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This edition of NFPA 704, Standard System for the Identification of the Hazards of Materials for
Emergency Response, was prepared by the Technical Committee on Classification and Properties
of Hazardous Chemical Data and acted on by NFPA at its May Association Technical Meeting
held May 13-17, 2001, in Anaheim, CA. It was issued by the Standards Council on July 13,
2001, with an effective date of August 2, 2001, and supersedes all previous editions.

This edition of NFPA 704 was approved as an American National Standard on August 2,
2001.

Origin and Development of NFPA 704

Work on this standard originated in 1957; a great deal of the development work had been
done by the NFPA Sectional Committee on Classification, Labeling, and Properties of Flam-
mable Liquids starting in 1952. Background data was published by the Association in its
quarterly magazine in July 1954, 1956, and 1958. The material in its present form was first
tentatively adopted in 1960. Official adoption was secured in 1961, and revisions were
adopted in 1964, 1966, 1969, 1975, 1980, and 1985. In the 1987 and 1990 editions, the
Committee on Fire Hazards of Materials introduced quantitative guidelines for assigning the
Health Hazard and Reactivity Hazard Ratings. The 1996 edition introduced additional quan-
titative guidelines and an amended definition for the Instability Hazard Rating, formerly the
Reactivity Hazard Rating.

This 2001 edition clarifies numerous topics, including the following: rating of mixtures;
three options of how to rate areas with multiple chemical storage and use; location of signs;
more quantitative criteria for flammability ratings for solids; and quantitative criteria for a
flammability rating of zero, including introduction of a new test method. Guidance material
has been added for quantifying the degree of water reactivity. An entire annex covers water
reactivity, identification criteria, as well as additional information on flash point test methods.
The document has also been modified to comply with the updated NFPA Manual of Style.
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NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material
on the paragraph can be found in Annex A.

Areference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. The complete title and edition of the document
the material is extracted from is found in Annex G. Editorial
changes to extracted material consist of revising references to
an appropriate division in this document or the inclusion of
the document number with the division number when the
reference is to the original document. Requests for interpreta-
tions or revisions of extracted text shall be sent to the appro-
priate technical committee.

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

Chapter 1 Administration

1.1 Scope. This standard shall address the health, flammabil-
ity, instability, and related hazards that are presented by short-
term, acute exposure to a material under conditions of fire,
spill, or similar emergencies.

1.2 Purpose.

1.2.1 This standard shall provide a simple, readily recognized
and easily understood system of markings that provides a gen-
eral idea of the hazards of a material and the severity of these
hazards as they relate to emergency response.

1.2.2 The objectives of the system shall be as follows:

(1) Provide an appropriate signal or alert and on-the-spot in-
formation to safeguard the lives of both public and pri-
vate emergency response personnel

(2) Assistin planning for effective fire and emergency control
operations, including cleanup

(8) Assist all designated personnel, engineers, and plant and
safety personnel in evaluating hazards

1.2.3 This system shall provide basic information to fire-
fighting, emergency, and other personnel, enabling them to
easily decide whether to evacuate the area or to commence
emergency control procedures.

1.2.4 This system also shall provide them with information to
assist in selecting fire-fighting tactics and emergency proce-
dures.

1.2.5 Local conditions can have a bearing on evaluation of
hazards; therefore, discussion shall be kept in general terms.

1.3 Application.

1.3.1 This standard shall apply to industrial, commercial, and
institutional facilities that manufacture, process, use, or store
hazardous materials.

2001 Edition

1.3.2* This standard shall not apply to transportation or use by
the general public and is not intended to address the following:

(1) Occupational exposure

(2) Explosive and blasting agents, including commercial ex-
plosive material as defined in NFPA 495, Explosive Materials
Code

(3) Chemicals whose only hazard is one of chronic health
hazards

(4) Teratogens, mutagens, oncogens, etiologic agents, and
other similar hazards

1.4 Retroactivity. The provisions of this standard reflect a con-
sensus of what is necessary to provide an acceptable degree of
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. Tech-
nical documentation shall be submitted to the authority hav-
ing jurisdiction to demonstrate equivalency. 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.

2.1.1 NFPA Publications. National Fire Protection Associa-
tion, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-
9101.

NFPA 495, Explosive Materials Code, 2001 edition.
Fire Protection Guide to Hazardous Materials, 1997 edition.
2.1.2 Other Publications.

2.1.2.1 ASTM Publications. American Society for Testing
and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959.

ASTM D 86, Standard Test Method for Distillation of Petroleum
Products at Atmospheric Pressure, 2001.

ASTM D 92, Standard Test Method for Flash and Fire Points by
Cleveland Open Cup, 1998.
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2.1.2.2 Other Publication. Britton, L. G., “Survey of Fire Haz-
ard Classification Systems for Liquids,” Process Safety Progress,
Vol. 18, No. 4, Winter, 1999.

2.1.2.3 UN Publications. United Nations, UN Plaza, New
York, NY 10017.

Manual of Tests Criteria, 3rd revised edition.

Recommendations on the Transport of Dangerous Goods, Model
Regulations, 11th revised edition.

2.1.2.4 U.S. Government Publication. U.S. Government

Printing Office, Washington, DC 20402.

Title 49, Code of Federal Regulations, “Method of Testing for
Sustained Combustibility,” Part 173, Appendix H.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
included, common usage of the terms shall apply.

3.2 NFPA Official Definitions.

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

3.2.2* Authority Having Jurisdiction. The organization, of-
fice, or individual responsible for approving equipment, ma-
terials, an installation, or a procedure.

3.2.3 Shall. Indicates a mandatory requirement.

3.3 General Definitions.

3.3.1% Boiling Point. The temperature at which the vapor
pressure of a liquid equals the surrounding atmospheric pres-
sure. For purposes of defining the boiling point, atmospheric
pressure shall be considered to be 14.7 psia (760 mm Hg). For
mixtures that do not have a constant boiling point, the 20 per-
cent evaporated point of a distillation performed in accor-
dance with ASTM D 86, Standard Test Method for Distillation of
Petroleum Products at Atmospheric Pressure, shall be considered to
be the boiling point. [30:1.7]

3.3.2 Fire Point. The lowest temperature at which a liquid
will ignite and achieve sustained burning when exposed to a
test flame in accordance with ASTM D 92, Standard Test Method
Jfor Flash and Fire Points by Cleveland Open Cup.

3.3.3* Flash Point. The minimum temperature at which a
liquid or a solid emits vapor sufficient to form an ignitable
mixture with air near the surface of the liquid or the solid.

3.3.4* Frostbite. Frostbite is a localized condition that occurs
when the layers of the skin and deeper tissue freeze.

3.3.5 Materials.

3.3.5.1 Stable Materials. Those materials that normally have
the capacity to resist changes in their chemical composition,
despite exposure to air, water, and heat as encountered in fire
emergencies.

3.3.5.2 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.

Chapter 4 General

4.1 Description.

4.1.1 This system shall identify the hazards of a material in
terms of the following three principal categories:

(1) Health
(2) Flammability
(3) Instability

4.1.2 The system shall indicate the degree of severity by a
numerical rating that ranges from four, indicating severe haz-
ard, to zero, indicating minimal hazard.

4.1.3 The information shall be presented by a spatial ar-
rangement of numerical ratings, with the health rating al-
ways at the nine o’clock position, the flammability rating
always at the twelve o’clock position, and the instability rat-
ing always at the three o’clock position.

4.1.4* Each rating shall be located in a square-on-point field
(commonly referred to as a diamond), each of which is as-
signed a color: (1) Blue for health hazard; (2) Red for flamma-
bility hazard; and (3) Yellow for instability hazard. Alternately,
the square-on-point field shall be permitted to be any conve-
nient contrasting color and the numbers themselves shall be
permitted to be colored. (See Figure 9.1(a) through Figure 9.1(c)

Jfor examples of the spatial arrangements.)

4.1.5 The fourth quadrant, at the six o’clock position, shall
be reserved for indicating special hazards and shall be in ac-
cordance with Chapter 8. No special color is associated with
this quadrant.

4.2 Assignment of Ratings.

4.2.1 The hazard evaluation required to determine the cor-
rect numerical ratings for a specific material shall be per-
formed by persons who are technically competent and experi-
enced in the interpretation of the hazard criteria set forth in
this standard.

4.2.2% Assignment of ratings shall be based on factors that
encompass a knowledge of the inherent hazards of the ma-
terial, including the extent of change in behavior to be an-
ticipated under conditions of exposure to fire or fire con-
trol procedures.

4.2.3 The system shall be based on relative rather than abso-
lute values, requiring considerable judgment be exercised.

4.2.3.1 Based upon professional judgment, the hazard rat-
ing shall be permitted to be either increased or decreased
to more accurately assess the likely degree of hazard that
will be encountered.

4.2.3.2% It shall be anticipated that different physical forms of
the material or conditions of storage and use could result in
different ratings being assigned to the same material.

4.2.3.3* Where more than one chemical is present in a build-
ing or specific area, professional judgment shall be exercised
to indicate ratings using the following methods:

(1) Composite Method. Where many chemicals are present, a
single sign shall summarize the maximum ratings contrib-
uted by the material(s) in each category and the special
hazard category for the building and/or the area.

2001 Edition
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(2) Individual Method. Where only a few chemicals are present
or where only a few chemicals are of concern to emer-
gency responders (taking into account factors including
physical form, hazard rating, and quantity), individual
signs shall be displayed. The chemical name shall be dis-
played below each sign.

Composite—Individual Combined Method. A single sign shall
be used to summarize the ratings via the Composite
Method for buildings or other areas containing numer-
ous chemicals. Signs based on the Individual Method
shall be used for rooms or smaller areas within the build-
ing containing small numbers of chemicals.

4.2.3.4* When rating mixtures of chemicals, actual data on
the mixture itself shall be used to obtain the ratings for health,
flammability, and instability.

4.3%* Location of Signs. Signs shall be in locations approved by
the authority having jurisdiction and as a minimum shall be
posted at the following locations:

(1) Two exterior walls or enclosures containing a means of
access to a building or facility

(2) Each access to a room or area

(3) Each principal means of access to an exterior storage area

Chapter 5 Health Hazards

5.1 General.

5.1.1%* This chapter shall address the capability of a material to
cause personal injury due to contact with or entry into the
body via inhalation, ingestion, skin contact, or eye contact.

Table 5.2 Degrees of Health Hazards

5.1.2 Injury resulting from the heat of a fire or from the force
of an explosion shall not be considered.

5.1.3*% Health hazards that can result from chronic or re-
peated long-term exposure to low concentrations of a hazard-
ous material shall not be considered.

5.1.4% If the oral toxicity values indicate a significantly differ-
ent health hazard rating than from other more likely routes of
exposure, or where the oral toxicity values would tend to ei-
ther exaggerate or minimize the hazards likely to be encoun-
tered, then professional judgment shall be exercised in assign-
ing the health hazard rating.

5.1.5% For purposes of assigning the health hazard rating, only
the inherent physical and toxic properties of the material shall
be considered. However, if the combustion or decomposition
products are known, generated in significant quantities, and
present a significantly greater degree of risk, they shall be
rated accordingly.

5.1.6 The degree of hazard shall indicate to fire-fighting and
emergency response personnel one of the following:

1)
(2)

(3)

5.2*% Degrees of Hazard. The degrees of health hazard shall be
ranked according to the probable severity of the effects of expo-
sure to emergency response personnel detailed in Table 5.2.

They can work safely only with specialized protective
equipment.

They can work safely with suitable respiratory protective
equipment.

They can work safely in the area with ordinary clothing.

5.2.1 Data from all routes of exposure shall be considered
when applying professional judgment to assign a health haz-
ard rating.

Degree of Hazard*

Criteria

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

Gases whose LCj, 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 LC;, for acute inhalation
toxicity, if its LGy is less than or equal to 1000 ppm.

Dusts and mists whose LC;, for acute inhalation toxicity is less than
or equal to 0.5 milligrams per liter (mg/L).

Materials whose LD, for acute dermal toxicity is less than or equal
to 40 milligrams per kilogram (mg/kg).

Materials whose LD, 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 LG, 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 LC;, for acute inhalation toxicity, if its
LGy is less than or equal to 3000 ppm and that does not meet the
criteria for degree of hazard 4.

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

Materials whose LDj, 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.

2001 Edition
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Table 5.2 Continued

Degree of Hazard*

Criteria

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

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 LDy, 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 LCj, 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 LC;, for acute inhalation toxicity,
if its LGy 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 LC;, for acute inhalation toxicity is greater
than 2 mg/L but less than or equal to 10 mg/L.

Materials whose LDy, 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 LDj, 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 LCy, for acute inhalation toxicity is greater
than 5000 ppm but less than or equal to 10,000 ppm.

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

Materials whose LDy, 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 LDj, 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 LC;, for acute inhalation toxicity is greater
than 10,000 ppm.

Dusts and mists whose LCy, for acute inhalation toxicity is greater
than 200 mg/L.

Materials whose LDj, for acute dermal toxicity is greater than
2000 mg/kg.

Materials whose LDy, 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.
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Chapter 6 Flammability Hazards

6.1 General.

6.1.1 This chapter shall address the degree of susceptibility of
materials to burning.

6.1.2* Because many materials will burn under one set of con-
ditions but will not burn under others, the form or condition

Table 6.2 Degrees of Flammability Hazards

of the material shall be considered, along with its inherent
properties.

6.2% Degrees of Hazard. The degrees of flammability hazard
shall be ranked according to the susceptibility of materials to
burning detailed in Table 6.2.

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 having 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).

Materials that on account of their physical form or
environmental conditions can form explosive mixtures with air
and that are readily dispersed in air.

Flammable or combustible dusts with representative diameter
less than 420 microns (40 mesh).

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).

Solid materials in the form of powders or coarse dusts of
representative diameter between 420 microns (40 mesh) and
2 mm (10 mesh) that burn rapidly but that generally do not
form explosive mixtures with air.

Solid materials in a 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.

2001 Edition



INSTABILITY HAZARDS

704-9

Table 6.2 Continued

Degree of Hazard

Criteria

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 Annex D.

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
Recommendations on the Transport of Dangerous Goods, Model
Regulations, 11th revised edition, and the related Manual of Tests
and Criteria, 3rd revised edition.

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 with a representative diameter greater
than 2 mm (10 mesh).

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.

Chapter 7 Instability Hazards

7.1 General.

7.1.1* This chapter shall address the degree of intrinsic sus-
ceptibility of materials to release energy.

7.1.1.1 This chapter shall apply to those materials capable of
rapidly releasing energy by themselves, through self-reaction
or polymerization.

7.1.1.2 Water reactivity shall be assessed in accordance with
Chapter 8.

7.1.1.3* When evaluating the hazards of organic peroxides,
additional factors shall be taken into account.

7.1.2* Because of the wide variations of unintentional combi-
nations 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.

7.1.3 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.

7.2 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 7.2.
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Table 7.2 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/mlL..

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/mlL.

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.

Chapter 8 Special Hazards

8.1 General.

8.1.1% This chapter shall address water reactivity and oxidizing
properties of the materials that cause special problems or re-
quire special fire-fighting techniques.

8.1.2 Special hazards symbols shall be shown in the fourth
space of the sign or immediately above or below the entire
sign.

8.2 Symbols. Special hazards shall be represented by a spa-
tial arrangement denoted by symbols always at the six
o’clock position.
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8.2.1% Materials that react violently or explosively with water
(i.e., water reactivity rating 2 or 3) shall be identified by the
letter “W” with a horizontal line through the center (¥f).

8.2.2*% Materials that possess oxidizing properties shall be
identified by the letters “OX.”

Chapter 9 Identification of Materials by Hazard
Rating System

9.1 Symbol Arrangement. One of the systems delineated in
Figure 9.1(a), Figure 9.1(b), or Figure 9.1(c) shall be used for
the implementation of this standard.
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Adhesive-backed plastic
background pieces, one
needed for each numeral,
three needed for each
complete hazard rating

%

(a) For use where specified
color background is used with
numerals of contrasting colors

Flammability White painted background, or
hazard rating — white paper or card stock
red l

Health Instability

hazard rating —

blue

hazard rating —
yellow

No g

OX

4
2 3
A

(b) For use where white (c) For use where white

background is necessary background is used with painted
numerals or for use when hazard
rating is in the form of sign or placard

FIGURE 9.1(a) Alternate arrangements for display of NFPA 704 hazard identification system.

Do

When painted (use same
dimensions for sign or
placard)

Color of numerals 1, 2, 3, 4
should be as indicated.

Minimum dimensions of white
background for hazard ratings
(white background is optional)

Size of

hazard

ratings

H w T A B

25 (1) | 18 (0.7)| 4 (3%2) | 64 (21) | 32 (1%)
51 (2) | 36 (1.4)] 8 (%) |127 (5) 64 (21%)
76 (3) | 53 (2.1)] 12 (1%2)|191 (7%%) | 95 (3%)
102 (4) | 71 (2.8)| 16 (%) [254 (10) |127 (5)
152 (8) |107 (4.2)| 24 (%e)|381 (15) [191 (7%)

When made from
adhesive-backed plastic (one
for each numeral, three
necessary for each complete
hazard rating)

NN NNy

<

Note: Style of numerals

<

[0 1 a4

>

<> > shown is optional.

FIGURE 9.1(b) Dimensions of NFPA 704 placard and numerals.

All dimensions given in mm (in.)

Exception: For containers with a capacity of
3.78 L (1 gal) or less, symbols can be reduced
in size, provided the following:

1. This reduction is proportionate.

2. The color coding is retained.

3. The vertical and horizontal dimensions of
the diamond are not less than 25 mm (1 in.).

4. The individual numbers are no
smaller than 3.2 mm (¥ in.) tall.
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Arrangement and order of hazard ratings—
optional form of application

Distance at which hazard | Minimum size of hazard
ratings are legible ratings required

15.24 m (50 ft) 25mm (1in.)
22.86 m (75 ft) 51 mm (2in.)
30.48 m (100 ft) 76 mm (3in.)
60.96 m (200 ft) 102 mm (4in.)
91.44 m (300 ft) 152 mm (6in.)

Note: This shows the correct spatial arrangement
and order of hazard ratings used for identification of
materials by hazard.

&

FIGURE 9.1(c) Minimum size of numerals for legibility at
distance.

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.1.3.2 The Technical Committee on Classification and
Properties of Hazardous Chemical Data recognizes that the
potential exists for certain materials to cause a carcinogenic or
teratogenic effect from acute exposure (s). However, sufficient
data are not available to this committee to allow for the devel-
opment of numerical ratings based upon carcinogenic or ter-
atogenic potential.

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. The phrase “authority
having jurisdiction” is used in NFPA documents in a broad
manner, since jurisdictions and approval agencies vary, as do
their responsibilities. Where public safety is primary, the au-
thority having jurisdiction may be a federal, state, local, or
other regional department or individual such as a fire chief;
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fire marshal; chief of a fire prevention bureau, labor depart-
ment, or health department; building official; electrical in-
spector; or others having statutory authority. For insurance
purposes, an insurance inspection department, rating bureau,
or other insurance company representative may be the au-
thority having jurisdiction. In many circumstances, the prop-
erty owner or his or her designated agent assumes the role of
the authority having jurisdiction; at government installations,
the commanding officer or departmental official may be the
authority having jurisdiction.

A.3.3.1 Boiling Point. For single component liquids at the
boiling point, the surrounding atmospheric pressure can no
longer hold the liquid in the liquid state and the liquid boils. A
low boiling point is indicative of a high vapor pressure and a
high rate of evaporation.

Where an accurate boiling point is unavailable for the
material in question, or for mixtures that do not have a
constant boiling point, for purposes of this standard the
20 percent point of a distillation performed in accordance
with ASTM D 86, Standard Test Method for Distillation of Petro-
lewm Products at Atmospheric Pressure, can be used as the boil-
ing point of the liquid. The user is warned that this defini-
tion of boiling point is inconsistent with that given in other
flammability classification systems that generally use the ini-
tial boiling point of the distillation curve. Therefore, boil-
ing points assigned for mixtures by these different classification
systems are not interchangeable. For more information, see Brit-
ton (1999).

A.3.3.3 Flash Point. Flash point is a direct measure of a lig-
uid’s volatility, its tendency to vaporize. The lower the flash
point, the greater the volatility and the greater the risk of fire.
Flash point is determined using one of several different test
procedures and apparatus that are specified.

A.3.3.4 Frostbite. Frostbite causes the skin to have a pale
waxy-white appearance, and the tissue becomes numb and
hard. The blood vessels in the affected area constrict and de-
crease circulation. Ice crystals then form in the tissue and
cause structural damage with death of the affected cells.

In mild cases where ice crystal formation has not yet oc-
curred or is very limited, recovery is usually complete, and
circulation and tissue will revert to their normal state. Depend-
ing on the depth at which the tissue freezes, four degrees of
severity can be distinguished. The first and second degrees of
severity are limited to the top layers of skin where circulation is
impaired. The second degree of severity results in blistering of
the skin. Both the first- and second-degree levels do not
extend beyond the top layers of the skin, and tissue death is
limited. The third degree of severity involves tissue death
below the skin layers. The fourth and most severe degree
results in deep-tissue death that involves the muscle, ten-
don, and bone.

When exposure to cold is prolonged or extremely low tem-
peratures are encountered as in the case of unprotected con-
tact with liquefied cryogenic gases, irreversible tissue damage
generally occurs. In the more severe cases of frostbite, tissue
viability is affected, resulting in tissue death. Depending upon
the severity of tissue damage and the location affected, surgi-
cal removal or amputation of affected tissue or extremity can
be necessary.

A.4.1.4 No specific color shade is recommended, but the
blue, red, and yellow used must provide an adequate contrast
so that the rating numbers are easily identified. There are
many environmental conditions that can affect the stability of
the colors.
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A4.2.2 The NFPA 704 ratings are applied to numerous
chemicals in the NFPA Fire Protection Guide to Hazardous Materi-
als, which contains withdrawn standards NFPA 49, Hazardous
Chemicals Data, and NFPA 325, Guide to Fire Hazard Properties of
Flammable Liquids, Gases, and Volatile Solids. These were with-
drawn as NFPA standards (and are therefore no longer pub-
lished in the National Fire Codes®). However, they are main-
tained by NFPA staff in a database that will be available to the
public electronically 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 b-year revision cycle.

A.4.2.3.2 Due to the large number of variables, the guid-
ance presented in the following chapters is general in na-
ture and is limited to the most important and common fac-
tors. For example, although flash point is the primary
criterion for assigning the flammability rating, other crite-
ria could be of equal importance. For example, autoigni-
tion temperature, flammability limits, and susceptibility of a
container to failure due to fire exposure also should be
considered. For instability, emphasis has been placed on
the ease by which an energy-releasing reaction is triggered.
These factors should all be considered when calling on
one’s judgment during the assignment of ratings.

A.4.2.3.3 The purpose of the “Composite Method” is to char-
acterize the hazards as simply as possible where many chemi-
cals are present. The sign reflects the rating for the area, not
for individual chemicals. For example, a building contains ma-
terials with individual chemical ratings of 1-2-1 OX, 1-2-2 W[,
3-1-2, and 2-3-4. A specific area of the building contains indi-
vidual chemicals with ratings of 1-2-1 OX and 2-3-4. This would
result in the following:

(1) The building would be placarded as 3-3-4 OX ..
(2) This specific area would be placarded as 2-3-4 OX.

Using the Individual Method for the same building con-
taining the same chemicals, there would be four signs with the
following ratings: 1-2-1 OX, 1-2-2 W, 3-1-2, and 2-3-4. Each sign
would include the chemical name below the sign.

The specific area of the building would have two signs with
the ratings of 1-2-1 OX and 2-3-4, each of which would include
the chemical name below the sign. It should be recognized
that the purpose of the standard is for recognition of hazards
in an emergency; therefore, the number of signs displayed in a
single place should generally not exceed five.

The Composite-Individual Combined Method allows users
to utilize the best features of the other two methods. The out-
side of the building, enclosure, or area is posted with a single
Composite sign for quick recognition of the overall hazards.
Areas or rooms within the building would be posted using
either the Individual Method or the Composite Method, de-
pending on the number of chemicals they contain.

A.4.2.3.4 In the absence of data on the specific mixture, the
most conservative rating (numerically highest) for each com-
ponent of the mixture for health and instability should be
used, with adjustment for professional judgment in accor-
dance with 4.2.3. The synergistic effects or reactions of the
components of the mixture should also be considered when
assigning the ratings.

When different materials are mixed together, the instability haz-
ard of the mixture can be entirely different from those of the indi-
vidual components. An example discussed by Stull (1977) is the un-

recognized mixing of a reducing agent with an oxidizing agent. This
compares directly to mixing a fuel with an oxidizer. In this example,
a green pigment was manufactured by mixing the yellow pigment
lead chromate with the blue pigment ferric ferrocyanide. During
fine grinding in a hammer mill, the mixture ignited and defla-
grated, resulting in a severe fire. The chemist recognizes lead chro-
mate as an oxidizing agent and ferric ferrocyanide as a reducing
agent. In the NFPA rating system, although lead chromate should be
labeled an oxidizer (OX) in the Special Hazards quadrant, there is
no corresponding provision for labeling reducing agents, such as
ferric ferrocyanide. While the individual components involved both
have NFPA instability ratings of 0 or 1, the mixture could have a
higher instability rating up to a 3, depending on the ratio of the
components and intimacy of mixing.

Flammability ratings should be based on measured flash
point rather than an estimated value, since the mixture’s flash
point and boiling point can be readily tested and quantified.
In advance of testing, the flash point for a mixture can be
predicted using the method described in Hanley (1998). The
flammability rating is determined per Annex C.

A.4.3 The quantity and location of NFPA 704 placards are based
on factors such as fire department response and access; fire de-
partment operations; location, configuration, size, and arrange-
ment of storage areas; location, configuration, and construction
of the buildings; and other factors. The authority having jurisdic-
tion should be consulted regarding the placement of identifica-
tion to assist in responding to incidents at the location.

A.5.1.1 See Annex B for additional health hazard rating back-
ground information.

A.5.1.3 In general, the health hazard that results from a fire
or other emergency condition is one of acute (single) short-
term exposure to a concentration of a hazardous material.
This exposure can vary from a few seconds to as long as 1 hour.
The physical exertion demanded by fire fighting or other
emergency activity can be expected to intensify the effects of
any exposure. In addition, the hazard under ambient condi-
tions will likely be exaggerated at elevated temperatures.

A.5.1.4 The oral route of exposure (i.e., ingestion) is highly
unlikely under the conditions anticipated by this standard. In
such cases, other routes of entry should be considered to be
more appropriate in assessing the hazard. Similarly, inhala-
tion of dusts and mists is unlikely under the conditions an-
ticipated by this standard. In such cases, the health hazard
ratings should also be based on data for the more likely
routes of exposure.

A.5.1.5 Some materials have products of combustion or de-
composition that present a significantly greater degree of haz-
ard than the inherent physical and toxic properties of the
original material. The degree of hazard is dependent on the
conditions at the time of the incident. In limited cases,
NFPA 49, Hazardous Chemicals Data, provides information on
the hazardous products of combustion or decomposition.
(Note: Although NFPA 49 has been officially withdrawn
from the National Fire Codes, the information is still available
in NFPA’s Fire Protection Guide to Hazardous Materials.)

In general, the Technical Committee on Classification and
Properties of Hazardous Chemical Data does not consider el-
evating ratings based on decomposition or combustion prod-
ucts except for unusual circumstances. An example where the
health rating could conceivably be increased is vinylidene
chloride. Vinylidene chloride can emit a significant amount of
phosgene under fire conditions, and under certain storage
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and use conditions, the rating of a 2 could be increased to a 4
for health. Another example is polyvinyl chloride, which emits
hydrogen chloride and possibly chlorine under fire condi-
tions. The rating of 0 or 1 could be increased to a 3 or 4 for
health. The conditions play a large part in any rating, as noted
in Section 4.2, and professional judgment should be exer-
cised. Some materials have combustion or decomposition
products that present a significantly greater degree of hazard
than the inherent physical and toxic properties of the original
material. The degree of hazard is dependent on the condi-
tions at the time of the incident.

A.5.2 Certain materials upon release can cause frostbite.
Frostbite, as a health hazard, should be related to the skin/eye
component of the health hazard rating criteria.

A.6.1.2 The definitions for liquid classification are found in
NFPA 30, Flammable and Combustible Liquids Code.

Solids should normally be rated as pellets unless the form
and handling conditions of the solid require otherwise.

A.6.2 For water-miscible solutions and liquids that do not sus-
tain combustion in accordance with the hazard rating 1 crite-
ria, the individual performing the hazard evaluation should
recognize that in large vapor spaces, evaporation of volatile
components of the mixture can create a flammable mixture,
which could increase the fire or explosion hazard. This could
occur even though the bulk material meets the aforemen-
tioned criteria.

In the case of mixtures stored in non-inerted tanks where
the vapor space can contain ignitable vapor, the flammability
rating should be based exclusively on a closed cup flash point
test. In some cases, even solutions containing less than 1 per-
cent volatile flammable materials could produce ignitable at-
mospheres (Britton 1999).

A.7.1.1 The violence of a reaction or decomposition can be
increased by heat or pressure. The violence of a reaction or de-
composition can also be increased by mixing with other materials
to form fuel-oxidizer combinations, or by contact with incompat-
ible substances, sensitizing contaminants, or catalysts.

A.7.1.1.3 Refer to NFPA 432, Code for the Storage of Organic
Peroxide Formulations, for more specific information regarding
the classification of organic peroxides.

A.7.1.2 The hazards of inadvertent mixing can be addressed
by developing a chemical compatibility chart. Information to
develop such a chart can be found in NFPA 491. (Note: Al-
though NFPA 491 has been officially withdrawn from the Na-
tional Fire Codes, the information is still available in NFPA’s Fire
Protection Guide to Hazardous Malerials.) Information can also
be found in Bretherick (1999).

A.8.1.1 Other special hazard symbols (beyond OX and W)
should not be considered to be part of the NFPA 704 hazard
rating system. In many cases, the hazards represented by these
symbols are already considered in either the health, flamma-
bility, or instability rating categories. For example, a polymer-
ization hazard is covered by the numerical instability rating
and does not require a separate symbol. Also, corrosive prop-
erties are considered in the health rating and again, do not
require a separate symbol. In addition, since these additional
symbols are not defined by the standard, emergency respond-
ers might not recognize their significance.
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A.8.2.1 Numerical ratings indicating degrees of water reactiv-
ity hazards are detailed in Table A.8.2.1. This number, along-
side the water reactivity symbol, can be used when the infor-
mation is available to provide information about the degree of
water reactivity for emergency responders.

Table A.8.2.1 Degrees of Water Reactivity Hazards

Degree of Hazard Criteria

4 Not applicable.

3 Materials that react explosively
with water without requiring heat
or confinement (This qualitative
description is most applicable
when assigning water reactivity
ratings to solids since the heat of
mixing is determined by physical
characteristics and the degree to
which the material has dissolved).

Materials whose heat of mixing is
greater or equal to 600 cal/g.

2 Materials that react violently with
water, including the ability to boil
water, or that evolve flammable or
toxic gas at a sufficient rate to
create hazards under emergency
response conditions (This
qualitative description is most
applicable when assigning water
reactivity ratings to solids since the
heat of mixing is determined by
physical characteristics and the
degree to which the material has
dissolved).

Materials whose heat of mixing is
at or above 100 cal/g and less than
600 cal/g.

1 Materials that react vigorously with
water, but not violently. This
criterion is most applicable when
assigning water reactivity rating to
solids since the heat of mixing is
determined by physical
characteristics and the degree to
which the material has dissolved.

Materials whose heat of mixing is
at or above 30 cal/g and less than
100 cal/g.

Materials that react with water,
producing either heat or gas
leading to pressurization or toxic or
flammable gas hazards. The

YA symbol is not used on the sign.

0 Nonreactive below 30 cal/g. The
W symbol is not used on the sign.
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It should be emphasized that the water reactivity rating is
not shown in the instability hazard space in the sign, which
refers specifically to the intrinsic instability of the material.

Materials that have ratings of 0 or 1 for water reactivity
should not be given the ¥ symbol in the special hazards space
on the placard.

The special hazard W rating of 3 is the highest rating for
water reactivity; there is no special hazard rating of 4 for water
reactivity. The purpose of water reactivity is to warn of cases
where the use of water (in nonflooding quantities) during
emergency response may increase the hazard or change the
perceived hazard due to a chemical. Heat of mixing tests be-
tween a chemical and water can provide a measure of how
vigorous the reaction with water will be in a fire-fighting sce-
nario. The following two scenarios are to be considered: a ma-
terial that rapidly releases heat on contact with water, and a
material that rapidly releases heat and gas on contact with
water. These guidelines apply only to the first scenario, that is,
a chemical that reacts exothermically to release heat on con-
tact with water but does not produce gaseous or low boiling
[<100°C (<212°F)] by-products or azeotropes. The heat of
mixing shall be determined using a Two Drop Mixing Calo-
rimeter (Hofelich, 1994) or equivalent technique using a
1:1 wt/wt ratio of chemical to water. Alternatively, the heat of
mixing data can be found in handbooks or calculated.

A.8.2.2 For further information on oxidizers, including oxi-
dizer classes, see NFPA 430, Code for the Storage of Liquid and
Solid Oxidizers.

The severity of the hazard posed by an oxidizer can be ranked
according to the classification system presented in NFPA 430.
This numerical class can be included in the special hazards
quadrant of the NFPA 704 placard. For example, since ammo-
nium permanganate is a Class 4 oxidizer (per NFPA 430), the
special hazards quadrant would be marked OX 4 to better define
the hazard.

The adding of the quantification of the oxidation helps
to better define the hazard. For example, manganese dioxide
(NFPA 430, Class 1) and ammonium permanganate (NFPA 430,
Class 4) would both be listed under the current system as OX
in the NFPA 704 system, with no information on the degree of
hazard.

Annex B Health Hazard Rating

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

B.1 Development of Quantitative Guidelines for Health. In
developing this edition of NFPA 704, the Technical Commit-
tee on Classification and Properties of Hazardous Chemical
Data determined that the standard should provide quantita-
tive guidelines for determining the numerical health hazard
rating of a material (see Table B.1).

B.1.1 Inhalation Hazard Considerations Using DOT Criteria.
In addition, the committee agreed that a 4 or a 3 health haz-
ard rating should be assigned to any material classified as a
“Poison-Inhalation Hazard” by the U.S. Department of Trans-
portation (DOT). The poison-inhalation hazard classification
was adopted by DOT from the United Nations (UN) criteria
detailed in the UN publication, Recommendations on the Trans-
port of Dangerous Goods. (See also “Notice of Proposed Rulemaking,”
Federal Register, Vol. 50, p. 5270 et seq., February 7, 1985, and

“Notice of Final Rule,” Federal Register, Vol. 50, p. 41092 et seq.,
October 8, 1985.)

B.1.2 Inhalation Hazard Considerations Using UN Criteria.
The UN criteria for inhalation toxicity are based upon the
LC;, and saturated vapor concentration of the material.

B.1.3 Oral and Dermal Hazard Considerations Using UN Ciri-
teria. Furthermore, in addition to inhalation toxicity, the UN
has established criteria for oral and dermal toxicity, as well as
corrosivity. Based upon these criteria, the UN assigns a given
material to categories called Packing Groups I, II, or III. Pack-
ing Group I materials represent a severe hazard in transport,
Group II materials represent a serious hazard, and Group III
materials represent a low hazard.

The committee decided to adopt the UN criteria for toxic-
ity and corrosivity, and correlate Packing Groups I, II, and III
with the health hazard ratings 4, 3, and 2, respectively.

B.1.4 Adoption of UN Criteria. Adoption of the UN system
has several advantages.

B.1.4.1 First, it addresses hazards in transportation that are
similar to the type of emergencies likely to be encountered by
fire-fighting personnel and emergency responders. Most
other hazard ranking systems have been developed for occu-
pational exposures.

B.1.4.2 Secondly, the UN system is well established, and it is
presumed that a large number of chemical manufacturers
have already classified (or can easily classify) materials into the
appropriate packing groups.

B.1.4.3 Finally, users of chemicals can assign a 4, 3, or 2
health hazard rating by establishing whether chemicals
have been assigned to UN packing groups due to toxicity or
corrosivity.

B.1.5 Hazard Considerations Using HMIS Criteria. In order
to establish 1 and 0 health hazard rankings, the committee uti-
lized criteria for the 1 and 0 ratings contained in the Hazardous
Materials Identification System (HMIS) developed by the Na-
tional Paint & Coatings Association (NPCA) (see Hazardous Mate-
rials Identification System Revised, Implementation Manual). Although
the NPCA criteria were developed for occupational exposure,
the 1 and 0 criteria are on the low end of the hazard spectrum
and are fairly consistent with, and complementary to, the 4, 3,
and 2 ratings based upon the UN criteria. No UN criteria were
established for eye irritation, and the committee adopted NPCA
3,2, 1, and O criteria as health hazard ratings for eye irritation.

B.2 Additional Revisions to Health Hazard Rating. The com-
mittee made a number of revisions to the proposed hazard rating
system to provide conformity with existing industrial practice and
to recognize the limitations and availability of corrosivity and eye
irritation in a single “skin/eye contact” category and to utilize
descriptive terms for the health hazard ratings. Minor changes
were made to the 2, 1, and 0 criteria for oral toxicity and to the 1
and O criteria for dermal toxicity. Specifically, the distinction be-
tween solids and liquids in the oral toxicity criteria was elimi-
nated, and the cutoff between 1 and 0 rankings for oral and der-
mal toxicity was lowered from 5000 to 2000 mg/kg.

In summary, the 4, 3, and 2 health hazard rankings for oral,
dermal, and inhalation toxicity are based primarily on UN cri-
teria. The 1 and 0 health hazard rankings for oral, dermal,
inhalation toxicity, and all of the “skin/eye contact” rankings
are based primarily on NPCA criteria.
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IDENTIFICATION OF THE HAZARDS OF MATERIALS FOR EMERGENCY RESPONSE

Table B.1 Health Hazard Rating Chart

Gas/Vapor
Saturated
Vapor
Degree of Concentration Dust/Mist
Hazard Inhalation (x LG5y in Inhalation Oral LDy, Dermal LD,
LC;, (ppm-v) ppm-v) LC;, (mg/L) (mg/kg) (mg/kg) Skin/Eye

4 0 to 1,000 10 to >10 0.00 to 0.5 0.00 to 5 0 to 40

3 1,001 to 3,000 1 to <10 0.51 to 2 5.01 to 50 40.1 to 200  Corrosive, irreversible
eye injury
Corrosive if pH <2 or
211.5

2 3,001 to 5,000 0.2to<l 2.01to 10 50.1 to 500 201 to 1,000  Severe irritation,
reversible injury
Sensitizers
Lacrimators
Frostbite from
compressed liquefied
gases

1 5,001 to 0 to <0.2 10.1 to 200 501 to 2,000 1,001 to 2,000 Slight to moderate eye

10,000 irritation

Mild irritation is
borderline 0/1

0 >10,000 0 to <0.2 >200 >2,000 >2,000 Essentially
nonirritating

Notes:
3
I, ppm— —m8/m x2145

molecular weight

2. SVC = saturated vapor concentration (ppm) at 20°C @ standard atmospheric pressure

_ Vapor pressure (mmHg) x106
760

SvC

B.3 UN Definitions. For the user’s assistance in utilizing this
standard, the following definitions are extracted from Section
6.5 of Recommendations on the Transport of Dangerous Goods. In
the absence of data for the species defined as follows, the com-
mittee currently considers other mammalian species, includ-
ing human data and professional judgment to assign health
ratings. In addition, Table B.1 can be used for guidance.

B.3.1 LDj, for acute oral toxicity: That dose of the substance
administered which is most likely to cause death within 14 days
in one half of both male and female young adult albino rats.
The number of animals tested shall be sufficient to give a sta-
tistically significant result and be in conformity with good
pharmacological practice. The result is expressed in milli-
grams per kilogram of body weight.

B.3.2 LD, for acute dermal toxicity: That dose of the sub-
stance which, administered by continuous contact for 24
hours with the bare skin of albino rabbits, is most likely to
cause death within 14 days in one half of the animals tested.
The number of animals tested shall be sufficient to give a sta-
tistically significant result and be in conformity with good
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pharmacological practice. The result is expressed in milli-
grams per kilogram of body weight.

B.3.3 LC;, for acute toxicity on inhalation: That concentra-
tion of vapor, mist or dust which, administered by continuous
inhalation to both male and female young adult albino rats for
one hour, is most likely to cause death within 14 days in one
half of the animals tested. If the substance is administered to
the animals as dust or mist, more than 90 percent of the par-
ticles available for inhalation in the test must have a diameter
of 10 microns or less, provided that it is reasonably foreseeable
that such concentrations could be encountered by man dur-
ing transport. The result is expressed in milligrams per liter of
air for dusts and mists or in milliliters per cubic meter of air
(parts per million) for vapors.

B.4 The following information extracted from Section 6.4 of
Recommendations on the Transport of Dangerous Goods also applies:

The criteria for inhalation toxicity of dusts and mists are
based on LCj, data relating to 1 hour exposures and where
such information is available it should be used. However,
where only LC;, data relating to 4 hour exposures to dusts and
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mists are available, such figures can be multiplied by four and
the product substituted in the above criteria, i.e., LCs,
(4 hour) x 4 is considered equivalent of LC;, (1 hour).

The criteria for inhalation toxicity of vapors are based on
LC;, data relating to 1 hour exposures, and where such infor-
mation is available it should be used. However, where only
LC;, data relating to 4 hour exposures to dusts and mists are
available, such figures can be multiplied by two and the prod-
uct substituted in the above criteria, i.e., LC;, (4 hour) x 2 is
considered equivalent of LC, (1 hour).

Annex C Flammability

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

C.1 Development of Flammability Ratings. The selection of
the flash point breaks for the assigning of ratings within the
flammability category has been based upon the recommenda-
tions of the Technical Committee on Classification and Prop-
erties of Flammable Liquids of the NFPA Committee on Flam-
mable Liquids. This Technical Committee initiated the study
that led to the development of this standard. Close coopera-
tion between the Technical Committee and the Committee on
Fire Hazards of Materials has continued.

C.2 Significance of Flash Point. Flash point indicates several
things. One, if the liquid has no flash point, it is not a flam-
mable liquid. Two, if the liquid has a flash point, it has to be
considered flammable or combustible. Three, the flash point
is normally an indication of susceptibility to ignition.

The flash point test can give results that would indicate if a
liquid is nonflammable or if it should be rated 1 or 2 as a mixture
containing, for example, carbon tetrachloride. As a specific ex-
ample, sufficient carbon tetrachloride can be added to gasoline
so that the mixture has no flash point. However, on standing in
an open container, the carbon tetrachloride will evaporate more
rapidly than the gasoline. Over a period of time, the residual
liquid will first show a high flash point, then a progressively lower
one until the flash point of the final 10 percent of the original
sample will approximate that of the heavier fractions of the gaso-
line. In order to evaluate the fire hazard of such liquid mixtures,
fractional evaporation tests can be conducted at room tempera-
ture in open vessels. After evaporation of appropriate fractions,
such as 10, 20, 40, 60, and 90 percent of the original sample, flash
point tests can be conducted on the residue. The results of such
tests indicate the grouping into which the liquid should be
placed if the conditions of use are such as to make it likely that
appreciable evaporation will take place. For open system condi-
tions, such as in open dip tanks, the open-cup test method will
give a more reliable indication of the flammability hazard.

C.3 Flash Point Test Methods. In the interest of reproducible
results, the following procedures are recommended for deter-
mining flash point:

(1) The flash point of liquids having a viscosity less than
55 mm?/s (5.5 cSt) at 40°C (104°F) or less than
9.5 mm?/s (9.5 cSt) at 25°C (77°F) and a flash point be-
low 93.4°C (200°F) may be determined in accordance
with ASTM D 56, Standard Method of Test for Flash Point by
the Tag Closed Tester. (In those countries that use the Abel
or Abel-Pensky closed cup tests as an official standard,

these tests will be equally acceptable to the Tag Closed
Cup Method.)

(2) For liquids having flash points in the range of 0°C (32°F)
to 110°C (230°F) the determination may be made in ac-
cordance with ASTM D 3278, Flash Point of Liquids by Set-
aflash Closed Tester, or ASTM D 3828, Standard Test Method
for Flash Point by Small Scale Closed Tester.

(3) For viscous and solid chemicals, the determination may
be made in accordance with ASTM E 502, Flash Point of
Chemicals by Closed Cup Methods.

(4) The flash point of liquids having a viscosity of 5.5 mm?®/s
(5.5 cSt) or greater at 40°C (100°F) or 9.5 mm?®/s
(9.5 ¢St) or greater at 25°C (77°F) can be determined in
accordance with ASTM D 93, Test Methods for Flash Point by
the Pensky-Martens Closed ester.

Annex D ASTM D 6668, Standard Test Method for
the Discrimination Between Flammability Ratings
of F=0and F=1

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

D.1 Description of Test Procedure.

D.1.1 Flammability Hazard Degree Zero. Materials that will
not burn in air when exposed to a temperature of 816°C
(1500°F) for 5 minutes under the conditions of this test, pro-
vided that they do not exhibit properties including flash point,
fire point, autoignition temperature, or sustained combusti-
bility, which could cause them to be rated or classified as a
more hazardous material (i.e., F = 1 or higher) would be rated
as flammability hazard degree zero.

D.1.2 Flammability Hazard Degree One. Materials that will
burn in air when exposed to a temperature of 816°C (1500°F)
for 5 minutes under the conditions of this test or, by reason of
their flash point, fire point, autoignition temperature, or sus-
tained combustibility, would be rated as Hazard Degree One
regardless of their performance in this test procedure.

D.1.3 Burning. For the purposes of this procedure, burning is
defined to include the presence of any visible flame, sparks, or
glowing embers when the sample is exposed to 816°C
(1500°F) for b minutes under the conditions of the test. Char-
ring without visible evidence of flame, sparks, or glowing em-
bers is not considered to constitute burning.

D.2 Summary of the Test Method. Small, measured amounts
of the sample are placed on a stainless steel surface heated to
816°C (1500°F). Reactions that occur during the 5-minute in-
terval thereafter are observed and recorded.

D.3 Significance and Use. A material that does not exhibit any
evidence of burning as defined herein under the conditions of
the test procedure can be classified as Flammability Degree of
Hazard Zero material, provided other properties of the mate-
rial are not such as to require a higher degree of classification.

D.4 Test Specimen.

D.4.1 For aliquid sample, 30 mL are sufficient for the perfor-
mance of this test procedure.

D.4.2 For asolid specimen, 30 g are sufficient for the perfor-
mance of this test procedure.
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