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NOTICE 

All questions or other communica t ions  relat ing to this document  should be sent only to NFF'A Head-  
quarters,  addressed to the at tent ion of the Commi t t ee  responsible for the document .  

For in lbrmat ion on the procedures for request ing Technical Commit tees  to issue Formal Interpretat ions,  
proposing qbntative Inter im Amendments ,  proposing amemhnen t s  fbr Committee consideration,  and appeals 
on matters  relat ing to the content of the document ,  write to the Secretary, S tandards  Cuuncil ,  National  Fire 
Protect ion Association, 1 Bat terynmrch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Sectinn 16 of the Regulations Govern- 
ing Commi t t ee  Projects shall not be considered the official posit ion of NFPA or any of its Commi t t ees  and 
shall not be considered to be, nor be relied upon as, a Furmal Interpreta t ion.  

Users of this document  shouht cnnsuh applicable Federal, State and local laws and regulations. NFPA 
does not, by the publicat ion of this document ,  intend to urge action which is not in compliance with appli- 
cable laws and this document  may not bc construed as do ing  so. 

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

The Board of Directors reaffirms that the Nat ional  Fire Protection Association recognizes that the tox- 
icity of the products  of combust inn is an impor tan t  factnr in the loss of life' from fire. NFPA has dealt with 
that subject in its technical commit tee  documents  fi~r many years. 

There  is a concern that the growing use of synthetic mater ia ls  may produce more or addi t imlal  toxic 
products  o1" cumhust ion in a fire enviromnent .  The  Board has, therefiwe, asked all NFPA technical commit-  
tees to review tile documents  tor which they are responsibh'  to be sure that the documents  respontt to this 
current  concern. "Ib assist the comnfittees in meet ing  this request, the Board has appointed an advisory com- 
mit tee to provide specific guidance to the technical committees on questions relat ing to assessing the hazards  
of the products  of combustion.  

Licensing Provision - -  This  document  is copyrighted by the National  Fire Protect ion Association 
(NFPA). 

1. Adoption by Reference - -  Pubhc authori t ies  and others are urged to relerence this document  in 
laws, ordinances, regulations, administrative orders or similar instruments. Any deh'tions, additions and changes 
desired bv the adopt ing  authori ty  must  be noted separately, Those using this method are requested to nutif~" 
the NFPA (Attention: Secretary, Standards Council)  in wri t ing of such use. The term "adopt ion  by ret~wence"' 
means  the ci t ing of title and publ ishing informat ion only. 

2. Adoption by Transcription - -  A. PubLic authori t ies  with l awmaking  or ruh: -making powers only, 
upon wri t ten notice to the NFPA (Attention: Secretar~t S taudards  Council) ,  will be granted a royalty-fl'ce 
license to print and republish this document  in whoh. or in part,  with changes and additions,  if an~, noted 
separately,,, in laws, ordinances,  regulations,  adminis t ra t ive  orders or s imi lar  ins t ruments  having  the torce of 
law, provided that: (1) due notice of NFPA's copyright  is contained in each haw and in each copy thereof; 
anti, (2) that such print ing and republication is lnnited to numhcrs  sufticient to salist}' the jurisdict ion's  lawmak- 
ing or ru lemaking  process. B. ()nce this NFPA Code or Standard has been athq)ted into law, all pr in t ings  
of this document  by public authori t ies  with l awmaking  or ruh 'making  powers or any other persons desir ing 
to reproduce this document  or its contents as adopted by the jur isdic t ion m whole or in part,  in any l:orm, 
upon written request to NFPA (Attention: SecretaU/, Standards Council), will be granted a mmexclusive license 
to print,  republish, and vend this d o t u m e n t  in whole or ira part, with changes and addit ions,  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 NI:PA a royalt',= This  royalty is required to provide funds for the research and 
deveh)pment necessary to cont inue the work nf NFPA and its volunteers in cont inual ly  upda t ing  and revising 
NFF'A standards. Under  certain circumstances, public authorit ies with lawmaking  or ru lemaking  powers may 
apply tbr and may receive a Slwcial rnyahy ,,,,'hen the public interest ",','ill be served thereby. 

3. Scope of L icense  Gran t  - -  The  terms and condit ions set torth above do not extend to the index 
to this document .  

(Fur further explanation,  see the Polit y Concern ing  the Adnption, Prin t ing  ,rod Publicat ion of NFPA 
Documents  which is available upon request fronl tile NI:PA.) 

Statement on NFPA Procedures 

This  material  has been developed under  the publishcd procedures of the Nati ,mal Fire Protection Associa- 
tion, which arc designed to assure the appoin tment  of technically competent  Commit tees  having  balam ed 
representation.  While  these procedures assure the highest degree of care, nei ther  the National  Fire Protection 
Association, its members ,  nor those par t ic ipat ing in its activities accepts any liability r e suhmg from corn- 
pliance or noncompliance with the provisions given herein, tln" any restrictions imposed on mater ia ls  or pro- 
cesses, or tor the completeness uf the text. 

NFPA has no power or authori ty  to police or enforce compliance with the contents of" this docunn.nt 
and an3,' certification of products s tat ing cumpliam'e with requi rements  of this document  is made  at the peril 
of the certifier. 
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Protective Clothing for Emergency Medical Operations 

1992 Edition 

This edition of NFPA 1999, Standard on Protective Clothing Jot Eme~L~e,c~: Medical Opera- 
tions, was prepared  by the Technical Conmfittee on Fire Service Protective (;h)thing and 
Fquipment  and actecl on by the National Fire Protection Association, Inc. at its Annual 
Meeting held May 18-21, 1992 ill New Orleans, IA. It was issued by the Standards 
Council on July 17, 1992, with an etfi:ctive date nfAugust  14, 1992. 

The 1992 edition of this document  has been approved bv the Anlcrican National 
Standards Institute. 

Origin and Development of NFPA 1999 

This new s tandard  ++'as deve loped  to address  protect ive garnlents ,  gloves, and 
tacewear designed to protect persons providing emergency medical care against expo- 
sure to liquid-b<Jrne pathogens dur ing  emergency nledical operat ions.  N FPA 1999 
delines minimum perfi~rmance for protective clothing as required by tile Occupational 
Satiety and Health Administration (OSHA) Final Rule (29 CFR 1910.1030) on Protective 
ltealth Care Workers from Occupational Exposure to Bloodborne l'athoge,.~. The Final Rule 
slates:  

"When there is <~ccupational exposure,  the employer  shall prnvidc tit no cost to tile 
emph)yee, appropr ia te  personal protective equipment,  such ;is, bl,t not linlited to, 
gloves, gowns, laboratory coals, face shields or masks, and eye protection, and 
mouthpieces, resuscitation hags, pocket ln~lsks, or other  ventilation devices. Per- 
sonal protective equipment will be considered ' appropr ia te  + only if it does not per- 
mit blood or other potential infectious materials to pass through to or reach tile 
employees work clothes, street clothes, undergarmenls ,  skin, eyes, I n o u t h ,  (>1- other 
m u c o u s  meinhranes under  Iiorln;ll conditions <+f use  :lnd tof  tile (hlF:ltion o f  t i lne 
which the protective equipnlent will be used." 

NFPA 1999 oflbrs specilic pel lbrnmncc criteria that involves exposing protct tire ch~llI- 
in K materials to surrogate virus ch,dlenge utilizing a specific time and pressure protocol. 
This procedure  has been docunlented to discriminate between current  protective cloth- 
ing materials and correlate with visual penetrat ion results that are obtained with a 
hunlan tactors evaluation. Each type of oh>thing lnust resist pcnetrati<m to bh><~d-I)orne 
path<)gens as deternl ined by this lest. 

Addi t ional  ga lmen t s  requ i rements  cover overall  l iquid-t ight  integri ty,  mater ial  
strength, physical hazard resistance, seam strength, and closure strength. 

Additional requirements for gloves cover minitntun perfi)rnmnce tbr tensile and el<ro- 
gation propert ies  in an ++:is received" condition ;IS well :is following heat aging and iso- 
propyl alcohol immersion, mininlum siziug, and liquid-tight integrity tbr intended areas 
of penetration. 
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Additional requirenmnls tor titcewear or lace protectivc dcviccs cover adequate visibil- 
ity and integrity, in addidon to resisting pcncn'ation of blood-I)ornc pathogens. 

The selection <)f test mctho<ls and perliwmancc requircmcms was based on survcvs of 
EMS personnel and a technical study supl)ortcd by the l=:.S. Fire Administralion. 

The Subcommiltee on tlazar<hms Chemicals Protective Clothing began its work m 
1990 and passed its work on to the Technical (',ommittee in .Jmmary, 1991. This iirst 
edition was presented lo the Assotiation a! [lit" 1992 Annual Meeting in New Orleans, 
Louisiana. 
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NOTICE: An asterisk (*) following the numher or letter 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

lnfi)rmatinn on referenced publications can bc tound 
in Chapter 6 and Appendix C. 

Chapter 1 Administration 

1-1 Scope. 

1-1.1" This s tandard specifies minimtun documentat ion,  
design criteria, performance criteria, and test methods for 
emergency medical clothing, including garments,  gloves, 
and lace protection devices, designed to protect emergency 
medical service personnel  or victims and patients from 
exposure  to l iquid-borne pathogens du r ing  emergency 
medical operations.  

1-1.2" This s tandard does not apply' to protective cloth- 
ing fi)r any' fire fighting application. 

1-1.3" This s tandard does not provide criteria tor protec- 
tion from radiological  or cryogenic agents,  hazardous  
chemicals, or flammable or  explosive atmospheres.  

1-1.4" This s tandard is not intended to be utilized as a 
detailed manufacturing or purchase specification, but can 
be re fe renced  in purchase  speci l icat ions as m in imum 
requirements.  

1-2 Purpose. 

1-2.1 The  purpose  of this s tandard is to provide mini- 
mum requ i remen t s  [or emergency  medical  ga rments ,  
gloves, and face protection devices designed to minimize 
skin exposure to l iquid-borne pathogens under  the various 
conditions that might exist at the scene of an emergency. 

1-2.2" It is not the purpose of this s tandard to provide 
criteria for protection from biological agents that are not 
liquid borne. 

1-2.3 Controlled laboratory tests used to de termine  com- 
pliance with the performance requirements  of this stan- 
dard  shall not be deemed as establishing perfi)rmance lev- 
els fi)r all situations to which personnel may be exposed. 

1-3 Definitions. 

Approved.* Acceptable to dlc "authority having jurisdiction." 

Authority Having Jur isdic t ion.*  The  "authori ty hav- 
ing jurisdict ion" is the organization, office or individual 
responsible fi)r "approving" equipment ,  an installation or a 
procedure.  

Biological Agents. Biological materials that are capa- 
ble of causing a disease or long term damage to the human 
body. 

Body Fluids.  Fluids that the body makes including, 
but not limited to, blood, semen, mucus, feces, urine, vag- 
inal secretions, breast milk, amniotic fluid, cerebrospinal  
fluid, synovial tluid, and pericardial  fluid. 

Boot. A protective ch)thing item designed to protect 
the wearer 's feet. 

Bootie. A sock-l ike ex tens ion  of  the g a r m e n t  leg 
designed to protect the wearer 's  tibet when worn in con- 
junct ion 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 the 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 
program conducted by the certification organization as a 
check on the methods the manufacturer uses to determine 
compliance with the requirements of this standard. 

Certification Organization. An i n d e p e n d e n t ,  th i rd  
party organizat ion that de termines  produc t  compliance 
with the requirements  of this s tandard  with a labeling/ 
listing/fi)llow-up program.  

Compliant. M e e t ing  or  e x c e e d i n g  all a p p l i c a b l e  
requirements  of this s tandard.  

Cryogenic Agents. Low tempera ture  materials that are 
capable of causing acute or long term fi-eeze burn damage 
to the human body. 

Emergency Medical Clothing.  A single garment  or an 
assembly of muhiple garments constructed of protective 
clothing material, designed and configured to cover any 
part  of  the wearer 's  skin, and that meets all applicable 
requirements  of  this s tandard.  

Emergency Medical Face Protection Device. A face 
protection device that meets all applicable requirements  of 
this standard.  

Emergency Medical Glove. A glove constructed of  pro- 
tective clothing materials,  des igned and conf igured to 
cover the wearer 's  hand to at least the wrist, and meeting 
all applicable requirements  of this standard.  

Emergency Medical Operations. Delivery of  emer-  
gency patient care and transportat ion pr ior  to arrival at a 
hospital or other  heahh care facility'. 

Emergency Patient Care. The  provision of t reatment  
to patients, including first aid, cardiopulmonary  resuscita- 
tion, basic life suppor t  (EMT level), advanced life suppor t  
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(Paramedic level), and other medical procedures  that occur 
pr ior  to arrival at a hospital or other  health care facility. 

Exposure. Contact with an infectious agent, such as 
body fluids, through inhalation, percutaneous inoculation, 
or  contact with an open wound, nonintact skin, or mucous 
membrane.  

Face Protection Device Product Label. A tag, svinbol, 
or other  identify'lug mark affixed to or imprinted on the 
face protection device by the manufacturer  indicating com- 
pliance with this standard.  

Face Protection Devices. Devices constructed of pro- 
tective clothing materials,  des igned and conf igured to 
cover part  or all of the wearer 's entire face or head. Face 
protection devices may include splash resistant eyewear, 
hooded visors, or  respirators.  

Flammable or Explosive Atmospheres. Atmospheres  
containing substances 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 organiza- 
tion on a periodic basis to determine  the continued compli- 
ance of labeled and listed products  that are being pro- 
duced by the manufacturer  to the requirements  of this 
standard.  

Garment. An item of clothing that covers any part  of 
the wearer 's skin, excluding accessory items like gloves or 
face protection devices, including but not limited to full 
body clothing such as suits, coveralls, and patient/victim 
isolation bag and non-full body clothing such as aprons, 
sleeve protectors, and shoe covers. 

Garment Closure. The garment  component  designed 
and configured to allow the wearer to enter  (don) and exit 
(dolt) the emergency medical garment.  

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

Garment Material. The  pr imary  protective clothing 
material(s) used in the construction of emergency medical 
garments.  

Garment Product Label. A tag, symbol, or other  iden- 
tifying mark affixed to the garment  by the manufacturer  
containing general  information, warnings, care, mainte- 
nance, or similar data. 

Glove. A protective clothing item designed to protect 
the wearer 's hands. 

Glove Material .  The  pr imary protective clothing mate- 
rial(s) used in the construct ion of  emergency  medical  
gloves. 

Glove Product Label. A tag, symbol, or other  identify- 
ing mark atfixed to or impr in ted  on the glove by the man- 
ufacturer indicating compliance with this s tandard.  

Hazardous Chemical .  Any solid, liquid, gas, or mix- 
ture 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 
organization acceptable to the "authori ty having jurisdic-  
tion" and concerned with product  evaluation, that main- 
tains periodic inspection of product ion of labeled equip- 
ment  or materials and by whose labeling the manufacturer  
indicates compliance with appropr ia te  s tandards or perfor-  
mance in a specified manner .  

Liquid-Borne  Pathogen.  An infectious bacteria or  virus 
carried in human,  animal, or clinical body fluids, organs, 
or  tissues. 

Listed.* Equipment  or materials included in a list pub- 
lished by an organization acceptable to the "'authority hav- 
ing jurisdict ion" and concerned with product  evaluation, 
that maintains periodic inspection of product ion of  listed 
equipment  or materials and whose listing states ei ther that 
the equipment  or material meets appropr ia te  s tandards or 
has been tested and fbund suitable for use in a specified 
manner .  

Package. The  wrapping or enclosure directly contain- 
ing the emergency medical glove or face protect ion device. 

Protective Clothing Material. Any material  or  combi- 
nation of materials used in garments,  gloves, or face pro- 
tection devices for the purpose  of isolating parts of the 
wearer 's body from contact with l iquid-borne pathogens or  
physical hazards. 

Radiological Agents. Radiation associated with X-rays, 
alpha and gamma emissions from radioactive isotopes, or  
other  material in excess of  normal  radiat ion background 
levels. 

Seam. Any permanent  a t tachment  of two or  more gar- 
ment or glove materials, excluding external  fittings, gas- 
kets, and garment  closure assemblies, in a line tormed by 
jo ining the separate material pieces. 

Shall. This term indicates a mandatory  requirement .  

Should.  This term, as used in the Appendix ,  indicates 
a r e c o m m e n d a t i o n  or  that  which is advised  but  not  
required.  

Splash Resistant Eyewear. Safety glasses, prescript ion 
eyewear, goggles, or chin-length face shields that when 
proper ly  worn provide limited protection against splashes, 
spray, spatters, droplets,  or aerosols of body fluids or other  
potentially infectious material. 

Trace Number. A code that can be used to retrieve the 
product ion history of a product ,  for example  a lot or serial 
number.  

1-4 Units. 

1-4.1" In this s tandard,  values for measurement  are fol- 
lowed by an equivalent in parentheses,  but only the first 
stated value shall be regarded  as the requirement .  Equiva- 
lent values in parentheses shall not be considered as the 
requirement  as these values might be approximate .  
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Chapter 2 Certification 

2-1 General. 

2-1.1 Emergency medical garments,  gh)vcs, and fitce pro- 
tection devices that are labeled as being compliant with this 
s tandard shall meet or exceed all applicable teqtfirements 
specified in this s tandard anti shall be certilied. 

2-1.2 All certifications shall be per f inmed hv ,nt approved 
certification organization. 

2-1.3 Compliant  emergency medical garments  shall be 
labeled and listed. Such garments  shall also have a garment  
product  lahel that meets the requirements  specilied in Sec- 
tion 2-5 of this chapter.  

2-1.4 ( :umpl ian t  e m e r g e n c y  medical  gloves shall be 
labeled and listed. Such gloves shall also have product  
labels that meets the requirements specitk'd ill Section 2-6 
of this chapter. 

2-1.5 Compl i an t  e m e r g e n c y  medical  face p ro tec t ion  
devices shall be labeled and listed. Such fitce protection 
devices shall also have p roduc t  labels that  meet the 
requirements specified on Section 2-7 of this chapter.  

2-2 Certification Program. 

2-2.1" The  certification organization shall not he owned 
or controlled by manutacturers  or vendors of tile product  
being certitied. The  certification organization shall be pri- 
marily engaged in certification work and shall not have a 
monetary interest in the product 's  ttltinlate protitahility. 

2-2.2 The  certification organization shall relhsc to certifv 
products to this s tandard that do not cmnply with all appl~- 
cable requirements  of this standard.  

2-2.3* The  contractual provisions between the certifica- 
tion organization and the manutacturer  shall specit~ that 
certification is contingent on compliance with all applicable 
requirements  of tiffs standard. There  shall be m) condi- 
tional, tentporary,  or partial certitications. 

2-2.4" For certification, laboratory tacilities and equip- 
ment  for conducting proper  tests shall be available, a pro- 
gram tor calibration of all instrunlents shall be ill place and 
operat ing,  anti procedures  shall be in use lo ensure p roper  
control  of  all testing. Good practice shall bc tollowed 
regarding the use of laboratory manuals, form data sheets, 
documented calibration and calibration routines, pertor-  
mance verification, proficiency testing, and stall  qualitica- 
tion and training programs. 

2-2.5 Manufacturers shall be required to establish and 
maintain a progrant  of product ion inspection and testing 
that meets the requirements of Section 2-4 of this chapter.  

2-2.6 The  manufacturer and the certification organiza- 
tion shall evaluate any changes atti:cting the torm, tit, or 
function of the certified product  to determine its continued 
ccrtitication to this standard. 

2-2.7* l ' roduct  ccrti t ications shall include a tolh>w-up 
inspection I~rogram+ with at least 2 ran(lore and unan- 
nounced visits per  12-nnmth period. 

2-2.8 The certification organization shall have a progranl  
tor investigating tield reports  alleging malper tbrnmnce or 
fhilure of listed products.  

2-2.9 The operat ing procedures  of the certification orga- 
nization shall provide a mechauisnl tor tile manutac t tner  
to appeal  decisions. The  procedures  shall include the pre- 
sentation of infi)rnmtion tiotn both sides ot a controversy 
to a designated appeals panel. 

2-2.10 The  certification organization shall he 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 tot testing and inspection shall be 
established by tile certification orgamzation and the mann- 
tacturer to assure a reasonable and acceptable reliability at 
a reasonat)le and acceptable c<mtidence level that prodilcts 
certitied to this s tandard are compliant.  This itfli>rmation 
shall be included ill the manulac tu re r ' s  technical data 
package. 

2-3.2 Testing tor de termining  material and component  
compliance with the requirements  specitied in Chapter  ,t of 
this s tandard shall be perfi>rmed on samples representative 
ol+ materials and components  used in tile actual construc- 
tion ot + the emergency medical garmeuts,  gloves, or face 
protection devices. The  certitication organizati<m shall also 
be permit ted to use sample materials cut t iom representa-  
tive emergency medical oh>thing. 

2-3.3 Any combination of materials used ill emergency 
medical clothing that is needed to meet any, of the perliw- 
mance requirements  specitied in Chapter  .t of  this stan- 
dard shall also bc required to meet all of thc requirements  
for that par t icular  scgment  of  the cmergcncy  medical  
clothing. 

2-4 Manufacturer's Quality Assurance Program. 

2-4.1 The  ntanufitcturer shall pr<>vide and maintain a 
quality assurance p rogram that includes a docunlented  
inspection and product  recall system. The manufitcturer 
shall have all inspection system to substantiate con lmm-  
ance to this standard.  

2-4.2 The  manufacturer shall maintain written inspection 
anti testing instructions. The  instructions shall prescrihe 
inspection and test o f  materials, work in process, and com- 
pleted articles. Cri teria for acceptance and rc~jection of  
materials, processes, and tinal product  shall he part of tile 
instructions. 

2-4.3 The  mannfi lc turer  shall maintain records  of all 
pass/fail tests. Pass/fail records shall indicate tile disposition 
o f  the failed malerial or product.  

2-4.4 The manut;tcturcr 's  inspection system shall provide 
fin procedures  thai assure tile latest applicable drawings, 
specitications, and instructions are used tot fabrication, 
inspection, and testing. 
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2-4.5 The manufacturer shall, as part of the quality assur- 
ance program, maintain a calibration program of all instru- 
ments used to ensure proper control of testing. The cali- 
bration program shall be documented as to the date of 
calibration and performance verification. 

2-4.6 The manufacturer shall maintain a system lot iden- 
tifying the appropriate inspection status of component  
materials, work in process, and finished goods. 

2-4.7 The manufacturer shall establish and maintain a 
system for controlling nonconforming material, including 
procedures for the identification, segregation, and disposi- 
tion of rejected material. All nonconforming materials or 
products shall be identified to prevent use, shipment, and 
intermingling with conforming materials or products. 

2-4.8 The manufac turer ' s  quality assurance program 
shall be audited by the third party certification agency to 
determine that the program is sufficient to ensure contin- 
ued product compliance with this standard. 

2-5 Garment Product Labeling. 

2-5.1 The emergency medical garment shall have a gar- 
men t  p roduc t  label p e r m a n e n t l y  and  conspicuous ly  
attached to the inside of the garment upon which at least 
the following warnings and infi)rmation are printed in at 
least 1/16 in. (1.5 mm) high letters. 

"THIS EMERGENCY MEDICAL GARMENT (insert 
name of garment type, e.g., coveralls, sleeve protector) 
MEETS THE REQUIREMENTS OF NFPA 1999, ST.~4- 
DARD ON PROTECTIVE CLOTHING FOR EMER- 
GENCY MEDICAL OPERATIONS, 1992 EDITION. 

WARN I NG 

THIS GARMENT MAY BURN. IT HAS NOT BEEN 
REQUIRED TO MEET A FLAMMABLE PERFOR- 
MANCE TEST. USE THIS GARMENT FOR EMER- 
GENCY MEDICAL RESPONSE ONLY. DO NOT 
USE FOR PROTECTION FROM ANY HAZARDOUS 
CHEMICAL EMERGENCIES,  FIRE F I G H T I N G  
APPLICATIONS, CRYOGENIC AGENTS, OR IN 
FLAMMABLE OR EXPLOSIVE ATMOSPHERES. 
C O N T A M I N A T I O N  OF T H I S  GARMENT MAY 
WARRANT ITS DISPOSAL. MAINTAIN ONLY IN 
A C C O R D A N C E  W I T H  M A N U F A C T U R E R ' S  
INSTRUCTIONS.  NO PROTECTIVE GARMENT 
CAN PROVIDE PROTECTION FROM ALL CONDI- 
TIONS.  FAILURE TO COMPLY WITH THESE 
I N S T R U C T I O N S  MAY RESULT IN SERIOUS 
INJURY OR DEATH." 

Manufacturer's name 
Manufacturer's address 
Country of manufacture 
Garment model and style 
Trace number  
Date of manufacture 
Size 

"DO N O T  R E M O V E  T H I S  LABEL" 

2-5.2 All portions of this required garment  product label 
shall be printed at least in English. The label shall be 
clearly legible to the eve. 

2-5.3 The garment product label shall bear the certifica- 
tion label, symbol, or identifying mark of the certitication 
organization denoting compliance. The label, symbol, or 
identit~,ing mark print ing shall be in at least I/4 in. 
(6.0 mm) high letters. 

2-6 Glove Product Labeling. 

2-6.1 The emergency medical glove shall have at least a 
glove product label on the outside of the gauntlet that 
includes the following statement printed in at least ~/4 in. 
(6.0 mm) high letters. 

" M E E T S  NFPA 1999 (1992 E D I T I O N ) "  

2-6.2 Each package containing one or more emergency 
medical gloves shall have a package product label perma- 
nent ly  and conspicuously at tached to the outs ide or 
printed on the package upon which at least the fi)llowing 
warnings and infi)rmation are printed in at least 1/16 in. 
(1.5 ram) high letters. 

"THIS EMERGENCY MEDICAL GLOVE MEETS 
THE REQUIREMENTS OF NFPA 1999, STANDARD 
ON PROTECTIVE CLOTHING FOR EMER(,ENCY 
MEDICAL OPERATIONS, 1992 EDITION. 

WARN I N( ,  

THIS GLOVE MAY BURN. IT HAS NOT BEEN 
REQUIRED TO MEET A FLAMMABLE PERFOR- 
MANCE TEST. USE THIS  GLOVE FOR EMER- 
GENCY MEDICAL OPERATIONS ONLY. DO NOT 
USE FOR PROTECTION FROM ANY HAZARDOUS 
CHEMICAL EMERGENCIES,  FIRE F I G H T I N G  
APPLICATIONS, CRYOGENIC AGENTS, OR IN 
FLAMMABLE ()R EXPLOSIVE ATMOSPHERES. 
CONTAMINATION OF THIS GLOVE MAY WAR- 
RANT ITS DISPOSAL. M A I N T A I N  ONLY IN 
A C C O R D A N C E  W I T H  M A N U F A C T U R E R ' S  
INSTRUCTIONS. NO PROTECTIVE CLOTHING 
CAN PROVIDE PROTECTION FROM ALL CONDI- 
TIONS.  FAILURE TO COMPLY W I T H  THESE 
I N S T R U C T I O N S  MAY R E S U L T  IN SERIOUS 
INJURY OR DEATH." 

Manufacturer's name 
Manufacturer's address 
Country of manufacture 
Glove model and style 
Trace number  
Date of manufacture 
Size 

"DO N O T  R E M O V E  T H I S  LABEL" 
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2-6.3 All portions of  the required glove and package 
product labels shall be printed at least in English. All labels 
shall be clearly legible to the eye. 

2-6.4 The glove and package product labels shall bear the 
certification label, symbol, or identifying mark of the certi- 
fication organization denoting compliance. The label, sym- 
bol, or identifying mark printing shall be in at least 1/4 in. 
(6.0 mm) high letters. 

2-7 Face Protection Device Product Labeling. 

2-7.1 The emergency medical face protection device shall 
have a face protection device product label in a conspicu- 
ous location not intertering with vision that includes the 
following statement printed in at least 1/4 in. (6.0 mm) high 
letters. 

" M E E T S  NFPA 1999 (1992 E D I T I O N ) "  

2-7.2 Each package containing one or more emergency 
medical face protection devices shall have a package prod- 
uct label permanently and conspicuously attached to the 
outside of the package upon which at least the following 
warnings and information are printed in at least 1/16 in. 
(1.5 mm) high letters. 

"THIS EMERGENCY MEDICAL FACE PROTEC- 
TION DEVICE MEETS THE REQUIREMENTS OF 
NFPA 1999,  S T A N D A R D  ON P R O T E C T I V E  
CLOTHING FOR EMERGENCY MEDICAL OPERA- 
TIONS, 1992 EDITION. 

W A R N I N G  

THIS FACE PROTECTION DEVICE MAY BURN. 
IT  HAS NOT BEEN R E Q U I R E D  TO MEET A 
FLAMMABLE PERFORMANCE TEST. USE THIS  
FACE PROTECTION DEVICE FOR EMERGENCY 
MEDICAL OPERATIONS ONLY. DO NOT USE 
FOR P R O T E C T I O N  FROM ANY HAZARDOUS 
C H E M I C A L  EMERGENCIES,  FIRE F I G H T I N G  
APPLICATIONS,  CRYOGENIC AGENTS, OR IN 
FLAMMABLE OR EXPLOSIVE ATMOSPHERES. 
CONTAMINATION OF THIS FACE PROTECTION 
DEVICE MAY WARRANT ITS DISPOSAL. MAIN- 
TAIN ONLY IN ACCORDANCE WITH MANUFAC- 
TURER'S  I N S T R U C T I O N S .  NO P R O T E C T I V E  
DEVICE CAN PROVIDE PROTECTION FROM ALL 
C O N D I T I O N S .  FAILURE TO COMPLY W I T H  
THESE INSTRUCTIONS MAY RESULT IN SERI- 
OUS INJURY OR DEATH." 

Manufacturer's name 
Manufacturer's address 
Country of manufacture 
Device model and style 
Trace number 
Date of  manufacture 
Size 

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

2-7.3 All portions of the required face protection device 
and package product labels shall be printed at least in 
English. All labels shall be clearly legible to the eye. 

2-7.4 The face protection device and package product  
labels shall bear the certification label, symbol, or identify- 
ing mark of  the certification organization denoting compli- 
ance. The label, symbol, or identifying mark printing shall 
be in at least 1/.t in. (6.0 ram) high letters. 

2-8 Garment User Information. 

2-8.1 The manufacturer of emergency medical garments 
certified as being compliant with this standard shall pro- 
vide the following instructions and information with each 
garment: 

(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; 

(f) Method of  repair, if recommended by manufacturer; 

(g) Warranty information. 

2-8.2 The manutacturer of emergency medical garments 
shall also furnish training materials that address, but are 
not limited to: 

(a) Donning procedures; 

(b) Doffing procedures; 

(c) Safety considerations; 

(d) Optimum storage conditions; 

(e) Recommended storage life; 

(t) I)econtamination recommendations and considerations; 

(g) Retirement considerations; 

(h) Disposal considerations; 

(i) Closure lubricants, if applicable. 

2-9 Glove User Information.  

2-9.1 The manufacturer  of  emergency medical gloves 
certified as being compliant with this standard shall pro- 
vide the following instructions and information with each 
package of gloves: 

(a) Donning procedures; 

(b) Doffing procedures; 

(c) Safety considerations; 

(d) Optimum storage conditions; 

(e) Recommended storage life; 

(t) Decontamination recommendations and considerations; 

(g) Retirement considerations; 

(h) Disposal considerations. 
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2-10 Face Protection Device User Information. 

2-10.1 The  manufacturer  of emergency medical face pro- 
tection devices certified as being compliant  with this stan- 
dard  shall provide the following instructions and infi~rma- 
tion with each package of face protection devices: 

(a) Donning procedures;  

(b) Doffing procedures;  

(c) Safety considerations; 

(d) Opt imum storage conditions; 

(e) Recommended storage lifi~; 

(t) Decontamination recommendations and considerations; 

(g) Retirement considerations; 

(h) Disposal considerations; 

(i) Visor/faceshield ant i fog agents  or  p rocedures ,  if 
applicable. 

Chapter 3 Documentat ion  Requirements  

3-1 Technical Data Package. 

3-1.1" Upon the request of the purchaser  or end user, 
the manufacturer  shall turnish a technical data package 
with each type of clothing. 

3-1.2 The tedmical  data package shall contain all docu- 
mentation required by this s tandard and the data showing 
compliance with this s tandard.  

3-2 Emergency Medical Garment Information. 

3-2.1 In the technical data package, the manutac turer  
shall describe the emergency medical garment  in terms of 
manufacturer  t rade name and model number,  manufac- 
turer  replaceable components  and available options, acces- 
sories such as repair  kits, and sizes. 

3-2.2 The  manufacturer  shall provide, in the technical 
package, the list and descriptions of the fi)llowing garment  
materials and components ,  if applicable: 

(a) Garment  material; 

(b) Boot or bootie material; 

(c) Zipper/closure type and materials; 

(d) Material seam types and composition: 

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

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

3-2.2.1 All descr ip t ions  of  mater ia l  composi t ion shall 
specify ei ther  the generic material  names or the t rade 
names if the composition of the material is proprietary.  
The  manufacturer  shall identify those portions of the gar- 
ment or materials intended to act as a barrier  to liquid- 
borne pathogens. 

3-2.2.2 Descriptions of respective suit materials and compo- 
nents shall include the tollowing information, if applicable: 

(a) Boots or booties. 

1. Type of linings or surfhce treatments;  

2. Type of soles or special toe reinforcements;  

3. Available boot sizes. 

(b) ( ,a rment  zipper  or closure. 

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

2. The location and the length o f t h e  completed clo- 
sure assembly; 

3. A description of any protective covers or flaps. 

3-2.3 The  manufacturer  shall describe, in the technical 
data package, the type of seams or methods of  a t tachment  
fi)r the following garment  material and component  combi- 
nations, if applicable: 

(a) Garment  lnater ial-garment  material; 

(b) Garment  material-visor; 

(c) Garment  material-glove; 

(d) Garment  material-boot; 

(e) Garment  mater ia l -garment  closure. 

3-2.4* The manufacturer  shall document,  in the technical 
data package, the flame resistance of  the garment  material 
when tested in accordance with ASTM F 1358. Standard 
Te,~/ Method Jbr Re,~istance of Protective Clothing Materials to 
Flame Impingement. 

3-2.5" This manufacturer shall document,  in tim technical 
data package, penetration resistance to liquid-borne patho- 
gens alter abrasion of the garment material for one hour, 
when tested as specified in Section 5-1 of this standard. 

3-2.6* The  manufacturer shall document ,  in the technical 
data package, penetrat ion resistance to l iquid-borne patho- 
gens after flexing of the garment  material  for one hour,  
when tested as specified in Section 5-2 of this s tandard.  

3-3 Emergency Medical Glove Information. 

3-3.1 In the technical data package, the manufacturer  
shall provide tim l%llowing infi)rmation, if applicable: 

(a) Name or designation of manufacturer ;  

(b) Model number  or design; 

(c) Material composition; 

(d) Description of material  seams: 

(e) Type of linings or surface treatments;  

(f) Available glove sizes. 

3-3.2 Description of tile material  composit ion shall spec- 
ify ei ther the generic material  name or  the t rade name if 
the composition of the material  is proprie tary.  

3-4 Emergency Medical Face Protection Device Information. 

3-4.1 In the technical data package, the manulhcturer  
shall provide the tollowing information,  if applicable: 

(a) Name or designation of manutacturer ;  
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(b) Model numher  or design; 

(c) Material composition; 

(d) l)escription of any hardware; 

(e) Replaceable items; 

(1) Available sizes. 

3-4.2 Description of  the material composition shall spec- 
ify either the generic material name or the trade name if 
the composition of the material is proprietary. 

Chapter 4 Design and Performance Requirements 

4-1" Emergency Medical Garment Requirements. 

4-1.1 Only those portions of the garment or garment 
materials that are intended to act as a harrier to liquid- 
borne pathogens shall be tested to the requirements speci- 
fied in this section. Garment  material samples shall refer to 
those materials intended to provide harrier protection. 

4-1.2 All external fittings including, hut n<)t limited to, 
zippers, snaps, or other fasteners shall he free of rough 
spots, hurrs, or sharp edges that could tear the garment or 
glove materials. 

4-1.3 Sample garments  shall he tested fi)r watertight 
integrity and shall allow no water penetration when tested 
as specified by Section 5-3 of this standard. 

4-1.4 ( ;arment  material samples shall exhihit no penetra- 
tion of Phi-X-174 Bacteriophage fi)r at least one hour when 
tested as specified by Section 5-4 of this standard. 

4-1.5 ( ;arment  material samples shall be tested iiu tensile 
strength and have a tensile strength of m)t less than 30 lh 
(13.6 kg) when tested in accordance with Section 9, Break- 
ing Strength, A -- Grab Method, of ASTM l) 751, Standard 
Test Metho& for Coated Fabrtcs. 

4-1.6 ( ;arment  material samples shall be tested fiw burst- 
ing strength and have a bursting strength of not less than 
5(1 psi (3.5 kg/cm z) in accordance with Section 15.3, Burst- 
ing Strength, using the Diaphragm Bursting Testing, of 
ASTM I) 751, Standard Test Method.s /br Coated t"abru.s. 

4-1.7 Garment  material samples shall he tested ti)r punc- 
ture resistance and shall have a puncture resistance of not 
less than 5.5 lb (2.5 kg) when tested in accordance with 
ASTM D 2582, Standard Test Method Jm t'umture Propaga- 
tion Tear Resistance ~f Plastic Film and Thin Sheeting. 

4-1.8 Garment material samples shall he tested for teat 
strength and shall have a tear strength of not less than 8.0 
lb (35.6 N) when tested as specified in Section 5-5 of this 
standard. 

4-1.9 All garment seams shall posscss a breaking strength 
of not less than 15 lbf/2 in. (66.7 N/5.(I cm) when tested in 
accordance with Section 50-55, Seam Strength, of ASTM D 
751, Standard Te.~t Metho& for Coated Fabrics. 

4-1.10 The garment closure assemhly shall possess a 
breaking strength of not less than 15 lbff2 in. (66.7 N/5.0 cnl) 
when tested in accordance with Section 50-55, Seam 
Strength, of ASTM D 751, Stcmda~d Test Melhod.~ /or Coated 
Fabrics. 

4-2* Emergency Medical Glove Requirements. 

4-2.1 Sample gloves and related hardware shall he flee of 
rough spots, hurrs, or sharp edges that could t e a r  the gar- 
ment or glove material. 

4-2.2 Sample gloves shall he tested fi~r watertight integ- 
rity and meet the "pass" requirements  when tested in 
accordance with ASTM D 5151, Standard Test Method/or 
Detection o[ ttole.~ in Medical Gloves. 

4-2.3 Sample gloves shall be measured  ti)r physical 
dimensions and shall meet the length and width dimension 
requirements when tested in accordance with AS'IM 1) 
3577, Slaltdard ,~pe¢'lfl'¢'alloll jor Rubber Surgical (;hn,e.~. 

4-2.4 (;love material and seam samples shall exhihit no 
penetration of Phi-X-174 Bacteriophage fin at least one hour 
when tested as specilied in Section 5-~1 of this standard. 

4-2.5 (;love material samples shall have ,m uhimate ten- 
sile strength elongation of not less than 20110 psi (13.7 
MPa) and a 3/)(t percent modulus of not more than 300 psi 
(2.07 MPa) when tested in accordance with ASIM l) 412, 
Standard l),st Met~u;&/m Rubber Propertie,~ m "l)'Jz.~m~, Method 
:t, Dumbbell Specimet~.~. 

4-2.6 (;love material samples shall be tested to t  uhimate 
elongation following whole glove immersion in isopropanol 
and shall have an uhimate elongation of not less than 500 
percent when tested as specified in Section 5-6 of this 
standard. 

4-2.7 (;lovc niaierial samples shall he tested ti)r llhiuiate 
elongation fi)lhiwing heat aging and shall have an uhinlate 
elongation of not less than 500 percent when tested as 
specified in Section 5-7 of this standard. 

4-2.8 (;love material samples shall be tested fiw puncture 
resistance and shall have a puncture resistance of not less 
than 1.0 lh (0..t5 kg) when tested in accordance with ASTM 
F 1342, Standard 7"e,~t Method/or Resistance (!/Proteclive Cloth- 
ing 31aterml~ to t'ancture. 

4-2.9 Sample gloves shall be tested fi)r small parts dexter- 
it}', and test times shall be no greater than 106 percent of 
haselinc test measurements when tested in accordance with 
Section 5-6 o1 + this standard. 

4-3* Emergency Medical Face Protection Device 
Requirements. 

4-3.1 Sample face protection devices and related hard- 
ware shall he free of rough spots, hurrs, or sharp edges 
that could lear garment or glove materials. 

4-3.2 Visor or [aceshield material samples shall he tested 
li>r total visible huninous transmittance and pcrccntagc 
haze as specified in Section 5-9 of this standard. Visor 
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material samples shall transmit not less than 95 percent  of 
the incident visible radiation. The  percentage haze of visor 
material samples shall not exceed 3 percent.  

4-3.3 Sample face protection devices shall be tested for 
watertight integrity and shall allow no water penetrat ion 
when tested as specified in Section 5-3 of this standard.  

4-3.4 Samples represent ing protective clothing materials 
used in construction of the face protection device shall 
exhibit no penetrat ion of  Phi-X-174 Bacteriophage for at 
least one hour when tested as specified by Section 5-4 of 
this s tandard.  

Chapter  5 Test  Methods  

5-1 Abrasion Resistance Test. 

5-1.1 Abrasion resistance testing shall be conducted in 
accordance with ASTM D 4157, Standard Test Method Jot 
Abrasion Resistance of Textile Fabrics (Oscillato U Cvhnder 
Method), with the |ollowing conditions: 

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

(b) A 31/2 lb (1.6 kg) head weight shall be used. 

(c) An 80 grit  ab radan t  t r imite D-weight open coat 
#1A4180, or  equivalent, shall be used. 

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

(e) Penetration resistance to Phi-X-174 Bacteriophage 
testing as specified in Section 5-4 of  this chapter  shall be 
substituted for abrasion to rup ture  and percentage loss in 
break ing  load for in te rp re t ing  abrasion resistance test 
results. 

5-1.2 Only one specimen for bacteriophage penetrat ion 
resistance testing shall be taken from each sample sub- 
jected to abrasion. The test specimen shall be taken from 
the exact center of the abraded sample so that the center 
of  the bacter iophage exposure  test and the center of the 
abraded sample coincide. 

5-1.3 The pass/fail determinat ion shall be reported.  

5-1.4 Any visual observations, such as sample rupture ,  
loss of  luster, or deformation of the outside coating of 
tested specimens, shall be reported.  

5-2 Flexural Fatigue Test. 

5-2.1 Flexural fatigue testing shall be conducted in accor- 
dance with ASTM F 392, Standard Test MethodJbr lqex Dura- 
bility of Flexible Barrier Materials, with tim following modifi- 
cations: 

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

(b) Penetration resistance to Phi-X-174 Bacteriophage 
testing as specified in Section 5-4 of this chapter  shall be 
substituted for pinhole counting. 

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

5-2.2 Only one specimen for bacter iophage penetra t ion 
testing shali be taken from each sample subjected to flexing 
conditions. The  test specimen sball be taken from the exact 
center of the flexed sample so that the center of the bacte- 
r iophage exposure  and the center of  the flexed sample 
coincide. 

5-2.3 The pass/tail de terminat ion shall be repor ted .  

5-2.4 Any unusual observations fi)r test specimens, such 
as delaminat ion or tears, shall be repor ted.  

5-3 Clothing Watertight Integrity Test. 

5-3.1 Garmen t  and face pro tec t ion  device wate r t igh t  
integrity testing shall be conducted  in accordance with 
ASTM F 1359, Standard Practice for Determining Liquid-Tight 
lntegritv of Chemical Protective Suits or Ensembles under Static 
Conditions, using the following modifications: 

(a) Water  shall be sprayed at the mannequin l:or a dura-  
tion of  5 minutes for each of  the specified suit orientations.  

(b) When non-fhll body garments  are tested, those por-  
tions of the body tot which protection is not in tended shall 
be blocked off and shall not be evaluated fi)r watert igbt 
integrity. 

5-4 Bacteriophage Penetration Resistance Test. 

5-4.1 A thickness gauge, suitable tor measuring thickness 
to the nearest 0.001 in. (0.01 ram), as specified in Method 
5030.2, "Thickness of Textile Materials," of Federal  Test 
Method Standard 191A, Textile Test Methods, shall be used 
to de te rmine  the thickness of  each emergency medical 
clothing material specimen tested. 

5-4.2* A test cell shall be used to restrain the specimen 
(luring contact with the pressurized test liquid. It shall con- 
sist of  a chamber  that will contain at least 60 ml (2.0 oz) of 
tbe challenge liquid in contact with the specimen's normal 
outside surface and a restraining r ing with a viewing por t  
that will allow observation of  the specimen's normal  inside 
surface dur ing  the test. Specifications for the test cell sball 
be as specified in ASTM F 903, Standard Test Method [or 
Resistance of Protective Clothing alaterials to Penetration by 
Liquids. 

5-4.3 
test: 

(a) 

(b) 

(c) 

(d) 

The  tblh)wing other  equipInent  shall be used in this 

,Mr pressure source. 

Cell incubator capable of 35 ° to 37°C (95 ° to 99°F). 

Waterbatb capable of45°C _+ 2°C (113°F _+ 4°F). 

Analytical balance capable of  0.001 g. 

(e) Vortex mixer. 

(f) Refrigerator capable of 2 ° to 8°(; (36 ° to 46°F). 

(g) Autoclave capable of  121°C (250°F); 15 psi (105 kPa) 
pressure. 

(h) Electronic timer. 

(i) Orbital shaker. 

(j) pH meter  sensitive to 0.1 pH units. 

(k) Inoculating loop. 

(1) Torque  wrench capable of  120 in.-lb (13 J). 
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5-4.4" The tollowihg supplies shall be used in this test: 

(a) Sterile petri dishes, 15 × 100 ram. 

(b) Sterile 1, 5, 10 ml pipettes. 

(c) 13 × 100 mm test tubes. 

(d) Stainless steel test tube rack. 

(e) 0.22 ~m sterile membrane fihers. 

(|) Sterile glass bottles, 100 ml - 500 ml. 

(g) Micropipette capable of delivering 2 ILl accurately 
and consistently. 

(h) Phi-X-174 ATCC 13706-B1. 

(i) E. coil C ATCC 13706. 

5-4.5" The t'ollowing reagent shall be used in this test: 

(a) Tween 80. Sterilize by filtering through sterile 0.22 
~m membrane filter. 

5-4.6* Test media shall be prepared as fi)llows: 

(a) Bacteriophage Nutrient Broth (Phi-X): 

Nutrient Broth 8.0 g 
Potassium Chloride 5.0 g 
Calcium Chloride 0.20 g 
Purified Water, Q.S. to 1000 ml 

Adjust pH to 7.2 to 7.4 with 2.5 N Sodium Hydroxide; 
Sterilize by autoclaving. 

(b) Bottom Agar (Phi-X): 

Bacto-Agar 15.0 g 
Nutrient Broth 8.0 g 
Calcium Chloride 0.2 g 
Potassium Chloride 5.0 g 
Purified Water, Q.S. to 1000 ml 

Adjust pH to 7.2 to 7.4 with 2.5 N Sodium Hydroxide; 
Sterilize by autoclaving. 

(c) Top Agar (Phi-X): 

Bacto Agar 7.0 g 
Nutrient Broth 8.0 g 
Calcium Chloride 0.2 g 
Potassium Chloride 5.0 g 
Purified Water, Q.S. to 1000 ml 

Adjust pH to 7.2 to 7.4 with 2. 5 N Sodium Hydrox- 
ide; Sterilize by autoclaving. 

5-4.7* Material specimens shall be tested separately in 
both directions to challenge both normal exterior and inte- 
rior surfaces of the material. A minimum of three random 
specimens shall be tested for each material or each of the 
product areas to be evaluated, including but not limited to 
seams versus flat material, in each direction. 

5-4.8 The bacteriophage suspension shall be prepared as 
follows: 

(a) Using an inoculating loop, 100 ml of nutr ient  broth 
shall be inoculated with E. coli C and incubated overnight 
at 35 ° to 37°C (95 ° to 99°F) with shaking at 200 rpm. 

(b) A 1:100 dilution of the culture shall be prepared in 
bacteriophage nutr ient  broth and incubated at 35 ° to 37°(; 
(95 ° to 99°F) with shaking at 200 rpm tbr 90 minutes, _+ 5 
minutes. 

(c) The 90 minute culture shall be inoculated with 0.5 
ml of the Phi-X-174 Bacteriophage stock. 

(d) The cuhure shall be incubated at 35 ° to 37°(; (95 ° to 
99°F) with rapid shaking for 3 hours +2  honrs or until 
lysis is complete. Complete lysis of the host bacteria shall be 
noted when the broth is clear. 

(e) The  bac ter iophage  suspens ion  shall be filtered 
through a sterile 0.22 ~m microporous membrane filter to 
remove the host cell debris. 

(t) The bacteriophage suspension shall be refiigerated 
at 5°C _+ 3°C. 

(g) Sterile 0.1 percent Tween 80 in nutr ient  broth shall 
be made and diluted 1 volume to 9 volnmes of the bacte- 
riophage suspension. 

(h) The titer of the bacteriophage suspension shall be 
adjusted to at least 1.0 x 10 ~ PFU/ml with 0.01 percent 
Tween 80. The titer shall be verified using the procedure 
specified in 5-4.10 of this section. 

5-4.9 The test cell shall be prepared as tollows: 

(a) The penetration test cell shall be autoclaved at 12 I°C 
-+ 5°C at 15 psig (105 kPa) tbr 15 minutes. The test cell 
shall be allowed to cool to room temperature.  

(b) The material sample shall be aseptically inserted in 
the cell with the normal outside surface oriented away 
from the challenge. 

5-4.9.1" A retaining screen shall be placed outside the 
material in the test cell, away from the bacteriophage sus- 
pension. The retaining screen shall be inert material with a 
minimum mesh per in. of 20 and open area of 45 percent. 
Gaskets shall be placed between the test cell and material, 
between the material and retaining screen, and between 
the retaining screen and the top flange. 

(a) The bolts in the test cell shall be torqued to 120 in.-lb 
(13 J) each. 

(b) The test cell shall be placed in test apparatus but not 
connected in the air line. 

(c) The drain valve shall be closed. 

(d) With the test cell in a vertical orientation the cham- 
ber shall be caret~dly filled with approximately 60 ml of 
challenge. 

(e) The material shall be observed ['or five minutes. 

(t) The air line shall be connected to the cell. 

(g) The test cell valve to the pressure source shall be 
opened to pressure and brought to 2 psig (0.14 kg/cm 2) at 
a rate no faster than 0.5 psig/sec. 

(h) The test pressure shall be held constant for one 
minute. The surface of the sample shall be monitored for 
the appearance of liquid. The test shall be terminated if 
liquid appears. 

(i) The cell valve shall be turned to the vent position. 

(j) The surlace of the sample shall be observed for 54 
minutes. 

1992 Edition 



1999-16 I'R(YIEC-I IVE CL¢) I ' I t lN( ;  FOR EMER(;ENCY MEDICAL ()I'}:,R;\I'I()NS 

(k) The drain valve shall be opened, and the test cell 
drained of the bacteriophage suspension. The titer of the 
drained bacteriophage suspension shall fie quantified using 
the procedures specified in 5-4.10 of this section. 

(1) The test cell shall be removed fiom the apparatus. 

(m) With the test cell in a horizontal position, 5 ml ster- 
ile nutr ient  broth shall be added with 0.01 percent l 'ween 
80 onto the inner  surface of the sample. The test cell shall 
be swirled fi)r 1 minute, _+ 0.15 rain., to ensure contact with 
the entire viewing surface of the test specimen. The nutri- 
ent broth shall be removed as soon as possible. This 
removed nutr ient  broth shall become the assay tluid. 

(n) The assay fluid shall be quantified immediately fol- 
lowing its rem<)val from the test cell. 

(o) The material sample shall he removed from tile test 
cell. 

(p) The test apparatus shall fie disassembled. The cover 
plate and retaining screen shall be removed. 

5-4.10 The assay fluid shall be quantified as tollows: 

(a) 2.5 ml of sterile molten top agar shall be dispensed 
into sterile test tubes containing top agar under  heat at 
45°C +2°C (113°F +4°F). 

(b) Immediately alter removing the test tuhe fiom the 
heat, 0.5 ml of the assay fluid shall he added to three top 
agar tubes. Tiffs procedure shall be repeated three times 
fi~r each replicate. 

(c) One to two drops of an overnight culture of E. col| C 
shall be added to each of the inoculate tubes. 

(d) The tubes shall be mixed well and poured over the 
surface of the bottom agar plates. 

(e) The agar shall be allowed to solidify and incuhated at 
35 ° to 37°C (95 ° to 99°F) for 4 to 18 hours. 

(f) The plaques shall be counted and the bacteriophage 
titer calculated. 

(g) If necessary, serial 1 to 10 dilutions shall be pre- 
pared in nutr ient  broth of tire assay fluid and assayed tbr 
bacteriophage as above. 

5-4.11 All tests shall be run with a "blank" that uses nutri- 
ent broth withot, t bacteriophage, which shall he tested and 
titered using the procedure specified in 5-4.10 of this section. 

5-4.12 Background aerosol/airborne counts of the Phi-X- 
174 Bacteriophage shall be made utilizing settling plates. 
Settling plates shall be placed ill strategic locations dur ing 
the aseptic test sample inserti<m, filling, testing, draining, 
and assay operations. If settle plate counts arc found, then 
the results of the test shall be considered invalid. 

5-4.13" Negative test sample controls shall fie selected at 
random and introduced into the test program. Mylar fihn 
shall be used as the test sample controls. 

5-4.14 The possibility of false positives resulting fiom 
contamination not afl'ecting the "'blank" cell shall be mini- 
mized by repeating the test. Tests shall be repeated if bac- 
teriophage is fimnd in nnlv one cell and the numher  of 

counts is less than ten. Less than ten bacteriophage parti- 
cles in one out of six replicates with no c()ntamination of 
two blanks shall he considered passing results. 

5-4.15 The hacterinphage suspension shall be quantified 
heft)re and after contact with the material. If the titer |~dls 
below 10 s PFU/ml, the test shall he repeated with a sufti- 
cient titer to achieve l0 s PFU/ml after one hour. 

5-4.16 If the material contains substances that inactivate 
the bacteriophage, the compatibility of the test material 
with the bacteriophage shall be assessed. 

5-4.17 Material specimens that show any bacteriophage 
penetration shall be classified as tailing this test. 

5-5 Tear Resistance Testing. 

5-5.1 The specimen shall be a 3 x 6 in . (76.2 × 152.4 
ram) rectangle. The long dimension shall be parallel to tile 
warp for the warp tests and parallel to the filling tor filling 
tests. No two specimens for warp tests shall contain the 
same warp yarns, nor shall an)  two specimens fi)r filling 
tests contain the same filling yarns. The specimen shall be 
taken no nearer to salvage than one-tenth of the width of 
the cloth. An isosceles trapezoid having an altitude of 3 in. 
(76.2 ram) and bases of 1 and 4 in. (25.4 and 101.6 ram) in 
length, respectively, shall fie marked on each specimen, 
with the aid of a template. A cut :"/s ill. (9.5 ram) in length 
shall then be made in the center of a line perpendicular  to 
tile 1 in. (25.4 ram) edge. 

5-5.2 Apparatus shall consist of a straining mechanism, 
two clamps fi)r holding specimens, and load and elonga- 
tion recording mechanisms, wherein the specimen is held 
hetween two clamps and strained by a uniform movement 
of the pnlling clamp. 

5-5.2.1 Straining mechanism shall fie of such capacity that 
the maximum load required to break the specimen shall be 
not greater than 85 percent or less than 15 percent of the 
manutacturer 's  rated capacity. 

5-5.2.2 Clamps shall be designed such that the 6 <>z (170 g) 
of weight are distributed evenly across the complete width of 
the sample. The clamps shall have two jaws on each clamp. 
The design of the clamps shall be such that one gripping sur- 
lace or :jaw shall he permitted to bc an integral part of the 
rigid frame of the clamp or be fhstcned to allow a slight ver- 
tical movement, while the other gripping surface or jaw shall 
he completely moveable. 

The dimensions of the immovable jaw of each clamp 
parallel to tile application of tile h)ad shall measure 1 in. 
(25.4 mm) and the dimension of the .jaw perpendicular  
t<) this direction shall measure 3 in. (76.2 ram) or more. 
The face of the moveable jaw of each clamp shall measure 
1 in. x 3 in. (25.4 mm x 76.2 mm). Each jaw lace shall 
have a flat, smooth gripping surface..MI edges that might 
cause a cutting action shall be rounded  to a radius of not 
more than 1/~4 in. (0.4 mm). 

In cases where a cloth tends to slip when being tested, 
the jaws shall be faced with rubt)er or other material to 
prevent slippage. The distance between the jaws shall be 
1 ill. (25.4 ram) at the start of tire test. 
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5-5.2.3 Recorder shall consist of calibrated dial, scale, or 
chart  used to indicate appl ied load and ehmgation. Error  
shall not exceed 2 percent up to and including a 50 lb (22.7 
kg) load and 1 percent  over a 50 lh (22.7 kg) load at any 
reading within its h>ading range. All machine attachments 
for deternt ining ntaximunl loads shall he disengaged dur- 
ing test. 

5-5.3 The  specimen shall he c lampcd ahmg the non- 
parallel sides of  the trapezoid so that these sides lie ahmg 
the lower edge of the upper  clamp and the upper  edge of 
the lower clamp with the cut halfway betwccn the clamps. 
The short trapezoid base shall be held taut, aud the hmg 
trapezoid hase shall lie in the tolds. 

The  strain mechanism shall he started, and the fi)rce 
necessary to tear the clothing shall he observed by means 
of tim recording device. Five specimens in cach of the warp 
and filling directions shall be tested t inm each santple unit. 
If  a specimen individual  measurement  falls marked ly  
helow the average test resuhs for the sample unit, such 
resuh shall be discarded and another  specimen shall he 
tested. 

5-5.4 The  tear strength shall be the avcrage of the live 
highest peak loads of  resistance registered in inches of sep- 
aration of the tear. The tear strength shall he repor ted  to 
the nearest 0.1 lb (45.4 g). 

5-6 Isopropanol Degradation Test. 

5-6.1 l s o p r o p a n o l  degrada t ion  shall he measured  in 
accordance with ASTM D .112, Sta,dard Test Methods for 
Rubber Properties in Tension, Alethod :t, Dumbbell Specimen, 
with the tollowing modilications: 

(a) Test specimens shall be conditioned by total immer- 
sion in 100 percent isopropanol at room tempera ture  t o r a  
period ot"2 hours. 

(b) The  test specimens shall be hlotted dry and tested 
within 5 ntinutes following removal t iom the isopropanol.  

5-6.2 Uhimate ehmgation (percentage) shall be mcasured 
and reported.  

5-7 Heat Aging Degradation Test. 

5-7.1 Specimen degradat ion shall hc measured in accor- 
dance with ASTM D 412, Standard Test Methods ,/or Rubber 
Properties m Tension, Method A, Dumbbell Specimeu, ti>llowing 
heat aging conducted in accordance with ASTM D 573, 7,est 
Method /br Rubber --  Deterioration in an .br Oven. 

5-7.2 Specimens shall be subjected to a tempera ture  of 
100°C -+2°C (212°F -+4°F) fi)r 22 hours -+0.3 hours. 

5-7.3 Uhinmte ehmgation (percentage) shall hc measured 
and reported.  

5-8 Dexterity Testing. 

5-8.1 Dexterity shall be evahmted using the Crau!/brd 
Small Parts Dexterity Test, Screw.s Te<'lmiquf. 

5-8.2 Each sample glove shall he tested as a coutplete 
glove in new, as-distributed condition. The size most con> 
fortably fitting the test subject shall be selected. 

5-8.3 Sample gloves shall not reccive spccial softening 
treatments pr ior  to tests. 

5-8.4 For each glove style or type to he ccrtil icd the test 
shall he repeated three times using three separate test sub- 
jects an d glove spccintens for each material and construc- 
tion c<mthination. 

5-8.5 Each test subjcct shall practice without wcaring any 
gh>ve until the haseline times of that person's  last three 
repetitions vary no more than 6 percent.  

5-8.6 Each test subject's first time wearing gh)vcs shall he 
compared  with the average time ti-om the three last prac- 
tice trials to de lc rmine  percentage of  haselinc test time 
rcquired to pcrfi>rm the exercise while wearing gloves. 

5-9 Luminous (Visible) Transmittance Testing. 

5-9.1 Luminous (visihle) transmittance shall bc mcasured 
in accordance with ASTM D 1003, Test Methodf in  ttaze and 
Luminou.~ Tran.smitlance (!/ 7)anspan't~l Plastic.~, Method A, 
with the tblh>wi,lg nlo<lifications: 

(a) The  s tandard source of radiant energy used in the 
measurement  of luminous t ransmit tance of  t ihcr lenses 
shall hc a p r o j e c t i o n - t y p e  lamp T-8,  or  o t h e r  h igh-  
powered,  gas-tilled, t tmgsten-filamcnt inc,mdcscent lamp, 
operated at the cohn tempera ture  corresponding to Com- 
mission hl ternal ionalc  de ] 'Fclairage (C1E) Source A. 

(b) Luminous  t ransmi t tance  shall he d e t e r m i n e d  by 
measuring the spectral transmittance and calculating the 
luminous transmittance through the use of published data 
on the special radiant energy of CIE Sourcc A and the rel- 
ative luminous efliciencv of the average eye. The standards 
of hmfinous transnti t tance nmintained hv the National  
Bnreau of Standards shall he tested. 

Chapter 6 Referenced Publicat ions 

6-1 Thc  ti~llowing docunmnts or portions thereof  arc rct: 
erenced within this s tandard and shall be considered part  
of the requirements  of this document.  The  edition indi- 
cated fi)r each relcrcnce is the current  edition as of the 
datc of the N FI'A issuance of this document.  

6-1.1" ASTM Publications. 

ASTM D ,t12, Standard 7?st Methods /or Rubber Properties 
in Ten,~ion, 1987 

ASTM l) 573, Standard  Te,st Method ./or Rubber - -  
Deterioratmn in an .,lit Oven, 1988 

ASTM 1) 751, Stamlard Test Methods Jor Coated Fabric,s, 
1989 

ASTM I) 1003, StandaM Tes/ Method./br ttaze and Lumi- 
nous Transmittance of 7)ansparent Plastics, 1988 

ASTM I) 2582, Standard Te,st Method f in Puncture Propa- 
gation Tear Re.siqame of Plasti< Film and Thin Sheeting, 1990 
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ASTM D 3577, Standard Specification for Rubber Surgical 
Gloves, 1991 

ASTM D 4157, Standard Test Method ]br Abrasion Resis- 
tance of Textile Fabrics (Oscillato U Qdinder Method,O, 1982 

ASTM D 5151, Standard Test Method for Detection ~/ Holes 
in Medical Glove,s, 1991 

ASTM F 392, Standard Test Method Jot Flex Durability" oJ 
Flexible Barrier Materials, 1987 

ASTM F 903, Standard Test Method for Resistance o/Protec- 
tive Clothing Materials to Penetration bv Liquids, 1990 

ASTM F 1342, Standard Test Method for Re.si.stanee ~ Pro- 
tective Clothing Matermls to Puncture, 1991 

ASTM F 1358, Standard Test Method for Resistance of Pro- 
tective Clothing Methods to Flame hnpingement, 1992 

ASTM F 1359, Standard Practice Jbr Determining Liquid- 
Tight lntegrit,; of Chemical Protective Suits or Ensemblie.~ under 
Static Conditions, 1991 

6-1.2" GSA Publications. 

Federal  Test Method Standard 191 A, Textile Test Metho&, 
20 July 1978 

Military Standard  MIL-STD-105D, Sampling Prmedure,~ 
and Tables for Inspection by Attributes, 29 April 1983 

6-1.3" Psychological Corporation Publication. 

Craw]brd Small Parts Dexterity Test, 1981 

Appendix A 

This Appendix ~.~ not a part of the requirement.~ c~ thA NFPA dm u- 
merit, but it l,~ included for in/brmatum purpme.~ only. 

A-I-I .1  Use of emergency medical clothing is addressed 
in NFPA 1581, Standard on Fire Department Infection Control 
Program. Particularly relevant sections are: 

2-2 Training and Education 

2-5 Exposures 

4-2 Infection Control Garments and Equipment 

5-1 Skin Washing 

5-2 Disinfectants 

5-3 Emergency Medical Equipment 

5-4 Clothing 

A-I-1.2 Organizations responsible for fire fighting appli- 
cations should use protective clothing and equipment  spe- 
cifically designed for those activities. 

A- l - I .3  Organizations responsible tbr chemical response 
functions and other  hazard protection including radiologi- 
cal, cryogenic, or hazardous chemical should use protective 
clothing and equ ipment  specifically des igned fi)r those 
activities. Criteria fi)r protection fiom hazardous chemicals 
are provided in tire fi)llowing standards:  

(a) N FPA 199 l, Standard on ~?,por-Protective Suits/or Haz- 
ardous Chemical Emergencies 

(b) NFPA 1992, Standard on Liquid Splash-Protective Suits 
./m" Hazardous Chemical Emergencies 

(c) NFPA 1993, Standard on Support Function Protective 
(;arments for HuzaMou~ Chemical ()peration,~ 

A - l - I . 4  Purchasers should specit}' desired features that 
are not in conttict with the design requirements  uf this 
standard.  It is r ecommended  that purchasers  of emergency 
medical garments should consider the tollowing: 

(a) Personnel may be wearing many items of  protective 
clothing and equipment.  Any interDrence by one item of  
another ' s  use might  result  in inefficient opera t ions  or  
unsafe situations. 

(b) Different breathing apparatus ,  conmmnications sys- 
tems, cooling devices, and other  protective equipment  may 
not be accommodated by the emergency medical garments  
equally. 

(c) Specifications of addit ional  reinforcement  in high- 
wear or  load-bear ing  areas such as the knees, elbows, 
shoulders,  and back may be necessary. Reinforcing materi- 
als should be the same as the garmeut  material. Purchasers 
are cautioned that addit ional weight caused by excessive 
reinfi)rcement could lead to fatigue or  injury. 

A-1-2.2 Biological agents may also be t ransmit ted  via 
aerosols. 

A- l -3  Approved.  The National Fire Protection Associa- 
tion does nut approve,  inspect or certify any installations, 
procedures,  equipment ,  or  materials nor  does it approve 
or evaluate testing laboratories. In de te rmin ing  the accept- 
ability of installations or procedures ,  equipment  or materi- 
als, the authori ty having jurisdict ion may base acceptance 
on compliance with NFPA or other  appropr ia te  standards.  
In the absence ot  such s tandards ,  said au thor i ty  may 
require evidence of p roper  installation, p rocedure  or use. 
The authori ty having jurisdict ion may also refer to the list- 
ings or  labeling practices of an organizat ion concerned 
with product  evaluations which is in a position to deter- 
mine compliance with appropr ia te  s tandards fi)r the cur- 
rent product ion of listed items. 

A-l-3 Authority Having Jurisdiction. Tile  p h r a s e  
"authori ty having jurisdict ion" is used in NFPA docmnents  
ill a broad manner  since jurisdict ions and "approval"  agen- 
cies vary as do their responsibilities. Where  public sali:tv is 
primary,  the "authority having jur isdict ion" may be a ted- 
eral, state, local or other  regional depa r tmen t  or  individual 
such as a fire chief', fire marshal,  chief of a fire prevention 
bureau,  labor depar tment ,  health depar tmen t ,  bui lding 
official, electrical inspector,  or  o thers  having statutory 
amhoritv.  For insurance purposes,  an insurance inspection 
depar tment ,  rating bureau,  or other  insurance company 
representat ive may be the "'authority having jurisdict ion."  
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In many circumstances the proper ty  owner or his desig- 
nated agent assumes the role of the "authori ty having juris-  
diction"; at government  installations, the command ing  
officer or depar tmenta l  official may be the "authori ty hav- 
ing jurisdiction." 

A-I-3 Listed.  The  means for identifying listed equip- 
ment may vary for each organization concerned with prod-  
uct evaluation, some of  which do not recognize equipment  
as listed unless it is also labeled. The  "authori ty having 
jurisdiction" should utilize the system employed by the list- 
ing organization to identify a listed product .  

A-I-4.1 English units are used throughout Chapter  4 with 
metric equivalents provided in parentheses. This practice is 
also followed in Chapter 5 with the exception of Section 5-4, 
where metric units are exclusively used fi)r units of volume. 

A-2-2.1 The  certification organization should have suffi- 
cient breadth  of interest and activity so that the loss or 
award of a specific business contract would not be a deter- 
mining factor in the financial well being of the agency. 

A-2-2.3 The  contractual provisions covering a certifica- 
tion program should contain clauses advising the manufac- 
turer  that if requirements  change, the product  should be 
brought  into compliance with the new requirements  by a 
stated effective date through a compliance review program 
inw)lving all currently listed products.  

Without the clauses, certifiers would not be able to move 
quickly to protect  their  name, marks, or reputat ion.  A 
product  safety certification program 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  satety certification 
program.  A prel iminary review should be carried out on 
products  submitted to the agency before any major testing 
is undertaken.  

A-2-2 .7  Such i n s p e c t i o n s  s h o u l d  i n c l u d e ,  in most  
instances, witnessing of  p roduc t ion  tests. With certain 
products  the certification organization inspectors should 
select samples from the product ion line and submit them 
to main laboratory for countercheck testing. With other  
products,  it may be desirable to purchase samples in the 
open market  for test purposes. 

A-3-1.1 Purchasers should use the technical data package 
to compare garment  or glove performance data in pur-  
chasing emergency medical garments or gloves. The  pur-  
chaser should determine the relative ranking of  perfor- 
mance data to aid this selection process. 

A-3-2.4 This documentat ion requirement  provides infor- 
mation to the end user about the flame resistance of the 
garment  material. Material flame resistance is measured 
using a modified version Method 5903.1 of  FTMS 191A, 
where a folded edge of the material is suspended over a 
flame. The  test involves two flame exposures: an initial 3 
second exposure  and subsequent 12 second exposure.  

Ignition of  the material is noted alter each exposure  
period,  with measurement  of  both burn distance and burn 
time fbr each material specimen tested, if the specimen 
ignites. These measurements  provide an assessment tbr the 
ease of  material ignition, if the material does ignite, and 
whether the material is self-extinguishing. 

A-3-2.5 This documentat ion requirement  provides infor- 
mation to the end user about the abrasion resistance of the 
garment  material. Material abrasion resistance is measured 
by subjecting material specimens to a s tandard abrasion 
techniqne designed to simulate wear on an asphalt-like sur- 
face. These material specimens are then tested for penetra-  
tion resistance to bacter iophage (described in A-4-1). End 
users should assess the abrasion resistance of the garment  
material by compar ing the material bacter iophage penetra-  
tion before abrasion (as required in 4-1.4 of  this s tandard)  
and after abrasion. 

A-3-2.6 This documentat ion requirement  provides infor- 
mation to the end user about the flexing resistance of  the 
garment  material. Material abrasion resistance is measured 
by subjecting material  specimens to a s tandard  flexing 
technique designed to simulate wear from repeated mate- 
rial bending,  twisting, and compression. These material  
specimens are then tested for penetrat ion resistance to bac- 
ter iophage (described in A-4-1). End users should assess 
the flexing resistance of the garment  material by compar-  
ing the material bacter iophage penetrat ion before flexing 
(as required in 4-1.4 of this s tandard) and after flexing. 

A-4-1 T h e r e  are  one des ign and e ight  p e r f o r m a n c e  
requirements  tor emergency medical garments.  Only those 
port ions of the garment  intended to act as a barr ier  to 
l iquid-borne pathogens  are evaluated for performance.  
This approach permits the certification of partial or non- 
full body protective clothing used in emergency medical 
operations. ~m example of a possible clothing configuration 
would be a clothing item designed to provide barrier  protec- 
tion to the wearer's front torso and arms by using barrier 
materials on the front of the garment while the back of the 
garment is composed of non-barrier materials. In this case, 
only the front of the garment and garment sleeves would be 
evaluated to the requirements in Section 4-1. 

(a) Fitting.g Qualitv (4-1.2). This design r equ i r emen t  
prevents fittings being used in the construction of  gar- 
ments that could potentially snag or test protective clothing 
materials. 

(b) Overall Watertight Integrity (4-1.3). This per for -  
mance requirement  entails testing of  the complete garment  
in a "shower-like" test that is designed to assess how well 
ga rmen t  materials ,  seams, and closures and interfaces 
resist penet ra t ion  from liquid splashes. The  test is not 
intended to simulate exposure from liquid splashes. This 
requirement  is similar to that required in NFPA 1993, 
Standard on Support Function Protective Garments in Hazardous 
Chemical Operations. The test is in tended to assess watertight 
integrity of those port ions of  the garment  for which protec- 
tion is to be provided.  Non-full body clothing such as cov- 
eralls, aprons,  and sleeve protectors may be tested using 
the procedure  in Section 5-3. 

(c) Bacteriophage Penetration Resistance (4-1.4). This test 
is in tended to de termine  how well garment  materials pre- 
vent penetrat ion of  biological agents (l iquid-borne patho- 
gens). The  resistance of  protective clothing materials to 
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penetrat ion by blood-borne pathogens is de termined using 
a modified finm of ASTM F 903, Standard Te.st Method/or 
Resistance oJ Protective Clothing, Materials to Penetration b~' 
Liquids. Procedure C from ASTM F 903 was chosen as the 
most appropr ia te  because of its high degree of correlation 
to human |iactors evaluations as shown hy Mcculhmgh and 
Schoenberger ,  Liquid Barrier Properties o[ Nine Surgical 
Gown Fabrics, INDA Journal  of Nnnwovens Research, Vol. 
3, No. 3, Summer  1991. The protective clothing materials 
are challenged with a Phi-X-174 Bacteriophage suspension 
for 5 minntes at atmospheric pressure,  1 utinute at 2.0 psi, 
and 54 ntinutes at atmospheric pressure, or until liquid 
penetration.  Then the reverse side of the test material is 
rinsed and assayed for the Phi-X-174. Phi-X-174 Bacte- 
r iophage best approximates  Hepatitis C virus hut also sin> 
ulates Hepatitis B virus and Hnntan hnnnmodeficiencv 
Virus (HIV). h was chosen as the most appropr ia te  blood'- 
borne pathogen model because of its size, spherical r o o f  
phology, environmental  stability, non-human irrfiectivity, 
high assay sensitivity, rapid growth, and high liter (avail- 
able in large concentrations). 

Testing pr ior  to degradat ion by other  physical, chemi- 
cal, and thermal stress that could negatively impact the 
performance of the protective harrier  could lead to a false 
sense of security. See 3-2.5 and 3-2.6 tor the atIc.cts of abra- 
sion and flexing. Other  attix'ts might be shelf lift:, launder-  
ing, and sterilization. Prewetting by such things as alcohol 
and contamination by such things as perspirat ion can also 
affect harrier  performance of  the material. The authority 
having jur isdic t ion should consider  these afl~'cts when 
comparing materials. 

All remaining per tormance requirements  are identical to 
those provided in N FPA 1993, Standard on Support Function 
Protective Garments for Hazardou.s Chemical Operations. The 
same requirements  were adopted since the subcommittee 
believed the working environment  for emergency medical 
clothing to be the same as for support  fimction protective 
clothing. 

(d) Tenstle Strength (4-1.5). This r e q u i r e m e n t  was 
designed to ensure materials provide adequate strength 
when pulled or stretched. 

(e) Bur.st Strength (4-1.6). This  r e q u i r e m e n t  was 
designed to simulate material burst ing fiom pro t rud ing  
objects within the emergency medical garment.  

(f) Puncture Propagation Tear Resistance (4-1.7). This 
requirement  is designed to simulate material snagging and 
subsequent tearing from sharp objects, such as walking 
past a protr t ,d ing rail. 

(g) Teat Re.sistance (4- l .8) .  This  r e q u i r e m e n t  is 
designed to simulate how the material tears when pulled 
apart.  

(h) Seam Strength (4-1.9). This requirement is based on 
documenta t ion  of  adequate  s trength from fieht perfor-  
mance data. 

(i) Closure Strength (4-1.10). Garment  ch)sure assem- 
blies are  requi red  to meet the same nrinimum tensile 
strength requirements  as garment  seams. 

A-4-2 T h e r e  are  one design and eight  p e r t o r m a n c e  
requirements  tot  emergency medical gloves. 

(a) ttardware Quahtv (4-2.1). This requ i rement  pre-  
vents any glove hardware that could potentially snag or 
teas protective clothing materials f iom being used in the 
construction of the glove. 

(b) Watertight Integrity (4-2.2). This  r e q u i r e m e n t  
assesses the overall integri D of the gloves in a p rocedure  
developed by ASTM in which water is poured  into a glove, 
with the glove checked for leakage after 2 minutes. 

(c) Si'~ing (4-2.3). This requirement  addresses d imeu-  
sional requirente, t ts  of gloves. ASTM D 3578, Standard 
Specification .fin Rubber Su*gieal (;loves, specifies width and 
length requirements  |or  8 ditIierent glove sizes. 

(d) Bacteriophage Penetration Resistance (4-2.4). This 
requirement  is analogous to the Bacteriophage Penetration 
Resistance test described in A-4-l(c). The  test is conducted 
differently in that entire gloves are evaluated as npposed to 
mater ia l  specimeus.  Gloves are  tu rned  inside out and 
f)laced in a flask. The "'new" inside surface nf the glove is 
filled with media containing the Phi-X-174 Bacleriophage. 
The  "'new" outside surface of  the gh)ve is r insed and 
assayed for bacter iophage penetra t ion after one horn con- 
tact with tire bac ter iophage .  The  analvsis of  the assay 
media is evaluated in the same manner  as done fin gas- 
ment material specimens. 

(e) Tensile Strength Elongation and 300 Percent Modulns 
(4-2.5). This requirement  is designed to simulate the fail- 
t, re mode of gloves that occurs from pull ing the glove onto 
the hand with its subsequent breaking and tearing. 

(t) Isopropanol Degradation Re.~i.~tance (4-2.6). in this 
requireutent ,  the degradat ion  resistance of the glove is 
measured following a 2-hnur immersion in isopropanol  
with measurement  of  glove elongation. The  inability of the 
glove to ehmgate 500 percent is cause fi>r failure, lsopro- 
panol is a common medical sohent  that, when in contact 
with gh>ve materials, may remove plasticizer or other  addi- 
tives necessary fi>r adeqtiate gh>ve fimction. 

(g) Heat Aging Degradation Resistance (4-2.7). Analogous 
to I sopropanol  Degradat ion Resistance, the boas aging 
degradat ion resistance is measured by subjecting sample 
gh>ves to an accelerated heat aging at 100°C for 22 hours. 
This protocol was adopted from ASTM D 3577, Standard 
Specification Jbr Rubber Surgical (;Iove:~, and is designed to 
sinmlate the ettects of hmg term storage of  gloves at ele- 
vated t e m p e r a t u r e  and subsequent  glove d e g r a d a t i o n  
thr<mgh loss of  plasticizers or o ther  additives necessary fi)r 
adequate  gh>ve fintcti<m. Glove degradat ion  resistance is 
measured using glove elongation. 

(h) Paucture Resistance (4-2.8). This requirement  is des- 
ignated to simulate the puncture  of gloves by sharp (nail- 
like) objects. It is not designed to simulate needle-pricks or 
similar medical instrument  punctures.  

(i) Dexterity (4-2.9). The overall gh>ve per tormance  is 
assessed thr~mgh a s tandard glove dexteri ty test ira which 
test subjects ability to manipula te  line objects is deter-  
mined. Test snhje~:t performance is compared  with and 
without gloves. 

A-4-3 T h e r e  are  one design and th ree  per f i ) rmance  
r e q u i r e m e n t s  for e m e r g e n c y  medica l  face p ro t ec t i on  
devices. The  basis and rationale tor each requirement  are 
given below: 
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(a) Hardware Quality (4-3.1). This design requirentent 
prevents hardware that could potentially snag or tear pro- 
tective clothing materials from being used on face protec- 
tive devices. 

(b) Light Tran.~mi,~ion (4-3.2) .  This  r e q u i r e n t e n t  
ensures emergency medical devices provide clear and 
undistorted visor through the vision or eye piece portions 
of the device. Although similar, this requirement is not the 
same as that established in ANSI Z87.1 for protective 
visors. 

(c) Watertight lntegri(~ (4-3.3). This requirement is anal- 
ogous to the test performed on emergency medical gar- 
ments  descr ibed in A-4-1(b). Water t ight  in tegr i ty  is 
assessed on a standard mannequin  head torm. 

(d) Bacteriophage Penetration Resistance (4-3.4). This 
requirement is analogous to the requirement for medical 
emergency garments described in A-4-1(c). It applies only 
to those portions of the face protection device intended to 
provide protection to the face or head. 

A-5-4.2 The penetration test cell and apparatus is avail- 
able from Wilson Road Machine Shop, 1170 Wilson Road, 
Rising Sun, MD 21911; PFFE Gasket material needed to 
seal the test cell and material specimen may be obtained 
from W.L. Gore & Associates, Inc., Industr ia l  Sealant 
Group, Elkton, MI) 21921. 

A-5-4.4 Phi-X-174 ATCC 13706 BI Bacteriophage and E. 
coil C ATCC 13706 are available from American Type Cul- 
ture Collection, 12301 Parklawn Drive, Rockville, MD 
20852. 

A-5-4.5 Tween 80 is available from Aldrich Chemical 
Company, Inc., 1001 West Saint Paul Avenue, Milwaukee, 
WI 53233. 

A-5-4.6 Nutr ient  Broth and Bacto-Agar are available 
from Difco, Detroit, Michigan. 

A-5-4.7 A 2.8 in. (70 ram) square is convenient. Protective 
clothing materials that incorporate an impervious layer 
between two fabric layers or have absorptive substrates 
may be sensitive to false positives by wicking, ht order to 
prevent "wicking" modes of failure, the edges of the test 
sample should be sealed with an adhesive or paralin wax 
prior to testing. 

A-5-4.9.1 11 x 11 nylon screen (No. 9818T12), 14 x 14 
Polypropylene screen (No. 9275T11), and 13 × 13 Polyes- 
ter screen (No. 9218T12), available from McMaster-Carr 
Supply Company, P.O. Box 4355, Chicago, IL 60680, meet 
this purpose. 

A-5-4.13 Mylar film is available ti-om E. I. du Pont de 
Nemours & Co., Wilmington, DE 19898. 

A-6-1.1 ASTM publications can be obtained flom Ameri- 
can Society for Testing and Materials, 1916 Race Street, 
Philadelphia, PA 19130. 

A-6-1.2 GSA publications can he obtained from (;eneral 
Services Administrat ion Specifications Activity; Printed 
Materials Supply Division; Building 197, Naval Weapons 
Plant, Washington, DC 20407. Single copies are generally 

available without charge at the General Service Administra- 
tion Business Centers ira cities throughout  the U.S. Federal 
Test Method standards are available t iom the U.S. Govern- 
ntent Printing Otlice, Washington, I)C 20402. 

A-6-1.3 This publication is available fi+om The Psycholog- 
ical Corporation, 555 Acadentic Court, San Antonio, TX 
78204. 

A p p e n d i x  B 

This appendm i~ not parl o/the requirement.~ o[ Ihi.~ NFPA document. 
but i.~ included Jot m/mmatmn pulpo~e~ only. 

B-I NOTICE TO THE READER. The  following test 
method is given so that persons who are interested in eval- 
uating and comparing the heat transfier qualities of tabrics 
can do so to an estahlished method. 

This test method is NOT a requirement  of this docu- 
ment, and nothing contained herein can be construed to 
be a part of the mandatory requirements of this document.  
The use of the term "shall" in this test method is to empha- 
size critical procedures that are part of the test and not to 
indicate a mandatory requirement of this document. A sim- 
ple criterion --  the watts/m e of heat transferred through 
the composite by the combined dry and evaporative heat 
exchanges fiom 95°F (35°C), fidly sweating test plate sur- 
|ace in a 77°F (25°C), 65 percent RH environment  --  pro- 
vides a single number  fi)r comparing each tabric. 

B-I.I Total Heat Loss Test. 

NOTE: Practitioners of this method should be intimately 
tamiliar with ASTM I) 1518, ahhough this Total Heat Loss 
Tes! contains signitican! differences. 

B-1.2 The test plate and guard ring shall have a wettable 
surface. 

NOTE: One uselhl sweating hot plate, apparatus is avail- 
able torm Holomen'ix, Inc., 99 Eric Street, Cambridge, MA 
02139 (telephone 617-868-8050). An environmental cham- 
ber with air temperature, humidity, and air velocirv control 
is also required. 

B-1.3 The test plate shall have a temperature of 35°C +-_ 
0.5°C (95°F + I°F). The guard ring and bottom plate shall 
be controlled to eliminate lateral and downward heat 
transti:r fi'om the test plate. 

B-1.4 The local environmental climate shall be 25°C -+ 
0.5°C (77°F -+ l°F) and 65 percent RH, -+ 4 percent RH. T h e  
air velocity shall be the same for all calibrations and tests. 
These conditions shall be measured continuously in the free 
flow air stream uninfluenced by the boundary of the test 
plate. Apparatus used to measure temperature shall be accu- 
rate to within _+ 0.25°(2 Apparatus used to measure humid- 
ity shall be accurate to within _+ 4 percent RH. 

B-I.5 The average hare plate thermal resistance, includ- 
ing the air layer and any apparatus contribution (Rcbp), 
shall be an average of at least 3 measurements with noth- 
ing mounted on the test plate. 
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B-I.6 The average intrinsic thermal resistance of the sam- 
pie alone (Rcf) shall be determined by subtracting the aver- 
age bare plate resistance (Rcbp) from the average of the 
total thermal resistance (Rct) of the specimens tested. 

B-1.7 The total thermal resistance (Rct) of the specimen 
shall be calculated from the following equation: 

Rct - (T~ - Ta) A 
H 

where 

R c t =  total thermal resistance of the specimen and sur- 
face air layer (cm'2/w) 

T~ = temperature at the place surface (°C) 

T a = temperature in the local environment  (°C) 

A = area of the test plate (m ~) 

B = power input (watts) 

B-I .8  Data shall be collected when e q u i l i b r i u m  is 
reached. Data shall be collected every 5 minutes. Equilib- 
rium shall be a rate of change of less than 3 percent per 
hour of calculated thermal resistance over a period not less 
than 30 minutes. The standard deviation of the calculated 
thermal resistance shall be less than 1 percent. 

B-I.9 The specimens shall be mounted on the test plate 
in the orientation it has in the finished garment from the 
skin surface (plate surface) to the outside. 

B-I.10 The apparatus shall be calibrated to meet the fol- 
lowing constraints: 

(a) A graph of total thermal resistance versus nunfl)er of 
layers of 7.5 oz/yd" Nomex duck shall be linear for the bare 
plate value, one, two, three, and four layers. 

(b) The slope of the linear regression shall be 0.0206 
cm- _+ 10%/W. 

(c) No individual data measurement  shall be outside 
- 10% of the value predicted by the linear regression. 

(d) The intrinsic thermal resistance of four layers of 
7.5 oz/yd 2 Nomex duck shall be 0.082cm '2 -+ 10%/W. 

NOTE: The standard sample of 7.5 oz/yd'-' Nomex duck 
should be obtained from Office of Standard Reference 
Materials, National Institute of Standards and Technolo- 
gies, Gaithersburg, MD 20899; 301-957-6776. 

B-I.11 The average intrinsic thermal resistance of the 
specimens shall be de termined by averaging all values 
obtained over the equilibrium period (minimum of 6). The 
average intrinsic thermal resistance of the sample shall be 
determined by averaging the values for all specimens. If 
the results for any of the 3 individual specimens vary more 
than -+ 10% from the average of all 3, then the test shall be 
repeated on the specimen(s) lying outside the _+ 10% limit. 

If the retest produces a value(s) within the -+ 10% limit, 
then the new value(s) shall be used instead. If the retest 
remains outside the + 10% limit, then an additional 3 spec- 
imens shall be tested, and all original and retest results 
shall be reported along with the average and standard 
deviation fi)r intrinsic thermal resistance and a statement 
identifying this sample as having a high variability. 

B-l.12 Water shall be fed to the test plate and guard ring 
so that water uniformly wets the test plate and guard ring 
surface. 

B-l.13 The test plate and guard ring shall be covered 
with a liquid barrier that prevents wetting of the test spec- 
imen by the liquid water. The permeability index of the 
bare plate with the liquid barrier in place shall be greater 
than 0.7. 

NOTE: The permeability index of the bare plate should 
be calculated from the following equation: 

ira= 0.061 x Rcbp/Rebp 

where 

i m= permeability index 

Rcbp = average bare plate thermal resistance (without 
liquid barrier) described in B-1.5 (°C/m~/W) 

Rebp = average bare plate evaporative resistance (with 
liquid barrier in place) described in B-I. 15 (kPa/m'-'/W) 

NOTE: One source fin * uncoated cellophane that will meel 
this is 01in, Ecusta Paper and Film Group, NC 28768. 

B-I.14 The average bare plate evaporative resistance, 
including the air layer, the liquid barrier, and an}' appara- 
tus contribution (Rebp), shall be an average of at least 3 
measurements with only the liquid barrier mounted on the 
plate. The local environmental  climate may be increased 
above 25°C (77°F) if necessary to maintain test plate tem- 
perature at 35°C (95°F). 

B-lAB The apparent  total evaporative resistance (ARet) 
of the specimen shall be calculated from the following 
equation: 

ARet = (P~ - Pa) A 
H - (T~ + Ta) A 

Rct 

where 

ARet = apparent  total evaporative resistance of the 
specimen and surface air layer (kPa/m'2/W) 

Ps = water vapor pressure at the plate surface (kPa) 

Pa = water vapor pressure in the local envi ronment  
(kPa) 
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A = area of the test plate (in'-') 

H = power input (watts) 

T, = temperature at the plate suHhce (°C) 

"1', = temperature in the local environment  (°C) 

Rot = total tltermal resistance of rite specimen and snr- 
tace air laym: (°C/m'-'/W) 

Nt)TE: The term "appal'e,lt" is used as a modifier fi)r 
evaporative resistance to reflect the tact that condensation 
may occur within the specimen. 

B-I .16 Data shall be collected when equ i l ib r ium is 
reached. Data shall be collected every 5 minutes. Equilib- 
rium shall be a rate of change of less than 3 percent per 
hour of calculated apparent  evaporative resistance over a 
period not less than 30 nfinutes. The standard deviation of 
the calculated apparent evaporative resistance shall be less 
than 1 percent. 

If data collection cannot be completed within 4 hr after 
mount ing the specimen on the test plate, the specimen 
shall be removed form the test plate and allowed to dry at 
least 24 hr at 60 ° - 80°F (16 ° - 25°C) befi)re retesting. Sub- 
sequent data reporting shall state that drying was required. 
If the retest of the specimen still cannot meet these con- 
straints, then it shall be reported that the specimen cannot 
be tested by this method. 

B-l.17 The average apparent intrinsic evaporative resis- 
tance of the sample alone (ARe0 shall be the apparent total 
evaporative resistance (ARet) minus the average bare plate 
evaporative resistance (Rebp). 

B-I.18 The apparatus shall be calibrated to meet the tbl- 
lowing constraints: 

(a) A graph of apparent total evaporative resistance ver- 
sus number  of layers of 7.5 oz/yd" Nomex duck shall be 
linear for the bare plate value, one, two, three and four 
layers. 

(b) The slope of the linear regression shall be 0.005 kPa/ 
me/W. 

(c) No individual data measurement  shall be outside 
_+ 10% of the value predicted by the linear. 

(d) The apparent intrinsic evaporative resistance of four 
layers of 7.5 oz/yd'-' Nomex duck shall be 0.020 kPa 
_+ 10CA/m2/W. 

B-I.19 The average apparent intrinsic evaporative resis- 
tance of the specimen shall be determined by averaging all 
values obtained over the equilibrium period (minimum of 
6). The average apparent  intrinsic evaporative resistance of 
the sample shall be determined by averaging the values of 
all specimens. If the results tbr any of the 3 individual 
specimens vary more than -+ 10% from the average of all 3, 
then the test shall be repeated on the specimens(s) lying 
outside the _+ 10% limit. If the retest produces a value(s) 
within the -+ 10% limit, then the new value(s) shall be used 
instead. If the retest remains outside tire _+ 1()<~ limit, then 
an additional 3 specimens shall be tested and all original 

and retest resuhs shall be reported ahmg with tl~e average 
and standard deviation I:m apparent  irminsic evaporative 
resistance, and a statement identif}'ing this sample as hav- 
ing a high variability. 

B-I.20 The average total heat loss of the sample shall be 
determined and reported, subject of the reporting require- 
ments in paragraphs 11, 16, and 19. The total heat loss of 
the sample shall he calculated fiom the fi)llowing equation: 

Qt* = lO°C + 3.57 kPa 
R c t +  .0-t ARef + .0035 

where 

Qt = total heat loss (W/m e) 

R c t =  average intrinsic thermal resistance of the sample 
deternfined in paragraph 5 (°C/m2/W) 

ARef = average apparent  intrinsic evaporative resis- 
tance of the sample determined in paragraph 17 (kPa/ 
m'2/W) 

* These values are appropriate for a surface air layer at 
an air temperature of 25°C, a relative humidity of 65 per- 
cent, a skin temperature of 35°C, and a nominal effective 
air velocity of 2 m/s. 

NOTE: This calculation is based on the temperature and 
vapor pressure ditferences between and the test plate and 
local environmemal climate specified in this procedure. 
Other environmental conditions may alter the perfin'mance 
measured. 

Using the total heat calculated under  the conditions 
used here to extrapolate to other environmental  tempera- 
tures and other environmental  humidities may also pro- 
duce inaccurate results because of possible condensation 
within a composite that would not be accounted fi)r. The 
permeability index of the specimen and its associated air 
layer may also be calculated using the following equation: 

i,n = 0.061 × Rct/ARet 

where 

i m = permeability index 

R c t =  total thermal resistance described ill paragraph 
6(°C/m2/W) 

ARet = apparent total evaporative resistance described 
in paragraph 15 (kPa/me/W) 

i m is the measure of the efficiency of evaporative heat 
transport in a clothing system. An i m of() indicates that tile 
clothing system allows no evaporative heat transfier. An i m 
of 1 indicates that the clothing system achieves the theoret- 
ical maximum evaporative heat transfer allowed by its insu- 
lation. Casual dress clothing typically has values for i m of 
0.3 to 0.5. Protective clothing typically has values of i m of 
0.1 to 0.3. 
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