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Please do not vote negatively because of editorial errors.  However, please bring 
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MA 02169. 
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Report on Comments  –  November 2011 NFPA 1994
_______________________________________________________________________________________________
1994-1     Log #17  FAE-HAZ

_______________________________________________________________________________________________
Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment,

1994-3
The TCC instructs the Technical Committee on Hazardous Materials Protective Clothing and

Equipment to consider information provided by the task group for CBRN Test Methods related to the creation of criteria
for determining the effect of the ensemble on the performance of the CBRN respirator by undertaking the following
actions:

a) Determine basis for applying a total inward leakage test to evaluate the ensemble-respirator interface.
b) Investigate approaches for conducing inward leakage test that accommodates both SCBA and APR respirators.
c) Investigate specific use of MIST evaluation test for monitoring inward leakage of MeS into facepiece during an

abbreviated exercise protocol.
This is a direction from the Technical Correlating Committee on Hazardous Materials Protective

Clothing and Equipment in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.

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

_______________________________________________________________________________________________
1994-2     Log #7  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-1
Revise text to read as follows:

...to any ensembles or to any CBRN protective ensemble elements and ensemble elements.
Editorial correction. See 1.1.3 for example.
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_______________________________________________________________________________________________
1994-3     Log #1  FAE-HAZ

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

1994-1
Revise text to read as follows:

Radioactive particulates, including alpha and beta particulates,
that are generated from a source of radioactive material or nuclear event which are intentionally used to inflict lethal or
incapacitating casualties, generally on a civilian population as a result of a terrorist attack. The contaminated particles
emit ionizing radiation.

A.3.3.1.5 The contaminated particles emit ionizing radiation.
The proposed definition conflicts with the Manual of Style as it has multiple sentences. The second

sentence is not part of the definition but is information that can be placed into an annex or somewhere in the body of the
standard.

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

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

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

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

_______________________________________________________________________________________________
1994-4     Log #8  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-1
Add new text to read as follows:

The certified parts of the ensemble that provide protection to the upper and lower torso, arms,
legs, head, hands and feet.

This is the definition from NFPA 1951 and it recognizes that ensemble elements are certified as
distinct from items.

Replace the current definition of ensemble elements with the following:
3.3.28 Ensemble Elements. The compliant products that provide protection to the upper and lower torso, arms, legs,

head, hands, and feet.
The technical committee accepted the comment in principle, and decided to add the project

definition of "ensemble elements" to make the definition here consistent with another project document, NFPA 1951.
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_______________________________________________________________________________________________
1994-5     Log #22  FAE-HAZ

_______________________________________________________________________________________________
William A. Fithian, Safety Equipment Institute (SEI)

1994-1
Revise text to read as follows:

All subcontractors, where different from the manufacturer, shall also be registered to the requirements of ISO
9001, , for manufacturing, unless the provisions specified in 4.5.6.1 and
4.5.6.2 apply.

The manufacturer shall be permitted to include subcontractors in the manufacturer's ISO 9001 registration in
lieu of requiring the subcontractor to have their own ISO registration.

Where the manufacturer applies their ISO registration to subcontractors, this action shall require the inclusion
of the subcontractors' addresses and functions on the manufacturer's ISO 9001 registration certificate, and the
manufacturer shall provide the certification organization with copies of the ISO 9001 registrar's reports showing
acceptable inclusion of these locations for the functions they perform for the manufacturer.

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

Replace the current definition of "manufacturer" in 3.3.44 with the project definition as follows:
Manufacturer. The entity that directs and controls any of the following: compliant product design, compliant

product manufacturing, or compliant product quality assurance; or the entity that assumes the liability for the compliant
product or provides the warranty for the compliant product.

Replace existing text in Section 4.5 with the following:

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

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

The manufacturer shall be registered to ISO 9001,
Registration to the requirements of ISO 9001, shall be

conducted by a registrar that is accredited for personal protective equipment in accordance with ISO 17021,
.

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

The registrar shall affix the accreditation mark on the ISO registration certificate.
Any entity that meets the definition of manufacturer specified in Section 3.3, General Definitions, and therefore

is considered to be the “manufacturer,” but does not manufacture or assemble the compliant product, shall meet the
requirements specified in this Section 4.5.

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

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

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

The technical committee accepted the comment in principle, and agrees that the language
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Report on Comments  –  November 2011 NFPA 1994
should be harmonized with the current boilerplate language on Manufacturers Quality Assurance Program. However,
current language is as shown in the Meeting Action [from NFPA 1952, section 4.5 and the associated Annex items].

_______________________________________________________________________________________________
1994-6     Log #9  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-6a
In 5.1.3.3, 7.2.4.10 and 7.3.4.9. Change reference 6.4.8 to 6.4.10.

Wrong cross-reference.

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

_______________________________________________________________________________________________
1994-7     Log #24  FAE-HAZ

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

1994-13
Add new text to read as follows:

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

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

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

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

_______________________________________________________________________________________________
1994-8     Log #11  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-1
Change requirement from "300 percent" to "250 percent".

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

The technical committee decided to hold this comment because it introduces new material.
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_______________________________________________________________________________________________
1994-9     Log #3  FAE-HAZ

_______________________________________________________________________________________________
William Alexander, Onguard Industries

1994-44
Revise text as follows:

Does the proposed minimum 0.2 static coefficient of friction apply to both wet and dry surfaces?
No substantiation provided.

Revise the following sections:
7.1.4.6 Class 2 footwear soles shall be tested for slip resistance as specified in Section 8.19, Slip Resistance Test, and

shall have a static coefficient of 0.75 0.30 or greater.
7.2.4.7 Class 3 footwear soles shall be tested for slip resistance as specified in Section 8.19, Slip Resistance Test, and

shall have a static coefficient of 0.75 0.30 or greater.
7.3.4.6 Class 4 footwear soles shall be tested for slip resistance as specified in Section 8.19, Slip Resistance Test, and

shall have a static coefficient of 0.75 0.30 or greater.
The technical committee accepted the comment in principle, and revised the text as shown in

the meeting action to change the coefficient.

_______________________________________________________________________________________________
1994-10     Log #15  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-44
Change requirement and test method to be based on DIN EN ISO 1328.

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

See Comment 1994-9 (Log #3).

_______________________________________________________________________________________________
1994-11     Log #12  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-1
Change requirement from "200 percent" to "170 percent".

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

The technical committee decided to hold this comment because it introduces new material.
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_______________________________________________________________________________________________
1994-12     Log #10  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-6a
In 7.2.4.10(c) change 7.2.4.6 to 7.2.4.7.

In 7.3.4.9(c) change 7.3.4.6 to 7.3.4.7.
Wrong cross-reference.

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

_______________________________________________________________________________________________
1994-13     Log #5  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-34
Delete "preparation" from "Sample preparation section".

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

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

_______________________________________________________________________________________________
1994-14     Log #6  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-34
Change "specimens" to "samples".

Samples are the subject of conditioning.

The technical committee notes that the print line references the preprint document.
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_______________________________________________________________________________________________
1994-15     Log #23  FAE-HAZ

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

1994-40
Revise text to read as follows:

Specimens for elevated humidity shall be conditioned at 21°C ± 3°C (70°F ± 5°F) and a relative
humidity of 80 percent ± 5 percent until equilibrium is reached, as specified in ASTM D 1776, Standard Practice for
Conditioning and Testing Textiles, or for at least 24 hours, whichever is shortest.

Samples shall be conditioned as specified in 8.1.2 8.1.8.
(5) The testing shall be carried out in an environment controlled to 21°C ± 3°C (70°F ± 5°F) and a relative

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

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

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

_______________________________________________________________________________________________
1994-16     Log #18  FAE-HAZ

_______________________________________________________________________________________________
Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment,

1994-37

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

See Comment 1994-17 (Log #26).
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_______________________________________________________________________________________________
1994-17     Log #26  FAE-HAZ

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

1994-36, 1994-37
Revise text as follows:

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

Errors have been identified in the MIST evaluation procedures that create problems with the conduct
and reproducibility of the test. A task group assigned by the Technical Correlating Committee has been established to
resolve these issues with efforts including the conduct of experiments to assist with the identification of improvements.
The proposed changes reflect these changes.

Revise Section 8.2 as follows:

The test lab chamber and procedures shall be validated against the Test Operations Procedure (TOP
10-2-022), , September
2001.

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.

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.

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.

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).

The test simulant shall be methyl salicylate (MeS; C8H8O8) 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).

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

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.

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

The test shall be conducted using Passive Adsorbent Dosimeters (PADs) that affix directly to the skin of the
test subjects with the following characteristics. The PADS used in ensemble certification shall be the same type of
dosimeter that was used during the validation of the MIST test lab.

(1) The PADs shall be an adhesive-backed a foil packet measuring 25 mm × 35 mm × 0.02 mm, which contains an
adsorbent material covered by a high-density polyethylene film that acts as a pseudo-skin barrier. The active surface
sampling area of a PAD shall be 3.5 cm2, ±0.6 cm, and its

(2) The PADs shall have an uptake rate of shall be 1.0 cm/min to  4.5 cm/min. The four chamber PADs shall be used
to calibrate the lot of PADs used in the test.

For the test, a minimum of four PADs shall be placed inside the chamber at defined positions for a known
duration.

PADS shall be the item that is placed on skin of human test subject and in different chamber locations.
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Report on Comments  –  November 2011 NFPA 1994
The PADS placed inside the test chamber shall be from the same lot as the dosimeters worn by the test

subject and shall be used to calibrate the PADS lot used in the analysis.
The exposure time for the chamber PADS shall be 15 minutes, +5/-0 minutes, in length.

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.

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

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

Delete existing A.8.2.5.9.4.
To determine if the temperature is low enough to prevent migration of the MeS from the adhesive, 12

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

The sensitivity of the analytical technique shall provide for a detection limit of 3 mg/min/m3 (approximately 30
ng MS per PADS). The analytical technique shall be linear up to at least a dose of 2000 mg/min/m3 with a coefficient of
variation on replicate spiked dosimeter samples of less than 15 percent 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.

PAD uptake rate shall be measured by exposing the PADs to a concentration of MeS ranging from 1 to 10
mg/m3 for a period under conditions of  25°C ± 2°C ( 77°F ± 4°F) and a relative humidity of  55 percent ± 10 percent for
a period of  30 minutes, +5/-0 minutes.

Processing of the PADs samples shall be performed within 24 hours of exposure. Where liquid
extraction of the PADs samples is performed, the liquid extracts shall be permitted to be stored at 4°C (39°F) for up to 7
2 days before analysis.

Each lot of PADs used for testing shall be calibrated to determine its uptake rate. PADs shall be
calibrated by placing at least four PADs from each representative lot within the chamber for 30 minutes, +5/-0 minutes
during the MIST test. The chamber PADs exposure time shall be set such that the PADS dosage does not exceed the
linear range of the analytical technique. The average of the chamber MeS vapor exposure concentration and the actual
time of exposure shall be used to determine the uptake rate from the following equation:

=
=

where:

= the uptake rate in cm/min
= the total mass of MeS measured on the PAD in mg

= the uptake rate in cm3/min
= the average active area of the PAD in cm2

= the chamber exposure vapor dosage in mg/min/cm3.

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.

The arithmetic mean for the calibrated uptake rate shall be used to calculate the dosage measured by each
PADS (Ctinside,i) from the same equation based on the measured mass taken up by the PADS. Finally, the protection
factor at each PADS location inside the ensemble shall be calculated using the following equation: shall be determined
using the average uptake rate determined for the PAD lot used in the evaluation of a specific ensemble using the
following equation:
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where:
Ctinside,i = the MeS vapor dosage at the specific PAD in mg/min/cm3

= the total mass of MeS measured on the specific PAD in mg
= the average uptake of the PAD lot in cm/min

= the average active area of the PA in cm2

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

PFi = /

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

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.

The average PPDFsys for all specimens tested shall be calculated and reported.

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

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

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

The average local PPDFi values at each PAD location and the average PPDFsys value for each
specimen shall be used to determine pass or fail performance.

PADs meeting these requirements that use an adhesive-backed foil packet measuring 25 mm × 35 mm ×
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 cm2, ±0.6 cm.

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

The technical committee accepted the comment in principle, and made modifications to the
comment based on developments from the ASTM  subcommittee since the comment was submitted.
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  7.1.1.1* Class 2 ensembles shall be tested for overall inward leakage as specified in Section 8.2, 
Man-In-Simulant Test (MIST), and shall have an average local physiological protective dosage 
factor (PPDFi) value at each PAD location for the four ensembles tested of no less than 360.0 
and an average systemic physiological protective dosage factor (PPDFsys) value for each the four 
tested ensembles no less than 361.0. 
  7.2.1.1* Class 3 ensembles shall be tested for overall inward leakage as specified in Section 8.2, 
Man-In-Simulant Test (MIST), and shall have an average local physiological protective dosage 
factor (PPDFi) value at each PAD location for the four ensembles tested of no less than 120.0 
and an average systemic physiological protective dosage factor (PPDFsys) value for each the four 
tested ensembles no less than 76.0. 
  8.2.4 Apparatus. 
  8.2.4.1 The test lab chamber and procedures shall be validated against the Test Operations 
Procedure (TOP 10-2-022), Man-In-Simulant Test (MIST) - Chemical Vapor Testing of  
Chemical/Biological Protective Suits, September 2001. 
  8.2.4.1 Test Facility. 
  8.2.4.3 8.6.4.1.1 The test facility shall include areas for dressing, a first stage undressing area 
adjacent and accessible to the chamber, and a second stage undressing area adjacent and 
accessible to the first stage undressing area.  
  8.2.4.4 8.6.4.1.2 The test shall be conducted in a sealed chamber with a minimum volume of 
sufficient dimensions to permit free movement of the test subject(s) when fully dressed in the 
ensemble. 
  8.2.4.5 8.6.4.1.3More than one test subject shall be permitted in the chamber at the same time, 
provided that they can complete all tasks completely in the appropriate time period and that they 
have an unobstructed direct path to the wind stream. 
  8.2.4.6 8.6.4.1.4 The test chamber shall have a temperature of 25°C, ±2°C, relative humidity of 
55 percent, ±10 percent, and a nominal wind speed of 0.9 to 2.2 m/sec (2 to 5 mph). The average 
wind speed shall be 1.6 m/sec, ±0.2 m/sec (3.5 mph, ±0.5 mph). 
  8.2.4.2 Test Chemical and Analytical Equipment. 
  8.2.4.2 8.6.4.2.1 The test simulant shall be methyl salicylate (MeS; C8H8O8) CAS #119-36-8, 
more commonly known as oil of wintergreen. The MeS minimum purity shall be 95 percent. 
Vapor doses shall be measured using Passive Adsorbent Dosimeters (PADs). 
  8.2.4.7 8.6.4.2.2 The standard concentration of MeS in the vapor chamber shall be 100 mg/m3, 
±15 mg/m3, as measured by a real-time infrared analysis of the chamber air or other validated 
real-time analytical technique. 
  8.2.4.8 8.6.4.2.3 Infrared readings shall be taken every 60 seconds to verify compliance with 
the concentration requirement, and an air sample shall be taken at least every 10 minutes for 
validation of infrared readings. 
  8.2.4.9 8.6.4.2.4 Every step shall be taken to avoid generation of liquid aerosol. 
  8.6.4.2.5 The sensitivity of the analytical technique used for the measurement of MeS in the 
PADs shall provide for a detection limit of 3 mg-min/m 3 (approximately 30 ng MS per PAD). In 
order to achieve the required maximum PFi under the standard test conditions in this method (4.5 
cm2 PADS for 30 minutes at 100 ± 15 mg/m3 MeS concentration), the ratio of the analytical 
mass limit of quantification to uptake rate must be less then 7.5 ng-min/cm.  The analytical 
technique shall have an upper end dose limit of quantification of a minimum of 2000 mg.min/m3  
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  8.2.4.3* Passive Adsorbent Dosimeters (PADs). 
  8.2.4.14 The test shall be conducted using Passive Adsorbent Dosimeters (PADs) that affix 
directly to the skin of the test subjects with the following characteristics. The PADS used in 
ensemble certification shall be the same type of dosimeter that was used during the validation of 
the MIST test lab.  
  (1) The PADs shall be an adhesive-backed a foil packet measuring 25 mm × 35 mm × 0.02 mm, 
which contains an adsorbent material covered by a high-density polyethylene film that acts as a 
pseudo-skin barrier. The active surface sampling area of a PAD shall be 3.5 cm2, ±0.6 cm, and its     
  (2) The PADs shall have an uptake rate of shall be 3.5 cm/min, ±1 cm/min. The four chamber 
PADs shall be used to calibrate the lot of PADs used in the test. 
  8.2.4.10 For the test, a minimum of four PADs shall be placed inside the chamber at defined 
positions for a known duration. 
  8.2.4.10.1 PADS shall be the item that is placed on skin of human test subject and in different 
chamber locations. 
  8.2.4.10.2 The PADS placed inside the test chamber shall be from the same lot as the 
dosimeters worn by the test subject and shall be used to calibrate the PADS lot used in the 
analysis. 
  8.2.4.11 The exposure time for the chamber PADS shall be 15 minutes, +5/−0 minutes, in 
length. 
  8.2.4.4 Test Subjects. 
  8.2.4.12 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. 
  8.2.4.13 8.2.4.4.2 Test subjects shall be familiar with the use of chemical protective ensembles 
and with the selected CBRN SCBA.   
  8.2.5.9.4 Where an adhesive is used on the back of the PADs, each PADS shall be backed with 
aluminum foil, placed in individual sealed glass vials with a nonadsorbent lid liner, and stored in 
a refrigerated environment [4°C (38°F)] and shall not be removed from the environment for 
more than 15 minutes before processing. 
  8.2.6 PAD Qualification and Analysis. 
  8.2.6.1* The sensitivity of the analytical technique shall provide for a detection limit of 3 
mg/min/m3 (approximately 30 ng MS per PADS). The analytical technique shall be linear up to 
at least a dose of 2000 mg/min/m3 with a coefficient of variation on replicate spiked dosimeter 
samples of less than 15 percent uptake rate for each lot of PADs shall be determined in 
accordance with 8.2.6.2 using a minimum of 7 PADs selected randomly from the lot. 
  8.2.6.2 PAD uptake rate shall be measured by exposing the PADs to a concentration of MeS 
ranging from 1 to 10 mg/m3 for a period under conditions of 32°C ±3°C (90°F ±5°F) and a 
relative humidity of 80 percent ±5 percent for a period of 15 minutes, +5/-0 minutes.  
  8.2.6.2 8.2.6.3 Processing of the PADs samples shall be performed within 24 hours of exposure. 
Where liquid extraction of the PADs samples is performed, samples shall be permitted to be 
stored at 4°C (39°F) for up to 7 2 days before analysis. 
  8.2.6.3 8.2.6.4 Each lot of PADs used for testing shall be calibrated to determine its uptake rate. 
PADs shall be calibrated by placing at least four PADs from each representative lot within the 
chamber for 30 minutes, +5/−0 minutes during the MIST test. The chamber PADs exposure time 
shall be set such that the PADS dosage does not exceed the linear range of the analytical 
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technique. The average of the chamber MeS vapor exposure concentration and the actual time of 
exposure shall be used to determine the uptake rate from the following equation: 
 
m = uACt 
u = m / ACt 
 
where: 
 
u = the uptake rate in cm3/min 
m = the total mass of MeS measured on the PAD in mg 
u = the uptake rate in cm3/min 
A = the average active area of the PAD in cm2 
Ct = the chamber exposure vapor dosage in mg/min/cm3. 
 
  8.2.6.4 8.2.6.5 For the test results to be considered valid for a given ensemble, no more than one 
PAD from each of the body region locations tested (i.e., no more than one PADS out of the four 
replicates for any particular region) shall be permitted to be lost to analysis over the course of the 
four test subjects. 
  8.2.7.1 The arithmetic mean for the calibrated uptake rate shall be used to calculate the dosage 
measured by each PADS (Ctinside,i) from the same equation based on the measured mass taken up 
by the PADS. Finally, the protection factor at each PADS location i inside the ensemble shall be 
calculated using the following equation: 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  = mi / uavg A 
 
where:  
Ctinside,i  = the MeS vapor dosage at the specific PAD in mg/min/cm3  
mi  = the total mass of MeS measured on the specific PAD in mg 
uavg = the average uptake of the PAD lot in cm3/min 
A = the average active area of the PA in cm2 
 
  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 Ctoutside shall be determined from the measured chamber vapor dosage of the individual 
trial over the entire exposure. The value for Ctoutside shall be the average of the chamber MS 
concentration readings taken during the course of the test subject exposure period. 
  8.2.7.1.2 Where the measured total mass of MeS for a given PAD falls below 0.03 mg, the 
value of 0.03 mg shall be used for that specific PAD. 
  8.2.7.3.1 The average PPDFsys for all specimens tested shall be calculated and reported. 
  8.2.8 Report. 
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  8.2.8.1 The individual specimen and average local PPDFi values for each PAD location shall be 
recorded and reported. 
  8.2.8.2 The PPDFsys 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 PPDFi values at each PAD location and the average 
PPDFsys value for each specimen shall be used to determine pass or fail performance. 
  A.8.2.4.3 PADs meeting these requirements that use an adhesive-backed foil packet measuring 
25 mm × 35 mm × 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 cm2, ±0.6 cm 
are available from M&C Specialties, 90 James Way, Southampton, PA 18966, tel: 215-322-1600 
(“Natick Sampler,” Part Number 037-002101-113). 
  A.8.2.6.2 A convenient approach for measurement of PAD uptake rates under these conditions 
is to use a small scale chamber or permeation test cell and system where the air flow rate is 
controlled at a low rate (100 mL per minute) under the specified temperature and humidity 
conditions. 
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Revise text to read as follows:

***Insert Include 1994_L20_F2011_Include_R***

This revised requirement and test method will, if adopted, harmonize the permeation resistance
performance requirements for CWs and TICs in NFPA 1951, NFPA 1971, NFPA 1991, and NFPA 1994. Currently, they
all try to do the same thing with slightly different words and format. This comment updates the procedures to conform
with current best practices, corrects many editorial mistakes, and aligns the formatting in all 4 documents.

The technical committee notes that the sections below refer to the preprint document.
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 µg / cm2.
2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,

CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 µg / cm2.
3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS

77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.
4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative

permeation in one hour shall not exceed 6. 0 µg / cm2.
5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average

cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.
6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in

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

hour shall not exceed 6. 0 µg / cm2.
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 µg / cm2.
2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,

CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 µg / cm2.
3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS

77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.
4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative

permeation in one hour shall not exceed 6. 0 µg / cm2.
5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average

cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.
6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in

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

hour shall not exceed 6. 0 µg / cm2.
Class 2 glove material and seams shall be tested for permeation resistance as specified in Section 8.7,

Chemical Permeation Resistance Test and shall meet the following performance criteria:
1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled [HD, or bis (2-chloroethyl)
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sulfide, CAS 505-60-2], the average cumulative permeation in one hour shall not exceed 4.0 µg / cm2.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 µg / cm2.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 µg / cm2.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in
one hour shall not exceed 6. 0 µg / cm2.

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

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 µg / cm2.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 µg / cm2.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 µg / cm2.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in
one hour shall not exceed 6. 0 µg / cm2.

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

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 µg / cm2.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 µg / cm2.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester,
CAS 77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 µg / cm2.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in
one hour shall not exceed 6. 0 µg / cm2.

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

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 µg / cm2.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 µg / cm2.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 µg / cm2.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
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cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in
one hour shall not exceed 6. 0 µg / cm2.

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

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 µg / cm2.

2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,
CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 µg / cm2.

3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS
77-78-1), the average cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative
permeation in one hour shall not exceed 6. 0 µg / cm2.

5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average
cumulative permeation in one hour shall not exceed 6. 0 µg / cm2.

6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in
one hour shall not exceed 6. 0 µg / cm2.

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

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 µg / cm2.
2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-Pinacolyl methylphosphonofluoridate,

CAS 96-64-0], the average cumulative permeation in one hour shall not exceed 1.25 µg / cm2.
3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS

77-78-1), the average cumulative permeation in one hour shall not exceed 6.0 µg / cm2.
4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), the average cumulative

permeation in one hour shall not exceed 6.0 µg / cm2.
5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 107-13-1), the average

cumulative permeation in one hour shall not exceed 6.0 µg / cm2.
6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the average cumulative permeation in

one hour shall not exceed 6.0 µg / cm2.
7. For permeation testing of the chemical gas chlorine (Cl2, CAS 7782-50-5), the average cumulative permeation in one

hour shall not exceed 6.0 µg / cm2.

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

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

8.7.1.3 Specific requirements for testing the CBRN barrier layer of visors shall be as specified in 8.7.11
8.7.1.4 Specific requirements for testing the CBRN barrier layer of gloves shall be as specified in 8.7.12
8.7.1.5 Specific requirements for testing the CBRN barrier layer of footwear shall be as specified in 8.7.13
8.7.1.6 Specific requirements for testing the CBRN barrier layer’s seams of garments, hoods, booties, visors, and

gloves shall be as specified in 8.7.14

8.7.2.1 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.

13Printed on  4/4/2011



Report on Comments  –  November 2011 NFPA 1994

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

8.7.3.2 A minimum of three specimens shall be tested against each challenge chemical.
8.7.3.3 Any outer shell or other composite layers normally worn over the specimen shall be permitted to be included on

top of the specimen in the test. Place the outer shell or other composite layers on the test specimen through the cell cap
port after the test cell has been assembled.

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

8.7.3.5 Any separable layers normally worn underneath the specimen shall not be permitted to be included in the test.
8.7.3.6 Specimens with non-uniform surfaces shall be permitted to be treated with an impermeable nonreactive sealant

outside the area of the specimen exposed to the challenge chemical in order to allow sealing of the test cell to a uniform
surface of the specimen.
8.7.3.7 Following any sample preparation, the specimens shall be conditioned at a temperature of 32° C +/- 1° C (90° F,

+/- 2° F) and at a relative humidity of 80 percent, +/- 5 percent, for at least twenty-four hours prior to testing in
accordance with 8.7.7.1.1

8.7.4.1 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.

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

***Insert 1994_L25_Fig 8.7.4.1.4_R_(ROP)  here***
Figure 8.7.4.1.4 Liquid Challenge/Vapor Penetration (L/V) Test Cell. To be renumbered 8.45.4.2 (1).

***Insert 1994_L25_Fig 8.7.4.1.4(2)-1_R_(ROP) here***
Figure 8.7.4.1.4(2)-1 Modifications to Sample Support Plate and Compression Plate. To be renumbered 8.45.4.2 (2).

***Insert 1994_L25_Fig 8.7.4.1.4(2)-2_R_(ROP) here***
Figure 8.7.4.1.4(2)-2 Specific Modifications to Compression Plate. To be renumbered 8.45.4.2 (3).

***Insert 1994_L25_Fig 8.7.4.1.4(2)-3_R_(ROP) here***
Figure 8.7.4.1.4(2)-3 Specific Modifications to Sample Support Plate. To be renumbered 8.45.4.2 (4).
(1) The test cell is configured to separately permit flow across the challenge side and the collection side, and to allow

the challenge side to be exposed for the placement of challenge chemical.
(2) The sample support plate and compression plate indicated in Figure 8.45.4.2 (1) shall be modified as shown in

Figure 8.45.4.2 (2),  Figure 8.45.4.2 (3),  Figure 8.45.4.2 (4), to permit the O-rings to be closer to the exposed surface
area of the specimen.

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

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

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

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

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

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

8.7.5.1 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.

8.7.6.1 The following challenge chemicals shall be tested as liquids:
(1) Liquid chemical warfare agents
(a) Sulfur mustard, distilled [HD, or bis (2- chloroethyl) sulfide, CAS 505-60-2]
(b) Soman [GD, or O-Pinacolyl methylphosphonofluoridate, CAS 96-64-0]
(2) Liquid toxic industrial chemical
(a) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS 77-78-1)
8.7.6.2 Process for Determining the Mass of Liquid Chemical Challenge Applied
8.7.6.2.1 Prior to assembling the test cell and conducting the test, the mass of the applied challenge chemical shall be

determined using the following procedure.
8.7.6.2.2* The challenge chemical shall be applied to an inert impermeable surrogate specimen in the pattern

described in 8.7.7.4
8.7.6.2.3 After application, the inert impermeable surrogate specimen shall be visually inspected to verify that the liquid

chemical challenge was correctly applied.
8.7.6.2.4 The inert impermeable surrogate specimen with the applied liquid chemical challenge shall be placed in a

closed large vial containing a known volume of solvent compatible with the following analysis procedure.
8.7.6.2.5 The large vial with solvent and impermeable surrogate specimen with the applied liquid challenge chemical

shall be agitated for at least 1 hour to ensure complete extraction of the challenge chemical.
8.7.6.2.6 After agitation the solvent vial shall be removed and submitted for analysis of the liquid challenge chemical

using a procedure capable of detecting 1.0 mg of the liquid challenge chemical.
8.7.6.2.7 Using the mass of the liquid challenge chemical detected in the extraction procedure and the exposed area of

the test specimen defined by the test cell, the exposure concentration shall be 10 g/m2 (+1.0 / - 0.0 g/m2).
8.7.6.2.8 The number of one-microliter liquid droplets shall be adjusted to conform to the 10 g/m2 (+1.0 / - 0.0 g/m2)

concentration requirement.
8.7.6.3* The following challenge chemicals shall be tested as gases or vapors in dry air or nitrogen.
(1) Ammonia (NH3, CAS 7664-41-7)
(2) Chlorine (Cl2, CAS 7782-50-5)
(3) Acrolein (allyl aldehyde, CAS 107-02-8)
(4) Acrylonitrile (VCN, cyanoethylene, CAS 107-13-1)

8.7.7.1 Preconditioning
8.7.7.1.1 The challenge chemicals, test specimen, test equipment, and test cell assembly shall be placed in the

environmental chamber for a minimum of twenty-four hours at 32° C, +/- 1° C (90° F, +/- 2° F) and at a relative humidity
of 80 percent, +/- 5 percent, prior to testing.

8.7.7.2 Test Cell Assembly

***Insert 1994_L25_Fig 8.7.5.2.1_R_(ROP) here***
Figure 8.7.5.2.1 Permeation Cell Assembly.

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

8.7.7.2.2 An O-ring shall be placed on the lower body of the test cell.
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8.7.7.2.3 The sample support plate shall be placed on O-ring #1 and O-ring #2 shall be placed in the groove on the

sample support plate.
8.7.7.2.4 The specimen shall be removed from the conditioning location in the environmental chamber and shall be

placed on top of the sample support plate with O-ring #3 placed over the specimen.
8.7.7.2.5 With the upper body of the test cell upside down, O-ring #4 shall be placed in the upper body of the test cell

and the compression plate shall be positioned over O-ring #4.
8.7.7.2.6 The upper body of the test cell with O-ring #4 and the compression plate, shall be inverted, aligned with the

lug posts, and joined with the lower body of the test cell.
8.7.7.2.7 Using the four cell sealing lugs, the cell halves shall be clamped together and 51.8 cm-kg (45 in-lbs) of torque

shall be applied to each lug to ensure a proper cell seal.
8.7.7.2.8 O-ring #5 shall be inserted into the groove around the agent challenge port in the upper body of the test cell

and the cell cap shall be screwed into place.
8.7.7.2.9 The integrity of the test cell assembly shall be verified using the procedure in 8.7.7.3.
8.7.7.2.10 Each test cell shall be labeled with the challenge chemical to be used in it.

8.7.7.3.1 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.

8.7.7.4.1 The liquid chemical challenge concentration shall be 10 g/m2 (+1.0 / -0.0 g/m2).
8.7.7.4.1.2 The number of one-microliter droplets shall be permitted to vary depending on the density of the liquid

chemical challenge. Eight droplets shall be applied evenly spaced around the perimeter. The remaining droplets shall be
placed in the center, if more than one droplet is required in the center, then the droplets shall be spaced 8.1 mm (1/3 in)
apart. For seams, the droplets in the center shall be spaced along the seam juncture.

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

8.7.7.4.1.4 When testing any liquid chemical, a quality control trial shall be conducted to verify that the application
process delivers 10 g/m2 (+1.0 / - 0.0 g/m2) using the procedures in 8.7.6.2

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

8.7.7.5.2 The calibrated analytical detection system shall be assembled and initiated according to its instructions.
8.7.7.5.2.1 If bubblers are used, each bubbler shall be filled with the proper collection solvent using a calibrated pipette

or equivalent device; the collection solvent shall incorporate an internal standard so adjustments can be made for
solvent evaporation/water condensation during sampling.

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

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

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

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

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

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

discrete or cumulative methods for 60 minutes, +1.0 / - 0 minutes.
8.7.7.5.7 The collection media for the challenge chemical shall be analyzed using an appropriate analytical procedure.
8.7.7.5.8 At least one test shall be conducted with a specimen, but without the challenge chemical, as a negative

control.
8.7.7.5.9* At least one test shall be conducted with an inert impermeable surrogate specimen as a negative control.
8.7.7.5.10 The results from tests accompanied by unsuccessful negative controls shall not be used and the test shall

be repeated.

8.7.7.6.1 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.

8.7.7.7.1 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.

8.7.8.1 The cumulative permeation in one hour shall be calculated, recorded, and reported in µg/cm2 for each
specimen for each challenge chemical.

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

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

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

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

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

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

Samples shall be conditioned by flexing as specified in 8.1.3. Samples shall be 200 mm × 280 mm (8 in. × 11
in.). Following flexing, one specimen shall be taken from the center of each sample subjected to flexing for permeation
resistance testing.

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.

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

8.7.11.1 Samples for conditioning shall be visor materials.

Samples for conditioning shall be whole gloves.
Samples shall be conditioned as specified in 8.1.5.

This test shall apply to all types of footwear configurations.
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.
Upper samples for conditioning shall be whole footwear items.
Upper samples shall first be conditioned by flexing as specified in 8.1.6.
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.
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.

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

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

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.

Samples shall be compression mold
samples with a consistent thickness from the nonvulcanized compound used to manufacture the footwear sole.

Samples shall be compression mold
samples with a consistent thickness from the thermoset material used to manufacture the footwear sole.

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.

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

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.

Samples for conditioning shall be 600 mm (23 ½ in.) lengths of prepared seam or cut from ensembles.
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.
Permeation test specimens shall be cut such that the exact seam center divides the specimen in half.
Seam specimens shall be prepared representing each different type of seam found in the garment, or shall

be taken from each different type of seam found in the garment, including as a minimum the garment-to-garment
material seams and the garment-to-visor material seams.
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Seam specimens shall be taken from gloves from the gauntlet portion of the glove when an external seam is

used in the construction of the glove.
Annex:
A.8.7.4.5 It is essential that the air delivery system provide precise flow to each test cell and achieve the specified

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

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

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

A.8.7.5.2 Viton® O-rings have been found to be compatible with the challenge chemicals.
A.8.7.5.2.1 One procedure to determine the compatibility of O-ring material with the challenge chemicals would be to

place the O-rings in contact with the challenge chemical for a period of 4 hours. Remove the O-ring from contact with
the challenge chemical and observe for any physical changes or signs of degradation.

A.8.7.5.3 Aluminum foil with a thickness of 1/32nd of an inch has been found to be acceptable.
A.8.7.6.2.2 Aluminum foil with a thickness of 1/32nd 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 1/32nd of an inch has been found to be acceptable.
A.8.7.7.6.8 Aluminum foil with a thickness of 1/32nd of an inch has been found to be acceptable.

The technical committee accepted the comment in principle, and revised the text as shown in
the meeting action to address the comment.

_______________________________________________________________________________________________
1994-19     Log #25  FAE-HAZ

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

1994-39
New text to read as follows:

***Insert 1994_L25_Include_F2011_R***
The procedures used in NFPA 1991 for measuring the permeation resistance of chemical warfare

agents do not reflect the actual industry practice for certification of chemical protective ensembles. The proposed test
procedures provide the appropriate details for conducting permeation testing with chemical warfare agents and are
document in Technical Support Working Group Contract No. W91CRB-07-C-0006 Project Final Report,

dated 31 March 2010 on pages 82 to 88. A copy of the Technical
Support Working Group Contract No. W91CRB-07-C-0006 Project Final Report,

dated 31 March 2010 will be separately forwarded to NFPA to be provided upon request.

See Comment 1994-18 (Log #20).
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  In NFPA 1971, replace para 7.20.1.3 with the following: 
  · In NFPA 1994 Replace para 7.1.2.1, 7.1.2.8.1, 7.1.3.2, 7.1.4.2 and create new para 
7.1.1.6 with the following: 
  · In NFPA 1994, replace para , 7.2.2.1, 7.2.2.9.1, 7.2.3.2 & 7.2.4.2 and create new para 
7.2.1.6 with the following: 
  · In NFPA 1951, replace para 7.3.1.3 with the following: 
  · In NFPA 1991, replace Para 7.2.2, 7.2.3, 7.2.4, 7.2.10, 7.2.11, 7.2.12, 7.3.2, 7.3.3, 
7.3.4, 7.3.7, 7.3.8, 7.3.9, 7.4.2, 7.4.3, 7.4.4, 7.5.2, 7.5.3, 7.5.4 with the following new 
para 7.1.10: 
  The following numbering is correct for NFPA 1951 document only 
  7.3.1.3 Each ensemble element’s CBRN barrier layer and the CBRN barrier layer’s 
seams shall be tested for permeation resistance as specified in Section 8.45 and shall meet 
the following performance criteria: 
  1. For permeation testing of the liquid chemical warfare agent sulfur mustard, distilled 
[HD, or bis (2- chloroethyl) sulfide, CAS 505-60-2], the average cumulative permeation 
in one hour shall not exceed 4.0 µg /cm2. 
  2. For permeation testing of the liquid chemical warfare agent Soman [GD, or O-
Pinacolyl methylphosphonofluoridate, CAS 96-64-0], the average cumulative permeation 
in one hour shall not exceed 1.25 µg /cm2. 
  3. For permeation testing of the liquid toxic industrial chemical dimethyl sulfate (DMS, 
sulfuric acid dimethyl ester, CAS 77-78-1), the average cumulative permeation in one 
hour shall not exceed 6. 0 µg /cm2. 
  4. For permeation testing of the chemical gas acrolein (allyl aldehyde, CAS 107-02-8), 
the average cumulative permeation in one hour shall not exceed 6. 0 µg /cm2. 
  5. For permeation testing of the chemical gas acrylonitrile (VCN, cyanoethylene, CAS 
107-13-1), the average cumulative permeation in one hour shall not exceed 6. 0 µg /cm2. 
  6. For permeation testing of the chemical gas ammonia (NH3, CAS 7664-41-7), the 
average cumulative permeation in one hour shall not exceed 6. 0 µg /cm2. 
  7. For permeation testing of the chemical gas chlorine (Cl2, CAS 7782-50-5), the 
average cumulative permeation in one hour shall not exceed 6. 0 µg /cm2. 
  In the NFPA 1971 Standard, replace Section 8.67 with the following: 
  In the NFPA 1994 Standard, replace Section 8.7 with the following: 
  In the NFPA 1951 Standard, replace Section 8.45 with the following: 
  In the NFPA 1991 Standard, replace Section 8.6.4.2 with the following new method: 
  The following numbering is correct for NFPA 1951 document only} 
  8.45 Chemical Permeation Resistance Test 
  8.45.1 Application 
  8.45.1.1 This method shall apply to the CBRN barrier layer and the CBRN barrier 
layer’s seams used in ensembles and ensemble elements for CBRN terrorism agent 
protection.  
  8.45.1.2 Specific requirements for testing the CBRN barrier layer of garments, hoods, 
and booties shall be as specified in 8.45.10 
  8.45.1.3 Specific requirements for testing the CBRN barrier layer of visors shall be as 
specified in 8.45.11 
  8.45.1.4 Specific requirements for testing the CBRN barrier layer of gloves shall be as 
specified in 8.45.12 
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  8.45.1.5 Specific requirements for testing the CBRN barrier layer of footwear shall be as 
specified in 8.45.13 
  8.45.1.6 Specific requirements for testing the CBRN barrier layer’s seams of garments, 
hoods, booties, visors, and gloves shall be as specified in 8.45.14 
  8.45.2 Samples 
  8.45.2.1 Samples for conditioning shall be as specified according to the specific 
requirements in 8.45.10, 8.45.11, 8.45.12, 8.45.13, and 8.45.14 as appropriate. 
  8.45.2.2 Samples shall be conditioned as specified according to the specific 
requirements in 8.45.10, 8.45.11, 8.45.12, 8.45.13, and 8.45.14 as appropriate. 
  8.45.2.3 Samples shall then be cut to the specimen size. 
  8.45.2.4 All layers of the samples during conditioning shall be present and configured in 
the order and orientation as worn. 
  8.45.3 Specimens 
  8.45.3.1 Specimens shall be the CBRN barrier layer or the CBRN barrier layer’s seam 
of the size required to fit the permeation test cell.  
  8.45.3.2 A minimum of three specimens shall be tested against each challenge chemical. 
  8.45.3.3 Any outer shell or other composite layers normally worn over the specimen 
shall be permitted to be included on top of the specimen in the test. Place the outer shell 
or other composite layers on the test specimen through the cell cap port after the test cell 
has been assembled. 
  8.45.3.4 If the specimen is the outer most layer of the composite then it shall be tested 
without any additional layers on top. 
  8.45.3.5 Any separable layers normally worn underneath the specimen shall not be 
permitted to be included in the test. 
  8.45.3.6 Specimens with non-uniform surfaces shall be permitted to be treated with an 
impermeable nonreactive sealant outside the area of the specimen exposed to the 
challenge chemical in order to allow sealing of the test cell to a uniform surface of the 
specimen. 
 8.45.3.7 Following any sample preparation, the specimens shall be conditioned at a 
temperature of 32°C +/-1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 
percent, for at least twenty-four hours prior to testing in accordance with paragraph 
8.45.7.1.1 
  8.45.4 Apparatus 
  8.45.4.1 A thickness gauge suitable for measuring thicknesses to the nearest 0.02 mm 
(or the nearest 0.001 in.), as specified in ASTM D1777, shall be used to determine the 
thickness of each test specimen. 
  8.45.4.2 An analytical balance readable and reproducible to +/- 0.5 mg, as specified in 
ASTM D3776 shall be used to determine the weight per unit area of each test specimen. 
  8.45.4.3 A controlled environmental chamber shall be used to maintain the test cell, air 
flow control system, and reagent chemicals within +/- 1.0°C (+/- 2.0°F) of the test 
temperature and +/- 5 percent of the test relative humidity. The controlled environment 
chamber shall be sized so that it can be used for conditioning test materials, test cells 
when not in use, challenge chemicals, and other test apparatus prior to testing, as well as 
holding the test cells horizontally during use while connected to the air delivery system 
with manifold and to the effluent sampling mechanism. 
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  8.45.4.4 The test cell shall be a two-chambered aluminum alloy cell for contacting the 
specimen with the challenge chemical on the specimen’s normal outside surface and for 
flowing a collection medium on the specimen’s normal inside surface, conforming to 
diffusion test cell part # TOP 8-2-501 from Aero-Space Tooling & Machining, 2190 
West 1700 South, Salt Lake City, UT 84104, with the following modifications: 
  (a) The cell cap shall have a smooth solid surface facing the test specimen, i.e. no 
opening ports for cell integrity testing. 
  (b) Ports for testing the integrity of the assembled test cell shall be mounted on the inlet 
fittings on both the upper body and lower body of the test cell. 
  8.45.4.5* An air delivery system and manifold shall be used to provide oil-free, 
conditioned air to the test cell/fixtures at a rate of 2 standard liters per minute (SLPM) per 
test cell/fixture with a temperature precision of +/- 0.2°C and a relative humidity 
precision of +/- 5 percent. The manifold is designed to deliver 0.3 L/min for the challenge 
side of the test cell and 1 L/min for the collection side of the test cell and maintain at the 
test temperature. All parts of the air delivery system and manifold must be chemically 
inert and non-absorptive to the challenge chemical. 
  8.45.4.6* An analytical system shall be used to evaluate the amount of challenge 
chemical in the effluent air streams from the collection side of the test cell and shall be 
selected to provide the ability to measure the challenge chemical at 0.1 µg/cm2 over the 
test exposure period. The analytical system shall be permitted to include a bubbler tube, 
solid sorbent, or real time chemical analyzer. Effluent sampling shall be permitted to be 
taken discretely or cumulatively; however the selected analytical system shall be able to 
determine all of the challenge chemical permeating through the specimen in 60 minutes. 
  8.45.4.7 A vacuum pump capable of creating vacuum of at least 5 inches water column 
shall be used for testing the integrity of the assembled test cell. 
  8.45.4.8 A manometer or pressure gage capable of measuring pressures or vacuums to 
10 inches water column, with an accuracy of 5 percent of scale, shall be used for testing 
the integrity of the assembled test cell. 
  8.45.5 Supplies 
  8.45.5.1 Syringe needles, capable of delivering one-microliter droplets, +/- 1%, of the 
challenge chemical, shall be used for dispensing liquid challenge chemical onto the 
surface of the specimen in the test cell. 
  8.45.5.2* Replacement O-rings shall be available for use in the permeation test cell. 
  8.45.5.2.1* If unknown, the compatibility of the O-ring material with the challenge 
chemical shall be verified before use. 
  8.45.5.2.2 If an O-ring shows any signs of chemical degradation in the form of 
softening, hardening, swelling, deterioration, or loss of shape, or function, an O-ring of 
different material shall be used that does not show chemical degradation. 
  8.45.5.3* An inert impermeable surrogate material shall be used as a negative control 
during validation tests. 
  8.45.6 Chemicals 
  8.45.6.1 The following challenge chemicals shall be tested as liquids: 
  (1) Liquid chemical warfare agents 
  (a) Sulfur mustard, distilled [HD, or bis (2- chloroethyl) sulfide, CAS 505-60-2] 
  (b) Soman [GD, or O-Pinacolyl methylphosphonofluoridate, CAS 96-64-0] 
  (2) Liquid toxic industrial chemical 
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  (a) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester, CAS 77-78-1) 
  8.45.6.2 Process for Determining the Mass of Liquid Chemical Challenge Applied 
  8.45.6.2.1 Prior to assembling the test cell and conducting the test, the mass of the 
applied challenge chemical shall be determined using the following procedure. 
  8.45.6.2.2* The challenge chemical shall be applied to an inert impermeable surrogate 
specimen in the pattern described in 8.45.7.4 
  8.45.6.2.3 After application, the inert impermeable surrogate specimen shall be visually 
inspected to verify that the liquid chemical challenge was correctly applied. 
  8.45.6.2.4 The inert impermeable surrogate specimen with the applied liquid chemical 
challenge shall be placed in a closed large vial containing a known volume of solvent 
compatible with the following analysis procedure. 
  8.45.6.2.5 The large vial with solvent and impermeable surrogate specimen with the 
applied liquid challenge chemical shall be agitated for at least 1 hour to ensure complete 
extraction of the challenge chemical.  
  8.45.6.2.6 After agitation the solvent vial shall be removed and submitted for analysis of 
the liquid challenge chemical using a procedure capable of detecting 1.0 µg of the liquid 
challenge chemical. 
  8.45.6.2.7 Using the mass of the liquid challenge chemical detected in the extraction 
procedure and the exposed area of the test specimen defined by the test cell, the exposure 
concentration shall be 10 g/m2 (+1.0 / - 0.0 g/m2).  
  8.45.6.2.8 The number of one-microliter liquid droplets shall be adjusted to conform to 
the 10 g/m2 (+1.0 / - 0.0 g/m2) concentration requirement. 
  8.45.6.3* The following challenge chemicals shall be tested as gases or vapors in dry air 
or nitrogen. 
  (1) Ammonia (NH3, CAS 7664-41-7) 
  (2) Chlorine (Cl2, CAS 7782-50-5) 
  (3) Acrolein (allyl aldehyde, CAS 107-02-8) 
  (4) Acrylonitrile (VCN, cyanoethylene, CAS 107-13-1) 
  8.45.7 Procedures 
  8.45.7.1 Preconditioning 
  8.45.7.1.1 The challenge chemicals, test specimen, test equipment, and test cell 
assembly shall be placed in the environmental chamber for a minimum of twenty-four 
hours at 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 
percent, prior to testing. 
  8.45.7.2 Test Cell Assembly 
  INSERT FIGURE: Use figure 8.7.5.2.1 Permeation Cell Assembly from Risk-Based 
Protective Clothing Material Permeation Criteria: Final Report prepared by International 
Personnel Protection, Inc. dated February 19, 2010. 
  8.45.7.2.1 The test cell shall be assembled in the environmental chamber at 32°C, +/- 
1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent. 
  8.45.7.2.2 An O-ring shall be placed on the lower body of the test cell. 
  8.45.7.2.3 The sample support plate shall be placed on O-ring #1 and O-ring #2 shall be 
placed in the groove on the sample support plate. 
  8.45.7.2.4 The specimen shall be removed from the conditioning location in the 
environmental chamber and shall be placed on top of the sample support plate with O-
ring #3 placed over the specimen. 
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  8.45.7.2.5 With the upper body of the test cell upside down, O-ring #4 shall be placed in 
the upper body of the test cell and the compression plate shall be positioned over O-ring 
#4. 
  8.45.7.2.6 The upper body of the test cell with O-ring #4 and the compression plate, 
shall be inverted, aligned with the lug posts, and joined with the lower body of the test 
cell.  
  8.45.7.2.7 Using the four cell sealing lugs, the cell halves shall be clamped together and 
51.8 cm-kg (45 in-lbs) of torque shall be applied to each lug to ensure a proper cell seal. 
  8.45.7.2.8 O-ring #5 shall be inserted into the groove around the agent challenge port in 
the upper body of the test cell and the cell cap shall be screwed into place. 
  8.45.7.2.9 The integrity of the test cell assembly shall be verified using the procedure in  
  8.45.7.3. 
  8.45.7.2.10 Each test cell shall be labeled with the challenge chemical to be used in it. 
  8.45.7.3 Verification of Test Cell Integrity 
  8.45.7.3.1 Test cell integrity shall be performed in the environmental chamber at 32°C, 
+/- 1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent. 
  8.45.7.3.2 Valves on the outlet ports of the upper and lower body of the test cell shall be 
closed. 
  8.45.7.3.3 Both the upper and lower body inlet ports of the test cell shall be connected to 
a manometer. 
  8.45.7.3.4 Both inlet ports shall be connected to a vacuum and the test cell upper body 
and test cell lower body shall be depressurized to 75 mm (3 inch) water column pressure. 
  8.45.7.3.5 If the test cell pressure drops below 50 mm (2 inch) of water column within 2 
minutes, the test cell shall be reassembled according to the steps in 8.45.7.2 
  8.45.7.3.6 Only test cells that have passed this integrity test shall be used for testing. 
  8.45.7.4 Determination of Procedure for Applying Liquid Challenge Chemicals 
  8.45.7.4.1 The liquid chemical challenge concentration shall be 10 g/m2 (+1.0 / -0.0 
g/m2). 
  8.45.7.4.1.2 The number of one-microliter droplets shall be permitted to vary depending 
on the density of the liquid chemical challenge. Eight droplets shall be applied evenly 
spaced around the perimeter. The remaining droplets shall be placed in the center, if more 
than one droplet is required in the center, then the droplets shall be spaced 8.1 mm (1/3 in) 
apart. For seams, the droplets in the center shall be spaced along the seam juncture. 
  8.45.7.4.1.3 A mechanical or automated device shall be permitted for uniformly 
dispensing the droplets onto the surface of the specimen. 
  8.45.7.4.1.4 Prior to testing any liquid chemical, a quality control trial shall be 
conducted to verify that the application process delivers 10 g/m2 (+1.0 / - 0.0 g/m2) using 
the procedures in 8.45.6.2 
  8.45.7.5 Procedure for Liquid Chemical Challenge 
  8.45.7.5.1 The test cell shall be mounted horizontally and connected to the air delivery 
system in the environmental chamber at 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative 
humidity of 80 percent, +/- 5 percent. All connections shall be secured. 
  8.45.7.5.2 The calibrated analytical detection system shall be assembled and initiated 
according to its instructions. 
  8.45.7.5.2.1 If bubblers are used, each bubbler shall be filled with the proper collection 
solvent using a calibrated pipette or equivalent device; the collection solvent shall 
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incorporate an internal standard so adjustments can be made for solvent 
evaporation/water condensation during sampling. 
  8.45.7.5.2.2 If solid sorbent tubes are to be used, each sorbent tube shall be cleaned by 
heating and purging; the absence of any residual chemical shall be verified by the 
appropriate analysis technique.  
  8.45.7.5.3 The air delivery shall be flowing filtered air at a temperature of 32°C, +/- 1°C 
(90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent, to the collection 
side of the test cell at least 15 minutes prior to the application of the challenge chemical. 
  8.45.7.5.4 With the cell cap removed, one-microliter droplets shall be placed through 
the agent challenge port of the test cell on the specimen’s outer surface within 20 
seconds, according to the procedure determined in 8.45.7.4 
  8.45.7.5.5 After placing the liquid challenge chemical on the specimen in the test cell, 
the cell cap shall be sealed within 5 seconds. 
  8.45.7.5.5.1 For testing of Class 2 ensemble materials, (this paragraph should be used 
in NFPA 1971 and 1994 and 1991) the filtered air at a temperature of 32°C, +/- 1°C 
(90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 5 percent, shall be flowed 
only to the collection side of the test cell a rate of 1.0 LPM, +/- 0.1 LPM. No air shall be 
flowed across the challenge side of the test cell. 
  8.45.7.5.5.2 For testing of Class 3 ensemble materials, (this paragraph should be used 
in NFPA 1951 and 1994) the filtered air at a temperature of 32°C, +/- 1°C (90°F, +/- 
2°F) and at a relative humidity of 80 percent, +/- 5 percent, shall be flowed to the 
challenge side of the test cell at a rate of 0.3 LPM, +/- 0.03 LPM, and to the collection 
sides of the test cell at a rate of 1.0 LPM, +/- 0.1 LPM. 
  8.45.7.5.6 The challenge chemical in the effluent air stream shall be collected, 
measured, and analyzed using either discrete or cumulative methods for 60 minutes, +1.0 
/ - 0 minutes. 
  8.45.7.5.7 The collection media for the challenge chemical shall be analyzed using an 
appropriate analytical procedure.  
  8.45.7.5.8 At least one test shall be conducted with a specimen, but without the 
challenge chemical, as a negative control. 
  8.45.7.5.9* At least one test shall be conducted with an inert impermeable surrogate 
specimen as a negative control. 
  8.45.7.5.10 The results from tests accompanied by unsuccessful negative controls shall 
not be used and the test shall be repeated. 
  8.45.7.6 Procedure for Gas or Vapor Challenge Chemicals 
  8.45.7.6.1 The test cell shall be mounted horizontally and connected to the air delivery 
system in the environmental chamber at 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative 
humidity of 80 percent, +/- 5 percent. All connections shall be secured. 
  8.45.7.6.2 The air delivery shall be connected and flowing 1 LPM of filtered air at a 
temperature of 32°C, +/- 1°C (90°F, +/- 2°F) and at a relative humidity of 80 percent, +/- 
5 percent, to the collection side of test cell at least 15 minutes prior to the initiation of any 
gas or vapor challenge chemical. 
  8.45.7.6.3 The calibrated analytical detection system shall be assembled and initiated 
according to its instructions. 
  8.45.7.6.4 The initiation of the test shall occur when the gas or vapor challenge chemical 
is introduced into the challenge side of the test cell.  
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  8.45.7.6.4.1 The supply of the gas or vapor challenge chemical shall be sufficient to 
maintain the gas or vapor challenge chemical concentration during the exposure period of 
60 minutes + 1.0 / -0.0 minutes. 
  8.45.7.6.4.2 The gas or vapor challenge chemical shall be at a temperature of 32°C, +/- 
1°C (90°F, +/- 2°F). 
  8.45.7.6.4.3 For testing of Class 2 ensemble materials, (this paragraph should be used 
in NFPA 1971 and 1994 and 1991) the concentration of the gas or vapor challenge 
chemical shall be 350 ppm, + 35 / -0 ppm. 
  8.45.7.6.4.4 For testing of Class 3 ensemble materials, (this paragraph should be used 
in NFPA 1951 and 1994) the concentration of the gas or vapor challenge chemical shall 
be 40 ppm, +10 / -0 ppm. 
  8.45.7.6.5 The challenge chemical in the effluent air stream shall be collected, 
measured, and analyzed using either discrete or cumulative methods for 60 minutes, +1.0 
/ -0 minutes. 
  8.45.7.6.6 The collection media for the challenge chemical shall be analyzed using an 
appropriate analytical procedure.  
  8.45.7.6.7 At least one test shall be conducted with the specimen, but without the 
challenge chemical, as a negative control. 
  8.45.7.6.8* At least one test shall be conducted with an inert surrogate specimen as a 
negative control. 
  8.45.7.6.9 The results from tests accompanied by unsuccessful negative controls shall 
not be used and the test shall be repeated. 
  8.45.7.7 Test conclusion, test cell cleaned, and specimen disposal 
  8.45.7.7.1 At the conclusion of the test, the test cell shall be purged and the air delivery 
and analytical system shall be shut down. 
  8.45.7.7.2 Each cell shall be disassembled one at a time. 
  8.45.7.7.3 The tested specimen shall be inspected for degradation or other obvious 
abnormalities; these observations shall be recorded with the test results.  
  8.45.7.7.4 Disposal of tested specimens and other supplies shall be handled according to 
local, state, federal or other applicable regulations. 
  8.45.7.7.5 Each component of the test cell shall be rinsed with acetone or other 
appropriate solvent to remove residual chemicals. 
  8.45.7.7.6 The cell shall be allowed to air dry in a clean area for 24 hours before reuse. 
  8.45.8 Report 
  8.45.8.1 The cumulative permeation in one hour shall be calculated, recorded, and 
reported in µg/cm2 for each specimen for each challenge chemical. 
  8.45.8.1.1 If no challenge chemical is detected at the end of the 60 minute test period, 
then the cumulative permeation shall be recorded and reported as less than the minimum 
detectable mass per unit area for the specific chemical being tested. 
  8.45.8.2 The average cumulative permeation shall be calculated and reported by 
averaging the results from all specimens for each challenge chemical.  
  8.45.8.2.1 For the calculation of average cumulative permeation, if the results of one or 
more of the specimens tested is less than the minimum detectable cumulative permeation 
then use the minimum detectable cumulative permeation as the result for those 
specimens. 
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  8.45.8.2.2 For the calculation of average cumulative permeation, if the results of all the 
specimens tested are less than the minimum detectable cumulative permeation then the 
average cumulative permeation is reported as the minimum detectable cumulative 
permeation. 
  8.45.8.3 Report the thickness and weight per unit area of each specimen. 
  8.45.8.4 Report any observations of degradation or other abnormalities at the conclusion 
of the testing of each specimen. 
  8.45.9 Interpretation 
  8.45.9.1 The average cumulative permeation for each challenge chemical shall be used 
to determine pass or fail performance. 
  8.45.10 Specific Requirements for the CBRN Barrier layer of Garments, Hoods, 
and Booties. 
  For NFPA 1951 see the existing text in section 8.45.7 of the 2007-edition Standard 
  For NFPA 1971 see the existing text in section 8.67.7 of the 2007-edition Standard 
  For NFPA 1991 see the existing text in section 8.6.7 of the 2005-edition Standard 
  For NFPA 1994 see the existing text in section 8.7.7 of the 2007-edition Standard 
  8.45.11 Specific Requirements for Testing the CBRN Barrier Layer of Visors 
  There is no specific text given for visors in NFPA 1951, 1971, or 1991 
  For NFPA 1994 see the existing text in section 8.7.8 of the 2007-edition Standard 
  8.45.12 Specific Requirements for Testing the CBRN Barrier Layer of Gloves 
  For NFPA 1951 see the existing text in section 8.45.9 of the 2007-edition Standard 
  For NFPA 1971 see the existing text in section 8.67.9 of the 2007-edition Standard 
  For NFPA 1991 see the existing text in section 8.6.8 of the 2005-edition Standard 
  For NFPA 1994 see the existing text in section 8.7.9 of the 2007-edition Standard 
  8.45.13 Specific Requirements for Testing the CBRN Barrier Layer of Footwear 
  For NFPA 1951 see the existing text in section 8.45.10 of the 2007-edition Standard 
  For NFPA 1971 see the existing text in section 8.67.10 of the 2007-edition Standard 
  For NFPA 1991 see the existing text in section 8.6.9 of the 2005-edition Standard 
  For NFPA 1994 see the existing text in section 8.7.10 of the 2007-edition Standard 
  8.45.14 Specific Requirements for Testing the CBRN Barrier Layer's seams of 
Garments, Hoods, Booties, Visors, and Gloves 
  For NFPA 1951 see the existing text in section 8.45.8 of the 2007-edition Standard 
  For NFPA 1971 see the existing text in section 8.67.8 of the 2007-edition Standard 
  For NFPA 1991 see the existing text in section 8.6.10 of the 2005-edition Standard 
  For NFPA 1994 see the existing text in section 8.7.11 of the 2007-edition Standard 
  Annex: 
  A.8.45.4.5 It is essential that the air delivery system provide precise flow to each test 
cell and achieve the specified temperature and humidity conditions. This delivery is 
controlled by the conditioning of the incoming air to achieve the temperature and 
humidity conditions before reaching each test cell and is monitored by separate flow 
meters or controllers for each test cell. 
  A.8.45.4.6 The performance requirement is based on a cumulative measurement; 
however discrete measurements can be used to determine this. These discrete 
measurements must be able to account for all of the permeating challenge chemical. This 
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means that the frequency of the discrete sampling must be almost continuous, at least 
sampling once per minute, preferably sampling two to four times per minute, or more. 
  The efficacy of the selected sampling and analysis approach should be validated for 
each challenge chemical through the use of procedures where a known amount of the 
challenge chemical, representative of a cumulative permeation close to the minimum 
requirement, is injected into the collection medium of a trial test. The selected sampling 
and analytical approach should be able to demonstrate a mass recovery of 95% or better 
to be considered a valid part of the procedures. 
  A.8.45.5.2 Viton® O-rings have been found to be compatible with the challenge 
chemicals. 
  A.8.45.5.2.1 One procedure to determine the compatibility of O-ring material with the 
challenge chemicals would be to place the O-rings in contact with the challenge chemical 
for a period of 4 hours. Remove the O-ring from contact with the challenge chemical and 
observe for any physical changes or signs of degradation. 
  A.8.45.5.3 Aluminum foil with a thickness of 1/32

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

nd of an inch has been found to be 
acceptable. 
  A.8.45.6.3 It is recommended that the concentrations for the gases be achieved by 
ordering prepared gas mixtures at the prescribed concentration. 
  A.8.45.7.5.9 Aluminum foil with a thickness of 1/32

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

nd of an inch has been found to be 
acceptable. 
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  8.7 Chemical Permeation Resistance Test. 
  8.7.1 Application. 
  8.7.1.1 This method shall apply to Class 2 and Class 3 garment, visor, glove, and footwear 
materials and seams. 
  8.7.1.2 Specific requirements for testing garment materials after flexing and abrasion shall be as 
specified in 8.7.7 8.7.8. 
  8.7.1.3 Specific requirements for testing visor materials shall be as specified in 8.7.8 8.7.9. 
  8.7.1.4 Specific requirements for testing glove materials after flexing shall be as specified in 
8.7.9 8.7.10. 
  8.7.1.5 Specific requirements for testing footwear materials after flexing and abrasion shall be 
as specified in 8.7.10 8.7.11. 
  8.7.1.6 Specific requirements for testing garment, visor, and glove seams shall be as specified 
in 8.7.11 8.7.12. 
  8.7.2 Specimens. 
  8.7.2.1 A minimum of three specimens of each material shall be tested against each chemical. 
  8.7.2.2 For composite materials, only the CBRN barrier material shall be tested for chemical 
permeation resistance. 
  8.7.2.2.1 The thickness and the weight of the CBRN barrier material specimens shall be 
determined in accordance with ASTM D1777 and ASTM D3776, respectively. 
  8.7.2.3 Where the flexing and abrading conditioning is required in this section, all layers shall 
be present during the conditioning required. 
  8.7.3 Preparation.  
  8.7.3.1 Specimens shall be conditioned at least as specified in 8.1.8. 
  8.7.3.2 Specimens shall be placed in the environmental chamber at least 24 hours prior to 
testing. 
  8.7.4 Procedures. Apparatus, Supplies, and Chemicals. 
  8.7.4.1 Specimens shall be tested for permeation resistance for not less than 60 minutes, against 
the chemicals specified in 8.7.4.2 and 8.7.4.3 in accordance with ASTM F 739, Standard Test 
Method for Resistance of Protective Clothing Materials to Permeation by Liquids or Gases 
Under Conditions of Continuous Contact, with the following modifications: 
  (1) The test cells shall be designed to accommodate the introduction of liquid chemicals in a 
safe manner. 
  (2) The testing mode shall be open loop and the collection media shall be filtered air at a 
temperature of 32°C ±3°C (90°F ±5°F) and a relative humidity of 80 percent ±5 percent, flowed 
through the collection chamber of the test cell at a rate of 1 Lpm ±0.1 Lpm. 
  (3) Analytical methods used shall be sensitive to concentrations of at least one order of 
magnitude lower than the required end points. 
  (4) Where cumulative permeation end points are not specified in this standard, a permeation 
rate of 0.1 μg/cm2/min, as defined by ASTM F 739, Standard Test Method for Resistance of 
  Protective Clothing Materials to Permeation by Liquids or Gases Under Conditions of 
Continuous Contact, shall be used. 
  8.7.4.2 The following liquid chemicals shall be tested: 
  (1) Liquid chemical warfare agents 
  (a) Distilled sulfur mustard [HD; bis (2-chloroethyl) sulfide], 505-60-2; at 32°C ±1°C (90°F 
±2°F) 
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  (b) Soman (GD; o-pinacolyl methylphosphonofluoridate), 96-64-0; at 32°C ±1°C (90°F ±2°F) 
  (2) Liquid toxic industrial chemicals 
  (a) Acrolein (allyl aldehyde), 107-02-8; at 32°C ±1°C (90°F ±2°F) 
  (b) Acrylonitrile (VCN, cyanoethylene), 107-13-1; at 32°C ±1°C (90°F ±2°F) 
  (c) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester), 77-78-1; at 32°C ±1°C (90°F ±2°F) 
  8.7.4.3 The following gases shall be tested: 
  (1) Ammonia (7664-41-7); at 32°C ±1°C (90°F ±2°F) 
  (2) Chlorine (Cl2; 7782-50-5); at 32°C ±1°C (90°F ±2°F) 
  8.7.4.4 Class 2 Elements. 
  8.7.4.4.1 For Class 2 elements, the gas concentration shall be 350 ppm +35 ppm/−0 ppm. 
  8.7.4.4.2 For Class 2 elements, the liquid concentration density shall be 10 g/m2 +1 g/m2/−0 
g/m2. 
  8.7.4.4.3* The liquid drops shall be applied as nominal 1 μl drops uniformly distributed over 
the test area of the specimen surface. Where a seam, closure, or fixture is included, at least one 
drop shall be applied to each critical juncture, such as the seam edge. 
  8.7.4.4.4 The test cell shall be assembled in the closed-top configuration. 
  8.7.4.5 Class 3 Elements. 
  8.7.4.5.1 For Class 3 elements, the gas concentration shall be 40 ppm +10 ppm/−0 ppm, and the 
cell shall be assembled in closed-top configuration. 
  8.7.4.5.2 For Class 3 elements, the liquid concentration density shall be 10 g/m2 +1 g/m2/−0 
g/m2. 
  8.7.4.5.3 Drops shall be applied as nominal 1 μl drops uniformly distributed over the test area 
of the specimen surface. Where a seam, closure, or fixture is included, at least one drop shall be 
applied to each critical juncture, such as the seam edge. 
  8.7.4.5.4 For the liquid chemicals specified in 8.7.4.2, the test cell shall be assembled in the 
open-top configuration with 0.3 Lpm ±0.03 Lpm of filtered air controlled at 80 percent ±5 
percent, relative humidity (RH) flowing through the top of the cell. With the open-top 
configuration, the test cell washer shall be allowed to be sealed by an impermeable nonreactive 
sealant. 
  8.7.4.1 Apparatus. 
  8.7.4.1.1 A thickness gauge suitable for measuring thicknesses to the nearest 0.02 mm (or the 
nearest 0.001 in.), as specified in ASTM D1777, shall be used to determine the thickness of each 
protective clothing material specimen tested.  
  8.7.4.1.2 An analytical balance readable and reproducible to ±0.5 mg, as specified in ASTM 
D3776, shall be used to determine weight per unit area of each test specimen.  
  8.7.4.1.3 A controlled environmental chamber shall be used to maintain the test cell, air flow 
control system, and reagent chemicals within ±1.0°C of the test temperature and ±5% of the test 
relative humidity. The controlled environmental chamber shall be sized so that it can be used for 
conditioning test materials, test cells when not in use, challenge chemicals, and other test 
apparatus prior to testing.  
  8.7.4.1.4* The test cell shall be a two-chambered stainless steel cell for contacting the specimen 
with the challenge chemical on the specimen's normal outside surface and with a collection 
medium on the specimen's normal inside surface, which meets the test cell requirements for the 
Liquid Challenge/Vapor Penetration (L/V) Test Cell specified in TOP 8-501 and shown in 
Figure 8.7.4.1.4 and with the following additional specifications: 
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  (1) The test cell is configured to separately permit flow across the challenge side and the 
collection side, and to allow the challenge side to be exposed for the placement of challenge 
chemical.  
  (2) The sample support plate and compression plate indicated in Figure 8.7.5.2.1 shall be 
modified as show in Figures 2 8.7.4.1.4(2)-1, 2 8.7.4.1.4(2)-2, and 2 8.7.4.1.4(2)-3, to permit the 
O-rings to be closer to the exposed surface area of the specimen. 
  (3) The cap of the test cell shall be modified to permit the attachment of a manometer or 
pressure gauge meeting the requirements of 8.7.4.1.9. 
  ***Insert 1994_L25_Fig 8.7.4.1.4_F2011_R here*** 
  Figure 8.7.4.1.4 Liquid Challenge/Vapor Penetration (L/V) Test Cell. 
  ***Insert 1994_L25_Fig 8.7.4.1.4(2)-1_F2011_R here*** 
  Figure 8.7.4.1.4(2)-1 Modifications to Sample Support Plate and Compression Plate. 
  ***Insert 1994_L25_Fig 8.7.4.1.4(2)-2_F2011_R here*** 
  Figure 8.7.4.1.4(2)-2 Specific Modifications to Compression Plate. 
  ***Insert 1994_L25_Fig 8.7.4.1.4(2)-3_F2011_R here*** 
  Figure 8.7.4.1.4(2)-3 Specific Modifications to Sample Support Plate. 
  8.7.4.1.5 Equipment shall be placed within the controlled environmental chamber to position 
the test cells horizontally and permit connection with the air delivery system and manifold. 
  8.7.4.1.6* An air delivery system and manifold shall be used to provide oil-free, conditioned air 
to the test cells/fixtures at a rate of 2 standard L/min (slpm) per test cell/fixture with a 
temperature precision of ±0.2°C and relative humidity precision of ±5 percent. The manifold is 
designed to deliver 1 L/min for the challenge side of the test cell and 1 L/min for the collection 
side of the test cell and maintain the test temperature. All parts of the air delivery system and 
manifold must be chemically inert and non-absorptive to the challenge chemical.  
  8.7.4.1.7* An analytical system shall be used to evaluate the amount of challenge chemical in 
the effluent air streams from the collection side of the test cell and shall be selected to provide 
the ability to measure the chemical at 0.1 μg/cm2 over the test exposure period. The analytical 
system shall be permitted to include a bubbler tube, solid sorbent, or real time chemical analyzer. 
Samples shall be permitted to be taken continuous, discretely, or cumulatively; however, the 
selected analytical system shall capture all challenge chemical emitted in the effluent air stream. 
  8.7.4.1.8 A vacuum pump capable of creating vacuum of at least 5 inches water column shall be 
used for testing the integrity of the assembled test cell. 
  8.7.4.1.9 A manometer or digital pressure gauge capable of measuring pressures or vacuums to 
10 inches water column, with an accuracy of 5% scale, shall be used for testing the integrity of 
the assembled test cell. 
  8.7.4.2 Supplies. 
  8.7.4.2.1 Syringe needles, capable of delivering 1 μL ± 1% droplets of challenge chemical, shall 
be used for dispensing liquid chemicals onto the surface of the specimens in the test cell. 
  8.7.4.2.2 Replacement O-rings shall be available for use in the permeation test cell. 
  8.7.4.2.2.1 If unknown, the compatibility of the O-ring material shall be verified before using 
the O-rings by placing the O-ring in contact with the chemical for a period of 4 hours and 
observing any physical changes to the O-ring within 10 minutes after the O-ring is removed from 
contact with the chemical. 
  8.7.4.2.2.2 If an O-ring shows any signs of chemical degradation in the form of softening, 
hardening, swelling, deterioration, or loss of shape, or function, an )-ring of different material 
shall be used that does not show chemical degradation. 
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  8.7.4.2.3 Aluminum foil shall be used for the control and validation tests. 
  8.7.4.3 Chemicals. 
  8.7.4.3.1 The following chemicals shall be tested as liquids: 
  (1) Liquid chemical warfare agents 
  (a) Distilled sulfur mustard [HD; bis (2-chloroethyl) sulfide], 505-60-2 
  (b) Soman (GD; o-pinacolyl methylphosphonofluoridate), 96-64-0 
  (2) Liquid toxic industrial chemical 
  (a) Dimethyl sulfate (DMS, sulfuric acid dimethyl ester), 77-78-1 
  8.7.4.3.2* The following chemicals gases shall be tested as gases or vapors in dry air or 
nitrogen: 
  (1) Ammonia (NH3, 7664-41-7) 
  (2) Chlorine (Cl2; 7782-50-5) 
  (3) Acrolein (allyl aldehyde), 107-02-8 
  (4) Acrylonitrile (VCN, cyanoethylene), 107-13-1 
  8.7.5 Procedures. 
  8.7.5.1 Test Set Up.  
  8.7.5.1.1 The test cell holders and the air delivery system manifolds shall be installed in the 
environmental chamber and shall be prepared to receive the loaded test cells.  
  8.7.5.1.2 The analytical detection system shall be assembled and calibrated. 
  8.7.5.1.2.1 If bubblers are used, each bubbler shall be filled with the proper collection solvent 
using a calibrated pipetter or equivalent device; the collection solvent shall incorporate an 
internal standard so adjustments can be made for solvent evaporation/water condensation during 
sampling. 
  8.7.5.1.2.2 If solid sorbent tubes are to be used, each sorbent tube shall be cleaned by heating 
and purging; the absence of any residual chemical shall be verified by the appropriate analysis 
technique. Checks should also be made to determine that the flow rate through the test cells are 
not affected by the differential pressure through the sorbent tubes. 
  8.7.5.1.3 Each test cell shall be labeled.  
  8.7.5.1.4 All liquid chemicals shall be placed in the environmental chamber for a minimum of 
24 hours prior to testing. 
  8.7.5.1.5 The air delivery system shall be turned on and shall be operated at 32.2 ± 2C (90 ± 
3F) and 80 ± 5 percent relative humidity for a minimum of 30 minutes to achieve environmental 
equilibrium before swatch loading.  
  8.7.5.2 Test Cell Assembly.  
  8.7.5.2.1 The test cell shall be assembled 24 hours before specimen conditioning in the 
environmental chamber as shown in Figure 8.7.5.2.1.  
  8.7.5.2.2 An O-ring shall be placed on the lower body of test cell. 
  8.7.5.2.2.1 The testing of seams and other non-uniform profile specimens shall require special 
O-rings to ensure that test cell integrity is maintained.  
  8.7.5.2.3 The sample support plate shall be placed on O-ring 1 and O-ring 2 shall be placed in 
the groove on the sample support plate.  
  8.7.5.2.4 The specimen shall be removed from the conditioning location in the environmental 
chamber and shall be placed in the depression of the sample support plate with O-ring 3 placed 
over the specimen.  
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  8.7.5.2.5 O-ring 4 shall be placed in the upper body of the test cell and the compression plate 
shall be positioned over O-ring 4.  
  8.7.5.2.6 O-ring 4 shall be inverted and the upper body shall be aligned with the lower body.  
  8.7.5.2.7 Using the four cell sealing lugs, the cell halves shall be clamped together and 51.8 cm-
kg (45 in-lbs) of torque shall be applied to each lug to ensure a proper cell seal.  
  8.7.5.2.8 O-ring 5 shall be inserted into the groove around the agent challenge port in the upper 
body of the test cell and the cell cap shall be screwed into place. 
  8.7.5.2.9 For semipermeable fabrics the integrity of the seal between O-ring 5 and the cell cap 
shall be visually inspected and the procedure in 8.7.5.3 shall be used to verify the test cell seal. 
  8.7.5.2.10 For impermeable fabrics tested in dual mode, the procedures in 8.7.5.4 shall be used 
to verify test cell seal. 
  ***Insert 1994_L25_Fig 8.7.5.2.1_F2011_R here*** 
  Figure 8.7.5.2.1 Permeation Cell Assembly. 
  8.7.5.3 Verification of Test Cell Integrity (Permeable and Semipermeable Fabrics). 
  8.7.5.3.1 All ports shall be sealed except for the outlet port.  
  8.7.5.3.2 The cell shall be depressurized to 75 mm (3 in.) water column pressure by opening the 
valve slightly and watching the manometer.  
  8.7.5.3.3 When the pressure inside the test cell drops by 75 mm (3 in.) water column pressure, 
the valve shall be closed and the manometer shall be monitored for 2 minutes.  
  8.7.5.3.4 A 25 mm (1 in.) drop in water column pressure shall be considered failure to seal.  
  8.7.5.3.5 If a test cell fails, the procedures in 8.7.5.2 for assembling the cell shall be repeated to 
reseal the cell.  
  8.7.5.3.6 Only cells that have passed this test shall be used for testing.  
  8.7.5.4 Verification of Test Cell Integrity (Impermeable Fabrics). 
  8.7.5.4.1 Before applying chemical challenge, each test cell shall be subjected to a vacuum of 
75 mm (3 in.) water column pressure in the bottom chamber of the cell as measured by a 
manometer.  
  8.7.5.4.2 The pressure shall be maintained for 2 minutes. 
  8.7.5.4.3 The pressure drop shall be observed at 2 minutes. 
  8.7.5.4.4. Test cells shall be considered to have an adequate seal if the pressure drop is less than 
a 25 mm (1 in.) drop in water column pressure.  
  8.7.5.4.5 If a pressure drop of 25 mm (1 in.) drop in water column pressure or greater is 
observed, the procedures in 8.7.5.2 for assembling the cell shall be repeated to reseal the cell. 
  8.7.5.3.6 Only cells that have passed this test shall be used for testing.  
  8.7.5.5 Application of Liquid Chemical Challenge. 
  8.7.5.5.1 Eight 1-L droplets shall be placed evenly spaced around a 25.4 mm (1-in) diameter 
circle on the upper specimen surface and two 1-L droplets shall be placed 8.1 mm (1/3-in) apart 
in the center of the specimen. For seams, the two droplets shall be placed on the seam juncture. 
  8.7.5.5.1.1 A mechanical or automated device shall be permitted for uniformly dispensing the 
droplets onto the surface of the specimen. 
  8.7.5.5.2 Prior to any test with a new chemical, a quality control trial shall be conducted to 
verify the challenge level delivery process using the procedures in 8.7.5.6. 
  8.7.5.6 Verification of Liquid Chemical Challenge Method. 
  8.7.5.6.1 For 10 1-μL droplets, the mass ± 1 μg shall be determined using the density of the 
challenge chemical.  
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  8.7.5.6.2 An inert specimen (aluminum foil) shall be placed in the test cell using the procedures 
described in 8.7.5.2.  
  8.7.5.6.3 The challenge chemical shall be applied to the inert specimen in the pattern described 
in 8.7.5.5. 
  8.7.5.6.4 After placement of the chemical, the specimen shall be visually inspected to verify 
that the agent was correctly applied. 
  8.7.5.6.5 The contaminated specimen shall be carefully removed and shall be placed in a closed 
large vial containing a known volume of solvent compatible with the analysis procedure.  
  8.7.5.6.6. The vial of solvent shall be agitated for at least one hour to ensure complete 
extraction of the challenge chemical from the swatch.  
  8.7.5.6.7 After agitation, the solvent vial shall be removed and submitted for analysis for 
challenge chemical using a procedure capable of detecting 1 μg using the density of the 
challenge chemical.  
  8.7.5.7 Test Start-Up for Liquid Chemical Challenges. 
  8.7.5.7.1 The test cells shall be installed in test cell holder prior to chemical challenge and all 
connections shall be ensured to have been properly made.  
  8.7.5.7.2 The operation of any analytical system shall be initiated according to its instructions.  
  8.7.5.7.3 After placing the challenge chemical on the specimen in the test cell, the cell cap shall 
be closed.  
  8.7.5.7.4 The air delivery system shall be immediately operated to provide filtered air at a 
temperature of 32°C ±2°C (90°F ±5°F) and a relative humidity of 80 percent ±5 percent, flowed 
through the collection chamber of the test cell at a rate of 1.0 Lpm ±0.1 Lpm. 
  8.7.5.7.4.1 For testing of Class 2 ensemble materials, the filtered air shall be flowed to 
collection sides of the test cells only. 
  8.7.5.7.4.2 For testing of Class 3 ensemble materials, the filtered air shall be flowed to both the 
challenge and collection sides of the test cells, each at a rate of 1.0 Lpm ±0.1 Lpm.  
  8.7.5.7.5 Challenge chemical in the effluent air streams shall be collected, measured, and 
analyzed either by using appropriate discrete sample methods or continuously. 
  8.7.5.7.5.1 If bubblers or sorbent tubes are used for collecting challenge chemical, bubblers or 
sorbent tubes shall be replaced at a prescribed frequency. 
  8.7.5.7.6 The collection media for challenge chemical shall be analyzed using an appropriate 
analytical procedure. 
  8.7.5.7.7 The exposure to challenge chemical shall be conducted for 60 minutes, -0,+1 minute. 
  8.7.5.7.8 A minimum of three specimens shall be tested with challenge chemical. 
  8.7.5.7.9 At least one test shall be conducted with the specimen but without challenge chemical. 
  8.7.5.7.10 At least one test shall be conducted with an inert specimen (e.g., aluminum foil). 
  8.7.5.8 Test Start-Up for Gas or Vapor Chemical Challenges. 
  8.7.5.8.1 The test cells shall be installed in test cell holder prior to chemical challenge and all 
connections shall be ensured to have been properly made.  
  8.7.5.8.2 The operation of any analytical system shall be initiated according to its instructions.  
  8.7.5.8.3 The initial of the test shall occur when the gas or vapor chemical challenge is 
introduced into the test cell.  
  8.7.5.8.3.1 The flow of the gas or vapor chemical challenge shall be continuous over the 
exposure period of 60 minutes, -0,+1 minute. 
  8.7.5.8.3.2 The gas shall be at a temperature of 32°C ±3°C (90°F ±5°F). 
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  8.7.5.8.3.3 For Class 2 ensembles, the concentration of the challenge chemical in the gas shall 
be 350 ppm +35 ppm/−0 ppm. 
  8.7.5.8.3.4 For Class 3 ensembles, the concentration of the challenge chemical in the gas shall 
be 40 ppm +10 ppm/−0 ppm. 
  8.7.5.8.4 The air delivery system shall be immediately operated to provide filtered air at a 
temperature of 32°C ±3°C (90°F ±5°F) and a relative humidity of 80 percent ±5 percent, flowed 
through the collection chamber of the test cell at a rate of 1.0 Lpm ±0.1 Lpm. 
  8.7.5.8.5 Challenge chemical in the effluent air streams shall be collected, measured, and 
analyzed either by using appropriate discrete sample methods or continuously. 
  8.7.5.8.5.1 If bubblers or sorbent tubes are used for collecting challenge chemical, bubblers or 
sorbent tubes shall be replaced at a prescribed frequency. 
  8.7.5.8.6 The collection media for challenge chemical shall be analyzed using an appropriate 
analytical procedure. 
  8.7.5.8.7 The exposure to challenge chemical shall be conducted for 60 minutes, -0,+1 minute. 
  8.7.5.8.8 A minimum of three specimens shall be tested with challenge chemical. 
  8.7.5.8.9 At least one test shall be conducted with the specimen but without challenge chemical. 
  8.7.5.8.10 At least one test shall be conducted with an inert specimen (e.g., aluminum foil). 
  8.7.5.9 Test Conclusion, Test Cell Clean Up and Specimen Disposal. 
  8.7.5.9.1 At the conclusion of the test, the air delivery and analytical systems shall be shut 
down. 
  8.7.5.9.2 The test cells shall be removed from the test cell holders after completion of each trial.  
  8.7.5.9.3 Each cell shall be disassembled one at a time.  
  8.7.5.9.4 The test specimen shall be removed and inspected for any degradation or obvious 
abnormalities; these observations shall be recorded with test results. 
  8.7.5.9.5 Each specimen shall be extracted using appropriate extraction procedures for 
challenge chemical. 
  8.7.5.9.6 The extracted protective clothing material specimens and test cell O-rings shall be 
disposed of according to local, stated, Federal or other applicable regulations. 
  8.7.5.9.7 Each component of the test cell shall be rinsed with acetone or other appropriate 
solvent to remove residual chemicals. 
  8.7.5.9.8 The cells shall be allowed to air-dry in a clean area between 4 and 24 hours before 
reuse. 
  8.7.5 8.7.6 Report. 
  8.7.5.1 For permeation testing of chemical warfare agents specified in 8.7.4.2(1), t 8.7.6.1 The 
cumulative permeation in 60 minutes shall be recorded and reported in μg/cm2 for each 
specimen. The average cumulative permeation in 1 hour for all specimens shall be calculated, 
recorded, and reported. The report shall include the pass or fail results for each chemical tested. 
  8.7.5.2 For permeation testing of liquid and gaseous industrial chemicals specified in 8.7.4.2(2) 
and 8.7.4.3, the normalized breakthrough time shall be recorded and reported in minutes for each 
specimen. The average normalized breakthrough time shall also be calculated and reported. 
  8.7.6.2 If no challenge chemical is detected at the end of the 60-minute test period, the 
cumulative permeation shall be reported as less than the minimum detectable mass per unit area 
for the specific chemical being tested. 
  8.7.6.3 The average cumulative permeation shall be calculated for all specimens for each 
challenge chemical. 
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  8.7.6.3.1 If no challenge chemical is detected for one or two specimens, the average cumulative 
permeation shall be the average of all specimens where the cumulative permeation is measured 
and the minimum detectable cumulative permeation for those specimens where no challenge 
chemical is detected. 
  8.7.6.3.2 If no challenge chemical is detected in all of the specimens tested, the average 
cumulative permeation shall be reported as less than the minimum detectable mass per unit area 
for the specific chemical being tested. 
  8.7.6.4 Observations for the condition of the specimen following the test shall be provided with 
the test results. 
  8.7.6 8.7.7 Interpretation. 
  8.7.6.1 For permeation testing of chemical warfare agents specified in 8.7.4.2(1), t The average 
cumulative permeation shall be used to determine pass or fail performance. 
  8.7.6.2* For permeation testing of liquid and gaseous industrial chemicals specified in 
8.7.4.2(2) and 8.7.4.3, the average normalized breakthrough time shall be used to determine 
  pass or fail performance. 
  8.7.7 8.7.8 Specific Requirements for Testing Garment Materials. 
  8.7.7.1 8.7.8.1 Samples shall be conditioned by flexing as specified in 8.1.3. Samples shall be 
200 mm × 280 mm (8 in. × 11 in.). Following flexing, one specimen shall be taken from the 
center of each sample subjected to flexing for permeation resistance testing. 
  8.7.7.2 8.7.8.2 Samples shall be conditioned by abrading as specified in 8.1.4. Samples shall be 
as specified in Figure 8.1.4. Following abrading, one specimen shall be taken from the center of 
each sample subjected to abrading for permeation resistance testing. 
  8.7.7.3 8.7.8.3 It shall be permitted to precondition one sample to both flexing and abrading 
prior to permeation resistance testing. 
  8.7.8 8.7.9 Specific Requirements for Testing Visor Materials. Samples for conditioning 
shall be visor materials. 
  8.7.9 8.7.10 Specific Requirements for Testing Glove Materials After Flexing. 
  8.7.9.1 8.7.10.1 Samples for conditioning shall be whole gloves. 
  8.7.9.2 8.7.10.2 Samples shall be conditioned as specified in 8.1.5. 
  8.7.10 8.7.11 Specific Requirements for Testing Footwear Materials After Flexing and 
Abrading. 
  8.7.10.1 8.7.11.1 This test shall apply to all types of footwear configurations. 
  8.7.10.2 8.7.11.2 Where the footwear incorporates a sock or overboot constructed of garment 
material, the garment material flex fatigue resistance test as specified in 8.1.3 shall be permitted 
to be substituted for this test. 
  8.7.10.3 8.7.11.3 Upper samples for conditioning shall be whole footwear items. 
  8.7.10.4 8.7.11.4 Upper samples shall first be conditioned by flexing as specified in 8.1.6. 
  8.7.10.5 8.7.11.5 Following flexing, new upper samples shall be taken in areas from the 
footwear upper where the greatest flexing occurred, usually at the footwear quarter or vamp, and 
shall be as specified in Figure 8.1.4. 
  8.7.10.6 8.7.11.6 Sole samples for conditioning shall be taken from the footwear or shall be 
permitted to be facsimile samples of sole material where the facsimile samples are the same 
composition and construction of the sole used in actual footwear. 
  8.7.10.6.1 8.7.11.6.1 Facsimile sole samples shall be of a maximum thickness representative of 
the thinnest portion of the sole, exclusive of hardware, midsoles, or inner soles. 



 
   

9 
1994_L25_Include_F2011_ROC 

  8.7.10.6.2 8.7.11.6.2 Where facsimile samples are elected, the sole samples shall not be 
subjected to the flexing specified in 8.7.10.4. 
  8.7.10.6.3 8.7.11.6.3 Specific Requirements for Testing Thermoplastic Sole Compositions. 
Samples shall be compression mold samples with a consistent thickness from the thermoplastic 
compound used to manufacture the footwear sole or from the actual sole. 
  8.7.10.6.4 8.7.11.6.4 Specific Requirements for Testing Vulcanized Sole Compositions. 
Samples shall be compression mold samples with a consistent thickness from the nonvulcanized 
compound used to manufacture the footwear sole. 
  8.7.10.6.5 8.7.11.6.5 Specific Requirements for Testing Thermoset Sole Compositions. 
Samples shall be compression mold samples with a consistent thickness from the thermoset 
material used to manufacture the footwear sole. 
  8.7.10.7 8.7.11.7 The upper samples that were taken per 8.7.10.5, and sole samples shall then 
be conditioned by abrading as specified in 8.1.4. 
  8.7.10.8 8.7.11.8 Following abrasion, only one test specimen for chemical permeation 
resistance testing shall be taken from each sample subjected to abrasion. 
  8.7.10.9 8.7.11.9 The chemical permeation test specimen shall be taken from the exact center of 
the abraded sample so that the center of the permeation test specimen and the center of the 
abraded specimen coincide. 
  8.7.11 8.7.12 Specific Requirements for Testing Garment, Visor, and Glove Seams. 
  8.7.11.1 8.7.12.1 Samples for conditioning shall be 600 mm (231⁄2 in.) lengths of prepared seam 
or cut from ensembles. 
  8.7.11.2 8.7.12.2 Seam specimens shall be prepared from seam samples that have a minimum of 
75 mm (3 in.) of material on each side of the seam center. 
  8.7.11.3 8.7.12.3 Permeation test specimens shall be cut such that the exact seam center divides 
the specimen in half. 
  8.7.11.4 8.7.12.4 Seam specimens shall be prepared representing each different type of seam 
found in the garment, or shall be taken from each different type of seam found in the garment, 
including as a minimum the garment-to-garment material seams and the garment-to-visor 
material seams. 
  8.7.11.5 8.7.12.5 Seam specimens shall be taken from gloves from the gauntlet portion of the 
glove when an external seam is used in the construction of the glove. 
  A.8.7.6.2 In ASTM F 739, Standard Test Method for Resistance of Protective Clothing 
Materials to Permeation by Liquids or Gases Under Conditions of Continuous Contact, 
normalized breakthrough time is the time at which permeation of the challenge chemical through 
the specimen exceeds 0.1 μg/cm2/min. If the permeation rate does not exceed this 0.1 
μg/cm2/min, the normalized breakthrough time is reported as greater than the test duration, or, in 
this case, >60 minutes. However, this does not mean that breakthrough did not occur. If the 
permeation rate remained slightly under 0.1 μg/cm2/min for the 60-minute duration of this 
procedure, a level of 6 μg/cm2/min of chemical would have permeated. 
  A.8.7.4.1.4 A test cell meeting these requirements is available from Aerospace Tooling & 
Machining, 2190 West 1700 South, Salt Lake City, UT 84104. 
  A.8.7.4.1.6 It is essential that the air delivery system provide precise flow to each test cell and 
achieve the specified temperature and humidity conditions. This delivery is controlled by the 
conditioning of the incoming air to achieve the temperature and humidity conditions before 
reaching each test cell and is monitored by separate flow meters or controllers for each test cell. 
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  A.8.7.4.1.7 It is not required to provide an analytical and sampling approach that provides 
discrete measurements of cumulative permeation as the criterion for this test is based on total 
cumulative permeation over a one hour period. This approach allows complete collection of any 
permeating chemical and subsequent analysis. The efficacy of the selected sampling and analysis 
approach should be validated for each challenge chemical through the use of procedure where a 
known amount of the challenge chemical representative of a cumulative permeation close to the 
minimum requirement is injected into the collection medium of a trial test. The selected 
sampling and analytical approach should be able to demonstrate a recovery of 95% or better to 
be considered a valid part of the procedures.  
  A.8.7.4.3.2 It is recommended that the concentrations for the gases be achieved by ordering 
prepared gas mixtures at the prescribed concentration. 
  Add the following additional references: 
  In section 2.3.2, ASTM Publications: 
  ASTM D 1777 Test Method for Thickness of Textile Materials, 2007. 
  ASTM D 3776 Standard Test Methods for Mass per Unit Area (Weight) of Fabric, 2009. 
  In section 2.3.6, Military Publications: 
  Test Operations Procedure (TOP 10-2-022), Man-In-Simulant Test (MIST) — Chemical Vapor 
Testing of Chemical/Biological Protective Suits, September 2001. 
  Test Operations Procedure (TOP) 8-2-501, Permeation and Penetration Testing of 
Air-Permeable, Semipermeable, and Impermeable Materials with Chemical Agents or Simulants 
(Swatch Testing), Report No. WDTC-TR-99-095, January 2002 
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1994-20     Log #16  FAE-HAZ

_______________________________________________________________________________________________
Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment,

1994-40

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

See Comment 1994-18 (Log #20).

_______________________________________________________________________________________________
1994-21     Log #13  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-34
Change reference from "ASTM F 1868" to "ASTM F 1868-02".

The new revision of ASTM F 1868 introduces new techniques for handling composites that distort
dimensionally during the test. This revision alters the standard values on which NFPA's performance requirements are
based and introduces a bias caused by the special handling of these materials. And will allow materials that previously
failed to pass.

The technical committee rejected the comment. See also Comment 1994-22 (Log #21).

20Printed on  4/4/2011
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NFPA Technical Correlating Committee on 
Fire and Emergency Service Protective Clothing and Equipment 

 
NFPA 1994 

Table for Log 20 
 
Table of Recommended Changes to Permeation Resistance Test Method 
Test Parameter Current Specification Proposed Change 
Referenced standards ASTM F 739 ASTM D 1777 for thickness 

measurement; 
ASTM D 3776 for unit area weight 
measurement 

Test environment None; however, testing to be 
performed at 32 ±1oC 

All testing to be performed in separate 
test chamber that will be maintained 
at test conditions; specimens, 
chemicals, and test apparatus will be 
placed in chamber and required to be 
in place 24 hrs prior to testing 

Test cell Per ASTM F 739, alternative test 
cells permitted; no requirements 
for determining equivalency 

Modified TOP 8-2-501 test cell with 
drawing specification for modified 
specimen plate to accommodate 
control of exposed surface area in 
saturated surface exposure tests; test 
cap to contain fitting for measuring 
integrity of test cell after specimen is 
mounted 

Air flow requirements 
in collection side 

Filtered air at rate of 1 ±0.1 
Lpm at 80 ±5% RH 

Balance air flow with challenge side 
for consistency and absence of 
pressure drop; measure temperature 
and relative humidity at test cell 
inlet; principal air flow system to be 
positioned inside environmental 
chamber 

Specimen size Varies with test cell Standardized for TOP 8-2-501 test 
cell 

Permeation specimen 
conditioning 

21 ±3°C and 65 ±5% RH 
(standard textile conditioning) 

32 ±1oC and 80 ±5% RH to be 
conducted inside test chamber; 
tolerance on temperature to be 
relaxed to ±2oC 

Test cell sealing None Alternative gasketing material to be 
specified; 
O-rings and fittings must be assessed 
for compatibility with test chemical; 
Specific torque to be applied in 
sealing test cell 



F2011 - NFPA 1994 - Log #20 - Table 
2 

Test Parameter Current Specification Proposed Change 
Test cell integrity 
check 

None Using fitting in test line cap, test cell 
to be pressurized with air to 2 psig 
with specimen in place with pressure 
drop measured after 1 minute (only 
10% pressure drop permitted) 

Liquid challenge 
conditions 

Liquid applied at surface density 
of 10 g/m2 using appropriate 
number of 1-μL droplets 
uniformly dispensed on material 
specimen surface 

For each liquid chemical (including 
chemical warfare agents), nine (9) 1-
μL droplets will be applied in specific 
pattern on exposed specimen surface; 
time of 30 seconds will be required 
for opening test cell cap, dispensing 
droplets, and closing test cell cap. 

Air flow on challenge 
side for open top test 
cell configuration 

Filtered air at rate of 0.3 ±0.03 
Lpm at 80 ±5% RH 

Filtered air at rate of 0.3 ±0.03 Lpm 
at 80 ±5% RH, temperature 
conditioning with environmental 
chamber 

Volatile liquid toxic 
industrial chemical 
challenge 

None Chemicals with vapor pressures of 5 
mm Hg or greater at 25oC will be 
tested as vapors at the corresponding 
gas concentration in the respective 
standard 

Collection technique Combination of analytical 
technique and collection 
medium shall be selected to 
maximize sensitivity for the 
detection of the test chemical 
and represent actual 
occupational conditions as 
closely as possible 

Test system collection efficiency 
evaluated using procedure to 
determine total test chemical 
collected; evaluation must be 
performed for each test chemical and 
verified periodically by laboratory 

Analytical sensitivity Test system must have detection 
limit that is one order of 
magnitude lower than prescribed 
permeation end point 

Specification to be based on each 
individual chemical; good laboratory 
practice standards will be referenced 
for correct analytical procedures 

Results reported Breakthrough time 
Permeation rate (optional) 
Test parameters as part of report 

Cumulative permeation 
Test parameters as part of report 

Interpretation of results Average of all results Average of all results; however, if one 
or two test cells show no cumulative 
permeation, the standard-defined 
minimum detection limit will be used 
for no detectable permeation test 
results for purposes of averaging 
results 

 
 



Report on Comments  –  November 2011 NFPA 1994
_______________________________________________________________________________________________
1994-22     Log #21  FAE-HAZ

_______________________________________________________________________________________________
Holly Blake, WL Gore & Associates

1994-34
Revise text to read as follows:

Testing shall be conducted in accordance with ASTM F 1868, Standard Test method for Thermal and
Evaporative Resistance of Clothing Materials Using a Sweating Hot Plate, using Part C, with the following modifications:

(1) The specimen shall be placed on the test plate with the side normally facing the human body toward the test plate.
(2) For multiple layers, arrange the layers in the order and orientation as worn.
(3) Smooth each layer by hand to eliminate wrinkles or bubbles in each layer and, if necessary, secure the edges.
(4)* Once the test is started, no further adjustments to the specimen shall be made.
*Annex 8.6.5 These modifications shall be used instead of Note 6 in ASTM F1868 Part C.

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

Revise text to read as follows:
8.8.5* Testing shall be conducted in accordance with ASTM F 1868, Standard Test method for Thermal and

Evaporative Resistance of Clothing Materials Using a Sweating Hot Plate, using Part C, with the following modifications:
(1) The specimen shall be placed on the test plate with the side normally facing the human body toward the test plate.
(2) For multiple layers, arrange the layers in the order and orientation as worn.
(3) Smooth each layer by hand to eliminate wrinkles or bubbles in each layer.
(4) *Once the test is started, no further adjustments to the specimen shall be made.
A.8.8.5 (4) These modifications shall be used instead of Note 6 in ASTM F 1868 Part C. By modifying the testing and

handling techniques of the specimen, note 6 has the unintended consequence of modifying standard values. By
preferentially re-smoothing one or more of the layers in one composite, and not all layers, or not all composites, Note 6
introduces bias.

The technical committee accepted the proposal in principal, provided the amended text as
shown in the meeting action, and added new Annex text.6

_______________________________________________________________________________________________
1994-23     Log #14  FAE-HAZ

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

1994-34
Add new "8.12.7.2 Specimens shall be conditioned as specified in 8.1.3."

No specimen preconditioning is given.

Revise text as follows:
8.12.7 Specific Procedures for Testing Seams
8.12.7.1 Samples for conditioning shall include 150 mm (6 in.) of material on either side of the seam.
8.12.7.2 Specimens shall be conditioned as specified in 8.1.2.

The technical committee accepted the comment in principle, and revised the text as shown in
the meeting action.
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_______________________________________________________________________________________________
1994-24     Log #19  FAE-HAZ

_______________________________________________________________________________________________
Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment,

1994-44

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

See Comment 1994-25 (Log #2).
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1994-25     Log #2  FAE-HAZ

_______________________________________________________________________________________________
William Alexander, Onguard Industries

1994-44
Revise text as follows:

Is there enough test data of currently certified footwear to ensure continued compliance to the proposed footwear test
method for slip resistance?

No substantiation provided.

Revise the following sections:
8.19.1 Application. This test method shall apply to footwear soles.
8.19.4  Procedure. Slip resistance shall be performed in accordance with ASTM F 489,

, in a dry condition
DIN EN ISO 13287, , in the following
configurations:

a.) A minimum of three size 9 footwear specimens shall be tested both in the forepart and heel positions.
b.) Footwear shall be tested in both the dry and wet conditions.  The wet condition shall be achieved using distilled or

de-ionized water.  The water shall be applied to thoroughly wet the testing surface and make a pool at least as wide and
long as the test portion of the footwear in the area of initial contact.

c.*) Footwear shall be tested on a quarry tile surface that meets the following specifications:
1.)  Flat unglazed clay quarry tile that is wider than the test specimen and long enough to allow a sliding distance of at

least 75mm without crossing a joint,
2.) is sufficiently flat to allow it to be secured on the mounting table such that no movement occurs between the tile and

mounting table during the test.
3.) has a ribbed profile or directional marking on the underside to identify the direction in which the tile should be

aligned (with the ribs parallel to the sliding direction).
4.) conforms to the values specified in Table 8.19.4 when calibrated by the Slider 96 method.

****Insert Table 8.19.4 Here****

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

8.19.5  Report. The static coefficient of friction of each specimen shall be recorded and reported.
8.19.5.1 The coefficient of friction of each specimen shall be recorded and reported.
8.19.5.2  The average coefficient of friction of all specimens for each configuration shall be calculated, recorded, and

reported.
8.19.6 Interpretation. One or more footwear specimens failing this test The average coefficient of friction for each

configuration shall constitute failing be used to determine pass/fail performance.
A.8.19.4(c) A suitable tile is available from SATRA, reference STM 603 Quarry Tile.
A.8.19.4(c)(5) However, if experience shows that the friction properties of the test floor are not strongly influenced by

repeated testing then calibration intervals may be extended.
The technical committee accepted the comment in principle, and revised the text as shown in

the meeting action. The stainless steel plate is being removed to maintain more simplicity of this test.  The surfactant
condition was changed to a plain water condition so that the basic conditions of the footwear slip industry would be
recorded.  The sole position was changed to the forepart condition because the forepart condition is more critical and
more accurately reflects shoe position for actual slipping.  The test method was changed from SATRA to DIN EN ISO for
consistency with other standards in the project.  Requirement is being changed based on information learned about
minimum slip requirements necessary for standing and testing performed.
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Table 8.19.4, Coefficient of Friction Values 
 Dry CoF Wet CoF 

Minimum 0.57 0.36 
Maximum 0.63 0.42 
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_______________________________________________________________________________________________
1994-26     Log #4  FAE-HAZ

_______________________________________________________________________________________________
William Alexander, Onguard Industries

1994-44
Revise text to read as follows:

8.19.4
(1) A minimum of three complete size 9 footwear items shall be tested in the flat and heel positions.

The surface contact area of different sizes of footwear will affect the static coefficient of friction. The
size 9 is the typical median size.

See Comment 1994-25 (Log #2).
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