MINUTES OF THE MEETING

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

Colorado Springs, CO
24 - 26 May 2011

24 May, 2011
Agenda Items 1 -- 3; Call to Order, Introduction of Members and Guests, and Committee Procedures

TCC Acting Chairman Dan Rossos called the meeting to order at 0900 and asked everyone to introduce
themselves. David Trebisacci, NFPA Staff Liaison, then read the NFPA committee operating procedures and
passed out the sign-in sheets for TCC members and guests. The following members and guests were present:

Members Present:

Dan Rossos, Portland Oregon FD, Acting Chairman
Bill Haskell, NIOSH-NPPTL, Acting Chairman

Eric Beck, MSA, Secretary

David Trebisacci, NFPA Staff Liaison

Leslie Anderson, U.S. Department of Agriculture
Steven Corrado, Underwriters Laboratories

Nick Curtis, Lion Apparel

Rich Duffy, IAFF

Cristine Fargo, ISEA

Robert Freese, Globe Manufacturing

Pat Gleason, SEI

Kim Henry, PBI Performance Products

Jim Johnson, Lawrence Livermore National Laboratory
Pam Kavalesky, Intertek Testing Services

Karen Lehtonen, Lion Apparel

David Matthews, ISO Liaison

Robin Royster, Underwriters Laboratories

Grace Stull, International Personal Protection

Jeff Stull, International Personal Protection

Don Thompson, NCSU

Bill Van Lent, Veridian Limited, Representing FEMSA
Richard Young, DuPont

Guests Present:

Ron Bove W.L. Gore & Associates
Louis Carpentier  Innotex Inc.

Peggy Curtis Lion Apparel

Shawn Deaton NCSU

Tim Gardner 3M Occ. Health & Env. Safety

Tommy Hosea US Navy NSWC PCD




Michael Laton Honeywell First Responder Products

Michael McKenna SacMetro Fire (ret) / Michael McKenna & Assoc.
Jennifer Schroeder USAF Research Laboratory

Steven Weinstein  Honeywell First Responder Products

James Zeigler J.P. Zeigler LLC

Agenda ltem 4: Approval of the Meeting Minutes

The Minutes of the TCC meeting held in Orlando, Florida, 3 - 4 March 2011, which were previously emailed to TCC
members, were distributed to the TCC. The TCC was asked to review the Minutes for corrections, modifications,
or deletions.

Jeff Stull suggested that the TG Report on CBRN Emergency Clothing, as reflected in the original Orlando Meeting
Minutes Agenda Item 10, be updated with the more complete report, which Jeff provided. The committee accepted

Jeff's suggestion.

Eric Beck noted a typographical error in the TC on RPE report. The original minutes listed a cycle date of “Fall,
2013, the correct date should be “Fall 2012”.

Staff Liaison Trebisacci made both changes to the Orlando Meeting Minutes.
MOTION BY DAVID MATTHEWS , SECOND BY PAT GLEASON
To approve the minutes, as amended, of the 03-04 March TCC meeting in Orlando, Florida.

MOTION CARRIED

Agenda Item 5: Chairman’s Remarks

Acting Chairman Rossos stated that he would chair the meeting for the first day of the TCC meeting as Acting
Chairman Haskell was delayed due to airline travel issues. Dan reviewed the agenda for the meeting.

Staff Liaison Trebisacci reviewed his Staff Liaison Report using a Power Point Presentation.

Agenda item 6: Technical Discussions
6a. All Hazards/CBRN
All Hazards

Rich Duffy proposed that all references to “CBRN” be changed to “All Hazards”. Rich provided a handout with
proposed language (copy attached, marked RD 1). Rich expressed concern that the Authority Having Jurisdiction
often equates CBRN to Terrorism, which can have a negative impact on a municipality’s willingness to seek
funding. Rich pointed out that the term “All Hazards” is becoming more frequently used within the industry as
describing the wide range of hazards that firefighters face in their day to day operations, independent of any
terrorism incident.

The committee discussed this at length. The major concern is that the term “All Hazards” could be perceived as all
encompassing, which could lead to confusion in the field.

MOTION BY RICH DUFFY, SECOND BY JEFF STULL




To accept the proposed “All Hazards” wording for Standards 1951, 1971, 1991 and 1994, with the word
“Protection” deleted, and to replace all references to CBRN with the term “All Hazards”.

The Acting Chairman took a hand vote
Motion Not Carried

CBRN
Jeff Stull had three topics that he wanted to cover regarding CBRN:

1. The respirator interface with the protective ensemble. Jeff provided a handout (copy attached, marked, JS 1)
with proposed wording. An informal hand vote was taken and there was unanimous agreement to accept Jeff's
proposed language. We agreed to adopt this language, when applicable, on a standard by standard basis, as we
addressed each affected standard’s ROC.

2. Proposed changes to the permeation test. Jeff provided a handout (copy attached, marked JS 2), with
proposed wording. An informal hand vote was taken and there was unanimous TCC agreement to accept Jeff's
proposed wording, on a standard by standard basis as we addressed each ROC, but not including the section
marked, “Additional Section for Consideration”. This section is comprised of new language that the entire TC has
not seen. The TCC agreed that each TC would need to consider individual TIAs if they felt this additional language
to be important.

3. Proposed changes to MIST. Jeff provided a handout (copy attached, marked JS 3), with proposed wording.
Jeff reviewed the proposed language and an informal hand vote was taken. There was unanimous agreement to
accept Jeff’'s language, on a standard by standard basis as we addressed each affected standard’s ROC.

6b. NFPA 1971 — Modified Glove Issue

Pat Gleason provided two handouts to the committee (copies attached, marked PG 1 & PG 2). The issue pertains
to glove compliance when gloves are modified to meet the special needs of firefighters who have amputated
fingers. The committee reached consensus by hand vote that a TCC note would be included as part of the NFPA
1971 ROC that the proposed modified glove wording be adopted into the body of the standard. We agreed that
this change should not be held for a future revision of the standard and that action to accommodate these special
firefighter needs should be addressed in the upcoming revision.

6¢c. Whole Glove Testing Research

Mike McKenna reviewed a ppt presentation with the committee that proposed new tests for hand tool dexterity,
torque and a change to the grip test. The emphasis was to propose practical test methods that simulated actual
use conditions.

There was general support and agreement in the concept of the proposed changes but concern was expressed by
some committee members that the proposed tests had not been adequately validated.

The committee agreed to the following language, which will be in the form of a TCC note, pertaining to the ROC for
NFPA 1971 and NFPA 1951:

Recommended TCC Action on Glove Test Issues in NFPA 1971 and NFPA 1951

The TCC acknowledges the value of the new tests for hand tool dexterity, torque, and changes to the grip
test from the use of a halyard to the vertical fiberglass pole. However, the TCC directs the TC to undertake,
at the earliest opportunity, inter-laboratory testing to further validate the test procedures and determine the
variability of the respective tests. In addition, the TCC directs the TC to carry out a properly designed
evaluation that compares the field evaluation of gloves with test data obtained on the same gloves from the




new tests in order to set meaningful performance criteria that will have a measurable impact for improving
the hand function of current gloves used by the fire service.

Agenda Item 7: ROC on NFPA 1951, Protective Ensembles for Technical Rescue Incidents

Chairman Cox presented the TC’s actions on the ROC and the TCC developed 13 notes for the TC. The detail of
each TCC Note can be found in the TCC ROC Travel Files under TCC Field Notes.

The TCC agreed to accept the ROC of the proposed NFPA 1951 Standard, including the output of the
Harmonization TG on the Footwear Abrasion Test method, and the 13 TCC notes, and submit this to a letter ballot
of the TCC to become the official TCC ROC on NFPA 1951.

Chairman Cox also recognized TCC Member Robin Royster for the extra effort that she contributed toward the
completion of this standard revision.

Agenda Item 8: ROC on NFPA 1971, Protective Ensembles for Structural Fire Fighting and Proximity Fire
Fighting

TC members Bill Haskell and Karen Lehtonen presented the TC’s actions on the ROC. The TCC developed 21
notes for the TC. The detail of each TCC Note can be found in the TCC ROC Travel Files under TCC Field Notes.

The TCC assigned two Task Groups (TGs) during the discussion. The first TG, named the Harmonization TG, is
responsible for developing uniform language for the footwear abrasion method that is to be consistent across
multiple standards. The TG will have their recommended language complete within two weeks so that it may be
incorporated into several of the applicable ROC TCC Notes. The TG members are: Jeff Stull — Chairman, Bill
Fithian, Pam Kavalesky, and Robin Royster.

The second TG, named the Component Recognition TG, is responsible for developing uniform language that would
be consistent across multiple standards within the project. The timing of this work is for future revisions of project
standards and is not intended to be incorporated into current ROCs. The TG members are: Dan Rossos —
Chairman, Jason Allen, Steve Corrado, Pat Gleason, Mike McKenna, Jeff Stull, Bill Van Lent, Steve Weinstein and
Harry Winer.

MOTION BY KAREN LEHTONEN , SECOND BY WILLIAM VAN LENT

To uphold the TC’s action of “Hold” and assign a TCC Task Group to investigate the language proposed in
1971-4 for future consideration in Chapter 4 of the standards within this project.

MOTION CARRIED
The TCC agreed to accept the ROC of the proposed NFPA 1971 Standard, including the output of the
Harmonization TG on the Footwear Abrasion Test method, and the 21 TCC notes, and submit this to a letter ballot
of the TCC to become the official TCC ROC on NFPA 1971.
Agenda Item 9: ROC on NFPA 1983, Life Safety Rope and Equipment for Emergency Services
TC Member Karen Lehtonen presented the TC’s actions on the ROC. There were no TCC Notes.
The TCC agreed to accept the ROC of the proposed NFPA 1983 Standard, with zero TCC notes, and submit this
to a letter ballot of the TCC to become the official TCC ROC on NFPA 1983.

Agenda Iltem 10: ROC on NFPA 1991, Vapor-Protective Ensembles for Hazardous Materials Emergencies




The TCC developed 13 Notes for the TC. The detail for each TCC Note can be found in the TCC ROC Travel Files
under TCC Field Notes.

The TCC agreed to accept the ROC of the proposed NFPA 1991 Standard, with 13 TCC notes, and submit this to
a letter ballot of the TCC to become the official TCC ROC on NFPA 1991.

Agenda Item 11: ROC on NFPA 1992, Liquid Splash-Protective Ensembles and Clothing for Hazardous
Materials Emergencies

The TCC developed 3 Notes for the TC. The detail for each TCC Note can be found in the TCC ROC Travel Files
under TCC Field Notes.

The TCC agreed to accept the ROC of the proposed NFPA 1992 Standard, with 3 TCC notes, and submit this to a
letter ballot of the TCC to become the official TCC ROC on NFPA 1992.

Additional Information: The TCC should consider the glove dexterity, torque and the change to the grip test in
future revisions to 1991, 1992 & 1994 for correlation purposes.

Agenda Item 12: ROC on NFPA 1994, Protective Ensembles for First Responders to CBRN Terrorism

The TCC developed 11 Notes for the TC. The detail for each TCC Note can be found in the TCC ROC Travel Files
under TCC Field Notes.

The TCC agreed to accept the ROC of the proposed NFPA 1994 Standard, with 11 TCC notes, and submit this to
a letter ballot of the TCC to become the official TCC ROC on NFPA 1994.

Agenda Item 13: Task Group Reports
Man In Simulant Test (MIST)

See Agenda item 6 for Jeff Stull’'s summary.
Product Registration / Recall

Pat Gleason provided the update. She reported that her TG completed two teleconferences since the Orlando
meeting. The TG analyzed NFPA’s current requirements, and then benchmarked those requirements against the
policies of organizations like the Consumer Products Safety Commission, The Food and Drug Administration and
The National Transportation Safety Board. Personal interviews were conducted with representatives from several
of those organizations. The conclusion was that the current NFPA requirements are quite robust, and
representatives from several of the benchmarked organizations were complimentary regarding the existing NFPA
requirements.

The TG also reviewed the NIOSH requirements for respiratory protective products. Bill Haskell added that NIOSH
has the authority to revoke a manufacturer’s certification if there is a non-compliance discovered and if the
manufacturer does not take adequate recall action. Bill estimated that 99+% of manufacturers work with NIOSH
cooperatively in the case of recall action.

It was also noted that RKB lists recalls on their web-site.

The committee also discussed the issue regarding a manufacturer of a recalled product going out of business. Pat
directed the committee to 4.6.10 of our current standards, which addresses this issue.




The committee also discussed product registration, which is voluntarily done by some manufacturers, typically for
more complex products, such as SCBA. Several manufacturers’ representatives reported that product registration
provides the advantage of end user identification when product are sold through distribution, however, only about
20-25% of end users typically submit their product registration information.

Pat’s TG will continue to meet on this issue and Pat agreed to submit any language modification recommendations
to the TCC by the end of August, 2011.

Systems Approach for All Hazards PPE Ensemble

Dan Rossos reported that this TG completed their first meeting. Dan informed the committee that the initial
direction of the TG is to correlate the performance requirements between the various items of compliant gear, with
an emphasis on greater performance margins for respiratory protection. The initial direction of the TG is not to
develop separate ensemble performance tests.

Dan reported that he will be fine tuning the TG membership roster, and he also intends to develop a process by
which he can solicit the input from various TC individuals who would not be permanent TG members.

Dan asked for input from the TCC regarding this direction and our concurrence was that the TG should precede
with this work.

Agenda Item 14: TC Chairperson’s Reports
TC on EMS

TC Chairman Haskell reported that the next committee meeting will be held on 28-29 June in Quincy, MA. Bill also
reported that the committee has added two user representatives to their roster.

TCon ELS

TC Member Haskell provided the update. Bill reported that no TICs have been certified to the new standard. He
also discussed the round robin testing plan as it relates to the upcoming “short cycled” NFPA 1801 Standard. Bill
also covered the committee’s ongoing work on standardized sound patterns for PASS devices and the
development of standardized RF testing for radio PASS units. The next TC meeting will be held on June 29, in
Newark, NJ.

TC on RPE

Chairman Roosos reported that the TC had not met since the Orlando TCC meeting; however, the committee’s
TGs continue to work and meet on a regular basis. The four TGs include:

1. SCBA Mask Lens Issues; this group is working on SCBA thermal performance and test method issues. Dan is
confident that their recommendation to the full committee will be complete for the 2013 Edition of NFPA 1981.

2. Buddy Breathers; the TG continues its work on developing performance and testing criterion. Collaboration will
continue with NIOSH as action on NIOSH’s part will be required.

3. SCBA Communications; this TG continues their work on performance and test requirements for at least two
levels of communications systems.

4. Reformatting NFPA 1981; the TG has held several meetings in the Washington D.C. area, with good
participation from TSWG, DOD, NIJ, NIOSH and the FBI. The objective of these meetings has been to gather
needs requirements from the various user groups and to also begin discussions on the structure and format of the
new standard.




Dan also reported that there was general consensus among the TC members regarding a recommended EOSTI
change from 25% to 33%. The TC will continue to collaborate with representatives from NIOSH regarding this
desired change.

TC on SCE

Chairman Cox reported that the next TC meeting will be held in Alexandria, VA on 12-13 July. Work will continue
on the NFPA 1855 SCAM and NFPA 1953 documents.

TC on SPF

The next TC meeting is scheduled for July, 2011, in Providence, Rl. The committee will be working on the NFPA
1851 SCAM document.

ISO Liaison Report

David Matthews provided a detailed report regarding the various ISO activities that occurred in Geneva,
Switzerland, 4-13 May, 2011. Dave presented a power point presentation covering the round robin testing that
occurred on multi-layer garments.

A copy of David’'s complete report, marked DM 1, is attached to these meeting notes.

The next ISO SC14 meeting will be held in London in January 2012, and the next 1ISO14 meeting will be held in
Korea in June 2012.

Agenda Item 15: Old Business

There was no old business at this time.

Agenda Item 16: New Business
The next TCC meeting was tentatively planned for 11-13 October. The committee discussed Denver, Portland and
Baltimore as possible sites for the meeting. Staff Liaison Trebisacci informed the committee that the agenda for
this meeting will include 7 ROP and 1 ROC documents.
David also mentioned that a % day telephone conference will likely be the format in the future for the TCC’s
“annual meeting”, when few ROPs and ROCs are typically handled.
Having no further business, the Chairman sought a motion to adjourn.
MOTION BY PAT GLEASON, SECOND BY DAVID MATTHEWS
To Adjourn

MOTION CARRIED

Acting Chairman Haskell adjourned the meeting at the close of business on 26 May 2011.

Respectfully submitted,

Eric J. Beck, Secretary
TCC on FESPCE






mailto:olga.pitt@standards.org.au
http://isotc.iso.org/livelink/livelink/open/tc94sc14v






































































Reported Observations

Average surface after flaming for 6 garments —
7/ sec. to 15 sec.

Range of surface after flaming — 6 sec. to 24
sec.

Localized after flaming in arm pits, crotch area,
hook and loop connector up to 100 sec.

Energy stored in garment took up to 4 minutes to
stop adding to the burn injury. 1SO 13506
suggests that 2 minutes of data acquisition
would be sufficient.
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Reporting of Results from the
ISO 13506 Test Method

Predicted second and third degree burn
INjury areas.

Time to pain and first degree injury
reporting are optional.

Energy absorbed by mannequin shell
during total data acquisition time Is
optional, BUT asked for in this study.

Are energy absorbed and burn injury
correlated?




Absorbed Energies

Lab 120 sec. 240 sec.
4 395 kJ 497 kJ
5 e 549 kJ



Total Absorbed Energy — Total Burn Injury
Correlations

Total Burn Injury - Absorbed Energy at 120 s.
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Total Absorbed Energy — Total Burn
Injury Correlations

Total Burn Injury - Absorbed Energy at 240 s
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The limited data suggests that there Is
NOT a strong correlation between energy
absorbed by the mannequin shell and

burn Injury prediction.

This Is not unexpected as the two
processes have different dependencies
on temperature.



Burn Injury Report

e Total injury i1s sum of areas for which a
calculated burn injury of second degree or
worse Is obtained.

e The area is limited to that under the test
garment only.

 The values on the charts are the
percentage area under the garment
recelving a predicted second degree injury
or worse.



ISO 13506 Results Section 9.5.3
120 s data acquisition
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Ave. total burn for 18 garments = 52.5 %
Std. Deviation varied from 4.0 to 7.7 (7% to 16% of the mean)
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Ave. total burn injury for 18 garments = 56.4 %

Std. Deviation varied from 4.5 to 6.8 (7% to 13% of the mean)




Extending the data acquisition time from
120 sec. to 240 sec. increased the
average % area burn injury under the
garment from 52.5% to 56.4%.

(a 7.4 % increase In predicted burn injury)



Ave. Shrinkage

Left leg = 8.3%

Right leg = 8.5%

Back length of jacket = 7.9%
Standard Deviation ~ 10% of mean



Next Steps

Three laboratories have yet to report test results.

One laboratory has completed the testing but
has not yet submitted any test results.

When all the results are submitted, analysis for
significant differences between laboratories can
be conducted.

A formal report to the SC 14 Project group shall
be submitted.

Preliminary draft by August 31, 2011.

The report may suggest modifications to ISO
13506. These will be considered at the
November meeting of SC 13 in Japan.



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

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

Date: April 11, 2011

Re: Modified gloves

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

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

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

Thank you for your consideration.
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Suggested modified glove text for NFPA 1971:

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

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

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

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

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

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



JS1

Proposed Addition for CBRN Standards for Ensemble-Respirator Interface
NFPA 1994
Link to Comment 1994-7 Log #24

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

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

TCC Statement:

The TCC agrees that the proposed language addresses the issue of determining the
effect of the ensemble on the respirator at the current time. The proposed language
provides the basis for the certification organization to make a decision whether further
action is needed on its part or that of the manufacturer for investigation any compromise
of the respirator certification and end user protection as affected by the integration of
the ensemble. The TCC is implementing this change to all NFPA standards that include
CBRN requirements.



JS2
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PROPOSED CHANGES TO PERMEATION RESISTANCE TEST
CHEMICAL WARFARE AGENTS AND TICS

NFPA 1994

Link to Comment 1994-18 (Log #20)

Replace referenced paragraphs, Section 8.7, and related appendix items with the
following:

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

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

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

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

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

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS
1072-13-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug /
cm-.

6. For permeation testing of the chemical gas ammonia (NH3z, CAS 7664-41-7), the
average cumulative permeation in one hour shall not exceed 6. 0 pg / cm?.

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

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

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

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

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS,
sulfuric acid dimethyl ester, CAS 77-78-1), the average cumulative permeation in one
hour shall not exceed 6. 0 pg / cm?.
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4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8),
the average cumulative permeation in one hour shall not exceed 6. 0 ug / cm?.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS
1072-13-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug /
cm-.

6. For permeation testing of the chemical gas ammonia (NHs, CAS 7664-41-7), the
average cumulative permeation in one hour shall not exceed 6. 0 ug / cm?.

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

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

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

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

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

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

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS
1072-13-1), the average cumulative permeation in one hour shall not exceed 6. 0 pug /
cm-.

6. For permeation testing of the chemical gas ammonia (NH3z, CAS 7664-41-7), the
average cumulative permeation in one hour shall not exceed 6. 0 pg / cm?.

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

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

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

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

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

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



5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS
1072-13-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug /
cm-.

6. For permeation testing of the chemical gas ammonia (NH3z, CAS 7664-41-7), the
average cumulative permeation in one hour shall not exceed 6. 0 pg / cm?.

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

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

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

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

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

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

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS
1072-13-1), the average cumulative permeation in one hour shall not exceed 6. 0 pg /
cm-.

6. For permeation testing of the chemical gas ammonia (NH3z, CAS 7664-41-7), the
average cumulative permeation in one hour shall not exceed 6. 0 ug / cm?.

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

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

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

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

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

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

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS
1072-13-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug /
cm-.



6. For permeation testing of the chemical gas ammonia (NHs, CAS 7664-41-7), the
average cumulative permeation in one hour shall not exceed 6. 0 ug / cm?.

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

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

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

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

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

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

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS
1072-13-1), the average cumulative permeation in one hour shall not exceed 6. 0 ug /
cm-.

6. For permeation testing of the chemical gas ammonia (NH3z, CAS 7664-41-7), the
average cumulative permeation in one hour shall not exceed 6. 0 ug / cm?.

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

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

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

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

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

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

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS
1072-13-1), the average cumulative permeation in one hour shall not exceed 6.0 pg /
cm-.

6. For permeation testing of the chemical gas ammonia (NH3z, CAS 7664-41-7), the
average cumulative permeation in one hour shall not exceed 6.0 pg / cm?.

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



Test Method

8.7 Chemical Permeation Resistance Test

8.7.1 Application

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

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

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

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

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

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

8.7.2 Samples

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

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

8.7.2.3 Samples shall then be cut to the specimen size.

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

8.7.3 Specimens

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

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

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

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

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

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

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

8.7.4 Apparatus



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

8.7.4.2* The test cell shall be a two-chambered cell for contacting the specimen with
the challenge chemical on the specimen’s normal outside surface and for flowing a
collection medium on the specimen’s normal inside surface, consisting of parts shown in
Figure 8.7.4.2(1) and individual part detail shown in Figures 8.7.4.2(2) through
8.7.4.2(6),

***insert Figure 8.7.4.2(1) here***
Figure 8.7.4.2(1) — Diffusion Test Cell Assembly

***insert Figure 8.7.4.2(2) here***
Figure 8.7.4.2(2) — Lower Body (Collection Side)

***insert Figure 8.7.4.2(3) here***
Figure 8.7.4.2(3) — Sample Support Plate

***insert Figure 8.7.4.2(4) here***
Figure 8.7.4.2(4) — Compression Plate

***insert Figure 8.7.4.2(5) here***
Figure 8.7.4.2(5) — Upper Body (Challenge Side)

***insert Figure 8.7.4.2(6) here***
Figure 8.7.4.2(6) — Top Cap

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

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



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

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

8.7.5 Supplies

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

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

8.7.5.2.1* If unknown, the compatibility of the O-ring material with the challenge
chemical shall be verified before use.

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

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

8.7.6 Chemicals

8.7.6.1 The following challenge chemicals shall be tested as liquids:

(1) Liquid chemical warfare agents

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

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

(2) Liquid toxic industrial chemical

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

8.7.6.2 Process for Determining the Mass of Liquid Chemical Challenge Applied

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

8.7.6.2.2* The challenge chemical shall be applied to an inert impermeable surrogate
specimen in the pattern described in 8.7.7.4

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

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

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

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

8.7.6.2.7 Using the mass of the liquid challenge chemical detected in the extraction
procedure and the exposed area of the test specimen defined by the test cell, the
exposure concentration shall be 10 g/m? (+1.0 / - 0.0 g/m?).

8.7.6.2.8 The number of one-microliter liquid droplets shall be adjusted to conform to
the 10 g/m? (+1.0 / - 0.0 g/m?) concentration requirement.



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

(1) Ammonia (NHz, CAS 7664-41-7)

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

(3) Acrolein (allyl aldehyde, CAS 107-02-8)

(4) Acrylonitrile (VCN, cyanoethylene, CAS 107-13-1)

8.7.7 Procedures

8.7.7.1 Preconditioning

8.7.7.1.1 The challenge chemicals, test specimen, test equipment, and test cell
assembly shall be placed in the environmental chamber for a minimum of twenty-four
hours at 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5
percent, prior to testing.

8.7.7.2 Test Cell Assembly

8.7.7.2.1 The test cell shall be assembled in the environmental chamber at 32° C, +/-
1° C (90° F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent.

8.7.7.2.2 O-Ring #1 shall be placed on the lower body (collection side) of the test cell.

8.7.7.2.3 The sample support plate shall be placed on the lower body (collection side)
of the test cell.

8.7.7.2.4 O-ring #2 (outer) and O-ring #3 (inner) shall be placed in the respective
grooves on the sample support plate.

8.7.7.2.5 The specimen shall be removed from the conditioning location in the
environmental chamber and shall be placed on top of the sample support plate.

8.7.7.2.6 With the upper body (challenge side) of the test cell upside down, O-ring #4
shall be placed in the upper body of the test cell on the specimen side and the
compression plate shall be positioned over O-ring #4.

8.7.7.2.7 The upper body (challenge side) of the test cell with O-ring #4 and the
compression plate, shall be inverted, aligned with the lug posts, and joined with the
lower body (collection side) of the test cell.

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

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

8.7.7.2.10 The integrity of the test cell assembly shall be verified using the procedure
in 8.7.7.3.

8.7.7.2.11 Each test cell shall be labeled with the challenge chemical to be used in it.

8.7.7.3 Verification of Test Cell Integrity

8.7.7.3.1 Test cell integrity shall be performed in the environmental chamber at 32° C,
+/- 1° C (90° F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent.

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

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

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



8.7.7.3.5 If the test cell pressure drops below 50 mm (2 inch) of water column within 2
minutes, the test cell shall be reassembled according to the steps in 8.7.7.2

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

8.7.7.4 Determination of Procedure for Applying Liquid Challenge Chemicals

8.72.7.4.1 The liquid chemical challenge concentration shall be 10 g/m?(+1.0 / -0.0
g/m°).

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

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

8.7.7.4.1.4 When testing any liquid chemical, a quality control trial shall be conducted
to verify that the application process delivers 10 g/m? (+1.0 / - 0.0 g/m?) using the
procedures in 8.7.6.2

8.7.7.5 Procedure for Liquid Chemical Challenge

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

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

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

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

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

8.7.7.5.4 With the cell top cap removed, one-microliter droplets shall be placed through
the agent challenge port of the test cell on the specimen’s outer surface within 20
seconds, according to the procedure determined in 8.7.7.4

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

8.7.7.5.5.1 For testing of Class 2 ensemble materials, the filtered air at a temperature
of 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent,
shall be flowed only to the collection side of the test cell a rate of 1.0 LPM, +/- 0.1 LPM.
No air shall be flowed across the challenge side of the test cell.

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



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

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

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

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

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

8.7.7.6 Procedure for Gas or Vapor Challenge Chemicals

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

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

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

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

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

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

8.7.7.6.4.3 For testing of Class 2 ensemble materials, the concentration of the gas or
vapor challenge chemical shall be 350 ppm, + 35/ -0 ppm.

8.7.7.6.4.4 For testing of Class 3 ensemble materials, the concentration of the gas or
vapor challenge chemical shall be 40 ppm, +10 / -0 ppm.

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

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

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

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

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

8.7.7.7 Test conclusion, test cell cleaned, and specimen disposal

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



8.7.7.7.2 Each cell shall be disassembled one at a time.

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

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

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

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

8.7.8 Report

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

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

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

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

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

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

8.7.9 Interpretation. The average cumulative permeation for each challenge chemical
shall be used to determine pass or fail performance.
8.7.10 Specific Requirements for the CBRN Barrier layer of Garments, Hoods, and
Booties.
8.7.10.1 Samples shall be conditioned by flexing as specified in 8.1.3. Samples shall be
200 mm x 280 mm (8 in. x 11 in.). Following flexing, one specimen shall be taken from
the center of each sample subjected to flexing for permeation resistance testing.

8.7.10.2 Samples shall be conditioned by abrading as specified in 8.1.4. Samples
shall be as specified in Figure 8.1.4. Following abrading, one specimen shall be taken
from the center of each sample subjected to abrading for permeation resistance testing.

8.7.10.3 It shall be permitted to precondition one sample to both flexing and abrading
prior to permeation resistance testing.

8.7.11 Specific Requirements for Testing the CBRN Barrier Layer of Visors
8.7.11.1 Samples for conditioning shall be visor materials.

8.7.12 Specific Requirements for Testing the CBRN Barrier Layer of Gloves

8.7.12.1 Samples for conditioning shall be whole gloves.

8.7.12.2 Samples shall be conditioned as specified in 8.1.5.

8.7.13 Specific Requirements for Testing the CBRN Barrier Layer of Footwear

8.7.13.1 This test shall apply to all types of footwear configurations.



8.7.13.2 Where the footwear incorporates a sock or overboot constructed of garment
material, the garment material flex fatigue resistance test as specified in 8.1.3 shall be
permitted to be substituted for this test.

8.7.13.3 Upper samples for conditioning shall be whole footwear items.

8.7.13.4 Upper samples shall first be conditioned by flexing as specified in 8.1.6.

8.7.13.5 Following flexing, new upper samples shall be taken in areas from the
footwear upper where the greatest flexing occurred, usually at the footwear quarter or
vamp, and shall be as specified in Figure 8.1.4.

8.7.13.6 Sole samples for conditioning shall be taken from the footwear or shall be
permitted to be facsimile samples of sole material where the facsimile samples are the
same composition and construction of the sole used in actual footwear.

8.7.13.6.1 Facsimile sole samples shall be of a maximum thickness representative of
the thinnest portion of the sole, exclusive of hardware, midsoles, or inner soles.

8.7.13.6.2 Where facsimile samples are elected, the sole samples shall not be
subjected to the flexing specified in 8.7.10.4.

8.7.13.6.3 Specific Requirements for Testing Thermoplastic Sole Compositions.
Samples shall be compression mold samples with a consistent thickness from the
thermoplastic compound used to manufacture the footwear sole or from the actual sole.

8.7.13.6.4 Specific Requirements for Testing Vulcanized Sole Compositions.
Samples shall be compression mold samples with a consistent thickness from the
nonvulcanized compound used to manufacture the footwear sole.

8.7.13.6.5 Specific Requirements for Testing Thermoset Sole Compositions.
Samples shall be compression mold samples with a consistent thickness from the
thermoset material used to manufacture the footwear sole.

8.7.13.7 The upper samples that were taken per 8.7.13.5, and sole samples shall then
be conditioned by abrading as specified in 8.1.4.

8.7.13.8 Following abrasion, only one test specimen for chemical permeation
resistance testing shall be taken from each sample subjected to abrasion.

8.7.13.9 The chemical permeation test specimen shall be taken from the exact center
of the abraded sample so that the center of the permeation test specimen and the
center of the abraded specimen coincide.

8.7.14 Specific Requirements for Testing the CBRN Barrier Layer's seams of
Garments, Hoods, Booties, Visors, and Gloves
8.7.14.1 Samples for conditioning shall be 600 mm (23 %2 in.) lengths of prepared seam
or cut from ensembles.

8.7.14.2 Seam specimens shall be prepared from seam samples that have a minimum
of 75 mm (3 in.) of material on each side of the seam center.

8.7.14.3 Permeation test specimens shall be cut such that the exact seam center
divides the specimen in half.

8.7.14.4 Seam specimens shall be prepared representing each different type of seam
found in the garment, or shall be taken from each different type of seam found in the
garment, including as a minimum the garment-to-garment material seams and the
garment-to-visor material seams.

8.7.14.5 Seam specimens shall be taken from gloves from the gauntlet portion of the
glove when an external seam is used in the construction of the glove.



Annex:

A.8.7.4.2 The specified test cell meets the test cell requirements for the Liquid
Challenge/Vapor Penetration (L/V) Test Cell specified in TOP 8-2-501 with the following
exceptions:

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

(2) The sample support plate shown in Figure 8.7.4.2 (3) has been modified to permit
the O-rings to be closer to the exposed surface area of the specimen.

(3) The cell top cap shown in Figure 8.7.4.2 (5) has a smooth solid surface facing the
test specimen, i.e. no opening ports for cell integrity testing.

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

A.8.7.4.5 It is essential that the air delivery system provide precise flow to each test
cell and achieve the specified temperature and humidity conditions. This delivery is
controlled by the conditioning of the incoming air to achieve the temperature and
humidity conditions before reaching each test cell and is monitored by separate flow
meters or controllers for each test cell.

A.8.7.4.6 The performance requirement is based on a cumulative measurement;
however discrete measurements can be used to determine this. These discrete
measurements must be able to account for the total amount of the challenge chemical
permeating. This means that the frequency of the discrete sampling must be almost
continuous, at least sampling once per minute, preferably sampling two to four times per
minute, or more.

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

A.8.7.5.2 Viton® O-rings have been found to be compatible with the challenge
chemicals.

A.8.7.5.2.1 One procedure to determine the compatibility of O-ring material with the
challenge chemicals would be to place the O-rings in contact with the challenge
chemical for a period of 4 hours. Remove the O-ring from contact with the challenge
chemical and observe for any physical changes or signs of degradation.

A.8.7.5.3 Aluminum foil with a thickness of 1/32" of an inch has been found to be
acceptable.

A.8.7.6.2.2 Aluminum foil with a thickness of 1/32™ of an inch has been found to be
acceptable.

A.8.7.6.3 It is recommended that the concentrations for the gases be achieved by
ordering prepared gas mixtures at the prescribed concentration.

A.8.7.7.5.9 Aluminum foil with a thickness of 1/32™ of an inch has been found to be
acceptable.

A.8.7.7.6.8 Aluminum foil with a thickness of 1/32™ of an inch has been found to be

acceptable.



TCC Statement: The TCC has harmonized the permeation resistance performance
criteria and test method among each of the standards specifying CBRN requirements.
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Proposed Changes to MIST Test Procedures
NFPA 1994
Link to Comment 1994-17 (Log #26)

Replace Section 8.2 and associated appendix paragraphs with the following:

8.2 Man-In-Simulant Test (MIST).

8.2.1 Application. This test shall apply to Class 2 and Class 3 ensembles.

8.2.2 Samples.

8.2.2.1 Samples for conditioning shall be complete ensembles and shall include the
respirator where the ensemble utilizes the respirator facepiece as the ensemble visor.
8.2.2.2 Samples shall be conditioned as specified in 8.1.2.

8.2.3 Specimens.

8.2.3.1 The specimen shall be a complete ensemble with gloves and footwear and shall
include the respirator where applicable.

8.2.3.2 Where the ensemble utilizes the respirator facepiece as the ensemble visor, as
specified in 6.1.8, the ensemble shall be tested with each type or model of the respirator
specified by the manufacturer.

8.2.3.3 Where the respirator is completely encapsulated by the ensemble, the ensemble
shall be tested with a respirator specified by the manufacturer.

8.2.3.4 A minimum of four specimens shall be tested. The specimens shall represent a
minimum of two different ensemble sizes.

8.2.3.5 Where the ensemble has multiple types of external fittings, each type of external
fitting shall be present on each specimen at the time of testing.

8.2.3.6 Specimens shall be provided to fit or be adjustable to fit the selected test
subjects in accordance with the manufacturer’s sizing provisions that are specific to
each ensemble.

8.2.3.7* None of the ensembles or components of the ensemble to be tested shall have
been previously subjected to MIST testing unless it can be demonstrated that the
ensemble or components are free of contamination.

8.2.3.8 Underclothing and socks shall be permitted to be reused, provided they have
been laundered with a detergent that has been demonstrated not to cause interference
with the analytical method.

8.2.4 Apparatus.

8.2.4.1 Test Facility.

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

8.2.4.1.2 The test shall be conducted in a sealed chamber with a minimum volume of
sufficient dimensions to permit free movement of the test subject(s) when fully dressed
in the ensemble and for the test subject(s) to carry out the physical exercise routine
specified in 8.2.5.8.



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

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

8.2.4.2 Test Chemical and Analytical Equipment.

8.2.4.2.1 The test simulant shall be methyl salicylate (MeS; CgHgO3) CAS #119-36-8,
more commonly known as oil of wintergreen. The MeS minimum purity shall be 95
percent. Vapor doses shall be measured using Passive Adsorbent Dosimeters (PADS).
8.2.4.2.2 The standard concentration of MeS in the vapor chamber shall be 100 mg/m?,
+15 mg/m?, as measured by a real-time infrared analysis of the chamber air or other
validated real-time analytical technique.

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

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

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

8.2.4.3* Passive Adsorbent Dosimeters (PADs). The test shall be conducted using
Passive Adsorbent Dosimeters (PADSs) that affix directly to the skin of the test subjects
with the following characteristics.

(1) The PADs shall be a foil packet, which contains an adsorbent material covered by a
high-density polyethylene film that acts as a pseudo-skin barrier.

(2) The PADs shall have an uptake rate of 3.0 cm/min or greater.

8.2.4.4 Test Subjects.

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

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

8.2.5 Procedure.

8.2.5.1 Test subjects shall have followed pre-trial procedures that include proper
hydration and avoiding personal hygiene products that could contain MS.

8.2.5.2 PADs shall be placed on test subjects at the body region locations shown in
Figure 8.2.5.2.

**Insert Figure 8.2.5.2 here from NFPA 1994-07***
FIGURE 8.2.5.2 Locations of Passive Adsorption Dosimeters (PADs) on Test
Subjects.

8.2.5.2.1 All PADs shall be applied in a clean dressing area, by personnel who have
followed pre-trial procedures to minimize contamination. Test subjects shall also follow
pre-trial procedures to minimize contamination.



8.2.5.2.2 Cheek PADs shall be located entirely within the respirator facepiece, and all
other PADs shall be located entirely outside the seal of the respirator facepiece.

8.2.5.3 Three additional PADs shall be used to conduct background sampling and for
quality control during the trial. These PADs shall be located in the dressing area, the
Stage 1 undress area, and the Stage 2 undress area.

8.2.5.4 The test subject shall don the protective ensemble and respirator in accordance
with the manufacturer’s instructions in an area located away from the test chamber. The
test subject shall wear clothing under the CBRN protective ensemble as specified by the
manufacturer. If no undergarments are specified or required by the manufacturer as part
of the certified ensemble, the test subject shall wear a short-sleeve cotton shirt and
shorts or underwear.

8.2.5.5 After sealing the ensemble, the test subject shall enter the test chamber, and the
test chamber shall be sealed.

8.2.5.6 The test duration will be 30 minutes in the chamber with a 5-minute
decontamination period.

8.2.5.7 The start of the test, in which the test subject enters the MIST chamber, shall be
initiated within 60 minutes after removal of the ensemble from the conditioning
environment.

8.2.5.8 Physical Exercise Routine.

8.2.5.8.1 Once the chamber concentration has been established, the test subject(s)
shall perform the following physical activity protocol. The chamber concentration shall
remain within acceptable limits during the exercise protocol.

(1) Drag 70 kg (154 Ibs) human dummy using both hands a distance of 10 m (33 ft) over
15-second period. Stop and rest for 15 seconds. Repeat exercise twice.

(2) Duck squat, pivot right, pivot left, stand. Rotate orientation 90 degrees to wind
stream between each repetition. Repeat exercise twice in each orientation for a total of
1 minute.

(3) Stand erect. With arms at sides, bend body to left and return, bend body forward and
return, bend body to right and return. Rotate orientation 90 degrees to wind stream
between each repetition. Repeat exercise twice in each orientation for a total of 1
minute.

(4) Stand erect. Extend arms overhead in the lateral direction, then bend elbows.
Extend arms overhead in the frontal direction, then bend elbows. Rotate orientation 90
degrees to wind stream between each repetition. Repeat exercise twice in each
orientation for a total of 1 minute.

(5) Stand erect. Extend arms perpendicular to the sides of torso. Twist torso left and
return, twist torso right and return. Rotate orientation 90 degrees to wind stream
between each repetition. Repeat exercise twice in each orientation for a total of 1
minute.

(6) Stand erect. Reach arms across chest completely to opposite sides. Rotate
orientation 90 degrees to wind stream between each repetition. Repeat exercise twice
in each orientation for a total of 1 minute.

(7) Climb two steps of the ladder and touch the ceiling with one hand (use alternate
hands each time). Climb down, squat, and touch the floor with both hands. Repeat
exercise three times within 1 minute.



(8) Crawl in place for 1 minute. Rotate orientation 90 degrees to wind stream every 15
seconds.

(9) Sit on stool (facing wind) for 1 minute.

(10) Sit on stool (back to wind) for 1 minute.

8.2.5.8.2 Physical activities and rest periods shall be performed in a chamber location
that provides an unobstructed exposure of the protective ensemble to the required wind
stream.

8.2.5.8.3 Each physical activity and rest cycle shall be 10 minutes. The cycle of exercise
and rest shall be completed a total of three times, for a total chamber exposure of 30
minutes. Each exercise cycle shall consist of eight 1-minute activities followed by a 2-
minute rest (sitting) period.

8.2.5.8.4 The test subject shall begin the first repetition of each activity facing the wind
stream and shall rotate 90 degrees between each repetition until the time period for that
exercise has ended.

8.2.5.8.5 For activities 7 (walking in place) and 8 (crawling in place), the test subject
shall rotate 90 degrees on 15-second intervals during the 1-minute period.

8.2.5.8.6 All physical activities shall be a full range of motion and performed at a
moderate speed.

8.2.5.9 Decontamination and Doffing.

8.2.5.9.1 After completion of the 30-minute MIST exposure, the test subjects shall move
to a decontamination area, where they shall remain for at least 5 minutes. This area
shall be well ventilated to assist in off-gassing of the outside of the ensembile.

8.2.5.9.2 In the decontamination area, all exposed ensemble surfaces, including such
items as the respirator, boots, gloves, and helmets, shall be washed with a liquid soap
solution.

8.2.5.9.2.1 If the garment is designed for wet decontamination, it shall be washed with
the liquid soap solution as well.

8.2.5.9.2.2 Alternative decontamination methods, such as an air wash, shall be
permitted if the selected decontamination method can be demonstrated to remove MeS
to levels that do not result in contamination of the test subjects during the doffing of the
protective ensembile.

8.2.5.9.3 The decontaminated test subject shall move to the first stage undressing room
where all remaining items of clothing, except for underclothes, shall be doffed. The
undress process shall not exceed 5 minutes.

8.2.5.9.4 As soon as the garment is unsealed and the PADs on the test subject’s body
are exposed to the ambient atmosphere in the first stage undressing room, 3 fresh
PADs shall be placed near the test subject to detect background MeS concentrations.
8.2.5.9.5 As soon as all items of clothing, except the underwear, are removed, the
decontaminated test subject shall proceed to the second stage undressing room and
the background PADs shall be collected and handled as specified in 8.2.5.9.7. The
exposure time for the first stage undressing room background PADs shall be recorded.
8.2.5.9.6 When the test subject enters the second stage undressing room, 3 additional
PADs shall be placed near the test subject and the exposure PADs shall be removed
from the test subject’s body. Both the second stage undressing room background PADs
and the exposure PADs taken off the test subject’s body shall be handled as specified



in 8.2.5.9.7. The exposure time for the second stage undressing room PADs shall be
recorded.

8.2.5.9.7 Where an adhesive is used on the back of the PADs, each PADS shall be
backed with aluminum foil, placed in individual sealed glass vials with a nonadsorbent
lid liner, and shall remain at room temperature of 25°C, +3 °C (77°F, +5°F) for 30 min,
+5 min, immediately after exposure.

8.2.6 PAD Qualification and Analysis.

8.2.6.1* The uptake rate for each lot of PADs shall be determined in accordance with
8.2.6.2 using a minimum of 7 PADs selected randomly from the lot.

8.2.6.2* Measurement of PAD Uptake Rate.

8.2.6.2.1 PAD uptake rate shall be measured by exposing PADs in a small-scale
chamber under the following conditions:

(1) The concentration of MeS shall be 1 mg/m?, + 0.5 mg/m®.

(2) The temperature shall be 35°C, £ 2°C ( 94°F £ 4°F).

(3) The relative humidity shall be 55 percent, £ 20 percent.

(4) The flow of MeS in the humidified air or nitrogen shall be at a rate of 1 cm/sec, +0.2
cm/sec over the PAD.

(5) The exposure shall be conducted for a period of 30 minutes, +1/-0 minutes.
8.2.6.2.2 The PAD uptake rate shall be calculated in accordance with the procedures
provided in 8.2.6.2.4. The average of all PAD uptake rates shall be calculated and used
in the calculation of MeS dosage on the test subject PADs.

8.2.6.3 After their initial 30 minutes at room temperature, the PADs shall be subjected to
one of the following handling and analysis procedures:

(1) The PADs shall be stored at a cold temperature sufficient to prevent the migration of
MeS from the adhesive until extraction or analysis.

(2) The PADS shall be extracted within 4 hours.

(3) The adsorbent shall be removed and thermally desorbed within 4 hours.

8.2.6.3.1 The determination of a sufficiently low temperature that prevents migration of
the MeS from the adhesive shall be made by exposing 12 pads simultaneously in the
test chamber in a vertical position at concentration of 100 mg/m? of MeS for 30 min, +5
min, -0 min. After this exposure, the PADs shall be covered in foil and each placed in a
sealed container and stored at 25°C, +3 °C (77°F, +5°F) for 30 min, +5 min. Four of
these PADs shall be packed in dry ice for 24 hours, four placed in the proposed cold
storage temperature for 24 hours, and 4 extracted or analyzed within 4 hours. The
average mass absorbed on the four PADs stored at the proposed storage temperature
shall equal with 95% confidence the after four PADs stored for 24 hour in dry ice and
four PADs analyzed immediately after exposure.

8.2.6.3.2 Where liquid extraction of the PADs samples is performed, the liquid extracts
shall be stored at 0°C to 4°C (32°F to 39°F) for up to 14 days following their exposure
before analysis.

8.2.6.4 The actual MeS _vapor exposure concentration and the actual time of exposure
shall be used to determine the uptake rate from the following equation:

u=m/ACt

where:



u = the uptake rate in cm/min

m = the total mass of MeS measured on the PAD in mg
A = the average active area of the PAD in cm?

Ct = the exposure vapor dosage in mg/min/cm?.

8.2.6.5 The range of the analytical technique shall be sufficient to measure the expected
range of MeS dosage on the test subject PADs.

8.2.6.5.1 When liquid extraction is used as the analytical technique, the calibration
curve used for determining the equipment response to MeS shall be established using
at least 4 MeS concentration standards accounting for the proper density of the
extraction solvent .

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

8.2.7 Calculations.

8.2.7.1 The dosage measured by each PADS (Ctinsige,i) Shall be determined using the
average uptake rate determined for the PAD lot used in the evaluation of a specific
ensemble using the following equation:

Ctinside,i = M;/ Uayg A

where:

Ctinsicei = the MeS vapor dosage at the specific PAD in mg/min/cm?
m; = the total mass of MeS measured on the specific PAD in mg
Uavg = the average uptake of the PAD lot in cm/min

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

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

PFi = Ctoutside / Ctinside,i

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

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

8.2.7.2 All results for each PAD location shall be expressed in terms of the local
physiological protective dosage factor (PPDF) value and shall be calculated according
to the following equation:

Local PPDF; = (OSED; / 25) * PF;



8.2.7.2.1* The site-specific onset of symptoms exposure dosages (OSED) for each PAD
shall be based on ECt;g values for mustard blistering/ulceration according to Table
8.2.7.2.1.

***Insert Table 8.2.7.2.1 from NFPA 1994-07 here***
Table 8.2.7.2.1 Site-Specific Onset of Symptoms Exposure Dosage (OSED) by
PAD Location

8.2.7.2.2 The average local PPDF values at each PAD location for all specimens tested
shall be calculated.

8.2.7.3 A systemic PPDF shall also be calculated from the PAD data. The systemic
protection analysis shall use the systemic weighting body region hazard analysis values
from Defence Research Establishment Suffield Report and National Research Council
Report listed in 2.3.7 to calculate the systemic physiological protective dosage factor for
each ensemble test (PPDFsys). The PPDFsys for each specimen is calculated as follows,
where each of the terms is calculated using the information in Table 8.2.7.3:

PPFDSVS =2 (dZi / EDSOi) / 2 (dZi / EDsgi * PFI)

***Insert Table 8.2.7.3 from NFPA 1994-07 here***
Table 8.2.7.3 EDsp; Values by PAD and Body Location

8.2.7.3.1 The average PPDFys for all specimens tested shall be calculated.

8.2.8 Report.

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

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

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

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

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

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

(4) Each individual and the average PAD uptake rate

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

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

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

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

Appendix Sections

A.8.2.3.7 SCBA and some styles of footwear are likely to be acceptable after washing
and 3 weeks in a ventilated space. Some items such as gloves and garments might not
be easily decontaminated.



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

A.8.2.4.2.2 Examples of suitable analytical techniques include gas chromatography with
thermal desorption of the adsorbent in the PAD, and high performance liquid
chromatography with methanol or other solvent extraction of the adsorbent in the PAD.
A.8.2.6.2 PAD uptake rates must be measured at conditions representative of the
exposure PADs placed on the test subject’s body, which are subjected to lower
concentrations and flow rates, and higher temperatures than in the chamber. One
convenient approach for applying a small scale chamber method is to apply the
permeation test cell and general procedures established in Section 8.7. In this
approach, a piece of aluminum folil is used in place of the test specimen and the bottom
and outlet ports of the lower body (collection side) are closed. The PAD to be evaluated
is placed on the bottom side of the cell cap that is screwed into the top of the upper
body. The top inlet port for the upper body (challenge side) is connected with a system
for generating the specified vapor concentration of MeS, which can best be generated
using a calibrated syringe pump, outfitted with a gas-tight microliter syringe, filled with
liquid MeS. The liquid MeS is dispersed into a heating block that is flushed with nitrogen
gas and a mixing flow of nitrogen gas for creating the low concentration MeS vapor. All
gas flows should be applied using calibrated mass flow controllers. A diagram of this set
up is provided in Figure A.8.2.6.2.

***Insert Figure A.8.2.6.2 here***

The generated concentration of MeS is calculated using the following formula:

S = X 108

Cres = 7

Flowpaer + Flow,,;.
Where:
ChMes = concentration MeS in mg/m3
Vv = speed of syringe plunger in pl/h
d = density of MeS in mg/ul
FlowWpiock = nitrogen flow through heating block in ml/min
Flowmix = mixing flow in ml/min

The generated vapor concentration is validated with an appropriate analytical technique.
During start-up of the generation of MeS, the PAD is not be placed in the cell, but a
stopper without sampler is screwed in the opening of the cell. As soon as the
concentration has reached the desired value and has stabilized, the stopper with PAD is
placed in the test cell and the time measurement is started. After specified time
exposure, the mass adsorbed on each PAD is measured according to selected
analytical technique and the uptake rate is calculated in accordance with the formula
specified in 12.6.4.



A.8.2.7.2.1 These values are based on an analysis of the chamber data of Gorrill and
Heinen presented in NATO Document No. 1268015, AEP-52, “Assessment of the Effect
Levels of Classical Chemical Warfare Agents Applied to the Skin to Be Used in the
Design of Protective Equipment,” broken down by body region and are the EC; (10)
values for severe erythema, blistering, and desquamation. They include data for hot,
humid exposures, where volunteers wore clothing covering almost everything but their
hands and neck, and clothing was not necessarily removed immediately after exposure.
Clothing is assumed to provide a PF of 2.

TCC Statement: The TCC has harmonized the MIST evaluation procedures among
each of the standards specifying CBRN requirements.
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