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NOTICE 
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quarters, addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal interpretauons, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals 
on matters relating to the content of the document, write to the Secretary, Standards Council National Fire 
Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing Committee Projects shall not be considered the official position of NFPA or any of its Committees and 
shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable Federal, State and local laws and regulations. NFPA 
does not, by the publication of this document, intend to urge action which is not in compliance with apph- 
cable laws and this document may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox- 
icity of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with 
that subject in its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic 
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit- 
tees to review the documents for which they are responsible to be sure that the documents respond to this 
current concern. To assist the committees in meeting this request, the Board has appointed an advisory com- 
mittee to provide specific guidance to the technical committees on questions relating to assessing the hazards 
of the products of combustion. 

Licensing Provision m This document is copyrighted by the National Fire Protection Association 
(NFPA). 

I. Adoption by Reference m Public authorities and others are urged to reference this document in 
laws, ordinances, regulations, administrative orders or similar instruments. Any deletions, additions and changes 
desired by the adopting, authority must be noted separately... Those using this method are requested to notify 
the NFPA (Attention: Secretary, Standards Council) in writing of such use. The term "adoption by reference" 
means the citing of title and publishing information only. 

2. Adoption by Transcription - -  A. Public authorities with lawmaking or rule-making powers only, 
upon written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free 
license to print and republish this document in whole or in part, with changes and additions, if any, noted 
separately, m laws, ordinances, regulations, administrative orders or similar instruments having the force of 
law, provided that: (1) due notice of NFPA's copyright is contained in each law and in each copy thereof; 
and, (2) that such printing and republication is hmited to numbers sufficient to satisfy the jurisdiction's lawmak- 
ing or . . . . . . .  rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all printings 
of this document, bypubhc authormes, with lawmaking or rulemakm. . .gpowers or any other persons desiring 
to reproduce this document or ItS contents as adopted by the jurisdiction in whole or in part, in any form, 
upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonexclusive license 
to print, republish, and vend this document in whole or in part, with changes and additions, if any, noted 
separately provided that due notice of NFPA's copyright is contained in each copy. Such license shall be granted 
only upon agreement to pay NFPA a royalty. This royalty is required to provide funds for the research and 
development necessary to continue the work of NFPA and its volunteers in continually updating and revising 
NFPA standards. Under certain circumstances, public authorities with lawmaking or rulemaking powers may 
apply for and may receive a special royalty when the public interest will be served thereby. 

3. Scope of License Grant - -  The terms and conditions set forth above do not extend to the index 
to this document. 

(For further explanation, see the Policy Concerning the Adoption, Printing and Publication of NFPA 
Documents which is available upon request from the NFPA.) 
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Chemical Emergencies 
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This edition of N FPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emer- 
gencies, was prepared by the Technical Committee on Fire Service Protective Clothing and 
Equipment, and acted on by the National Fire Protection Association, Inc. at its Fall Meet- 
ing held November 13-15, 1989 in Seattle, WA. It was issued by the Standards Council 
on January 12, 1990, with an effective date of  February 5, 1990. 

The 1990 edition of  this document has been approved by the American National Stan- 
dards Institute. 

Origin and Development of NFPA 1991 

In 1985 the National Transportation Safety Board (NTSB) issued report  1-004-5 on a 
hazardous material incident that occurred in Benicia, California. In that report, the NTSB 
recommended that standards be developed for protective clothing for protection from haz- 
ardous chemicals. The United States Department of Transportation (DOT) issued a posi- 
tion that requested private sector standards development undertake the project of writing 
the standards on hazardous chemical protective clothing and asked other governmental 
agencies to assist and participate in the private sector standards development system. DOT 
at this time also directly requested that the NFPA develop documents on hazardous chem- 
ical protective clothing. The Environmental Protection Agency (EPA), the United States 
Coast Guard (USCG), the Federal Emergency Management Agency (FEMA), and the Occu- 
pational Safety and Health Administration (OSHA) either adopted position statements mod- 
eled after the DOT position or endorsed the DOT position. 

During 1985, the NFPA Standards Council approved a project for development of  these 
standards and assigned the project to the Technical Committee on Fire Service Protec- 
tive Clothing and Equipment. The Technical Committee on Fire Service Protective Cloth- 
ing and Equipment established a standing Subcommittee on Hazardous Chemicals Protective 
Clothing and they began their work in Phoenix, Arizona in March, 1986. Representatives 
from the USCG, FEMA, and OSHA participated on the Subcommittee. 

At the same time, ASTM was developing a document on a selection of chemicals for eval- 
uating protective clothing materials that would serve as one of  several ASTM testing cri- 
teria that would be referenced in the NFPA standards. 

The Subcommittee met several times over a 2~'2-year period at different locations across 
the country and developed two standards, one for vapor-protective suits and one for liq- 
uid splash-protective suits. 

NFPA 1991 addresses vapor-protective suits designed to protect emergency response 
personnel against exposure to specified chemicals in vapor and liquid splash environments 
during hazardous chemical emergencies. Chemical permeation resistance documentation 
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is required for primary suit materials (garment, visor, gloves, and boots) against each chem- 
ical in the NFPA battery of  chemicals and any additional chemicals or specific chemical 
mixtures for which the manufacturer is certifying the suit. The NFPA battery of  chemi- 
cals consists of  17 chemicals: those specified in ASTM F 1001, Standard Guide for Chemi- 
cals to Evaluate Protective Clothing Materials, plus anhydrous ammonia and chlorine gas. These 
chemicals were selected because they are representative of  the classes of  chemicals that are 
encountered during hazardous chemical emergencies. 

The standard includes performance requirements that were established to reflect sim- 
ulated use conditions. A suit pressurization test is used to check the air-tight integrity of  
each protective suit. Also, an overall suit water penetration test is designed to ensure the 
suit provides full body protection against liquid splashes. Primary suit materials must resist 
permeation for one hour or more by each chemical in the NFPA battery. Manufacturers 
may certify protective suits for additional chemicals when the same permeation perfor- 
mance is met. Also included are penetration resistance testing of  closures, and leak and 
cracking pressure tests for exhaust valves. These tests allow determination of  adequate suit 
component  performance in hazardous chemical environments. 

Material testing for burst strength, tear strength, abrasion resistance, flammability resis- 
tance, cold temperature performance, and flexural fatigue are required so that materi- 
als used for vapor-protective suits will afford adequate protection in the environment where 
they will be used. 

NFPA 1992 addresses liquid splash-protective suits designed to protect emergency 
response personnel against exposure to specified chemicals in liquid splash environments 
during hazardous chemical emergencies. Chemical penetration resistance documentation 
of garment material against an NFPA battery of  test chemicals and any additional chem- 
icals or specific chemical mixtures for which the manufacturer is certifying the suit is 
required. The NFPA battery of chemicals were selected from ASTM F 1001, Standard Guide 
for Chemicals to Evaluate Protective Clothing Material. These do not include liquid chemicals 
with known or suspected carcinogenicity or skin toxicity because these garments deal with 
skin exposure and not inhalation. This criterion produces a different subset of  ASTM 
F 1001 chemicals to be certified. 

The standard includes performance requirements that were established to reflect sim- 
ulated use conditions. An overall suit water penetration test is included to ensure the suit 
provides full body splash protection. Materials testing includes burst strength, tear resis- 
tance, flammability resistance testing, abrasion resistance, cold temperature performance, 
and flexural fatigue testing. These tests are required so that garment materials will pro- 
vide adequate protection in the environment in which they will be used. 

The Subcommittee presented their final draft reports to the Technical Committee in 
Monterey, California, in August, 1988. Final drafts of both NFPA 1991 and NFPA 1992 
were entered into the Fall Meeting 1989 cycle and were voted on by the Association at 
the 1989 Fall Meeting in Seattle, Washington, on 15 November 1989. 
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ADMINISTRATION 1991-7 

N F P A  1991 

Standard on 

Vapor-Protective Suits for 

Hazardous Chemical Emergencies 

1990 Edition 

NOTICE: An asterisk (*) following the number or letter des- 
ignating a paragraph indicates explanatory material on that 
paragraph in Appendix A. 

Information on referenced publications can be found in 
Chapter 6. 

Chapter 1 Administration 

1-1 Scope. 

1-1.1 This standard specifies minimum documentation, 
design criteria, performance criteria, and test methods for 
vapor-protective suits designed to protect emergency response 
personnel against exposure to specified chemicals in vapor 
and liquid splash environments during hazardous chemical 
emergencies. 

1-1.2" This standard does not apply to protective clothing 
for any fire fighting applications, and does not provide cri- 
teria for protection from radiological, biological, or cryogenic 
agents, or against flammable or explosive atmospheres. 

1-1.3" This standard is not intended to be utilized as a 
detailed manufacturing or purchase specification but can 
be referenced in purchase specifications as minimum require- 
ments. 

1-2 Purpose. 

1-2.1 The purpose of  this standard is to provide minimum 
requirements for vapor-protective suits used in hazardous 
chemical emergencies. 

1-2.2 Controlled laboratory tests used to determine com- 
pliance with the performance requirements of this standard 
shall not be deemed as establishing performance levels for 
all situations to which personnel may be exposed. 

1-3 Definitions. 

Approved.* Acceptable to the "authority having juris- 
diction." 

Authority Having Jurisdiction.* The "authority having 
jurisdiction" is the organization, office or individual respon- 
sible for "approving" equipment, an installation or a pro- 
cedure. 

Biological Agents. Biological materials that are capable 
of  causing acute or long-term damage to the human body. 

Boot or Bootie Assembly. The segment of the chemical- 
protective suit designed to protect the wearer's feet, combined 
with the interface between the garment and type of  foot 
protection. 

Bootie. A sock-like extension of the suit leg designed to 
protect the wearer's feet when worn in conjunction with an 
outer boot. 

Certification/Certified. A system whereby a certification 
organization determines that a manufacturer has demon- 
strated the ability to produce a product  that complies with 
the requirements of this standard, authorizes the manufac- 
turer to use a label on listed products that comply with the 
requirements of this standard, and establishes a follow-up pro- 
gram conducted by the certification organization as a check 
on the methods the manufacturer uses to determine com- 
pliance with the requirements of this standard. 

Certification Organization. An independent, third party 
organization that determines products compliance with the 
requirements of  this standard with a labeling/listing/follow- 
up program. 

Chemical-Protective Clothing Material. Any material or 
combination of materials used in an item of clothing for the 
purpose of isolating parts of the wearer's body from chem- 
ical or physical hazards. 

Chemical-Protective Suit. A single or multi-piece garment 
constructed of chemical-protective clothing materials designed 
and configured to protect the wearer's torso, head, arms, legs, 
hands, and feet. It shall be permitted to cover the wearer's 
head, hands, and feet with attached or detachable hoods, 
gloves, and boots. It shall be permitted to completely enclose 
the wearer by itself or in combination with the wearer's res- 
piratory equipment, hood, gloves, and boots. 

Compliant. Meeting or exceeding all applicable require- 
ments of this standard. 

Cracking Pressure. The pressure at which the suit 
exhaust valve begins to open, releasing exhaust air to the out- 
side suit environment. 

Cryogenic Agents. Low temperature materials that are 
capable of  causing acute or long-term freeze burn damage 
to the human body. 

Emergency Response Personnel. Personnel assigned to 
organizations that have the responsibility for responding to 
different types of emergency situations. 

Exhaust Valve. One-way vent valves designed to release 
exhaust air from the inside of  the chemical-protective suit to 
the outside environment. 

External Fittings. Any component externally located on, 
and part of, the vapor-protective suit that is not part of  the 
garment material, visor material, boot assembly, glove assem- 
bly, or closure assembly. 
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External Gaskets. Any gasket externally located on, and 
part of, the vapor-protective suit that is not part of the gar- 
ment material, visor material, boot assembly, glove assem- 
bly, or closure assembly. 

Flammable or Explosive Atmospheres. Atmospheres con- 
taining chemical vapors or gases at concentrations that will 
burn or explode if ignited. 

Follow-Up Program. The sampling, inspections, tests, or 
other measures conducted by the certification organization 
on a periodic basis to determine the continued compliance 
of  products listed that are being produced by the manufac- 
turer to the requirements of  this standard. 

Garment Label. A label affixed to the garment by the 
manufacturer containing general information, warnings, care, 
maintenance, or similar data. This garment label is not a cer- 
tification organization label or identifying mark. 

Garment Material. The chemical-protective clothing mate- 
rial used in constructing the major portion of the chemical- 
protective suit. 

Glove Assembly. The segment of  the chemical-protective 
suit designed to protect the wearer's hands, combined with 
the interface between the garment and type of hand pro- 
tection. 

Hazardous Chemical Emergencies. Incidents involving 
the release or potential release of  hazardous chemicals into 
the environment, which can cause loss of life, personnel 
injury, or damage to property and the environment. 

Hazardous Chemical. Any solid, liquid, gas, or mixture 
thereof that can potentially cause harm to the human body 
through respiration, ingestion, skin absorption, or contact. 

Labeled. Equipment or materials to which has been 
attached a label, symbol or other identifying mark of an orga- 
nization acceptable to the authority having jurisdiction and 
concerned with product evaluation, that maintains periodic 
inspection of  production of labeled equipment or materials 
and by whose labeling the manufacturer indicates compliance 
with appropriate standards or performance in a specified 
manner. 

Liquid Splash-Protective Suit. A chemical-protective suit 
that meets all requirements of  NFPA 1992, Standard on Liq- 
uid Splash-Protective Suits for Hazardous Chemical Emergencies, 
that protects against chemical liquid splashes and not against 
chemical vapors or gases. 

Listed.* Equipment or materials included in a list pub- 
lished by an organization acceptable to the "authority hav- 
ing jurisdiction" and concerned with product evaluation, that 
maintains periodic inspection of  production of  listed equip- 
ment or materials and whose listing states either that the 
equipment or material meets appropriate standards or 
has been tested and found suitable for use in a specified 
manner. 

Primary Suit Materials. Chemical-protective suit mate- 
rials limited to the garment material, visor or faceshield mate- 
rial, glove material, and boot or bootie material. This includes, 

in addition to the above materials, the wearer's respiratory 
equipment when worn outside the vapor-protective suit and 
includes all exposed respiratory equipment materials designed 
to protect the wearer's breathing air and air path. 

Radiological Agents. Radiation associated with x-rays, 
alpha, beta, and gamma emissions from radioactive isotopes, 
or other materials in excess of  normal background radiation 
levels. 

Respiratory Equipment. A positive pressure, self- 
contained breathing apparatus (SCBA) or combination 
SCBA/supplied-air breathing apparatus certified by the 
National Institute for Occupational Safety and Health 
(NIOSH) and the Mine Safety and Health Administration 
(MSHA) or the appropriate approval agency for use in atmo- 
spheres that are immediately dangerous to life or health 
(IDLH). 

Seam. Any permanent  attachment of  two or more 
chemical-protective clothing materials, excluding external fit- 
tings, gaskets, and suit closure assemblies, in a line formed 
by joining the separate material pieces. 

Shall. Indicates a mandatory requirement. 

Should. This term, as used in the Appendix, indicates 
a recommendation or that which is advised but not required. 

Suit Closure. The suit component designed and config- 
ured to allow the wearer to  enter (don) and exit (doff) the 
chemical-protective suit. 

Suit Closure Assembly. The combination of  the suit clo- 
sure and the seam attaching the suit closure to the garment, 
excluding any protective flap or cover. 

Vapor-Protective Suit. A chemical-protective suit that pro- 
tects against chemical vapors, gases, and liquids and meets 
all requirements of  this standard, NFPA 1991, Standard o n  

Vapor-Protective Suits for Hazardous Chemical Emergencies. 

Visor or Faceshield Material. The transparent chemical- 
protective clothing material that allows the wearer to see out- 
side the chemical protective suit. 

1-4 Units. 

1-4.1 In this standard, values for measurement are followed 
by an equivalent in parentheses, but only the first stated value 
shall be regarded as the requirement. Equivalent values in 
parentheses shall not be considered as the requirement as 
these values might be approximate. 

Chapter  2 Cert i f icat ion 

2-1 General. 

2-1.1" Vapor-protective suits that are labeled as being com- 
pliant with this standard shall meet or exceed all applicable 
requirements specified in this standard and shall be certified. 
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2-1.2 Vapor-protective suits shall be certified to only one 
NFPA standard.  

2-1.3 All certification shall be per formed by an approved 
certification organization. 

2-1.4 Compliant vapor-protective suits shall be labeled and 
listed. Such vapor-protective suits shall also have a garment  
label that meets the requirements specified in Section 2-4 of 
this chapter.  

2-2 Certification Program. 

2-2.1" The certification organization shall not be owned or 
controlled by manufacturers or vendors of the products being 
certified. The certification organization shall be primari ly 
engaged in certification work and shall not have a monetary 
interest in the product 's  ultimate profitability. 

2-2.2 The  certification organization shall refuse to certify 
products to this standard that do not comply with all require- 
ments of this standard.  

2-2.3" The contractual provisions between the certification 
organization and the manufacturer  shall specify that certi- 
fication is contingent on compliance with all applicable 
requirements of this standard. There  shall be no conditional, 
temporary,  or  partial certifications. Manufacturers shall not 
be authorized to use any label or reference to the certifica- 
tion organization on products that are not manufactured in 
compliance with all applicable requirements of this standard. 

2-2.4" For certification, laboratory facilities and equipment 
for conducting proper  tests shall be available, a program for 
calibration of all instruments shall be in place and operat-  
ing, and procedures  shall be in use to ensure p rope r  con- 
trol of  all testing. Good practice shall be followed regarding 
the use of laboratory manuals, form data sheets, documented 
calibration and calibration routines, performance verification, 
proficiency testing, and staff qualification and training 
programs.  

2-2.5 Manufacturers shall be required to establish and main- 
tain a program of product ion inspection and testing. 

2-2.6 The manufacturers and the certification organization 
shall evaluate any changes affecting the form, fit, or function 
of  the certified product  to determine its continual certifica- 
tion to this standard.  

2-2.7" Product certifications shall include a follow-up inspec- 
tion program, with at least 2 random and unannounced vis- 
its per  12-month period. 

2-2.8 The  certification organization shall have a p rogram 
for investigating field reports alleging malperformance or fail- 
ure of listed products.  

2-2.9 The operat ing procedures  of the certification orga- 
nization shall provide a mechanism for the manufacturer  to 
appeal  decisions. The  procedures shall include the presen- 
tation of information from both sides of  a controversy to a 
designated appeals panel. 

2-2.10 The certification organization shall be in a position 
to use legal means to protect  the integrity of its name and 
label. The  name and label shall be registered and legally 
defended.  

2-3 Inspection and Testing. 

2-3.1 Sampling levels for testing and inspection shall be 
established by the certification organization and the manu- 
facturer to assure a reasonable and acceptable reliability at 
a reasonable and acceptable confidence level that products  
certified as being compliant  with the s tandard are compli- 
ant. This information shall be included in the manufactur-  
er 's technical data package. 

2-3.2 Testing for determining material and component com- 
pliance with the requirements specified in Chapter  3 of this 
s tandard shall be per formed on samples representat ive of 
materials and components used in the actual construction of  
the vapor-protective suit. The certification organization shall 
be permit ted to also use sample materials cut from a repre-  
sentative vapor-protective suit. 

2-3.3 Any combination of materials or multi-piece garment  
that is needed to meet any of the performance requirements 
specified in Chapter  4 of this standard shall also be required 
to meet all the requirements  for that part icular  segment  of 
the vapor protective suit. 

2-4 Garment Labeling. 

2-4.1" The vapor-protective suit shall have a garment  label 
permanently and conspicuously attached to the inside of the 
garment upon which at least the following warning and infor- 
mation are pr in ted  in at least 1/16 in. (1.5ram) high letters. 

"THIS VAPOR-PROTECTIVE SUIT MEETS THE 
REQUIREMENTS OF NFPA 1991, STANDARD ON 
VAPOR-PROTECTIVE SUITS FOR HAZARDOUS 
CHEMICAL EMERGENCIES, 1990 EDITION,  FOR 
THE CHEMICALS LISTED BELOW. THE TECHNI-  
CAL DATA PACKAGE CONTAINS ADDITIONAL 
INFORMATION ON THESE AND ANY ADDI- 
TIONAL CHEMICALS AND SPECIFIC CHEMICAL 
MIXTURES FOR WHICH THIS SUIT IS CERTIFIED. 

Acetone 
Acetonitrile 
Anhydrous Ammonia  
Carbon Disulfide 
Chlorine 
Dichloromethane 
Diethyl Amine 
Dimethyl Formamide  

Ethyl Acetate 
Hexane 
Methanol 
Nitrobenzene 
Sodium Hydroxide  
Sulfuric Acid 
Tetrachloruethylene 
Tet rahydrofuran  
Toluene 

W A R N I N G  

THE USER MUST CONSULT THE TECHNICAL 
DATA PACKAGE, MANUFACTURER'S INSTRUC- 
TIONS, AND MANUFACTURER'S RECOMMENDA- 
TIONS BEFORE USE. DO NOT USE FOR ANY FIRE 
FIGHTING APPLICATIONS OR FOR PROTECTION 
FROM RADIOLOGICAL, BIOLOGICAL, OR CRYO- 
GENIC AGENTS, OR IN FLAMMABLE OR EXPLO- 
SIVE ATMOSPHERES. CHEMICAL CONTAMI- 
NATION OF THIS  SUIT MAY WARRANT ITS DIS- 
POSAL. MAINTAIN ONLY IN ACCORDANCE WITH 
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MANUFACTURER'S INSTRUCTIONS. NO PROTEC- 
TIVE C L O T H I N G  CAN PROVIDE PROTECTION 
FROM ALL CONDITIONS.  USE EXTREME CARE 
FOR ALL EMERGENCY OPERATIONS, PARTICU- 
LARLY IN HAZARDOUS ATMOSPHERES. FAILURE 
TO COMPLY W I T H  THESE INSTRUCTIONS MAY 
RESULT IN SERIOUS INJURY OR DEATH." 

Manufacturer 's  name 
Manufacturer 's address 
Country of  manufacture 
Suit model, style, and serial number  
Date of manufacture 
Date of compliance testing to ASTM F 1052 
Size 
Garment  material 
Visor material 
Glove material 
Boot material 

" D O  N O T  R E M O V E  T H I S  L A B E L "  

2-4.2 All portions of the required label shall be printed in 
at least English. 

2-5 User Information. 

2-5.1" Vapor-protective suit manufacturers shall provide 
the following instructions and information with each suit: 

(a) Cleaning instructions; 

(b) Marking and storage instructions; 

(c) Frequency and details of  inspections; 

(d) Maintenance criteria; 

(e) How to use test equipment,  where applicable; 

(0 Methods of repair if recommended by manufacturer;  

(g) Warranty information. 

2-5.2 Vapor-protective suit manufacturers shall furnish train- 
ing materials that address, hut are not limited to: 

(a) Donning procedures; 
(b) Doffing procedures; 

(c) Safety considerations; 

(d) Opt imum storage conditions; 

(e) Recommended storage life; 
(f) Decontamination recommendations and considerations; 

(g) Retirement considerations; 

(h) Closure lubricants, if applicable; 

(i) Visor/faceshield antifog agents or procedures. 

2-5.3* Vapor-protective suit manufacturers shall furnish a 
log book with each vapor-protective suit along with instruc- 
tions on its proper  completion and maintenance. 

Chapter 3 Documentation Requirements 

3-1 Technical Data Package. 

3o1.1" The manufacturer shall furnish a technical data pack- 
age with each vapor-protective suit. 

3-1.2 The technical data package shall contain all documen- 
tation required by this standard and the data showing com- 
pliance with this standard. 

3-1.3 In the technical data package, the manufacturer shall 
describe the vapor-protective suit in terms of manufacturer  
trade name and model number,  manufacturer  replaceable 
components  and available options, accessories such as test- 
ing devices, and sizes. 

3-2 Suit Material and Component Descriptions. 

3-2.1 When specific clothing items and equipment  are 
required for certifying the vapor-protective suit to this stan- 
dard, the manufacturer  shall list these clothing items and 
equipment  in the technical data package. 

3-2.2 The manufacturer shall provide, in the technical data 
package, the list and descriptions of  the following suit mate- 
rials and components,  if applicable: 

(a) Garment  material; 

(b) Visor/faceshield material; 

(c) Glove material and assembly; 

(d) Boot or bootie material and assembly; 

(e) Zipper/closure type and materials; 

(f) Material seam types and composition; 

(g) Exhaust valve types and material(s); 

(h) External fitting types and material(s); 

(i) External gasket types and material(s). 

3-2.2.1 All descriptions of  material composition shall spec- 
ify either the generic material names or trade names if the 
composition of the material is proprietary.  

3-2.2.2 Descriptions of  respective suit materials and com- 
ponents shall include the following information, if appli- 
cable: 

(a) Visor/Faceshield Material 

1. The availability of any permanent  or detachable cov- 
ers and films. 

(b) Gloves 

1. Type of linings or surface treatments;  

2. Available glove sizes. 

(c) Boots or booties 

1. Type of linings or surface treatments;  

2. Type  of soles or special toe reinforcements; 

3. Available boot sizes. 

(d) Suit Zipper or Closure 

1. The  material(s) of  construction for the closure 
(including chain, slide, pull, and tape for zippers); 

2. The  location and the length of the completed clo- 
sure assembly; 
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3. A description of any protective covers or flaps. 

(e) Suit Exhaust Valves or Ports. 
1. Type, such as flapper,  pressure demand;  

2. Number  and method of  at tachment  to the suit; 

3. A description of  any protective covers or pockets. 

3-2.3 The manufacturer shall describe, in the technical data 
package, the type of  seams or methods of  attachment for the 
following suit material  and component  combinations: 

(a) Garment  mater ia l -garment  material; 

(b) Garment  material-visor; 

(c) Garment  material-glove; 

(d) Garment  material-boot; 

(e) Garment  material-suit closure. 

3-3 Chemical Permeation Resistance Documentation. 

3-3.1 The  manufacturer  shall measure and document,  in 
the technical data package, the permeation resistance of the 
garment  material for 3 hours against each chemical in the 
NFPA battery of chemicals, and any additional chemicals or  
specific chemical mixtures for which the manufacturer is cer- 
tifying the suit, using the test method specified in Section 
5-2 of  this s tandard.  

3-3.2 If  different than the garment  material, the manufac- 
turer  shall similarly measure and document,  in the techni- 
cal data package, the permeation resistance of  other primary 
suit materials for 3 hours against each chemical in the NFPA 
battery of  chemicals, and any additional chemicals or specific 
chemical mixtures for which the manufacturer  is certifying 
the suit, using the test methods specified in Section 5-2 of 
this standard.  

3-3.3* The manufacturer  shall document,  in the technical 
data package, the breakthrough time and maximum perme- 
ation rate observed as a matrix of data for primary suit mate- 
rials versus the NFPA battery of chemicals, and any additional 
chemicals or  specific chemical mixtures for which the man- 
ufacturer is certifying the suit. The  manufacturer  shall indi- 
cate if no breakthrough is detected within the 3-hour period 
for a part icular material/chemical combination. The  manu- 
facturer shall also repor t  the conditions established for this 
testing as required in Section 5-2 of  this s tandard.  

3-3.4 The  manufacturer  shall document,  in the technical 
data package, all chemicals and specific chemical mixtures 
for which the pr imary suit materials have been found com- 
pliant when tested as specified in Section 4-2 of this standard. 

3-4 Suit Component Documentation. 

3-4.1 The  manufacturer  shall document,  in the technical 
data package, the flow rate of the exhaust valves and, if appli- 
cable, the cracking pressure of the exhaust valves using the 
test method specified in Section 5-10 of this s tandard.  

Chapter 4 Design and Performance Requirements 

4-1 Overall Suit and Suit Component Requirements. 

4-1.1" Protective covers or pockets c ')nstructed using the 
garment  material  shall be provided to protect  the exhaust 

valves from direct chemical splashes to the seat of the exhaust 
valve(s). The pockets or covers shall allow access to the valves 
for removal and inspection. 

4-1.2 All external fittings shall be free of rough spots, burrs, 
or sharp edges that could tear the garment  material. 

4-1.3 Each vapor-protective suit shall meet the "pass" 
requirements  of ASTM F 1052, Practice for Pressure Testing 
of Gas-Tight Totally Encapsulated Chemical Protective Suits. 

4-1.4 Sample suits shall be tested for water-tight integrity 
and allow no water penetra t ion when tested as specified by 
Section 5-1 of this s tandard.  

4-2 Primary Suit Material Requirements. 

4-2.1 Samples of the primary suit materials shall not exhibit 
breakthrough times of one hour or less for each of  the NFPA 
battery of chemicals when tested as specified in Section 5-2 
of this s tandard.  

4-2.2 For any additional chemicals or specific chemical mix- 
tures for which the manufacturer  is certifying the suit, sam- 
ples of  the pr imary  suit materials shall not exhibit 
b reakthrough times of  one hour  or less tbr each addit ional  
chemical or specific chemical mixture when tested as spec- 
ified in Section 5-2 of this s tandard.  

4-2.3* Primary suit materials shall not ignite in less than 
3.0 seconds, shall not burn  a distance of  greater  than 4.0 
inches (102 mm), shall not sustain burning for more than 10 
seconds, and shall not melt or dr ip  when tested for flame 
resistance as specified in Section 5-3 of this s tandard.  

4-3 Additional Garment and Glove Material Requirements. 

4-3.1" Garment and glove materials shall not exhibit break- 
through times of one hour or less for each of  the NFPA bat- 
tery of chemicals, and for any additional chemicals or specific 
chemical mixtures for which the manufacturer  is certifying 
the suit, when tested as specified in Section 5-4 of this 
standard.  

4-3.2* Garment and glove materials shall not exhibit break- 
through times of one hour  or  less for each of  the NFPA bat- 
tery of chemicals, and for any additional chemicals or specific 
chemical mixtures for which the manufacturer  is certifying 
the suit, when tested as specified in Section 5-5 of  this 
s tandard.  

4-3.3* Garment  and glove materials shall have a modulus 
of rigidity of  1100 or less at -13°F (-25°C) when tested for 
cold weather performance as specified in Section 5-6 of this 
s tandard.  

4-4 Additional Garment Material Requirements. 

4-4.1" Garment  material samples shall be tested for burst- 
ing strength and have a burst ing strength of  not less than 
100 psi (7.0 kg/cm 2) in accordance with ASTM D 751, Meth- 
ods of Testing Coated Fabrics, Bursting Strength, using the Mullen 
Burst machine. 
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4-4.2" Garment  material  samples shall be tested for tear 
resistance and shall have a tear resistance of  not less than 11 
lb (5 kg) when tested in accordance with ASTM D 2582, Stan- 
dard Test Method for Puncture Propagation Tear Resistance of Plas- 
tic Film and Thin Sheeting. 

4-5 Additional Visor or Faeeshield Material Requirement. 

4-5.1" Visor or  faceshield material samples shall be tested 
for total visible luminous transmittance and percentage haze 
as specified in Section 5-7 of  this standard.  Visor material  
samples shall transmit not less than 85 percent  of  the inci- 
dent visible radiation. The  percentage haze of  visor material 
samples shall not exceed 6 percent.  

4-6 Seam Requirements.  

4-6.1" Seams shall not exhibit breakthrough times of one 
hour  or  less for each of  the NFPA battery of chemicals, and 
for any additional chemicals or  specific chemical mixtures for 
which the manufacturer is certifying the suit, when tested as 
specified in Section 5-5 of this s tandard.  

4-6.2" All seams shall possess a breaking strength of not less 
than 30 lbf/2 in. (2.88 kN/m) when tested in accordance with 
ASTM D 751, Methods of Testing Coated Fabrics, Seam Strength. 

4-7 Suit Closure Assembly Requirements.  

4-7.1" Sample suit closure assemblies shall show no pen- 
etration for each of  the NFPA battery of chemicals, and for 
any additional chemicals or  specific chemical mixtures for 
which the manufacturer is certifying the suit, when tested as 
specified in Section 5-8 of  this s tandard.  

4-7.2* The suit closure assembly shall possess a breaking 
strength of  not less than 30 lbf/2 in. (2.88 kN/m) when tested 
in accordance with ASTM D 751, Methods of Testing Coated Fab- 
rics, Seam Strength. 

4-8 Suit Exhaust Valve Requirements.  

4-8.1" Each exhaust valve installed in a vapor-protective suit 
shall be tested for inward leakage and shall not exhibit a flow 
rate exceeding 1.83 cu in./min (30 ml/min) when tested as 
specified in Section 5-9 of  this s tandard.  

4-8.2 The cracking pressure of  the exhaust valve shall not 
exceed 3.0 in. water gauge pressure (76.2 mm water column 
height) when tested as specified in Section 5-10 of  this 
standard.  

C h a p t e r  5 T e s t  M e t h o d s  

5-1 Overall Suit Water Penetration Test. 

5-1.1 Sample protective suits shall be selected for overall 
suit water penetrat ion testing as specified in 2-2.1 of this 
standard.  

5-1.2" Additional protective clothing components and equip- 
ment that are necessary to provide full-body splash-protection 
to the wearer shall be tested in conjunction with the protec- 
tive suit. 

5-1.3 A human form mannequin shall be selected that is of 
appropriate size for the suit to be tested. The mannequin shall 
be water resistant. During the test the mannequin arms shall 
be placed by the sides of the mannequin torso and the man- 
nequin legs shall not be bent. 

5-1.4" An inner  garment  shall cover all areas of  the man- 
nequin as an aid to observe water penetration. The inner gar- 
ment  shall be constructed from a fabric that is easily 
watermarked.  

5-1.5 Five nozzles shall be oriented with respect to the man- 
nequin as specified in Figure 5-1.5. 

F R O N T  VIEW 
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Figure 5-1.5 Overall suit penetrating test garment/mannequin 
orientations. 
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1990 Edition 



1991-14 VAPOR-PROTECTIVE SUITS FOR HAZARDOUS CHEMICAL EMERGENCIES 

5-1.6" The nozzles shall conform to the specifications in 
Figure 5-1.6. 

5-1.7 The water distribution system shall deliver a minimum 
of 3 1/min through each nozzle. 

5-1.8" Water used for overall suit penetration testing shall 
contain a nonfoaming surfactant that lowers the surface ten- 
sion to less than 34 dynes/cm. 

5-1.9 The inner garment and protective suit, and other pro- 
tective suit components and equipment to be tested, shall be 
inspected for total dryness before they are donned on the 
mannequin. The inner garment shall be donned on the man- 
nequin underneath the protective suit to be tested. The pro- 
tective suit shall be donned on the mannequin in accordance 
with manufacturer instructions. Additional protective cloth- 
ing components and equipment shall be donned on the man- 
nequin and attached to the suit in accordance with 
manufacturer directions. 

5-1.10 Water shall be sprayed at the suited mannequin for 
a duration of 15 minutes for each of the suit orientations spec- 
ified in Figure 5-1.5. 

5-1.11 Water penetration shall be determined by remov- 
ing the protective suit and any other protective clothing com- 
ponents or equipment from the mannequin and examining 
the inner garment, garment liners, and garment interior for 
signs of wetness. Any evidence of water penetration shall con- 
stitute failure of the protective suit for this test. 

5-2 Chemical Permeation Resistance Test. 

5-2.1 For the purpose of  this standard, the NFPA battery 
of chemicals shall consist of the liquids specified in ASTM F 
1 O01, Standard Guide for Chemicals to Evaluate Protective Cloth- 
ing Material, plus anhydrous ammonia gas, CAS Number 
7664-41-7; and chlorine gas, CAS Number 7782-50-5. Both 
ammonia and chlorine gas used in testing shall have a purity 
of  at least 99.0 percent. 

5-2.2 Permeation resistance shall be measured in accordance 
with ASTM F 739, Test Method for Resistance of Protective Cloth- 
ing Materials to Permeation by Liquids and Gases, at 77°F, + 
2°F, (25°C, +_ 1.1°C). 

5-2.3* The minimum detectable permeation rate for the 
permeation test apparatus shall be measured for each chem- 
ical tested. The minimum detectable permeation rate shall 
be less than or equal to 0.14 txg/cm2/min for all permeation 
resistance tests. When using closed loop systems, the testing 
laboratory shall assume one hour  accumulated permeation. 

5-2.4 The following information and results shall be 
reported: 

(a) Material type or name; 

(b) Chemical or chemical mixture (volume composition of  
mixture); 

(c) Permeation breakthrough time (minutes) calculated at 
a system detectable permeation rate of  0.14 i~g/cm2/min; 

(d) Maximum permeation rate (p~g/cmZ/min) observed; 

(e) Minimum detectable permeation rate for test appara- 
tus (p~g/cm2/min); 

(f) Detection method; 

(g) Date of  test; 

(h) Testing laboratory. 

5-2.5 The manufacturer shall report  all three measured 
break through times in the technical data package and shall 
use the shortest break through time in determining compli- 
ance for the particular material/chemical combination. 

5-2.6 The manufacturer shall report all three observed per- 
meation rates in the technical data package. 

5-3 Flammability Resistance Test. 

5-3.1 All samples to be tested shall be conditioned for not 
less than four hours in standard atmospheric conditions at 
a relative humidity of 65 percent, _+ 2 percent and a tem- 
perature of  70°F, ± 2°F (21°C, -+ I°C). Samples shall be 
tested not more than five minutes after removal from con- 
ditioning. 

5-3.2 Vertical flammability testing shall be performed in 
accordance with Method 5903, Flame Resistance of  Cloth; 
Vertical, of  Federal Test Method Standard 191A, Textile Test 
Methods, with the following modifications: 

(a) Specimens shall consist of  at least ten protective cloth- 
ing material samples measuring 3 x 16 in., --+ 1/16 in. 
(76 x 203 mm, _+ 1.6 mm). If  the material is anisotropic, 
specimens shall be cut in both the machine and transverse 
directions. 

(b) Specimens shall be folded such that the folded edge 
is exposed in the apparatus holder. The fold shall be pro- 
duced by placing a 1/4 in. (6.4 mm) rod at the bend of  the 
material. The rod shall then be removed after the material 
is clamped in the holder prior to flame contact. The folded 
edge of  the specimen shall protrude 1/4 in. (6.4 ram) below 
the lower horizontal end of the metal specimen clamp. 

(c) A stopwatch or other time device reading in seconds 
shall be started. The tip of  the flame shall be applied to the 
end of  the specimen until it is ignited, but  no longer than 
3 seconds. The operator shall observe and note whether or 
not the specimen ignites and supports self-sustaining burn- 
ing after removal of  the flame from the specimen. 

(d) If  the specimen fails to ignite in 3 seconds, the time 
shall be restarted and the flame shall be reapplied to the end 
of  the specimen for an additional 12 seconds. If  the speci- 
men ignites, the timer shall be stopped when the flame is 
extinguished. 

(e) The vertical distance, measured from the horizontal 
edge of the specimen to which the ignition flame is applied, 
to the farthest point on the specimen visibly charred or 
melted by the burning process, shall be recorded. This mea- 
surement shall be made on the specimen after exposure. The 
apparent cause of  extinguishment, such as melting or drip- 
ping, shall be noted. 

5-3.3 The ignition propensity shall be noted as those spec- 
imens igniting within the 3-second exposure period, speci- 
mens igniting within the 12-second exposure period, and 
specimens not igniting at all. 
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5-3.4 Burning time shall be the time, reported in seconds, 
from the moment that the operator removes the flame from 
the sample until burning is extinguished. 

5-3.5 The distance of burn shall be the distance, reported 
in inches (cm), from the ignited edge of the sample to the 
farthest vertical point on the sample that is burned in the test. 

5-3.6 The burning behavior of  the specimen shall be noted 
and characterized for the samples that ignite, are self- 
extinguishing, or as otherwise observed. The specimen shall 
be considered self-extinguishing if the distance of  burning 
is less than 4.0 inches (10.24 cm) and the burning time is less 
than 10 seconds. The appearance of  decomposition by melt- 
ing or dripping shall be noted. 

5-3.7 Report items shall be summarized as: 

(a) Test specimens igniting in 3 seconds or less; 

(b) Test specimens igniting in 12 seconds or less; 

(c) Test specimens not igniting in the test; 

(d) Test specimens with an ignition time exceeding 3 sec- 
onds but supporting burning for 10 seconds or more; 

(e) Test specimens with an ignition time exceeding 3 
seconds but having a burn distance exceeding 4 inches 
(10.24 cm); 

(0 Notation of  specimen melting or dripping. 

5-4 Abrasion Resistance Test. 

5-4.1" Abrasion resistance testing shall be conducted in 
accordance with ASTM D 4157, Test Method for Abrasion Resis- 
tance of Textile Fabrics (Oscillatory Cylinder Method) with the fol- 
lowing conditions: 

(a) A 5 lb (2.27 kg) tension weight shall be used. 

(b) A 31/2 lb (1.60 kg) head weight shall be used. 

(c) An 80 grit abradant trimite D-weight open coat 
#1A4180, or equivalent, shall be used. 

(d) The specimen shall be abraded for 25 continuous 
cycles. 

(e) Permeation resistance testing as specified in Section 5- 
2 of  this standard shall be substituted for abrasion to rup- 
ture and percentage loss in breaking load for interpreting 
abrasion resistance test results. 

5-4.2 Only one specimen for permeation resistance testing 
shall be taken from each sample subjected to abrasion. The 
permeation test specimen shall be taken from the exact cen- 
ter of  the abraded sample so that the center of  the perme- 
ation test and the center of  the abraded sample coincide. 

5-4.3 The average breakthrough time in minutes of abraded 
samples shall be reported. 

5-4.4 The average maximum permeation rate observed for 
abraded samples in izg/cm2/min shall be reported. 

5-4.5 Any visual observations, such as sample rupture, loss 
of  luster, or deformation of the outside coating for tested 
specimens, shall be reported. 

5-5 Flexural Fatigue Test. 

5-5.1 Flexural fatigue testing shall be conducted in accor- 
dance with ASTM F 392, Test Method for Flex Durability of Flex- 
ible Barrier Materials, with the following modifications: 

(a) In lieu of Flexing Conditions A, B, C, D, or E, test spec- 
imens shall have a flex period of 100 cycles at 45 cycles per 
minute. A cycle shall be a full flex and twisting action. 

(b) Permeation resistance testing as specified in Section 
5-2 of  this standard shall be substituted for pinhole 
counting. 

(c) Anisotropic materials shall be tested in both machine 
and transverse directions. 

(d) Seam samples shall be cut or prepared such that the 
seam runs through the middle of the sample and is oriented 
parallel with the force of compression in the test apparatus. 

5-5.2 Only one specimen for permeation resistance testing 
shall be taken from each sample subjected to flexing condi- 
tions. The permeation test specimen shall be taken from the 
exact center of  the flexed sample so that the center of the 
permeation test and the center of  the flexed sample shall 
coincide. 

5-5.3 The average breakthrough time in minutes of abraded 
samples shall be reported. 

5-5.4 The average maximum permeation rate observed for 
flexible samples in I~g/cm2/min shall be reported. 

5-5.5 Any unusual visual observations such as delamination 
or tears for test specimens shall be reported. 

5-6 Cold Temperature Performance Test. 

5-6.1 Cold temperature performance shall be measured in 
accordance with ASTM D 1043, Test Method for Stiffness Prop- 
erties of Plastics as a Function of Temperature by Means of a Tor- 
sion Test, with the following modifications: 

(a) The range of  test temperatures shall include -40°F 
to 68°F (-40°C to 20°C). 

(b) The torsion weight shall be 16ograms for materials with 
unit weights of 10 oz/sq yd (340 g/m') or more, and 8 grams 
for materials with unit weights of less than 10 oz/sq yd 
(340 g/m2). 

5-6.2 The modulus of rigidity shall be measured over the 
range of  test temperature and specifically reported at -13°F 
(-25°C). 

5-6.3 A graph of  natural log, modulus of  rigidity, versus 
temperature shall also be reported. 

5-7 Luminous (Visible) Transmittance Testing. 

5-7.1 Luminous (visible) transmittance shall be measured 
in accordance with ASTM D 1003, Test Methodfbr Haze and 
Luminous Transmittance of Transparent Plastics, Method A, with 
the following modifications: 
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(a) The s tandard source of radiant  energy used in the 
measurement  of  luminous transmittance of filter lenses shall 
be a projection-type lamp T-8, or  other high-powered, gas- 
filled, tungsten-filament incandescent lamp, operated at the 
color temperature corresponding to Commission Internatio- 
nale de l 'Eclairage (CIE) Source A. 

(b) Luminous transmittance shall be determined by mea- 
suring the spectral transmittance and calculating the lumi- 
nous transmittance through the use of published data on the 
special radiant energy of CIE Source A and the relative lumi- 
nous efficiency of  the average eye. The standards of lumi- 
nous transmittance maintained by the National Bureau of  
Standards shall be used. 

5-8 Penetration Resistance Test. 

5-8.1 Penetration resistance testing of suit closure assem- 
blies shall be conducted in accordance with ASTM F 903, Test 
Method for Resistance of Protective Clothing Materials to Penetra- 
tion by Liquids, using the following modifications: 

(a) All tests shall be conducted at 77°F, -+ 5°F (25°C, 
__ 3°C). 

(b) A minimum of  three suit closure assemblies shall be 
tested for each of  the NFPA battery of  chemicals and any 
additional chemicals or  specific chemical mixture for which 
the manufacturer  is certifying the suit. 

(c) The suit closure assembly to be tested shall be precon- 
dit ioned by 50 cycles of  completely opening and completely 
closing the closure assembly. 

(d) The suit closure assembly to be tested shall be con- 
tacted with test chemicals in the following manner:  

1. Five minutes at a tmospheric  pressure 

2. One minute at 2 psi gauge (0.141 kg/cm 2) 

3. Fifty-four minutes at atmospheric pressure 

(e) The test cell shall be modified to accommodate the 
shape of the suit closure assembly without affecting other  
parts of the test procedure.  

5-8.2 An observation to determine suit closure assembly pen- 
etration shall be made at the end of the chemical contact 
period. Observed or detected liquid penetration at one hour 
or  less shall constitute failure of this test. 

5-8.3 The repor t  shall include the pass-fail results for each 
chemical tested and an identification of location where pen- 
etration occurs, if discernible. 

5-9 Exhaust Valve Inward Leakage Test. 

5-9.1 All suit exhaust valves to be tested shall be conditioned 
at 90°F, -+ 5°F (30°C, -+ 3°C) at a relative humidity of  50 
percent ,  -+ 5 percent  for a min imum per iod of 4 hours. 
Valves shall be tested not more than five minutes after 
removal from conditioning. 

5-9.2* Test fixture used to measure exhaust valve inward 
leakage shall have the following characteristics: 

(a) The  fixture shall allow mount ing of an exhaust valve 
such that an airtight seal is achieved between the valve body 
and the fixture. 

(b) The fixture shall provide for the application of suction 
from a vacuum pump  capable of  sustaining a 1.0 in. water 
gauge vacuum (-25.4 mm water column height). 

(c) The fixture shall include a pressure gauge or  manom- 
eter capable of measuring pressures ranging from -1.0 to 
3.0 in., -+ 0.25 in. water gauge (-25.4 to 76.2 mm, -+ 6.35 
mm water column height). 

(d) The  fixture shall allow for the measurement  of flow 
into the valve (valve exter ior  to valve inter ior  sides) with a 
flow-measuring device capable of  measur ing flow rates 
from at least 0 to 6.10 cu in./min., +-- .061 cu in./min; (100 
ml/min, _+ 1 ml/min). 

5-9.3 With the exhaust  valve mounted  in the test fixture, 
a suction of 1.0 in water gauge pressure (-25.4 mm water col- 
umn height) shall be appl ied to the side of  the valve repre-  
senting the suit interior  for 30 seconds while the flow rate 
into the valve is measured.  

5-9.4 The  flow rate into the valve shall be noted and 
repor ted  for such exhaust  valve tested. 

5-10 Exhaust Valve Cracking Pressure Test. 

5-10.1 Cracking pressure shall be measured for a minimum 
of  12 sample suit exhaust  valves. 

5-10.2 All suit exhaust  valves to be tested shall be condi- 
t ioned at 90°F, -+ 5°F (32°C, -+ 3°C) at a relative humid-  
ity of  50 percent ,  -+ 5 percent  for a min imum per iod  of  4 
hours. Valves shall be tested not more  than 5 minutes after 
removal from conditioning. 

5-10.3 Test fixtures used to measure  exhaust  valve crack- 
ing pressure shall have the following characteristics. 

(a) The  fixtm'e shall allow mount ing  of  an exhaust  valve 
such that an airt ight seal is achieved between the exhaust  
valve and the fixture. 

(b) The  fixture shall provide for applicat ion of  pressur-  
ized air supplied from a source capable of  del ivering air at 
a pressure of  3.0 in. water gauge (76.2 mm water column 
height). 

(c) The fixture shall include a pressure gauge or  manom- 
eter  capable of  measur ing pressures ranging from -1.0 to 
3.0 in., -+ 0.25 in. water gauge (-25.4 to 76.2 ram, 
+ 6.35 mm water column height). 

(d) The fixture shall allow for the measurement  of  flow 
out of the valve with a f low-measuring device capable of  
measur ing flow rates from 0 to 6.10 cu in./min., -+.061 
cu in./min (100 ml/min, _+ 1 ml/min). 

5-10.4 With the exhaust  valve moun ted  in the test fixture 
the static pressure on the valve inter ior  shall be systemati- 
cally increased while the flow rate out  of the valve is mea- 
sured. Pressure shall be increased until a flow rate of  
6.10 cu in./min (100 ml/min) is measured.  

5-10.5 The repor ted  exhaust valve cracking pressure shall 
be de te rmined  graphically by drawing a line tangent  to the 
maximum slope of the curve of flow rate versus pressure. The  
cracking pressure shall be the pressure where the line inter- 
sects flow rate equal to zero. I f  a steady rise in pressure  is 
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noted without any discernable inflection of the flow rate ver- 
sus pressure, the exhaust valve cracking pressure shall not 
be determined and the testing laboratory shall report the plot 
of  flow rate versus pressure as specified in 5-10.7. 

5-10.6 If  applicable, the documented exhaust valve crack- 
ing pressure shall be reported as the average and standard 
deviation of  the 12 or more exhaust valves tested in in. water 
gauge pressure (mm water column height or mm Hg gauge). 

5-10.7 The manufacturer shall provide a sample plot of  
measure flow rate in cu in./min (ml/min) versus pressure in 
in. water gauge pressure (mm water column height or 
mm Hg gauge). 

Chapter 6 Referenced Publications 

6-1 The following documents or portions thereof are ref- 
erenced within this standard and shall be considered part of 
the requirements of this document. The edition indicated for 
each reference is the current edition as of  the date of the 
NFPA issuance of  this document. 

6-1.1" ASTM Publications. 

ASTM D 751, Methods of Testing Coated Fabrics, 1979 

ASTM D 1003, Test Method for Haze and Luminous Trans- 
mittance of Transparent Plastics, 1977 

ASTM D 1043, Test Method for Stiffness Properties of Plastics 
as a Function of Temperature by Means of a Torsion Test, 1984 

ASTM D 2582, Standard Test Method for Puncture Propaga- 
tion Tear Resistance of Plastic Film and Thin Sheeting, 1984 

ASTM D 4157, Test Method for Abrasion Resistance of Tex- 
tile Fabrics (Oscillatory Cylinder Method), 1982 

ASTM F 392, Test Method for Flex Durability of Flexible Bar- 
tier Materials, 1974 

ASTM F 739, Test Method for Resistance of Protective Cloth- 
ing Materials to Permeation by Liquids and Gases, 1985 

ASTM F 903, Test Method for Resistance of Protective Cloth- 
ing Materials to Penetration by Liquids, 1987 

ASTM F 1001, Standard Guicle for Chemicals to Evaluate Pro- 
tective Clothing Materials, 1989 

ASTM F 1052, Practice for Pressure Testing of Gas-Tight 
Totally-Encapsulated Chemical Protective Suits, 1987. 

6-1.2" GSA Publication. 

Federal Test Method Standard 191A, Textile Test Methods, 
1978. 

Appendix A 

This Appendix is not a part of the requirements of this NFPA document, 
but is included for information purposes only. 

A-l-l .2 Organizations responsible for specialized chemical 
response functions including radiological, biological, cryogen- 
ics, or fire fighting applications should use protective cloth- 
ing and equipment specifically designed for those activities. 

A-l- l .3  It is strongly recommended that purchasers of 
vapor-protective suits should consider the following: 

(a) Emergency response personnel must wear many items 
of  protective clothing and equipment. Any interference by 
one item of another's use might result in inefficient opera- 
tions or unsafe situations; 

(b) Different breathing apparatus, communications systems, 
cooling devices, and other protective equipment may not be 
accommodated by each vapor-protective suit equally; 

(c) Specification of additional reinforcement in high-wear 
or load-bearing areas, such as the knees, elbows, shoulders, 
and back, may be necessary, Reinforcing materials should be 
the same as the garment material. Purchasers are cautioned 
that additional weight caused by excessive reinforcement 
could lead to fatigue or injury to the wearer and change or 
shorten the life of the garment. 

A-l-3 Approved. The National Fire Protection Association 
does not approve, inspect or certify any installations, proce- 
dures, equipment, or materials nor does it approve or eval- 
uate testing laboratories. In determining the acceptability of 
installations or procedures, equipment or materials, the 
authority having jurisdiction may base acceptance on com- 
pliance with NFPA or other appropriate standards. In the 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure or use. The author- 
ity having jurisdiction may also refer to the listings or labeling 
practices of an organization concerned with product  evalu- 
ations which is in a position to determine compliance with 
appropriate standards for the current production of  listed 
items. 

A-l-3 Authority Having Jurisdiction. The phrase "author- 
ity having jurisdiction" is used in NFPA documents in a broad 
manner since jurisdictions and "approval" agencies vary as 
do their responsibilities. Where public satbty is primary, the 
"authority having jurisdiction" may be a federal, state, local 
or other regional department or individual such as a fire 
chief, fire marshal, chief of a fire prevention bureau, labor 
department, health department,  building official, electrical 
inspector, or others having statutory authority. For insurance 
purposes, an insurance inspection department, rating bureau, 
or other insurance company representative may be the 
"authority having jurisdiction." In many circumstances the 
property owner or his designated agent assumes the role of 
the "authority having jurisdiction"; at government installa- 
tions, the commanding officer or departmental official may 
be the "authority having jurisdiction." 

A-l-3 Listed. The means for identifying listed equipment 
may vary for each organization concerned with product eval- 
uation, some of  which do not recognize equipment as listed 
unless it is also labeled. The "authority having jurisdiction" 
should utilize the system employed by the listing organiza- 
tion to identify a listed product. 

A-2-1.1 The compliance of  vapor-protective suits in meet- 
ing this standard is determined by the NFPA battery of chem- 
icals. Each vapor-protective suit meeting the requirements 
of this standard will have a list of chemicals or chemical mix- 
tures associated with it. 
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A-2-2.1 The  certification organization should have a suffi- 
cient breadth of  interest and activity so that the loss or award 
of  a specific business contract  would not be a de termining 
factor in the financial well-being of the agency. 

A-2-2.3 The  contractual provisions covering certification 
programs should contain clauses advising the manufacturer  
that if requirements change, the product  should be brought  
into compliance with the new requirements by a stated effec- 
tive date through a compliance review program involving all 
currently listed products.  

With these clauses, certifiers would not be able to move 
quickly to protect their name, marks, or  reputation. A prod-  
uct safety certification p rogram would be deficient without 
these contractual provisions and the administrative means 
to back them up. 

A-2-2.4 Investigative procedures are important  elements of 
an effective and meaningful product  safety certification pro- 
gram. A preliminary review should be carried out on prod-  
ucts submitted to the certification organization before any 
major testing is under taken.  

A-2-2.7 Such factory inspections should include, in most 
instances, witnessing of production tests. With certain prod-  
ucts the certification organization inspectors should select 
samples from the product ion line and submit them to the 
main laboratory for countercheck testing. With other  prod-  
ucts, it may be desirable to purchase samples in the open 
market  for test purposes.  

A-2-4.1 Purchasers and users should be aware that no reli- 
able nondestructive methods exist to determine the level of 
contamination for exposed vapor-protective suits or their 
materials. Therefore, users will not be able to determine how 
effective decontamination methods are in removing chem- 
ical contamination from the vapor-protective suit. Vapor-  
protective suits that have received a significant exposure  to 
a chemical or  chemical mixture in the estimation of  the 
responsible supervisor should be disposed of. 

A-2-5.1 Purchasers should follow the instructions provided 
by the manufacturer for completing the logbook for their own 
means of recording suit use and maintenam:e, and also for 
document ing levels of  contamination when re turning suits 
to the manufacturer.  

A-2-5.3 The manufacturer  should prepare  the logbook so 
that it provides for at least the following data entries: 

Dates of each inspection, inspection findings, and the name 
of the inspector. 

Dates of  each use, the length of use, and the user's name. 

Names of chemicals the suit is exposed to, including the 
length and concentration of exposure.  

Dates of all repairs, including a description of the repairs, 
and the name of the person making the repairs. 

Dates and types of  decontamination the suit is subjected 
to, and the name of  the person or facility responsible for 
the decontamination.  

Dates the suit is taken out of service and the reason for 
the action. 

Dates the suit is re turned to the manufacturer and the rea- 
son for the return.  

A-3-1.1 Purchasers should use the technical data package 
to compare  suit performance data when purchasing vapor- 
protective suits. The  purchaser  should de te rmine  the rela- 
tive ranking of  performance data to aid in this selection 
process. 

A-3-3.3 An abbreviated example of how a test result matrix 
might be organized is given below: 

G a r m e n t  V i s o r  G l o v e  Boot  
C h e m i c a l  Mat'l  Mat'l  Mat'l  Mat'L 

BT PR BT PR BT PR BT PR 

Acetone None None 87 1.02 115 5.67 None None 
Acetonitrile 145 2.58 60 8.70 115 5.67 None None 
Ammonia None None None None None None None None 

- BT-Breakthrough time in minutes 
- PR-Steady state permeation rate in micrograms (Ixg/cln2/hr) 
- NT-GMF - Not tested, garment material failed within one hour 

A-4-1.1 Specifications of a protective cover or flap made of  
the garment  material  to protect  all suit closures. The  pro-  
tective cover or flap should have equivalent or  better  chem- 
ical degradat ion resistance as that of the garment  material.  
The  protective cover or flap should be designed to overlap 
the closure on all sides by at least one inch and should include 
some means to secure it to the garment when the suit is worn. 
The  cover or flap should be designed in such a fashion to 
protect  against liquid splash and allow for the liquid splash 
to drain in its natural downward tendency without being cap- 
tured by and pooling within the space between the closure 
and the cover or flap. 

A-4-2.3 This requirement represents a short duration expo- 
sure of  a suit to a slowly creeping fire. Purchasers of  protec- 
tive clothing should realize that materials meeting this flame 
resistance requirement  do not provide the user with protec- 
tion from fire or protection from ignition of  chemicals. 

A-4-3.1 This requirement  is designed to simulate abrasion 
resulting from crawling on a rough concrete surface. 

A-4-3.2 This requirement is designed to simulate the flexing 
of suit garment  material  at the elbow dur ing  a 1-hour mis- 
sion. 

A-4-B.B This requi rement  is based on objectional stiffness 
for materials at low temperatures .  

A-4-4,1 This requirement  is designed to simulate material  
bursting resulting from pro t rud ing  objects within the chem- 
ical protective suit. 

A-4-4.2 This requirement  is designed to simulate material  
snagging and subsequent tearing resulting from sharp objects, 
such as when walking past a p ro t rud ing  nail. 
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A-4-5.1 This requirement is based on ANSI Z87.1 for hel- 
met visor clarity. 

A-4-6,1 Seams are required to meet the same minimum 
requirement as other vapor-protective suit primary ma- 
terials. 

A-4-6.2 This requirement is based on documentation of ade- 
quate seam strength from field performance data. 

A-4-7.1 Penetration testing is used in lieu of permeation test- 
ing for chemical resistance testing of  suit closure assemblies 
since the current ASTM method for permeation testing 
(ASTM F 739) does not accommodate suit closure assembly 
samples. 

A-4-7.2 Suit closure assemblies are required to meet the 
same minimum tensile strength requirements as suit seams. 

A-4-8.1 This requirement is based on a breathing appara- 
tus requirement in 30 CFR Part 11, Respiratory Protective 
Devices, Tests for Permissibility, July 1, 1985 Edition; Sec- 
tion 11.102-2, Exhalation Valve Leakage. 

A-5-1.2 Examples of  additional protective clothing compo- 
nents and equipment are gloves, boots, hoods, and breath- 
ing apparatus. 

A-5-1.4 An example of an inner garment fabric is a light- 
weight, tightly woven (e.g. 2.2 oz/yd 2, 92 × 88), medium or 
dark colored, 100 percent polyester fabric without surface 
treatment. 

A-5-1.6 Type #SSW1C from Whedon Products, Inc., West 
Hartford, CT meets this requirement. 

A-5-1.8 A 0.1 wt percent solution of Surfynol 104H (avail- 
able from Air Products and Chemical, Inc., Performance 
Chemicals, Box 538, Allentown, PA 18105) with water gives 
a surface tension of  33.8 dynes/cm. 

A-5-2.3 The minimum detectable permeation rate in a 
closed-loop system is dependent upon analytical sensitivity, 
surface area in the test cell, volume of the collection medium 
(total), and length of  time for accumulation of permeant. 
Paragraph 5-2.3 specifies the permeation rate at 0.14 
~g/cm2/min and the length of  accumulation at one hour  (60 
min). Thus the required analytical sensitivity will depend on 
the surface area and collection volume. For example, if the 
surface area is 20.27 cm 2 and the total collection volume is 
100 mls, then the analytical sensitivity required to detect per- 
meation after the one hour is (0.14 p~g/cm-~/min x 60 min) 
× 20.27 cm2/100 mls = 1.7 ~zg/m. Yet if the surface area is 
20.27 cm 2 and the collection volume is only 10 mls then the 
required analytical sensitivity is (0.14 ~g/cm2/min x 60 min) 
x 20.27 cm2/10 mls = 17 ~g/ml. Since this standard spec- 
ifies the minimum detectable permeation rate and accumu- 
lation time the test labs required, analytical sensitivity is a 
function of  the test cell surface area and collection volume. 
This is true for liquid and gas closed-loop systems. 

A-5-4.1 A source for the equipment required to perform 
ASTM D 4157, Standard Test Method for Abrasion Resistance 
of Textile Fabrics, is J.K. Industries, P.O. Box 6, Villa Park, 
IL 60181. 

A-5-9.2 An example of a test fixture appears in Figure 
A-5-9.2. 
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Figure A-5-9.2 Exhaust valve testing apparatus. 
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A-6-1.1 A S T M  p u b l i c a t i o n s  can  be  o b t a i n e d  f r o m  A m e r i -  
can  Society  fo r  T e s t i n g  a n d  Mater ia l s  (ASTM),  1916 Race 
St ree t ,  Ph i l ade lph i a ,  PA 19103. 

A-6-1.2 GSA publ ica t ions  can be  ob ta ined  f r o m  Genera l  Ser- 
vices A d m i n i s t r a t i o n ,  Spec i f ica t ions  Activity; P r i n t e d  Mate-  
rials S u p p l y  Divis ion;  B u i l d i n g  197, Nava l  W e a p o n s  Plant ,  

W a s h i n g t o n ,  DC 20407.  Single  copies  a r e  gene ra l l y  avai lable 
w i t h o u t  c h a r g e  at  t he  G e n e r a l  Services  A d m i n i s t r a t i o n  Busi-  
ness  C e n t e r s  in cities t h r o u g h o u t  t h e  U.S. T h e  F e d e r a l  T e s t  
M e t h o d  s t a n d a r d s  a r e  also avai lable  f r o m  the  U.S. G o v e r n -  
m e n t  P r i n t i n g  Office,  W a s h i n g t o n ,  DC 20402 ,  o r  r e g i o n a l  
b r a n c h e s .  
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Glove . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-3, A-4-3 
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