
MINUTES OF THE MEETING 
TECHNICAL COMMITTEE on  

HAZARDOUS MATERIALS PROTECTIVE CLOTHING AND EQUIPMENT 
Syracuse, NY 

July 22-23, 2013 
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 
Brian Clifford  Federal Bureau of Investigation 
Richard Daly  St. Charles Fire Department 
Russell Greene  Battelle Memorial Institute 
Ira Harkness  US Dept. of the Navy 
Michael Kienzle  W.L. Gore & Associates, Inc. 
Karen Lehtonen  Lion 
Susan Lovasic  The DuPont Company 
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. 
Robert West  Texas Instruments, Inc. 
James Zeigler  J.P. Zeigler, LLC 
Michael Ziskin   Field Safety Corporation 
 
Voting Alternate: 
 
Alternates 
Bill Fithian  Safety Equipment Institute (SEI) 
John Berna  Fire Department City of New York 
Russell Greene  Battelle  
Beth Lancaster  U.S. Department of Defense 
Amanda Newsom Underwriters Laboratories Inc. 
Bryan Ormanc  NC State University 
 
Absent Principal Members with no Alternate present 
Ted Buck  Orr Safety 
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 
Samuel Pitts  USMC Systems Command 
Robert Shelton  City of Cincinnati Fire Department 
Don Thompson  NC State University 
Steven Torment  International Association of Fire Fighters 



 
Guests 
Jason Allen  Intertek 
Sindy Carrier  AirBoss Defense 
John DeFranks  Intertek 
Elaina Franks  Kappler 
Ryan Hirschey  Saint Gobain 
Kyle Kerbow  Lakeland Industries 
Terry McCullough YKK (USA) Inc.  
Steve Nierenberg Intertek 
Michael O’Loughlin Onguard Industries 
Robert Sell  Draeger Safety 
Rob Simmonds  Intertek 
 
 
1. Call to order. The meeting was called to order at 1:30 p.m. on July 22, 2013 by Technical Committee 
(TC) Chair, Dr. Christina Baxter.   
 
2. Welcome & Introductions. Dr. Baxter welcomed everyone. Members and guests introduced 
themselves and their affiliation. Dr. Baxter thanked everyone for their participation in this meeting to 
discuss issues relating to the revision of NFPA 1991.  She also expressed gratitude to Jason Allen for 
coordinating the educational program prior to this meeting. 
 
3. NFPA Staff Report. The NFPA Staff Liaison, Mr. Dave Trebisacci, provided general information on 
NFPA procedures and timelines in an opening presentation. He noted that NFPA 1991 is in the Fall 2015 
cycle and the Public Input period is now open and will close January 3, 2014. 
 
4. Minutes Approval. The minutes from the September 5-6, 2012 Pre-First Draft meeting in Savannah, 
GA and were approved without amendment. 
 
5. Demonstration of New Document Revision Process.  Mr. Trebisacci provided a presentation on the 
new NFPA standard revision/development process.  He reminded the TC that the revision to NFPA 1991 
will be developed under this new process. The process can be found at www.NFPA.org/1991. 
 
6. Formal Interpretation Request  
Mr. Trebisacci received a request for a Formal Interpretation from a representative of the Atlantic Strike 
Team regarding the use of an NFPA 1991 ensemble with and without the over-cover.  Following a 
discussion, the representative withdrew the request.  In an effort to be of assistance and provide further 
explanation, Jeff Stull volunteered to write a brief statement on behalf of the committee in response to 
this issue.  
 
7. History of NFPA Standards on Chemical Protective Clothing 
 
Dr. Baxter discussed a project that she and Beth Lancaster had been overseeing to develop a 
compendium of the history of NFPA Hazmat and CBRN response protective clothing standards. The DOD 
Combating Terrorism Technical Support Office (CTTSO) project manual NFPA Standards on Chemical 
Protective Clothing: History, Evolution and Current Criteria (“History”) was published 22 July 2013. 
 

http://www.nfpa.org/1991


The TC expressed its sincere appreciation for the detailed and extensive research that went into the 
development of the first source document of this kind. The extensive report was developed 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. 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.  
 
It was noted this will be an invaluable resource as the TC moves forward to revise current standards.  
Copies were distributed to attendees for use at this and future meetings. 
 
8. NFPA 1991 Revision.  
 
Test Methods Task Group 
Dr. Baxter reported that the Test Methods Task Group has been meeting every Friday over the last 
several months and has made significant strides in their review of test methods referenced in NFPA 
1991 and the other Haz Mat standards under the scope of this TC.  Other TC members have participated 
in these calls to provide expertise as needed.  She noted that the meetings have also demonstrated the 
need to work on more explicit interpretations of the test methods to achieve the testing consistency 
needed in the industry. 

 
As chair of the Test Methods Task Group, Jason Allen led the review of the status of the TG efforts per 
the attached presentation (See Attachment A).  Mr. Allen first discussed the survey which was sent to 
users, and close to 400 responses were received.  Respondents had a good/high level of experience and 
qualifications.  Physical hazard resistance, clarity of vision, fine hand function field of vision and general 
mobility were ranked the highest in terms of desire for improvement. 
 
It was noted that the Test Methods TG focused their efforts on existing tests that are not running the 
way they need to be run, and incorporation of new tests.  Minutes of these meetings were compiled and 
provided to members of the Haz Mat TC.   
 
Visor burst strength and puncture propagation tear resistance testing is a challenge when testing rigid 
materials.  The test cannot be run without breaking test apparatus.  It was noted that the test was 
originally included to provide characterization of a material. Possible solutions were discussed and the 
TG will need to consider use of a falling dart or drop ball.  A solution to this issue is achievable in the 
timeframe needed for revision to NFPA 1991. 
 
It was noted that many materials are outside of the range that is useful when cold temperature bending 
testing is conducted.  It was suggested that the best path is to obtain a reference material for use by 
testing laboratories.  There also may be adjustments to be made in order to continue with ASTM 2136. 
 
Cut/puncture resistance is still under review. The ASTM 1790 value has changed from 25 to 20 for blade 
travel distance.  The TC discussed the need to determine what is appropriate for NFPA 1991.  Again, a 
standard reference material is needed. 
 
The TG noted references to footwear tests are outdated and inconsistent with the rest of the PPE 
project.  The correct test method ASTM F2413 will now be referenced and new criteria and test 
methods for sole abrasion resistance and slip resistance will be incorporated. 



Physical property levels were compared amongst the industry chemical protective clothing standards 
based on elements and properties.  Jason Allen highlighted the table in the presentation reflecting 
different levels for each standard.  The TC reviewed the history of how they were set in 1985.  It was 
suggested that the TG may need to revisit field tests.  Additionally, it was noted that 30% of survey 
respondents had some type of break through issue. 
 
The TC discussed work that is occurring on language to address the issue with the push plate for exhaust 
valves being too rigidly specified (mounting strength)  to allow for a smaller profile exhaust valve.  It was 
also noted regarding the external filling that current laboratory practice is inconsistent with the test 
specification.  It was questioned if there should be a standard angle.  It was discussed that the key to the 
test should be the “pull” regardless of angle.  The TG members stated this will be addressed by the next 
meeting. 
 
Glove hand function was a principal complaint among end users.  It was suggested that there may be a 
need for a more realistic test than the current peg board test.  A hand function evaluation was discussed 
in the form of an overall ensemble function integrity evaluation. 
 
The overall ensemble function/integrity test was reviewed and it was pointed out that some parts of 
test have no criteria. The test could be expanded to better address other wearer functions (dexterity, 
visual acuity, field of vision). It was suggested that the TG investigate improvements to visual acuity test. 
 
The goal of the flame resistance test is to ensure that the ensemble materials do not contribute to the 
harm of the wearer. Questions remain as to the value of this test, whether this test should be pass/fail, 
and what changes to ASTM D6413 test method should be made by revisiting existing criteria for baseline 
tests. It was suggested that more user input needs to be obtained to determine what the test should be 
measuring. 
 
The TG plans to examine historical compliance data to determine if the differences between ASTM 
F2700 and ISO 17493 related to the thermal protective performance test are significant. 
 
The language for the flash fire test setup and ignition methods need to be changed to ensure laboratory 
to laboratory repeatability. The TG plans to investigate test method changes such as specifying the type 
of chamber cover, dummy SCBA, ignition methods, and visual acuity measurement).  Intertek, NC State 
and UL will work together to make determinations on utilization of an array of sensors in the suit as well 
as determining measurement of gas concentrations to determine chamber uniformity.  For initial 
certifications it was suggested to increase from 1 to 3 replicates. 
 
The gas tight integrity/suit ventilation test was discussed in terms of the original basis for the test.  The 
TC concluded after discussion to leave the test criteria as is in the new edition. 
 
Overall ensemble inward leakage testing was discussed and the main issue to address is to define tubing 
and fittings which should assist in lab to lab correlation. A higher challenge level was suggested to allow 
for greater precision.  It was noted that the current level was selected due to SCBA requirements, 
however, the OSHA standard must be considered.  There was general support for more than one 
replicate to be used in this testing.  Overall, the TC was requested to consider MIST as a better option 
than the SF6 test.    
 
 



Assessment of Microclimates  
As a follow up to his presentation at the previous TC meeting in Savannah, Russ Greene provided an 
update on the work conducted on the assessment of microclimates within protective ensembles and 
impacts to test methods (See Attachment B).  
 
Mr. Greene 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.  As a reminder, NFPA 1994 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). 
 
Mr. Greene described the investigation the microclimate within representative Class 2 and Class 3 
ensembles.  He noted that the three test participants wearing ensembles walked on treadmill for 60 
minutes at approximately 2.5 mph for each condition/ensemble. in a controlled environment at 
50°F/50%RH, 77°F/55%RH and 77°F/80%RH.   
 
Mr. Greene summarized as follows:  

• microclimates exist within the protective ensembles that are more extreme (temp/RH) than the 
current 32º C/80% RH NFPA protocol, 

• materials readily come in contact with sweat during wear,  
• differences in performance at various test conditions can be significant 

– PVA glove material (non-relevant material) 
• the impact of testing full list of Industrial/TIC analytes at higher RH is unknown, and 
• a currently fielded Class 3 material met NFPA criteria when tested at more extreme conditions-

no expected immediate impact with changes in test conditions. 
 

Conclusions 
• Testing of fielded items at alternate conditions did not show any significant negative impacts on 

permeation results for CWA 
• Added risk is too great compared to an unknown benefit 

– Added technical complexity 
– Added cost to spin up labs and verify/validate performance 
– Testing all chemicals not possible at higher RH  
– Potential added variance to an already variable test method  

• It is impossible to capture all field scenarios in testing; therefore, the focus of the standard 
should remain at this historical baseline and minimizing lab bias at that condition rather than 
introducing more variability at this point 

 
As a result of the research Mr. Greene recommended that no changes be made to the standard. 
 
Permeation Testing Research 
 
Mr. Greene next reported on an effort to determine the effect, if any, of cumulative permeation and 
breakthrough time measurement techniques on the hazards predicted from standard chemical 
permeability tests. A goal of the study was to determine the accuracy of test methods in addition to the 
precision/repeatability, relevance to hazard to the user, and the overall confidence in test results. 
 



Per the attached presentation, Mr. Greene described the research conducted on the various methods 
and concluded that swatch testing is not the appropriate tool for determining direct hazard to the user 
as it is difficult to accurately estimate exposure from swatch results.  He further noted that appropriate 
endpoints are not established in current literature.  Additionally, the chemical list in the NFPA Haz Mat 
standards is not all inclusive.  Current information demonstrates that cumulative permeation provides a 
total mass of the permeating chemical and is generally relatable to hazard values, while breakthrough 
time provides snap shots of permeation rate but it is not directly relatable to hazard values or dose.  The 
research indicated that cumulative sampling offers the most reliable and accurate method of sampling. 
 
Based on the above, the following recommendations were reviewed: 

• Base pass/fail of materials on cumulative values (µg/cm2) 
– 6.0 µg/cm2 for all TICs 
– Slightly higher than CWAs; achievable  
– Relatable to current breakthrough time requirements (60 min x 0.1 µg/cm2 min)  

• Utilize cumulative sampling protocols for all chemicals where feasible 
• Where cumulative sampling methods do not exist: 

– Standardize method for estimating cumulative value 
– Prescribe/Standardize sampling frequencies 

 
As a point of discussion, Dr. Baxter reminded attendees 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.   
 
Improved Liquid Integrity Test – NFPA Fire Research Foundation 
 
Jeff Stull reviewed a joint research project to improve the liquid integrity test, ASTM F 1359, currently 
used in the NFPA 1991 standard and other NFPA standards.  While there have been benefits to using this 
method, there is some concern in the industry that utilization of this method may have lead to 
overdesign in current suits. 
 
Mr. Stull reviewed the current ASTM F 1359 methodology, procedures used and shortcomings. He also 
described other Liquid Integrity Test Variations per the attached presentation. Mr. Stull noted the 
scope/goal of the research is to replace visual methods with liquid sensors, provide real time detection 
and revise the exposure parameters to account for field exposures. He described selected sensors will 
be evaluated in a 2-stage process with bench scale tests for determining sensitivity and factors affecting 
performance (separation, dwell time, etc.).  Larger scale tests will also be conducted to assess sensor 
implementation. The sensors will be integrated as “patches” or directly into liquid absorptive garments. 
 
Mr. Stull described potential test method changes being considered and a possible system configuration. 
He noted the study will include the assessment of liquid penetration into ensembles and garments 
under simulated use conditions. Scenarios will include wet firefighting conditions, wet decontamination, 
and significant splash or spray.  The goal will to subsequently compare field performance versus test 
results and validate a test method through an inter-laboratory test program.  Mr. Stull described the 
project timeline and welcomed input from interested parties. 
 
It was noted that the Technical Support Working Group (TSWG) of the Department of the Defense’s 
Combating Terrorism Technical Support Office (CTTSO) has provided funding for the three projects being 



reported on at today’s meeting. The research is providing valuable input to the Test Method Task Group 
in their determinations. 
 
 
9.  Additional issues: 
Changes were made in NFPA 1992 & NFPA 1994 to require initial test data to be provided in the 
technical data package.  Language will need to be submitted by way of Public Input to include in NFPA 
1991. 
 
Language should also be submitted as Public Input to address use of an NFPA 1981 certified respirator 
with NFPA 1991 ensembles. Use of a closed circuit SCBA should be disallowed. 
 
It was also suggested that a comment be submitted to address annual testing of chemical warfare 
agents.  Questions were raised about the necessity of annual testing. 
 
Mr. Zeigler indicated he plans to submit a Formal Interpretation request for NFPA 1994 to address the 
PPDF systemic calculation.  Revisions to the MIST table will also be considered. 
 
Moving Forward 
Dr. Baxter stated that the TC will continue to hold teleconferences on the various test methods in the 
future.  The teleconferences will be announced and are open to everyone.   
 
As a reminder, and for future planning, the comment period for NFPA 1991 will close on January 3, 
2014. 
 
8.  Next Meeting. The next meeting of the Hazmat PC&E TC will be held in the Raleigh, NC area starting 
at 1:00 pm on February 18, 2014 and will conclude on February 21, 2014.   
 
9.  Adjournment.  There being no further business before the TC, the meeting adjourned at 5:00 pm. 
 
Respectfully submitted by: 
Patricia Gleason 
Secretary 
NFPA Haz Mat PC&E TC 
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Proposed Changes to NFPA 1991
Task Group Report

Technical Committee on HazMatTechnical Committee on HazMat 
Protective Clothing and Equipment
Meeting – Syracuse, 22‐23 July 2013

NFPA 1991 Task Group
Jason Allen
Jeff Stull

Overview of Survey

• Designed to assist task group to:
– Determine specific issues with current products

– Set priorities for revision efforts

• Areas of questions:Areas of questions:
– Experience and qualifications of respondents

– Respondent expectations and perceptions

– Ranking of areas needing improvement

– Frequency of exposures to specific hazards

• 398 Respondent as of July 21, 2013

Respondent Qualifications/Experience

370

380

237

Technician level qualified

Operations level qualified

Awareness level qualified

Have ≥ 3 yrs experience

338

258

384

349

0 50 100 150 200 250 300 350 400 450

NFPA 1991 Level A Suits

Wore Level A at incident

Wore Level A in training

Technician level qualified

Do Not Know No Yes

Respondent NFPA 1991 Perceptions

NFPA 1991 requirement set at right 
levels

Expect NFPA 1991 ensembles protect 
against all hazards

Understand NFPA requirements

No Opinion

Strongly Disagree

0% 50% 100%

NFPA ensembles should have 
mandatory flash fire protection

NFPA 1991 ensembles should have 
flame/heat resistance

NFPA 1991 ensembles should be fully 
encapsulating

NFPA 1991 ensembles prevent 
performing critical tasks

Strongly Disagree

Disagree

Not Sure

Agree

Strongly Agree

Respondent Priorities for NFPA 1991

427

450

569

613

630

G l bilit (19/118)

Field of vision (39/132)

Fine hand function (34/178)

Clarity of vision (66/167)

Physical hazard resistance (60/197)

238

245

311

325

380

427

0 100 200 300 400 500 600 700

Overall durability (10/90)

Flame/heat resistance (9/89)

Wearing comfort (17/115)

Speaking communications (15/107)

Liquid penetration (33/110)

General mobility (19/118)

Number of points based on scaled system (5 pts – 1st priority; 1 pt – 5th priority)
Information after priority area (# of first priority responses/# of total responses)

Respondent Hazard Frequency

103
126 114

100

150

200

250

300

27 18

65

0

50

100

Small fire or 
flame

Chemical 
flash fire

Liquefied gas 
leak

Liquid 
exposure

Gas/vapor 
exposure

Physical 
hazards*

Never (0%)
Rarely (<10%)
Occasionally (~25%)
Frequently (~50%)

* Physical hazard 
exposures which affect 
integrity of ensemble
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Criteria and Test Methods Reviewed

• Burst strength
• Cold temperature bending
• Cut resistance
• Puncture resistance (gloves)
• Puncture resistance (soles)
• Puncture propagation tear

• Slip resistance
• Glove hand function
• Flame resistance
• Thermal protective 

performance
• Gas‐tight integrity• Puncture propagation tear 

resistance
• Exhaust valve mounting 

strength
• External fitting pull out strength
• Seam/closure strength
• Impact/compression resistance

Gas tight integrity
• Maximum suit ventilation rate
• Overall ensemble function and 

integrity
• Overall ensemble inward 

leakage
• Flash fire resistance

Visor Burst Strength/PPT Resistance

• Issue:
– Rigid visor materials cannot be 
tested for physical properties 
without breaking apparatus

• Action Items:
– Establish basis for determining 
visor material as rigid

– Identify and validate alternative 
methods for evaluating visor 
physical properties

Visor Burst Strength/PPT Resistance

• Possible Solutions:
– Characterize visor material 
rigidity by selected method 
and establish threshold level

• Bending length (ASTM D1388)

– Apply other industry methods 
to rigid visors

• Falling dart (ASTM D1709)

• Drop ball or high mass impact 
tests  (ANSI Z87.1)

Cold Temperature Bending

• Issues:
– Current method problematic for 
measuring some garment/glove 
materials

– Rigid visor materials cannot be 
tested

• Action Items:
– Establish basis for determining 
visor material as rigid

– Identify and validate alternative 
methods for evaluating garment, 
glove, and visor materials

Cut/Puncture Resistance

• Issues:
– Cut resistance test practice has 
changed from using 25 to 20 mm 
blade travel distance

– No method available for calibrating 
puncture probepuncture probe

• Action Items:
– Collect data and compare product 
performance at both 20 and 25 mm; 
decide if changes for applied load 
are needed 

– Establish standard reference 
material for puncture resistance test

Footwear Test Updates

• Issues:
– References to footwear tests 
outdated, inconsistent with rest of 
project 

• Action Items:
– Remove sole puncture and 
footwear compression/impact 
resistance tests – replace with 
ASTM F2413 compliance

– Incorporate new criteria and test 
methods for sole abrasion 
resistance and slip resistance
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Physical Property Levels

Element Property NFPA 
1991

NFPA 
1992

NFPA
1994 
Class 2

NFPA 
1994 
Class 3

NIJ 
0116.00
LERL 1‐3

NIJ
0116.00 
LERL 4

Garment Burst strength 200 N 135 N 156 N 135 N 350 N 210 N

PPT* 49 N 25 N 32 N 25 N 50 N* 50 N*

Seam strength 2 88† 1 31† 1 31† 1 31† 500 N 350 NSeam strength 2.88† 1.31† 1.31† 1.31† 500 N 350 N

Gloves Cut resistance 200 g** 50 g 150 g 75 g 200 g** 200 g**

Puncture res. 22 N 11 N 15 N 11 N 15 N 15 N

Footwear Cut resistance 400 g** 350 g 550 g 350 g 200 g** 200 g**

Puncture res. 36 N 36 N 36 N 36 N 36 N 36 N

PPT – Puncture propagation tear resistance; NIJ0116.00  uses ASTM D1424 for 
Elmendorf tear resistance;
** NFPA 1991 and NIJ 0116.00 use 25 mm vs 20 mm blade travel distance
† Measurement in kN/m

Exhaust Valve/External Fitting Tests

• Issues:
– Push plate for exhaust valves too 
rigidly specified (mounting strength)

– Lab practice inconsistent with test 
specification for external fitting pull 
out strength test 

• Action Items:
– Adjust language to permit flexibility 
in sizing push plate

– Decide on appropriate approach for 
evaluation of external fittings

Glove Hand Function

• Issues:
– One of principal complaints 
among end users  

• Action Items:
– Examine existing data 

– Consider making requirement 
more strict

– Investigate performing the test 
while test subject is wearing full 
ensemble

Glove Hand Function Data

Glove 
Layers

Small 
#1

Small 
#2

Small 
#3

Small 
Avg.

Large 
#1

Large 
#2

Large 
#3

Large 
Avg.

3 186 181 ‐‐‐ 184 174 177 ‐‐‐ 176

3 224 224 ‐‐‐ 224 178 151 ‐‐‐ 165

2 226 189 ‐‐‐ 208 181 183 ‐‐‐ 182

3 227 171 155 184 138 137 136 137

2 250 181 ‐‐‐ 216 218 145 ‐‐‐ 182

3 168 176 186 177 177 190 167 178

3 358 352 339 350 216 174 159 183

Data obtained on compliant products in initial and annual testing; both 2‐ layer 
and 3‐layer glove systems included; individual replicate and average data

Overall Ensemble Function/Integrity

• Issues:
– Some parts of test have no criteria
– Test could be expanded to better 
address other wearer functions 
(dexterity, visual acuity, field of vision)

A ti It• Action Items:
– Set limit for trim for subject to remove 
and reinsert hand into gloves

– Consider time for overall activity 
– Investigate improvements to visual 
acuity test

– Assess addition of hand function and 
field of vision evaluations

Flame Resistance Test

• Issues:
– Compliance may be affected by test 
practice and interpretations (e.g., 
determination of melting)

– Test method undergoing change
B li it i b t– Baseline criteria may be too severe 

• Action Items:
– Examine historical compliance data
– Establish practice for indicating melting 
– Review changes to related ASTM D6413 
test method

– Revisit existing criteria for baseline tests
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Thermal Protective Performance Test

• Issues:
– Industry switching to ASTM 
F2700 from ISO 17493

– Potential downward shift of 
test results from change

• Action Items:
– Examine historical compliance 
data; determine if differences 
are significant 

– Revise test method to 
reference ASTM F2700

Flash Fire Performance Test

• Issues:
– Difficulty in achieving consistent test 
conditions; test repeatability

– Variation in test practice between 
laboratories

A ti It• Action Items:
– Compare lab test practices (ITS/UL) 
– Investigate test method changes 
(chamber cover, dummy SCBA, igniter, 
visual acuity measurement)

– Measure gas concentrations to 
determine chamber uniformity

– Increase from 1 to 3 replicates 

Gas‐tight Integrity/Suit Ventilation

• Issues:
– Debate on harmonization of criteria 

and test with EN 454
– Current internal pressure maximum 

for ventilation test may result in suit 
over design (additional valves)

• Action Items:
– Invite continued discussion on merit 

of higher pressure test parameters; 
ask for demonstration of safety‐
related issues

– Examine historical development data 
for ventilation test to determine if a 
change in the pressure is warranted

Overall Ensemble Inward Leakage
• Issues:

– Test is complicated and difficult to run
– Corrections are needed to address errors and 

differences in lab practice

• Action Items:
– Provide corrections to test method for flow rate 

tolerance, sampling port configuration, and 
equation

– Consider MIST as alternative test 

Return air

Pump B

Pump A

Sample Bag

Sample Bag

Test Chamber
Sampling Valves

1

2

3

4

Sampling Locations
1 – Middle of back
2 – Sternum 
3 – Forearm or calf
4 – Crotch 
NOTE – All tubing 
enters suit at same 
location to make 
wearer movement 
possible; origin of 
tubes inside suit 
show sampling 
location NOT point of 
suit entry.

Key Current Proposed Changes

Section(s) Change Justification

6.3/7.3 Remove current footwear toe impact/ 
compression resistance and sole puncture 
criteria and test methods; replace with 
ASTM F2413

Rest of project has made 
this change (e.g., NFPA 
1992)

7.5.7/8.20 Change footwear sole abrasion from ASTM  Same as above/ g
D1630 to ISO 4649

7.5.9/8.23 Change footwear sole slip resistance from 
ASTM F489 to ISO 13287

Same as above

8.1.6 Provide additional characteristics for 
footwear flexing apparatus

Same as above

8.6.12 Delete section (liquefied gas permeation) Redundant with 8.6.11

8.18 Replace ISO 17492 with ASTM F2700 Rest of project has made 
this change (e.g., NFPA 
1992)

Key Current Proposed Changes

Section(s) Change Justification

8.10/8.11 Add procedure to determine if visor is rigid; 
apply alternative test for rigid visors (burst 
strength and puncture propagation tear)

Current procedures do not 
accommodate rigid visors

8.4 Set minimum time for hand removal/ 
insertion at 5 minutes in overall function 

No criteria currently 
provided

and integrity test
p

8.26 Make change in test specification to permit 
different sized push plates (exhaust valve 
mounting strength)

Some valves cannot be 
tested with current 
procedures

8.25 Permit tacking ends of closure sample 
(closure strength)

Prevents failure due to 
sample preparation
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Assessment of Microclimates 
Within Protective Ensembles and 

Impacts to Test Methods

1

Presentation to:

Technical Committee on Hazardous Materials 
Protective Clothing and Equipment

July 22-23, 2013

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)
Project Objectives:

2

• Project Objectives:
– 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 as 
necessary

Program Considerations

• Not all possible scenarios could be investigated
– Environmental conditions
– Ensemble types
– Test Participants (user)
– Duration

3

– Challenge compounds

• Final selection of microclimate/s for testing was a sampling of 
essentially infinite possibilities

• Test conditions must be achievable in laboratory testing 
environment

Approach-Determine Microclimate
• Determined microclimate within representative Class 2 and Class 3 

ensembles
• Test participants wearing ensembles walked on treadmill in controlled 

environment
– 50°F/50%RH, 77°F/55%RH and 77°F/80%RH
– Three participants walked for 60 minutes at approximately 2.5 mph for each 

condition/ensemble

4

• Measured and recorded temperature and relative humidity
– 6 internal locations, 3 external locations (immediately on outside of ensemble) 

and 2 locations within the chamber

• Reduced data to determine representative microclimates
• Selected final conditions for permeation testing
• Notes: Final results are very sensitive to specific sensor placement; 

alternative placement within suits could alter results presented here 

Front Rear

Sensor Placement

5

Test Chamber

6
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Microclimate Results-Temperature
• Values shown are estimated mean temperatures of all replicates tested across 
all body regions (results combined for Class 2 and Class 3 ensembles)

• 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)

7

Microclimate Results-Relative 
Humidity

• Values shown are estimated mean relative humidity of all replicates tested 
across all body regions (results combined for Class 2 and Class 3 ensembles)

• 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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Microclimate Class Comparison
• Below data represent mid point time plots for each condition across all body 

areas (each point represents a different body location)

• Full data set for Condition 1/Class 2 not available

• Condition 1: 50°F/50%RH; Condition 2: 77°F/55%RH; Condition 3: 77°F/80%RH

9

Summary of Findings
• Temperature/RH significantly impacted by body region, 

external temperature, humidity and duration
• Differences noted between ensemble types (Class 2 and 

Class 3)
• Mean temperatures within the ensemble can reach as high 

as 96°F

10

– Individual values are higher (>100°F)

• 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 
a gradient

Approach-Permeation Testing

• Modified test methods and fixtures to achieve alternative test 
conditions

• Executed permeation tests using a control material and 
representative 1994 Class 3 material

• Evaluated technical challenges and nuances of testing at 
alternate conditions

11

alternate conditions
• Evaluated variability of testing at alternate conditions 

compared to variability at current condition

Approach-Permeation Testing

• Swatches selected for testing:
– Commercially available Supported Polyvinyl Alcohol (PVA) protective 

gloves
– NFPA 1994 Class 3 garment 

• GD, HD and Morpholine selected as challenge chemicals
Morpholine selected as a relevant skin toxic chemical with known

12

– Morpholine selected as a relevant skin toxic chemical with known 
permeation through PVA control material

• PVA glove and Morpholine combination used as control
– Most likely pairing to observe significant permeation effects across 

environmental conditions (Morpholine is water miscible)

• Sampling from 0-1, 1-2, 2-4 hours; 4 hour cumulative values 
calculated
– Times >1 hr investigated because of potential longer wearing periods 

associated with APR-based ensembles
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Permeation Testing Conditions

Condition # Temperature Relative Humidity Sweat 
Treatment

1 (Baseline) 90ºF 80%
2 90ºF 80% (0% above swatch)
3 72ºF 90% X
4 95ºF 90%

13

• Each material/agent combination was not tested at all 
conditions

• Multiple tests conducted within single conditions

4 95 F 90%
5 105ºF 70% X
6 105ºF 90% X

Permeation Testing-Results 
Summary

Material Agent Treatment

0-4 Hour Geometric Mean of Cumulative Permeation (µg/cm2)

90 °F
80 %RH

90 °F/0 %RH 72 °F
90 %RH

95 °F
90 %RH

105 °F
70 %RH

105 °F
90 %RH90 °F/80 %RH

PVA Glove GD None 21.91 0.52 110.60 240.09 22.53 243.03

PVA Glove HD None 8.91 4.24 13.71 25.56 5.95 10.13

PVA Glove Morpholine None 19.02 8.68 N/A 29.07 N/A N/A

Cl 3 t i l t t d lti l diti
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• Class 3 materials tested across multiple conditions 
throughout program

• 105°F / 70%RH challenged with HD/sweat determined to be 
most extreme condition able to be tested

• Bottom Line: Class 3 materials met the NFPA criteria for HD 
when tested at the 105°F / 70%RH condition:
– <0.07 µg/cm2 without sweat treatment
– 0.14 µg/cm2 with sweat treatment

Permeation Testing Observations

• Alternative test conditions are achievable and nominally 
repeatable

• Condensation within the test fixture and cells is very difficult 
to control/monitor at higher temperatures and RH

• Test methods are sensitive enough to detect changes in 
material performance at alternative conditions

15

material performance at alternative conditions
• The impact of testing full list of Industrial/TIC analytes at 

higher RH is unknown
• The ability of all labs to conduct testing at alternative 

conditions is unknown

Conclusions

• Microclimates exist within the protective ensembles that are 
more extreme (temp/RH) than the current 32º C/80% RH 
NFPA protocol

• Materials readily come in contact with sweat during wear
• Differences in performance at various test conditions can be 

significant

16

significant
– PVA glove material (non-relevant material)

• The impact of testing full list of Industrial/TIC analytes at 
higher RH is unknown

• A currently fielded Class 3 material met NFPA criteria when 
tested at more extreme conditions-no expected immediate 
impact with changes in test conditions

Recommendations
• No changes recommended to the standard
• Testing of fielded items at alternate conditions did not show any 

significant negative impacts on permeation results for CWA
• Added risk is too great compared to an unknown benefit

– Added technical complexity
– Added cost to spin up labs and verify/validate performance

17

– Testing all chemicals not possible at higher RH
– Potential added variance to an already variable test method

• It is impossible to capture all field scenarios in testing; therefore, the focus 
of the standard should remain at this historical baseline and minimizing 
lab bias at that condition rather than introducing more variability at this 
point

Questions?
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