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This edition of NFPA 45, Standard on Fire Protection for Laboratories Using Chemicals, was prepared
by the Technical Committee on Laboratories Using Chemicals and acted on by NFPA at its June
Association Technical Meeting held June 7–10, 2010, in Las Vegas, NV. It was issued by the Stan-
dards Council on August 5, 2010, with an effective date of August 25, 2010, and supersedes all
previous editions.

This edition of NFPA 45 was approved as an American National Standard on August 25, 2010.

Origin and Development of NFPA 45
The first edition of NFPA 45 was developed by the Technical Committee on Chemistry

Laboratories. It was tentatively adopted at the 1974 NFPA Annual Meeting and was officially
adopted at the 1975 NFPA Fall Meeting. The committee wishes to acknowledge that NFPA 45
is due in large part to the leadership and efforts of the late Russell H. Scott, who served as
chairman of the committee during the planning and drafting stages of the first edition of
NFPA 45. After the document had been in use for two years, the technical committee began an
exhaustive review of the text; amendments were adopted for the 1982, 1986, and 1991 editions.

The 1996 edition of NFPA 45 included clarification on the scope and application of the stan-
dard as it applied to various types of educational, industrial, and medical laboratory facilities.
Clarification of objectives was made to ensure a fire is contained to the room of origin. The
requirements for maximum quantities of flammable and combustible liquids, construction, and
fire protection in laboratory units were separated into two tables, one for sprinklered laboratory
units and the other for nonsprinklered laboratory units. In addition, the committee revised the
fire hazard classifications to recognize that clinical laboratories were using this standard as di-
rected by NFPA 99, Standard for Health Care Facilities, and to identify that NFPA 101®, Life Safety
Code®, no longer addresses laboratory occupancies.

The 2000 edition of NFPA 45 included modified laboratory separation requirements, and
nonsprinklered laboratories of Class A or B and Class C [over 929 m2 (10,000 ft2)] were prohib-
ited. Expanded requirements and advisory information for compressed and liquefied gases were
added. Additional changes included modified laboratory ventilating systems and hood require-
ments. Average face velocity is used to determine the safe operating levels for hood exhaust
systems. Changes were made to address the current industry trend in the utilization of VAV (Vari-
ableAir Volume) laboratory ventilation systems, which provide clear requirements for the contain-
ment of contaminants within the hood. The language was clarified regarding multiple or mani-
fold exhaust ducts within buildings.

The 2004 edition of NFPA 45 included a new requirement that all new laboratories must be
protected with automatic extinguishing systems. Pressurized liquid dispensing containers not
previously recognized but indirectly prohibited because of quantity restrictions were defined,
addressed, and regulated. Clarification of the scope was provided for labs containing the
minimum quantity of either flammable and combustible liquids or gas that would qualify the
lab for coverage under NFPA 45. Clarification was also made that the minimum quantity of gas
does not include low-pressure utility gas in accordance with NFPA 54, National Fuel Gas Code.
The 2004 edition included expanded advisory material on biological safety cabinets and
recognition of listed Class II, Type B2 biological safety cabinets in lieu of chemical fume
hoods under certain circumstances. All flammable and combustible liquids requirements
were consolidated into one chapter. Requirements were incorporated to limit hazchem stor-
age spill scenarios to less than 20 L (5 gal). Expanded requirements and advisory information
were created for compressed and liquefied gases. Maximum quantity requirements were clari-
fied for outside cylinder storage.
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The 2011 edition of NFPA 45 includes major modifications to Chapters 4, 5, 9, 10, and 11 to modify the design,
construction, and operational requirements for laboratories located in buildings over 1 story in height. Height restric-
tions were added for Class A and B laboratory units. The fire resistance rating of laboratory units, height restrictions,
and quantities of hazardous materials were modified for laboratory units depending upon the height of the building
containing the laboratories. Laboratories located in health care facilities previously covered by NFPA 99 were added to
NFPA 45. Hazardous materials in storage or use in a laboratory work area that could present an explosion hazard were
quantified. Requirements for the management of time-sensitive chemicals were clarified.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material
on the paragraph can be found in Annex A.

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (•) between the paragraphs that
remain.

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for extracts in mandatory sections of
the document are given in Chapter 2 and those for extracts in
informational sections are given in Annex G. Extracted text
may be edited for consistency and style and may include the
revision of internal paragraph references and other refer-
ences as appropriate. Requests for interpretations or revisions
of extracted text shall be sent to the technical committee re-
sponsible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annex G.

Chapter 1 Administration

1.1 Scope.

1.1.1 This standard shall apply to laboratory buildings, labora-
tory units, and laboratory work areas whether located above or
below grade in which chemicals, as defined, are handled or
stored.

1.1.2 This standard shall not apply to the following:

(1)*Laboratories for which the following conditions apply:
(a) Laboratory units that contain less than or equal to 4 L

(1 gal) of flammable or combustible liquid
(b) Laboratory units that contain less than 2.2 standard

m3 (75 scf) of flammable gas, not including piped-in
low-pressure utility gas installed in accordance with
NFPA 54, National Fuel Gas Code

(2)*Laboratories that are pilot plants
(3) Laboratories that handle only chemicals with a hazard rat-

ing of 0 or 1, as defined by NFPA 704, Standard System for
the Identification of the Hazards of Materials for Emergency Re-
sponse, for all of the following: health, flammability, and
instability

(4) Laboratories that are primarily manufacturing plants
(5) Incidental testing facilities
(6) Physical, electronic, instrument, laser, or similar laborato-

ries that use chemicals only for incidental purposes, such
as cleaning

(7)*Hazards associated with radioactive materials, as covered
by NFPA 801, Standard for Fire Protection for Facilities Han-
dling Radioactive Materials

(8) Laboratories that work only with explosive material, as
covered by NFPA 495, Explosive Materials Code

1.1.3 This standard contains requirements, but not all-inclusive
requirements, for handling and storage of chemicals where
laboratory-scale operations are conducted and shall not cover
the following:

(1) The special fire protection required when handling ex-
plosive materials (See NFPA 495, Explosive Materials Code.)

(2) The special fire protection required when handling radio-
active materials

1.2 Purpose.

1.2.1 The purpose of this standard shall be to provide basic
requirements for the protection of life and property through
prevention and control of fires and explosions involving the
use of chemicals in laboratory-scale operations.

1.2.2 This standard is designed to control hazards and pro-
tect personnel from the toxic, corrosive, or other harmful ef-
fects of chemicals to which personnel might be exposed as a
result of fire or explosion.

1.2.3 The goal of this standard shall be to achieve a compre-
hensive laboratory fire prevention and protection program to
prevent injury or death to occupants and emergency response
personnel.

1.2.4 The objectives of this standard shall be as follows:

(1) Limit injury to the occupants at the point of fire origin
(2) Limit injury to emergency response personnel
(3) Limit property loss to a maximum of a single laboratory unit

1.2.5 It is not the objective of this standard to address finan-
cial losses such as business interruption or property loss when
the loss of a laboratory unit is unacceptable.

1.3* Application.

1.3.1 The provisions of this document shall be considered
necessary to provide a reasonable level of protection from loss
of life and property from fire and explosion. They reflect situ-
ations and the state of the art prevalent at the time the stan-
dard was issued.

1.3.2 When interface with existing NFPA or other consensus
codes and standards occurs, reference shall be made to the
appropriate source in the text.

1.3.3 Due to the special nature of laboratories using chemi-
cals, this standard modifies and supplements existing codes
and standards so as to apply more specifically to buildings or
portions of buildings devoted to laboratory-scale operations.

1.3.4 Where a construction or protection requirement of a
governmental agency having jurisdiction is more stringent
than a requirement in this standard, the more stringent re-
quirement shall apply.

1.4 Retroactivity. The provisions of this standard reflect a con-
sensus of what is necessary to provide an acceptable degree of
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protection from the hazards addressed in this standard at the
time the standard was issued.

1.4.1 Unless otherwise specified, the provisions of this stan-
dard shall not apply to facilities, equipment, structures, or in-
stallations that existed or were approved for construction or
installation prior to the effective date of the standard. Where
specified, the provisions of this standard shall be retroactive.

1.4.2 In those cases where the authority having jurisdiction
determines that the existing situation presents an unaccept-
able degree of risk, the authority having jurisdiction shall be
permitted to apply retroactively any portions of this standard
deemed appropriate.

1.4.3 The retroactive requirements of this standard shall be
permitted to be modified if their application clearly would be
impractical in the judgment of the authority having jurisdic-
tion, and only where it is clearly evident that a reasonable
degree of safety is provided.

1.5 Equivalency. Nothing in this standard is intended to pre-
vent the use of systems, methods, or devices of equivalent or
superior quality, strength, fire resistance, effectiveness, dura-
bility, and safety over those prescribed by this standard.

1.5.1 Technical documentation shall be submitted to the au-
thority having jurisdiction to demonstrate equivalency.

1.5.2 The system, method, or device shall be approved for the
intended purpose by the authority having jurisdiction.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be con-
sidered part of the requirements of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 10, Standard for Portable Fire Extinguishers, 2010 edition.
NFPA 11, Standard for Low-, Medium-, and High-Expansion

Foam, 2010 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems,

2008 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems,

2009 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 2010

edition.
NFPA 14, Standard for the Installation of Standpipe and Hose

Systems, 2010 edition.
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec-

tion, 2007 edition.
NFPA 17, Standard for Dry Chemical Extinguishing Systems,

2009 edition.
NFPA 17A, Standard for Wet Chemical Extinguishing Systems,

2009 edition.
NFPA 25, Standard for the Inspection, Testing, and Maintenance

of Water-Based Fire Protection Systems, 2011 edition.
NFPA 30, Flammable and Combustible Liquids Code, 2008

edition.
NFPA 33, Standard for Spray Application Using Flammable or

Combustible Materials, 2011 edition.
NFPA 51, Standard for the Design and Installation of Oxygen–

Fuel Gas Systems for Welding, Cutting, and Allied Processes, 2007
edition.

NFPA 54, National Fuel Gas Code, 2009 edition.
NFPA 55, Compressed Gases and Cryogenic Fluids Code, 2010

edition.
NFPA 58, Liquefied Petroleum Gas Code, 2011 edition.
NFPA 69, Standard on Explosion Prevention Systems, 2008

edition.
NFPA 70®, National Electrical Code®, 2011 edition.
NFPA72®, National FireAlarm and Signaling Code, 2010 edition.
NFPA 80, Standard for Fire Doors and Other Opening Protectives,

2010 edition.
NFPA 86, Standard for Ovens and Furnaces, 2011 edition.
NFPA 90A, Standard for the Installation of Air-Conditioning and

Ventilating Systems, 2009 edition.
NFPA 91, Standard for Exhaust Systems for Air Conveying of

Vapors, Gases, Mists, and Noncombustible Particulate Solids, 2010
edition.

NFPA 101®, Life Safety Code®, 2009 edition.
NFPA 495, Explosive Materials Code, 2010 edition.
NFPA 496, Standard for Purged and Pressurized Enclosures for

Electrical Equipment, 2008 edition.
NFPA 704, Standard System for the Identification of the Hazards

of Materials for Emergency Response, 2007 edition.
NFPA 750, Standard on Water Mist Fire Protection Systems, 2010

edition.
NFPA 801, Standard for Fire Protection for Facilities Handling

Radioactive Materials, 2008 edition.
NFPA 1962, Standard for the Inspection, Care, and Use of Fire

Hose, Couplings, and Nozzles and the Service Testing of Fire Hose,
2008 edition.

NFPA 2001, Standard on Clean Agent Fire Extinguishing Sys-
tems, 2008 edition.

2.3 Other Publications.

2.3.1 AIHA Publications. American Industrial Hygiene Asso-
ciation, 2700 Prosperity Avenue, Suite 250, Fairfax, VA 22031-
4319.

ANSI/AIHA Z9.5, Laboratory Ventilation, 2003.

2.3.2 ANSI Publications. American National Standards Insti-
tute, Inc., 25 West 43rd Street, 4th Floor, New York, NY 10036.

ANSI Z535.1, Safety Color Code, 2006.

ANSI Z535.2, Environmental and Facility Safety Signs, 2007.

ANSI Z535.3, Criteria for Safety Symbols, 2007.

ANSI Z535.4, Product Safety Signs and Labels, 2007.

2.3.3 ASME Publications. American Society of Mechanical
Engineers, Three Park Avenue, New York, NY 10016-5990.

ASME Boiler and Pressure Vessel Code, Section VIII, 2007.

2.3.4 ASTM Publications. ASTM International, 100 Barr Har-
bor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.

ASTM D 5, Standard Test Method of Penetration of Bituminous
Materials, 2006.

ASTM E 84, Standard Test Method for Surface Burning Charac-
teristics of Building Materials, 2010.

2.3.5 NSF Publications. NSF International, P.O. Box 130140,
789 N. Dixboro Road, Ann Arbor, MI 48113-0140.

NSF/ANSI 49, Class II (Laminar Flow) Biosafety Cabinetry, 2007.
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2.3.6 UL Publications. Underwriters Laboratories, Inc. 333
Pfingsten Road, Northbrook, IL 60062-2096.

ANSI/UL 723, Standard for Test for Surface Burning Character-
istics of Building Materials, 2008.

UL 1275, Standard for Flammable Liquid Cabinets, 2005.

2.3.7 Other Publications.

Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-
Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Mandatory Sections.
NFPA 54, National Fuel Gas Code, 2009 edition.
NFPA 99, Standard for Health Care Facilities, 2005 edition.
NFPA 101®, Life Safety Code®, 2009 edition.
NFPA 5000®, Building Construction and Safety Code®, 2009

edition.

Chapter 3 Definitions

3.1 Definitions. The definitions contained in this chapter
shall apply to the terms used in this standard. Where terms are
not defined in this chapter or within another chapter, they
shall be defined using their ordinarily accepted meanings
within the context in which they are used. Merriam-Webster’s
Collegiate Dictionary, 11th edition, shall be the source for the
ordinarily accepted meaning.

3.2 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2* Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

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

3.2.4* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the au-
thority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic evalu-
ation of services, and whose listing states that either the equip-
ment, material, or service meets appropriate designated stan-
dards or has been tested and found suitable for a specified
purpose.

3.2.5 Shall. Indicates a mandatory requirement.

3.2.6 Should. Indicates a recommendation or that which is
advised but not required.

3.2.7 Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions shall be located in an

appendix or annex, footnote, or fine-print note and are not to
be considered a part of the requirements of a standard.

3.3 General Definitions.

3.3.1 Apparatus. Furniture, chemical fume hoods, centrifuges,
refrigerators, and commercial or made-on-site equipment used
in a laboratory.

3.3.2 Auxiliary Air. Supply or supplemental air delivered near
the outside face of a chemical fume hood to reduce room air
consumption.

3.3.3 Baffle. An object placed in an appliance to change the
direction of or to retard the flow of air, air–gas mixtures, or flue
gases. [54, 2009]

3.3.4* Biological Safety Cabinet. A ventilated cabinet for per-
sonnel, product, and environmental protection having an open
front with inward airflow for personnel protection, downward
HEPA-filtered laminar airflow for product protection, and HEPA-
filtered exhausted air for environmental protection.

3.3.5 Business Occupancy. See 3.3.45.1.

3.3.6 Bypass. An airflow-compensating opening that maintains
a relatively constant volume exhaust through a chemical fume
hood regardless of sash position, serving to limit the maximum
face velocity as the sash is lowered.

3.3.7 Canopy Hood. A suspended ventilating device used only
to exhaust heat, water vapor, odors, and other nonhazardous ma-
terials. This is not a chemical fume hood and generally is not
effective for exhausting toxic or flammable materials.

3.3.8* Chemical. A substance with one or more of the follow-
ing hazard ratings as defined in NFPA 704, Standard System for
the Identification of the Hazards of Materials for Emergency Response:
Health — 2, 3, or 4; Flammability — 2, 3, or 4; Instability — 2,
3, or 4. (See also Section B.2.)

3.3.9* Chemical Fume Hood. A ventilated enclosure designed
to contain and exhaust fumes, gases, vapors, mists, and par-
ticulate matter generated within the hood interior.

3.3.10 Combustible Liquid. A liquid that has a closed-cup
flash point at or above 37.8°C (100°F).

3.3.11 Compressed Gas Cylinder. Any portable pressure ves-
sel of 45.4 kg (100 lb) water capacity or less designed to con-
tain a gas or liquid that is authorized for use at gauge pressures
over 276 kPa (40 psi) at 21°C (70°F) by the U.S. Department
of Transportation (DOT) or Transport Canada (T.C.).

3.3.12* Cryogenic Fluid. Substance that exists only in the va-
por phase above −73°C (−99°F) at one atmosphere pressure
and that is handled, stored, and used in the liquid state at
temperatures at or below −73°C (−99°F) while at any pressure.

3.3.13 Deflector Vane. An airfoil-shaped vane along the bot-
tom of the hood face that directs incoming air across the work
surface to the lower baffle opening. The opening between the
work surface and the deflector vane is open even with the sash
fully closed.

3.3.14 Educational Laboratory Unit. A laboratory unit that is
used for educational purposes through the twelfth grade by
six or more persons for four or more hours per day or more
than 12 hours per week.

3.3.15 Educational Occupancy. See 3.3.45.2.
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3.3.16 Exit Access Corridor. A corridor used as exit access that
leads to an exit that is separated from other parts of the building
by walls.

3.3.17 Explosive Material. Any explosive, blasting agent,
emulsion explosive, water gel, or detonator.

3.3.18* Face (of hood). The hood opening or the plane of the
inside surface of the sash.

3.3.19 Face Velocity. The rate of flow or velocity of air moving
into the chemical fume hood entrance or face, as measured at
the plane of the chemical fume hood face.

3.3.20 Fire Separation. A horizontal or vertical fire resistance–
rated assembly of materials that have protected openings and are
designed to restrict the spread of fire.

3.3.21 Flammable Gas. Any substance that exists in the gaseous
state at normal atmospheric temperature and pressure and is ca-
pable of being ignited and burned when mixed with the proper
proportions of air, oxygen, or other oxidizers. [99, 2005]

3.3.22 Flammable Liquid. A liquid that has a closed-cup flash
point that is below 37.8°C (100°F) and a maximum vapor pres-
sure of 2068 mm Hg (absolute pressure of 40 psi) at 37.8°C
(100°F).

3.3.23* Flammable Solid. A solid, other than a blasting agent
or explosive, that is liable to cause fire through friction, ab-
sorption of moisture, spontaneous chemical change, or re-
tained heat from manufacturing or processing, or that can be
ignited readily and when ignited, burns so vigorously and per-
sistently as to create a serious hazard.

3.3.24 Flash Point. The minimum temperature at which a liq-
uid or a solid emits vapor sufficient to form an ignitible mixture
with air near the surface of the liquid or the solid.

3.3.25* Health Care Facilities. Buildings or portions of build-
ings in which medical, dental, psychiatric, nursing, obstetrical,
or surgical care is provided. [99, 2005]

3.3.26 Health Care Occupancy. See 3.3.45.3.

3.3.27 Hood Interior. The volume enclosed by the side, back,
and top enclosure panels, the work surface, the access opening
(called the face), the sash or sashes, and the exhaust plenum,
including the baffle system for airflow distribution.

3.3.28 Incidental Testing Facility. An area within a production
facility set aside for the purpose of conducting in-process con-
trol tests that are related to the production process.

3.3.29 Industrial Occupancy. See 3.3.45.4.

3.3.30* Inside Liquid Storage Area. A room or building used
for the storage of liquids in containers or portable tanks, sepa-
rated from other types of occupancies.

3.3.31 Instructional Laboratory Unit. A laboratory unit used
for education past the 12th grade and before post-college
graduate-level instruction for the purposes of instruction of six or
more persons for four or more hours per day or more than 12
hours per week. Experiments and tests conducted in instruc-
tional laboratory units are under the direct supervision of an in-
structor. Laboratory units used for graduate or post-graduate re-
search are not to be considered instructional laboratory units.

3.3.32 Laboratory. A facility where the containers used for
reactions, transfers, and other handling of chemicals are de-
signed to be easily and safely manipulated by one person. A
laboratory is a workplace where chemicals are used or synthe-
sized on a nonproduction basis.

3.3.33 Laboratory Building. A structure consisting wholly or
principally of one or more laboratory units.

3.3.34 Laboratory Equipment. See 3.3.1, Apparatus.

3.3.35 Laboratory Scale. Work with chemicals in which the
containers used for reactions, transfers, and other handling of
chemicals are designed to be easily and safely manipulated by
one person.

3.3.36 Laboratory Unit. An enclosed space used for experi-
ments or tests. A laboratory unit can include offices, lavatories,
and other incidental contiguous rooms maintained for or
used by laboratory personnel, and corridors within the unit. It
can contain one or more separate laboratory work areas. It can
be an entire building. A laboratory unit is classified as A, B, C,
or D in accordance with Section 4.2. (See also Annex D.)

3.3.37 Laboratory Unit Separation. All walls, partitions,
floors, and ceilings, including openings in them, that separate
a laboratory unit from adjoining areas.

3.3.38* Laboratory Work Area. A room or space for testing,
analysis, research, instruction, or similar activities that involve
the use of chemicals.

3.3.39 Laminar Flow Cabinet. A ventilated, partially enclosed
cabinet primarily intended to provide filtered airflow over the
work surface by use of laminar airflow methods.

3.3.40 Lecture Bottle. A small compressed gas cylinder up to
a size of approximately 5 cm × 33 cm (2 in. × 13 in.).

3.3.41 Liquefied Gas Cylinder. A compressed gas cylinder
used for liquefied gas.

3.3.42 Liquid. A material that has a fluidity greater than that
of 300 penetration asphalt when tested in accordance with
ASTM D 5, Standard Test Method of Penetration of Bituminous
Materials. Unless otherwise specified, the term liquid includes
both flammable and combustible liquids.

3.3.43 Maximum Allowable Working Pressure. The maximum
gauge pressure permissible at the top of completed equip-
ment, a container, or a vessel in its operating position for a
design temperature.

3.3.44 Non-Laboratory Area. Any space within a building not
included in a laboratory unit. (See also 3.3.36.)

3.3.45 Occupancy.

3.3.45.1 Business Occupancy. An occupancy used for the
transaction of business other than mercantile. [5000, 2009]

3.3.45.2* Educational Occupancy. An occupancy used for
educational purposes through the 12th grade by six or more
persons for 4 or more hours per day or more than 12 hours
per week.

3.3.45.3 Health Care Occupancy. An occupancy used for
purposes of medical or other treatment or care of four or
more persons where such occupants are mostly incapable
of self-preservation due to age, physical or mental disability,
or because of security measures not under the occupants’
control. [5000, 2009]

3.3.45.4* Industrial Occupancy. An occupancy in which
products are manufactured or in which processing, assem-
bling, mixing, packaging, finishing, decorating, or repair
operations are conducted. [5000, 2009]
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3.3.46 Open Plan Building. A building having rooms, spaces,
and corridors delineated by tables, chairs, desks, bookcases,
counters, low-height partitions, floor patterns, or any similar fin-
ishes or furnishings.

3.3.47 Organic Peroxide. Any organic compound having a
double oxygen or peroxy (-O-O-) group in its chemical structure.

3.3.48* Oxidizer. Any material that readily yields oxygen or
other oxidizing gas, or that readily reacts to promote or ini-
tiate combustion of combustible materials.

3.3.49 Pilot Plant. An experimental assembly of equipment
for exploring process variables or for producing semicommer-
cial quantities of materials.

3.3.50 Pressurized Liquid Dispensing Container (PLDC).
DOT-, United Nations- (UN-), or ASME-approved containers

which are designed for the pressure dispensing of liquids at
the specified maximum allowable working pressure of the
container.

3.3.51 Pyrophoric Gas. A gas that will spontaneously ignite in
air at or below a temperature of 54.4°C (130°F).

3.3.52 Qualified Person. A person who, by possession of a
recognized degree, certificate, professional standing, or skill,
and who, by knowledge, training, and experience, has demon-
strated the ability to deal with problems relating to a particular
subject matter, work, or project.

3.3.53 Reactive Material. A material that, by itself, is readily
capable of detonation, explosive decomposition, or explosive
reaction at normal or elevated temperatures and pressures.
(See B.2.5 for definitions of Instability 2, 3, or 4.)

3.3.54 Refrigerating Equipment. Any mechanically operated
equipment used for storing materials below normal ambient
temperature, including refrigerators, freezers, and similar
equipment. (See 12.2.2 and A.12.2.2.2.)

3.3.55 Safety Can. A listed container, of not more than 18.9 L
(5 gal) capacity, having a spring-closing lid and spout cover
and so designed that it will safely relieve internal pressure
when subjected to fire exposure.

3.3.56 Sash. A movable panel or panels set in the hood en-
trance. (See C.5.1.)

3.3.57* Storage Cabinet. Acabinet for the storage of flammable
and combustible liquids constructed in accordance with Section
9.5 of NFPA 30, Flammable and Combustible Liquids Code.

3.3.58 Street Floor. A story or floor level accessible from the
street or from outside the building at ground level, with the floor
level at the main entrance located not more than three risers
above or below ground level, and arranged and utilized to qualify
as the main floor. [101, 2009]

3.3.59* Unattended Laboratory Operation. A laboratory pro-
cedure or operation at which there is no person present who is
knowledgeable regarding the operation and emergency shut-
down procedures.

Chapter 4 Laboratory Unit Hazard Classification

4.1 General.

4.1.1 This chapter shall classify laboratory units based on the
amount of flammable and combustible liquids in use within the
unit.

4.1.2 This chapter also shall define the existence of an explo-
sion hazard in a laboratory unit or in a laboratory work area.

4.1.3 This chapter shall further define limitations on instruc-
tional laboratory units.

4.2 Laboratory Unit Fire Hazard Classification.

4.2.1* Classifications.

4.2.1.1 Laboratory units shall be classified as Class A (high fire
hazard), Class B (moderate fire hazard), Class C (low fire haz-
ard), or Class D (minimal fire hazard), according to the quanti-
ties of flammable and combustible liquids specified in Table
10.1.1(a) and Table 10.1.1(b).

4.2.2 Additional Requirements for Educational and Instruc-
tional Laboratory Units.

4.2.2.1 Instructional laboratory units shall be classified as
Class C or Class D laboratory units.

4.2.2.2 Educational laboratory units shall be classified as
Class D or shall be limited to 50 percent of the flammable and
combustible liquids quantity for Class C laboratory units pre-
sented in Table 10.1.1(a) and Table 10.1.1(b).

4.3 Laboratory Work Area and Laboratory Unit Explosion
Hazard Classification.

4.3.1* A laboratory work area shall be considered to contain
an explosion hazard if an explosion of quantities or concen-
trations of materials could result in serious or fatal injuries to
personnel within that laboratory work area. Such quantities or
concentrations include, but are not limited to, the following
(see Annex C):

(1) Storage of greater than 0.45 kg (1 lb) of materials with an
instability hazard rating of 4 (see B.2.5)

(2) Use or formation of greater than 0.11 kg (0.25 lb) of ma-
terials with an instability hazard rating of 4 (see B.2.5)

(3)*Presence of highly exothermic reactions in glass or open
reaction vessels involving more than 10 g (0.35 oz) of ma-
terials such as polymerizations, oxidations, nitrations, per-
oxidations, hydrogenations, or organo-metallic reactions

(4) Use or formation in glass or open reaction vessels involving
more than 10 g (0.35 oz) of materials whose chemical struc-
tures indicate a potential hazard, but whose properties have
not been established, such as salts of alkenes, triple bonds,
epoxy radicals, nitro and nitroso compounds, and peroxides

(5) Presence of high-pressure reactions (see Figure C.4.5)
(6) Other explosion hazards as determined by a qualified

person

4.3.2 A laboratory unit shall not be considered to contain an
explosion hazard unless a laboratory work area within that
unit contains an explosion hazard great enough to cause ma-
jor property damage or serious injury outside that laboratory
work area.

Chapter 5 Laboratory Unit Design and Construction

5.1 Laboratory Unit Enclosure.

5.1.1 The required construction of laboratory units shall be
in accordance with Table 5.1.1.

5.1.2 The construction requirements shall be the minimum
permitted and shall not exclude the use of construction with
greater fire resistance.
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5.1.3 Regardless of the construction and fire protection re-
quirements for laboratory units that are specified in Table
5.1.1, laboratory units in educational occupancies shall be
separated from non-laboratory areas by 1-hour construction.

5.1.4 Table 5.1.1 shall pertain to laboratory units protected
by automatic sprinkler systems in accordance with NFPA 13,
Standard for the Installation of Sprinkler Systems. Where water will
create a serious fire or personnel hazard, a suitable nonwater
automatic extinguishing system shall be permitted to be an
acceptable substitute for sprinklers.

5.1.5 Penetrations through fire-rated floor/ceiling, floor,
and wall assemblies shall be protected in accordance with
NFPA 101, Life Safety Code.

5.1.6 Floors shall be sealed to prevent liquid leakage to lower
floors.

5.1.7 Floor openings, floor penetrations, and floor firestop
systems shall be sealed or curbed to prevent liquid leakage to
lower floors.

5.1.8 Door assemblies in required 1-hour-rated fire separa-
tions shall be 3⁄4-hour rated. Door assemblies in required
2-hour-rated fire separations shall be 11⁄2-hour rated.

5.1.9 Window assemblies shall be permitted in fire-rated wall
assemblies having a required fire resistance rating of 1 hour or
less.

5.1.9.1 Window assemblies shall be of an approved type and
shall have a fire protection rating in accordance with NFPA
101, Life Safety Code.

5.1.9.2 Fire window assemblies shall be installed in accor-
dance with NFPA 80, Standard for Fire Doors and Other Opening
Protectives.

5.1.10* Openings in fire-rated floor/ceiling and wall assem-
blies for air-handling ductwork or air movement shall be pro-
tected in accordance with NFPA 90A, Standard for the Installa-
tion of Air-Conditioning and Ventilating Systems.

5.2 Maximum Area of Laboratory Units. The maximum area
of a laboratory unit shall be determined by the fire hazard
classification and the construction of the laboratory unit, as
shown in Table 5.1.1.

5.3 Requirements for Life Safety. Life safety features for labo-
ratory buildings, laboratory units, and laboratory work areas
shall comply with NFPA 101, Life Safety Code, unless otherwise
modified by other provisions of this standard.

5.3.1 Class A, B, and C laboratory units shall be classified as
industrial occupancies in accordance with NFPA 101, Life
Safety Code.

5.3.2 Educational laboratory units shall be classified as edu-
cational occupancies in accordance with NFPA 101, Life Safety
Code.

5.3.3 Instructional laboratory units and Class D laboratories
shall be classified as business occupancies in accordance with
NFPA 101, Life Safety Code.

5.3.4 Life safety requirements for instructional laboratory
units for past the 12th grade, and for Class D laboratories lo-
cated in facilities classified as business occupancies, shall be in
accordance with the requirements for business occupancies of
NFPA 101, Life Safety Code.

5.4 Means of Access to an Exit.

5.4.1* A second means of access to an exit shall be provided
from a laboratory work area if any of the following situations
exist:

(1) A laboratory work area contains an explosion hazard lo-
cated so that an incident would block escape from or ac-
cess to the laboratory work area.

(2) A laboratory work area within a Class A laboratory unit
exceeds 46.5 m2 (500 ft2).

(3) A laboratory work area within a Class B, Class C, or Class D
laboratory unit exceeds 93 m2 (1000 ft2).

(4) A hood in a laboratory work area is located adjacent to the
primary means of exit access.

(5) A compressed gas cylinder larger than lecture bottle size
[approximately 5 cm × 33 cm (2 in. × 13 in.)] is located
such that it could prevent safe egress in the event of acci-
dental release of cylinder contents.

(6) A cryogenic container is located such that it could prevent
safe egress in the event of accidental release of container
contents.

5.4.2 The required exit access doors of all laboratory work
areas within Class A or Class B laboratory units shall swing in
the direction of exit travel.

5.4.3* The required exit access doors of all laboratory work
areas within Class C or Class D laboratory units shall be permit-
ted to swing against the direction of exit travel or shall be
permitted to be a horizontal sliding door complying with
NFPA 101, Life Safety Code.

Table 5.1.1 Separation Requirements and Height Allowances
for Laboratory Units

Laboratory
Unita

Area of Lab
Unit

Fire
Separationb

Permitted
Stories
Above
Grade

A ≤929 m2

(≤10,000 ft2)
2 hours 1–3c

>929 m2

(>10,000 ft2)
Not

permittedd

B ≤929 m2

(≤10,000 ft2)
1 hour 1–3c

≤929 m2

(≤10,000 ft2)
2 hours 4–6c

>929 m2

(>10,000 ft2)
Not

permittedd

C Any size Not required 1–3
Any size 1 hour 4–6
Any size 2 hours Over 6

D Any size Not required No limit

aRefer to Table 10.1.1 for laboratory unit classification.
bSeparation in this table refers to separation from laboratory unit(s)
to non-laboratory areas and/or separations from laboratory unit(s) of
equal or lower hazard classification.
cNot allowed in structures below grade.
dLabs of this classification and size are not permitted.
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5.4.4 Emergency lighting facilities shall be provided for any
laboratory work area requiring a second means of access to an
exit, in accordance with 5.4.1.

5.4.5 Emergency lighting in laboratory work areas and exits
shall be installed in accordance with Section 7.9, Emergency
Lighting, of NFPA 101, Life Safety Code.

5.5* Furniture, Casework, and Equipment. Furniture, case-
work, and equipment in laboratory units shall be arranged so
that means of access to an exit can be reached easily from any
point.

5.6 Electrical Installation. All electrical installations, includ-
ing wiring and appurtenances, apparatus, lighting, signal sys-
tems, alarm systems, remote control systems, or parts thereof,
shall comply with NFPA 70, National Electrical Code.

5.6.1 Electrical receptacles, switches, and controls shall be
located so as not to be subject to liquid spills.

5.6.2 Laboratory work areas, laboratory units, and chemical
fume hood interiors shall be considered as unclassified electri-
cally with respect toArticle 500 of NFPA70, National Electrical Code.

Exception: Under some conditions of hazard, it could be necessary to
classify a laboratory work area, or a part thereof, as a hazardous loca-
tion, for the purpose of designating the electrical installations. [See
10.5.5 (electric motors) and 12.2.2.2 (refrigerators).]

Chapter 6 Fire Protection

6.1 General.

6.1.1 All laboratory units shall be provided with fire protec-
tion appropriate to the fire hazard, as follows:

(1) Portable fire extinguishers (see Section 6.4)
(2) Fire alarm systems (see Section 6.5)
(3) Evacuation and emergency plans (see 6.6.3)

6.1.2 In addition to the fire protection specified in 6.1.1,
laboratory units under some conditions shall be provided with
automatic extinguishing systems (see Section 6.2) and inside
standpipe and hose systems (see Section 6.3).

6.2 Automatic Fire Extinguishing Systems.

6.2.1 Automatic Sprinkler Systems.

6.2.1.1 Automatic sprinkler system protection shall be required
for all new laboratories in accordance with the following:

(1) Automatic sprinkler system protection for Class A and
Class B laboratories shall be in accordance with NFPA 13,
Standard for the Installation of Sprinkler Systems, for ordinary
hazard (Group 2) occupancies.

(2) Automatic sprinkler system protection for Class C and
Class D laboratories shall be in accordance with NFPA 13,
Standard for the Installation of Sprinkler Systems, for ordinary
hazard (Group 1) occupancies.

6.2.1.2 Fire sprinklers in laboratory units shall be the quick-
response (QR) sprinkler type installed in accordance with
NFPA 13, Standard for the Installation of Sprinkler Systems.

6.2.1.3 Automatic sprinkler systems shall be regularly in-
spected, tested, and maintained in accordance with NFPA 25,
Standard for the Inspection, Testing, and Maintenance of Water-
Based Fire Protection Systems.

6.2.2 Other Automatic Extinguishing Systems. Where re-
quired or used in place of automatic sprinkler systems, special
hazard extinguishing systems and nonwater automatic extin-
guishing systems shall be designed, installed, and maintained
in accordance with the following standards, as applicable:

(1) NFPA 11, Standard for Low-, Medium-, and High-Expansion
Foam

(2) NFPA 12, Standard on Carbon Dioxide Extinguishing Systems
(3) NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems
(4) NFPA 15, Standard for Water Spray Fixed Systems for Fire Pro-

tection
(5) NFPA 17, Standard for Dry Chemical Extinguishing Systems
(6) NFPA 17A, Standard for Wet Chemical Extinguishing Systems
(7) NFPA 69, Standard on Explosion Prevention Systems
(8) NFPA 750, Standard on Water Mist Fire Protection Systems
(9) NFPA 2001, Standard on Clean Agent Fire Extinguishing Systems

6.2.3* Discharge. The discharge of an automatic fire-
extinguishing system shall activate an audible fire alarm system
on the premises.

6.3 Standpipe and Hose Systems.

6.3.1* In all laboratory buildings that are two or more stories
above or below the grade level (level of exit discharge), stand-
pipes shall be installed in accordance with NFPA 14, Standard
for the Installation of Standpipe and Hose Systems.

6.3.2 Standpipe systems shall be regularly inspected, tested,
and maintained in accordance with NFPA 25, Standard for the
Inspection, Testing, and Maintenance of Water-Based Fire Protection
Systems.

6.3.3 Hose lines shall be of an approved type and shall be
tested and maintained in accordance with NFPA 1962, Stan-
dard for the Inspection, Care, and Use of Fire Hose, Couplings, and
Nozzles and the Service Testing of Fire Hose.

6.4 Portable Fire Extinguishers.

6.4.1 Portable fire extinguishers shall be installed, located,
and maintained in accordance with NFPA 10, Standard for Por-
table Fire Extinguishers.

6.4.2 For purposes of sizing and placement of fire extinguish-
ers for Class B fires (see Table 6.3.1.1 of NFPA 10, Standard for
Portable Fire Extinguishers), Class A laboratory units shall be
rated as extra (high) hazard, and Class B, Class C, and Class D
laboratory units shall be rated as ordinary (moderate) hazard.

6.5 Fire Alarm Systems.

6.5.1 Fire alarm systems, where provided, shall be installed
and maintained in accordance with NFPA 72, National Fire
Alarm and Signaling Code.

6.5.2 Class A and Class B laboratory units shall have a manual
fire alarm system installed and maintained in accordance with
NFPA 72, National Fire Alarm and Signaling Code.

6.5.3 The fire alarm system, where provided, shall be de-
signed so that all personnel endangered by the fire condition
or a contingent condition shall be alerted.

6.5.4 The fire alarm system shall alert local emergency re-
sponders or the public fire department.

6.6 Fire Prevention.

6.6.1 Fire Prevention Procedures.

6.6.1.1 Fire prevention procedures shall be established.
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6.6.1.2 Certain critical areas shall require special consider-
ation, including, but not limited to, the following:

(1) Handling and storage of chemicals, flammable and com-
bustible liquids, and gases

(2) Open flame and spark-producing equipment work permit
system

(3) Arrangements and use of portable electrical cords
(4) Smoking area controls

6.6.2* Maintenance Procedures. Maintenance procedures
shall be established.

6.6.3* Emergency Plans.

6.6.3.1 Plans for laboratory emergencies shall be developed,
which shall include the following:

(1) Alarm activation
(2) Evacuation and building re-entry procedures
(3) Shutdown procedures or applicable emergency opera-

tions for equipment, processes, ventilation devices, and
enclosures

(4) Fire-fighting operations
(5)*Non-fire hazards
(6) Information as required by the AHJ to allow the emer-

gency responders to develop response tactics

6.6.3.2* Procedures for extinguishing clothing fires shall be
established.

Chapter 7 Explosion Hazard Protection

7.1 General.

7.1.1 When a laboratory work area or a laboratory unit is
considered to contain an explosion hazard, as defined in 4.3.1
and 4.3.2, appropriate protection shall be provided for the
occupants of the laboratory work area, the laboratory unit,
adjoining laboratory units, and non-laboratory areas. (See An-
nex C for further information.)

7.1.2 Protection shall be provided by one or more of the
following:

(1) Limiting amounts of flammable or reactive chemicals or
chemicals with unknown characteristics used in or ex-
posed by experiments

(2) Special preventive or protective measures for the reactions,
equipment, or materials themselves (e.g., high-speed fire de-
tection with deluge sprinklers, explosion-resistant equip-
ment or enclosures, explosion suppression, and explosion
venting directed to a safe location)

(3) Explosion-resistant walls or barricades around the labo-
ratory work area containing the explosion hazard (see
Section 7.2)

(4) Remote control of equipment to minimize personnel ex-
posure

(5) Sufficient deflagration venting in outside walls to maintain
the integrity of the walls separating the hazardous laboratory
work area or laboratory unit from adjoining areas

(6) Conducting experiments in a detached or isolated build-
ing, or outdoors

7.2 Explosion-Resistant Construction. When explosion-resistant
construction is used, adequately designed explosion resistance
shall be achieved by the use of one of the following methods:

(1) Reinforced concrete walls
(2) Reinforced and fully grouted concrete block walls
(3) Steel walls

(4) Steel plate walls with energy-absorbing linings
(5) Barricades, such as those used for explosives operations,

constructed of reinforced concrete, sand-filled/wood-
sandwich walls, wood-lined steel plate, or earthen or rock
berms

(6) Specifically engineered construction assemblies

7.3 Explosion Venting. When explosion venting is used, it
shall be designed as follows:

(1) So that fragments will not strike other occupied buildings
or emergency response staging areas

(2) So that fragments will not strike critical equipment (e.g.,
production, storage, utility services, and fire protection)

(3)*So that fragments will be intercepted by blast mats,
energy-absorbing barrier walls, or earthen berms

7.4 Unauthorized Access. Properly posted doors, gates, fences,
or other barriers shall be provided to prevent unauthorized ac-
cess to the following:

(1) Laboratory work areas containing an explosion hazard
(2) Laboratory units containing an explosion hazard
(3) The space between explosion vents and fragment barriers

7.5 Inspection and Maintenance.

7.5.1 Inspection of all protective construction devices and
systems shall be conducted at least annually.

7.5.2 Required maintenance shall be done to assure integrity
and operability.

7.5.3* Explosion shields and special explosion-containing hoods
shall be inspected prior to each use for deterioration, especially
transparent shields and sight panels in special explosion-
containing hoods.

Chapter 8 Laboratory Ventilating Systems and Hood
Requirements

8.1* General.

8.1.1 This chapter shall apply to laboratory exhaust systems,
including chemical fume hoods, special local exhaust devices,
and other systems for exhausting air from laboratory work ar-
eas in which flammable gases, vapors, or particulate matter are
released.

8.1.2 This chapter shall apply to laboratory air supply systems
and shall provide requirements for identification, inspection,
and maintenance of laboratory ventilation systems and hoods.

8.2 Basic Requirements.

8.2.1* Laboratory ventilation systems shall be designed to en-
sure that fire hazards and risks are minimized.

8.2.2* Laboratory units and laboratory hoods in which chemi-
cals are present shall be continuously ventilated under normal
operating conditions.

8.2.3* Chemical fume hoods shall not be relied upon to pro-
vide explosion (blast) protection unless specifically designed
to do so. (See also C.5.4 and C.5.5 for further information on
explosion-resistant hoods and shields.)

8.2.4 Chemical fume hoods using perchloric acid shall be in
accordance with Section 8.11.
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8.2.5 Exhaust and supply systems shall be designed to prevent a
pressure differential that would impede egress or ingress when
either system fails or during a fire or emergency scenario. This
design includes reduced operational modes or shutdown of ei-
ther the supply or the exhaust ventilation system.

8.2.6 The release of chemical vapors into the laboratory shall
be controlled by enclosure(s) or captured to prevent any flam-
mable and/or combustible concentrations of vapors from
reaching any source of ignition.

8.3 Supply Systems.

8.3.1 Laboratory ventilation systems shall be designed to en-
sure that chemical fumes, vapors, or gases originating from
the laboratory shall not be recirculated.

8.3.2* The location and configuration of fresh air intakes shall
be chosen so as to avoid drawing in chemicals or products of
combustion coming either from the laboratory building itself
or from other structures and devices.

8.3.3 The air pressure in the laboratory work areas shall be
negative with respect to corridors and non-laboratory areas of
the laboratory unit except in the following instances:

(1) Where operations such as those requiring clean rooms
preclude a negative pressure relative to surrounding ar-
eas, alternate means shall be provided to prevent escape
of the atmosphere in the laboratory work area or unit to
the surrounding spaces.

(2) The desired static pressure level with respect to corridors
and non-laboratory areas shall be permitted to undergo
momentary variations as the ventilation system compo-
nents respond to door openings, changes in chemical
fume hood sash positions, and other activities that can for
a short term affect the static pressure level and its negative
relationship.

(3) Laboratory work areas located within a designated electri-
cally classified hazardous area with a positive air pressure
system as described in NFPA 496, Standard for Purged and
Pressurized Enclosures for Electrical Equipment, in accordance
with Chapter 7, Pressurized Control Rooms shall be per-
mitted to be positive with respect to adjacent corridors.

8.3.4* The location of air supply diffusion devices shall be cho-
sen so as to avoid air currents that would adversely affect the
performance of chemical fume hoods, exhaust systems, and fire
detection or fire-extinguishing systems. (See Sections 6.2, and 6.5,
and 8.9.1.)

8.4 Exhaust Air Discharge.

8.4.1* Air exhausted from chemical fume hoods and other spe-
cial local exhaust systems shall not be recirculated. (See also 8.3.1.)

8.4.2* Energy Conservation Devices.

8.4.2.1 If energy conservation devices are used, they shall be
designed in accordance with 8.3.1 and 8.3.2.

8.4.2.2 Devices that could result in recirculation of exhaust
air or exhausted contaminants shall not be used unless de-
signed in accordance with Section 4:10.1, “Nonlaboratory
Air,” and Section 4:10.2, “General Room Exhaust,” of ANSI/
AIHA Z9.5, Laboratory Ventilation.

8.4.3 Air exhausted from laboratory work areas shall not pass
unducted through other areas.

8.4.4* Air from laboratory units and laboratory work areas in
which chemicals are present shall be continuously discharged

through duct systems maintained at a negative pressure rela-
tive to the pressure of normally occupied areas of the building.

8.4.5 Positive pressure portions of the lab hood exhaust sys-
tems (e.g., fans, coils, flexible connections, and ductwork) lo-
cated within the laboratory building shall be sealed airtight or
located in a continuously mechanically ventilated room.

8.4.6 Chemical fume hood face velocities and exhaust vol-
umes shall be sufficient to contain contaminants generated
within the hood and exhaust them outside of the laboratory
building.

8.4.7* The hood shall provide containment of the possible
hazards and protection for personnel at all times when chemi-
cals are present in the hood.

8.4.8 Special local exhaust systems, such as snorkels or “el-
ephant trunks,” shall have sufficient capture velocities to en-
train the chemical being released.

8.4.9* Canopy hoods shall not be used in lieu of chemical
fume hoods.

8.4.10 Only Class II, Type B2 biological safety cabinets listed
by the National Sanitation Foundation as meeting NSF/ANSI
49, Class II (Laminar Flow) Biosafety Cabinetry, shall be permitted
to be used in lieu of chemical fume hoods, as determined by a
qualified person.

8.4.11 Laminar flow cabinets shall not be used in lieu of
chemical fume hoods.

8.4.12* Air exhausted from chemical fume hoods and special
exhaust systems shall be discharged above the roof at a loca-
tion, height, and velocity sufficient to prevent re-entry of
chemicals and to prevent exposures to personnel.

8.5 Duct Construction for Hoods and Local Exhaust Systems.

8.5.1* Ducts from chemical fume hoods and from local ex-
haust systems shall be constructed entirely of noncombustible
materials except in the following cases:

(1) Flexible ducts of combustible construction shall be per-
mitted to be used for special local exhaust systems within
a laboratory work area. (See 8.5.2.)

(2) Combustible ducts shall be permitted to be used if enclosed
in a shaft of noncombustible or limited-combustible con-
struction where they pass through non-laboratory areas
or through laboratory units other than the one they
serve. (See 8.5.2.)

(3) Combustible ducts shall be permitted to be used if all ar-
eas through which they pass are protected with an ap-
proved automatic fire-extinguishing system, as described
in Chapter 6. (See 8.5.2.)

8.5.2 Combustible ducts or duct linings shall have a flame
spread index of 25 or less when tested in accordance with
ASTM E 84, Standard Test Method for Surface Burning Characteris-
tics of Building Materials, or ANSI/UL 723, Standard for Test for
Surface Burning Characteristics of Building Materials. Test speci-
mens shall be of the minimum thickness used in the construc-
tion of the duct or duct lining.

8.5.3 Linings and coatings containing such fill as fiberglass,
mineral wool, foam, or other similar material that could accu-
mulate chemical deposits shall not be permitted within labo-
ratory exhaust systems.

8.5.4 Duct systems for perchloric acid hoods shall be con-
structed in accordance with Section 8.11.
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8.5.5 Ducts shall be of adequate strength and rigidity to meet
the conditions of service and installation requirements and
shall be protected against mechanical damage.

8.5.6 Materials used for vibration isolation connectors shall
comply with 8.5.2.

8.5.7 Flexible connectors containing pockets in which con-
veyed material can collect shall not be used in any concealed
space or where strong oxidizing chemicals (e.g., perchloric acid)
are used.

8.5.8 Controls and dampers, where required for balancing or
control of the exhaust system, shall be of a type that, in the event
of failure, will fail open to ensure continuous draft. (See 8.10.3
through 8.10.5.)

8.5.9 Hand holes, where installed for damper, sprinkler, or fus-
ible link inspection or resetting and for residue clean-out pur-
poses, shall be equipped with tight-fitting covers provided with
substantial fasteners.

8.5.10 Manifolding of Chemical Fume Hood and Ducts.

8.5.10.1 Exhaust ducts from each laboratory unit shall be sepa-
rately ducted to a point outside the building, to a mechanical
room, or to a shaft. (See 5.1.5 and 8.10.3.)

8.5.10.2 Connection to a common chemical fume hood ex-
haust duct system shall be permitted to occur within a building
only in any of the following locations:

(1) Mechanical room protected in accordance with Table 5.1.1
(2) Shaft protected in accordance with the chapter for pro-

tection of vertical openings of NFPA 101, Life Safety Code
(3) A point outside the building

8.5.10.3 Exhaust ducts from chemical fume hoods and other
exhaust systems within the same laboratory unit shall be per-
mitted to be combined within that laboratory unit. (See 8.4.1.)

8.6 Duct Velocities. Duct velocities of laboratory exhaust sys-
tems shall be high enough to minimize the deposition of liq-
uids or condensable solids in the exhaust systems during nor-
mal operations in the chemical fume hood.

8.7 Exhausters (Fans), Controls, Velocities, and Discharge.

8.7.1 Fans shall be selected to meet requirements for fire,
explosion, and corrosion.

8.7.2 Fans conveying both corrosive and flammable or com-
bustible materials shall be permitted to be lined with or con-
structed of corrosion-resistant materials having a flame spread
index of 25 or less when tested in accordance with ASTM E 84,
Standard Test Method for Surface Burning Characteristics of Build-
ing Materials, or ANSI/UL 723, Standard for Test for Surface Burn-
ing Characteristics of Building Materials.

8.7.3 Fans shall be located and arranged so as to afford ready
access for repairs, cleaning, inspection, and maintenance.

8.7.4* Where flammable gases, flammable vapors, or combus-
tible dusts are passed through the fans, the rotating element
shall be of nonferrous or spark-resistant construction; alterna-
tively, the casing shall be constructed of or lined with such
material.

8.7.4.1 Where there is the possibility of solid material passing
through the fan that would produce a spark, both the rotating
element and the casing shall be constructed of such material.

8.7.4.2 Nonferrous or spark-resistant materials shall have a
flame spread index of 25 or less when tested in accordance with
ASTM E 84, Standard Test Method for Surface Burning Characteristics
of Building Materials, or ANSI/UL 723, Standard for Test for Surface
Burning Characteristics of Building Materials.

8.7.5 Motors and their controls shall be located outside the
location where flammable or combustible vapors or combus-
tible dusts are generated or conveyed, unless specifically ap-
proved for that location and use.

8.7.6* Fans shall be marked with an arrow or other means to
indicate direction of rotation and with the location of chemi-
cal fume hoods and exhaust systems served.

8.8 Chemical Fume Hood Construction. (See also 8.2.2 and Sec-
tion 8.11.)

8.8.1 Chemical Fume Hood Interiors.

8.8.1.1* Materials of construction used for the interiors of new
chemical fume hoods or for the modification of the interiors of
existing chemical fume hoods shall have a flame spread index of
25 or less when tested in accordance with ASTM E 84, Standard
Test Method for Surface Burning Characteristics of Building Materials,
orANSI/UL 723, Standard for Test for Surface Burning Characteristics
of Building Materials, unless the interior of the hood is provided
with automatic fire protection in accordance with 8.10.2.

8.8.1.2* Baffles shall be constructed so that they are unable to
be adjusted to materially restrict the volume of air exhausted
through the chemical fume hood.

8.8.1.3* Chemical fume hoods shall be provided with a means
of preventing overflow of a spill of 2 L (0.5 gal) of liquid.

8.8.2* Chemical Fume Hood Sash Glazing. The sash, if pro-
vided, shall be glazed with material that will provide protection to
the operator against the hazards associated with the use of the
hood. (See also Annex C.)

8.8.3* Chemical Fume Hood Sash Closure.

8.8.3.1 Chemical fume hood sashes shall be kept closed
whenever possible.

8.8.3.2 When a fume hood is unattended, its sash shall re-
main fully closed.

8.8.4* Electrical Devices.

8.8.4.1 In installations where services and controls are within
the hood, additional electrical disconnects shall be located
within 15 m (50 ft) of the hood and shall be accessible and clearly
marked.

8.8.4.2 If electrical receptacles are located external to the
hood, no additional electrical disconnect shall be required.
(See 5.6.1.)

8.8.5 Other Hood Services.

8.8.5.1 For new installations or modifications of existing in-
stallations, controls for chemical fume hood services (gas, air,
water, etc.) shall be located external to the hood and within
easy reach.

8.8.5.2 In existing installations where service controls are within
the hood, additional shutoffs shall be located within 15 m (50 ft)
of the hood and shall be accessible and clearly marked.
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8.8.6 Auxiliary Air. For auxiliary air hoods, auxiliary air shall
be introduced exterior to the hood face in such a manner that
the airflow does not compromise the protection provided by
the hood and so that an imbalance of auxiliary air to exhaust
air will not pressurize the hood interior.

8.8.7 Measuring Device for Hood Airflow. A measuring device
for hood airflow shall be provided on each chemical fume hood.

8.8.7.1 The measuring device for hood airflow shall be a per-
manently installed device.

8.8.7.2 The measuring device for hood airflow shall provide
constant indication to the hood user of adequate or inad-
equate hood airflow.

8.9 Chemical Fume Hood Location.

8.9.1* Chemical fume hoods shall be located in areas of mini-
mum air turbulence.

8.9.2 Chemical fume hoods shall not be located adjacent to a
single means of access to an exit or to high-traffic areas.

8.9.3* Work stations not directly related to the chemical fume
hood activity shall not be located directly in front of chemical
fume hood openings.

8.10 Chemical Fume Hood Fire Protection.

8.10.1* Automatic fire protection systems shall not be re-
quired in chemical fume hoods or exhaust systems except in
the following cases:

(1) Existing hoods having interiors with a flame spread index
greater than 25 in which flammable liquids are handled.

(2) If a hazard assessment shows that an automatic extinguish-
ing system is required for the chemical fume hood, then the
applicable automatic fire protection system standard shall
be followed.

8.10.2 Automatic fire protection systems, where provided,
shall comply with the following standards, as applicable:

(1) NFPA 11, Standard for Low-, Medium-, and High-Expansion
Foam

(2) NFPA 12, Standard on Carbon Dioxide Extinguishing Systems
(3) NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems
(4) NFPA 13, Standard for the Installation of Sprinkler Systems
(5) NFPA 15, Standard for Water Spray Fixed Systems for Fire Pro-

tection
(6) NFPA 17, Standard for Dry Chemical Extinguishing Systems
(7) NFPA 17A, Standard for Wet Chemical Extinguishing Systems
(8) NFPA 69, Standard on Explosion Prevention Systems
(9)*NFPA 750, Standard on Water Mist Fire Protection Systems

(10) NFPA2001, Standard on CleanAgent Fire Extinguishing Systems

8.10.2.1 The fire extinguishing system shall be suitable to
extinguish fires within the chemical fume hood under the an-
ticipated conditions of use.

8.10.3 The design and installation of ducts from chemical fume
hoods shall be in accordance with NFPA 91, Standard for Exhaust
Systems for Air Conveying of Vapors, Gases, Mists, and Noncombustible
Particulate Solids, except that specific requirements in NFPA 45
shall take precedence.

8.10.3.1* Automatic fire dampers shall not be used in chemi-
cal fume hood exhaust systems.

8.10.4 Fire detection and alarm systems shall not be inter-
locked to automatically shut down chemical fume hood ex-
haust fans.

8.10.5 Proper door operation for egress shall be maintained
when the supply system shuts down and the lab exhaust system
operates, creating a pressure differential.

8.10.6 Chemical fume hoods equipped with control systems
that vary the hood exhaust airflow as the sash opening varies
and/or in conjunction with whether the laboratory room is in
use (occupied or unoccupied) shall be equipped with a user-
accessible means to attain maximum exhaust hood airflow re-
gardless of sash position when necessary or desirable to ensure
containment and removal of a potential hazard within the hood.

8.10.7* Chemical fume hoods shall be installed in a manner
that prevents fire or smoke from a fire in the chemical fume
hood from spreading into the voids above the ceiling.

8.11 Perchloric Acid Hoods.

8.11.1* Perchloric acid heated above ambient temperatures
shall only be used in a chemical fume hood specifically de-
signed for its use and identified as follows:

FOR PERCHLORIC ACID OPERATIONS

Exception: Hoods not specifically designed for use with perchloric
acid shall be permitted to be used where the vapors are trapped and
scrubbed before they are released into the hood. (See also 12.1.2.5.)

8.11.2 Perchloric acid hoods and exhaust ductwork shall be
constructed of materials that are acid resistant, nonreactive,
and impervious to perchloric acid.

8.11.3 The exhaust fan shall be acid resistant and spark
resistant.

8.11.4 The exhaust fan motor shall not be located within the
ductwork.

8.11.5 Drive belts shall be conductive and shall not be located
within the ductwork.

8.11.6 Ductwork for perchloric acid hoods and exhaust sys-
tems shall take the shortest and straightest path to the outside
of the building and shall not be manifolded with other ex-
haust systems.

8.11.6.1 Horizontal runs shall be as short as possible, with no
sharp turns or bends.

8.11.6.2 The ductwork shall provide a positive drainage slope
back into the hood.

8.11.6.3 Ductwork shall consist of sealed sections.

8.11.6.4 Flexible connectors shall not be used.

8.11.7 Sealants, gaskets, and lubricants used with perchloric
acid hoods, ductwork, and exhaust systems shall be acid resis-
tant and nonreactive with perchloric acid.

8.11.8* A water spray system shall be provided for washing
down the hood interior behind the baffle and the entire ex-
haust system.

8.11.8.1 The hood work surface shall be watertight with a
minimum depression of 13 mm (1⁄2 in.) at the front and sides.

8.11.8.2 An integral trough shall be provided at the rear of
the hood to collect washdown water.

8.11.9 The hood baffle shall be removable for inspection and
cleaning.

8.11.10* If a chemical fume hood or exhaust system was used
for perchloric acid heated above ambient temperature, tests
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shall be conducted for explosive perchlorates before any in-
spection, cleaning, maintenance, or any other work is done on
any part of the exhaust system or hood interior.

8.11.11 Prior to using a perchloric acid hood for any purpose,
the hood shall be water-washed and shall be tested according
to 8.11.9 to ensure residual perchlorates are not present.

8.12 Identification of Chemical Fume Hood Systems.

8.12.1* Special-use chemical fume hoods and special-use local
exhaust systems shall be identified to indicate their intended use.

8.12.2 Asign containing the following information from the last
inspection shall be affixed to each hood, or a properly main-
tained log of all hoods providing the following information shall
be maintained:

(1) Inspection interval
(2) Last inspection date
(3) Average face velocity
(4) Location of fan that serves hood
(5) Inspector’s name

8.13 Inspection, Testing, and Maintenance.

8.13.1* When installed or modified and at least annually there-
after, chemical fume hoods, chemical fume hood exhaust sys-
tems, and laboratory special exhaust systems shall be inspected
and tested as applicable, as follows:

(1) Visual inspection of the physical condition of the hood
interior, sash, and ductwork (see 7.5.3)

(2) Measuring device for hood airflow
(3) Low airflow and loss-of-airflow alarms at each alarm location
(4) Face velocity
(5) Verification of inward airflow over the entire hood face
(6) Changes in work area conditions that might affect hood

performance

8.13.2 Deficiencies in hood performance shall be corrected,
or one of the following shall apply:

(1) The activity within the hood shall be restricted to the ca-
pability of the hood.

(2) The hood shall not be used.

8.13.3 Chemical fume hood face velocity profile or hood ex-
haust air quantity shall be checked after any adjustment to the
ventilation system balance.

8.13.4 Detectors and Alarms.

8.13.4.1 Air system flow detectors, if installed, shall be in-
spected and tested annually.

8.13.4.2 Where potentially corrosive or obstructive conditions
exist, the inspection and test frequency shall be increased.

8.13.5 Fans and Motors.

8.13.5.1* Air supply and exhaust fans, motors, and compo-
nents shall be inspected at least annually.

8.13.5.2 Where airflow detectors are not provided or airflow-
rate tests are not made, fan belts shall be inspected quarterly;
double sheaves and belts shall be permitted to be inspected semi-
annually.

8.13.5.3 Frayed or broken belts shall be replaced promptly.

8.13.6 Fixed fire-extinguishing systems protecting filters shall
be inspected quarterly for accumulation of deposits on nozzles
and cleaned as necessary.

Chapter 9 Chemical Storage, Handling,
and Waste Disposal

9.1* Ordering Procedures.

9.1.1 When a chemical is ordered, steps shall be taken to deter-
mine its hazards and to transmit that information to those who
will receive, store, use, or dispose of the chemical.

9.1.2 Restrictions imposed by governmental regulations and
in-house rules shall be followed.

9.2 Handling and Storage.

9.2.1 Facilities.

9.2.1.1 Chemicals shall not be brought into a laboratory work
area unless the design, construction, and fire protection of re-
ceiving and storage facilities are commensurate with the quanti-
ties and hazards of chemicals involved.

9.2.1.2 Safe storage facilities shall be provided for materials that
have unique physical or hazardous properties, such as tempera-
ture sensitivity, water reactivity, or explosibility. (See A.9.1 for
sources of additional information.)

9.2.1.3 Hazardous chemicals shall be stored and handled in
such a manner as to limit a spill scenario to less than 20 L (5 gal).

9.2.2 Handling.

9.2.2.1* Receiving, transporting, unpacking, and dispensing of
chemicals and other hazardous materials shall be carried out by
trained personnel in such locations and in such a manner as to
minimize hazards from flammable, reactive, or toxic materials.

9.2.2.2* Materials of construction for ducts, piping, and vessels
shall be compatible with materials to be transferred or handled.

9.2.2.3 Before a chemical material is used, the user shall deter-
mine that information and facilities are available for safe disposal
of hazardous materials and waste products.

9.2.2.4 Class I liquids shall not be transferred from one vessel
to another in any exit access corridor.

9.2.2.5 Pressurized liquid dispensing containers containing
chemicals shall be in accordance with Section 10.4.

9.2.2.6 Chemical quantities outside of storage shall be main-
tained at the lowest possible level necessary for the work per-
formed.

9.2.2.7 Handling and storage of chemicals shall conform to
the manufacturers’ recommendations and material safety data
sheet (MSDS).

9.2.3 Storage.

9.2.3.1* Chemical inventories in each laboratory unit shall be
maintained within the maximum allowable quantities speci-
fied in the applicable fire prevention code or building code
except as modified in Chapter 10 for buildings with more than
three stories.

9.2.3.1.1 Maximum allowable quantities shall be reduced by
50 percent for Class B laboratory units located above the third
floor.
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9.2.3.1.2 Maximum allowable quantities shall be reduced by
25 percent for Class C and Class D laboratory units located on
the fourth through sixth floors of a building.

9.2.3.1.3 Maximum allowable quantities shall be reduced by
50 percent for Class C and Class D laboratory units located
above the sixth floor.

9.2.3.2* Incompatible materials shall be segregated to prevent
accidental contact with one another.

9.2.3.3 Class I flammable liquids and Class II combustible
liquids that are not in use inside of laboratory units shall be
stored in safety cans; in approved storage cabinets constructed
in accordance with NFPA 30, Flammable and Combustible Liquids
Code, and ANSI/UL 1275, Standard for Flammable Liquid Cabi-
nets; or in an inside liquid storage area.

9.2.3.4* Containers of materials that might become hazardous
(i.e., time sensitive) during prolonged storage shall be dated
when first opened, and properly managed.

9.2.3.4.1* Proper management shall consist of the following
elements:

(1) Defining those materials present that are time sensitive
(2) Defining each time-sensitive material’s inspection fre-

quency
(3) Defining proper or approved inspection methodologies

to determine the relative hazard of the time-sensitive
material

(4) Defining pass/fail criteria for inspection results

9.2.3.4.2 Time-sensitive materials that pass inspection shall
be permitted to be redated and retained for an additional
defined inspection period.

9.2.3.4.3 All other material shall be safely discarded.

9.2.3.5* Storage cabinets used in laboratories shall not be re-
quired to be vented for fire protection purposes.

9.2.3.6 Laboratory storage facilities shall be inspected to en-
sure compliance with the provisions of Chapter 9.

9.2.3.7 Storage of chemicals in the fume hood shall be pro-
hibited.

9.3 Waste Handling and Disposal.

9.3.1 Waste chemicals shall be handled and stored according
to the requirements in Section 9.2.

9.3.2 Waste chemicals shall not be combined or mixed with
other waste chemicals unless they have been evaluated for
compatibility by a qualified person.

9.3.3 Chemical waste containers shall be labeled with the haz-
ards of the waste chemicals.

9.3.4 Liquid waste containers stored in laboratory work areas
shall not exceed 20 L (5 gal).

9.3.5 Waste quantities shall be subject to the maximum con-
tainer sizes and type in accordance with Table 10.1.2.

9.3.6 Waste quantities shall be subject to the maximum allow-
able quantity for the laboratory unit.

Chapter 10 Flammable and Combustible Liquids

10.1 Quantity Limitations.

10.1.1 The density and total amount of flammable and com-
bustible liquids in use in laboratory work areas and in the labo-
ratory unit outside of flammable liquid storage rooms shall
not exceed the quantities presented in Table 10.1.1(a) and
Table 10.1.1(b) for the respective class of laboratory.

10.1.2* Container types and maximum capacities for flam-
mable and combustible liquids shall comply with Table 10.1.2
except as follows:

(1) Glass containers as large as 4 L (1 gal) shall be permitted
to be used if all the following conditions are present:
(a) Excessive corrosion or degradation of a metal or an

approved plastic container would result.
(b) The glass container size allowed in Table 10.1.2 is not

available.
(c) The glass containers are required for purity purposes.

(2) Containers of not more than 227 L (60 gal) capacity shall
be permitted in a separate area inside the building if the
inside area meets the requirements of NFPA 30, Flammable
and Combustible Liquids Code.

(3) In educational and instructional laboratory work areas,
containers for Class I or Class II liquids shall not exceed
the following capacity:
(a) Safety cans of 8 L (2.1 gal)
(b) Other containers of 4 L (1 gal)

10.2 Supply Piping. Supply piping for flammable and com-
bustible liquid supply systems shall comply with NFPA 30, Flam-
mable and Combustible Liquids Code.

10.3 Liquid Dispensing.

10.3.1* Dispensing of Class I liquids to or from containers less
than or equal to 20 L (5 gal) in capacity shall be performed in
one of the following locations:

(1) In a chemical fume hood
(2) In an area provided with ventilation adequate to prevent

accumulations of flammable vapor/air mixtures from ex-
ceeding 25 percent of the lower flammable limit

(3) Inside liquid storage areas specifically designed and pro-
tected for dispensing Class I flammable liquids that meet
the requirements of NFPA 30, Flammable and Combustible
Liquids Code

10.3.2* Except for pressurized liquid dispensing containers
meeting the requirements of Section 10.4, dispensing of Class
I liquids to or from containers greater than 20 L (5 gal) shall
be performed in one of the following locations:

(1) In a separate area outside the building
(2) Inside liquid storage areas specifically designed and pro-

tected for dispensing Class I flammable liquids that meet
the requirements of NFPA 30, Flammable and Combustible
Liquids Code

10.3.3* Class I liquids shall not be transferred between conduc-
tive containers of greater than 4 L (1 gal) capacity unless the
containers are electrically interconnected by direct bonding or
by indirect bonding through a common grounding system.

10.3.4 When dispensing Class I liquids involves nonconduc-
tive containers larger than 4 L (1 gal), which can be difficult to
bond or ground, special dispensing procedures commensu-
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rate with the electrical characteristics of the liquid shall be
developed and implemented.

10.4 Pressurized Liquid Dispensing Containers (PLDC).

10.4.1 Pressurized liquid dispensing containers used for flam-
mable and combustible liquids shall be listed or labeled for their
intended use by a nationally recognized testing laboratory.

10.4.2 Nonmetallic containers larger than 4 L (1 gal) shall
not be used.

10.4.3* Relief devices shall discharge to a safe location, in ac-
cordance with the manufacturer’s recommendation.

10.4.4 The piping/hose between the container and the use
point shall be rated for the pressure, compatible with the materi-
als being transferred, and not subject to mechanical damage.

10.4.5 Prior to pressurizing the system, all fittings and con-
nections shall be secure and leak free.

10.4.6* A readily accessible means to stop the flow of liquid
from the container shall be provided.

10.4.7 Containers shall be pressurized only with nitrogen or
inert gas; air shall not be used.

10.4.8 A means to prevent backflow into the gas supply sys-
tem shall be provided.

10.5 Equipment.

10.5.1 Storage cabinets used for the storage of flammable
and combustible liquids shall be constructed in accordance
with NFPA 30, Flammable and Combustible Liquids Code.

10.5.2 Flammable liquids stored in refrigerated equipment
shall be stored in closed containers. (See 12.2.2.)

10.5.3* Laboratory heating equipment such as ovens, furnaces,
environmental chambers, and other heated enclosures shall not
be used to heat, store, or test flammable or combustible liquids or
aerosols containing flammable gases unless the equipment is de-
signed or modified to prevent internal explosion.

10.5.4 Baths handling flammable liquids or combustible liquids
heated to their flash points shall be placed in a chemical fume
hood or shall be vented to a safe location to control vapors.

10.5.5 Electric motors shall be suitable for Class I, Division 2
locations when flammable and combustible liquids or flammable
gas concentrations can produce hazardous concentrations of
flammable mixtures.

Exception: Electric motors shall be exempt from this requirement if
they are located in chemical fume hoods or provided with special local
ventilation that will prevent flammable concentrations of gases or va-
pors from reaching the motor.

Table 10.1.1(a) Maximum Quantities of Flammable and Combustible Liquids in Laboratory
Units Outside of Inside Liquid Storage Areas (Metric)

Quantities in Usea Quantities in Use and Storagea

Laboratory
Unit Fire

Hazard Class

Flammable and
Combustible
Liquid Classa

Maximum Quantityb

per 9.3 m2

of Laboratory Unitc

Maximum
Quantityb per

Laboratory Unit

Maximum Quantityb

per 9.3 m2

of Laboratory Unitc

Maximum
Quantityb per

Laboratory Unit

L L L L

A I 38 1820 76 1820
(high fire

hazard)
I, II, and IIIA 76 3028 150 6060

Bd I 20 1136 38 1820
(moderate fire

hazard)
I, II, and IIIA 38 1515 76 3028

C e I 7.5 570 15 1136
(low fire

hazard)
I, II, and IIIA 15 757 30 1515

De I 4 284 7.5 570
(minimal fire

hazard)
I, II, and IIIA 4 284 7.5 570

Note: For maximum container sizes, see Table 10.1.2.
aThe maximum amount in use in open systems is limited to 10 percent of the quantities listed.
bSee 4.2.2 for additional requirements for educational and instructional laboratories.
cThe quantities per 9.3 m2 do not imply the quantities must be within that 9.3 m2 area; the quantities per
9.3 m2 are for calculation purposes to determine the total quantity allowed per laboratory work area and the
total amount overall in the laboratory unit.
dReduce quantities by 50 percent for B laboratory units located above the 3rd floor.
eReduce quantities by 25 percent for C and D laboratory units located on the 4th–6th floors of a building and
reduce quantities by 50 percent for C and D laboratory units located above the 6th floor.
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Table 10.1.1(b) Maximum Quantities of Flammable and Combustible Liquids in Laboratory
Units Outside of Inside Liquid Storage Areas (U.S. Customary Units)

Quantities in Usea Quantities in Use and Storagea

Laboratory
Unit Fire

Hazard Class

Flammable and
Combustible
Liquid Classa

Maximum Quantityb

per 100 ft2

of Laboratory Unitc

Maximum
Quantityb per

Laboratory Unit

Maximum Quantityb

per 100 ft2

of Laboratory Unitc

Maximum
Quantityb per

Laboratory Unit

gal gal gal gal

A I 10 480 20 480
(high fire

hazard)
I, II, and IIIA 20 800 40 1600

Bd I 5 300 10 480
(moderate fire

hazard)
I, II, and IIIA 10 400 20 800

C e I 2 150 4 300
(low fire

hazard)
I, II, and IIIA 4 200 8 400

De I 1 75 2 150
(minimal fire

hazard)
I, II, and IIIA 1 75 2 150

Note: For maximum container sizes, see Table 10.1.2.
aThe maximum amount in use in open systems is limited to 10 percent of the quantities listed.
bSee 4.2.2 for additional requirements for educational and instructional laboratories.
cThe quantities per 100 ft2 do not imply the quantities must be within that 100 ft2 area; the quantities per
100 ft2 are for calculation purposes to determine the total quantity allowed per laboratory work area and the
total amount overall in the laboratory unit.
d Reduce quantities by 50 percent for B laboratory units located above the 3rd floor.
e Reduce quantities by 25 percent for C and D laboratory units located on the 4th–6th floors of a building and
reduce quantities by 50 percent for C and D laboratory units located above the 6th floor.

Table 10.1.2 Maximum Allowable Container Capacity

Flammable Liquidsa Combustible Liquidsa

Container Type IA IB IC II IIIA

Glass 500 mL (1 pt)b 1 L (1 qt)b 4 L (1 gal) 4 L (1 gal) 20 L (5 gal)
Metal (other than DOT drums) or

approved plastic
4 L (1 gal) 20 L (5 gal)c 20 L (5 gal)c 20 L (5 gal)c 20 L (5 gal)

Safety cans 10 L (2.6 gal)c 20 L (5 gal)c 20 L (5 gal)c 20 L (5 gal)c 20 L (5 gal)
Metal container (DOT specification) 4 L (1 gal) 20 L (5 gal)c 20 L (5 gal)c 227 L (60 gal)c 227 L (60 gal)
Polyethylene (DOT Specification 34,

UN 1H1, or as authorized by DOT
special permit)

4 L (1 gal) 20 L (5 gal)c 20 L (5 gal)c 227 L (60 gal)c 227 L (60 gal)

Pressurized liquid dispensing
container

20 L (5 gal) 227 L (60 gal) 227 L (60 gal) 227 L (60 gal) 227 L (60 gal)

Note: This table is based on Table 6.2.3 of NFPA 30, Flammable and Combustible Liquids Code, except for
allowable quantities of flammable liquids in metal (DOT specification) drums and pressurized liquid dis-
pensing containers.
aSee B.1 for definitions of the various classes of flammable and combustible liquids.
bSee 10.1.2(1) and A.10.1.2.
cSee 10.1.2(3).
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Chapter 11 Compressed and Liquefied Gases

11.1 Compressed and Liquefied Gases in Cylinders.

11.1.1 Cylinders shall be handled only by trained personnel.
(See Annex E and Annex F.)

11.1.2* Cylinders, except nominal 0.5 kg (1 lb) propane cylin-
ders made for consumer use, that are not necessary for current
laboratory requirements shall be stored outside the laboratory
unit in accordance with NFPA 55, Compressed Gases and Cryogenic
Fluids Code.

11.1.3* Any compressed gas cylinder or container used at gauge
pressures over 103 kPa (15 psi) shall be fabricated to the specifi-
cations of or authorized for use by the U.S. DOT, T.C., or Section
VIII of the ASME Boiler and Pressure Vessel Code.

11.1.3.1 The container shall be marked to show the authoriz-
ing code and its working pressure at 21°C (70°F).

11.1.3.2 Vessels whose physical size, operating pressure, or
both, are outside the scope of the referenced code(s) shall be
constructed in accordance with the philosophy and guidance
of the ASME Boiler and Pressure Vessel Code and shall not require
marking.

11.1.4 Special Ventilation Requirements for Gas Cylinders.

11.1.4.1 This section shall not apply to gases that have a health
rating of 3, as rated in NFPA 704, Standard System for the Identifica-
tion of the Hazards of Materials for Emergency Response, if they are
rated as such by virtue of it being a cryogenic, with no other
health hazards.

11.1.4.2 Lecture bottle–sized cylinders of the following gases
located in laboratory units shall be kept in a continuously me-
chanically ventilated hood or other continuously mechani-
cally ventilated enclosure:

(1) All gases that have health hazard ratings of 3 or 4
(2) All gases that have a health hazard rating of 2 without

physiological warning properties
(3) Pyrophoric gases

11.1.4.3 Cylinders of all gases that are greater than lecture
bottle size and have health hazard ratings of 3 or 4 and cylin-
ders of gases that have a health hazard rating of 2 without
physiological warning properties that are located in laboratory
units shall meet both the following conditions:

(1) Storage in approved continuously mechanically venti-
lated gas cabinets

(2) Compliance with NFPA 55, Compressed Gases and Cryogenic
Fluids Code

11.1.4.4 Cylinders of pyrophoric gases that are greater than
lecture bottle size that are located in laboratory units shall be
kept in approved continuously mechanically ventilated, sprin-
klered gas cabinets.

11.1.5 Cylinder Safety.

11.1.5.1 Cylinders shall be secured from tipping over by hold-
ers designed for such service.

11.1.5.2 Cylinders in the laboratory shall be equipped with a
pressure regulator designed for the specific gas and marked
for its maximum cylinder pressure.

11.1.5.2.1 The regulator system shall be equipped with two
gauges, either on the regulator or remote from the regulator,

installed so as to show both the cylinder pressure and the out-
let pressure.

11.1.5.2.2 Where the source cylinder is outside of the labora-
tory, a station regulator and gauge shall be installed at the
point of use to show outlet pressure.

11.1.5.3 Cylinders shall have a manual shutoff valve. A quick
connect shall not be used in place of a shutoff valve.

11.1.6 Cylinders in Use.

11.1.6.1 Cylinders, when in use, shall be connected to gas
delivery systems designed by a qualified person.

11.1.6.2 Cylinders shall be attached to an instrument for use
by means of a regulator.

11.1.6.3 A compressed gas cylinder shall be considered to be
“in use” if it is in compliance with one of the following:

(1) Connected through a regulator to deliver gas to a labora-
tory operation

(2) Connected to a manifold being used to deliver gas to a
laboratory operation

(3) A single cylinder secured alongside the cylinder described
in 11.1.6.3(1) as the reserve cylinder for the cylinder de-
scribed in 11.1.6.3(1)

11.1.6.4 Cylinders not “in use” shall not be stored in the labo-
ratory unit.

11.1.6.5 The quantity of compressed and liquefied gases in
Class A, Class B, and Class C laboratory units shall be in accor-
dance with the amounts listed in Table 6.3.1 of NFPA 55, Com-
pressed Gases and Cryogenic Fluids Code.

11.1.6.6 The number of lecture bottle cylinders in Class A,
Class B, and Class C laboratory units shall be limited to 25.

11.1.6.7 The quantity of compressed and liquefied gases in
Class D laboratory units shall be limited to 50 percent of the
amounts listed in Table 6.3.1 of NFPA 55, Compressed Gases and
Cryogenic Fluids Code,

11.1.6.8 In instructional laboratory work areas, the quantity
of compressed and liquefied gases shall be limited to 10 per-
cent of the amounts listed in Table 6.3.1 of NFPA 55, Com-
pressed Gases and Cryogenic Fluids Code, or 10 lecture bottle–
sized cylinders.

11.1.6.9 In educational laboratory work areas, the quantity of
compressed and liquefied gases shall be limited as follows:

(1) The maximum quantity of flammable gas shall not exceed
2.8 m3 (100 ft3).

(2) The maximum quantity of oxidizing gas shall not exceed
2.8 m3 (100 ft3).

(3) A maximum of two 0.5 kg (1 lb) liquefied flammable gas
cylinders shall be permitted.

(4) Health hazard 3 and 4 gases shall not be permitted

11.2 Storage and Piping Systems.

11.2.1* The method of storage and piping systems for com-
pressed and liquefied gases shall comply with the applicable
requirements of NFPA standards, including the following:

(1) NFPA 51, Standard for the Design and Installation of Oxygen–
Fuel Gas Systems for Welding, Cutting, and Allied Processes

(2) NFPA 54, National Fuel Gas Code
(3) NFPA 55, Compressed Gases and Cryogenic Fluids Code
(4) NFPA 58, Liquefied Petroleum Gas Code
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11.2.2 Systems for other compressed gases and for cryogenic
materials shall comply with the manufacturer’s design and
specifications.

11.2.3* Each point of use shall have an accessible manual shut-
off valve.

11.2.3.1 The manual shutoff valve at the point of use shall be
located away from the potential hazards and be located within
1.8 m (6 ft) of the point of use.

11.2.3.2 Where the cylinder valve is located within immediate
reach, a separate point-of-use shutoff valve shall not be required.

11.2.3.3 Line regulators that have their source away from the
point of use shall have a manual shutoff valve.

11.2.3.4 An emergency gas shutoff device in an accessible
location at the exit shall be provided in addition to the manual
point-of-use valve in each educational and instructional labo-
ratory space that has a piped gas–dispensing valve.

11.2.4 Each and every portion of a piping system shall have
uninterruptible pressure relief.

11.2.4.1 Any part of the system that can be isolated from the
rest of the system shall have adequate pressure relief.

11.2.4.2 Piping shall be designed for a pressure greater than
the maximum system pressure that can be developed under
abnormal conditions.

11.2.4.3 A pressure relief system shall be designed to provide
a discharge rate sufficient to avoid further pressure increase
and shall vent to a safe location.

11.2.5* Permanent piping shall be identified at the supply
point and at each discharge point with the name of the mate-
rial being transported.

11.2.6* Piping systems, including regulators, shall not be used
for gases other than those for which they are designed and iden-
tified unless a thorough review of the design specifications, mate-
rials of construction, and service compatibility is made and other
appropriate modifications have been made.

11.3 Outdoor Installation of Compressed Gas Cylinders for Ser-
vicing Laboratory Work Areas (Located Outside of Laboratory
Work Areas).

11.3.1 Compressed gas cylinders installed or stored outside of
laboratory buildings shall be installed and operated in accor-
dance with the requirements in NFPA 55, Compressed Gases and
Cryogenic Fluids Code.

11.3.2 Compressed gas delivery systems shall be designed in ac-
cordance with NFPA55, Compressed Gases and Cryogenic Fluids Code.

11.4 Cryogenic Fluids.

11.4.1 All system components used for cryogenic fluids shall
be selected and designed for such service.

11.4.1.1 Design pressure for vessels and piping shall be not
less than 150 percent of maximum pressure relief.

11.4.1.2* Systems or apparatus handling a cryogenic fluid that
can cause freezing or liquefaction of the surrounding atmo-
sphere shall be designed to prevent contact of the condensed air
with organic materials.

11.4.1.3 Systems or apparatus handling liquid oxygen shall be
designed to prevent contact of the oxygen with organic materials.

11.4.2 Pressure relief of vessels and piping handling cryo-
genic fluids shall comply with the applicable requirements of
Section 11.2.

11.4.3 The space in which cryogenic systems are located shall
be ventilated commensurate with the properties of the specific
cryogenic fluid in use.

Chapter 12 Laboratory Operations and Apparatus

12.1 Operations.

12.1.1* Hazards of Chemicals and Chemical Reactions. Ex-
periments and tests conducted in educational and instruc-
tional laboratory units shall be under the direct supervision of
an instructor.

12.1.1.1 Before laboratory tests or chemical reactions are be-
gun, evaluations shall be made for hazards that can be en-
countered or generated during the course of the work.

12.1.1.2 Evaluations shall include the hazards associated with
the properties and the reactivity of the materials used and any
intermediate and end products that can be formed, hazards asso-
ciated with the operation of the equipment at the operating con-
ditions, and hazards associated with the proposed reactions —
for example, oxidation and polymerization. (See also 12.1.1.4.)

12.1.1.3 Regular reviews of laboratory operations and proce-
dures shall be conducted with special attention given to any
change in materials, operations, or personnel.

12.1.1.4* Where reactions are being performed to synthesize
materials, the hazard characteristics of which have not yet been
determined by test, precautions shall be employed to control the
highest possible hazard based on a known hazard of similar ma-
terial.

12.1.1.5 Where use of a new material might present a severe
explosion potential, initial experiments or tests shall be con-
ducted in an enclosure that is designed to protect people and
property from potential explosion damage. (See Chapter 7.)

12.1.1.6 Unattended or automatic laboratory operations involv-
ing hazardous chemicals shall be provided with regular surveil-
lance for abnormal conditions. (See 12.1.2.4 and 12.2.4.1.)

12.1.2 Heating Operations.

12.1.2.1 All heating of flammable or combustible liquids shall
be conducted so as to minimize fire hazards.

12.1.2.2 Provisions shall be made to contain liquid that might
be accidentally released from glass apparatus containing more
than 0.25 L (8.4 oz) of flammable liquid or combustible liquid
heated to its flash point.

12.1.2.3 Supplementary fire-extinguishing equipment shall
be provided, if necessary.

12.1.2.4 Unattended operations shall be provided with over-
ride control and automatic shutdown to prevent system failure
that can result in fire or explosion.

12.1.2.5 Strong oxidizing materials, such as perchloric acid,
shall not be heated by gas flames or oil baths.

12.1.3 Distillation Operations.

12.1.3.1 Distillations shall be conducted in equipment de-
signed and fabricated for this use and shall be assembled with
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consideration being given to fire hazards from vent gases and
possible equipment breakage or failure.

12.1.3.2 Care shall be taken to avoid the presence of unstable
components (e.g., peroxides) in the still pot and to avoid over-
heating still contents.

12.1.3.3 Glass equipment used for distillations shall be in-
spected for cracks, scratches, and other defects prior to each use.

12.1.3.4 Faulty glass equipment shall be discarded or repaired.

12.1.4* Other Separation Operations. Filtrations, extractions,
sublimations, adsorptions, evaporations, centrifuging opera-
tions, and other separation techniques that involve flammable or
combustible materials shall be protected from ignition sources
and shall be provided with ventilation that prevents the accumu-
lation of an ignitible concentration of vapors in the work area.

12.1.5 Mixing and Grinding Operations.

12.1.5.1 Mixing, grinding, stirring, and agitating operations
involving flammable and combustible materials shall require
the same precautions against fire as set forth in 12.1.4.

12.1.5.2 Precautions shall be taken to avoid local overheating
during grinding and mixing of solids.

12.1.5.3 Care shall be taken to avoid fire or explosion hazards
from flammable or combustible materials.

12.1.6 Other Operations.

12.1.6.1 Other laboratory operations, such as reactions at tem-
peratures and pressures either above or below ambient condi-
tions, shall be conducted in a manner that minimizes hazards.

12.1.6.2 Shielding shall be used whenever there is a reasonable
probability of explosion or vigorous chemical reaction and asso-
ciated hazards during charging, sampling, venting, and dis-
charge of products. (See Chapter 7 and 12.2.5.)

12.1.6.3 Glass apparatus containing gas or vapors under
vacuum or above ambient pressure shall be shielded, wrapped
with tape, or otherwise protected from shattering (such as en-
gineering controls or by apparatus design) during use.

12.1.6.4* Quantities of reactants shall be limited and proce-
dures shall be developed to control or isolate vigorous or exo-
thermic reactions.

12.1.6.5 Flammable gases or vapors evolved during drying op-
erations shall be condensed, trapped, or vented to avoid ignition.

12.1.6.6 Spraying of flammable or combustible paint and var-
nishes shall comply with the requirements of NFPA 33, Standard
for Spray Application Using Flammable or Combustible Materials.

12.2 Apparatus.

12.2.1 General.

12.2.1.1 Apparatus shall be installed in compliance with ap-
plicable requirements of NFPA standards, including NFPA 70,
National Electrical Code.

12.2.1.2 Operating controls shall be accessible under normal
and emergency conditions.

12.2.2 Refrigeration and Cooling Equipment.

12.2.2.1* Each refrigerator, freezer, or cooler shall be promi-
nently marked to indicate whether it meets the requirements
for safe storage of flammable liquids.

12.2.2.2* Refrigerators, freezers, and other cooling equipment
used to store or cool flammable liquids shall be listed as special
purpose units for use in laboratories or equipment listed for
Class I, Division 1 locations, as described in Article 501 of
NFPA 70, National Electrical Code.

12.2.2.2.1* Domestic refrigerators, freezers, and other cooling
equipment shall be permitted to store or cool flammable liq-
uids if modified as follows:

(1) Any electrical equipment located within the outer shell,
within the storage compartment, on the door, or on the
door frame shall meet the requirements for Class I, Division
1 locations, as described in Article 501 of NFPA 70, National
Electrical Code.

(2) Electrical equipment mounted on the outside of the storage
compartment shall be installed in one of the following ways:
(a) To meet the requirements for Class I, Division 2 loca-

tions
(b) To be located above the storage compartment
(c) To be located on the outside surface of the equip-

ment where exposure to hazardous concentrations of
vapors will be minimal

12.2.2.3 Refrigerators, freezers, and cooling equipment lo-
cated in a laboratory work area designated as a Class I location,
as specified in the Exception to 5.6.2, shall be approved for
Class I, Division 1 or 2 locations and shall be installed in accor-
dance with Article 501 of NFPA 70, National Electrical Code.

12.2.3 Heating Equipment.

12.2.3.1 All unattended electrical heating equipment shall be
equipped with a manual reset over-temperature shutoff switch, in
addition to normal temperature controls, if overheating could
result in a fire or explosion.

12.2.3.2 Heating equipment with circulation fans or water
cooling shall be equipped with an interlock arranged to dis-
connect current to the heating elements if the fan fails or the
water supply is interrupted.

12.2.3.3 Burners, induction heaters, ovens, furnaces, and
other heat-producing equipment shall be located a safe dis-
tance from areas where temperature-sensitive and flammable
materials and compressed gases are handled.

12.2.3.4 Oven and furnace installations shall comply with
NFPA 86, Standard for Ovens and Furnaces.

12.2.4 Heated Constant Temperature Baths.

12.2.4.1 Electrically heated constant temperature baths shall
be equipped with over-temperature shutoff switches in addi-
tion to normal temperature controls, if overheating could re-
sult in a fire or an explosion.

12.2.4.2 Bath containers shall be of noncombustible materials.

12.2.5 Pressure Equipment.

12.2.5.1* Equipment used at pressures above 103 kPa gauge
(15 psi) shall be designed and constructed by qualified indi-
viduals for use at the expected temperature, pressure, and
other operating conditions affecting safety.

12.2.5.2 Pressure equipment shall be fitted with a pressure
relief device, such as a rupture disc or a relief valve. The pres-
sure relief device shall be vented to a safe location.
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12.2.5.3 Equipment operated at pressures above 103 kPa
gauge (15 psi), such as autoclaves, steam sterilizers, reac-
tors, and calorimeters, shall be operated and maintained
according to manufacturers’ instructions, the design limita-
tions of the equipment, and applicable codes and regula-
tions.

12.2.5.3.1 Such equipment shall be inspected on a regular basis.

12.2.5.3.2 Any significant change in the condition of the
equipment, such as corrosion, cracks, distortion, scale for-
mation, or general chemical attack, or any weakening of the
closure, or any inability of the equipment to maintain pres-
sure, shall be documented and removed from service imme-
diately and shall not be returned to service until approved
by a qualified person.

12.2.5.4 Any pressure equipment that has been found to be
degraded shall be derated or discarded, whichever is appro-
priate.

12.2.6 Analytical Instruments.

12.2.6.1 Analytical instruments, such as infrared, ultraviolet,
atomic absorption, x-ray, mass spectrometers, chromatographs,
and thermal analyzers, shall be installed in accordance with the
manufacturers’ instructions and applicable standards and codes.

12.2.6.2 Analytical instruments shall be operated in accor-
dance with manufacturers’ instructions or approved recom-
mended operating procedures.

12.2.6.3 Hazards to personnel from high voltage, vapors or
fumes, radiation, flames, flashbacks, and explosions shall be
minimized.

Chapter 13 Hazard Identification

13.1 Identification of Entrances.

13.1.1* Entrances to laboratory units, laboratory work areas, stor-
age areas, and associated facilities shall be identified by signs to
warn emergency response personnel of unusual or severe haz-
ards that are not directly related to the fire hazard of contents.

13.1.2 The hazards shall be communicated in the plans for
fire fighting. (See 6.6.3.1.)

13.2* Exhaust Systems. Exhaust systems used for the removal
of hazardous materials shall be identified to warn personnel of
the possible hazards.

13.3 Labeling of Containers.

13.3.1 Content identification, including precautionary infor-
mation, shall be provided directly on all original and subse-
quent containers of hazardous chemicals, except those being
used in ongoing experiments.

13.3.2 Containers of materials that become hazardous dur-
ing prolonged storage shall be dated when first opened, to
facilitate hazard control. (See 9.2.3.4 and A.9.2.3.4.)

13.4 Identification Systems. Graphic systems used to identify
hazards shall comply with ANSI Z535.1, Safety Color Code; ANSI
Z535.2, Environmental and Facility Safety Signs; ANSI Z535.3, Cri-
teria for Safety Symbols; and ANSI Z535.4, Product Safety Signs and
Labels; or other approved graphic systems.

Annex A Explanatory Material

Annex A is not a part of the requirements of this NFPA document
but is included for informational purposes only. This annex contains
explanatory material, numbered to correspond with the applicable text
paragraphs.

A.1.1.2(1) Either condition of 1.1.2(1) meeting the mini-
mum quantity will bring the lab within the scope of NFPA 45. A
school lab with a low pressure natural gas system supplying
Bunsen burners (with less than the minimum quantities of
combustible or flammable liquids and less than the minimum
quantities of other flammable gases) is an example of a lab
outside the scope of NFPA 45.

A.1.1.2(2) The hazards of pilot plants are primarily based on
the process, the chemistry, and the equipment, not the labora-
tory environment.

A.1.1.2(7) NFPA 801, Standard for Fire Protection for Facilities
Handling Radioactive Materials, provides direction for control-
ling hazards associated with radioactive materials. NFPA 801
should be used only for issues related to radioactive materials
in a laboratory. All other nonradioactive, laboratory issues are
covered by NFPA 45.

A.1.3 See Figure A.1.3 for determining the applicability of
NFPA 45 to a lab setting. Existing laboratories using chemicals
that are not in compliance with this standard should be per-
mitted to be continued being used if they provide protection
to life and adjoining property that is equivalent to that in this
standard.

A.3.2.1 Approved. The National Fire Protection Association
does not approve, inspect, or certify any installations, proce-
dures, equipment, or materials; nor does it approve or evalu-
ate testing laboratories. In determining the acceptability of
installations, procedures, equipment, or materials, the author-
ity having jurisdiction may base acceptance on compliance
with NFPA or other appropriate standards. In the absence of
such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdic-
tion may also refer to the listings or labeling practices of an
organization that is concerned with product evaluations and is
thus in a position to determine compliance with appropriate
standards for the current production of listed items.

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “au-
thority having jurisdiction,” or its acronym AHJ, is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where pub-
lic safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; build-
ing official; electrical inspector; or others having statutory
authority. For insurance purposes, an insurance inspection de-
partment, rating bureau, or other insurance company repre-
sentative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at
government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A.3.2.4 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalu-
ation; some organizations do not recognize equipment as
listed unless it is also labeled. The authority having jurisdic-
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tion should utilize the system employed by the listing organi-
zation to identify a listed product.

A.3.3.4 Biological Safety Cabinet. There are several types of
biological safety cabinets.

Class II Type A1 cabinets (formerly designated Type A). Type A1
cabinets, which are not suitable for work with volatile toxic
chemicals and volatile radionuclides, have the following char-
acteristics:

(1) Maintain minimum average inflow velocity of 0.38 m/sec
(75 ft/min) through the work access opening

(2) Have HEPA-filtered downflow air that is a portion of the
mixed downflow and inflow air from a common plenum
(i.e., a plenum from which a portion of the air is exhausted
from the cabinet and the remainder supplied to the work
area)

(3) Can exhaust HEPA-filtered air back into the laboratory or
to the environment through an exhaust canopy

(4) Can have positive pressure contaminated ducts and ple-
nums that are not surrounded by negative pressure plenums

Class II Type A2 cabinets (formerly designated Type B3). Type A2
cabinets used for work with minute quantities of volatile toxic
chemicals and tracer amounts of radionuclides required as an
adjunct to microbiological studies must be exhausted through

properly functioning exhaust canopies. Type A2 cabinets have
the following characteristics:

(1) Maintain a minimum average inflow velocity of 0.5 m/sec
(100 ft/min) through the work access opening

(2) Have HEPA-filtered downflow air that is a portion of the
mixed downflow and inflow air from a common exhaust
plenum

(3) Can exhaust HEPA-filtered air back into the laboratory or
to the environment through an exhaust canopy

(4) Have all biologically contaminated ducts and plenums un-
der negative pressure or surrounded by negative pressure
ducts and plenums

Class II Type B1 cabinets. Type B1 cabinets can be used for
work treated with minute quantities of volatile toxic chemicals
and tracer amounts of radionuclides required as an adjunct to
microbiological studies if work is done in the direct exhausted
portion of the cabinet, or if the chemicals or radionuclides will
not interfere with the work when recirculated in the downflow
air. Type B1 cabinets have the following characteristics:

(1) Maintain a minimum average inflow velocity of 0.5 m/sec
(100 ft/min) through the work access opening

(2) Have HEPA-filtered downflow air composed largely of un-
contaminated recirculated inflow air

(3) Exhaust most of the contaminated downflow air through
a dedicated duct exhausted to the atmosphere after pass-
ing through a HEPA filter

(4) Have all biologically contaminated ducts and plenums un-
der negative pressure or surrounded by negative pressure
ducts and plenums

Class II Type B2 cabinets (sometimes referred to as total exhaust).
Type B2 cabinets can be used for work with volatile toxic
chemicals and radionuclides required as an adjunct to micro-
biological studies. Type B2 cabinets have the following charac-
teristics:

(1) Maintain a minimum average inflow velocity of 0.5 m/sec
(100 ft/min) through the work access opening

(2) Have HEPA-filtered downflow air drawn from the labora-
tory or the outside air (i.e., downflow air is not recircu-
lated from the cabinet exhaust air)

(3) Exhaust all inflow and downflow air to the atmosphere
after filtration through a HEPA filter without recircula-
tion in the cabinet or return to the laboratory

(4) Have all contaminated ducts and plenums under negative
pressure, or surrounded by directly exhausted (nonrecir-
culated through the work area) negative pressure ducts
and plenums

A.3.3.8 Chemical. For fire hazard ratings of many chemicals,
see the NFPA’s Fire Protection Guide to Hazardous Materials,
which contains the following NFPA documents:

(1) NFPA 49, Hazardous Chemicals Data
(2) NFPA 325, Guide to Fire Hazard Properties of Flammable Liq-

uids, Gases, and Volatile Solids

A.3.3.9 Chemical Fume Hood. For further information on de-
scriptions of types of chemical fume hoods and exhaust venti-
lation devices, see ANSI/AIHA Z9.5, Laboratory Ventilation. The
following are types of chemical fume hoods:

(1) Conventional hood. A square-post hood without an airfoil
directional vane across the bottom of the hood face, and
in most cases without provision for a bypass. As the sash is
lowered in hoods without an air bypass, the face velocity
increases rapidly. The square-post design and absence of a
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deflector vane have been known to create turbulence at
the hood face. The turbulence at the hood face can bring
fumes from the hood interior out to the hood face, where
they are easily drawn out into the room by the air turbu-
lence caused by a person working at the hood, persons
passing the hood, or minor room cross drafts. If hoods are
not equipped with a bypass, face velocities could become
objectionably high as the sash is closed, and with the sash
completely closed, airflow can be insufficient to carry va-
pors away.

(2) Bypass air hood. A hood having a bypass protected by a grille
that serves to maintain a relatively constant volume of airflow
regardless of sash position. Current design recommends a
streamlined entry profile with a deflector vane across the
bottom of the hood to direct the airflow across the work
surface.

(3) Auxiliary air hood. A bypass air hood with the addition of an
auxiliary air bonnet to provide a direct source of makeup air
in addition to the makeup air from the laboratory work area.

(4) Special purpose hoods are as follows:
(a) Radioisotope hoods. Designed primarily for use with ra-

diochemicals
(b) Perchloric acid hoods. Designed primarily for use with

perchloric acid
(c) Walk-in hoods. Designed primarily for extra headroom

to accommodate tall equipment

A.3.3.12 Cryogenic Fluid. See National Safety Council Data
Sheet 1-688-86, Cryogenic Fluids in the Laboratory.

A.3.3.18 Face (of hood). This area is used to calculate the
square footage of the hood opening, and face velocity is mea-
sured in this plane.

A.3.3.23 Flammable Solid. A chemical is considered to be a
flammable solid if, when tested by the method described in 16
CFR 1500.44, it ignites and burns with a self-sustained flame at
a rate greater than one-tenth of an inch per second along its
major axis.

A.3.3.25 Health Care Facilities. Health care facilities include,
but are not limited to, hospitals, nursing homes, limited care fa-
cilities, clinics, medical and dental offices, and ambulatory health
care centers, whether permanent or movable. [99, 2005]

A.3.3.30 Inside Liquid Storage Area. Such areas include the
following:

(1) Inside a room. A room totally enclosed within a building
and having no exterior walls

(2) Cut-off room. A room within a building and having at least
one exterior wall

(3) Attached building. A building having only one common wall
with another building having other types of occupancies

(4) Liquid warehouse. A separate, detached building or attached
building used for warehousing-type operations for liquids

A.3.3.38 Laboratory Work Area. This work area can be enclosed.

A.3.3.45.2 Educational Occupancy. Educational occupancies
include academies, kindergartens, and schools. An educa-
tional occupancy is distinguished from an assembly occupancy
in that the same occupants are regularly present.

A.3.3.45.4 Industrial Occupancy. See NFPA 101, Life Safety
Code, Chapter 40, for more information.

A.3.3.48 Oxidizer. Examples of other oxidizing gases include
bromine, chlorine, or fluorine.

A.3.3.57 Storage Cabinet. Some local jurisdictions require
bottom-venting of flammable liquids storage cabinets. Al-
though this is not required by NFPA 30, Flammable and Combus-
tible Liquids Code, some manufacturers provide plugged vent
connections to accommodate these local jurisdictions.

A.3.3.59 Unattended Laboratory Operation. Absence for
lunch, telephone calls, and so forth, without coverage by a
knowledgeable person, constitutes an unattended laboratory
operation.

A.4.2.1 The largest amounts of flammable and combustible
liquids are permitted in Class A laboratory units, and the least
amounts in Class D laboratory units.

A.4.3.1 For explosion hazard protection requirements, see
Chapter 7.

A.4.3.1(3) For sources of data on chemical reactivity hazard
and hazardous chemical reactions, see the NFPA’s Fire Protec-
tion Guide to Hazardous Materials, which contains the following
NFPA documents:

(1) NFPA 49, Hazardous Chemicals Data
(2) NFPA 325, Guide to Fire Hazard Properties of Flammable Liq-

uids, Gases, and Volatile Solids
(3) NFPA 491, Manual of Hazardous Chemical Reactions

A.5.1.10 NFPA 90A, Standard for the Installation of Air-
Conditioning and Ventilating Systems, requires that approved fire
dampers be provided in all air-transfer openings in partitions
required to have a fire resistance rating. The standard requires
that approved fire dampers be provided where ducts or air
grilles penetrate partitions required to have a fire resistance
rating of 2 hours or more. Thus, although any air-transfer
opening would have to be fire dampered in a required fire
barrier of any rating, penetrations by ducts or air grilles would
not have to be fire dampered if the required rating of the
barrier is less than 2 hours.

A.5.4.1 A door to an adjoining laboratory work area or labo-
ratory unit is considered to be a second means of access to an
exit, provided that the laboratory unit is not of a higher fire
hazard classification.

A.5.4.3 It should be noted that while doors swinging against
egress and horizontally sliding doors are permitted in certain
Class C and Class D laboratory work areas, NFPA 101, Life Safety
Code, and NFPA 5000, Building Construction and Safety Code,
place limitations on their use based on number of occupants
and area. Before doors swinging against egress and horizon-
tally sliding doors are used, both NFPA 101 and NFPA 5000
should be reviewed for requirements and limitations.

A.5.5 Modern laboratory design concepts provide a wide se-
lection of laboratory furniture and equipment. Although such
selections will be dictated by several factors, such as laboratory
function, cost, serviceability, accessibility, repair, and so forth,
any laboratory design should recognize and accommodate —
to the extent practical — several needs directly related to im-
proving the fire safety posture of the laboratory work area.

Casework design should be flexible to provide optimum
use of storage capacity without interfering with the normal
needs of the laboratory. This design can include desk areas
that do not encourage underdesk storage, restraining tech-
niques for items stored above eye level, ease of egress, provi-
sion for separation of incompatible chemicals or materials,
provisions for ventilated or corrosion-resistant storage, or
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properly identified special facilities for unique waste storage
needs, such as chemical, biological, or radioactive materials.

Easy access to laboratory utilities, such as piping, valves,
and electrical switches and circuit-breaker panels, should be
provided. All valves and switches should be properly identified
in accordance with the governing codes and standards.

The use of slip-resistant floor surfaces should be considered.

A.6.2.3 It is suggested that automatic fire-extinguishing sys-
tems activate both a local audible alarm and an audible or
visible alarm at a constantly attended location.

A.6.3.1 All laboratory buildings should be provided with
standpipes and 3.8 cm (11⁄2 in.) hose connections for use by
trained occupants. Hose connections should be fitted with
hose lines and combination straight stream–fog nozzles. Wa-
terflow through the standpipe system should activate an au-
dible fire alarm system on the premises.

A.6.6.2 Maintenance procedures should include inspection,
testing, and maintenance of the following:

(1) Utilities (steam, gas, electrical)
(2) Air supply and exhaust systems
(3) Fire protection equipment
(4) Detectors and alarms
(5) Compressed gas regulators and pressure relief valves
(6) Waste disposal systems
(7) Fire doors
(8) Emergency lighting and exit signs
(9) Electrically operated equipment

A.6.6.3 An emergency response plan should be prepared and
updated. The plan should be available for inspection by the AHJ,
upon reasonable notice. The following information should be
included in the emergency plan:

(1) The type of emergency equipment available and its location
(2) A brief description of any testing or maintenance pro-

grams for the available emergency equipment
(3) An indication that hazard identification marking is pro-

vided for each storage area
(4) Location of posted emergency response procedures
(5) Material safety data sheets (MSDSs) for all hazardous ma-

terials stored on site
(6) A list of responsible personnel who are designated and

trained to be liaison personnel for the fire department;
these individuals should be knowledgeable in the site emer-
gency response procedures and should aid the emergency
responders with the following functions:
(a) Pre-emergency planning
(b) Identifying where flammable, pyrophoric, oxidizing,

and toxic gases are located
(c) Accessing MSDSs

(7) A list of the types and quantities of compressed and lique-
fied gases normally at the facility

A.6.6.3.1(5) Unusual non-fire hazards that emergency re-
sponse personnel might encounter in responding to a fire in a
chemical laboratory might include the following:

(1) Poisons
(2) Corrosives
(3) Irritants
(4) Radioactivity
(5) Nonionizing radiation
(6) Biological hazards

Laboratory management should train emergency response
personnel in detailed emergency response plans that address
these special hazards.

Laboratory management should also encourage the public
fire department to become familiar with these hazards
through in-service inspections, joint emergency plan develop-
ment, and coordinated emergency response drills.

Emergency telephones are of value when connected di-
rectly to an emergency office and when located within the
laboratory building so that they can be readily used by labora-
tory personnel. They are also valuable when available at an
exterior location for use by evacuees or passersby. An emer-
gency telephone system should be interconnected with a mass
notification system, such as a public address system.

The management of each laboratory work area covered by
this standard should be responsible for developing and dis-
tributing an evacuation plan for the facility. The plan should
be written with accompanying diagrams and distributed to
each supervisor and posted in appropriate locations for all
employees to read and study. In addition to fires and explo-
sions, the evacuation plan should also consider hazardous in-
cidents such as spills, leaks, or releases of flammable, toxic, or
radioactive materials, and acts of nature such as tornadoes,
hurricanes, and floods. The evacuation plan should include,
but not be limited to, the following:

(1) Conditions under which evacuation will be necessary
(2) Method of alarm transmission
(3) Action to be taken by personnel upon receiving an alarm

in addition to evacuation (e.g., turn off flames and other
ignition sources)

(4) Primary and secondary routes to horizontal and vertical
exits leading either to the exterior of the building or to
safe refuge zones within the building, as might be permit-
ted if total evacuation is not necessary and the alarm sys-
tem is appropriately zoned

(5) Instructions necessary to prevent evacuees from hamper-
ing fire-fighting operations or essential duties of emer-
gency personnel (i.e., move away from the building to a
predesignated area)

(6) Accountability to determine if everyone has left the facil-
ity (Wardens or supervisors should be instructed to check
all occupied spaces in their assigned area upon sounding
of an alarm to ensure that everyone has heard the alarm
and is evacuating. Personnel from particular groups, de-
partments, floors, or areas should be instructed to gather
in a predesignated area outside the building or in a safe
refuge zone. Special procedures should be established for
evacuation of handicapped persons. Wardens or supervi-
sors should be responsible for accounting for all person-
nel in their areas, including guests and visitors.)

(7) Methods of notifying personnel as to when it is safe to
re-enter the facility (Dependence on duly authorized per-
sons, such as wardens, to pass this word will prevent some-
one from entering the facility prematurely.)

Laboratory management should conduct fire exit drills at
least once a year to test the evacuation procedures by familiar-
izing personnel with exits, especially emergency exits not nor-
mally used, and the safe and efficient use of the exits. For
required frequency of fire exit drills in educational occupan-
cies and health care occupancies, see NFPA 101, Life Safety
Code. (Fire exit drills differ from fire drills in that the latter are
held for purposes of fire-fighting practice by the fire brigade
or other emergency organizations. Because a conflict exists
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between evacuation and fire fighting, management should ap-
point different persons to be responsible for each procedure,
as one cannot effectively direct fire-fighting operations and
evacuation simultaneously.)

Fire alarm systems, where available, should be used in the
conduct of fire exit drills. No one should be excused from
participating in a fire exit drill.

A.6.6.3.2 Laboratory personnel should be thoroughly indoc-
trinated in procedures to follow in cases of clothing fires. The
most important instruction, one that should be stressed until
it becomes second nature to all personnel, is to immediately
drop to the floor and roll. All personnel should recognize that,
in case of ignition of another person’s clothing, they should
immediately knock that person to the floor and roll that per-
son around to smother the flames. Too often a person will
panic and run if clothing ignites, resulting in more severe,
often fatal, burn injuries.

Fire-retardant or flame-resistant clothing is one option avail-
able to help reduce the occurrence of clothing fires. Refer to
NFPA 1975, Standard on Station/Work Uniforms for Emergency Ser-
vices, for performance requirements and test methods for fire-
resistant clothing.

It should be emphasized that use of safety showers, fire
blankets, or fire extinguishers are of secondary importance.
These items should be used only when immediately at hand. It
should be recognized that rolling on the floor not only smoth-
ers the fire but also helps to keep flames out of the victim’s
face, reducing inhalation of smoke.

A.7.3(3) For further information on venting, see NFPA 68,
Standard on Explosion Protection by Deflagration Venting.

A.7.5.3 A protective coating, such as mineral oil, can be ap-
plied to transparent sight panels exposed to corrosive vapors.

A.8.1 NFPA 90A, Standard for the Installation of Air-Conditioning
and Ventilating Systems, and NFPA 91, Standard for Exhaust Systems
for Air Conveying of Vapors, Gases, Mists, and Noncombustible Particu-
late Solids, contain additional requirements for general environ-
mental ventilating systems.

A.8.2.1 For additional information on laboratory ventilation,
see ANSI/AIHA Z9.5, Laboratory Ventilation. For information on
preventing the spread of smoke by means of utilizing supply and
exhaust systems to create airflows and pressure differences be-
tween rooms or building areas, see NFPA 92A, Standard for Smoke-
Control Systems Utilizing Barriers and Pressure Differences.

A.8.2.2 It is not the intent of this standard to require emer-
gency or standby power for laboratory ventilation systems.

A.8.2.3 Hoods having explosionproof electrical devices are
sometimes referred to as explosionproof hoods. This term does
not imply that they will contain an explosion, only that the
electrical equipment will not provide a source of ignition.

A.8.3.2 Special studies such as air-dispersion modeling might
be necessary to determine the location of air intakes for labo-
ratories away from the influence of laboratory exhaust and
other local point source emissions.

A.8.3.4 Room air current velocities in the vicinity of fume
hoods should be as low as possible, ideally less than 30 percent
of the face velocity of the fume hood. Air supply diffusion
devices should be as far away from fume hoods as possible and
have low exit velocities.

A.8.4.1 Ductless chemical fume hoods that pass air from the
hood interior through an adsorption filter and then discharge
the air into the laboratory are only applicable for use with
nuisance vapors and dusts that do not present a fire or toxicity
hazard.

A.8.4.2 Consideration should be made of the potential con-
tamination of the fresh air supply by exhaust air containing
vapors of flammable or toxic chemicals when using devices for
energy conservation purposes.

A.8.4.4 Ducts should be sealed to prevent condensation, and
so forth, from leaking into occupied areas.

A.8.4.7 Laboratory fume hood containment can be evaluated
using the procedures contained in ASHRAE 110, Method of
Testing Performance of Laboratory Fume Hoods. Face velocities of
0.4 m/sec to 0.6 m/sec (80 ft/min to 120 ft/ min) generally
provide containment if the hood location requirements and
laboratory ventilation criteria of this standard are met.

In addition to maintaining proper fume hood face velocity,
fume hoods that reduce the exhaust volume as the sash open-
ing is reduced should maintain a minimum exhaust volume to
ensure that contaminants are diluted and exhausted from a
hood. The chemical fume hood exhaust airflow should not be
reduced to less than the flow rate recommended in ANSI/
AIHA Z9.5, Laboratory Ventilation.

A.8.4.9 Due to their low capture efficiency, canopy hoods
should only be used for exhausting heat and nuisance odors
and not for exhausting chemicals.

A.8.4.12 Exhaust stacks should extend at least 3 m (10 ft)
above the highest point on the roof to protect personnel on
the roof. Exhaust stacks might need to be much higher to
dissipate effluent effectively, and studies might be necessary to
determine adequate design. Related information on stack
height can be found in Chapter 14, Airflow Around Buildings,
of the ASHRAE Handbook of Fundamentals.

A.8.5.1 The designer of a laboratory exhaust system should
consider the physical and chemical properties and hazard
characteristics of the materials being conveyed. The excep-
tions cited recognize that some laboratory operations gener-
ate corrosive vapors that might attack available metallic duct
materials. When it has been ascertained that metallic ducts
will not withstand such an attack by the chemicals to be ex-
hausted or where the unique nature of the work to be done
mandates the use of nonmetallic ducts, nonmetallic ducts can
be used. The designer should consider the use of chemical-
resistant thermoplastic-lined metallic duct materials.

A.8.7.4 For informative material regarding spark-resistant
fan construction, see Air Movement and Control Association
(AMCA) Standards Handbook 99-0401-86, Classifications for
Spark Resistant Construction.

A.8.7.6 Exhaust fans should be tested to ensure they do not
rotate backward in new installations or after repair on motors.

A.8.8.1.1 Specifying the flame spread rating alone does not
ensure that the liner will provide containment of a small fire.

A.8.8.1.2 Baffles normally should be adjusted for the best
operating position for general use. Only where high heat
loads or the routine use of large quantities of light or heavy
gases occur should compensating adjustment be made. In
most cases, however, the low concentrations of heavier-than-
air and lighter-than-air vapors take on the characteristics of
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the large volumes of air going through the hood. It is recom-
mended that the total adjustment not exceed 20 percent of
the total airflow.

A.8.8.1.3 The means of containing minor spills might consist
of a 6.4 mm (1⁄4 in.) recess in the work surface, use of pans or
trays, or creation of a recess by installing a curb across the
front of the hood and sealing the joints between the work
surface and the sides, back, and curb of the hood.

A.8.8.2 A hood sash greatly enhances the safety provided by a
chemical fume hood, and it is recommended that the hood de-
sign incorporate this feature. For example, a hood sash can be
adjusted to increase the face velocity when working on high haz-
ard material. The sash can be used as a safety shield. It can be
closed to contain a fire or runaway reaction, and it can be closed
to contain experiments when the hood is left unattended.

Hoods without sashes or hoods with a side or rear sash in
addition to a front sash do not offer the same degree of pro-
tection as do hoods with protected single face openings, and,
thus, their use is not recommended. A small face opening can
be desirable to save exhaust air and energy or to increase the
maximum face velocity on existing hoods.

A.8.8.3 Users should be instructed and periodically re-
minded not to open sashes rapidly and to allow hood sashes to
be open only when needed and only as much as necessary.

A.8.8.4 Locating services, controls, and electrical fixtures ex-
ternal to the hood minimizes the potential hazards of corro-
sion and arcing.

A.8.9.1 A person walking past the hood can create sufficient
turbulence to disrupt a face velocity of 0.5 m/sec (100 ft/min).
In addition, open windows or air impingement from an air dif-
fuser can completely negate or dramatically reduce the face ve-
locity and can also affect negative differential air pressure.

A.8.9.3 Place low hazard activities (such as desks and micro-
scope benches) away from the chemical fume hood. The term
directly in front of does not include those areas that are sepa-
rated by a barrier such as a lab bench or other large structure
that would serve as a shield.

A.8.10.1 A hazard and risk assessment should be conducted
for fume hood operations. Circumstances exist where hood
fire suppression systems might be appropriate as a stand-alone
protection measure or as part of a more comprehensive strat-
egy to reduce hazards and risks. This assessment should be
reviewed when fume hood operations change. See the objec-
tives of the standard stated in Section 1.2.

A.8.10.2(9) For further information, see the report entitled
“An Investigation of Chemical Fume Hood Fire Protection Us-
ing Sprinkler and Water Mist Nozzles” prepared by Factory
Mutual Research Corporation.

A.8.10.3.1 In 2001 at the University of California, a fire re-
sulted in an injury and caused approximately $3.5 million in
damage. Based on the investigation, it was concluded that the
practice of not having fire dampers on the exhaust duct of the
ventilation system at the shaft wall appears to have been ben-
eficial in this fire scenario. The investigation observed that the
exhaust system was effective at removing significant quantities
of combustion products from the building during the fire,
thereby reducing the amount of combustion products spread-
ing to other areas of the building. The shutting down of the
supply air by fire dampers did not significantly hinder the ex-
haust system because fresh air was provided though a broken

window. However, if the window had not failed, the team con-
cluded that the exhaust system probably would not have per-
formed as well.

If protection of the openings is desired, one method is to use
a subduct assembly. Where a branch duct connects to an en-
closed exhaust riser located inside a shaft, which has a required
fire resistance rating of 1 hour or more and in which the airflow
moves upward, protection of the opening into the fire
resistance–rated enclosure should be made with a steel subduct
turned upward a minimum of 0.6 m (22 in.) in length and of a
minimum thickness of 22 gauge [0.76 mm (0.030 in.)]. The steel
subduct should be carried up inside the riser from each inlet
duct penetration. This riser should be appropriately sized to ac-
commodate the flow restriction created by the subduct.

A.8.10.7 Installation of sprinklers in the void area or in the
chemical fume hood is an acceptable method to prevent flame
spread.

A.8.11.1 If perchloric acid is heated above ambient tempera-
ture, it will give off vapors that can condense and form explo-
sive perchlorates. Limited quantities of perchloric acid vapor
can be kept from condensing in laboratory exhaust systems by
trapping or scrubbing the vapors at the point of origin. Scrub-
bing systems have been described in published articles.

A.8.11.8 Perchloric acid hoods should be washed down after
each use.

A.8.11.10 A simple and sensitive test for perchlorates is avail-
able that uses a 0.3 percent solution of methylene blue in wa-
ter. A few drops of the test solution in a small quantity [about
25 mL (0.84 oz)] of water washed from the duct to be tested
will produce a violet precipitate if perchlorates are present.
Approximately 12 mg (0.00042 oz) of perchlorate in this vol-
ume [500 mg/L (0.067 oz/gal)] can be recognized easily as a
positive test. Because the methylene blue test can produce
false negatives and false positives, as shown in “Returning
Perchlorate-Contaminated Fume Hood Systems to Service,
Part II” (Bader et al.), a more specific and quantifiable
method for perchlorates is available that uses a perchlorate
ion selective electrode. Several methods were compared in
“Returning Perchlorate-Contaminated Fume Hood Systems to
Service, Part I” (Phillips et al.) and in Perchloric Acid and Perchlo-
rates (Schilt).

An effective method for washing down ductwork suspected of
perchlorate contamination has been recommended in the CRC
Handbook of Laboratory Safety. The method uses steaming of the
ducts for 24 hours to condense water on all surfaces and dissolve
and wash away perchlorate deposits. If tests after 24 hours show
perchlorates in the final wash water, the steaming should be con-
tinued for another 24 hours until the test is negative. Where ra-
diation contamination is present, in other than airtight duct-
work, a continuous washdown or use of steam methods should
not be done unless all the exhaust system is made airtight.

A.8.12.1 Laboratory hoods in which radioactive materials are
handled should be identified with the radiation hazard sym-
bol. For information, see NFPA 801, Standard for Fire Protection
for Facilities Handling Radioactive Materials.

A.8.13.1 The operating characteristics of some chemical
fume hood designs, particularly auxiliary air chemical fume
hoods, change at intermediate positions of sash height. It is,
therefore, important to verify inward airflow over the face of
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the hood according to 8.13.1(5) at several sash heights from
full open to closed.

A number of test procedures for verifying performance of
chemical fume hoods that have been installed in the field have
been published.

A test procedure is given in Standard on Laboratory Fume
Hoods, by The Scientific Equipment and Furniture Association
(SEFA), that uses a velometer and visible fume for checking
hood performance.

A standard has been issued by the American Society of
Heating, Refrigerating, and Air Conditioning Engineers en-
titled ASHRAE 110, Method of Testing Performance of Laboratory
Fume Hoods.

The Environmental Protection Agency’s Procedure for Certi-
fying Laboratory Fume Hoods to Meet EPA Standards contains a test
procedure utilizing sulfur hexafluoride as a test gas.

A.8.13.5.1 The annual inspection of air supply and exhaust
fans, motors, and components should ensure that equipment is
clean, dry, tight, and friction-free. Bearings should be properly
lubricated on a regular basis, according to manufacturers’ rec-
ommendations. Protective devices should be checked to ensure
that settings are correct and that ratings have been tested under
simulated overload conditions. Inspections should be made by
personnel familiar with the manufacturers’ instructions and
equipped with proper instruments, gauges, and tools.

A.9.1 Before a hazardous chemical is ordered, controls
should be established to ensure that adequate facilities and
procedures are available for receiving, storing, using, and dis-
posing of the material. Information sources include the fol-
lowing NFPA documents, which are contained in NFPA’s Fire
Protection Guide to Hazardous Materials:

(1) NFPA 49, Hazardous Chemicals Data
(2) NFPA 325, Guide to Fire Hazard Properties of Flammable Liq-

uids, Gases, and Volatile Solids
(3) NFPA 491, Manual of Hazardous Chemical Reactions

A.9.2.2.1 The route used to transport hazardous materials
between receiving rooms, storage rooms, dispensing rooms,
and laboratory units of a facility should be appropriate to both
the quantity and characteristics of the material being trans-
ported. Where possible, heavy or bulky quantities of hazard-
ous materials should be transported by elevator, preferably
one reserved exclusively for freight. In any event, the transport
of hazardous materials in any quantity on an elevator should
be accomplished by the minimum number of persons neces-
sary to accomplish the task safely. All other persons should be
excluded from an elevator while hazardous materials are
present. Use of stairways for transport of small quantities of
hazardous materials should be minimized.

A.9.2.2.2 Some common construction materials are subject
to serious corrosion or formation of explosive compounds if
used for or contacted by certain chemicals and gases com-
monly used in the laboratory. For example, copper tubing
forms explosive compounds if it is used to pipe acetylene;
azide salts are not compatible with copper or lead piping; mer-
cury amalgamates in lead pipes.

Thermoplastic pipe used in chemical service, such as in
laboratory waste drains, will frequently soften even when not
directly attacked by chemical solvents. When this happens,
much of the original strength and rigidity of the pipe is lost. If
installed above ground or floor level, such piping should be
provided with adequate rack support to prevent sagging. Bury-
ing plastic pipe used for chemical waste is not recommended

because normal expansion might cause the pipe to collapse if
the pipe has been softened by solvent attack.

A.9.2.3.1 This section establishes maximum allowable quan-
tities of hazardous materials for individual laboratory units
based upon reference to the locally adopted building and/or
fire code. It is the intent of the Committee to draw a correla-
tion between the term laboratory unit used in NFPA 45 and
other terms such as control area or laboratory suite, which are
typically used in locally adopted building and fire codes. For
example, if the locally adopted building code utilizes a control
area methodology, the maximum allowable quantities of haz-
ardous materials for an individual laboratory unit would be
equal to the baseline maximum quantities established for a
control area. The maximum quantities of flammable and com-
bustible liquids in a laboratory unit might then need to be
modified based upon the application of Table 10.1.1(a) and
Table 10.1.1(b).

A.9.2.3.2 For guidance, see NFPA’s Fire Protection Guide to Haz-
ardous Materials, which contains NFPA 49, Hazardous Chemicals
Data, and NFPA 491, Manual of Hazardous Chemical Reactions.

A.9.2.3.4 There are several chemicals that can increase in
hazard potential if subjected to long-term storage. Time alone
can be only partially responsible, depending on the specific
chemical. For example, exposure to air or light can cause the
formation of highly shock-sensitive or friction-sensitive perox-
ides. Some hygroscopic or water-reactive compounds, such as
metallic sodium, can autoignite on exposure to air or mois-
ture. Another example is picric acid, which becomes highly
shock-sensitive when its normal water content is allowed to
evaporate. Reactive monomers that have been inhibited to re-
duce the chance of unintentional polymerization can become
unstable when the inhibitor is consumed.

Such chemicals as described in 9.2.3.4 and A.9.2.3.4, which
can increase in hazard potential over time, are common to
chemical laboratories and are routinely handled without inci-
dent. Still, the user should use appropriate reference material
to adequately assess the often multiple hazards associated with
the use of chemicals.

A.9.2.3.4.1 Managing time-sensitive chemicals might be per-
ceived as being complex. For help in determining what chemi-
cals are time-sensitive, their inspection periods, inspection
methodologies, and pass/fail criteria for these inspections,
see one of the two sources by Bailey et al. or the source by
Quigley et al.

A.9.2.3.5 See NFPA 30, Flammable and Combustible Liquids Code,
for performance-based requirements if storage cabinets are
vented for any reason.

A.10.1.2 Transferring flammable liquids from 1 gal– or
4 L–sized glass shipping containers to metal containers is a rela-
tively expensive and hazardous operation. Such practices are not
considered prudent, and are not recommended or required by
NFPA for fire protection in laboratories using chemicals.

NFPA 45 allows glass containers in accordance with
10.1.2(1).

Class IA and IB flammable liquids in glass containers larger
than the 500 mL (1 pt) and 1 L (1 qt) sizes permitted by Table
10.1.2 should be kept in containers of sufficient size to hold
the contents of the glass containers.

The presence of flammable liquids in glass containers pre-
sents substantial hazards from accidental breakage. Many sup-
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pliers furnish glass containers with shatter-resistant coatings.
These shatter-resistant glass containers offer significant pro-
tection from accidental breakage and are recommended for
use when hazardous chemicals need to be kept in glass rather
than plastic or metal containers.

A.10.3.1 Ventilation for dispensing operations should be pro-
vided to prevent overexposure of personnel dispensing flam-
mable liquids. Control of solvent vapors is most effective if local
exhaust ventilation is provided at or close to the point of transfer.
Explosion venting is not required for separate inside liquid stor-
age areas if containers are no greater than 227 L (60 gal) and if
dispensing from containers larger than 4 L (1 gal) is by means of
approved pumps or other devices drawing through a top open-
ing. Movement of liquid to or from equipment in a closed system
is not subject to this requirement.

A.10.3.2 Where practicable, dispensing operations should be
separated from the storage of flammable and combustible liq-
uids because of the exposure of greater quantities to the hazards
of dispensing operations. Movement of liquid to or from equip-
ment in a closed system is not subject to this requirement.

A.10.3.3 The requirement permits the use of squeeze bottles in
laboratories. Their use greatly reduces spills, while aiding in accu-
rately dispensing liquids onto small components or surfaces. The
small rate of intermittent discharge through a squeeze bottle’s
discharge tube has not proven to be a hazard over many years of
use.

In laboratory occupancies where pouring from and filling
of laboratory-size containers is performed within a laboratory
fume hood or other similarly ventilated enclosure or space,
ignition due to static discharge is not likely to occur. This
might be attributed to a combination of factors such as the
following:

(1) Smaller size containers than those used in industrial or
commercial occupancies

(2) Low flow rates during manual pouring/ filling
(3) Ventilation to below the lower flammable limits
(4) Contact made between containers (Good laboratory tech-

nique dictates that liquids be poured down the side of the
container or by use of a stirring rod, thus avoiding splash-
ing or turbulence.)

Perhaps of some yet-to-be-determined significance is the
undefined charge transfer mechanism that can take place be-
tween nonconductive containers or between containers and
the person performing the transfer. (For information on
methods to reduce static electricity, see NFPA 77, Recommended
Practice on Static Electricity.)

A.10.4.3 Relief discharge to a laboratory exhaust might not
be appropriate for all sizes of containers for all solvents. Not
all lab hoods and exhaust systems are constructed the same
and might not be capable of containing or withstanding the
vented vapors. Many fume hoods contain ignition sources.
The user should evaluate each system based on the use.

A.10.4.6 Examples of these methods include, but are not lim-
ited to, a dead man valve or a remotely actuated valve on the
liquid line or removal of the pressure being applied.

A.10.5.3 The requirements of 10.5.3 can be accomplished by
either of the following:

(1) Limiting the temperatures of internal heated surfaces
that can be exposed to the vapors to no more than 80 per-
cent of the autoignition temperature of the material be-
ing heated

(2) Providing mechanical exhaust ventilation that discharges
to a safe location to keep the concentration of flammable
gas or vapor below 25 percent of the lower flammable
limit (The ventilation equipment should be interlocked
with the heating system so that heating cannot take place
unless the ventilation system is operating.)

Also, any electrical equipment located within the outer shell,
within the compartment, on the door, or on the door frame
should be suitable for Class I, Division 1 hazardous (classified)
locations and any electrical equipment mounted on the outside
of the equipment should be as follows:

(1) Suitable for Class I, Division 2 hazardous (classified) loca-
tions

(2) Installed on the outside surface of the equipment where
exposure to vapors will be minimal

Consideration should also be given to providing deflagra-
tion venting, as described in NFPA 86, Standard for Ovens and
Furnaces.

A.11.1.2 Cylinders of hydrogen fluoride and hydrogen bro-
mide should be returned to the supplier within 2 years of the
shipping date.

Cylinders of corrosive or unstable gases should be returned
to the supplier when the expiration date of the maximum rec-
ommended retention period has been reached. Examples of
such corrosive or unstable gases include the following:

(1) Acid and alkaline gases
(2) Gases subject to autopolymerization
(3) Gases subject to explosive decomposition

Cylinders not in active use should be removed from labora-
tory work areas to a storage facility, as described in CGA
Pamphlet P-1, Safe Handling of Compressed Gases in Containers. In
the absence of a maximum recommended retention time, a
36-month interval should be used.

A.11.1.3 Such vessels cannot be used in commerce unless
DOT approved.

A.11.2.1 For additional information, see the following:

(1) CGA Pamphlet P-1, Safe Handling of Compressed Gases in
Containers

(2) ASME B31.1, Power Piping (including addendum)
(3) ASME B31.3, Process Piping
(4) National Safety Council Data Sheet 1-688-86, Cryogenic Flu-

ids in the Laboratory

A.11.2.3 Additional shutoff valves, located in accessible loca-
tions outside of the areas in which the gases are used, are accept-
able.

A.11.2.5 It is recommended that each intermediate regulator
and valve also be identified. The identification should con-
form to ANSI A13.1, Scheme for the Identification of Piping Systems.

A.11.2.6 Great care should be taken when converting a pip-
ing system from one gas to another. In addition to the require-
ments of 11.2.6, thorough cleaning to remove residues might
be essential. For example, inert oil-pumped nitrogen will leave
a combustible organic residue that is incompatible with oxy-
gen and other oxidizing agents. Similar incompatibilities can
occur with other materials.

A.11.4.1.2 Air can be condensed when it contacts containers
or piping containing cryogenic fluids. When this occurs, the
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concentration of oxygen in the condensed air increases, thereby
increasing the likelihood of ignition of organic material.

A.12.1.1 Reference sources include the following, contained
in NFPA’s Fire Protection Guide to Hazardous Materials:

(1) NFPA 49, Hazardous Chemicals Data
(2) NFPA 325, Guide to Fire Hazard Properties of Flammable Liq-

uids, Gases, and Volatile Solids
(3) NFPA 491, Manual of Hazardous Chemical Reactions

A.12.1.1.4 When a new chemical is produced, it should be sub-
jected to a hazard analysis as appropriate to the reasonably antici-
pated hazard characteristics of the material. Such tests might in-
clude, but are not limited to, differential thermal analysis,
accelerating rate calorimetry, drop weight shock sensitivity, autoi-
gnition temperature, flash point, thermal stability under contain-
ment, heat of combustion, and other appropriate tests.

A.12.1.4 Protection against ignition sources associated with
typical laboratory apparatus can be achieved by distance, pres-
surization of motor or switch housings, or inerting techniques
that can effectively prevent flammable vapor concentrations
from contacting ignition sources. (See NFPA 496, Standard for
Purged and Pressurized Enclosures for Electrical Equipment, for re-
quirements for purge systems for electrical enclosures, and
NFPA 69, Standard on Explosion Prevention Systems, for require-
ments for inerting systems.)

A.12.1.6.4 Procedures might include chilling, quenching, cut-
off of reactant supply, venting, dumping, and “short-stopping” or
inhibiting.

A.12.2.2.1 Figure A.12.2.2.1 gives examples of labels that can
be used on laboratory refrigerators.

A.12.2.2.2 Protection against the ignition of flammable vapors
in refrigerated equipment is available through three types of
laboratory refrigerators: explosionproof, “laboratory-safe” (or
“explosion-safe”), and modified domestic models.

Explosionproof refrigeration equipment is designed to
protect against ignition of flammable vapors both inside and
outside the refrigerated storage compartment. This type is in-
tended and recommended for environments such as pilot
plants or laboratory work areas where all electrical equipment
is required to meet the requirements of Article 501 of NFPA 70,
National Electrical Code.

The design concepts of the “explosion-safe” or “laboratory-
safe” type of refrigerator are based on the typical laboratory envi-
ronment. The primary intent is to eliminate ignition of vapors
inside the storage compartment by sources also within the com-

partment. In addition, commercially available “laboratory-safe”
refrigerators incorporate such design features as thresholds, self-
closing doors, friction latches or magnetic door gaskets, and spe-
cial materials for the inner shell. All of these features are in-
tended to control or limit the damage should an exothermic
reaction occur within the storage compartment. Finally, the com-
pressor and its circuits and controls are located at the top of the
unit to further reduce the potential for ignition of floor-level va-
pors. In general, the design features of a commercially available
“laboratory-safe” refrigerator are such that they provide impor-
tant safeguards not easily available through modification of do-
mestic models.

A.12.2.2.2.1 The use of domestic refrigerators for the storage
of typical laboratory solvents presents a significant hazard to
the laboratory work area. Refrigerator temperatures are al-
most universally higher than the flash points of the flammable
liquids most often stored in them. In addition to vapor accu-
mulation, a domestic refrigerator contains readily available ig-
nition sources, such as thermostats, light switches, and heater
strips, all within or exposed to the refrigerated storage com-
partment. Furthermore, the compressor and its circuits are
typically located at the bottom of the unit, where vapors from
flammable liquid spills or leaks could easily accumulate.

Although not considered optimum protection, it is pos-
sible to modify domestic refrigerators to achieve some degree
of protection. However, the modification process can be ap-
plied only to manual defrost refrigerators; the self-defrosting
models cannot be successfully modified to provide even mini-
mum safeguards against vapor ignition. The minimum proce-
dures for modification include the following:

(1) Relocation of manual temperature controls to the exte-
rior of the storage compartment, sealing all points where
capillary tubing or wiring formerly entered the storage
compartment

(2) Removal of light switches and light assemblies and sealing
of all resulting openings

(3) Replacement of positive mechanical door latches with
magnetic door gaskets

Regardless of the approach used (explosionproof,
“laboratory-safe,” modified domestic, or unmodified do-
mestic), every laboratory refrigerator should be clearly
marked to indicate whether it is safe for storage of flam-
mable materials. Internal laboratory procedures should en-
sure that laboratory refrigerators are being properly used.

A.12.2.5.1 Pressure vessels require specialized design beyond
the scope of normal workshop practice. For design of pressure
vessels, see Section VIII, “Rules for Construction of Pressure
Vessels,” Division 1, ASME Boiler and Pressure Vessel Code.

A.13.1.1 Examples of severe or unusual hazards that might
require posting of signs include the following:

(1) Unstable chemicals
(2) Radioactive chemicals
(3) Carcinogens, mutagens, and teratogens
(4) Pathogens
(5) High-pressure reactions
(6) High-powered lasers
(7) Water-reactive materials
(8) Cryogens

Also, the names and home telephone numbers of one or
more persons working in each laboratory work area should be

Do not store flammable solvents  
in this refrigerator.

Label used for unmodified domestic models

Label for laboratory-safe or modified domestic models

Notice: This is not an explosionproof refrigerator, but 
it has been designed to permit safe storage of materials 
producing flammable vapors. Containers should be 
well-stoppered or tightly closed.

FIGURE A.12.2.2.1 Labels to Be Used in Laboratory Refrig-
erators.
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posted at the entrance to that work area. Such information
should be kept current.

It is important to recognize that an extremely toxic sub-
stance need not be identified as a proportionately hazardous
substance. The quantity of the substance, the ease of penetra-
tion of its container or risk of its release by fire, and the prob-
ability of harming emergency response personnel are the true
measures of the hazard level. This standard does not exclu-
sively endorse any particular convention for communicating
unusual hazards to emergency response personnel, recogniz-
ing that professional judgments need to be made on a facility-
by-facility basis. These judgments should recognize several ex-
isting conventions.

Use of the system presented in NFPA 704, Standard System
for the Identification of the Hazards of Materials for Emergency Re-
sponse, which might be suitable for flammable liquid storage
cabinets or those laboratories containing a nearly constant
chemical inventory, is not recommended for multichemical
laboratories where the chemicals can change frequently. Such
laboratories can include any of the following:

(1) Analytical, biological (public health, genetic engineering,
bacteriological)

(2) Physical and chemical (organic, inorganic, physical, re-
search, crystallographic, forensic)

(3) Instructional (college and high school chemistry and
physics laboratories)

(4) Metallurgical
(5) Mineralogical
(6) Fine art restoration and identification
(7) Dental

Even where storage within a laboratory involves unusually
high amounts of flammable or toxic or reactive materials (and
hence calls for hazard identification), a lettered sign is gener-
ally more easily understood than a numerical designation.
Hence, the NFPA 704 system is not recommended for labora-
tories in general.

A.13.2 The exhaust system should be identified “WARNING
— Chemical Laboratory Exhaust” (or “Chemical Fume Hood
Exhaust” or other appropriate wording). Exhaust system dis-
charge stacks and discharge vents and exhaust system fans
should be marked to identify the laboratories or work areas
being served.

Annex B Supplementary Definitions

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

B.1 NFPA 30 Definitions. The following definitions are ex-
tracted from NFPA 30, Flammable and Combustible Liquids Code.

B.1.1 Flammable Liquid. Any liquid that has a closed-cup
flash point below 100°F (37.8°C), as determined by the test
procedures and apparatus set forth in NFPA 30, Section 4.4,
and a Reid vapor pressure that does not exceed an absolute
pressure of 40 psi (276 kPa) at 100°F (37.8°C), as deter-
mined by ASTM D 323, Standard Test Method for Vapor Pressure
of Petroleum Products (Reid Method). [30, 2008]

B.1.2 Classification of Flammable Liquids. Class I liquids
shall be further subclassified in accordance with the following:

(1) Class IA Liquid — Any liquid that has a flash point below
73°F (22.8°C) and a boiling point below 100°F (37.8°C)

(2) Class IB Liquid — Any liquid that has a flash point below
73°F (22.8°C) and a boiling point at or above 100°F
(37.8°C)

(3) Class IC Liquid — Any liquid that has a flash point at or
above 73°F (22.8°C), but below 100°F (37.8°C)

[30:4.3.1]
B.1.3 Combustible Liquid. Any liquid that has a closed-cup
flash point at or above 100°F (37.8°C), as determined by the test
procedures and apparatus set forth in NFPA 30, Section 4.4. [30,
2008]
B.1.4 Classification of Combustible Liquids. Combustible liq-
uids shall be classified in accordance with the following:
(1) Class II Liquid — Any liquid that has a flash point at or

above 100°F (37.8°C) and below 140°F (60°C)
(2) Class III Liquid — Any liquid that has a flash point at or

above 140°F (60°C)
(a) Class IIIA Liquid — Any liquid that has a flash point at

or above 140°F (60°C), but below 200°F (93°C)
(b) Class IIIB — Any liquid that has a flash point at or

above 200°F (93°C)
[30,4.3.2]
B.2 NFPA 704 Definitions. The following definitions are ex-
tracted from NFPA 704, Standard System for the Identification of
the Hazards of Materials for Emergency Response.
B.2.1 Health Hazard. Health hazard ratings shall address the
capability of a material to cause personal injury due to contact
with or entry into the body via inhalation, ingestion, skin con-
tact, or eye contact. [704:5.1.1]

The degrees of health hazard shall be ranked according to
the probable severity of the effects of exposure to emergency
response personnel detailed in Table B.2.1. [704:5.2]
B.2.2 Flammability Hazards. Flammability hazards ratings
shall address the degree of susceptibility of materials to burn-
ing [704:6.1.1]. Because many materials will burn under one
set of conditions but will not burn under others, the form or
condition of the material shall be considered, along with its
inherent properties. [704:6.1.2]
B.2.3 Degrees of Hazard. The degrees of flammability hazard
shall be ranked according to the susceptibility of materials to
burning as detailed in Table B.2.3. [704:6.2]
B.2.4 Instability Hazards.
B.2.4.1 This [section] shall address the degree of instrinsic
susceptibility of materials to release energy [704:7.1.1], [and]
those materials capable of rapidly releasing energy by them-
selves, through self-reaction or polymerization. [704:7.1.1.1]
B.2.4.2 The violence of a reaction or decomposition can be
increased by heat or pressure…[or] by mixing with other ma-
terials to form fuel–oxidizer combinations, or by contact with
incompatible substances, sensitizing contaminants, or cata-
lysts. [704: A.7.1.1]
B.2.4.3 Because of the wide variations of unintentional com-
binations possible in fire or other emergencies, these extrane-
ous hazard factors (except for the effect of water) shall not be
applied to a general numerical rating of hazards. Where large
quantities of materials are stored together, inadvertent mixing
shall be considered in order to establish appropriate separa-
tion or isolation. [704:7.1.2]

The NFPA 704 ratings are applied to numerous chemicals
in the NFPA Fire Protection Guide to Hazardous Materials, which
contains withdrawn standards NFPA 49, Hazardous Chemicals
Data, and NFPA 325, Guide to Fire Hazard Properties of Flammable
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Table B.2.1 Degrees of Health Hazards

Degree of Hazard* Criteria

4 — Materials that, under
emergency conditions, can
be lethal

Gases whose LC50 for acute inhalation toxicity is less than or equal to 1000 parts per million (ppm)
Any liquid whose saturated vapor concentration at 20°C (68°F) is equal to or greater than ten times

its LC50 for acute inhalation toxicity, if its LC50 is less than or equal to 1000 ppm
Dusts and mists whose LC50 for acute inhalation toxicity is less than or equal to 0.5 milligrams per

liter (mg/L)
Materials whose LD50 for acute dermal toxicity is less than or equal to 40 milligrams per kilogram

(mg/kg)
Materials whose LD50 for acute oral toxicity is less than or equal to 5 mg/kg

3 — Materials that, under
emergency conditions, can
cause serious or permanent
injury

Gases whose LC50 for acute inhalation toxicity is greater than 1000 ppm but less than or equal to
3000 ppm

Any liquid whose saturated vapor concentration at 20°C (68°F) is equal to or greater than its LC50
for acute inhalation toxicity, if its LC50 is less than or equal to 3000 ppm and that does not meet
the criteria for degree of hazard 4

Dusts and mists whose LC50 for acute inhalation toxicity is greater than 0.5 mg/L but less than or
equal to 2 mg/L

Materials whose LD50 for acute dermal toxicity is greater than 40 mg/kg but less than or equal to
200 mg/kg

Materials that are corrosive to the respiratory tract
Materials that are corrosive to the eye or cause irreversible corneal opacity
Materials that are corrosive to skin
Cryogenic gases that cause frostbite and irreversible tissue damage
Compressed liquefied gases with boiling points at or below −55°C (−66.5°F) that cause frostbite and

irreversible tissue damage
Materials whose LD50 for acute oral toxicity is greater than 5 mg/kg but less than or equal to

50 mg/kg

2 — Materials that, under
emergency conditions, can
cause temporary
incapacitation or residual
injury

Gases whose LC50 for acute inhalation toxicity is greater than 3000 ppm but less than or equal to
5000 ppm

Any liquid whose saturated vapor concentration at 20°C (68°F) is equal to or greater than one-fifth
its LC50 for acute inhalation toxicity, if its LC50 is less than or equal to 5000 ppm and that does not
meet the criteria for either degree of hazard 3 or degree of hazard 4

Dusts and mists whose LC50 for acute inhalation toxicity is greater than 2 mg/L but less than or
equal to 10 mg/L

Materials whose LD50 for acute dermal toxicity is greater than 200 mg/kg but less than or equal to
1000 mg/kg

Compressed liquefied gases with boiling points between −30°C (−22°F) and −55°C (−66.5°F) that
can cause severe tissue damage, depending on duration of exposure

Materials that are respiratory irritants
Materials that cause severe but reversible irritation to the eyes or lacrimators
Materials that are primary skin irritants or sensitizers
Materials whose LD50 for acute oral toxicity is greater than 50 mg/kg but less than or equal to

500 mg/kg

1 — Materials that, under
emergency conditions, can
cause significant irritation

Gases and vapors whose LC50 for acute inhalation toxicity is greater than 5000 ppm but less than or
equal to 10,000 ppm

Dusts and mists whose LC50 for acute inhalation toxicity is greater than 10 mg/L but less than or
equal to 200 mg/L

Materials whose LD50 for acute dermal toxicity is greater than 1000 mg/kg but less than or equal to
2000 mg/kg

Materials that cause slight to moderate irritation to the respiratory tract, eyes, and skin
Materials whose LD50 for acute oral toxicity is greater than 500 mg/kg but less than or equal to

2000 mg/kg

0 — Materials that, under
emergency conditions, would
offer no hazard beyond that
of ordinary combustible
materials

Gases and vapors whose LC50 for acute inhalation toxicity is greater than 10,000 ppm
Dusts and mists whose LC50 for acute inhalation toxicity is greater than 200 mg/L
Materials whose LD50 for acute dermal toxicity is greater than 2000 mg/kg
Materials whose LD50 for acute oral toxicity is greater than 2000 mg/kg
Materials that are essentially nonirritating to the respiratory tract, eyes, and skin

*For each degree of hazard, the criteria are listed in a priority order based upon the likelihood of exposure.
[704: Table 5.2]
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Table B.2.3 Degrees of Flammability Hazards

Degree of Hazard Criteria

4 — Materials that will rapidly or completely
vaporize at atmospheric pressure and
normal ambient temperature or that are
readily dispersed in air and will burn
readily.

Flammable gases.
Flammable cryogenic materials.
Any liquid or gaseous material that is liquid while under pressure and has a flash

point below 22.8°C (73°F) and a boiling point below 37.8°C (100°F) (i.e., Class
IA liquids).

Materials that ignite spontaneously when exposed to air.
Solids containing greater than 0.5 percent by weight of a flammable or

combustible solvent are rated by the closed cup flash point of the solvent.

3 — Liquids and solids that can be ignited
under almost all ambient temperature
conditions. Materials in this degree
produce hazardous atmospheres with air
under almost all ambient temperatures
or, though unaffected by ambient
temperatures, are readily ignited under
almost all conditions.

Liquids having a flash point below 22.8°C (73°F) and a boiling point at or above
37.8°C (100°F) and those liquids having a flash point at or above 22.8°C (73°F)
and below 37.8°C (100°F) (i.e., Class IB and Class IC liquids).

Finely divided solids, typically less than 75 micrometers (µm) (200 mesh), that
present an elevated risk of forming an ignitible dust cloud, such as finely
divided sulfur, National Electrical Code Group E dusts (e.g., aluminum,
zirconium, and titanium), and bis-phenol A.

Materials that burn with extreme rapidity, usually by reason of self-contained
oxygen (e.g., dry nitrocellulose and many organic peroxides).

Solids containing greater than 0.5 percent by weight of a flammable or
combustible solvent are rated by the closed cup flash point of the solvent.

2 — Materials that must be moderately
heated or exposed to relatively high
ambient temperatures before ignition can
occur. Materials in this degree would not
under normal conditions form hazardous
atmospheres with air, but under high
ambient temperatures or under moderate
heating could release vapor in sufficient
quantities to produce hazardous
atmospheres with air.

Liquids having a flash point at or above 37.8°C (100°F) and below 93.4°C (200°F)
(i.e., Class II and Class IIIA liquids).

Finely divided solids less than 420 µm (40 mesh) that present an ordinary risk of
forming an ignitible dust cloud.

Solid materials in a flake, fibrous, or shredded form that burn rapidly and create
flash fire hazards, such as cotton, sisal, and hemp.

Solids and semisolids that readily give off flammable vapors.
Solids containing greater than 0.5 percent by weight of a flammable or

combustible solvent are rated by the closed cup flash point of the solvent.

1 — Materials that must be preheated
before ignition can occur. Materials in
this degree require considerable
preheating, under all ambient
temperature conditions, before ignition
and combustion can occur.

Materials that will burn in air when exposed to a temperature of 815.5°C (1500°F)
for a period of 5 minutes in accordance with ASTM D 6668, Standard Test Method
for the Discrimination Between Flammability Ratings of F = 0 and F = 1.

Liquids, solids, and semisolids having a flash point at or above 93.4°C (200°F)
(i.e., Class IIIB liquids).

Liquids with a flash point greater than 35°C (95°F) that do not sustain
combustion when tested using the Method of Testing for Sustained Combustibility,
per 49 CFR 173, Appendix H, or the UN publications Recommendations on the
Transport of Dangerous Goods and Manual of Tests and Criteria.

Liquids with a flash point greater than 35°C (95°F) in a water-miscible solution or
dispersion with a water noncombustible liquid/solid content of more than
85 percent by weight.

Liquids that have no fire point when tested by ASTM D 92, Standard Test Method for
Flash and Fire Points by Cleveland Open Cup, up to the boiling point of the liquid
or up to a temperature at which the sample being tested shows an obvious
physical change.

Combustible pellets, powders, and granules greater than 420 µm (40 mesh).
Finely divided solids less than 420 µm that are nonexplosible in air at ambient

conditions, such as low volatile carbon black and polyvinylchloride (PVC).
Most ordinary combustible materials.
Solids containing greater than 0.5 percent by weight of a flammable or

combustible solvent are rated by the closed cup flash point of the solvent.

0 — Materials that will not burn under
typical fire conditions, including
intrinsically noncombustible materials
such as concrete, stone, and sand

Materials that will not burn in air when exposed to a temperature of 816°C
(1500°F) for a period of 5 minutes in accordance with Annex D [of NFPA 704]

[704:Table 6.2]
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Liquids, Gases, and Volatile Solids. These were withdrawn as
NFPA standards (and are therefore no longer published in the
National Fire Codes®). However, they are maintained by NFPA
staff in a database that will be available to the public electroni-
cally in the future and in updates of the NFPA Fire Protection
Guide to Hazardous Materials. The Committee wished to note
that the documents were withdrawn solely for expediency in
updating the data, which was not possible in a 3- to 5-year
revision cycle. [704: A.4.2.2]

B.2.4.4 The degree of instability hazard shall indicate to fire-
fighting and emergency personnel whether the area shall be
evacuated, whether a fire shall be fought from a protected
location, whether caution shall be used in approaching a spill
or fire to apply extinguishing agents, or whether a fire can be
fought using normal procedures. [704:7.1.3]

B.2.4.5 Definitions.

B.2.4.5.1 Stable Materials. Those materials that normally
have the capacity to resist changes in their chemical composi-
tion, despite exposure to air, water, and heat as encountered
in fire emergencies. [704, 2007]

B.2.4.5.2 Unstable Materials. A material that, in the pure state
or as commercially produced, will vigorously polymerize, de-
compose or condense, become self-reactive, or otherwise un-
dergo a violent chemical change under conditions of shock,
pressure, or temperature. [704, 2007]

B.2.5 Degrees of Hazard. The degrees of hazard shall be
ranked according to ease, rate, and quantity of energy release
of the material in pure or commercial form detailed in Table
B.2.5. [704, 7.2]

Annex C Supplementary Information on Explosion
Hazards and Protection

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

C.1 Scope. This annex is intended to provide laboratory man-
agement with information to assist in understanding the po-
tential consequences of an explosion and the need for ad-
equately designed protection. It is not intended to be a design
manual.

C.2 Explosion. An explosion is the bursting or rupture of an
enclosure or a container due to the development of internal
pressure from a deflagration. [69, 2008] Reactive explosions
are further categorized as deflagrations, detonations, and
thermal explosions.

C.2.1 Container Failure. When a container is pressurized be-
yond its burst strength, it can violently tear asunder (explode).
A container failure can produce subsonic, sonic, or supersonic
shock waves, depending on the cause of the internal pressure.

C.2.1.1 The energy released by failure of a vessel containing a
gas or liquid is the sum of the energy of pressurization of the
fluid and the strain energy in the vessel walls due to pressure-
induced deformation.

C.2.1.2 In pressurized gas systems, the energy in the com-
pressed gas represents a large proportion of the total energy
released in a vessel rupture, whereas in pressurized liquid sys-
tems, the strain energy in the container walls represents the
more significant portion of the total explosion energy avail-
able, especially in high-pressure systems.

Table B.2.5 Degrees of Instability Hazards

Degree of Hazard Criteria

4 — Materials that in themselves are readily capable
of detonation or explosive decomposition or
explosive reaction at normal temperatures and
pressures.

Materials that are sensitive to localized thermal or mechanical shock at
normal temperatures and pressures

Materials that have an instantaneous power density (product of heat of
reaction and reaction rate) at 250°C (482°F) of 1000 W/mL or greater

3 — Materials that in themselves are capable of
detonation or explosive decomposition or explosive
reaction, but that require a strong initiating source
or that must be heated under confinement before
initiation.

Materials that have an instantaneous power density (product of heat of
reaction and reaction rate) at 250°C (482°F) at or above 100 W/mL
and below 1000 W/mL

Materials that are sensitive to thermal or mechanical shock at elevated
temperatures and pressures

2 — Materials that readily undergo violent chemical
change at elevated temperatures and pressures.

Materials that have an instantaneous power density (product of heat of
reaction and reaction rate) at 250°C (482°F) at or above 10 W/mL
and below 100 W/mL

1 — Materials that in themselves are normally stable,
but that can become unstable at elevated
temperatures and pressures.

Materials that have an instantaneous power density (product of heat of
reaction and reaction rate) at 250°C (482°F) at or above 0.01 W/mL
and below 10 W/mL

0 — Materials that in themselves are normally stable,
even under fire conditions.

Materials that have an instantaneous power density (product of heat of
reaction and reaction rate) at 250°C (482°F) below 0.01 W/mL

Materials that do not exhibit an exotherm at temperatures less than or
equal to 500°C (932°F) when tested by differential scanning
calorimetry

[704:Table 7.2]
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C.2.1.3 Small-volume liquid systems pressurized to over
34,500 kPa (5000 psi), large-volume systems at low pressures,
or systems contained by vessels made of materials that exhibit
high elasticity should be evaluated for energy release potential
under accident conditions. This does not imply that nonelas-
tic materials of construction are preferred. Materials with pre-
dictable failure modes are preferred.

C.2.1.4 Liquid systems containing entrained air or gas store
more potential energy and are, therefore, more hazardous than
totally liquid systems because the gas becomes the driving force
behind the liquid.

C.2.1.5 For gas-pressurized liquid systems, such as nitrogen over
oil, an evaluation of the explosion energy should be made for
both the lowest and highest possible liquid levels.

C.2.1.6 For two-phase systems, such as carbon dioxide, an en-
ergy evaluation should be made for the entire system in the gas
phase, and the expansion of the maximum available liquid to the
gas phase should then be considered.

C.2.2 Deflagration. A deflagration is propagation of a com-
bustion zone at a velocity that is less than the speed of sound in
the unreacted medium. [68, 2007]

C.2.2.1 The reaction rate is proportional to the increasing pres-
sure of the reaction. A deflagration can, under some conditions,
accelerate and build into a detonation.

C.2.2.2 The deflagration-to-detonation transition (D-D-T) is in-
fluenced by confinement containment that allows compression
waves to advance and create higher pressures that continue to
increase the deflagration rates. This is commonly called pressure
piling.

C.2.3 Detonation.

C.2.3.1 A detonation is propagation of a combustion zone at
a velocity that is greater than the speed of sound in the unre-
acted medium. [68, 2007]

C.2.3.2 A detonation causes a high-pressure shock wave to
propagate outwardly, through the surrounding environment,
at velocities above the speed of sound.

C.2.4 Thermal Explosion. A thermal explosion is a self-
accelerating exothermic decomposition that occurs throughout
the entire mass, with no separate, distinct reaction zone.

C.2.4.1 A thermal explosion can accelerate into a detonation.

C.2.4.2 The peak pressure and rate of pressure rise in a ther-
mal explosion are directly proportional to the amount of ma-
terial undergoing reaction per unit volume of the container.
This is quite unlike gas or vapor explosions, where the loading
density is normally fixed by the combustible mixture at one
atmosphere. The Frank-Kamenetskii theory is useful in evalu-
ating the critical mass in the thermal explosion of solids.

C.3 Effects of Explosions.

C.3.1 Personnel Exposure. Personnel exposed to the effects
of an explosion are susceptible to injury from the following:

(1) Missiles and explosion-dispersed materials
(2) Thermal and corrosive burns
(3) Inhalation of explosion products
(4) Overpressure, including incident, reflection-reinforced

incident, and sustained overpressure
(5) Body blowdown and whole-body displacement

Injuries from missiles and explosion-dispersed materials,
burns, and inhalation of toxic gases account for the major-
ity of injuries related to small explosions. Approximation
of physiological damage due to explosions is given in
Table C.3.1(a) and Table C.3.1(b).

C.3.2 Damage to Structural Elements. The potential for dam-
age to high-value buildings and equipment also warrants spe-
cial consideration. Failure of building components should not
be overlooked as a source of injury to personnel.

C.3.2.1 Where the incident impulse is reinforced by reflection,
as will be the case in large explosions within or near structures,
the incident peak pressures for given damage are substantially
lowered. The reflected pressure might be from 2 to 19 times
greater than the incident pressure, depending on the magnitude
of the incident pressure and the distance from reflecting sur-
faces. However, when a small explosion located more than a few
inches from a reflecting surface has a TNT equivalence of less
than 100 g (3.5 oz), the reinforcement phenomenon is negli-
gible because of the rapid decay of both the incident pressure
wave and the reflected pressure wave with distance.

C.3.2.2 Thermal explosions and deflagrations having im-
pulses with rates of pressure rise greater than 20 milliseconds
require peak pressures approximately three times those of
detonations in order to produce similar damage.

C.3.2.3 A sustained overpressure will result when a large explo-
sion occurs in a building with few openings or inadequate explo-
sion venting. This sustained overpressure is more damaging than
a short duration explosion of equivalent rate of pressure rise and
peak pressure. Explosions with TNT equivalencies of less than
100 g (3.5 oz) would not be expected to create significant sus-
tained overpressures, except in small enclosures. (For small ex-
plosions, burns, inhalation of toxic gases, and missile injuries usu-
ally exceed blast wave injuries.)

C.4 Hazard Analysis.

C.4.1 The determination of the degree of hazard presented
by a specific operation is a matter of judgment. An explosion
hazard should be evaluated in terms of likelihood, severity,
and the consequences of an explosion, as well as the protec-
tion required to substantially reduce the hazard. A review of
the explosion hazard analysis by an appropriate level of man-
agement is recommended.

C.4.2 The severity of an explosion is measured in terms of the
rate of pressure rise, peak explosion pressure, impulse, dura-
tion of the overpressure, dynamic pressure, velocity of the
propagating pressure wave, and residual overpressures. The
effects of an explosion within an enclosure, such as a labora-
tory hood, laboratory work area, or laboratory unit can be far
more severe than the effects of a similar explosion in an open
space. Of primary importance is the missile hazard. Some ex-
plosions, such as in overpressurized lightweight glassware, can
generate pressure waves that, in themselves, do not endanger
personnel, but the resulting fragments can blind, otherwise
injure, or kill the experimenter. An explosion that develops
pressures sufficient to endanger personnel in a laboratory
work area usually will present a serious missile hazard. Consid-
eration of missile hazards should include primary missiles
from the vessel in which the explosion originates, secondary
missiles accelerated by the expanding blast wave, and the
mass, shape, and velocity of the missiles. It should be noted
that an improperly anchored or inadequately designed shield
also can become a missile. The possibility of flames and disper-
sion of hot, corrosive, or toxic materials likewise should be
considered.
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C.4.3 The likelihood of an explosion is estimated by con-
sidering such factors as the properties of the reactants; his-
tory of the reaction based on literature search, and so forth;
possible intermediates and reaction products; pressure, vol-
ume, stored energy, design integrity, and safety factors of

reaction vessels; pressure relief provisions, in the case of
pressure vessels; and explosive limits, quantities, oxygen en-
richment, and so forth, of flammable gases or vapors. The
term likelihood, rather than probability, is used to describe an
estimated event frequency based on experience, knowl-
edge, or intuitive reasoning, rather than on statistical data.
In general, there will be insufficient data to develop math-
ematical probabilities.

C.4.4 The consequences of an explosion can be estimated by
considering the interactions of the explosion with personnel,
equipment, and building components at varying distances
from the center of the explosion. This analysis should include
the following:

(1) Numbers and locations of personnel
(2) Injury and fatality potentials
(3) Repair or replacement cost of equipment
(4) Ability of the building or room or equipment to withstand

the explosion and the cost to restore the facility and
equipment

(5) Adverse impact on research and development and busi-
ness interruption costs as a result of loss of use of the
facility

C.4.5 Figure C.4.5 provides guidance on distinguishing be-
tween high-pressure and low-pressure reactions.

Items in C.4.5.1 through C.4.5.3 apply to the classification
of reactions in vessels as either high pressure or low pressure.

Table C.3.1(a) Blast Effects from Detonations

Range (ft) for Indicated Explosive
Yield (TNT Equivalent)

Blast Effect 0.1 g 1.0 g 10 g 100 g Criteria

1% eardrum rupture 1.1 2.4 5.2 11 23.5 kPa (Pi = 3.4 psi)
50% eardrum rupture 0.47 1.0 2.2 4.7 110 kPa (Pi = 16 psi)
No blowdown 0.31 1.3 6.9 ~30 57 kPa · msec (Ii + Iq = 1.25 psi · msec)

0.9 m/sec (Vmax = 0.3 ft/sec)
50% blowdown <0.1 0.29 1.1 4.1 57 kPa · msec (Ii + Iq = 8.3 psi · msec)

0.6 m/sec Vmax = 2.0 ft/sec
1% serious displacement injury <0.1 <0.2 <0.5 ~1.1 373 kPa · msec (Ii + Iq = 54 psi · msec)

Vmax 4 msec (Vmax = 13 ft/sec)
Threshold lung hemorrhage <0.1 <0.2 0.5 1.8 180 kPa · msec (Ii + Iq = 26 psi · msec)
Severe lung hemorrhage <0.1 <0.2 <0.5 ~1.1 360 kPa · msec (Ii + Iq = 52 psi · msec)
1% mortality <0.1 <0.2 <0.5 <1 590 kPa · msec (Ii + Iq = 85 psi · msec)
50% mortality <0.1 <0.2 <0.5 <1 900 kPa · msec (Ii + Iq = 130 psi · msec)
50% large 1.5 m2 to 2.3 m2 (16 ft2 to

25 ft2) windows broken
0.26 1.1 5.7 ~ 30 21 kPa · msec (Ir = 3 psi · msec)

50% small 0.12 m2 to 0.56 m2 (1.3 ft2 to
6 ft2) windows broken

0.17 0.40 1.9 9.9 55 kPa · msec (Ir = 8 psi · msec)

For U.S. customary units, 1 g = 0.04 oz; 1 m = 3.3 ft.
Pi = peak incident overpressure kPa (psi)
Vmax = maximum translational velocity for an initially standing man m/sec (ft/sec)
Ii = impulse in the incident wave kPa · msec (psi · msec)
Iq = dynamic pressure impulse in the incident wave kPa · msec (psi · msec)
Ir = impulse in the incident wave upon reflection against a surface perpendicular to its path of travel
kPa · msec (psi · msec)
Note: The overpressure-distance curves of thermal explosions and deflagrations do not match those of TNT
detonations. Nondetonation explosions have lower overpressures in close for comparable energy releases
but carry higher overpressures to greater distances. The critical factor is impulse. Impulse is the maximum
incident overpressure (psi) multiplied by the pulse duration (msec).

Table C.3.1(b) Criteria for Estimating Missile Injuries

Kind of Missile
Critical Organ

or Event

Related Impact
Velocity

m/sec ft/sec

Nonpenetrating Cerebral concussion:
4.5 kg (10 lb)
object

Threshold
Skull fracture:

4.6 15

Threshold 4.6 15
Near 100% 7.0 23

Penetrating* Skin laceration:
10 g (0.35 oz)
glass fragments

Threshold
Serious wounds:

15 50

Threshold 30 100
50% 55 180
100% 91 300

*Eye damage, lethality, or paralysis can result from penetrating mis-
siles at relatively low velocities striking eyes, major blood vessels, major
nerve centers, or vital organs.
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C.4.5.1 Reactions that produce pressures below the curve in
Figure C.4.5 are classified as low-pressure reactions.

An exception to this paragraph follows: Experimental reac-
tions involving materials that are known to be inherently un-
stable, such as reactions with acetylenic compounds and cer-
tain oxidations, such as halogenations or nitrations, should be
considered high-pressure reactions, even though they might
fall below the curve in Figure C.4.5.

C.4.5.2 Reactions that produce pressures above the curve in
Figure C.4.5 should be classified as high-pressure reactions.

An exception to this paragraph follows: Routine reactions
where pressures and temperatures are expected between cer-
tain predetermined limits based on long experience or rou-
tine work might be considered low-pressure reactions, if the
reaction vessel is built of suitable materials, has an adequate
safety factor, and is provided with pressure relief in the form of
a properly designed safety relief valve or a rupture disc that
discharges to a safe location.

C.4.5.3 Items C.4.5.3.1 through C.4.5.3.4 contain recommen-
dations for protecting against explosion hazards of reactions
conducted above atmospheric pressures.

C.4.5.3.1 High-pressure experimental reactions should be
conducted behind a substantial fixed barricade that is capable
of withstanding the expected lateral forces. The barricade
should be firmly supported at top and bottom to take these
forces. At least one wall should be provided with explosion
venting directed to a safe location. (See NFPA 68, Standard on
Explosion Protection by Deflagration Venting.)

C.4.5.3.2 Reaction vessels should be built of suitable materi-
als of construction and should have an adequate safety factor.

C.4.5.3.3 All reaction vessels should be provided with a pres-
sure relief valve or a rupture disc.

C.4.5.3.4 Low-pressure reactions should be conducted in or
behind portable barricades.

C.5 Explosion Hazard Protection.

C.5.1 It is important to remember that a conventional labo-
ratory hood is not designed to provide explosion protection.

C.5.2 The design of explosion hazard protection measures
should be based on the following considerations:

(1) Blast effects, as follows:
(a) Impulse
(b) Rate and duration of pressure rise
(c) Peak pressure
(d) Duration of overpressure
(e) Velocity of the propagating pressure wave
(f) Residual overpressure and underpressure

(2) Missiles, as follows:
(a) Physical properties of the material
(b) Mass
(c) Shape
(d) Velocity

C.5.3 Protection can be provided by one or more of the fol-
lowing methods:

(1) Providing special preventive or protective measures (such
as explosion suppression, high-speed fire detection with
deluge sprinklers, explosion venting directed to a safe lo-
cation, or explosion-resistant enclosures) for reactions,
equipment, or the reactants themselves

(2) Using remote control to minimize personnel exposure
(3) Conducting experiments in a detached or isolated build-

ing, or outdoors
(4) Providing explosion-resistant walls or barricades around

the laboratory
(5) Limiting the quantities of flammable or reactive chemi-

cals used in or exposed by the experiments
(6) Limiting the quantities of reactants of unknown charac-

teristics to fractional gram amounts until the properties of
intermediate and final products are well established

(7) Providing sufficient explosion venting in outside walls to
maintain the integrity of the walls separating the hazard-
ous laboratory work area from adjacent areas (Inside walls
should be of explosion-resistant construction.)

(8) Disallowing the use of explosion hazard areas for other
nonexplosion hazard uses

(9) Locating offices, conference rooms, lunchrooms, and so
forth, remote from the explosion hazard area

C.5.4 Explosion-Resistant Hoods and Shields. Laboratory
personnel can be protected by specially designed explosion-
resistant hoods or shields for TNT equivalencies up to 1.0 g
(0.04 oz). For slightly greater TNT equivalencies, specially de-
signed hoods provided with explosion venting are required.
For TNT equivalencies greater than 2.0 g (0.07 oz), explosion-
resistant construction, isolation, or other protective methods
should be used.

C.5.4.1 Conventional laboratory hoods are not designed to
provide explosion protection.

C.5.4.2 When explosion-resistant hoods or shields are used,
they should be designed, located, supported, and anchored so
as to do the following:

(1) Withstand the effects of the explosion
(2) Vent overpressures, injurious substances, flames, and heat

to a safe location
(3) Contain missiles and fragments
(4) Prevent the formation of secondary missiles caused by fail-

ure of hood or shield components
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FIGURE C.4.5 Pressure Classification of Reactions.
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C.5.4.3 Commercially available explosion shields should be
evaluated against the criteria of C.5.4.2 for the specific hazard.

C.5.4.4 Mild steel plate offers several advantages for hood
and shield construction. It is economical, easy to fabricate,
and tends to fail, at least initially, by bending and tearing,
rather than by spalling, shattering, or splintering.

The use of mirrors or closed-circuit television to view the
experiments allows the use of nontransparent shields without
hampering the experimenter.

C.5.4.5 When transparent shields are necessary for viewing
purposes, the most common materials used are safety glass,
wire-reinforced glass, and acrylic or polycarbonate plastic.
Each of these materials, although providing some missile pen-
etration resistance, has a distinct failure mode.

Glass shields tend to fragment into shards and to spall on the
side away from the explosion. Plastics tend to fail by cracking and
breaking into distinct pieces. Also, plastics can lose strength with
age, exposure to reactants, or mechanical action. Polycarbonates
exhibit superior toughness compared to acrylics.

Glass panels and plastic composite panels (safety glass
backed with polycarbonate, with the safety glass toward the
explosion hazard) have been suggested as an improved shield
design. The glass blunts sharp missiles, and the polycarbonate
contains any glass shards and provides additional resistance to
the impulse load.

C.5.5 Explosion-Resistant Construction. As explained in C.5.4,
explosion-resistant construction can be required for TNT
equivalencies greater than 2.0 g (0.07 oz). Explosion-resistant
construction should be designed based on the anticipated
blast wave, defined in terms of peak impulse pressure and
pulse duration, and the worst-case expected missile hazard, in
terms of material, mass, shape, and velocity. Missile velocities
of 305 m/sec to 1220 m/sec (1000 ft/sec to 4000 ft/sec) nor-
mally can be expected.

C.5.5.1 The response of a wall to an explosive shock is a func-
tion of the pressure applied and of the time period over which
the pressure is applied. The pressure-time product is known as
impulse.

Detonations of small quantities of explosive materials usu-
ally involve very short periods of time (tenths of milliseconds)
and high average pressure.

Gaseous deflagrations usually involve longer time periods
and low average pressures.

C.5.5.2 Information on design of explosion-resistant walls
and barricades can be obtained from references in Annex G.

C.5.6 Explosion Venting. Peak pressure and impulse loadings
resulting from deflagrations (not detonations) can be signifi-
cantly reduced by adequate explosion venting. (See NFPA 68,
Standard on Explosion Protection by Deflagration Venting, for infor-
mation on calculating required vent areas.)

C.5.6.1 Explosion vents should be designed and located so
that fragments will not strike occupied buildings or areas
where personnel could be located. Blast mats, energy-
absorbing barriers, or earthen berms can be used to interrupt
the flight of fragments.

C.5.6.2 An air blast, unlike a missile, is not interrupted by an
obstacle in its line of travel. Instead, the blast wave will diffract
around the obstacle and, except for slight energy losses, is
essentially fully reconstituted within five to six obstacle dimen-
sions beyond the obstacle. However, in the case of a small

[TNT equivalence of 100 g (3.5 oz) or less] explosion, the
wave decay with distance can more than offset the reinforce-
ment phenomena.

Annex D Supplementary Information on the Concept
of the Laboratory Unit

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

D.1 Definitions. The following terms, defined in Section 3.3 of
this standard, are essential to the understanding of this annex:

(1) Laboratory
(2) Laboratory work area
(3) Laboratory unit
(4) Laboratory unit separation

D.2 Basic Concepts.

D.2.1 The concept of a laboratory is too nebulous to be used for
establishing requirements for fire protection. The term laboratory
has too many differing and conflicting interpretations.

D.2.2 The requirements of this standard are based on the
concept of the laboratory work area and the laboratory unit.

D.2.3 The term laboratory work area applies to any area that
serves the purpose of a laboratory. It need not be enclosed. If
enclosed, it need not constitute an individual fire area. If the
boundaries of a laboratory work area do coincide with fire
separation from adjacent areas, then that laboratory work area
is also a laboratory unit and is more properly defined as such.

D.2.4 The term laboratory unit is meant to comprise any sepa-
rate fire area that contains one or more laboratory work areas.
The fire resistance rating of the separation between the labo-
ratory unit and adjacent areas, or below, is dependent on the
size of the unit; its class, according to Chapter 4; amounts of
flammable and combustible liquids; and the presence, or lack,
of an automatic extinguishing system.

Consider the laboratory unit shown in Figure D.2.4(a); the
laboratory unit is totally enclosed by a fire separation. This

Laboratory unit 
enclosure

Laboratory unit:
   Building
   Floor
   Portion of a floor
   Laboratory work area

FIGURE D.2.4(a) Laboratory Unit.
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laboratory unit can be an entire building, just one floor of a
building, or only a portion of one floor of a building.

Figure D.2.4(b) shows the same laboratory unit, but with
more details added. Note that, by adding work benches and a
desk, the laboratory unit is now divided into three distinct
work areas and a non-laboratory area, namely the office area.
Further, although there is no physical separation between
these four areas, other than the furniture, they are still sepa-
rate and distinct and can be so treated. For example, smoking
might be allowed at the desk but not in the work areas. Or, the
work area at the upper left quadrant might be restricted to
very simple, nonhazardous routines.

In Figure D.2.4(c), the work areas and the office area shown
in Figure D.2.4(b) are separated by physical barriers, most likely
the steel panel and glass partitions commonly used in laboratory

partitioning. Although the partitions have no fire resistance rat-
ing, they still afford a minimal degree of protection.

Figure D.2.4(d) shows an entirely different situation. The
corridor is now a required means of exit access. Therefore, it
should be separated from the laboratory units by fire-rated
construction. This converts the single laboratory unit into two
laboratory units: one having two separate workrooms and one
having a workroom and an office.

Figure D.2.4(e) shows how a non-laboratory area and a
Class C laboratory unit are separated both from each other
and from an exit passageway. On the other side of the means
of exit access, the two laboratory work areas of Figure D.2.4(e)
are now separated by a fire partition into two laboratory units
of differing class.
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Laboratory work area

Laboratory work areaLaboratory work area
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FIGURE D.2.4(b) Laboratory Unit Without Partitioning.
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FIGURE D.2.4(c) Laboratory Unit with Optional Partitioning.

Desk

Laboratory 
bench

Laboratory bench Laboratory 
bench

Laboratory unit

Laboratory 
work area

Laboratory 
unit

Office

Laboratory 
work area

Laboratory 
work area

Laboratory 
bench

Laboratory 
bench

Laboratory unit 
enclosure
Optional 
partitioning

FIGURE D.2.4(d) Laboratory Units Separated by an Exit
Passageway.

Desk

Laboratory bench Laboratory 
bench

Laboratory 
unit 

Class C or D

Non-laboratory 
area

Laboratory bench

Laboratory unit 
Class A or B

Laboratory unit 
Class C or D

Laboratory 
bench

Laboratory 
bench

Laboratory 
bench

Laboratory unit 
enclosure

FIGURE D.2.4(e) Separation of Laboratory Units and Non-
Laboratory Areas.
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