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This edition of NFPA 471, Recommended Practice for Responding to Hazardous Materials Inci-
dents, was prepared by the Technical Committee on Hazardous Materials Response Personnel
and acted on by NFPA at its November Association Technical Meeting held November 10-14,
2001, in Dallas, TX. It was issued by the Standards Council on January 11, 2002, with an
effective date of January 31, 2002, and supersedes all previous editions.

This edition of NFPA 471 was approved as an American National Standard on January 31,
2002.

Origin and Development of NFPA 471

At the July 1985 NFPA Standards Council meeting, approval was given to the concept of a
new project on Hazardous Materials Response Personnel. The Council directed that a pro-
posed scope and start-up roster for the new Committee be prepared, taking into account the
need to expand the Committee membership beyond the fire service and the application
beyond “professional qualifications.”

The first meeting of the Technical Committee on Hazardous Materials Response Per-
sonnel took place in October 1986. The Committee proceeded to develop the first edition
of NFPA 471 in conjunction with the first edition of NFPA 472, Standard on Professional
Competence of Responders to Hazardous Materials Incidents. Both documents were first re-
leased as 1989 editions.

Interest in the subject of hazardous materials, especially as it relates to the emergency
responder, continued at a high level. Some of this interest was due to an increased awareness
of the magnitude of the problem; much of it can be credited to federal regulations in the
United States that have had an impact on all responders.

Revisions were made to both NFPA documents in 1992 editions. At the same time the
Committee introduced a new related document, NFPA 473, Standard for Professional Competen-
cies for EMS Personnel Responding to Hazardous Materials Incidents.

In 1993 the Committee again began reviewing NFPA 471 for the purpose of revising it. The
Committee made several changes to the resulting 1997 edition in order to ensure that the docu-
ment remained consistent with NFPA 472, which had gained wide international acceptance.

The 2002 edition contains additional minor revisions for continued consistency with
NFPA 472. Some changes were the result of conformance with the 2000 edition of the NFPA
Manual of Style.

The gratitude of the Committee is extended to all who participated in the development
and review process, and especially to the individuals not on the Committee who helped so
much.

The Committee would like to dedicate this recommended practice to the fallen heroes of
the terrorist attack of September 11, 2001. Many lives were saved because of their efforts.
These individuals gave the ultimate sacrifice in the line of duty and stand alone in their
bravery and dedication to their jobs and their country. Our thoughts and prayers are with
their families, friends, and co-workers. Let us never forget these brave individuals and the
other emergency responders who have died in the line of duty. The Committee especially
wishes to honor Committee member John J. Fanning, FDNY, who died in the line of duty on
September 11.
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John M. Eversole, Chair
Chicago Fire Department, IL [E]
Rep. International Association of Fire Chiefs
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Rep. International Society of Fire Service Instructors

Charles J. Wright, Secretary
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Donald Beckering, Minnesota State Colleges and
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Glenn P. Benarick, Fairfax County Fire and Rescue
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Rep. California State Firefighters’ Association

William Lee Bullock, Fairfax County Fire and Rescue
Department, VA [E]
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Michael E. Burns, Michael E. Burns & Associates,
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Rep. NFPA Industrial Fire Protection Section

Robert J. Ingram, New York City Fire Department/Haz

Mat Operations, NY [U]

Jan D. Kuczma, U.S. Fire Administration, MD [SE]

M. Jo McMullen, Summit County Hazardous Materials

Response Team, OH [SE]
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Inc., MD [SE]
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Department, TX [E]
(Alt. to J. M. Eversole)
Robert C. Weiderhold, National Fire Academy, VA [SE]
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Committee Scope: This Committee shall have primary responsibility for documents on the requirements for
the professional competence, training, procedures, and equipment for emergency responders to hazardous

materials incidents.

This list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time,
changes in the membership may have occurred. A key to classifications is found at the back of the document.

NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or
any document developed by the committee on which the member serves.
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NOTICE: An asterisk (*) following the number or letter desig-
nating 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.

Areference in brackets [ | following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, Annex D lists the complete
title and edition of the source documents for both mandatory
and nonmandatory extracts. Editorial changes to extracted
material consist of revising references to an appropriate divi-
sion in this document or the inclusion of the document num-
ber with the division number when the reference is to the
original document. Requests for interpretations or revisions
of extracted text shall be sent to the appropriate technical
committee.

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

Chapter 1 Administration

1.1* Scope. This recommended practice applies to all organi-
zations that have responsibilities when responding to hazard-
ous materials incidents and recommends standard operating
guidelines for responding to such incidents. Planning proce-
dures, policies, and application of procedures for incident lev-
els, personal protective equipment, decontamination, safety,
and communications are specifically covered in this recom-
mended practice.

1.2 Purpose. The purpose of this document is to outline the
minimum requirements that should be considered when deal-
ing with responses to hazardous materials incidents and to
specify operating guidelines for responding to hazardous ma-
terials incidents. Itis not the intent of this recommended prac-
tice to restrict any jurisdiction from using more stringent
guidelines.

1.3 Application. The recommendations contained in this
document should be followed by organizations that respond
to hazardous materials incidents and by incident commanders
responsible for managing hazardous materials incidents.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this recommended practice and
should be considered part of the recommendations of this
document.

2002 Edition

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.

NFPA 70, National Electrical Code®, 2002 edition.

NFPA 472, Standard for Professional Competence of Responders to
Hazardous Materials Incidents, 2002 edition.

NFPA 473, Standard for Competencies for EMS Personnel Re-
sponding to Hazardous Materials Incidents, 2002 edition.

NFPA 1500, Standard on Fire Department Occupational Safety
and Health Program, 2002 edition.

NFPA 1981, Standard on Open-Circuit Self-Contained Breathing
Apparatus for the Fire Service, 1997 edition.

NFPA 1982, Standard on Personal Alert Safety Systems (PASS),
1998 edition.

NFPA 1991, Standard on Vapor-Protective Ensembles for Hazard-
ous Materials Emergencies, 2000 edition.

NFPA 1992, Standard on Liquid Splash-Protective Ensembles and
Clothing for Hazardous Materials Emergencies, 2000 edition.

2.3 Other Publications.

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

ASTM F 716, Method of Testing Sorbent Performance of Absor-
bents, 1993.

ASTM F 726, Method of Testing Sorbent Performance of Adsor-
bents, 1999.

2.3.2 U.S. Government Publication. U.S. Government Print-
ing Office, Superintendent of Documents, Washington, DC
20402.

Title 29, Code of Federal Regulations, Part 1910.120.
Title 40, Code of Federal Regulations, Part 311.
Title 42, United States Code, Chapter 116.

Chapter 3 Definitions

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

3.2 NFPA Official Definitions.

3.2.1*% Authority Having Jurisdiction (AHJ). The organiza-
tion, office, or individual responsible for approving equip-
ment, materials, an installation, or a procedure.

3.2.2 Recommended Practice. A document that is similar in
content and structure to a code or standard but that contains
only nonmandatory provisions using the word “should” to in-
dicate recommendations in the body of the text.

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

3.3 General Definitions.

3.3.1% Absorption. The process in which materials hold lig-
uids through the process of wetting.

3.3.2*% Adsorption. The process in which a sorbate (hazardous
liquid) interacts with a solid sorbent surface.

3.3.3 Confinement. Those procedures taken to keep a mate-
rial, once released, in a defined or local area.
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3.3.4 Containment. The actions taken to keep a material in
its container (e.g., stop a release of the material or reduce the
amount being released).

3.3.5 Contaminant. A hazardous material that physically re-
mains on or in people, animals, the environment, or equip-
ment, thereby creating a continuing risk of direct injury or a
risk of exposure. [472:3.3]

3.3.6 Contamination. The process of transferring a hazard-
ous material from its source to people, animals, the environ-
ment, or equipment, which may act as a carrier.

3.3.6.1 Secondary Contamination. The process by which a
contaminant is carried out of the hot zone and contaminates
people, animals, the environment, or equipment. [472:3.3]

3.3.7 Control. The procedures, techniques, and methods
used in the mitigation of a hazardous materials incident, in-
cluding containment, extinguishment, and confinement.

[472:3.3]

3.3.8* Control Zones. The areas at a hazardous materials inci-
dent that are designated based upon safety and the degree of
hazard.

3.3.9 Decontamination (Contamination Reduction). The physi-
cal and/or chemical process of reducing and preventing the
spread of contamination from persons and equipment used at a
hazardous materials incident.

3.3.9.1 Emergency Decontamination. The physical process of
immediately reducing contamination of individuals in poten-
tially life-threatening situations with or without the formal es-
tablishment of a decontamination corridor. [472:3.3]

3.3.9.2* Gross Decontamination. The initial phase of the de-
contamination process during which the amount of surface
contaminant is significantly reduced.

3.3.10 Decontamination Corridor. The area usually located
within the warm zone where decontamination procedures
take place. [472:3.3]

3.3.11 Degradation. (a) A chemical action involving the mo-
lecular breakdown of a protective clothing material or equip-
ment due to contact with a chemical. (b) The molecular
breakdown of the spilled or released material to render it less
hazardous during control operations.

3.3.12* Disinfection. The process used to destroy recognized
pathogenic microorganisms.

3.3.13 Emergency. A fire, explosion, or hazardous condition
that poses an immediate threat to the safety of life or damage
to property. [1:2-1]

3.3.14 Environmental Hazard. A condition capable of posing
an unreasonable risk to air, water, or soil quality and to plants
or wildlife.

3.3.15% Exposure. The process by which people, animals, the
environment, and equipment are subjected to or come in con-
tact with a hazardous material. [472:3.3]

3.3.16 Hazard/Hazardous. Capable of posing an unreason-
able risk to health, safety, or the environment; capable of caus-
ing harm.

3.3.17* Hazard Sector. That function within an overall inci-
dent management system that deals with the mitigation of a
hazardous materials incident.

3.3.18 Hazardous Materials Sector Officer. The person re-
sponsible for the management of the hazard sector.

3.3.19* Hazardous Material. A substance (solid, liquid, or
gas) that when released is capable of creating harm to people,
the environment, and property. [472:3.3]

3.3.20 Incident. An emergency involving the release or po-
tential release of a hazardous material, with or without fire.
[295:1.3]

3.3.21* Incident Commander. The person who is responsible
for all decisions relating to the management of the incident
and is in charge of the incident site. [472:3.3]

3.3.22*% Incident Management System. An organized system
of roles, responsibilities, and standard operating procedures
used to manage and direct emergency operations. [1021:1.4]

3.3.23 Mitigation. Actions taken to prevent or reduce prod-
uct loss, human injury or death, environmental damage, and
property damage due to the release or potential release of
hazardous materials.

3.3.24 Monitoring Equipment. Instruments and devices used
to identify and quantify contaminants.

3.3.25* National Contingency Plan. Policies and procedures
of the federal agency members of the National Oil and Haz-
ardous Materials Response Team.

3.3.26 Neutralization. The process of applying acids or bases
to a corrosive product to form a neutral salt.

3.3.27 Penetration. The movement of a material through a
suit’s closures, such as zippers, buttonholes, seams, flaps, or
other design features of chemical-protective clothing, and
through punctures, cuts, and tears.

3.3.28 Permeation. A chemical action involving the movement
of chemicals, on a molecular level, through intact material.

3.3.29* Protective Clothing. Equipment designed to protect
the wearer from heat and/or hazardous materials contacting
the skin or eyes. [472:3.3]

3.3.30* Response. That portion of incident management in
which personnel are involved in controlling (defensively or
offensively) a hazardous materials incident.

3.3.31 Sampling. The process of collecting a representative
amount of gas, liquid, or solid for analytical purposes.

3.3.32 Solidification. The process whereby a hazardous liq-
uid is treated chemically so that solid material results.

3.3.33 Stabilization. The point in an incident at which the
adverse behavior of the hazardous material is controlled.

3.3.34 Sterilization. The process of destroying all microor-
ganisms in or on an object.

3.3.35 Waste Minimization. Treatment of hazardous spills by
procedures or chemicals designed to reduce the hazardous
nature of the material and to minimize the quantity of waste
produced.

Chapter 4 Incident Response Planning

4.1 Developing an Incident Response Plan.

4.1.1 Planning is an essential part of emergency prepared-
ness. The development of both facility response plans and

2002 Edition
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community emergency plans is required by numerous state
and federal laws, including Superfund Amendments and Re-
authorization Act (SARA), Title III, “The Emergency Planning
and Community Right to Know Act of 1986” in 42 USC 116.
Planning guides and reference materials are listed in Annex B.

4.1.2 Aplanning team is necessary for developing the hazard-
ous materials emergency plan. Local, state, and federal plan-
ning guidelines should be reviewed and consulted by the plan-
ning team when preparing plans for hazardous materials
incidents.

4.2 Review and Training.

4.2.1 Asa minimum, an annual review and update of the haz-
ardous materials emergency plan should be conducted.

4.2.2 As a minimum, a training exercise should be conducted
annually to determine the adequacy and effectiveness of the
hazardous materials emergency plan.

Chapter 5 Response Levels

5.1*% Planning Guide. Table 5.1 is a planning guide intended
to assist the user in determining incident levels for response
and training.

5.2 Potential Applications. Potential applications to a jurisdic-
tion’s response activities can include development of standard
operating procedures; implementation of a training program
using the competency levels of NFPA 472, Standard for Profes-
sional Competence of Responders to Hazardous Materials Incidents;
acquisition of necessary equipment; and development of com-
munity emergency response plans. When consulting this
table, the user should refer to all of the incident condition

criteria to determine the appropriate incident level.

Table 5.1 Planning Guide for Determining Incident Levels for Response and Training

Incident Level

Incident Conditions One

Two

Three

Product identifications

and ORM-D

Placard not required, NFPA 0 DOT placarded, NFPA 2 for
or 1 all categories, all Class 9

any categories, PCBs without
fire, EPA regulated waste

Class 2, Division
2.3—poisonous gases, Class 1,
Division 1.1 and
1.2—explosives, organic
peroxide, flammable solid,
materials dangerous when
wet, chlorine, fluorine,
anhydrous ammonia,
radioactive materials, NFPA 3
& 4 for any categories
including special hazards,
PCBs & fire, DOT inhalation
hazard, EPA extremely
hazardous substances, and
cryogenics

Container size Small [e.g., pail, drums,
cylinders except 910-kg

(1-ton), packages, bags]

Medium [e.g., 910-kg (1-ton)
cylinders, portable containers,
nurse tanks, multiple small
packages]

Large (e.g., tank cars, tank
trucks, stationary tanks,
hopper cars/trucks, multiple
medium containers)

Fire/explosion potential Low

Medium

High

No release or small release
contained or confined with
readily available resources

Leak severity

Release may not be
controllable without special
resources

Release may not be
controllable even with special
resources

Life safety No life-threatening situation  Localized area, limited Large area, mass evacuation
from materials involved evacuation area area
Environmental impact Minimal Moderate Severe
(potential)
Container integrity Not damaged Damaged but able to contain ~ Damaged to such an extent

the contents to allow handling
or transfer of product

that catastrophic rupture is
possible

2002 Edition
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Chapter 6 Site Safety

6.1 Emergency Incident Operations.

6.1.1 Emergency incident operations should be conducted in
compliance with Chapter 8 of NFPA 1500, Standard on Fire De-
partment Occupational Safety and Health Program, or 29 CFR
1910.120 or EPA’s 40 CFR 311.

6.1.2*% An incident management system should be imple-
mented at all hazardous materials incidents. Operations
should be directed by a designated incident commander and
follow established written standard operating procedures.

6.1.2.1 Personnel Accountability. The incident management
system should include a standard personnel identification sys-
tem to maintain accountability for each member engaged in
activities at an incident scene. This personnel identification
system should have the ability to provide a rapid accounting of
all members on the incident scene.

6.1.2.1.1 The personnel identification system should include
a means to specifically identify and keep track of members
entering and leaving the hot zone and any area where special
protective equipment is required.

6.1.2.1.2 The incident management system should include a
standard operating procedure to evacuate personnel from an
area where an imminent hazard condition is found to exist
and account for the safety of personnel. This system should
include a method to immediately notify all personnel in the
affected area of an imminent hazard condition by means of
audible warning devices.

6.1.2.2 Rest and Rehabilitation. The incident commander
should consider the circumstances of each incident and make
suitable provisions for rest and rehabilitation for members op-
erating at the scene. These considerations should include
medical evaluation and treatment, food and fluid replenish-
ment, and relief from extreme climatic conditions, according
to the circumstances of the incident. All incident commanders
should maintain an awareness of the condition of members
operating within their span of control and ensure that ad-
equate steps are taken to provide for their safety and health.
The command structure should be utilized to request relief
and reassignment of fatigued members.

6.1.3 An emergency response plan describing the general
safety procedures that are to be followed at an incident should
be prepared in accordance with 29 CFR 1910.120. These pro-
cedures should be thoroughly reviewed and tested.

6.2 Ignition Sources. Ignition sources should be eliminated
whenever possible at incidents involving releases, or probable
releases, of ignitable materials. Whenever possible, electrical
devices used within the hot zone should be certified as intrin-
sically safe by recognized organizations.

6.3 Control Zones. Control zone names have not been consis-
tently applied at incidents. The intent of this section is to show
areas of responder control. The various zones or areas at a
typical emergency response site are shown in Figure 6.3.

6.3.1* Hot Zone. The hot zone is the area immediately sur-
rounding a hazardous materials incident, extending far
enough to prevent adverse effects from hazardous materials
releases to personnel outside the zone. This zone is also re-
ferred to as the exclusion zone or restricted zone in other
documents.

Wind direction

Hot line
Contamination
control line
Access control
///////// points
»Contamination
’y area ///
/ 7/ —
/ Decontamination Command
corridor post
Hot ZOM Warm zone Cold zone

FIGURE 6.3 Diagram of Control Zones.

6.3.2 Warm Zone. The warm zone is the area where personnel
and equipment decontamination and hot zone support take
place. It includes control points for the access corridor and
thus assists in reducing the spread of contamination. This
zone is also referred to as the decontamination, contamina-
tion reduction, or limited access zone in other documents.

6.3.3 Cold Zone. The cold zone contains the command post
and such other support functions as are deemed necessary to
control the incident. This zone is also referred to as the clean
zone or support zone in other documents.

6.4 Communications.

6.4.1 When personal protective clothing or remote opera-
tions inhibit communications, an effective means of commu-
nication, such as radios, should be established.

6.4.2 The frequencies employed in these radios should be
“dedicated” and not used or shared with other local agencies.

6.4.3 Communication should be supplemented by a prear-
ranged set of hand signals and hand-light signals to be used when
primary communication methods fail. Hand-lights employed for
this purpose should be in accordance with NFPA 70, National
Electrical Codé®, for use in hazardous environments.

6.5 Monitoring Equipment.

6.5.1 Monitoring equipment operates on several different prin-
ciples and measures different aspects of hazardous materials re-
leases. Examples of this equipment include the following:

(1) Oxygen meters
(2) Combustible gas indicator (explosimeter)
(8) Carbon monoxide meter
(4) pH meter
(5) Radiation detection instruments
(a) Personal dosimetry [film or thermoluminescent do-
simetry (TLD), or electronic dosimetry]
(b) Survey instruments for contamination (count rate)
or exposure (dose rate)
(6) Colorimetric detector tubes
(7) Organic vapor analyzer
(8) Photoionization meter
(9) Air sampling devices
(10) Other meters to measure specific products such as chlo-
rine, hydrogen sulfide, or ethylene oxide
(11) pH paper or strips
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(12) Organic vapor badge or film strip
(13) Mercury badge
(14) Formaldehyde badge or strip

6.5.2 All monitoring equipment should be operationally
checked prior to use and periodically calibrated in accor-
dance with manufacturers’ specifications.

Chapter 7 Personal Protective Equipment

7.1 General. Itis essential that personal protective equipment
meeting NFPA and OSHA standards be provided, maintained,
and used. Protection against physical, chemical, and thermal
hazards should be considered when selecting personal protec-
tive equipment.

7.1.1 A written personal protective equipment program
should be established in accordance with 29 CFR 1910.120.
Elements of the program should include personal protective
equipment selection and use; storage, maintenance, and in-
spection procedures; and training considerations. The selec-
tion of personal protective clothing should be based on the
hazardous materials and conditions present.

7.1.2 Protective clothing and equipment used to perform fire
suppression operations, beyond the incipient stage, should
meet the requirements of Chapter 5 of NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program. Struc-
tural fire-fighting protective clothing is not intended to pro-
vide chemical protection to the user.

7.2 Respiratory Protective Equipment.

7.2.1 Self-contained breathing apparatus (SCBA) should
meet the requirements of NFPA 1981, Standard on Open-Circuit
Self-Contained Breathing Apparatus for the Fire Service.

7.2.2 Personal alert safety systems should meet the require-
ments of NFPA 1982, Standard on Personal Alert Safety Systems
(PASS).

7.2.3 Air purifying respirators are devices worn to filter par-
ticulates and contaminants from the air. They should be worn
only in atmospheres where the type and quantity of the con-
taminants are known and sufficient oxygen is known to be
present.

7.3 Chemical-Protective Clothing.

7.3.1 Chemical-protective clothing (CPC) is made from spe-
cial materials and is designed to prevent the contact of chemi-
cals with the body. CPCis of two types: liquid splash and vapor-
protective.

7.3.2 A variety of materials are used to make the fabric from
which chemical-protective clothing is manufactured. Each ma-
terial provides protection against certain specified chemicals
or mixtures of chemicals but might afford little or no protec-
tion against certain other chemicals. It is most important to
note that there is no material that provides satisfactory protec-
tion from all chemicals. Protective clothing material needs to
be compatible with the chemical substances involved, consis-
tent with manufacturers’ instructions.

7.3.3* Performance requirements need to be considered in
selecting the chemical-protective material. These require-
ments would include chemical resistance, permeation, pen-
etration, flexibility, abrasion, temperature resistance, shelf
life, and sizing criteria.
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7.4 Thermal Protection.

7.4.1 Proximity Suits. These suits provide short duration and
close proximity protection at radiant heat temperatures as
high as 1093°C (2000°F) and can withstand some exposure to
water and steam. Respiratory protection equipment needs to
be provided with proximity suits.

7.4.2 Fire Entry Suits. These suits provide protection for brief
entry into a total flame environment at temperatures as high
as 1093°C (2000°F). They are not effective or meant to be used
for rescue operations. Respiratory protection equipment
needs to be provided with fire entry suits.

7.4.3 Overprotection Garments. These garments are worn in
conjunction with chemical-protective encapsulating suits.

7.4.3.1 Flash Cover Protective Suits. Flash cover suits are nei-
ther proximity nor fire entry suits. They provide limited over-
protection against flashback only. They are worn outside of
other protective suits and are used only when the risks require
them.

7.4.3.2 Low Temperature Suits. Low temperature suits pro-
vide some degree of protection of the encapsulating chemical-
protective clothing from contact with low temperature gases
and liquids. They are worn outside of the encapsulating
chemical-protective clothing and are used only when the risks
require them.

7.5 Levels of Protection. Personal protective equipment is di-
vided into four categories based on the degree of protection
afforded.

7.5.1 Level A. Level A equipment is to be selected when the
greatest level of skin, respiratory, and eye protection is re-
quired. The following constitute Level A equipment:

(1) Pressure-demand, full facepiece, SCBA, or pressure-
demand air line respirator with escape SCBA, approved
by the National Institute of Occupational Safety and
Health (NIOSH)

(2) Vapor-protective suits: totally encapsulating chemical-
protective suits (TECP suits) constructed of protective
clothing materials that meet the following criteria:

(a) Cover the wearer’s torso, head, arms, and legs

(b) Include boots and gloves that may either be an inte-
gral part of the suit or separate and tightly attached

(c) Completely enclose the wearer by itself or in combi-
nation with the wearer’s respiratory equipment,
gloves, and boots

(d) All components of a TECP suit, such as relief valves,
seams, and closure assemblies, should provide
equivalent chemical resistance protection. Vapor-
protective suits should meet the requirements in
NFPA 1991, Standard on Vapor-Protective Ensembles for
Hazardous Materials Emergencies.

(3) Coveralls (optional)

(4) Long underwear (optional)

(5) Gloves, outer, chemical-resistant

(6) Gloves, inner, chemical-resistant

(7) Boots, chemical-resistant, steel toe and shank

(8) Hard hat (under suit) (optional)

(9) Disposable protective suit, gloves, and boots (depending
on suit construction, can be worn over totally encapsulat-
ing suit)

(10) Two-way radios (worn inside encapsulating suit)
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7.5.2 Level B. Level B personal protective equipment should
be used when the highest level of respiratory protection is
necessary but a lesser level of skin protection is needed. The
following constitute Level B equipment:

(1) Pressure-demand, full facepiece, SCBA, or pressure-
demand air line respirator with escape SCBA, NIOSH
approved

(2) Hooded chemical-resistant clothing that meets the re-
quirements of NFPA 1992, Standard on Liquid Splash-
Protective Ensembles and Clothing for Hazardous Materials
Emergencies (overalls and long-sleeved jacket, coveralls,
one- or two-piece chemical-splash suit, disposable
chemical-resistant overalls)

(3) Coveralls (optional)

(4) Gloves, outer, chemical-resistant

(5) Gloves, inner, chemical-resistant

(6) Boots, outer, chemical-resistant, steel toe and shank

(7) Boot covers, outer, chemical-resistant (disposable) (op-
tional)

(8) Hard hat

(9) Two-way radios (worn inside encapsulating suit)

(10) Face shield (optional)

7.5.3% Level C. Level C personal protective equipment should
be used when the concentration(s) and type(s) of airborne sub-
stance (s) is known and the criteria for using air purifying respira-
tors are met. The following constitute Level C equipment:

(1) Full-face or half-mask, air purifying respirators, NIOSH
approved
(2) Hooded chemical-resistant clothing (overalls, two-piece
chemical-splash suit, disposable chemical-resistant overalls)
(3) Coveralls (optional)
(4) Gloves, outer, chemical-resistant
(5) Gloves, inner, chemical-resistant
(6) Boots, outer, chemical-resistant, steel toe and shank
(7) Boot covers, outer, chemical-resistant (disposable) (op-
tional)
(8) Hard hat
(9) Escape mask (optional)
(10) Two-way radios (worn under outside protective clothing)
(11) Face shield (optional)

7.5.4 Level D. A work uniform affording minimal protection,
Level D personal protective equipment should be used for
nuisance contamination only. The following constitute Level
D equipment:

(1) Coveralls

(2) Gloves (optional)

(3) Boots/shoes, chemical-resistant, steel toe and shank
(4) Boots, outer, chemical-resistant (disposable) (optional)
(5) Safety glasses or chemical-splash goggles

(6) Hard hat

(7) Escape mask (optional)

(8) Face shield (optional)

7.6 Types of Hazards. The types of hazards for which Levels A,
B, C, and D protection are appropriate are described in this
section.

7.6.1 Level A protection should be used under any of the fol-
lowing conditions:

(1) When the hazardous material has been identified and re-
quires the highest level of protection for skin, eyes, and
the respiratory system based on either the measured (or
potential for) high concentration of atmospheric vapors,

gases, or particulates; or the site operations and work
functions involve a high potential for splash, immersion,
or exposure to unexpected vapors, gases, or particulates
of material that are harmful to skin or capable of being
absorbed through the intact skin

(2) When substances with a high degree of hazard to the skin
are known or suspected to be present, and skin contact is
possible

(3) When operations need to be conducted in confined,
poorly ventilated areas, and the absence of conditions re-
quiring Level A has not yet been determined

7.6.2 Level B protection should be used under any of the fol-
lowing conditions:

(1)*When the type and atmospheric concentration of sub-
stances have been identified and require a high level of
respiratory protection but less skin protection

(2) When the atmosphere contains less than 19.5 percent
oxygen

(3) When the presence of incompletely identified vapors or
gases is indicated by a direct-reading organic vapor detec-
tion instrument, but the vapors and gases are known not
to contain high levels of chemicals harmful to skin or ca-
pable of being absorbed through the intact skin

(4) When the presence of liquids or particulates is indicated,
but they are known not to contain high levels of chemicals
harmful to skin or capable of being absorbed through the
intact skin

7.6.3 Level C protection should be used under any of the fol-
lowing conditions:

(1) When the atmospheric contaminants, liquid splashes, or
other direct contact will not adversely affect or be ab-
sorbed through any exposed skin

(2) When the types of air contaminants have been identified,
concentrations have been measured, and an air purifying
respirator is available that can remove the contaminants

(3) When all criteria for the use of air purifying respirators
are met

(4)*Atmospheric concentration of chemicals must not exceed
immediately dangerous to life and health (IDLH) levels.
The atmosphere must contain at least 19.5 percent
oxygen.

7.6.4 Level D protection should be used when both of the
following conditions exist:

(1) The atmosphere contains no known hazard

(2)*Work functions preclude splashes, immersion, or the po-
tential for unexpected inhalation of or contact with haz-
ardous levels of any chemicals

Chapter 8 Incident Mitigation

8.1 Control. This chapter addresses those actions necessary to
ensure confinement and containment, which is the first line of
defense, in a manner that will minimize risk to both life and
the environment in the early, critical stages of a spill or leak.
Both natural and synthetic methods can be employed to limit
the releases of hazardous materials so that effective recovery
and treatment can be accomplished with minimum additional
risk to the environment or to life.

8.2 Types of Hazardous Materials.

8.2.1 Chemical Materials. Chemical materials are those mate-
rials that pose a hazard based upon their chemical and physi-
cal properties.
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8.2.2 Biological Materials. Biological materials are those or-
ganisms that have a pathogenic effect on life and the environ-
ment and can exist in normal ambient environments.

8.2.3 Radioactive Materials. Radioactive materials are those
materials that emit ionizing radiation.

8.3 Physical States of Hazardous Materials. Hazardous mate-
rials can be classified into three states, namely gases, solids,
and liquids. They can be stored or contained at a high or low
pressure. All three states can be affected by the environment
in which the incident occurs. The emergency responder needs
to take into account such conditions as heat, cold, rain, or
wind, each of which can have a significant effect on the meth-
ods used to accomplish a safe operation.

8.4 Methods of Mitigation. There are two basic methods for
mitigation of hazardous materials incidents: physical and
chemical. Table 8.4.1 lists many physical methods and Table
8.4.2 lists many chemical methods for mitigation of hazardous
materials incidents. Recommended practices should be imple-
mented only by personnel prepared by training, education, or
experience.

8.4.1% Physical Methods. Physical methods of control involve
any of several processes or procedures to reduce the area of
the spill, leak, or other release mechanism. In all cases, meth-
ods used should be approved by the incident commander. The
selection of personal protective clothing should be based on
the hazardous materials and/or conditions present and
should be appropriate for the hazards encountered. (See Table
8.4.1.)

8.4.1.1* Absorption. Absorption is the process in which mate-
rials hold liquids through the process of wetting. Absorption is
accompanied by an increase in the volume of the sorbate/
sorbent system through the process of swelling. Some of the
materials typically used as absorbents are sawdust, clays, char-
coal, and polyolefin-type fibers. These materials can be used
for confinement, but it should be noted that the sorbed liquid
can be desorbed under mechanical or thermal stress. When
absorbents become contaminated, they retain the properties
of the absorbed hazardous liquid and are, therefore, consid-
ered to be hazardous materials and must be treated and dis-
posed of accordingly. (See ASTM I 716, Method of Testing Sorbent
Performance of Absorbents, for further information.)

8.4.1.2 Covering. Covering is a temporary form of mitigation
for radioactive, biological, and some chemical substances such
as magnesium. It should be done after consultation with a
certified health physicist (in the case of radioactive materials)
or other experts.

8.4.1.3 Dikes, Dams, Diversions, and Retention. These terms
refer to the use of physical barriers to prevent or reduce the
quantity of liquid flowing into the environment. Dikes or
dams usually refer to concrete, earth, and other barriers tem-
porarily or permanently constructed to hold back a spill or
leak. Diversion refers to the methods used to physically
change the direction of flow of the liquid. Vapors from certain
materials, such as liquefied petroleum gas (LPG), can be dis-
persed by means of a water spray.

Table 8.4.1 Physical Methods of Mitigation of Hazardous Materials Incidents

Chemical Biological Radioactive
Gases Gases Gases
Method LVP* HVP#** Ligq. Sol. LVP HVP Liq. Sol. LVP HVP  Liq. Sol.

Absorption yes yes yes no no no yes® no no no yes no
Covering no no yes yes no no yes yes no no yes® yes®
Dikes, dams, yes yes® yes yes no no yes yes no no yes yes

diversions,

and retention
Dilution yes yes® yes yes no no no no yes no yes yes
Overpack yes no yes yes yes no yes yes yes no yes yes
Plug/patch yes yes yes yes yes yes yes yes yes yes yes yes
Transfer yes no yes yes yes no yes yes yes no yes yes
Vapor suppression no no yes yes no no yes yes no no no no

(blanketing)
Vacuuming no no yes yes no no yes yes no no yes yes
Venting' yes yes yes no yes no no no yes® no no no

Note: For substances involving more than one type, the most restrictive control measure should be used.

“Low Vapor Pressure
“"High Vapor Pressure

"Venting of low-vapor-pressure gases is recommended only when an understanding of the biological system is known. Venting is allowed when the
bacteriological system is known to be nonpathogenic, or if methods can be employed to make the environment hostile to pathogenic bacteria.

2Venting of low-vapor-pressure radiological gases is allowed when the gas(es) is/are known to be alpha or beta emitters with short halflives.
Further, this venting is only to be allowed after careful consultation with a radiation protection technologist, the technician with a radioactive

material specialty, or certified health physicist.
*Covering should be done only after consultation with experts.

*Absorption of liquids containing bacteria is permitted where the absorption medium or environment is hostile to the medium.

“Water dispersion on certain vapors and gases only.
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8.4.1.4 Dilution. Dilution is the application of water to water-
miscible hazardous materials. The goal is to reduce the hazard
to safe levels.

8.4.1.5 Overpacking. The most common form of overpacking
is accomplished by the use of an oversized container. Over-
pack containers should be compatible with the hazards of the
materials involved. If the material is to be shipped, DOT speci-
fication overpack containers need to be used. (The spilled
materials still should be treated or disposed of properly.)

8.4.1.6 Plug and Patch. Plugging and patching is the use of
compatible plugs and patches to reduce or temporarily stop
the flow of materials from small holes, rips, tears, or gashes in
containers. The repaired container should not be reused with-
out inspection and certification.

8.4.1.7 Transfer. Transfer is the process of moving a liquid,
gas, or some forms of solids, either manually, by pump, or by
pressure, from a leaking or damaged container or tank. Care
needs to be taken to ensure the pump, transfer hoses and
fittings, and container selected are compatible with the haz-
ardous material. When a product transfer presents fire or ex-
plosion hazard, concern for electrical continuity, such as
bonding/grounding, needs to be observed.

8.4.1.8 Vacuuming. Many hazardous materials may be placed in
containment simply by vacuuming them up. This has the advan-
tage of not causing an increase in volume. Care needs to be taken
to ensure compatibility of materials. The exhaust air can be fil-
tered, scrubbed, or treated as needed. The method of vacuuming
will depend on the nature of the hazardous material.

8.4.1.9 Vapor Dispersion. Vapors from certain materials can
be dispersed or moved by means of a water spray. With other
products, such as LPG, the gas concentration may be reduced
below the lower flammable limit through rapid mixing of the
gas with air, using the turbulence created by a fine water spray.
Reducing the concentration of the material through the use
of water spray may bring the material into its flammable range.

8.4.1.10 Vapor Suppression (Blanketing). Vapor suppression
is the reduction or elimination of vapors emanating from a
spilled or released material through the most efficient method
or application of specially designed agents. A recommended
vapor suppression agent is an aqueous foam blanket. (See An-
nex C for more information. )

8.4.1.11 Venting. Venting is a process that is used to deal with
liquids or liquefied compressed gases where a danger, such as
an explosion or mechanical rupture of the container or vessel,
is considered likely. The method of venting will depend on the
nature of the hazardous material. In general, it involves the
controlled release of the material to reduce and contain the
pressure and diminish the probability of an explosion.

8.4.2* Chemical Methods. Chemical methods of control in-
volve the application of chemicals to treat spills of hazardous
materials. Chemical methods may involve any one of several
actions to reduce the involved area affected by the release of a
hazardous material. (See Table 8.4.2.)In all cases, methods used
should be acceptable to the incident commander. The selec-
tion of personal protective clothing should be based on the
hazardous materials and/or conditions present and should be
appropriate for the hazards encountered.

8.4.2.1* Adsorption. Adsorption is the process in which a sor-
bate (hazardous liquid) interacts with a solid sorbent surface.
(See ASTM IF 726, Method of Testing Sorbent Performance of Adsor-
bents, for further information.) The principal characteristics of
this interaction are the following:

(1) The sorbent surface, unlike absorbents, is rigid and no
volume increase occurs.

(2) The adsorption process is accompanied by heat of adsorp-
tion whereas absorption is not.

(3) Adsorption occurs only with activated surfaces, e.g., acti-
vated carbon, alumina, etc.

8.4.2.2 Controlled Burning. For purposes of this practice,
controlled combustion is considered a chemical method of

Table 8.4.2 Chemical Methods of Mitigation of Hazardous Materials Incidents

Chemical Biological Radioactive
Gases Gases Gases

Method LVP* HVP** Liq. Sol. LVP HVP  Liq. Sol. LVP HVP  Liqg. Sol
Adsorption yes yes yes no yes® yes yes® no no no no no
Burn yes yes yes yes yes yes yes yes no no no no
Dispersion/ no no yes yes no no yes’ no no no no no

emulsification

Flare yes yes yes no yes yes yes no no no no no
Gelatin yes no yes yes yes® no yes® yes® no no no no
Neutralization yes' yes® yes yes® no no no no no no no no
Polymerization yes no yes yes no no no no no no no no
Solidification no no yes no no no yes® no no no yes no
Vapor suppression yes yes yes yes yes yes yes yes yes yes yes yes
Vent/Burn yes yes yes no yes yes yes no no no no no

“Low Vapor Pressure
““High Vapor Pressure

'Technique may be possible as a liquid or solid neutralizing agent, and water can be applied.
®When solid neutralizing agents are used, they must be used simultaneously with water.

*Technique is permitted 