanone), [67-64-1]
(2) Acetonitrile (cyanomethane), [75-05-8]
(3) Carbon Disulfide, [75-15-0]
(4) Dichloromethane (methylene chloride), [75-09-2]
(5) Diethylamine, [109-89-7]
(6) Dimethylformamide (DMF), [68-12-2]
(7) Ethyl Acetate, [141-78-6]
(8) n-Hexane, [110-54-3]
(9) Methanol (methyl alcohol, carbinol), [67-56-1]
(10) Nitrobenzene, [98-95-3]
(11) Sodium Hydroxide (50 % w/w), [1310-73-2]
(12) Sulfuric Acid (93.1 % sp gr 1.84, 66° Be8), [7664-93-9]
(13) Tetrachloroethylene (perchloroethylene), [127-18-4]
(14) Tetrahydrofuran (THF, 1,4-epoxybutane), [109-99-9]
(15) Toluene (toluol), [108-88-3]
Gases:
(1) Ammonia, anhydrous, (99.99 %), [7664-41-7]
(2) 1,3-Butadiene, inhibited, (99.0 %) (bivinyl, vinylethylene, biethylene), 
[106-99-0]
(3) Chlorine, 99.5 %, [7782-50-5]
(4) Ethylene Oxide, (99.7 %), (oxirane, 1,2-epoxyethane), [75-21-8]
(5) Hydrogen Chloride, (99.0 %), (hydrochloric acid), [7647-01-0]
(6) Methyl Chloride, (99.5 %), (chloromethane), [74-87-3]

Substantiation: This comments provides several changes: (1) The chemical 
lists are provided in the test method not in each individual requirement; (2) 
Cumulative permeation masses are used instead of normalized breakthrough 
time for determining the permeation resistance of all chemicals; (3) The list of 
toxic industrial chemicals and chemical warfare agents has been harmonized 
with NFPA 1994; (4) Specific permeation procedures have been specified for 
the testing of chemical warfare agents that are consistent with industry testing 
approaches for these chemicals; (5) A number of corrections have been made to 
the permeation criteria and test method. For example, Section 8.6.12 was 
removed because the associated criteria were removed in an earlier revision of 
this standard.

1. The current criteria for permeation resistance are awkwardly written. The list 
of test chemicals is repeated for each element and should be part of the test 
method. The indication of flexing and abrasion of specimens should be part of 
the test method, not the performance criteria.
   2. The use of cumulative permeation mass is a more appropriate 
measurement for assessing the chemical barrier resistance of chemical 
protective clothing material because it permits an evaluation of the relative 
amount of chemical presented to the skin and can be related to acceptable 
levels of dermal exposure in the same manner that protection factors are used 
for determining the suitability of respirators. In addition, cumulative 
permeation mass is a much more precisely measured permeation test result as 
compared to normalized breakthrough time, which is dependent on the 
laboratory’s chosen sampling frequency and method of analytical detection. It 
is currently common practice to report cumulative permeation masses for both 
toxic industrial chemicals and chemical warfare agents in the other standards 
(NFPA 1994 and NIJ 0116-00-2010). The proposed changes still permit the 
reporting of actual and normalized breakthrough times; however, only 
cumulative permeation masses are used for the interpretation of the permeation 
test results. The appropriateness of cumulative permeation masses as an end 
point is documented in the Technical Support Working Group Contract No. 
W91CRB-07-C-0006 Project Final Report, Risk-Based Protective Clothing 
Material Permeation Criteria, dated 31 March 2010 on pages 75 to 82.
   3. The committee statements for 1991-30 and 1991-31 were in error. The 
measurements of cumulative permeation mass does not require unique 
analytical test methods but uses the same analytical methods as required for the 
determination of normalized breakthrough time and permeation rate. 
Laboratories capable of measuring normalized breakthrough time and 
permeation rate are also able to use test methods for determining the 
cumulative permeation mass.
   4. NFPA 1994 was revised in 2007 and included changes from the 2001 
edition for both toxic industrial chemicals and chemical warfare agents. NFPA 
1991 specifies testing with three different gases, which primarily represent a 
respiratory hazard and are not significant skin absorption hazards. The new 
NFPA 1994 toxic industrial chemicals have greater significance as dermal 
exposure chemicals. Similarly, Soman replaced Sarin because of the relative 
volatility of Sarin. Even though, the test conditions for NFPA 1994 permeation 
resistance testing are different than those used for NFPA 1991, it appropriate to 
harmonize the chemical lists.
   5. 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 Material Permeation Criteria, dated 31 March 2010 on 
pages 82 to 88.
   6. Additional changes have been proposed to ensure consistent terminology, 
formatting, and cross-referencing of sections.
   A copy of the Technical Support Working Group Contract No. W91CRB-
07-C-0006 Project Final Report, Risk-Based Protective Clothing Material 
Permeation Criteria, dated 31 March 2010 will be separately forwarded to 
NFPA to be provided upon request.
Committee Meeting Action: Accept in Principle in Part
Committee Statement: The technical committee accepted in principal the 
recommendation of evaluating the chemical warfare agents using cumulative 
permeation and the alternate test cell configuration (also see 1991-20 (Log 
#28). 
   The technical committee also did not accept the formatting changes (also see 
1991-20 (Log #28).
   The committee did not accept the proposed switch from breakthrough time to 
cumulative permeation as the barrier criteria. 
   The human skin toxicity data to establish cumulative permeation endpoints 
does not yet exist for the industrial chemicals in this standard. 
   Assuming a normal permeation response, the proposed 6 ug/cm2 cumulative 
permeation in 60 minutes results in a lowering of allowed performance versus 
what has been observed from the barrier performance of existing materials by a 
factor of at least 4.
   The committee has established a task group to continue looking at the criteria 
by which cumulative permeation could be utilized in future revisions of this 
document.
Number Eligible to Vote: 31
Ballot Results: Affirmative: 24 Negative: 4 Abstain: 1
Ballot Not Returned: 2 Thompson, D., Wisner, Jr., J.
Explanation of Negative: 
   GOHLKE, D.: There are many recommendations in this log and I agree with 
many of the actions taken, but my negative is based primarily on two points. 
FIrst and simplest is that I thought the toxic industrial chemicals DMS, acrolein 
and acrylonitrile were to be added to the industrial list of chemicals and that 
the chemical warfare agent list would be reduced to just two, mustard and 
sarin. This point may be an editorial oversight.
  My second point is more fundamental and that is that I believe the endpoints 
should be based on cumulative permeation and not breakthrough time based on 
a rate of 0.1 ug/cm2/min. The arguments against this are: 1) that for “normal” 
response curves this would relax the requirement, by perhaps a factor of 4. and 
2) that the “safe” cumulative exposures are not known. Both of these 



arguments overlook the fact that for unusual response curves, like those shown 
in Figure 4 D of ASTM F 739, the exposure may not be captured by 
breakthrough time measurements, and therefore leave the wearer open to an 
exposure of unknown magnitude, whereas a cumulative measurement would 
capture it and limit it to a known level. I therefore argue that we need to move 
to cumulative measurements now, even if the “safe” performance levels chosen 
are arbitrary artifacts of the test protocol, they will at least limit the exposures 
to amounts in the range of the amounts that are safe for the CWAs.. The 
breakthrough protocol does not provide the same level of confidence or safety. 
So instead of being less “safe,” the cumulative protocol is actually more “safe.” 
We should move to cumulative measurements now to close the possibility for 
allowing this uncontrolled mechanism of exposure.
   STORMENT, S.: I am more than disappointed in the committee’s failure to 
address permeation resistance based on cumulative permeation masses. I 
believe that the presentation that was delivered by a non-member of the 
committee misrepresented information and was deceiving to the committee 
members on this topic. This is an area that has been well researched (funded by 
TSWG and the subject of reviewed final report); it well established that the 
current permeation test procedures over predict the needed protection from 
hazardous chemicals. The notion that the end users will be significantly less 
protected by the implementation of cumulative permeation masses is absolutely 
ludicrous and is only self-serving to those manufacturers which persist in 
perpetuating the fantasy that there are true distinctions in material technology 
on the basis of infinitesimally small differences in breakthrough time. 
Ironically, the committee decision to form a task group to study this problem is 
contradictory to committee statement that the use of cumulative permeation 
masses results in factor of lowering the protection of suits by a factor of 4 (an 
erroneous statement in its own right as I will show the committee separately). 
The fact is that the committee has already information in the current standard 
for judging the efficacy for cumulative permeation masses in the form of 
acceptable cumulative permeation for chemical warfare agents, including two 
of the most skin toxic substances known to man. If it is acceptable to permit 
1.25 ug/cm2 of Sarin and 4.0 ug/cm2 of distilled mustard to pass through the 
suit material, why should the committee consider that 6.0 ug/cm  as applied to 
industrial chemicals represents a significant lessening of the current protection 
requirements? It should also be pointed out that the cumulative permeation 
masses at 6.0 ug/cm2 are applied to four chemicals in the standard including 
acrolein, acrylonitrile, chlorine, and dimethyl sulfate. The toxicity of the these 
industrial chemicals by skin absorption, and for that matter, nearly all industrial 
chemicals is no where near the levels presented by chemical warfare agents. 
The truth is that when I apply my model developed for TSWG to the industrial 
ASTM F1001 chemicals listed in NFPA 1991, the levels of cumulative 
permeation that would be permitted for these chemicals would be on the order 
60 to 6000 ug/cm2 not 6.0 ug/cm2. This would more than upset the “apple cart” 
that a number of suit manufacturers have predicated their marketing strategies 
on. Therefore, a recommended cumulative mass of 6.0 ug/cm2, the same level 
used in NFPA 1994, is actually very much on the safe side for exposure. 
Remember, breakthrough time is a misnomer. Do not be tricked into believing 
that no chemical is passing through the material until the breakthrough time. It 
is an arbitrary and totally meaningless measurement of chemical permeation 
that happened to be a convenient way of comparing material chemical 
resistance when it was first introduced in the early 1980s. I demand a 
teleconference with the committee during the recirculation of committee ballots 
to rebut the fallacious arguments against this comment introduced during the 
ROC meeting. 
   STULL, J.: I am more than disappointed in the committee’s failure to address 
permeation resistance based on cumulative permeation masses. I believe that 
the presentation that was delivered by a non-member of the committee 
misrepresented information and was deceiving to the committee members on 
this topic. This is an area that has been well researched (funded by TSWG and 
the subject of reviewed final report); it well established that the current 
permeation test procedures over predict the needed protection from hazardous 
chemicals. The notion that the end users will be significantly less protected by 
the implementation of cumulative permeation masses is absolutely ludicrous 
and is only self-serving to those manufacturers which persist in perpetuating 
the fantasy that there are true distinctions in material technology on the basis of 
infinitesimally small differences in breakthrough time. Ironically, the 
committee decision to form a task group to study this problem is contradictory 
to committee statement that the use of cumulative permeation masses results in 
factor of lowering the protection of suits by a factor of 4 (an erroneous 
statement in its own right as I will show the committee separately). The fact is 
that the committee has already information in the current standard for judging 
the efficacy for cumulative permeation masses in the form of acceptable 
cumulative permeation for chemical warfare agents, including two of the most 
skin toxic substances known to man. If it is acceptable to permit 1.25 ug/cm2 of 
Sarin and 4.0 ug/cm2 of distilled mustard to pass through the suit material, why 
should the committee consider that 6.0 ug/cm2 as applied to industrial 
chemicals represents a significant lessening of the current protection 
requirements? It should also be pointed out that the cumulative permeation 
masses at 6.0 ug/cm2 are applied to four chemicals in the standard including 
acrolein, acrylonitrile, chlorine, and dimethyl sulfate. The toxicity of the these 
industrial chemicals by skin absorption, and for that matter, nearly all industrial 
chemicals is no where near the levels presented by chemical warfare agents. 
The truth is that when I apply my model developed for TSWG to the industrial 
ASTM F1001 chemicals listed in NFPA 1991, the levels of cumulative 

permeation that would be permitted for these chemicals would be on the order 
60 to 6000 ug/cm2 not 6.0 ug/cm2. This would more than upset the “apple cart” 
that a number of suit manufacturers have predicated their marketing strategies 
on. Therefore, a recommended cumulative mass of 6.0 ug/cm2, the same level 
used in NFPA 1994, is actually very much on the safe side for exposure. 
Remember, breakthrough time is a misnomer. Do not be tricked into believing 
that no chemical is passing through the material until the breakthrough time. It 
is an arbitrary and totally meaningless measurement of chemical permeation 
that happened to be a convenient way of comparing material chemical 
resistance when it was first introduced in the early 1980s. I demand a 
teleconference with the committee during the recirculation of committee ballots 
to rebut the fallacious arguments against this comment introduced during the 
ROC meeting. 
   ZISKIN, M.: The cumulative protocol represents forward thinking and a 
needed revision based on our improved understanding of permeation dynamics 
and data interpretation.
Explanation of Abstention: 
   KAVALESKY, P.: The test lab is abstaining from this Public Comment.
Comment on Affirmative: 
   BAXTER, C.: The committee has established a task group to continue 
looking at the cumulative permeation versus breakthrough time as the barrier 
criteria. The referenced TSWG-sponsored report has not been validated by 
independent sources, nor has the data been published widely at this time. 
Further review of the data is underway by the Government and will be shared 
with the task group working on this issue. 
   The discussions concerning this proposal did uncover a very important topic 
for future discussion as well, namely,we should not be calling an ensemble 
vapor-tight or non-permeable if we are going to allow permeation. The main 
reason that the breakthrough times were chosen instead of permeation times 
was specific to this “definition”, not the “presentation that was delivered by a 
non-member of the committee”. The presentation was requested by the 
committee and was very informative.
   The comment that “the notion that the end users will be significantly less 
protected by the implementation of cumulative permeation masses is absolutely 
ludicrous and is only self-serving to those manufacturers which persist in 
perpetuating the fantasy that there is a true distinction in material technology 
on the basis of infinitesimally small differences in breakthrough time” is not 
indicative of the reasoning behind the decisions that were made at this meeting. 
Assumptions and generalizations such as this should not be tolerated by the 
NFPA board. This discussion was driven by end-users, NOT manufacturers. 

_____________________________________________________________
1991-20 Log #28 FAE-HAZ  Final Action: Accept in Principle
(7.6.1, 7.6.2, 7.6.3, and 8.6.4.2)
_____________________________________________________________
TCC Action: The TCC directs the Technical Committee on Hazardous 
Materials Protective Clothing and Equipment to do the following for the 
purposes of correlation with other standards in the project:
  1. Correct the permeation language to test acrylonitrile and acrolein as 
liquid TICs in Chapter 7 and Chapter 8 as indicated in the text provided 
below.  
  2. Correct the permeation test method to reflect updates made by the 
CBRN task group for permeation of the CWAs and TICs as indicated in 
the text provided below.
   3. Address the issues of ammonia and chlorine to be tested twice, once as 
an industrial chemical and once as a TIC.
  4. Address the issue of how industrial chemicals, TICs and warfare agents 
endpoints are evaluated (cumulative permeation vs breakthrough times). 
  Note: Items 3 and 4 should be addressed by the TC with the objective of 
submitting a concurrent TIA at the time of publication of the 2012 edition 
of NFPA 1991.
  With this direction, the TCC has harmonized the permeation resistance 
performance criteria and test method among each of the standards 
specifying CBRN requirements. In the case of NFPA 1991, this has been 
accomplished by establishing the criteria in separate paragraphs and using 
a separate second permeation test method to address chemical warfare 
agents and toxic industrial chemicals to reduce confusion as to which test 
methods apply to which chemicals. In addition, the error of requiring 
acrolien and acrylonitrile testing as 99% gases has been corrected by 
specifying that these chemicals be tested as neat liquids. The redundancy 
for testing ammonia and chlorine both as industrial chemicals and toxic 
industrial chemicals using both methods has been retained to create an 
incentive for the Technical Committee to resolve issues regarding those 
chemicals that should be tested for breakthrough time and those that 
chemicals that should be tested for cumulative permeation mass.
  Note: The following changes override those made in the committee 
actions on Proposal 1991-29 (Log #1) with the exception that the change 
for 7.1.4 (repositioning of SF6 integrity test criteria) still applies. The 
changes are indicated relative to NFPA 1991-2005.
  Revise referenced paragraphs as follows:
7.2.1 Suit materials shall be tested for permeation resistance after flexing 
and abrading as specified in Section 8.6, Chemical Permeation Resistance 



7.3.1.2 Visor materials shall be tested for permeation resistance after 
flexing and abrading as specified in Section 8.28, Chemical Permeation 
Resistance Test Two, 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 μg/cm2.
(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 μg/cm2.
(3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average 
cumulative permeation in one hour shall not exceed 6.0 μg/cm2.
(5) 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 μg/cm2.
(6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.

7.3.6.2 Visor material seams shall be tested for permeation resistance as 
specified in Section 8.28, Chemical Permeation Resistance Test Two, 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 μg/cm2.
(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 μg/cm2.
(3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.
(4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average 
cumulative permeation in one hour shall not exceed 6.0 μg/cm2.
(5) 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 μg/cm2.
(6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.

7.4.1.2 Glove materials and seams shall be tested for permeation 
resistance after flexing and abrading as specified in Section 8.28, Chemical 
Permeation Resistance Test Two, 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 μg/cm2.
(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 μg/cm2.
(3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average 
cumulative permeation in one hour shall not exceed 6.0 μg/cm2.
(5) 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 μg/cm2.
(6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.

7.5.1.2 Footwear materials and seams shall be tested for permeation 
resistance after flexing and abrading as specified in Section 8.28, Chemical 
Permeation Resistance Test Two, 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 μg/cm2.
(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 μg/cm2.
(3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.

Test One, and shall not exhibit a breakthrough detection time of 1 hour or 
less for the following list of industrial chemicals: 
[retain current list of chemicals]
7.2.6 Suit seams shall be tested for permeation resistance as specified 
in Section 8.6, Chemical Permeation Resistance Test One, and shall not 
exhibit a breakthrough detection time of 1 hour or less for the following 
list of industrial chemicals: 
[retain current list of chemicals]
7.3.1 Visor materials shall be tested for permeation resistance after flexing 
and abrading as specified in Section 8.6, Chemical Permeation Resistance 
Test One, and shall not exhibit a breakthrough detection time of 1 hour or 
less for the following list of industrial chemicals: 
[retain current list of chemicals]
7.3.6 Visor materials seams shall be tested for permeation resistance as 
specified in Section 8.6, Chemical Permeation Resistance Test One, and 
shall not exhibit a breakthrough detection time of 1 hour or less for the 
following list of industrial chemicals: 
[retain current list of chemicals]
7.4.1 Glove materials and seams shall be tested for permeation resistance 
after flexing and abrading as specified in Section 8.6, Chemical Permeation 
Resistance Test One, and shall not exhibit a breakthrough detection time 
of 1 hour or less for the following list of industrial chemicals: 
[retain current list of chemicals]
7.5.1 Footwear materials and seams shall be tested for permeation 
resistance after flexing and abrading as specified in Section 8.6, Chemical 
Permeation Resistance Test One, and shall not exhibit a breakthrough 
detection time of 1 hour or less for the following list of industrial 
chemicals: 
[retain current list of chemicals]
7.7.2 Primary suit, glove, and footwear element materials shall be 
tested for liquefied gas permeation resistance as specified in Section 8.6, 
Chemical Permeation Resistance Test One, and shall not show signs of 
damage, and shall not exhibit a normalized breakthrough detection time of 
15 minutes or less for the following list of gaseous industrial chemicals:
[retain current list of chemicals]
Add the following paragraphs to Chapter 7:
7.2.1.2 Suit materials shall be tested for permeation resistance after flexing 
and abrading as specified in Section 8.28, Chemical Permeation Resistance 
Test Two, 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 μg/cm2.
(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 μg/cm2.
(3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average 
cumulative permeation in one hour shall not exceed 6.0 μg/cm2.
(5) 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 μg/cm2.
(6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.

7.2.6.2 Suit seams shall be tested for permeation resistance as specified in 
Section 8.28, Chemical Permeation Resistance Test Two, 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 μg/cm2.
(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 μg/cm2.
(3) For permeation testing of the liquid toxic industrial chemical acrolein 
(allyl aldehyde, CAS 107-02-8), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average 
cumulative permeation in one hour shall not exceed 6.0 μg/cm2.
(5) 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 μg/cm2.
(6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.



(3) The collection media shall be filtered air flowed through the bottom 
of the test cell at a rate of 1 L/min ±0.1 L/min.
(4) Analytical methods used shall be sensitive to concentrations of at 
least one order of magnitude lower than the required end points.
(5) Cumulative permeation shall be determined and reported.
(6) Testing shall be performed at a temperature of 32°C, ±1°C (90°F, 
±2°F).

8.6.4.2.2 The following chemicals shall be tested:
(1) Cyanogen chloride (CK; 506-77-4)
(2) Carbonyl chloride (CG; 75-44-5)
(3) Dimethyl sulfate (DMA, sulfuric acid dimethyl ester; 77-78-1)
(4) Hydrogen cyanide (AC, HCN, CAS; 74-90-8)

8.6.4.2.3 The chemical warfare agent sarin (GB) shall be tested.
8.6.4.2.4 The minimum detectable cumulative permeation shall be 
determined for each chemical warfare agent tested.
8.6.5 Report.
8.6.5.1 The following information and results shall be recorded and 
reported for each chemical:

(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 ìg/cm2/min for 
industrial chemicals
(4) Maximum permeation rate (ìg/cm2/min) observed for industrial 
chemicals
(5) Minimum detectable rate for test apparatus (ìg/cm2/min) for 
industrial chemicals
(6) Cumulative permeation mass (ìg/cm2) for chemical warfare agents
(7) Minimum detectable cumulative permeation mass (ìg/cm) for 
chemical warfare agents
(8) (6) Detection method
(9) (7) Date of test
(10) (8) Testing laboratory

8.6.5.2 The manufacturer shall report all three measured normalized 
breakthrough detection times or cumulative permeation masses in the 
technical data package.
8.6.5.3 The manufacturer shall report all three observed permeation rates 
in the technical data package for industrial chemicals.
8.6.6 Interpretation.
8.6.6.1 For industrial chemicals,  The average normalized breakthrough 
detection time shall be used in determining compliance for the particular 
material/chemical combination.
8.6.6.2 For chemical warfare agents, the average cumulative permeation 
mass shall be used in determining compliance for the particular material/
chemical combination.
8.6.7 Specific Requirements for Testing Suit Materials After Flexing and 
Abrading.
8.6.7.1 Samples for conditioning shall be 200 mm × 280 mm (8 in. × 11 in.) 
rectangles and shall consist of all layers as configured in the suit.
8.6.7.2 Two samples shall first be conditioned by flexing as specified in 
8.1.3.
8.6.7.2.1 One sample shall be flexed with the longitudinal axis parallel 
to the machine direction of the material, and the second sample shall be 
flexed with the longitudinal axis parallel to the cross-machine direction of 
the material.
8.6.7.2.2 Following flexing, two samples for abrasion conditioning, each 
measuring 45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center 
of the flexed samples.
8.6.7.2.3 At least one specimen for abrasion conditioning shall be taken 
from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.6.7.3 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.6.7.3.1 Following abrasion, only one specimen for permeation resistance 
testing shall be taken from each sample subjected to abrasion.
8.6.7.3.2 The permeation test specimen shall be taken from the exact center 
of the abraded sample so that the center of the permeation test and the 
center of the abraded sample coincide.
8.6.8 Specific Requirements for Testing Glove Materials After Flexing and 
Abrading.
8.6.8.1 Samples for conditioning shall be whole glove components or whole 
glove individual elements.
8.6.8.2 Samples shall first be conditioned by flexing as specified in 8.1.5.
8.6.8.2.1 Following flexing, three samples for abrasion conditioning, each 
measuring 45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center 
of the gauntlet portion of the flexed sample.
8.6.8.2.2 At least one specimen for abrasion conditioning shall be taken 
from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.6.8.3 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.6.8.3.1 Following abrasion, only one specimen for permeation resistance 
testing shall be taken from each sample subjected to abrasion.
8.6.8.3.2 The permeation test specimen shall be taken from the exact center 
of the abraded sample so that the center of the permeation test and the 
center of the abraded sample coincide.
8.6.9 Specific Requirements for Testing Footwear Materials After Flexing 
and Abrading.

(4) For permeation testing of the liquid toxic industrial chemical 
acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average 
cumulative permeation in one hour shall not exceed 6.0 μg/cm2.
(5) 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 μg/cm2.
(6) For permeation testing of the gaseous toxic industrial chemical 
ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in 
one hour shall not exceed 6.0 μg/cm2.
(7) For permeation testing of the gaseous toxic industrial chemical 
chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one 
hour shall not exceed 6.0 μg/cm2.

8.6 Chemical Permeation Resistance Test One.
8.6.1 Application.
8.6.1.1 This test method shall apply to suit, visor, glove, and footwear 
element materials, and shall apply to 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 8.6.7.
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 footwear 
materials following cold temperature embrittlement exposure shall be as 
specified in 8.6.12.
8.6.2 Sample Preparation.
8.6.2.1 Samples shall be either vapor-protective ensembles or suit 
materials, visor materials, gloves, and footwear of the sizes specified in the 
modifications.
8.6.2.2 Samples shall be conditioned as specified in 8.1.2 after the 
conditioning specified in the modifications.
8.6.3 Specimens.
8.6.3.1 Specimens shall be the size specified in ASTM F 739, Standard Test 
Method for Resistance of Protective Clothing Materials to Permeation by 
Liquids and Gases.
8.6.3.2 At least three specimens shall be tested per chemical challenge.
8.6.3.3 For composite materials, only the chemical protection layer shall be 
the sample for testing for chemical permeation resistance.
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 for Resistance of Protective 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
(2) Acetonitrile
(3) Anhydrous ammonia (gas)
(4) 1,3-Butadiene (gas)
(5) Carbon disulfide
(6) Chlorine (gas)
(7) Dichloromethane
(8) Diethyl amine
(9) Dimethyl formamide
(10) Ethyl acetate
(11) Ethylene oxide (gas)
(12) Hexane
(13) Hydrogen chloride (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 8.6.4.2The minimum detectable 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 ug/cm2/min for all permeation resistance tests. When using closed 
loop systems, the testing laboratory shall assume 1 hour accumulated 
permeation.
8.6.4.3 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.
8.6.4.2 Chemical Warfare Agents.
8.6.4.2.1 Specimens shall be tested for permeation resistance for not less 
than 60 minutes in accordance with ASTM F 739, Standard Test Method 
for Resistance of Protective Clothing Materials to Permeation by Liquids 
or Gases Under Conditions of Continuous Contact, with the following 
modifications:

(1) The test cells shall be designed to accommodate the introduction of 
liquid chemicals in a safe manner.
(2) The liquid concentration density shall be 100 g/m2, +10/-0 g/m2, and 
the cell shall be assembled in closed top configuration.



8.28.3.6 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.
8.28.3.7 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 8.28.7.1.1
8.28.4 Apparatus.
8.28.4.1 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.
8.28.4.2* 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, consisting of parts shown in Figure 8.28.4.2(1) and 
individual part detail shown in Figures 8.28.4.2(2) through 8.28.4.2(6), 
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             Figure 8.28.4.2(1) – Diffusion Test Cell Assembly
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          Figure 8.28.4.2(2) – Lower Body (Collection Side)

8.6.9.1 This test shall apply to all types of footwear configurations. Where 
the footwear incorporates a bootie constructed of suit material, the suit 
material flex fatigue resistance test shall be permitted to be substituted for 
this test.
8.6.9.2 Samples for conditioning shall be whole footwear components or 
whole footwear individual elements.
8.6.9.3 Samples shall first be conditioned by flexing as specified in 8.1.6. 
Following flexing, three samples for abrasion conditioning, each measuring 
45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center of the 
footwear upper where the greatest flexing occurred, usually at the quarter 
or vamp of the flexed sample.
8.6.9.4 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.6.9.4.1 Following abrasion, only one specimen for permeation resistance 
testing shall be taken from each sample subjected to abrasion.
8.6.9.4.2 The permeation test specimen shall be taken from the exact center 
of the abraded sample so that the center of the permeation test and the 
center of the abraded sample coincide.
8.6.10 Specific Requirements for Testing Seams.
8.6.10.1 Seam specimens shall be prepared from seam samples that have a 
minimum of 150 mm(6 in.) of material on each side of the seam center.
8.6.10.2 Permeation test specimens shall be cut such that the exact seam 
center divides the specimen in half.
8.6.10.3 Seam specimens shall be prepared representing each different 
seam or shall be taken from each different type of seam found in the 
vapor-protective suit, including as a minimum the suit-to-suit material 
seams and the suit-to-visor material seams.
8.6.10.4 Samples for conditioning shall be 600 mm (239/16 in.) lengths of 
prepared seam or cut from vapor-protective ensembles.
8.6.11 Specific Requirements for Testing Primary Materials Against 
Liquefied Gases.
8.6.11.1 Samples for conditioning shall be suit material, visor material, 
glove material from the glove gauntlet, and footwear material from the 
footwear upper.
8.6.11.2 Specimens shall be conditioned as specified in 8.1.8.
8.6.11.3 Visor materials that are rigid and cannot be bent in the test 
apparatus shall be excluded from this conditioning.
8.6.11.4 Only one specimen for permeation resistance testing shall be 
taken from each sample subjected to embrittlement conditioning. The 
permeation test specimen shall be taken from the exact center of the folded 
sample so that the center of the permeation test and the center of the 
folded sample coincide.
8.6.11.5 The test cell and test chemical shall be maintained at a 
temperature sufficient to keep the test chemical as a liquid at ambient 
pressure such that a 13 mm (1/2 in.) liquid layer is maintained at all times 
during the test.
8.6.12 Specific Requirements for Testing Suit, Visor, Glove, and Footwear 
Materials Following Cold Temperature Embrittlement Exposure.
8.6.12.1 Samples for conditioning shall be suit material, visor material, 
glove material from the glove gauntlet, and footwear material from the 
footwear upper.
8.6.12.2 Specimens shall be conditioned as specified in 8.1.8.
8.6.12.3 Only one specimen for permeation resistance testing shall be taken 
from each sample subjected to embrittlement conditioning.
8.6.12.4 The permeation test specimen shall be taken from the exact center 
of the folded sample so that the center of the permeation test and the 
center of the folded sample coincide.
  Add New Test Method as follows:
8.28 Chemical Permeation Resistance Test Two.
8.28.1 Application.
8.28.1.1 This test method shall apply to suit, visor, glove, and footwear 
element materials, and shall apply to the elements’ seams.
8.28.1.2 Modifications to this test method for testing suit materials after 
flexing and abrading shall be as specified in 8.6.10.
8.28.1.3 Modifications to this test method for testing glove materials after 
flexing and abrading shall be as specified in 8.6.11.
8.28.1.4 Modifications to this test method for testing footwear materials 
after flexing and abrading shall be as specified in 8.6.12.
8.28.1.5 Modifications to this test method for testing seams shall be as 
specified in 8.6.13.
8.28.2 Samples.
8.28.2.1 Samples for conditioning shall be as specified according to 
the specific requirements in 8.28.10, 8.28.11, 8.28.12, and 8.28.13 as 
appropriate.
8.28.2.2 Samples shall be conditioned as specified according to the specific 
requirements in 8.28.10, 8.28.11, 8.28.12, and 8.28.13 as appropriate.
8.28.2.3 Samples shall then be cut to the specimen size.
8.28.2.4 All layers of the samples during conditioning shall be present and 
configured in the order and orientation as worn.
8.28.3 Specimens.
8.28.3.1 Specimens shall be of the size required to fit the permeation test 
cell. 
8.28.3.2 A minimum of three specimens shall be tested against each 
challenge chemical.
8.28.3.3 For composite materials, only the chemical protection layer shall 
be the sample for testing for chemical permeation resistance.
8.28.3.4 If the specimen is the outer most layer of the composite then it 
shall be tested without any additional layers on top.
8.28.3.5 Any separable layers normally worn underneath the specimen 
shall not be permitted to be included in the test.
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                     Figure 8.28.4.2(6) – Top Cap

8.28.4.3* 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.
8.28.4.4* 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 μg/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 specimen in 60 minutes.
8.28.4.5 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.
8.28.4.6 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.
8.28.5 Supplies
8.28.5.1 Syringe, capable of delivering challenge chemical, shall be used for 
dispensing liquid challenge chemical onto the surface of the specimen in 
the test cell.
8.28.5.2* Replacement O-rings shall be available for use in the permeation 
test cell.
8.28.5.2.1* If unknown, the compatibility of the O-ring material with the 
challenge chemical shall be verified before use.
8.28.5.2.2 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.
8.28.5.3* An inert impermeable surrogate material shall be used as a 
negative control during validation tests.
8.28.6 Chemicals
8.28.6.1 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) Sarin [GB, or isopropyl methyl phosphonofluoridate, CAS 107-44-8] 
(2) Liquid toxic industrial chemicals
(a) Acrolein (allyl aldehyde, CAS 107-02-8)
(b) Acrylonitrile (VCN, cyanoethylene, CAS 107-13-1)
(c) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS 77-78-1)

8.28.6.2 The following challenge chemicals shall be tested as gases .
(1) Ammonia (NH3, CAS 7664-41-7)
(2) Chlorine (Cl2, CAS 7782-50-5)

8.28.7 Procedures.
8.28.7.1 Preconditioning.
8.28.7.1.1 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.
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8.28.7.5.8 At least one test shall be conducted with a specimen, but without 
the challenge chemical, as a negative control.
8.28.7.5.9* At least one test shall be conducted with an inert impermeable 
surrogate specimen as a negative control.
8.28.7.5.10 The results from tests accompanied by unsuccessful negative 
controls shall not be used and the test shall be repeated.
8.28.7.6 Procedure for Gas Challenge Chemicals.
8.28.7.6.1 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.
8.28.7.6.2 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 challenge 
chemical.
8.28.7.6.3 The calibrated analytical detection system shall be assembled 
and initiated according to its instructions.
8.28.7.6.4 The initiation of the test shall occur when the gas challenge 
chemical is introduced into the challenge side of the test cell. 
8.28.7.6.4.1 The supply of the gas challenge chemical shall be sufficient to 
maintain the gas challenge chemical concentration during the exposure 
period of 60 minutes + 1.0 / -0.0 minutes.
8.28.7.6.4.2 The gas challenge chemical shall be at a temperature of 32° C, 
+/- 1° C (90° F, +/- 2° F).
8.28.7.6.4.3 The concentration of the gas challenge chemical shall be 99% 
or greater.
8.28.7.6.5 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.
8.28.7.6.6 The collection media for the challenge chemical shall be analyzed 
using an appropriate analytical procedure. 
8.28.7.6.7 At least one test shall be conducted with the specimen, but 
without the challenge chemical, as a negative control.
8.28.7.6.8* At least one test shall be conducted with an inert surrogate 
specimen as a negative control.
8.28.7.6.9 The results from tests accompanied by unsuccessful negative 
controls shall not be used and the test shall be repeated.
8.28.7.7 Test Conclusion, Cleaning of Test Cell, and Specimen Disposal.
8.28.7.7.1 At the conclusion of the test, the test cell shall be purged and the 
air delivery and analytical system shall be shut down.
8.28.7.7.2 Each cell shall be disassembled one at a time.
8.28.7.7.3 The tested specimen shall be inspected for degradation or other 
obvious abnormalities; these observations shall be recorded with the test 
results. 
8.28.7.7.4 Disposal of tested specimens and other supplies shall be handled 
according to local, state, federal or other applicable regulations.
8.28.7.7.5 Each component of the test cell shall be rinsed with acetone or 
other appropriate solvent to remove residual chemicals.
8.28.7.7.6 The cell shall be allowed to air dry in a clean area for 24 hours 
before reuse.
8.28.8 Report
8.28.8.1 The cumulative permeation in one hour shall be calculated, 
recorded, and reported in μg/cm2 for each specimen for each challenge 
chemical.
8.28.8.1.1 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.
8.28.8.2 The average cumulative permeation shall be calculated and 
reported by averaging the results from all specimens for each challenge 
chemical. 
8.28.8.2.1 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.
8.28.8.2.2 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.
8.28.8.3 Report any observations of degradation or other abnormalities at 
the conclusion of the testing of each specimen.
8.28.9 Interpretation. The average cumulative permeation for each 
challenge chemical shall be used to determine pass or fail performance.
8.28.10 Specific Requirements for Testing Suit Materials After Flexing and 
Abrading.
8.28.10.1 Samples for conditioning shall be 200 mm × 280 mm (8 in. × 11 
in.) rectangles and shall consist of all layers as configured in the suit.
8.28.10.2 Two samples shall first be conditioned by flexing as specified in 
8.1.3.
8.28.10.2.1 One sample shall be flexed with the longitudinal axis parallel 
to the machine direction of the material, and the second sample shall be 
flexed with the longitudinal axis parallel to the cross-machine direction of 
the material.

8.28.7.2 Test Cell Assembly.
8.28.7.2.1 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.
8.28.7.2.2 O-Ring #1 shall be placed on the lower body (collection side) of 
the test cell.
8.28.7.2.3 The sample support plate shall be placed on the lower body 
(collection side) of the test cell.
8.28.7.2.4 O-ring #2 (outer) and O-ring #3 (inner) shall be placed in the 
respective grooves on the sample support plate.
8.28.7.2.5 The specimen shall be removed from the conditioning location 
in the environmental chamber and shall be placed on top of the sample 
support plate.
8.28.7.2.6 With the upper body (challenge side) of the test cell upside down, 
O-ring #4 shall be placed in the upper body of the test cell on the specimen 
side and the compression plate shall be positioned over O-ring #4.
8.28.7.2.7 The upper body (challenge side) 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 (collection side) of the test cell. 
8.28.7.2.8 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.
8.28.7.2.9 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 top cap shall 
be screwed into place.
8.28.7.2.10 The integrity of the test cell assembly shall be verified using the 
procedure in 8.28.7.3.
8.28.7.2.11 Each test cell shall be labeled with the challenge chemical to be 
used in it.
8.28.7.3 Verification of Test Cell Integrity.
8.28.7.3.1 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.
8.28.7.3.2 Valves on the outlet ports of the upper and lower body of the test 
cell shall be closed.
8.28.7.3.3 Both the upper and lower body inlet ports of the test cell shall be 
connected to a manometer.
8.28.7.3.4 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.
8.28.7.3.5 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 8.28.7.2
8.28.7.3.6 Only test cells that have passed this integrity test shall be used 
for testing.
8.28.7.4 Determination of Procedure for Applying Liquid Challenge 
Chemicals. 
The liquid chemical challenge concentration shall be at least 100 g/m2to 
achieve a flooded surface on the specimen over the duration of the test 
period..
8.28.7.5 Procedure for Liquid Chemical Challenge.
8.28.7.5.1 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.
8.28.7.5.2 The calibrated analytical detection system shall be assembled 
and initiated according to its instructions.
8.28.7.5.2.1 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.
8.28.7.5.2.2 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. 
8.28.7.5.3 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.
8.28.7.5.4 With the cell top cap removed, the liquid chemical 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 
8.28.7.4
8.28.7.5.5 After placing the liquid challenge chemical on the specimen in 
the test cell, the cell top cap shall be sealed within 5 seconds. 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.
8.28.7.5.6 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.
8.28.7.5.7 The collection media for the challenge chemical shall be analyzed 
using an appropriate analytical procedure.



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.8.28.4.6 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.8.28.5.2 Viton® O-rings have been found to be compatible with the 
challenge chemicals.
A.8.28.5.2.1 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.8.28.5.3 Aluminum foil with a thickness of 1/32nd of an inch has been 
found to be acceptable.
A.8.28.6.2.2 Aluminum foil with a thickness of 1/32nd of an inch has been 
found to be acceptable.
A.8.28.7.5.9 Aluminum foil with a thickness of 1/32nd of an inch has been 
found to be acceptable.
A.8.28.7.6.8 Aluminum foil with a thickness of 1/32nd of an inch has been 
found to be acceptable.
Submitter: Paul Dacey, W L Gore & Associates
Comment on Proposal No: 1991-29
Recommendation: Revise text to read as follows:
 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, 7.3.7, 7.3.8, 7.3.9, 7.4.2, 7.4.3, 7.4.4, 7.5.2, 7.5.3, 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 μg /cm2.
  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 μg /cm2.
  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 μg /cm2.
  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 μg /cm2.
  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 μg /cm2.
  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 μg /
cm2.
  7. For permeation testing of the chemical gas chlorine (Cl2, CAS 7782-50-5), 
the average cumulative permeation in one hour shall not exceed 6. 0 μg /cm2.
  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

8.28.10.2.2 Following flexing, two samples for abrasion conditioning, each 
measuring 45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center 
of the flexed samples.
8.28.10.2.3 At least one specimen for abrasion conditioning shall be taken 
from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.28.10.3 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.28.10.3.1 Following abrasion, only one specimen for permeation 
resistance testing shall be taken from each sample subjected to abrasion.
8.28.10.3.2 The permeation test specimen shall be taken from the exact 
center of the abraded sample so that the center of the permeation test and 
the center of the abraded sample coincide.
8.28.11 Specific Requirements for Testing Glove Materials After Flexing 
and Abrading.
8.28.11.1 Samples for conditioning shall be whole glove components or 
whole glove individual elements.
8.28.11.2 Samples shall first be conditioned by flexing as specified in 8.1.5.
8.28.11.2.1 Following flexing, three samples for abrasion conditioning, each 
measuring 45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center 
of the gauntlet portion of the flexed sample.
8.28.11.2.2 At least one specimen for abrasion conditioning shall be taken 
from a sample flexed in the machine direction, and at least one specimen 
for abrasion conditioning shall be taken from a sample flexed in the cross-
machine direction for each chemical tested.
8.28.11.3 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.28.11.3.1 Following abrasion, only one specimen for permeation 
resistance testing shall be taken from each sample subjected to abrasion.
8.28.11.3.2 The permeation test specimen shall be taken from the exact 
center of the abraded sample so that the center of the permeation test and 
the center of the abraded sample coincide.
8.28.12 Specific Requirements for Testing Footwear Materials After 
Flexing and Abrading.
8.28.12.1 This test shall apply to all types of footwear configurations. 
Where the footwear incorporates a bootie constructed of suit material, the 
suit material flex fatigue resistance test shall be permitted to be substituted 
for this test.
8.28.12.2 Samples for conditioning shall be whole footwear components or 
whole footwear individual elements.
8.28.12.3 Samples shall first be conditioned by flexing as specified in 8.1.6. 
Following flexing, three samples for abrasion conditioning, each measuring 
45 mm × 230 mm (13/4 in. × 9 in.), shall be cut from the center of the 
footwear upper where the greatest flexing occurred, usually at the quarter 
or vamp of the flexed sample.
8.28.12.4 These new samples for abrasion conditioning shall then be 
conditioned by abrading as specified in 8.1.4.
8.28.12.4.1 Following abrasion, only one specimen for permeation 
resistance testing shall be taken from each sample subjected to abrasion.
8.28.12.4.2 The permeation test specimen shall be taken from the exact 
center of the abraded sample so that the center of the permeation test and 
the center of the abraded sample coincide.
8.28.13 Specific Requirements for Testing Seams.
8.28.13.1 Seam specimens shall be prepared from seam samples that have 
a minimum of 150 mm(6 in.) of material on each side of the seam center.
8.28.13.2 Permeation test specimens shall be cut such that the exact seam 
center divides the specimen in half.
8.28.13.3 Seam specimens shall be prepared representing each different 
seam or shall be taken from each different type of seam found in the 
vapor-protective suit, including as a minimum the suit-to-suit material 
seams and the suit-to-visor material seams.
8.28.13.4 Samples for conditioning shall be 600 mm (239/16 in.) lengths of 
prepared seam or cut from vapor-protective ensembles.
Add new Annex paragraphs as follows:
A.8.28.4.2 The specified test cell meets the test cell requirements for the 
Liquid Challenge/Vapor Penetration (L/V) Test Cell specified in TOP 8-2-
501 with the following exceptions:

(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 shown in Figure 8.28.4.2 (3) has been 
modified to permit the O-rings to be closer to the exposed surface area 
of the specimen.  
(3) The cell top cap shown in Figure 8.28.4.2 (5) has 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 are mounted 
on the inlet fittings on both the upper body and lower body of the test 
cell.

A.8.28.4.5 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 



  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
  (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 μg 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/m2 (+1.0 / - 0.0 g/m2). 
  8.45.6.2.8 The number of one-microliter liquid droplets shall be adjusted to 
conform to the 10 g/m2 (+1.0 / - 0.0 g/m2) concentration requirement.
  8.45.6.3* The following challenge chemicals shall be tested as gases or 
vapors in dry air or nitrogen.
  (1) Ammonia (NH3, CAS 7664-41-7)
  (2) Chlorine (Cl2, 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

  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
  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.
  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:
  (a) 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 μg/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 specimen in 60 
minutes.



  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
  8.45.7.4.1 The liquid chemical challenge concentration shall be 10 g/m2 (+1.0 
/ -0.0 g/m2).
  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 (1/3 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/m2 (+1.0 / - 0.0 g/
m2) 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 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.
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  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.
  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-lbs) 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



  8.45.12 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 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 1/32

nd of an inch has been found 
to be acceptable.
  A.8.45.6.2.2 Aluminum foil with a thickness of 1/32

nd 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 1/32

nd of an inch has been 
found to be acceptable.
  A.8.45.7.6.8 Aluminum foil with a thickness of 1/32

nd of an inch has been 
found to be acceptable.
Substantiation: This revised requirement and test method will, if adopted, 
harmonize the permeation resistance performance requirements for CWAs 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 four 
documents.
   For NFPA 1991, this comment will also change the CWA challenge sarin 
to soman. Soman is both more lethal and more persistent than sarin, making 
it of more interest to the user and less difficult to test for the laboratory. 
This comment will also change the TICs from the current 3 to acrolein and 
acrylonitrile.
Committee Meeting Action: Accept in Principle
  Revise text as indicated below:
  7.2.2 Primary suit materials shall be tested for permeation resistance as 
specified in Section 8.6.4.2 and shall meet the following performance criteria:

  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. 
  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 μg/cm2 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.
  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



  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 μg / 
cm2.
  7. For permeation testing of the chemical gas chlorine (Cl2, CAS 7782-50-5), 
the average cumulative permeation in one hour shall not exceed 6. 0 μg / cm2.
 
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / 
cm2.
  7. For permeation testing of the chemical gas chlorine (Cl2, CAS 7782-50-5), 
the average cumulative permeation in one hour shall not exceed 6. 0 μg / cm2.
  
  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) sulfide, CAS 505-60-2], the average 
cumulative permeation in one hour shall not exceed 4.0 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / 
cm2.
  7. For permeation testing of the chemical gas chlorine (Cl2, CAS 7782-50-5), 
the average cumulative permeation in one hour shall not exceed 6. 0 μg / cm2.
  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 to 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 8.6.7.
  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 footwear 
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 to 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.

  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / 
cm2.
  7. For permeation testing of the chemical gas chlorine (Cl2, CAS 7782-50-5), 
the average cumulative permeation in one hour shall not exceed 6. 0 μg / cm2.

  7.2.10 Primary suit 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 
cumulative permeation in one hour shall not exceed 4.0 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / 
cm2.
  7. For permeation testing of the chemical gas chlorine (Cl2, CAS 7782-50-5), 
the average cumulative permeation in one hour shall not exceed 6. 0 μg / cm2.

  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / 
cm2.
  7. For permeation testing of the chemical gas chlorine (Cl2, CAS 7782-50-5), 
the average cumulative permeation in one hour shall not exceed 6. 0 μg / cm2.
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 
cumulative permeation in one hour shall not exceed 4.0 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
  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 μg / cm2.
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        Figure 8.6.4.2.1.2 (1) Liquid Challenge/Vapor Penetration (L/V) Test 
Cell
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Test sample

     Figure 8.6.4.2.1.2 (2) Modifications to Sample Support Plate and 
Compression Plate

  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 for Resistance of Protective 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
  (2) Acetonitrile
  (3) Anhydrous ammonia (gas)
  (4) 1,3-Butadiene (gas)
  (5) Carbon disulfide
  (6) Chlorine (gas)
  (7) Dichloromethane
  (8) Diethyl amine
  (9) Dimethyl formamide
  (10) Ethyl acetate
  (11) Ethylene oxide (gas)
  (12) Hexane
  (13) Hydrogen chloride (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 detectable 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 μg / cm2/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 horizontally 
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 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 
8.6.4.2.1.2 (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.



  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 surface 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 material 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 shall 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, 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)

  8.6.4.2.4 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 challenge chemical shall be determined using the following 
procedure.
  8.6.4.2.4.2* The challenge chemical shall be applied to an inert impermeable 
surrogate specimen in the pattern described in 8.6.4.2.7.
  8.6.4.2.4.3 After 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 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.
  8.6.4.2.4.5 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 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.
  8.6.4.2.4.7 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 100 g/m2 (+10.0 / - 0.0 g/m2). 
  8.6.4.2.4.8 The number of ten-microliter liquid droplets shall be adjusted to 
conform to the 100 g/m2 (+10.0 / - 0.0 g/m2) 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 (NH3, CAS 7664-41-7)
  (2) Chlorine (Cl2, CAS 7782-50-5)
  (3) Acrolein (allyl aldehyde, CAS 107-02-8)
  (4) Acrylonitrile (VCN, cyanoethylene, 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 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.
  8.6.4.2.5.2 Test Cell Assembly
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      Figure 8.6.4.2.1.2 (3) Specific Modifications to Compression Plate
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Figure 8.6.4.2.1.2 (4) Specific Modifications 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 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.
  8.6.4.2.1.4* 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 μg/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 specimen in 60 
minutes.
  8.6.4.2.1.5 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.
  8.6.4.2.1.6 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.



  8.6.4.2.6.2 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/m2 

(+10.0 / -0.0 g/m2).
  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 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.
  8.6.4.2.7.3 A mechanical or automated device shall be permitted for uniformly 
dispensing the droplets onto the surface of the specimen.
  8.6.4.2.7.4 When testing any liquid chemical, a quality control trial shall be 
conducted to verify that the application process delivers 100 g/m2 (+10.0 / - 0.0 
g/m2) 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 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.
  8.6.4.2.8.2 The calibrated analytical detection system shall be assembled and 
initiated according to its instructions.
  8.6.4.2.8.2.1 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.
  8.6.4.2.8.2.2 If solid sorbent tubes are to be used, each sorbent tube shall be 
cleaned by heating and purging; the 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 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.
  8.6.4.2.8.4 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 8.6.4.2.7.
  8.6.4.2.8.5 After 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 (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.
  8.6.4.2.8.6 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 shall 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 
be 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° 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.
  8.6.4.2.9.3 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 concentration 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 (90° F, +/- 2° F).
  8.6.4.2.9.4.3  The concentration of the gas or vapor challenge chemical shall 
be 99% or greater.
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           FIGURE 8.6.4.2.5.2 Permeation Cell Assembly.

  8.6.4.2.5.3 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.
  8.6.4.2.5.4 An O-ring shall be placed on the lower body of the test cell.
  8.6.4.2.5.5 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.
  8.6.4.2.5.6 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.
  8.6.4.2.5.7 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 in-lbs) of torque shall 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 
challenge 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 shall 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 at 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity of 80 
percent, +/- 5 percent.



  Annex:
  A.8.6.4.2.1.3 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.8.6.4.2.1.4 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 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.8.6.4.2.2.2 Viton® O-rings have been found to be compatible with the 
challenge chemicals.
  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 1/32nd of an inch has been 
found to be acceptable.
  A.8.6.4.2.4.2 Aluminum foil with a thickness of 1/32nd of an inch has been 
found to be acceptable.
  A.8.6.4.2.4.9 It is 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 1/32nd of an inch has been 
found to be acceptable.
  A.8.6.4.2.9.8 Aluminum foil with a thickness of 1/32nd 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. 
Number Eligible to Vote: 31
Ballot Results: Affirmative: 27 Negative: 2 
Ballot Not Returned: 2 Thompson, D., Wisner, Jr., J.
Explanation of Negative: 
   STORMENT, S.: While I am in entire agreement to the submitter’s 
proposed changes to the permeation test method, the proposed changes to the 
permeation test criteria and test method as implemented by the committee 
are unacceptable. The proposed language is awkward, particularly in its 
formatting for the performance criteria. The proposed changes shows ammonia 
and chlorine being tested twice, once at 27 C and again at 32 C, which is 
redundant. The proposed changes also show acrolien and acrylonitrile tested 
as a gas at 99% percent at a test temperature of 32 C. This is physically 
impossible as the saturated concentrations for both acrolien and acrylonitrile 
are 47% and 19%, respectively, at this test temperature based on their 
calculated saturation vapor pressures using the Antoine equation.
   STULL, J.: While I am in entire agreement to the submitter’s proposed 
changes to the permeation test method, the proposed changes to the 
permeation test criteria and test method as implemented by the committee 
are unacceptable. The proposed language is awkward, particularly in its 
formatting for the performance criteria. The proposed changes shows ammonia 
and chlorine being tested twice, once at 27 C and again at 32 C, which is 
redundant. The proposed changes also show acrolien and acrylonitrile tested 
as a gas at 99% percent at a test temperature of 32 C. This is physically 
impossible as the saturated concentrations for both acrolien and acrylonitrile 
are 47% and 19%, respectively, at this test temperature based on their 
calculated saturation vapor pressures using the Antoine equation.
Comment on Affirmative: 
   NYSTROM, U.: I support the decision of the committee (as evident from the 
ROC meeting minutes) that the TICS acrylonitrile, ammonia and chlorine be 
tested as part of the industrial chemicals battery using ASTM F739 and the 1 
hour permeation breakthrough criteria. This is not clear from the provided ROC 
language. This is probably just an editorial slip-up but it needs to be fixed. 

  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 shall 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 test 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 abnormalities; these observations shall be recorded with the test 
results. 
  8.6.4.2.10.4 Disposal of tested specimens and other supplies shall be handled 
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 to 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 results shall be recorded and 
reported:
  (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 μg / cm2/min for industrial 
chemicals
  (4) Maximum permeation rate (μg / cm2/min) observed for industrial 
chemicals
  (5) Minimum detectable rate for test apparatus (μg / cm2/min) for industrial 
chemicals
  (6) Cumulative permeation mass (μg / cm2) for chemical warfare agents
  (7) Minimum detectable cumulative permeation mass (ìg/cm) 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 μg/cm2 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 reported 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 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.
  8.6.5.2.3 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 normalized 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.



Explanation of Negative: 
  STULL, J.: This is a matter of correlation and will be dealt with at the TCC 
level.

________________________________________________________________
1991-49 Log #27 FAE-HAZ Final Action: Reject
(8.6.4.1, 8.6.4.2, 8.6.5, and 8.6.6)
________________________________________________________________
Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Recommendation: Revise text to read as follows:
Modified permeation test procedures per Stull public proposal.
8.6.4.1 Specimens shall be tested for permeation resistance for not less than 
60 minutes, +1 minute, -0 minute against the chemicals specified in 8.6.4.2, 
8.6.4.3, and 8.6.4.4 in accordance with ASTM F 739, Standard Test Method for 
Resistance of Protective Clothing Materials to Permeation by Liquids or Gases 
Under Conditions of Continuous Contact, with the following modifications:
  (1) The test cells shall be designed to accommodate the introduction of liquid 
chemicals in a safe manner.
  (2) The testing mode shall be open loop and the collection media shall be 
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 Lpm ±0.1 Lpm.
  (3) Breakthrough time and permeation rate shall not be measured.
  (4)* A means shall be used to determine the total amount of permeating 
chemical over a 60 minute period following initial contact of the material with 
the challenge chemical.
  (5) The cumulative permeation in micrograms per square centimeter at 60 
minutes of chemical exposure shall be determined.
  (6) The selected method of detection shall have a sensitivity for measuring a 
cumulative permeation of 0.01 ìg/cm2 over the 1-hour test period. The actual 
sensitivity of the selected method of detection shall be determined.
8.6.4.2 Primary industrial chemicals
  (1) Acetone
  (2) Acetonitrile
  (3) Anhydrous ammonia (gas)
  (4) 1,3-Butadiene (gas)
  (5) Carbon disulfide
   (6) Chlorine (gas)
  (7) Dichloromethane
  (8) Diethyl amine
  (9) Dimethyl formamide
  (10) Ethyl acetate
  (11) Ethylene oxide (gas)
  (12) Hexane
  (13) Hydrogen chloride (gas)
  (14) Methanol
  (15) Methyl chloride (gas)
  (16) Nitrobenzene
  (17) Sodium hydroxide
  (18) Sulfuric acid
  (19) Tetrachloroethylene
  (20) Tetrahydrofuran
  (21) Toluene
8.6.4.3 Additional toxic industrial chemicals
  (1) Acrolein
  (2) Acrylonitrile
  (3) Dimethyl sulfate
8.6.4.4 Chemical warfare agents
   (1) Soman, GD
   (2) Distilled mustard, HD
8.7.5 Report.
   8.7.5.1 The cumulative permeation in 1 hour shall be recorded and reported 
in ìg/cm2 for each specimen. The average cumulative permeation in 1 hour 
for all specimens shall be calculated, recorded, and reported. The report shall 
include the pass or fail results for each chemical tested.
8.7.5.2 If no chemical is detected at the end of the 1-hour test period, the 
cumulative permeation shall be reported as less than the minimum detectable 
mass per unit area for the specific chemical being tested.
8.7.5.3 The average cumulative permeation shall be calculated for all 
specimens.
8.7.5.3.1 If no chemical is detected for one or two specimens, the average 
cumulative permeation shall be the average of all specimens where cumulative 
permeation is measured.
8.7.5.3.2 If no 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 Interpretation. The average cumulative permeation shall be used to 
determine pass or fail performance.
Substantiation: The proposed changes reflect a change in the industry for 
measuring cumulative permeation in lieu of breakthrough time. This approach 
will enable the determination of end points that are consistent with the 
toxicological or irritancy effects of exposure for specific chemicals.
Committee Meeting Action: Reject

Related Proposals to Comment 1991-31, 1991-32, 
1991-37, 1991-49

________________________________________________________________
1991-31 Log #43 FAE-HAZ Final Action: Reject
(7.2.1, 7.2.6, 7.2.8, 7.3.1, 7.3.6, 7.4.1, 7.5.1, 7.6.1, and 8.6)
________________________________________________________________
Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Recommendation: Implement the use of cumulative permeation mass as 
the criterion for permeation testing for each chemical in lieu of breakthrough 
time as currently done for chemical warfare agents and both chemical warfare 
agents in NFPA 1991-2005 and toxic industrial chemicals in NFPA 1994-
2007. A default value of cumulative permeation mass ≤6.0 μg/cm2 is the 
recommended starting point.
Substantiation: Breakthrough time falsely discriminates protective clothing 
material performance and has no relationship to the toxicity of the chemical. 
The implementation of a cumulative permeation test approach will reduce the 
cost of testing and improve the range of materials that are available to end 
users.
Committee Meeting Action: Reject
Committee Statement: The technical committee rejected the proposal because 
it believes that industry does not currently have validated analytical test 
methods in place to evaluate the 21 chemicals in the ASTM test battery.
Number Eligible to Vote: 28
Ballot Results: Affirmative: 24 
Ballot Not Returned: 4 Kelly, B., Roberts, M., Thompson, D., Wisner, Jr., J.

________________________________________________________________
1991-32 Log #3 FAE-HAZ Final Action: Reject
(7.2.1, 7.2.6, 7.3.1, 7.3.6, 7.4.1,7.5.1, 7.7.2, & 8.6)
________________________________________________________________
NOTE:This proposal appeared as Comment 1991-46 (Log #66) which was 
held from the F04 ROC on Proposal 1991-1.
Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Recommendation: Wherever criteria are provided for the minimum 
permeation resistance of industrial chemicals, establish unique criteria for each 
chemical in terms of acceptable cumulative exposure based on toxicological 
information as is currently provided in the standard for chemical warfare 
agents. In the absence of skin dermal exposure criteria, use the conservation 
measures of respiratory exposure criteria.
Substantiation: There is a disparity in the methodology that is applied 
to interpreting results from the permeation resistance testing of chemical 
agents as compared to industrial chemicals. This disparity results in a higher 
standard of performance for industrial chemicals than warranted by the relative 
exposure hazard of these chemicals. Acceptable skin exposure criteria should 
be established in the same manner as currently applied in the standard for 
chemical warfare agents, using the cumulative permeation mass as the basis 
for interpreting permeation resistance test results for the testing of industrial 
chemicals.
Committee Meeting Action: Reject
Committee Statement: See the Committee Statement to 1991-30 (Log #26).
Number Eligible to Vote: 28
Ballot Results: Affirmative: 24 
Ballot Not Returned: 4 Kelly, B., Roberts, M., Thompson, D., Wisner, Jr., J.

________________________________________________________________
1991-37 Log #44 FAE-HAZ Final Action: Reject
(7.6)
________________________________________________________________
Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Recommendation: Align chemical permeation testing of chemical warfare 
agents and toxic industrial chemicals with requirements in NFPA 1994 for the 
selection of chemicals, test conditions (other than challenge concentration), 
and reporting of test results (use of cumulative permeation mass in lieu of 
breakthrough time).
Substantiation: NFPA 1994 was revised after NFPA 1991 and there remains 
an unintended inconsistency in the protection provided for CBRN between 
NFPA 1991 and NFPA 1994 protective ensembles. The principal difference that 
should remain is the challenge concentration surface density of 100 g/m2 for 
NFPA 1991 and 10 g/m2 for NFPA 1994.
Committee Meeting Action: Reject
Committee Statement: The technical committee rejected the proposal because 
it saw no need to align chemical permeation testing of chemical warfare agents 
and toxic industrial chemicals with NFPA 1994 for the selection of chemicals, 
test conditions, and reporting of test results. Also, no clear substantiation was 
provided to change what is in the standard currently, and no change was made 
to add cumulative permeation technique.
Number Eligible to Vote: 28
Ballot Results: Affirmative: 23 Negative: 1 
Ballot Not Returned: 4 Kelly, B., Roberts, M., Thompson, D., Wisner, Jr., J.



Committee Statement: The technical committee rejected the proposal because 
it saw no need to align chemical permeation testing of chemical warfare agents 
and toxic industrial chemicals with NFPA 1994 for the selection of chemicals, 
test conditions, and reporting of test results. Also, no clear substantiation was 
provided to change what is in the standard currently, and no change was made 
to add cumulative permeation technique.
Number Eligible to Vote: 28
Ballot Results: Affirmative: 24 
Ballot Not Returned: 4 Kelly, B., Roberts, M., Thompson, D., Wisner, Jr., J.

Backup Proposal to Comment 1991-32

________________________________________________________________
1991-30 Log #26 FAE-HAZ Final Action: Reject
(7.2.1, 7.2.1.1, 7.2.6, 7.2.6.1, 7.3.1, 7.3.1.1, 7.3.6, 7.3.6.1, 7.4.1, 7.4.1.1, 7.5.1, 
7.5.1.1, and 7.6.1)
________________________________________________________________
Submitter: Jeffrey O. Stull, International Personnel Protection, Inc.
Recommendation: Revise text to read as follows:
…and shall not exhibit a breakthrough detection time of 1 hour or less have a 
cumulative permeation of 0.6 μg/cm2 or greater...
Substantiation: The proposed changes reflect a change in the industry for 
measuring cumulative permeation in lieu of breakthrough time. This approach 
will enable the determination of end points that are consistent with the toxi-
cological or irritancy effects of exposure for specific chemicals. The proposed 
cumulative permeation limit is a placeholder based on the assumption that 
chemical permeates just under the normalization rate for the entire test period 
and represents a relative conservative limit.
Committee Meeting Action: Reject
Committee Statement: The technical committee rejected the proposal because 
it believes that industry does not currently have validated analytical test meth-
ods in place to evaluate the 21 chemicals in the ASTM test battery.
Number Eligible to Vote: 28
Ballot Results: Affirmative: 24 
Ballot Not Returned: 4 Kelly, B., Roberts, M., Thompson, D., Wisner, Jr., J.

The Held Comment 1991-46 and Proposal 1991-1 
are on the next page.
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(Informational Ballot) 

 
TO:   Technical Committee on Hazardous Materials Protective Clothing and Equipment  

FROM:  Linda Fuller, Recording Secretary, NFPA Standards Council  
 
DATE:  June 16, 2012  
 
SUBJECT:  Recommendations for Next Revision Cycle of NFPA 1991  
 
__________________________________________________________________________________________ 
 
At the Annual Meeting in Las Vegas on June 13-14, 2012, NFPA 1991 was returned to committee by vote of the 
Association membership.  
 
The Standards Council will be reviewing this action and the disposition of NFPA 1991 at its upcoming meeting on 
August 6-9, 2012 in Quincy, MA. Among the issues the Council is being asked to consider is to act upon the return 
of NFPA 1991, and if it is upheld, to determine what revision cycle NFPA 1991 should now be placed in for further 
processing.  
 
This memo identifies what appears to be the most immediate practical option available for further processing of 
NFPA 1991. The Chairs of the Technical Committee and Technical Correlating Committee, in conjunction with 
NFPA staff, is recommending that NFPA 1991 report in the Fall 2014 revision cycle.  
 
Recommendation: Process the NFPA 1991 through the Fall 2014 revision cycle with a call for new public input.  
 
Other interested person are also invited to submit any requests or comments on this issue, either by commenting on 
the recommendation suggested in this memo or in any other fashion they wish. Persons are, of course, free to make 

any other appeals or requests to the Standards Council concerning NFPA 1991, and nothing in this memo is meant to 
narrow the scope of the actions that may be open to the Standards Council or that may be requested on any appeal. 

The deadline for appeals is July 4, 2012. To ensure consideration by the Standards Council, other interested persons  
should submit their comments and recommendations in writing to the attention of the Secretary of NFPA Standards 
Council, 1 Batterymarch Park, Quincy, MA 02169-7471, Facsimile: 617-770-3500 



INFORMATIONAL BALLOT OF THE  
TECHNICAL COMMITTEE ON  

Hazardous Materials Protective Clothing and Equipment 
PROPOSED REVISION CYCLE FOR NFPA 1991 

 
 
Please provide your vote regarding the recommendation regarding the next revision cycle of 
NFPA 1991. 
 

  I agree with the recommendation to process NFPA 1991 with a call for new Public Input. 
 Note: This document will be processed under the new Regs and former submitters of  
 proposals and comments will be advised that they will need to submit Public Input in 

order to have official Technical Committee consideration. 
 

 I DO NOT recommend processing NFPA 1991 through the F2014 Revision Cycle.  
  
 
Please provide your comments and any other thoughts or recommendations you wish the 
Standards Council to consider (if you wish to abstain or, for any reason do not wish to vote for 
one of the options set forth above, please feel free to explain here): 
 
              
              
              
              
              
 
Print Name:        
Signature:        
Date:         
 
Please return by Thursday, June 28, 2012 to: 
 
National Fire Protection Association 
1 Batterymarch Park 
Quincy, MA 02169-7471 
Fax: 617-984-7056 
E-Mail:  ysmith@nfpa.org 
 
 
 
 




