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AGENDA 
 

 
1. Monday, July 22, 2013 - 1:00 p.m.  Call to Order – Dr. Christina Baxter, Chair 

2. Introduction of members and guests 

3. NFPA Staff Liaison Report - Dave Trebisacci 

4. Approval of Minutes  - September 5-6, 2012 meeting, Savannah, GA (attached) 

5. Chair remarks – C. Baxter 

6. Formal Interpretation Request (attached) 

7. NFPA 1991 Task Group Report (attached) 

a. Hazmat survey results (attached) 

8. Old Business 

9. New Business – Dates and locations for future TC meetings 

a. Fall 2013 

b. NFPA 1991 First Draft Meeting, January 4 – March 15, 2013 window 

10. Adjourn at close of business - Tuesday, July 23, 2013 

 



MINUTES OF THE MEETING 
TECHNICAL COMMITTEE on  

HAZARDOUS MATERIALS PROTECTIVE CLOTHING AND EQUIPMENT 
Savannah, GA 

September 5-6, 2012 
Attendance: 
 
Principal Members/Staff: 
Christina Baxter  US Department of Defense/CTTSO, Chair 
Pat Gleason  Safety Equipment Institute (SEI), Secretary   
David Trebisacci NFPA Staff Liaison 
William Alexander  Onguard Industries 
Amy Edwards  Geomet Technologies, LLC 
Ira Harkness  US Dept. of the Navy 
Karen Lehtonen  Lion 
Susan Lovasic  The DuPont Company 
Philip Mann  Kappler, Inc. 
Ulf Nystrom  Ansell Protective Solutions AB 
Louis Ott  International Safety Equipment Assn. 
Paul Rogers  Fire Department City of New York 
Jeff Stull  International Personnel Protection, Inc. 
Donald Thompson North Carolina State University 
Robert West  Texas Instruments, Inc. 
John Wisner  United Steam Fire Engine Company No. 3  
Michael Ziskin   Field Safety Corporation 
 
Voting Alternate: 
Michael Kienzle  W.L. Gore & Associates, Inc. 
 
Alternates 
Ted Cooper  US Department of the Navy 
Bill Fithian  Safety Equipment Institute (SEI) 
Russell Greene  Battelle Memorial Institute 
Beth Lancaster  U.S. Department of Defense 
Amanda Newsom Underwriters Laboratories Inc. 
Grace Stull  International Personnel Protection 
 
Absent Principal Members with no Alternate present 
Ted Buck  Orr Safety 
Richard Daly  St. Charles Fire Department 
Todd Haines  Dallas/Fort Worth International Airport 
Bill Haskell  NIOSH 
Bruce Kelly  Fairfield County Hazardous Incident 
John North  Alexandria Fire Department 
Kenneth Pever  Guardian Manufacturing Company 
Robert Shelton  City of Cincinnati Fire Department 
Steven Torment  International Association of Fire Fighters 
James Zeigler  J.P. Zeigler, LLC 



 
Guests 
Jason Allen  Intertek 
Andrew Walker  Battelle 
John Langley   Langley Consulting LLC (Kappler Inc.) 
Jim Carruth  US Department of the Navy 
Terry McCullough YKK (USA) Inc. 
Brian Kenny  YKK (USA) Inc. 
Randy Johnson  YKK (USA) Inc. 
Jenna Reynold   Saint Gobain 
Ryan Hirschey  Saint Gobain 
 
1. Call to order. The meeting was called to order at 9:10 a.m. on September 5, 2012 by Technical 
Committee (TC) Chair, Dr. Christina Baxter.   
 
2. Welcome. Dr. Baxter welcomed the members. Guests introduced themselves and their affiliation. 
 
3. Minutes Approval. The minutes from the October 10, 2011 ROC meeting in Baltimore, MD and were 
approved without amendment. 
 
4. NFPA Staff Report. The NFPA Staff Liaison, Mr. Dave Trebisacci, gave general information on 
procedures and timelines in an opening PowerPoint presentation. 
 
5. Demonstration of New Document Revision Process.  Mr. Trebisacci provided a PowerPoint 
presentation on the new NFPA standard revision/development process.  He advised the TC that the 
revision to NFPA 1991 will be developed under this new process. 
 
6. NFPA 1991 Revision Schedule. Dr. Baxter thanked everyone for their participation in this meeting to 
discuss issues relating to the revision of NFPA 1991.  She noted the importance of returning ballots to 
NFPA prior to closing dates.  For this revision process, it is anticipated there will be both in-person 
meetings and also web-based meetings coordinated by NFPA. 

 
As a reminder, it was discussed that the NFPA Standards Council voted to uphold the Association action 
of Returning to Committee the proposed 2013 edition of NFPA 1991, Standard on Vapor-Protective 
Ensembles for Hazardous Materials Emergencies. Following the Association action, NFPA 1991 was 
entered into a Fall 2014 Revision Cycle (cover date of 2015) with a call for public input.  The TC discussed 
requesting a change to this cycle, and a motion was made by Ms. Grace Stull to change the publication 
cycle which she subsequently withdrew to allow for more discussion prior to the TC making a final 
decision. 
 
Chairman Baxter reported that the DOD, Combating Terrorism Technical Support Office (CTTSO) is 
funding four different research programs including conducting research on permeation testing to assist 
in the resolution of a path forward for NFPA 1991.  The first presentation on the research was given by 
Russ Greene of Battelle who spoke to the work being conducted at Battelle on assessment of 
microclimates for permeation testing (See attached presentation). 
 
Mr. Greene noted that the NFPA 1994 Standard requires ensembles to be evaluated for permeation 
resistance to chemical warfare agents (CWA) and toxic industrial chemicals (TIC) and the current test is 



conducted at 90°F; 80% Relative Humidity (RH).  He reported that Battelle was tasked to determine 
whether current conditions are representative of true exposure with a specific focus on microclimate 
within the ensemble and to determine the impact of swatch test methods and subsequent material 
performance if alternate conditions are identified.  It is anticipated this will result in providing alternate 
language for incorporation into NFPA 1994.  
 
Mr. Greene reported the following findings: 

• Temperature/RH significantly impacted by body region, external temperature, humidity and 
duration (statistics conducted-not shown) 

• Small differences noted between ensemble types 
• Estimated mean temperatures within the ensemble can reach as high as 96°F 

– Individual values are higher (>100°F) 
– Higher temperatures are worst case condition for permeation 

• Estimated mean RH within the ensemble can reach 97% 
• Large RH and absolute humidity gradients exist 

– Current test conditions have high absolute humidity but do not address the gradient 
–  

It is unknown (and material specific) which is worst case; however both the magnitude and gradient are 
important (diffusion laws) 
 
Mr. Greene noted that test conditions will be selected based upon data generated from above tests and 
only open-top tests will be conducted.  The challenge chemicals have yet to be identified, and the final 
approach is pending resolution by a subject matter expert panel  
 
Mr. Greene continued on to the next presentation, “Evaluation of Cumulative or Real Time (CORT) 
Measurements on Chemical Permeation Testing” (See attached presentation).  He reported that the   
NFPA 1994 Standard requires ensembles to be evaluated for permeation resistance to chemical warfare 
agents (CWA) and toxic industrial chemicals (TIC) and the CTTSO is interested in determining the effect 
of cumulative permeation and breakthrough time measurement techniques on the ability to determine 
garment compliance with NFPA 1991 testing standards. 
 

• CTTSO funded Battelle to: 
– Determine the effect, if any, of cumulative permeation and breakthrough time 

measurement techniques on the hazards predicted from standard chemical 
permeability tests 

– Battelle will develop and execute experimental methodology to simulate the effects of a 
variety of testing protocols through computer simulation 
 

Selection of Test Conditions 
• Chemical agent permeation resistance swatch testing will be conducted in accordance with 

appropriate NFPA standards. 
• The detailed scope of this testing will be determined through the outcome of the simulation 

phase. 
• Permeation data will be used to validate and/or augment the computer simulations. 
• The combined results of the simulation and testing will then be used to recommend technical 

changes to the NFPA standard as appropriate. 
 
 



Mr. Andrew Walker provided an overview of the “History of Chemical Protective Clothing Standards” 
which he is developing for the CTTSO as part of its support to the federal interagency community, in 
developing documentation on the history, evolution, and criteria of PPE standards (See attached 
presentation). An understanding of how these standards were first developed and have subsequently 
been revised will provide a basis for recognizing any gaps or limitations and identifying areas of research 
and development to support PPE improvements.  The report will provide a comprehensive 
documentation of the standards development process for NFPA 1991, 1992, and 1994.  The final report 
will also be made available to the TC and others to guide future development of these standards. 
 
Jeff Stull provided a review of “NFPA test methods referenced in NFPA 1991” (See attached 
presentation).  Mr. Stull highlighted selected test areas for review: 
• Gas/vapor and liquid integrity testing 
– Focus on inflation and SF6 inward leakage tests 
• Barrier testing and chemical battery selection 
– Differences in barrier test methods; gaps 
– Revisit chemical choices to determine correct exposure limits (time, concentrations, 
temperature/humidity) and should seam testing be subjected to the same levels? 
• Physical property test choices by element 
• Flame resistance and flash fire testing are these the appropriate tests for what needs to be screened? 
– Material tests; overall ensemble test 
 
Specific Issues with Current edition of NFPA 1991 
As a point of discussion, it was noted that when NFPA 1991 is posted for Public Input, all comments 
previously submitted should be resubmitted by their respective submitter if they wish to have them be 
addressed as part of the revision process.   
 
General discussion took place on the following issues which were identified as needing further review 
and action for the revision of NFPA 1991. 
 
Chapter 4 
4.3.17 should be revisited to address follow-up inspections and gas tight integrity suit test results. 
 
Chapter 6 
6.1.4 sizing of ensembles.   Sizing requirements needs more specific language and parameters.  User 
input indicates that sizing dimensions are needed for inventory control. It is noted there are more 
specific sizing requirements in NFPA 1992. NIOSH/CDC work on 3D body scanning may be useful. 
 
Ensemble impact on respiratory protection.  If the respiratory protection is not worn inside a fully 
encapsulating suit is there a concern regarding slippage.  Is there a test that should be incorporated to 
address this? 
 
SF6 Test.  Should this be kept in the standard?  Is it design restrictive? If kept, the testing parameters 
should be revised.  Can MIST be considered as a substitute for SF6 inward leakage testing (with different 
criteria)? 
 
Boot sizing issues.  There are concerns regarding comfort which may need to be addressed. Is the outer 
boot only providing puncture and abrasion resistance? It was noted that ASTM F2413 may have relevant 
information. 



 
Flash protection.   Is there a better test than the current propane test?  Would the use of more 
replicates provide better data?  This may be a potential research project or a round robin testing 
program. 
 
Glove changing out.  Is 6.2.6 needed?  What is really happening in the field? 
 
Chapter 7 
7.1.3 Air Flow Capacity. With regard to the order of tests, should the 1st gas tight integrity test be 
eliminated?  Is it necessary? 
 
7.2.1.1 Liquid tight integrity. Current 60 minute requirement and the determination of failure modes 
need to be addressed.  
 
7.2.5 – Cold Temperature Performance Test.  It was noted this is a problematic test.  There have been 
concerns regarding validity of test equipment in test conditions 
 
7.2.2 Flame resistance test.   Flame resistance criteria is applied to each primary material in NFPA 1991 
to ensure that the product does not contribute to burn injury in the event of an accidental, incidental 
exposure.  There is also more robust criteria are established for the optional flash fire protection option. 
 
7.3.4 Puncture Propagation Tear Resistance Test.  How are visors really used and how should visor 
materials be tested?   
 
Other: 
 
Zipper testing.  There are problems with testing in the cell.  Is there another way of testing zippers?   
 
Abrasion testing. There are issues with obtaining the specified abradant materials for abrasion testing. 
 
 
The TC discussed the following issues related to its other documents: 
 
Slip Resistance 
An adjustment was made in NFPA 1992 and 1994 and should be correlated with NFPA 1991.  It appears 
that the TC overlooked correcting this in NFPA 1991.  It was noted that the previous method has not 
been a good indicator of footwear traction.  It could represent a hazard that we cannot currently detect. 
ASTM F13 has removed the method, and the current method does not show wet surfaces as being more 
hazardous than dry surfaces. 
 
It was noted that the new method discriminates between products where the old method does not per 
the research conducted on NFPA 1971 firefighter footwear soles. 
 
Abrasion (Footwear only) 
It was discussed that the goal is to have a replacement of the test method with entirely new method; 
however, we do not currently have an alternative ready.  It would not be considered an emergency in 
nature unless the test is completely undoable.  
 



TPP Change  
A TIA was recently issued for structural and the NFPA 1971 test method results in a lower TPP than ISO 
test does.  It appears to be a factor in multi-layer garments.  It was noted that there is a TPP 
requirement of 12 (Contact) in the current edition of NFPA 1991. 
 
The following issues were referred to a Task Group review status: 
Footwear Flexing  
The issues would be considered non-emergency in nature. While the Footwear Industries of America 
1209 is met by laboratories, the FIA went away years ago.  It was also noted that the frequency of 
flexing is an issue. 
 
Toe and Impact Compression with Puncture  
This would be considered non-emergency in nature.  NFPA 1991 is currently referencing an obsolete 
standard, ANSI Z41 on footwear.  A Technical Committee, ASTM F13, has taken over maintenance of the 
criteria from the ANSI Z41 standard. 
 
Annual Recertification Testing 
The TC discussed continuing requirements for NFPA 1991 recertification inasmuch as the 5 year cycle for 
evaluation of chemical permeation data has passed and some data will exceed 10 years.  It was decided 
to continue under the annual recertification testing requirements and not revert to initial.  The certified 
materials in the field have not changed, aggressive chemicals were selected for the annual testing and 
there have not been any field reports to justify reverting to initial test requirements. 
 
Change of Revision Cycle 
Following the above discussions regarding the significant amount of work for the TC, a motion was 
made, seconded and carried directing the TC to submit a request to the NFPA Standards Council to 
extend NFPA 1991 to a Fall 2015 revision cycle.   This will be presented for inclusion on the Standards 
Council October meeting agenda. 
 
Moving Forward 
Dr. Baxter stated that the TC will hold teleconferences on the various test methods in the future.  A Task 
Group (TG) will be developed to evaluate each test method and provide a report to the full TC. Dr. 
Baxter will appoint three co-chairs of the TG with the assignment to determine if the method is: (1) good 
as is, (2) requires administrative changes or (3) should be fully evaluated.  The test methods which are 
determined to need full evaluation will then be prioritized. 
 
Methods will be reviewed to determine how the each test method relates to operational use and are 
the endpoints appropriate to operational use.  The research being conducted under contract to the DOD 
TSWG will provide valuable input to the Test Method Task Group in their determinations. 
 
7.  SCAM. Dr. Baxter reiterated the need for the TC to begin work on the SCAM document pending approval 
of the project by the NFPA Standards Council. Mike Ziskin and Bruce Kelly are chairs of the Task Group. Also 
serving on the TG: Jim Zeigler, Beth Lancaster, Jeff Stull, Bill Fithian, Todd Haines, Ted Cooper, Paul Rogers, 
Philip Mann, and John North. 
 
8.  Next Meeting. The next meeting of the Hazmat PC&E TC will be held via teleconference.   
 
9.  Adjournment.  There being no further business before the TC, the meeting adjourned at 1:55 pm. 



 
Respectfully submitted by: 
 
Patricia Gleason 
 
Secretary 
NFPA Technical Committee on Hazardous Materials Protective Clothing and Equipment (FAE-HAZ) 
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Introduction/Background  

• NFPA 1994 Standard requires ensembles to be evaluated for 
permeation resistance to chemical warfare agents (CWA) 
and toxic industrial chemicals (TIC) 

• The Combating Terrorism Technical Support Office (CTTSO) 
is interested in determining the effect of cumulative 
permeation and breakthrough time measurement techniques 
on the ability to determine garment compliance with NFPA 
1991 testing standards 

• CTTSO funded Battelle to: 

– Determine the effect, if any, of cumulative permeation and 
breakthrough time measurement techniques on the hazards predicted 
from standard chemical permeability tests 

– Battelle will develop and execute experimental methodology to 
simulate the effects of a variety of testing protocols through computer 
simulation 

SME Panel of CTTSO, Jeff Stull and Jim Zeigler providing review 
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Program Considerations 

• Not all possible scenarios can be investigated 

– True flux curves of untested materials are unknown 

- Continuous data difficult to obtain for some compounds, including CWA 

– When flux curves are thought to be known for a material, testing is 
often done to detect changes in the curve due to manufacturing or 
storage 

• Outcomes may be applicable to other NFPA standards as 
well as military testing protocols 



 BUSINESS SENSITIVE 
4 

Approach-Simulation 

• Create “True” permeation curves 

– Up to five types of permeation behavior (ASTM F 793-99A) 
will be simulated with varying timelines or rates of 
permeation 

• Simulate sampling with a variety of testing protocols. 

– 1 hour cumulative sample 

– Near real time sampling; three scenarios with varying 
sampling frequencies 

• Estimate total 1 hour dose and maximum flux from 
simulated data 

• Compare estimates among methods 
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Permeation Curves 

• Example curves have been generated based upon 
actual permeation data. 

• Functions have been built to create curves and 
enable manipulation of: 

– General curve shape 

– Slope of peaks (rate of permeation) 

– Magnitude of permeation relative to pass/fail requirements 
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Example: Fast Peaking Flux 
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Single 1 Hour Cumulative Sample 
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NRT Sampling Scenario 1 

•Sample for 3 minutes of every 6 minutes 
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NRT Sampling Scenario 2 

•Sample for 3 minutes of every 12 minutes 
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NRT Sampling Scenario 3 

•Sample for 3 minutes of every 18 minutes 
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Example Results Table 

Sampling Method 

Total 1 Hour Dose Maximum Flux 

Minimum Maximum Minimum Maximum 

TRUE CURVE 48.1 48.1 100 100 

1 Hour Bubbler/SST 48.1 48.1 48.1 48.1 

NRT Sample Scenario 1 47.1 48.5 92.5 98.6 

NRT Sample Scenario 2 41.7 53.7 74.4 98.6 

NRT Sample Scenario 3 39.7 56.2 62.2 98.6 

• Results generated from the simulations will be used to 
populate results tables for multiple scenarios (sampling 
method, flux curve) 

• Evaluations can be made as to the impact of the selected 
sampling method  

• Evaluations will occur for various permeation behaviors and 
summary conclusions drawn 
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Approach-Permeation Testing 

• Chemical agent permeation resistance swatch testing will be 
conducted in accordance with appropriate NFPA standards. 

• The detailed scope of this testing will be determined through 
the outcome of the simulation phase. 

• Permeation data will be used to validate and/or augment the 
computer simulations. 

• The combined results of the simulation and testing will then 
be used to recommend technical changes to the NFPA 
standard as appropriate. 
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Questions? 
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Introduction/Background  

• NFPA 1994 Standard requires ensembles to be evaluated for 
permeation resistance to chemical warfare agents (CWA) 
and toxic industrial chemicals (TIC) 

• Current test is conducted at 90°F; 80% Relative Humidity 
(RH) 

• CTTSO funded Battelle to: 

– Determine whether current conditions  are representative of true 
exposure 

- Specific focus on microclimate within the ensemble 

– Determine the impact of swatch test methods and subsequent material 
performance if alternate conditions are identified 

– Provide alternate language for incorporation into NFPA 1994 

 

SME Panel of CTTSO, Jeff Stull and Jim Zeigler providing review 
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Program Considerations 

• Not all possible scenarios can be investigated 

– Environmental conditions 

– Ensemble types 

– Test Participants (user) 

– Duration 

– Challenge compounds 

• Final selection of microclimate/s will be a sampling of 
essentially infinite possibilities 

• Conditions selected must be achievable in laboratory testing 
environment 

• Outcomes may be applicable to other NFPA standards as 
well as military testing protocols 
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Approach-Overview 

• Determine Microclimate (current phase) 

• Modify test conditions and fixture to accommodate 
selected conditions 

• Execute swatch testing utilizing select challenge 
chemicals and NFPA-certified materials 

• Based on findings, draft language for incorporation 
into NFPA 1994 standard 
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Approach-Determine Microclimate 

• Determine microclimate within representative Class 2 and 
Class 3 ensembles 

• Test participants wearing ensembles walk on treadmill in 
controlled environment 

– 50°F/50%RH, 77°F/55%RH and 77°F/80%RH 

– Three participants exercise for 60 minutes for each 
condition/ensemble 

• Measure and record temperature and relative humidity 

– 6 internal locations, 3 external locations (immediately on outside of 
ensemble) and 2 locations within the chamber 

• Reduce data to determine representative microclimates to 
include addressing possible gradients across the ensemble 
(external to internal) 

• Select final conditions for testing 
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Approach-Testing 

• Modify test fixtures and ensure sufficient operation at 
selected conditions 

• Execute permeation tests 

– One each Class 2 and Class 3 ensemble (suit only) 

– 2 CWAs; 2 TICs 

– Three test conditions 

– 6 Replicates per condition 

– Tests executed for up to 8 hours with multiple sampling intervals 

• Conduct statistical analysis to determine impact of 
temperature and relative humidity 

• Review findings with stakeholders 

• Update NFPA 1994 standard as applicable 
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Front Rear 
 

 

Sensor Placement  



 BUSINESS SENSITIVE 
8 

 

 

Test Chamber 

  
 

Side 

View Duct

Fan Original

Test 

Chamber

Test 

Chamber 

Extension

Humidifier 

Air Flow
Air Flow

Damper

Air relief  

(to exterior)

Air FlowAir Flow Air Flow

DuctDuct

MeS 

Inlet

Make-up 

Air



 BUSINESS SENSITIVE 
9 

Sequence of Events 

0-15 min 

 

15-20 min 

 

20-25 min 

 

25-85 min 

 

85-90 min 

 

 

90-105 min 

 

 

 

Participants are fitted with internal sensors 

 

Participants don NFPA ensemble 

 

Participants are fitted with external sensors 

 

Participants enter chamber and begin walking 

 

Participants exit chamber and remove external sensors 

and ensemble 

 

Participants remove internal sensors 

Test Participants are in ensemble for 5-10 minutes 

prior to entering chamber  
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Findings to Date 

Microclimate Assessment  
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Temperature 

• Values shown are estimated mean temperatures of all replicates tested across 

all body regions 

• Each body region block represents the mean of 60 data points (2 values per 

minute * 5 minutes * 2 ensembles * 3 participants) 

• Begin= 5-10 min; Middle= 30-35 min; End= 50-55 min (from entering chamber 
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Relative Humidity 

• Values shown are estimated mean relative humidity of all replicates tested 

across all body regions 

• Each body region block represents the mean of 60 data points (2 values per 

minute * 5 minutes * 2 ensembles * 3 participants) 

• Begin= 5-10 min; Middle= 30-35 min; End= 50-55 min (from entering chamber 
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Conversion to Absolute Humidity 

• In order to remove temperature as a variable, relative humidity can be 
converted to absolute humidity 

– Absolute humidity provides a concentration of water in air and is not impacted by 
temperature as is relative humidity 

• Absolute humidity allows us to look at humidity gradients which may be critical 
to the permeation of chemicals through certain materials 

 Absolute Humidity (AH) in g/m3 

 Chamber Condition 50°F; 50%RH 77°F; 55%RH  77°F; 80%RH 

Chamber AH 4.7 12.7 18.5 
Minimum Mean Value from 

Body Regions 7.7 19.5 25.1 
Maximum Mean Value from 

Body Regions 22.8 38.1 37.0 
Max Delta (Body Region – 

Chamber) 18.1 25.4 18.5 
% Difference (Body Region 

Max/Chamber) 485% 300% 200% 

• Min/max taken from across all three time points (beg/mid/end) for each condition 

• Note: Current conditions of 90°F/80%RH = 27.5 g/m3 
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Summary of Findings 

• Temperature/RH significantly impacted by body region, 
external temperature, humidity and duration (statistics 
conducted-not shown) 

• Small differences noted between ensemble types 

• Estimated mean temperatures within the ensemble can reach 
as high as 96°F 

– Individual values are higher (>100°F) 

– Higher temperatures are worst case condition for permeation 

• Estimated mean RH within the ensemble can reach 97% 

• Large RH and absolute humidity gradients exist 

– Current test conditions have high absolute humidity but do not address 
the gradient 

– It is unknown (and material specific) which is worst case; however both 
the magnitude and gradient are important (diffusion laws) 
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Bottom Line: 

 It is worth investigating 

 alternative conditions. 
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Path Forward: Selection of Test 

Conditions 

• Test conditions will be selected based upon data generated from above tests 

• Only open-top tests will be conducted 

• Challenge chemicals have yet to be identified 

• Final approach pending resolution by SME panel 
C
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 1
 External   Internal   

Temp RH Absolute Temp RH Absolute 

50°F 50% 4.7 mg/m3 85°F 80% 23.7 mg/m3 

  

  Gradient 19.0 mg/m3   

  

C
o

n
d

it
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 2

 External   Internal   

Temp RH Absolute Temp RH Absolute 

77°F 55% 12.7 mg/m3 95°F 90% 35.8 mg/m3 

  

  Gradient 11.7 mg/m3   

  

C
o

n
d

it
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n
 3

 External   Internal   

Temp RH Absolute Temp RH Absolute 

77°F 80% 18.5 mg/m3 95°F 95% 37.8 mg/m3 

  

  Gradient 19.3 mg/m3   
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Questions? 
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Overview of Selected Test 
Methods for NFPA HazMat PPE

Jeff Stull/Grace Stull
International Personnel Protection, Inc.
Under contract to Battelle, sponsored by 
Technical Support Working Group (TSWG) 

Selected Test Areas for Review

• Gas/vapor and liquid integrity testing
– Focus on inflation and SF6 inward leakage tests

• Barrier testing and chemical battery selection
– Differences in barrier test methods; gaps
– Revisit chemical choices

• Physical property test choices by element

• Flame resistance and flash fire testing
– Material tests; overall ensemble test
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Elements of Test Methods

• Principle used in measurement

• Required equipment/supplies

• Sample conditioning
• Types of specimens tested
• Procedures applied
• Specific measurements made

• Type of information reported
• Instructions or interpreting results

Test Method/Criteria Development

Define needed 
protection: Establish 
generic requirement

Can attribute be 
measured or tested? If 
yes, set performance 

requirement

Select or modify 
existing test method; 
establish pass/fail

Develop new test 
method; establish 

pass/fail

Should attributed be 
dictated? If yes, set 
design requirement

Establish design 
specification

Important test method/criteria validation steps:
1. Does method target attribute of interest?
2. Is test method reproducible? (demonstrated through round robin testing)
3. Does test method rank products consistent with field experience?
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Summary of Integrity Test Application 

Integrity Test NFPA 
1991

NFPA 
1992

NFPA 1994
Class 2

NFPA 1994
Class 3

NFPA 1994
Class 4

SF6 Inward Leakage < 0.02%

Inflation test* > 80 mm 
H2O

Inflation test after 
simulated flash fire

> 13 mm 
H2O

MIST (systemic) > 361 > 76

MIST (local) > 360 > 120

Liquid‐tight integrity** Pass
60 min

Pass
20 min

Pass
20 min

Pass
4 min

Particle inward leakage Pass

* Also applied after simulated use and maximum ventilation;
** Also applied after simulated use except for NFPA 1991

Gas/Vapor Integrity Tests

Man‐in‐
Simulant Test

Inflation 
Testing

SF6 Inward 
Leakage

Increasing Level of Gas and Vapor Holdout
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Inflation Test

• Method: ASTM F1052
• Origin:

– Developed to define Level A 
encapsulating suits for OSHA/EPA

– Adopted by ASTM
• Key Elements:

– Requires method of attaching 
airline and pressure gauge

– Permit identification of leakage 
areas

– Field‐usable test

Inflation Test (continued)

• Procedures:
– Attach pressurized line and gauge
– Ensure all openings are closed
– Inflate to pre‐expansion test pressure
– Reduce pressure to test pressure
– Close valve
– Monitor pressure at end of test period
– Identify leak locations, if applicable

• Shortcomings:
– Can be subject to room temperature 

variations
– Does not evaluate exhaust values or 

dynamic use of suit
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Inflation Test (continued)

• Changes in method/ 
application:
– Originally sole integrity test 

for vapor‐protective suits
– Added as end‐point test for 

overall integrity and 
function, maximum 
ventilation, and flash fire 
test (at reduced level)

– Test conditions changed to 
higher pressures, longer 
dwell time in 2000

– Relegated as manufacturer 
quality control test (for all 
suits)

Test Version Expansion 
pressure

Test 
Pressure

Test 
Time

ASTM F1052 Old 3 in. H2O 2 in. H2O 3 min
ASTM F1052 New 4 in. H2O 4 in. H2O 4 min
ISO 17491/EN 464 7 in. H2O 6.8 in. H2O 10 min

“[study] suggest that 4‐in H2O, 4 min test 
offers optimum levels of sensitivity for 
both film‐based and elastomeric fabrics.”
Carroll, ASTM STP 1273, 1997

SF6 Inward Leakage Test

• Method: Section 8.8 in NFPA 1991
• Origin:

– Intended to address CBRN protection 
concerns (developed by committee)

– Based on conventional aerosol inward 
leakage tests

– Related to European SF6 test (EN 943‐2 and 
ISO 17491)

• Key Elements:
– SF6 inert, common test gas at 1000 ppm
– Human subject‐based test
– Uses pumps to sample inside suit at specific 

locations and times
– Samples collected in Tedlar bags and later 

analyzed
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SF6 Inward Leakage Test (continued)

• Procedures:
– Outfit suit with bulkhead connectors 

and attach tubing for sampling
– Test subject dons suit
– Connect sampling lines to pumps
– Test subject performs stationary 

exercises of ASTM F1154
– Collect samples at specified period
– Analyze samples and determine 

protection factor
• Shortcomings:

– Requires significant alteration 
of suit for taking samples

– Due to sampled air from suit 
interior; forces encapsulation

Insert Photo
(show attachment of 
tubes inside suit)

%	 	 	 100

SCBA Entry Gloves Booties % Leakage
External Front (2) Loose Yes 122
Internal (2) Rear (2) Attached Yes 0.017
External (1)* Rear (2) Attached Yes 91
Internal (2) Rear (2)** Attached Yes 0.024
Internal (2) Rear (2) Attached Yes 0.029

Testing undertaken by Kappler Safety Group (2000)
* Separate hood; ** cloth zipper

Man‐in‐Simulant Test

• Method: Section 8.2 in NFPA 1994 
(ASTM F2588)

• Origin:
– Based on military TOP 10‐2‐022
– Adapted by committee with significant 

changes
– Continuing work by ASTM

• Key Elements:
– Uses Methyl Salicylate as challenge 
– Uses passive absorptive dosimeters 

(PADs) placed at specified locations on 
test subject’s body

– Measures local and ensemble 
protection factors Key reference:

Ormand, Ph.D. Thesis, NC State, 2012

MeS vapor
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Liquid‐tight Integrity Test

• Method: ASTM F1359
• Origin:

– Adapted from W. L. Gore rain chamber 
test (developed by committee)

– Adopted by ASTM
• Key Elements:

– Surfactant‐treated water (34 
dyne/cm) sprayed at 

– Liquid‐absorptive garment worn over 
manikin underneath suit to aid 
detection

– Exposure in 4 different orientations
– Pass/fail test

1

2
3

4

Ensemble rotations

Plane of 
nozzles

Liquid‐tight Integrity Test (continued)

• Procedures:
– Don tests suit on manikin over liquid‐

absorptive garment
– Spray suit in each orientation for specified 

time (after nozzle calibration)
– Wipe liquid off suit exterior
– Open suit and examine interior and liquid‐

absorptive suits for evidence of wetness 
• Shortcomings:

– “Static” test
– Inconsistent results; difficulty in 

determining failure modes

• Changes in method/application:
– Exposure time reduced for some 

standards
– Bent manikin arm introduced to address 

glove to sleeve interface

43 
cm

Suit 
height 
plus 43 
cm

Centerline plus 108 
cm
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NFPA 1991 Integrity Test Questions

• Is inflation test an appropriate tool for setting 
overall ensemble performance?

• Are inflation test parameters set at levels needed 
to establish reliable gas/vapor integrity?

• How should SF6 levels be established?
• Can MIST be considered as a substitute for SF6
inward leakage testing (with different criteria)?

• Is the liquid‐tight integrity test at a 1‐hour 
exposure too long?

Summary of Barrier Test Application

Barrier Test Chemicals NFPA 1991 NFPA 
1992

NFPA 1994 
Class 2

NFPA 1994 
Class 3

Permeation ASTM F1001 BT > 60 min

Selected TICs* BT > 60 min CP > 6.0 CP > 6.0

GB/GD** CP > 1.25 CP > 1.25 CP > 1.25

HD CP > 4.0 CP > 4.0 CP > 4.0

Liquefied gases BT > 15 min

Penetration ASTM liquids Pass (closure)

Selected liquids*** Pass

Viral 
penetration

Bacteriophage Pass Pass

* TICs for NFPA 1991 are different than those for NFPA 1994
** GB used for NFPA 1991 and GD used for NFPA 1994
*** Includes ASTM F1001 liquids unless skin toxic and carcinogen with VP > 5 mm Hg
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Review of Barrier Tests

Permeation Resistance Penetration Resistance

Permeation Test Method Differences

Test Parameter NFPA 1991 
Industrial

NFPA 1991 
TICs/CWAs

NFPA 1994 
Class 2

NFPA 1994 
Class 3

Test method ASTM F739 
(modified)

ASTM F739 
(modified)

New 
method

New 
method

Test cell ASTM F739 ASTM F739 TOP (mod.) TOP (mod.)

Liquid challenge Neat liquid 100 g/m2 10 g/m2 10 g/m2

Gas/vapor challenge 100% 100% 350 ppm 40 ppm

Test temperature 27oC 32oC 32oC 32oC

Test humidity Not specified Not specified 80% RH 80% RH

Challenge flow rate  Not specified Not specified Not appl. 1 liter/min

Collection flow rate Not specified 1 liter/min 1 liter/min 1 liter/min

End point Breakthrough 
time

TICs: BT
CWA: CP

Cumulative 
permeation

Cumulative 
permeation
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Permeation Test Cell Differences

ASTM F739 TOP 8‐2‐51 (modified) 

20

Normalized Breakthrough Time
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21

Cumulative Permeation at 1 Hour

Chemical Battery Selection

• ASTM F1001 list + ammonia and chlorine
• 4 gases added to ASTM F1001 (1,3‐butadiene, 
ethylene oxide, hydrogen chloride, methyl 
chloride

Industrial 
Chemicals

• Sarin (GB), distilled mustard (HD), Lewisite, VX
• Lewisite/VX removed: non‐discriminatory

• GD replaced GB in NFPA 1994 because of 
relative non‐volatility

Chemical 
Warfare Agents

• Originally based on CW threats: cyanogen 
chloride, phosgene, hydrogen cyanide, DMS

• Transition to skin toxic considerations: chemical 
deletions; addition of acrolien and acrylonitrile

Toxic Industrial 
Chemicals (TICs)
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Chemicals with Skin Toxicity and 
Carcinogenic Significance

Known Skin Toxicity Hazards No Skin Toxicity Hazard

Acetonitrile
Acrolein
Acrylonitrile*
Carbon disulfide
Diethylamine
Dimethylformamide‡
Dimethyl sulfate‡
Dis lled mustard‡
Hexane
Methanol
Methyl chloride (gas)
Nitrobenzene*‡
Sarin‡
Soman‡
Tetrachloroethylene*

Acetone
Ammonia (gas)
1,3‐Butadiene (gas)*
Chlorine (gas)
Cyanogen chloride (gas)
Dichloromethane*
Ethylene oxide (gas)*
Ethyl acetate
Hydrogen chloride (gas)
Isopropanol
Phosgene
Sodium hydroxide‡
Sulfuric acid‡
Tetrahydrofuran
Toluene

NOTES

ASTM F1001 chemicals 
highlighted in bold

Chemicals in red used for 
NFPA 1992 testing 

* Known or suspected 
human carcinogen

‡ Chemical has vapor 
pressure < 5 mm Hg at 
room temperature (25oC)

Barrier Test Sample Preconditioning

Test Item NFPA 1991 NFPA 1992 NFPA 1994

Suit,
garment, 
hood or 
bootie

100 flexes per ASTM 
F392; 25 abrasion cycles 
per ASTM D4157 (80 
grit paper)

100 flexes per ASTM 
F392; 25 abrasion cycles 
per ASTM D4157 (600 grit 
paper)

100 flexes per ASTM F392; 
10 abrasion cycles per 
ASTM D4157 (600 grit 
paper)

Visor None None None

Gloves One cycle of dexterity
testing; 25 abrasion
cycles per ASTM D4157 
(80 grit paper)

One cycle of dexterity
testing; 25 abrasion cycles 
per ASTM D4157 (600 grit 
paper)

One cycle of dexterity
testing

Footwear 100,000 flexes per FIA 
1209; 25 abrasion cycles 
per ASTM D4157 (80 
grit paper)

100,000 flexes per FIA 
1209; 25 abrasion cycles 
per ASTM D4157 (80 grit 
paper)

100,000 flexes per FIA 
1209; 10 abrasion cycles 
per ASTM D4157 (80 grit 
paper)

Seams None None None

Closure 50 openings/closings 50 openings/closings None
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Barrier Test Preconditioning

Flexing Preconditioning Abrasion Preconditioning

NFPA 1991 Barrier Test Questions

• Should all permeation testing be conducted the 
same way (method, cell, endpoint)?

• Have the right test conditions (temperature, 
challenge levels) been chosen?

• Does the chemical battery still reflect protection 
needs?

• Are the types of test preconditions appropriate 
for each type of ensemble element?

• Is there a way to conduct permeation testing on 
the closure system?



9/3/2012

14

Physical Property Matrix

Physical Property Suit/garment Visor Gloves Footwear

Burst strength  

Puncture propagation tear   

Cold temperature performance  * 

Seam/closure strength 

Cut resistance  Upper

Puncture resistance  Upper/sole**

Abrasion resistance Sole

Impact/compression resistance Toe area

Ladder shank bending resistance

Slip resistance Sole

* Different test is used for visors compared to garments and gloves
** Different tests are used for upper as compared to sole

Physical Property Criteria –
Garments/Gloves/Footwear

Physical 
Property

Test 
Method

NFPA 1991 NFPA 1992 NFPA 1994 
Class 2

NFPA 1994 
Class 3

NFPA 1994 
Class 4

Burst 
strength*

ASTM 
D751

> 200 N > 135 N > 156 N > 135 N > 135 N

Puncture 
propagation*

ASTM 
D2582

> 49 N > 25 N > 31 N > 25 N > 25 N

Cold 
temperature

ASTM 
D747

< 0.057 Nm < 0.68 N < 0.057 Nm < 0.057 Nm < 0.057 Nm

Seam/closure 
strength*

ASTM 
D751

> 2.88 
kN/m

> 1.31
kN/m

> 1.31
kN/m

> 1.31
kN/m

> 1.31
kN/m

Cut 
resistance**

ASTM 
F1790

> 25 mm at 
200 g

> 20 mm at 
50 g

> 20 mm at 
150 g

> 20 mm at 
75 g

> 20 mm at 
75 g

Puncture 
resistance**

ASTM 
F1790

> 22 N > 11 N > 15 N > 11 N > 11 N

* Applied exclusively to garments (and visors)
** Applied to gloves and footwear upper; Footwear also tested for sole puncture, sole abrasion, sole traction, 
ladder shank bending, and toe compression/impact resistance
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Burst Strength Test

• Method: ASTM D751
• Principle:

– Material held in horizontal 
fixture

– Force to push 25 mm ball 
through material measured by 
tensile test machine

• Basis for selection:
– Surface test; can be applied to 
composites

– Simulates blunt object 
pushing through suit material

Puncture Propagation Tear Test

• Method: ASTM D2582
• Principle:

– Material clamped over holder
– Weighted carriage with nail‐

like probe falls down track 
and strikes material causing 
tear

– Tear length related to 
propagation force 

• Basis for selection:
– Surface test; can be applied 

to composites
– Simulates snag‐like physical 

hazard
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Cut Resistance Test

• Method: ASTM F1790
• Principle:

– Material placed over metal mandrel
– Special blade is drawn across material 

until electrical contact is made
– Load on top of blade affects cut force
– Blade travel distance used to 

characterize performance

• Basis for selection:
– Replaced early ADL‐recommended 

test method
– Load can be adjusted
– Industry accepted standard

Puncture Resistance Test

• Method: ASTM F1342
• Principle:

– Material held in horizontal fixture
– Probe simulating 4d nail is 
pushed through material

– Tensile testing machine measures 
force to puncture

• Basis for selection:
– Test originated by ADL (for 
firefighter gloves)

– Industry accepted standard
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NFPA 1991 Physical Property Test 
Questions

• Should the same properties be evaluated for 
each element?

• Do tests accommodate range of materials that 
are used in vapor‐protective ensembles?

• Are selected tests appropriate for measuring 
physical hazard resistance of ensemble 
elements?

• Are adjustments needed in current physical 
property levels?

Flame Resistance and
Flash Fire Protection

• A flame resistance is applied to each primary 
material in NFPA 1991
– Criteria are established to ensure that the product 
does not contribute to burn injury in the event of an 
accidental, incidental exposure

– More robust criteria are established for the optional 
flash fire protection option in NFPA 1991

• An overall flash fire test supplements the optional 
flash fire protection criteria

• TPP test is also used for measuring material 
insulation
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Flame Resistance Test

• Method: ASTM F1358
• Origin:

– Developed through US Coast Guard 
project with NC State

– Adopted by ASTM
• Key Features:

– Uses same apparatus as ASTM D6413
– Flame exposure to rounded material 
fold in vertical interpretation

– Flame exposure in 2 parts: 3 and 12 
seconds

– Criteria based on afterflame time, 
burn distance, and burning behavior

Flame Resistance Test (continued)

• Differences in criteria:

• Shortcomings:

– Difficulty in assessing melting; particularly with 
two layer material composites

– Little difference between two requirements

Requirement Ignition Time Afterflame Burn Distance Burning 
Behavior

Baseline > 3 sec 10 sec 100 mm No melting

Flash fire 
option

> 3 sec 2 sec 100 mm No melting
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Overall Flash Fire Test

• Method: Section 8.27 in NFPA 1991
• Origin:

– Developed under contract to U.S. Fire 
Administration by TRI/Environmental

• Key Elements:
– Ensemble placed on manikin inside 

chamber
– Propane used as flammable gas
– Multiple criteria applied

• afterflame time
• ending pressure for inflation test
• post‐test visor visual acuity

– Does measure thermal insulation
– Intended for escape purposes only

Other Flash Fire Tests

• Thermal protective performance
– Same test used for firefighter 
clothing

– Assesses material insulation under 
worst case circumstances

– Requirement based on 6 seconds of 
protection (TPP = 12 cal/cm2)

• Static charge accumulation 
resistance
– Triboelectric test from NASA 
previously included in earlier editions

– Test removed due to problems with 
application



9/3/2012

20

NFPA 1991 Flash Fire Questions

• Can improvements be made to the way that 
material melting is assessed?

• Is there enough difference between baseline and 
optional testing in flame resistance testing?

• Is a test needed to assess problems of static 
electricity?

• Does the current flash fire test capture all of the 
needed criteria that should be applied for 
personal protection?



From: Lancaster, Beth CTR CTTSO
To: "Bill Fithian"; "Bill Haskell"; "Daniel J. Gohlke"; "DaveTrebisacci"; "James P. Zeigler"; "Jan Dunbar"; "Jason

Allen"; "Karen Lehtonen"; Mike K (mkienzle@wlgore.com); "Patricia A. Gleason"; "Rich Duffy"
Cc: "walkerja@battelle. org (walkerja@battelle.org)"; Baxter, Christina CIV CTTSO; "Greene, Russell R";

"beth.lancaster@kalmancoinc.com"
Subject: UPDATE: Review of the History of the NFPA
Date: Wednesday, August 01, 2012 10:57:38 AM

UPDATE:
FROM: Beth Lancaster on behalf of Christina Baxter
 
SUBJ: PPE documentation review
 
The Technical Support Working Group (TSWG), as part of its support to the federal
interagency community, is developing documentation on the history, evolution, and criteria
of PPE standards.  An understanding for how these standards were first developed and have
subsequently been revised will provide a basis for recognizing any gaps or limitations and
identifying areas of research and development to support PPE improvements. The draft
document is being prepared by Battelle and Jeff Stull.

The purpose of this email is to request your support for this activity. Specifically to review a
preliminary draft of the documentation and subsequently to participate in a working meeting
on September 7 to further refine the documentation and identify any gaps that need to be
filled. Some portions of this work are also expected to be presented during the Technical
Committee meeting on 5-6 September.

Document Review - We NOW anticipate sending you the draft document by August 10th.
Your comments will be requested by August 17th. This will allow us to consider and
incorporate changes prior to our meeting.  Sorry for the delay.

Working Meeting – We will meet on Friday, September 7 in Savannah, GA at the Hilton
Savannah Desoto (telephone: 912-232-9000 or 800-445-8667) following the scheduled
NFPA 1991 Pre-First Draft Meeting being held on the preceding two days. Please request the
NFPA room block rate. Our meeting will begin at 0800 and conclude by 1200.

Please let me know if you will be able to review the draft document and attend our working
meeting or have any questions.

Also, please let me know if anyone had any difficulty booking at the NFPA rate for the
Friday September 7th Meeting.

Thank you,

 
Beth Lancaster

Program Analyst

Chemical, Biological, Radiological, Nuclear and Explosives (CBRNE) Subgroup

Technical Support Working Group

Combating Terrorism Technical Support Office

Phone:  (571)372-7292/(540)657-5070

Fax:  (571)372-7244

Email:  beth.lancaster.ctr@cttso.gov
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From: Jesse.R.Halterman@uscg.mil on behalf of Halterman, Jesse R CIV  
[Jesse.R.Halterman@uscg.mil] 
Sent: Monday, May 20, 2013 11:38 AM 
To: Trebisacci, Dave 
 
Hi Dave, 
Sorry for delay in responding. 
 
I appreciate you, the Chair and the Secretary reviewing and considering my  
question/concern.  Since the committee is considering review of this issue at  
their next meeting, here are a couple related thoughts for them to consider. 
 
1. Assuming successful annual pressure/leak testing, a Level-A suit could last  
up to 10 years; however, NFPA 1971 mandates replacement of aluminized  
proximity shell every 5 years, regardless of condition of other PPE components.  If this 
rationale is applied similarly to circumstances in NFPA 1991, this means the permanently 
attached aluminized shell on a Level-A suit results in the entire ensemble being taken out of 
service (perhaps prematurely) just because of the aluminized outer layer, when the remainder 
of the suit may be in completely acceptable condition. 
 
2. With the separate (optional) flash fire component, the 5 year intent addressed in NFPA 1971 
can be applied successfully to Level-A suits as well, without rendering the entire Level-A suit 
unserviceable. 
 
3. In revision of 1991, recommend removing "option" for manufacturers to certify the suit with 
or without the aluminized cover.  Recommend mandating that manufacturers have suits 
certified as NFPA 1991 compliant regardless if optional flash fire cover is worn by the 
responder or not.  This then allows the using agency the latitude to determine for themselves if 
flash protection is warranted based on circumstances of incident and does not place them in a  
potential liability situation where they are concerned about non-compliance with NFPA 1991 
just because they choose not to wear the optional flash layer if hazardous material does not 
present a flash hazard.  There should still remain appropriate supplemental certification for the 
optional flash protection; however, removing this option should not result in Level-A suit no  
longer complying with NFPA 1991 where no flash hazard is present. 
 
I hope this helps the committee with their review. 
 
Thanks! 
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Topic Test Method/Criteria 
Description 

Identified Issues Action Items 

Burst strength 
(garments and 
visors) 

ASTM D 751 (Ball Burst): 
This test measures the force 
required to burst a material.  
A material specimen is placed 
in horizontal holder while a 
tensile testing machine pushes 
a 25 mm diameter ball 
through the material. The 
force required to push the ball 
through the material is the 
bursting strength. 

Are appropriate levels 
set for NFPA 1991 
garment materials (most 
exceed by large 
margin); 
Some thick visors 
require very large 
forces to burst 

Review current 
performance criteria to 
determine if change is 
necessary; 
Look at physical 
properties applied to 
visor and determine if 
pre-test is needed to 
evaluate rigid visors 
differently than 
flexible visors 

Cold temperature 
bending 
(garment/gloves) 

ASTM D 747 (Modified): A 
small material specimen is 
placed in a stiffness testing 
machine.  The machine is 
placed in an environmental 
chamber where the 
temperature is maintained at -
13o F.  The machine measures 
the force (moment) required 
to bend the material at this 
temperature. 

Problems exist with 
some glove materials 
having marginal or non-
compliant performance. 
Base garment materials 
that are particularly 
flexible do not register 
on the machine.  The 
fixture also has some 
dimensions which limit 
thick materials ability 
to be tested. 

Investigate alternative 
tests based on 
embrittlement of 
material as opposed to 
measured torsional 
moment; use 
chlorinated 
polyethylene as control 
fabric for changes in 
test method (CPE 
should set 
unacceptable 
performance) 
 

Cold temperature 
bending (visor) 

ASTM D 2136: A sample 
material is placed in a special 
test jig with the whole 
assembly placed in an 
environmental chamber at a 
temperature of -13o F for 60 
minutes.  The jig rapidly 
bends the material and the 
sample is then examined for 
evidence of damage. 

Many visor materials 
are too thick to fit into 
fixture 
Rigid visor materials do 
not bend in test fixture 
 

Look at alternative test 
approach based on 
impact/fracture (see 
ANSI 87 for eye/face 
protection devices) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



March 15, 2013 
 
IN ATTENDANCE: 
 
Jason Allen, TG Chair   Intertek Testing Services 
Ira Harkness    Department of the Navy 
Beth Lancaster    U.S. DOD CTTSO TSWG 
Karen Lehtonen    Lion Apparel, Inc. 
Susan Lovasic    The DuPont Company, Inc. 
Philip Mann    Kappler, Inc. 
Paul Rogers    FDNY 
Robert Simmonds   Intertek Testing Services 
Jeff Stull     International Personnel Protection, Inc. 
Jim Ziegler    J.P. Zeigler, LLC 
 
David Trebisacci    NFPA Staff  
 

Topic Test Method/Criteria Description Identified Issues Action Items 
Cut resistance ASTM F1790: A small rectangular 

glove material specimen is placed 
on a metal mandrel of the cut test 
device.  A special blade is moved 
across the specimen until cut-
through is achieved.  The device 
measures the distance of blade travel 
before cut-through as determined by 
when the blade makes contact with 
the metal mandrel.  The distance of 
blade travel is determined using 
different weights on the device arm 
holding the blade.  The results of 
these tests if the blade travel 
distance is less than or greater than 
25 mm in the older version of the 
test, but 20 mm is now used in the 
more current test method. 

ASTM F1790 
modified to use 20 
mm cut resistance 
instead of 25; 
applied load in 
NFPA 1992 and 
1994 adjusted 
downward by 50 
g; specific changes 
and correlation not 
investigated 

Gather information 
on cut resistance data 
for various industry 
gloves reporting loads 
for both 20 and 25 
mm blade travel 
distances 
Consider reevaluating 
levels of cut 
resistance needed for 
appropriate protection 
in the field 

Puncture resistance 
(gloves/footwear 
upper) 

ASTM F 1342: A sample glove 
material specimen is then placed in 
a sample holder that is attached to a 
tensile testing machine.  The tensile 
testing machine, which is outfitted 
with a compression cell, has a probe 
on the opposite end with dimensions 
similar to a 6-penny nail.  The nail is 
pushed into the material sample at a 
fixed rate of speed, and the force 
required to puncture the material is 
measured. 

Variable results 
can be obtained 
based on quality 
of probe 

Identify criteria for 
acceptance of probe 
by examining 
geometry of probe or 
applying standard 
reference material  
 



Topic Test Method/Criteria Description Identified Issues Action Items 
Puncture resistance 
(footwear sole) 

ANSI Z41/ASTM F 2413: 
Footwear sole/heel specimens are 
placed in a holder that is attached to 
a tensile testing machine, which has 
been outfitted with a compression 
cell.  A probe, with dimensions 
similar to a thick nail, is attached to 
the other end of the tensile testing 
machine.  The probe is pushed into 
the material sample at a fixed rate of 
speed, and the force required to 
puncture the material is measured. 

None identified Ensure use of ASTM 
F2413 

Puncture propagation 
tear resistance 
(garments) 

ASTM D 2582: A material 
specimen is draped over the material 
holder platform on a puncture 
propagation tear tester.  A carriage 
on which a puncture probe is 
mounted slides down a vertical 
track, striking the material sample, 
causing it to tear.  The length of the 
tear is related to the force required 
to propagate that tear. 

Tears may not be 
uniform on fabric 
materials 

Add procedures to 
address non-uniform 
or v-shaped tears for 
determining puncture 
force 

Puncture propagation 
tear resistance 
(visors) 

See above description Many visors 
cannot be 
punctured even 
with heaviest 
carriage weight 
and causes 
puncture probe to 
break 

Identify different 
physical property set 
for visors that looks 
at other types of test 
methods (see burst 
strength) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
March 22, 2013 
 
IN ATTENDANCE: 
 
Jason Allen, TG Chair   Intertek Testing Services 
Mike Kienzle    W.L. Gore & Associates, Inc. 
Beth Lancaster    U.S. DOD CTTSO TSWG 
Karen Lehtonen    Lion Apparel, Inc. 
Susan Lovasic    The DuPont Company, Inc. 
Paul Rogers    FDNY 
Robert Simmonds   Intertek Testing Services 
  
 
David Trebisacci    NFPA Staff 
 

Topic Test Method/Criteria Description Identified Issues Action Items 
Exhaust valve 
mounting strength 

A section of suit with installed 
exhaust valve is placed in a holder 
and a tensile testing machine is used 
to pull the value out of the suit 
material. The recorded force is the 
mounting strength 

Some of the smaller 
exhaust valves 
maker the fabric 
distort when pushed 
down due to the stud 
pushing on areas 
surrounding the 
valve versus 
applying the load to 
the valve only. 

Identify a smaller 
diameter of round 
stud, possibly 1” 
instead of 2” or allow 
the lab to choose a 
suitable stud such that 
the load is applied to 
the valve without 
causing damage to 
the valve 

External fitting pull 
out strength 

The portion of the suit where the 
fitting is installed is placed in a 
holder and a tensile testing machine 
is used to determine the force to 
pull the fixture from the suit wall 

Pull out strength 
actually fluctuates 
between pushing and 
pulling out 

Identify new 
language to 
accurately depict the 
test 

Seam/closure 
strength 

ASTM D 751 (Seam Strength): 
The strength of a seam is measured 
in the same way as material tensile 
strength.  In this test, a material 
seam sample is placed between two 
grips in a tensile testing machine 
and is pulled until it breaks. The 
same approach is used for testing 
the strength of closures. 

Issue with zippers 
coming unzipped.  
Results are 
drastically different 
if this happens. 

Identify a wider 
sample specimen or 
specify the language 
allowing zippers to be 
prepared in a manner 
that eliminates 
unzipping 

 
 
 
 
 
 
 
 
 
 



 
 
April 12, 2013 
 
IN ATTENDANCE: 
 
Jason Allen, TG Chair   Intertek Testing Services 
Steve Corrado    UL 
Todd Haines    DFW International Airport 
Beth Lancaster    U.S. DOD CTTSO TSWG 
Karen Lehtonen    Lion Apparel, Inc. 
Susan Lovasic    The DuPont Company, Inc. 
Amanda Newsom   UL 
Robin Royster    UL 
Robert Simmonds   Intertek Testing Services 
David Trebisacci    NFPA Staff 
 

Topic Test Method/Criteria Description Identified Issues Action Items 
Impact and 
compression 
resistance 

ANSI Z41 (1.4): A footwear toe 
specimen is placed in a tensile test 
machine outfitted with a special 
device.  An impact assembly is then 
dropped on the toe specimen.  
Following impact, the toe specimen 
is observed for signs of compression 
by measuring the clearance inside the 
specimen. 

~3mm difference 
in test methods. 
Current products 
are still compliant 
using new ASTM 
method so no 
issues identified.  

Update test method 
from ANSI 
Z41Standard to ASTM 
F2413 

Ladder shank bend 
Resistance 

NFPA Test Protocol: The rigid 
portion of the footwear insole or 
rigid metal insert (called a ladder 
shank) is tested for deflection by 
placing a sample between two blocks 
and pushing down on its center.  The 
amount of deflection is measured on 
both ends. 

None identified  

Slip resistance ASTM F 489 (NFPA 1991)/ISO 
13287 (NFPA 1992 and 1994): For 
NFPA 1991, samples of footwear 
sole with tread are placed on a James 
machine.  This device moves the sole 
bottom against a specified surface 
and measures the coefficient of 
friction for both surfaces.  The test is 
performed under dry conditions. A 
different type of machine is used for 
NFPA 1992 and NFPA 1994 where 
the whole footwear sole is tested 
against a specified surface and the 
coefficient of friction is measured. 

None identified. 
James machine 
(ASTM F489) has 
been shown to 
produce 
significant 
variability vs. the 
ISO slip. 

Identify which type of 
machine is appropriate 
for upcoming 
consolidation of 
standards  

 
 

  



May 3, 2013 
 
IN ATTENDANCE: 
 
Jason Allen   Intertek Testing Services 
Steve Corrado   UL 
Todd Haines   DFW International Airport 
Ira Harkness   Department of the Navy 
Bill Haskell   NIOSH 
Beth Lancaster   U.S. DOD CTTSO TSWG 
Karen Lehtonen   Lion Apparel, Inc. 
Susan Lovasic   The DuPont Company, Inc. 
Philip Mann   Kappler, Inc. 
Tom Martin   Lion Apparel, Inc. 
Amanda Newsom  UL 
Jeff Stull    International Personnel Protection, Inc. 
Jim Zeigler   J.P. Zeigler, LLC 
 
 

Topic Test Method/Criteria 
Description 

Identified Issues Action Items 

Glove hand function ASTM F2010: Human test 
subjects are timed in 
populating a pegboard with 
pins and repeat the test to 
develop proficiency and a 
consistent time. The same 
test subjects then wear gloves 
and repeat the tests. The 
percentage change in the test 
time relative to bare-handed 
is then calculated and used as 
the basis for setting 
performance criteria. 

Do the levels set for the 
current test method 
correspond with end 
user expectations? 
Does the test method 
evaluate gloves 
consistent with field use 
if gloves are separately 
tested from garment or 
ensemble? 
Are modifications 
needed for the test 
method to better 
address hand function 
issues? 

ITS to provide blind 
data for different types 
of glove systems that 
are currently certified; 
Investigation is needed 
to address how to 
perform testing if a 
human subject 
evaluates gloves as 
part of the current 
overall integrity and 
function test. 
 

Survey of key end 
user issues 

Not applicable An opportunity exists 
for getting information 
from end users at the 
upcoming HazMat 
Conference in 
Baltimore 6-8 June; 
survey questions may 
aid in helping the 
committee collect 
information pertinent to 
proposed revisions in 
the standard.  

Each task group 
member to propose 3 
questions to be 
included in the survey; 
Lion Apparel to 
investigate use of 
Survey Monkey for 
accessing broader 
audience;  
Plan needed for how to 
conduct survey, collect 
and analyze 
information. 

 
  



May 10, 2013 
 
IN ATTENDANCE: 
 
Jason Allen, TG Chair   Intertek Testing Services 
Todd Haines    DFW International Airport 
Bill Haskell    NIOSH 
Beth Lancaster    U.S. DOD CTTSO TSWG 
Karen Lehtonen    Lion Apparel, Inc. 
Susan Lovasic    The DuPont Company, Inc. 
Robin Royster    UL 
Jeff Stull     International Personnel Protection, Inc. 
David Trebisacci    NFPA Staff 
 

 
Topic Test Method/Criteria 

Description 
Identified Issues Action Items 

Flame resistance ASTM F 1358: A folded 
material sample is placed in a 
vertical flame chamber.  A 
flame of specified 
characteristics is applied to 
the material's folded edge for 
3 seconds.  If the sample 
ignites, the test is 
discontinued.  If the sample 
does not ignite, the flame is 
reapplied to the same 
specimen for 12 seconds.  If 
the sample ignites during this 
subsequent exposure, the time 
the material continues to 
burn, and the distances 
burned are measured.  
Observations of burning 
behavior are also recorded. 

New edition of 
referenced standard, 
ASTM F1358, has a 
change in definition for 
“melting” that could be 
problematic for 
interpreting material 
performance; 
Clear direction needs to 
be set for determining 
whether interior 
material (layer) surfaces 
are examined following 
flame exposure 
Few differences exist 
between “base” and 
“flash fire” 
performance criteria;  
Changes in ASTM 
D6413 could impact 
ASTM F1358 
procedures; 
 

Intertek and UL to 
provide blind historical 
data for current 
compliant materials; 
Recommendations are 
needed for instructions 
to address testing of 
multiple layered 
composites, 
application of melting 
definition to exterior/ 
interior surfaces, and 
specification of 
exceptions to the test 
to apply new ASTM 
F1358 test method 
with older melting 
definition; 
New changes in D6413 
test method need to be 
examined relative to 
ASTM F1358; 
 



Topic Test Method/Criteria 
Description 

Identified Issues Action Items 

Flame resistance 
(continued) 

See above Todd Haines reported 
on a 1999 incident 
involving firefighters 
using Level A suits 
against fire involving 
HF; 
Jason Allen also 
reported that there was 
a recent incident where 
a responder caught in 
engine fire was able to 
exist while wearing a 
Level A suit. 

Feedback is needed 
from committee for 
determining 
appropriate adjustment 
of criteria (if needed) 
or through survey 
responses to specific 
questions. 

Thermal protective 
performance (TPP) 

ISO 17492 (NFPA 
1991)/ASTM F2700 (NFPA 
1992): Both tests are very 
similar but have subtle 
differences that may cause 
differences in results. In each 
test, a material specimen is 
placed on a thermal protective 
performance (TPP) testing 
device.  The specimen is 
exposed to a combination of 
quartz lamps and burners that 
produce both radiant and 
convective heat.  A weighted 
block is placed on the sample.  
This block contains a 
thermocouple that measures 
the rise in temperature on the 
side of the material specimen 
opposite the side exposed to 
heat.  The rate of the 
temperature rise is compared 
to the known skin response to 
heat in order to determine the 
amount of time required for a 
second-degree burn.  This 
time, multiplied by the heat 
exposure energy, is the TPP 
rating. 

ASTM F2700 does not 
give equivalent results 
as current ISO 17493 
(discrepancies were 
found where change 
was made to ASTM 
F2700 in other 
standards, e.g., 
structural firefighting 
protective clothing); 
Differences and impact 
of new test method is 
unknown. 

Intertek and UL to 
provide blind historical 
data for current 
compliant materials; 
UL to forward data 
comparison provided 
for NFPA 1971; 
Judgment to be applied 
whether test method 
differences are 
relevant to NFPA 
1991;  
ASTM F23 to be 
approached to 
determine if changes 
will be made to ASTM 
F2700. 

 
 
 

  



May 17, 2013 
 
IN ATTENDANCE: 
 
Jason Allen, TG Chair   Intertek Testing Services 
Steve Corrado    UL 
Ira Harkness    Department of the Navy 
Beth Lancaster    U.S. DOD CTTSO TSWG 
Karen Lehtonen    Lion Apparel, Inc. 
Susan Lovasic    The DuPont Company, Inc. 
Philip Mann    Kappler, Inc. 
Amanda Newsom   UL 
Jeff Stull     International Personnel Protection, Inc. 
David Trebisacci    NFPA Staff 
 
 

Topic Test Method/Criteria 
Description 

Identified Issues Action Items 

Survey of key end 
user issues 

Not applicable Potential survey 
questions were 
reviewed and input 
provided on changes. 
Suggestions included 
removing question 3 
and modifying 
questions 7, 8 and 9; 
adding a new section on 
hazard inventory; and 
changing the third 
section to have end 
users rank areas of 
desired improvements  

Jason Allen to put 
together modified 
survey based on 
recommended 
changes.  
Plan to finalize survey 
during next 
teleconference and 
discuss how survey 
will be implemented 

Glove hand function ASTM F2010: Human test 
subjects are timed in 
populating a pegboard with 
pins and repeat the test to 
develop proficiency and a 
consistent time. The same 
test subjects then wear 
gloves and repeat the tests. 
The percentage change in the 
test time relative to bare-
handed is then calculated and 
used as the basis for setting 
performance criteria. 

Jason Allen presented 
NFPA 1991 and NFPA 
1994 ensemble glove 
data for current hand 
function tests; data did 
not show differences 
between 2 and 3layered 
systems and also 
suggested that 600% 
may be too high of a 
requirement 

Additional data to be 
collected from UL to 
provide overview of 
test result levels. 
Intertek to choose 2 
ensembles with 
different glove systems 
and evaluate the glove 
hand function with test 
subject wearing entire 
ensemble 

 
 
Task Group Chair Jason Allen indicated that he would be circulating the survey questions to be 
discussed at the web conference meeting on May 24. 
 
 
 



May 24, 2013 
 
IN ATTENDANCE: 
 
Jason Allen, TG Chair   Intertek Testing Services 
Ted Buck     Orr Safety Corporation 
Beth Lancaster    U.S. DOD CTTSO TSWG 
Karen Lehtonen    Lion Apparel, Inc. 
Susan Lovasic    The DuPont Company, Inc. 
Amanda Newsom   UL 
Jeff Stull     International Personnel Protection, Inc. 
David Trebisacci    NFPA Staff 
 

Topic Test Method/Criteria 
Description 

Identified Issues Action Items 

Survey of key end 
user issues 
(continued 
discussion) 

Not applicable A draft revised survey 
was reviewed and 
comments were 
solicited for changes in 
the survey questions; 
The principal change 
was to modify the 
selection of problem 
areas from choosing 
five items to 
prioritizing the top five; 
The methodology for 
distributing the survey 
and collecting results 
were also discussed 

A second revised 
survey will be sent to 
the task group for final 
review by Jason Allen; 
Lion Apparel will 
investigate how to post 
the survey 
electronically; If lion 
cannot post, Intertek 
will find a way, 
Jason Allen will put 
together draft language 
for an index card size 
notice of the survey to 
be handed out at the 
Baltimore Hazmat 
Conference asking first 
responders to complete 
the survey; NFPA will 
print the survey card 
and send 250 to 350 
cards to Susan Lovasic 
by 03 June.  Susan will 
distribute the survey 
cards to Manufacturers 
in attendance at the 
Hazmat Conference to 
have in their booths. 
The survey will run 
from 05-14 June.  
Complete Survey 
results will be 
distributed to the entire 
TC during the next 
meeting. 

 
 



May 31, 2013 
 
IN ATTENDANCE: 
 
Jim Carruth    Department of the Navy 
Steve Corrado    UL 
Ira Harkness    Department of the Navy 
Beth Lancaster    U.S. DOD CTTSO TSWG 
Karen Lehtonen    Lion Apparel, Inc. 
Susan Lovasic    The DuPont Company, Inc. 
Philip Mann    Kappler, Inc. 
Amanda Newsom   UL 
Ulf Nystrom    Ansell Protective Solutions 
Jeff Stull (acting Chair)   International Personnel Protection, Inc. 
Jim Zeigler    J.P. Zeigler, LLC 
David Trebisacci    NFPA Staff 
 
 

Topic Test Method/Criteria 
Description 

Identified Issues Action Items 

Gas-tight integrity ASTM F 1052: The suit is 
inflated to 120 mm water 
gauge pressure, which is then 
reduced to 100 mm.  The 
pressure in the suit observed 
after 4 minutes. A pressure 
drop of no more than 20% is 
permitted for passing 
performance. 

No specific issues were 
identified with the 
current procedures; 
however, the argument 
was offered if the test 
should be harmonized 
with EN 464, which is 
applied in Europe and 
internationally; the 
question was raised if 
NFPA 1991 should 
specify details for 
pressure test kits. 

Any interested parties 
wanted to propose 
changing from ASTM 
F1052 to EN 454 were 
asked to provide test 
data showing potential 
benefits for more 
rigorous test 
conditions. 

Maximum suit 
ventilation rate 

NFPA Test Protocol/ASTM 
F 1052: Fixtures are added 
onto the suit for introducing 
high volume airflow and for 
measuring internal suit 
pressure.  Air is introduced 
into the suit at a rate of 500 
liters per minute, and the 
internal suit pressure is 
monitored.  The pressure 
cannot exceed 4 in. water 
gauge pressure. Gas-tight 
integrity of the suit is 
determined before and after 
the test and must meet the 
above criteria. 

Prior testing performed 
on encapsulating suits 
with fixed internal 
pressures up to 6 in. 
water gauge column. It 
was brought up that the 
current 4 in. 
requirement forces 
more exhaust valves to 
be used in the suit and 
that valves are 
considered a possible 
vulnerability because of 
their entry point into the 
suit. 

It was suggested that if 
a change to the internal 
pressure requirement 
was to be made, then 
the original data 
should be revisited and 
that historical data be 
assessed to determine 
if the change is 
warranted; 
It was further 
suggested that the task 
work be reexamined as 
the required physical 
activity inside the suit 
during overinflation 



Topic Test Method/Criteria 
Description 

Identified Issues Action Items 

Overall ensemble 
function and 
integrity 

ASTM F 1154/F 1052: The 
ensemble is worn by a test 
subject who follows the 
exercise protocols in ASTM F 
1154 to simulate use.  Gas-
tight integrity of the suit is 
determined before and after 
the test; Depending on the 
standard where the test is 
applied, an assessment is 
made for ability of test 
subject to complete tasks, for 
suit to accommodate heat 
protection, for test subject to 
see out of visor, for the test 
subject to reinsert their hands 
into the gloves after being 
removed, and for the closure 
remaining closed and flap in 
place, if present. 

No time is provided for 
the time of the test 
subject to remove and 
reinsert their hands as 
part of the test;  
A hand function test 
may be incorporated as 
part of this test. 

A suggestion of 5 
minutes was made as a 
reasonable expectation 
for the time required 
for the removal/ 
reinsertion of test 
subject hands. Intertek 
will be asked how 
current suits fare 
against this 
requirement; 
The hand function 
change is being 
addressed separately. 

Overall ensemble 
inward leakage 

NFPA Test Protocol: A suit 
is worn by a test subject 
inside a chamber that is filled 
with 1000 ppm of sulfur 
hexafluoride. As the test 
subject performs a series of 
stationary exercises, the 
interior volume of the suit is 
sampled. The interior samples 
are analyzed for sulfur 
hexafluoride and the 
percentage of gas leaking into 
the suit is calculated. The 
maximum permitted leakage 
is 0.02%. 

ITS raised an issue if 
the challenge level 
could be raised for 
improved test accuracy; 
A change in the 
tolerance for the pump 
flow rate (8.8.4.3) was 
suggested; 
The equation in 8.8.6 
should be corrected; 
Use of MIST as an 
alternative means for 
assessing suit vapor 
integrity was discussed; 
The overall utility of 
encapsulating gas-tight 
suits was discussed. 

The group was against 
a change in the 
challenge level 
because the TLV for 
SF6 is set at 1000 ppm; 
The potential of SF6 to 
be banned was noted 
and that the committee 
needs to be prepared to 
switch to an alternative 
gas in the future; 
It was agreed that the 
flow rate tolerance 
could be changed to 
±0.01 L/min (8.8.4.3); 
The group cited MIST 
as much too expensive 
as an alternative test; 
Concerns for use of 
vapor-protective suits 
should be investigated 
through the upcoming 
survey 

 
 

 
 
 
 
 
 



June 21, 2013 
 
IN ATTENDANCE: 
 
Jason Allen, TG Chair   Intertek Testing Services 
Brian Clifford    FBI 
Mike Kienzle    W.L. Gore & Associates, Inc. 
Beth Lancaster    U.S. DOD CTTSO TSWG 
Karen Lehtonen    Lion Apparel, Inc. 
Susan Lovasic    The DuPont Company, Inc. 
Philip Mann    Kappler, Inc. 
Amanda Newsom   UL 
Jeff Stull     International Personnel Protection, Inc. 
David Trebisacci    NFPA Staff  
 

Topic Test Method/Criteria 
Description 

Identified Issues Action Items 

Flash fire resistance 
(overall suit) 

NFPA Test Protocol: A 
sample vapor-protective suit 
is placed on a human form 
mannequin inside a large 
chamber.  The chamber is 
filled with propane to its 
upper flammable range and is 
ignited.  The effects of the 
simulated chemical flash fire 
are observed and a gas-tight 
or liquid-tight integrity test is 
performed afterwards. This 
test is intended to simulate the 
worst case exposure during a 
chemical flash fire lasting 
approximately 6 seconds.  
Suits cannot exhibit after-
flame lasting more than 2 sec, 
and must maintain a reduced 
level of gas-integrity.  In 
addition, suit uses must be 
able to see 20/100 out of the 
visor. 

The most significant 
concern is the test 
variability as impacted 
by environmental 
conditions (such as the 
effect of the wind since 
the test is performed 
outdoors); inconsistent 
procedures were noted 
in methods for the 
manikin cover, igniter 
type and placement, 
number of igniters, use 
of chamber cover, 
application of trial tests,  
time of ignition, and 
measurement of visual 
acuity; suggestions 
were made that 
temperature and 
propane concentration 
should be measured 
inside chamber for 
reporting purposes to 
assist in determining 
appropriate conditions 
for performing test in 
the future; concerns 
were also raised for 
requiring only one 
replicate test given the 
variability of test. 

Intertek and UL will 
compare key parts of 
the procedures to 
determine areas that 
may benefit from 
standardization. These 
include specifications 
for the chamber cover, 
dummy SCBA to fill 
suit volume, igniter, 
igniter location, how 
many igniters, conduct 
of trial tests, interval 
for igniting chamber, 
and procedures for 
measuring visual 
acuity using SCBA 
facepiece together with 
suit visor and 
permitting adjustment 
of suit during the 
measurement; 
additional 
measurements such as 
gas concentration to be 
specified at set 
locations and reported 
with results; increase 
from one to three 
replicates for initial 
certification testing. 

 
 



The recent NFPA 1991 survey results were briefly discussed and the suggestion was made to 
extend the survey and seek other end user groups for its distribution with the analysis of data 
prior to the July committee meeting. A copy of the current survey results will be attached to the 
Agenda for the July meeting. 
 
 
June 28, 2013 
 
IN ATTENDANCE: 
 
Jason Allen, TG Chair   Intertek Testing Services 
Christina Baxter, TC Chair  U.S. DOD CTTSO TSWG 
Bill Haskell    NIOSH/NPPTL 
Mike Kienzle    W.L. Gore & Associates, Inc. 
Beth Lancaster    U.S. DOD CTTSO TSWG 
Susan Lovasic    The DuPont Company, Inc. 
Amanda Newsom   UL 
Jeff Stull     International Personnel Protection, Inc. 
David Trebisacci    NFPA Staff  
 
 
 
Action Items to date were reviewed and follow on assignments and responsibilities were 
assigned.  See Attachment NFPA 1991 Task Group Action Items through 6-28-2013. 
 
 
Respectfully submitted, 
 
Jason Allen 
 
Chair, TG on NFPA 1991 
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NFPA 1991 Task Group Action Items through 6-28-2013 
 
Test Method Action Items Responsibilities/Follow-On Actions 
Burst strength (garments 
and visors) 

Review current performance criteria to determine if 
change is necessary 

Bring issue before committee (relate to NIJ levels) 

Look at physical properties applied to visor and 
determine if pre-test is needed to evaluate rigid visors 
differently than flexible visors 

Jason Allen – Recommend basis for rigid/non-rigid 
determination which will dictate whether to apply test 
(likely to be based on Cantilever method 
Jeff Stull – Identify methods to evaluate rigid visors   

Cold temperature bending 
(garment/gloves) 

Investigate alternative tests based on embrittlement of 
material as opposed to measured torsional moment;  

Intertek – Possibly demonstrate to committee during tour   

Use chlorinated polyethylene as control fabric for 
changes in test method (CPE should set unacceptable 
performance) 

Jason Allen – Email Catherine Dodgen to get same of 30 
mil CPE from ILC Dover 

Cold temperature bending 
(visor) 

Look at alternative test approach based on 
impact/fracture (see ANSI Z87 for eye/face protection 
devices) 

Jeff Stull – Combine effort with burst strength (above); 
consider falling dart method 
Intertek – Possibly demonstrate to committee during tour 

Cut resistance Gather information on cut resistance data for various 
industry gloves reporting loads for both 20 and 25 mm 
blade travel distances  

Jeff Stull – Locate and compare 20 vs. 25 mm existing 
data for selected gloves   

Consider reevaluating levels of cut resistance needed for 
appropriate protection in the field 

Bring before committee (based on completion of above 
task) 

Puncture resistance 
(gloves/footwear upper) 

Identify criteria for acceptance of probe by examining 
geometry of probe or applying standard reference 
material  
 

Jason Allen – Refer to specified needle test method 
material (ASTM F) – considered lower priority   

Puncture resistance 
(footwear sole) 

Ensure use of ASTM F2413 Jeff Stull – Prepare new standards language 

Puncture propagation tear 
resistance (garments) 

Add procedures to address non-uniform or v-shaped tears 
for determining puncture force 

Jason Allen – Write up how we are currently handling   

Puncture propagation tear 
resistance (visors) 

Identify different physical property set for visors that 
looks at other types of test methods (see burst strength) 

Same responsibility/action as Burst strength 

Exhaust valve mounting 
strength 

Identify a smaller diameter of round stud, possibly 1” 
instead of 2” or allow the lab to choose a suitable stud 
such that the load is applied to the valve without causing 
damage to the valve 

Jason Allen – Propose language allowing smaller or 
larger stud 
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Test Method Action Items Responsibilities/Follow-On Actions 
External fitting pull out 
strength 

Identify new language to accurately depict the test Jason Allen – Check on and modify language 

Seam/closure strength Identify a wider sample specimen or specify the language 
allowing zippers to be prepared in a manner that 
eliminates unzipping 

Jason Allen – Add language allowing zipper ends to be 
tacked   

Clarify reporting requirement Jason Allen – Establish the min force not vs. force/length 
Impact and compression 
resistance 

Update test method from ANSI Z41Standard to ASTM 
F2413 

Jeff Stull – Prepare new language 

Slip resistance Identify which type of machine is appropriate for 
upcoming consolidation of standards  

Jeff Stull – Prepare new language 

Glove hand function ITS and UL to provide blind data for different types of 
glove systems that are currently certified  

Amanda Newsome – Provide UL data  

 Investigate how to perform testing if a human subject 
evaluates gloves as part of the current overall integrity 
and function test 

Jason Allen – Choose 2 ensembles with different glove 
systems and evaluate the glove hand function test with 
subject wearing entire ensemble 
Intertek – Possibly demonstrate to committee during tour 

Flame resistance Examine current data to determine if issues exist with 
compliance 
 

Jason Allen/Amanda Newsome – Provide blind historical 
data for current compliant materials 
Intertek – Possibly demonstrate to committee during tour 

Recommend instructions to address testing of multiple 
layered composites, application of melting definition to 
exterior/ interior surfaces, and specification of exceptions 
to the test to apply new ASTM F1358 test method with 
older melting definition  

Bring issue before committee 

Examine new changes in D6413 test method relative to 
ASTM F1358 

Jeff Stull – Will make recommendations based on current 
revision of ASTM F1358 

Determine appropriate adjustment of criteria (if needed) 
for baseline performance  

Bring issue before committee (consider survey responses 
to specific questions) 

Thermal protective 
performance (TPP) 

Intertek and UL to provide blind historical data for 
current compliant materials (UL to forward data 
comparison provided for NFPA 1971); Apply judgment 
whether test method differences are relevant to NFPA 
1991 (ASTM F23 to be approached to determine if 
changes will be made to ASTM F2700) 

Jeff Stull – Prepare changes to test method 
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Test Method Action Items Responsibilities/Follow-On Actions 
Gas-tight integrity Any interested parties wanting to propose changing from 

ASTM F1052 to EN 454 were asked to provide test data 
showing potential benefits for more rigorous test 
conditions 

No action needed unless data is provided 

Maximum suit ventilation 
rate 

It was suggested that if a change to the internal pressure 
requirement was to be made, then the original data 
should be revisited and that historical data be assessed to 
determine if the change is warranted; It was further 
suggested that the task work be reexamined as the 
required physical activity inside the suit during over-
inflation 

Jim Zeigler – Provide historical data 

Overall ensemble 
function and integrity 

Provide reasonable expectation for the time required for 
the removal/reinsertion of test subject hands  

Bring issue before committee (a suggestion of 5 minutes 
was made by task group) 
Intertek – Possibly demonstrate to committee during tour 

Determine how current suits fare against this requirement  Jason Allen – Report on historical performance 
Address hand function change as part of test See above 
Determine if changes are needed to the visual acuity 
portion of test 

Intertek – Possibly demonstrate to committee during tour 

Assess whether field of vision evaluation can be added as 
part of test 

Intertek – Possibly demonstrate to committee during tour 

Overall ensemble inward 
leakage 

Consider increase in the challenge level to increase test 
precision;  
 

No action – Task group against a change in the challenge 
level because the TLV for SF6 is set at 1000 ppm 

Account for potential of SF6 to be banned and prepare to 
switch to an alternative gas in the future 
 

No action – Wait for ban to occur and then consider 
alternatives 

Provide greater tolerance in flow rate Jeff Stull – Prepare change (it was agreed that the flow 
rate tolerance could be changed to ±0.01 L/min in 
8.8.4.3) 

Correct equation in 8.8.6 Steve Corrado – Provide correction 
Consider MIST in replacement of inward leakage test or 
additional replicates 

Bring issue before committee (majority of task group 
recommended against it because of expense although if 
more replicates are added the cost could be the same) 
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Test Method Action Items Responsibilities/Follow-On Actions 
Flash fire resistance 
(overall suit) 

Provided detailed review of specifications for the 
chamber cover, dummy SCBA to fill suit volume, igniter, 
igniter location, conduct of trial tests, interval for igniting 
chamber, and procedures for measuring visual acuity 
using SCBA facepiece together with suit visor and 
permitting adjustment of suit during the measurement 

Jason Allen and Amanda Newsome – Compare key parts 
of the procedures to determine areas that may benefit 
from standardization. 

Consider additional measurements such as gas 
concentration to be specified at set locations and reported 
with results 

Bring issue before committee 

Increase from one to three replicates for initial 
certification testing. 

Bring issue before committee 
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Q1	Please	answer	“yes”,	“no”,	or	“do	not
know”	for	each	of	the	following	statements

as	it	applies	to	you.
Answered:	140	 Skipped:	0

0% 20% 40% 60% 80% 100%

I	hav e	ov er	3
y ears	of

experience...

I	am
qualif ied	at

the...

I	am
qualif ied	at

the...

I	am
qualif ied	at

the...

I	hav e	worn	a
Lev el	A
totally ...

I	hav e	worn	a
Lev el	A
totally ...

The	totally
encapsulating
suits	that...

Yes No Do	Not	Know

I	have	over	3	years	of	experience	on	a	hazardous	materials	response	team. 82.14%
115

17.86%
25

0%
0

	
140

I	am	qualified	at	the	“awareness”	level	of	NFPA	472	or	have	equivalent	training. 97.86%
137

2.14%
3

0%
0

	
140

I	am	qualified	at	the	“operations”	level	of	NFPA	472	or	have	equivalent	training. 96.43%
135

2.86%
4

0.71%
1

	
140

I	am	qualified	at	the	“technician”	level	of	NFPA	472	or	have	equivalent	training. 90.71%
127

9.29%
13

0%
0

	
140

I	have	worn	a	Level	A	totally	encapsulating	protective	ensemble	in	training 97.14%
136

2.86%
4

0%
0

	
140

I	have	worn	a	Level	A	totally	encapsulating	protective	ensemble	in	an	actual	incident	at	least	once. 64.29%
90

35.71%
50

0%
0

	
140

The	totally	encapsulating	suits	that	I	have	worn	comply	with	NFPA	1991. 85%
119

3.57%
5

11.43%
16

	
140

	 Yes No Do	Not	Know Total
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Q2	Please	rate	each	of	these	statements
below.	All	statements	must	be	rated.	If	you
are	unsure,	please	choose	the	"No	Opinion"

option.
Answered:	132	 Skipped:	8

0% 20% 40% 60% 80% 100%

I	understand
the	general

requiremen...

I	expect	that
NFPA

1991-compl...

I	believ e	the
requirements
of 	NFPA	19...

NFPA
1991-complian
t	ensemble...

NFPA
1991-complian
t	ensemble...

NFPA	1991
protectiv e

ensembles...

NFPA	1991
protectiv e

ensembles...

Strongly
Agree

Agree Not	Sure Disagree Strongly
Disagree

No	Opinion

I	understand	the	general	requirements	in	NFPA	1991. 28.79%
38

58.33%
77

8.33%
11

0.76%
1

1.52%
2

2.27%
3

	
132

I	expect	that	NFPA	1991-compliant	suits	will	protect	me	from	all	types
of	hazardous	chemical	exposures.

13.64%
18

38.64%
51

10.61%
14

24.24%
32

9.85%
13

3.03%
4

	
132

I	believe	the	requirements	of	NFPA	1991	are	set	at	appropriate	levels
for	my	protection.

16.67%
22

59.85%
79

11.36%
15

7.58%
10

0.76%
1

3.79%
5

	
132

NFPA	1991-compliant	ensembles	prevent	me	from	performing	critical
tasks.

6.06%
8

20.45%
27

26.52%
35

37.12%
49

3.79%
5

6.06%
8

	
132

	 Strongly
Agree

Agree Not
Sure

Disagree Strongly
Disagree

No
Opinion

Total
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NFPA	1991-compliant	ensembles	should	be	fully	encapsulating	to
protect	both	my	body	and	my	self-contained	breathing	apparatus	from
exposure	to	hazardous	substances.

39.39%
52

39.39%
52

10.61%
14

7.58%
10

0.76%
1

2.27%
3

	
132

NFPA	1991	protective	ensembles	should	include	some	form	of	flame
and	heat	resistance	as	part	of	their	attributes	(such	as	resistance	to	a
small	flame	or	heat	source).

34.09%
45

43.18%
57

7.58%
10

10.61%
14

0.76%
1

3.79%
5

	
132

NFPA	1991	protective	ensembles	should	have	mandatory	flash	fire
protection.

25.76%
34

34.85%
46

6.82%
9

21.21%
28

7.58%
10

3.79%
5

	
132
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Q3	Please	choose	and	rank	the	five	areas
that	you	feel	should	be	improved	for	vapor-
protective	ensembles.	Use	a	“1”	to	indicate
your	highest	priority	feature	or	attribute	for
your	five	choices,	followed	by	“2”,	“3”,	“4”,
and	“5”	as	the	lowest	priority	for	your	five
choices.	**Please	choose	ONLY	FIVE
different	features	or	attributes	in	this

ranking.**
Answered:	126	 Skipped:	14
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0 1 2 3 4 5

Ease	of
donning

Clarity 	of
v ision

Field	of
v ision

Ability 	to
communicate

through...

General
mobility
(e.g.,...

Climbing	a
ladder

Gross	hand
f unction

(e.g.,	use...

Fine	hand
f unction

(e.g.,	use...

Ability 	to
withdraw	hand
f rom	glov es

Use	in
conf ined
spaces

Ov erall
wearing

comf ort...

Resistance	to
emergency

scene...

Resistance	to
liquid

penetration

Resistance	to
burning/degra
dation	f ro...

Ability 	to
escape	f rom
accidental...

Ov erall
durability 	in
wearing...

Ability 	to
reuse

ensemble	i...

Ease	of 	gross
decontaminati
on	(cleani...

Ease	of
dof f ing

Test
equipment	and
procedures...

Clear	and
understandabl

e	user’s...

Ease	of	donning 23.53%
4

5.88%
1

17.65%
3

17.65%
3

35.29%
6

	
17

	
3.35

	 1 2 3 4 5 Total Average
Rating
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Clarity	of	vision 48.28%
28

13.79%
8

17.24%
10

13.79%
8

6.90%
4

	
58

	
2.17

Field	of	vision 27.27%
12

29.55%
13

15.91%
7

13.64%
6

13.64%
6

	
44

	
2.57

Ability	to	communicate	through	speaking	(without	a	radio) 6.25%
2

28.13%
9

28.13%
9

18.75%
6

18.75%
6

	
32

	
3.16

General	mobility	(e.g.,	walking) 10.81%
4

29.73%
11

27.03%
10

18.92%
7

13.51%
5

	
37

	
2.95

Climbing	a	ladder 0%
0

0%
0

30%
3

30%
3

40%
4

	
10

	
4.10

Gross	hand	function	(e.g.,	use	of	large	tools) 5.56%
1

16.67%
3

22.22%
4

50%
9

5.56%
1

	
18

	
3.33

Fine	hand	function	(e.g.,	use	of	monitoring	instruments,	radios) 17.46%
11

25.40%
16

23.81%
15

20.63%
13

12.70%
8

	
63

	
2.86

Ability	to	withdraw	hand	from	gloves 3.23%
1

22.58%
7

29.03%
9

25.81%
8

19.35%
6

	
31

	
3.35

Use	in	confined	spaces 13.33%
2

6.67%
1

20%
3

13.33%
2

46.67%
7

	
15

	
3.73

Overall	wearing	comfort	(sensation	of	heat	and	humidity) 9.76%
4

21.95%
9

26.83%
11

17.07%
7

24.39%
10

	
41

	
3.24

Resistance	to	emergency	scene	physical	hazards	(e.g.,	resistance	to	cuts,
tears,	and	punctures)

26.39%
19

16.67%
12

19.44%
14

16.67%
12

20.83%
15

	
72

	
2.89

Resistance	to	liquid	penetration 53.85%
21

23.08%
9

0%
0

12.82%
5

10.26%
4

	
39

	
2.03

Resistance	to	burning/degradation	from	small	flame	contact	or	exposure	to
heat	sources

3.03%
1

24.24%
8

18.18%
6

36.36%
12

18.18%
6

	
33

	
3.42

Ability	to	escape	from	accidental	flash	fires,	if	exposed 18.75%
6

15.63%
5

28.13%
9

15.63%
5

21.88%
7

	
32

	
3.06

Overall	durability	in	wearing	(e.g.,	abrasion	resistance) 11.76%
4

23.53%
8

23.53%
8

14.71%
5

26.47%
9

	
34

	
3.21

Ability	to	reuse	ensemble	if	not	seriously	contaminated 13.33%
2

6.67%
1

0%
0

60%
9

20%
3

	
15

	
3.67

Ease	of	gross	decontamination	(cleaning	to	permit	removal	of	suit) 5.88%
1

11.76%
2

17.65%
3

17.65%
3

47.06%
8

	
17

	
3.88

Ease	of	doffing 0%
0

25%
1

0%
0

50%
2

25%
1

	
4

	
3.75

Test	equipment	and	procedures	for	pressure	testing 0%
0

14.29%
1

14.29%
1

0%
0

71.43%
5

	
7

	
4.29

Clear	and	understandable	user’s	manual	(for	selection,	use,	and	care) 27.27%
3

9.09%
1

9.09%
1

9.09%
1

45.45%
5

	
11

	
3.36
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Q4	How	frequently	have	you	personally
experienced	or	witnessed	someone	else
being	exposed	to	the	following	hazards

while	in	the	work	zone?
Answered:	126	 Skipped:	14

0% 20% 40% 60% 80% 100%

Small	f ire	or
f lame

Chemical
f lash	f ire

Liquef ied	gas
leaks

Liquid
splashes,

spray s,	or...

High
concentration
s	of 	a	gas...

Cuts,	tears,
punctures,	or
wear-throu...

Nev er0% Rarely <10% Occasionall
y ~25%

Frequently ~
50%

Most	of 	the
time>75%

Small	fire	or	flame 61.90%
78

23.02%
29

7.14%
9

7.14%
9

0.79%
1

	
126

Chemical	flash	fire 70.63%
89

23.81%
30

4.76%
6

0.79%
1

0%
0

	
126

Liquefied	gas	leaks 30.16%
38

22.22%
28

26.19%
33

19.84%
25

1.59%
2

	
126

Liquid	splashes,	sprays,	or	any	large	volume	of	liquid 18.25%
23

28.57%
36

29.37%
37

16.67%
21

7.14%
9

	
126

High	concentrations	of	a	gas	or	vapor	(>100	ppm) 23.81%
30

19.84%
25

29.37%
37

17.46%
22

9.52%
12

	
126

Cuts,	tears,	punctures,	or	wear-through	that	affects	the
integrity	of	the	ensemble	materials

33.33%
42

35.71%
45

19.84%
25

7.14%
9

3.97%
5

	
126

	 Never0% Rarely<10% Occasionally~25% Frequently~50% Most	of
the
time>75%

Total


