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CHAPTER

|NFPA 472 Standard
Competencies for Awareness Level Personnel

General.
KQQB Introduction.
CKEB Awareness level personnel shall be persons who,

in the course of their normal duties, could encounter an
emergency involving hazardous materials/weapons of
mass destruction (WMD) and who are expected to
recognize the presence of the hazardous materials/WMD,
protect themselves, call for trained personnel, and secure
the area. [p. 6-8]
Hi Awareness level personnel shall be trained to meet all

competencies of this chapter, [p. 6-8]
CKEB Awareness level personnel shall receive additional

training to meet applicable governmental occupational
health and safety regulations, [p. 6-8]

Core Competencies for Operations Level Responders
General.

BSiS Introduction.
MURK The operations level responder shall be that person

who responds to hazardous materials/weapons of mass
destruction (WMD) incidents for the purpose of protecting
nearby persons, the environment, or property from the
effects of the release, [p. 8-io]

IWi The operations level responder shall be trained to
meet all competencies at the awareness level (Chapter 4)
and the competencies in this chapter, [p. 8-10]
Mi The operations level responder shall receive additional

training to meet applicable governmental occupational
health and safety regulations, [p. 8-10]

|Knowledge Objectives
After studying this chapter, you will be able to:

• Define a hazardous material.
• Define weapons of mass destruction (WMD).. Describe the different levels of hazardous materials train¬

ing: awareness, operations, technician, specialist, and
incident commander.. Understand the difference between the standards and
federal regulations that govern hazardous material re¬
sponse activities.

• Explain the difference between hazardous materials inci¬
dents and other emergencies.
Explain the need for a planned response to a hazardous
materials incident.

|Skills Objectives
There are no skills objectives for this chapter.



You Are the Responder
.——

1. When you received the call from dispatch, which information led you to
believe that this incident could involve hazardous materials?

our crew responds to a report of a suspicious odor at a small plas¬
tics manufacturing company. When you arrive, you notice a
tractor-trailer delivery truck parked at the loading dock, with the
motor still idling. You can see only one side of the trailer—it has a
red diamond-shaped placard on it that reads “Flammable,” with a

number 3 on the bottom. You notice the odor as soon as you roll
down the window. The facility security guard reports that several

people can smell something like “paint thinner” in the air.

2. Does the placard on the side of the truck provide any clues about the nature
of the cargo inside?

3. Do you suspect terrorism or some other act committed with criminal intent?

|Introduction
Fire fighters, law enforcement personnel, and emergency med¬
ical services personnel may be called upon to respond to a va¬
riety of incidents involving hazardous materials or weapons of
mass destruction (WMD). These incidents may include struc¬
tural fires, emergency medical calls, automobile accidents,
confined-space rescues, drug laboratories, incidents at indus¬
trial plants, and incidents involving terrorism. These and other
emergency situations may involve hazardous substances that
threaten lives, property, and/or the environment. When an
emergency involves hazardous materials or WMD, the nature
of the incident changes from that of a typical structure fire or
medical response, and so must the mentality of the responder.

With proper training and situational awareness, respond¬
ers can stay safe and make good decisions that positively
change the outcome of any incident. From a broad perspective,
the goal of this textbook is to help you learn how to recognize
the presence of a hazardous material/WMD incident, take ini¬
tial actions including establishing scene control zones, imple¬
ment the Incident Command System, use basic reference
sources such as the Emergency Response Guidebook (ERG),
perform appropriate decontamination when necessary, and ul¬
timately understand where you fit into a full-scale hazardous
materials/WMD response Figure 1-1 >

In addition, you will be provided with information regard¬
ing mission-specific responsibilities in the areas of personal
protective equipment, technical and mass decontamination,
evidence preservation, product control, basic air monitoring,
victim rescue, and incidents occuring at illicit laboratories,
based on the needs of the Authority Having Jurisdiction
(AHI). The AHJ is the governing body that sets operational
policy and procedures for the jurisdiction in which you oper¬
ate. Ultimately, you should be able to operate safely at a wide

Responder Tips

The Emergency Response Guidebook (ERG) is a preliminary
action guide containing information regarding approximately
4000 chemicals. The ERG should not be used to create a long¬
term action plan, however. Once the incident progresses
beyond the first 15 minutes or so, the ERG is no longer an
appropriate source of information. Responders at the scene
should seek additional specifics about any material in ques¬
tion by consulting the appropriate emergency response
agency or utilizing the emergency response number on a ship¬
ping document, if applicable, to gather more information.



variety of hazardous materials/WMD incidents. Regulations
enforced by the U.S. federal agency Occupational Safety and
Health Administration (OSHA) and the U.S. federal agency
I in itoi11mn1.il Protection \gcncy ( 1 P \ ' as well as consen¬
sus-based standards such as the National 1 ire Protection As¬
sociation (Nl PA) 472 standard, Standard for Competence of
Responders to Hazardous Materials/Weapons of Mass Destruction
Incidents, are in place to help you achieve this goal. The intent
of this text is not to make you an expert on hazardous materi-
als/WMD or on the regulations and standards that govern your
response, but to help you become a more informed responder.

|Hazardous Materials
A hazardous material, as defined by the U.S. Department of

Iiansportation (DOT), is any substance or material that is ca¬
pable of posing an unreasonable risk to human health, safety,
or the environment when transported in commerce, used incor¬
rectly, or not properly contained or stored. The term "hazardous
material’’ also includes hazardous substances, wastes, marine
pollutants, and elevated-temperature materials.

As the title implies, the definition of a hazardous material
as found in the 2008 edition of NFPA 472, Standard for Compe¬
tence of Responders to Hazardous Materials/Weapons of Mass De¬
struction Incidents, includes the criminal use of hazardous
materials, such as weapons of mass destruction (WMD).
This definition encompasses illicit laboratories, environmental
crimes, or industrial sabotage. It is for this reason that the text
will refer to hazardous materials and WMD simultaneously.

From an emergency responder’s perspective, a hazardous
material can be almost anything, depending on the situation.
Milk, for example, is not routinely regarded as a hazardous
substance—but 5000 gallons of milk leaking into a creek does,
in fact, pose an unreasonable risk to the environment. A large
chlorine gas release also fits the definition, as would any sub¬
stance used as a terrorist weapon. Regarding the threat of ter¬
rorism, it would be unwise to believe that your jurisdiction is
immune to deliberate criminal acts. Such an event could hap¬
pen anywhere, at any time, with any type of substance.

Hazardous materials can be found anywhere I
From hospitals to petrochemical plants, pure chemicals and
chemical mixtures are used to create millions of consumer prod¬
ucts. According to the Chemical Abstracts Service (CAS),
which produces the largest databases on chemical information
including the CAS Registry; approximately’ 40 million organic
and inorganic substances are registered for use in commerce in
the United States, with several thousand new ones being intro¬
duced each year. The bulk of the new chemical substances are in¬
dustrial chemicals, household cleaners, and lawn care products.

Figure 1-2 >

Chapteri Hazardous Materials: Overview

Manufacturing processes sometimes generate hazardous
wastes. A hazardous waste is what remains after a process or
manufacturing activity has used a particular substance and the
material is no longer pure. Hazardous waste can be just as dan¬
gerous as pure chemicals. It can also comprise mixtures of sev¬
eral chemicals, which may’ make it difficult to determine how
the substance will react when it is released or if it comes in
contact with other chemicals. The waste generated by the ille¬
gal production of methamphetamine, for example, may pro¬
duce a dangerous mixture of chemical wastes,

|Levels of Training: Regulations and Standards
To understand where you fit in as a responder, you must first
recognize some of the regulatory drivers that apply to hazard¬
ous materials response, beginning with the difference between
a regulation and a standard. Regulations are issued and enforced
by federal governmental bodies such as OSHA (part of the U.S.
Department of Labor) and the EPA. Conversely, standards are
issued by nongovernmental entities and are generally consen¬
sus based. A standard may be voluntary, meaning that an agency
such as a fire department may not be required to adopt and
follow the standard completely’. For example, organizations
such as the NFPA issue voluntary consensus-based standards
that the public can comment on before committee members

iUI

Responding personnel must be able to identify the chemi¬
cals involved in a release and place them in the proper con¬
text. In other words, ask yourself these questions: What is
the chemical? What are the conditions under which it was re¬
leased? What is it going to do next? J

An awareness and an understanding of your surroundings is
your first defense against danger. Be aware of the hazards in
your response area.



Hazardous Materials Awareness and Operations

agree to adopt them. The technical committee responsible for
periodically revising any NFPA standard is required to meet
regularly; revise, update, and possibly change a standard; and
review and take action on any public comments during the re¬
vision process. Once the standard is finalized, agencies may
choose to adopt it.

Those jurisdictions in Canada that have adopted a stan¬
dard fortraining personnel in hazardous materials response
have selected NFPA 472, Standard for Competence of
Responders to Hazardous Materials/Weapons of Mass De¬
struction Incidents.

esponder Tips

NFPA standards are voluntary and consensus based, which
means that they can be adopted entirely or in part by
an agency. This status is different than that of OSHA laws
and regulations; compliance with OSHA mandates is not
voluntary.

Each state in the United States has the right to adopt and/
or supercede workplace health and safety regulations put forth
by the federal agency OSHA. States that have adopted the
OSHA regulations are called state-plan states. California, for
example, is a state-plan state; its regulatory body is called Cal-
OSHA. About half of the states in the United States are state¬
plan states. States that have not adopted the OSHA regulations
are non-plan states. Non-plan states are considered to be EPA
states because they follow Title 40 of the Code of Federal
Regulations (CFR), Protection of the Environment, Part 311,
Worker Protection. The CFR is a collection of permanent rules
published by the federal government. It includes 50 titles that
represent broad areas of interest that are governed by federal
regulation.

esponderirps

Responders should understand the relationship between
the OSHA regulations and the NFPA standards when it comes
to hazardous materials response. OSHA regulations are the
law that governs hazardous materials responders; NFPA
standards are guidelines that agencies choose to adopt.
NFPA 472 clearly states: “First responders at the operational
level also shall receive any additional training to meet appli¬
cable DOT, EPA, OSHA, and other state, local, or provincial
occupational health and safety regulatory requirements.”

NFPA standards governing hazardous materials/WMD
response come from the Technical Committee on Hazardous
Materials Response Personnel. This group includes more than
30 members from private industry; the fire service and law
enforcement, professional organizations, and governmental
agencies. Currently, two published standards are especially im¬
portant to personnel who may' be called upon to respond to haz¬
ardous materials/WMD incidents: NFPA 472, Standard for
Competence of Responders to Hazardous Materials/Weapons of Mass
Destruction Incidents, and NFPA 473, Standard for Competencies
for EMS Personnel Responding to Hazardous Materials/Weapons of
Mass Destruction Incidents. Extracts from each standard can be
found in Appendix A and Appendix B. Generally speaking,

NFPA 472 outlines training competencies for all hazardous ma-
tenals responders; NFPA 473 spells out the competencies re¬
quired for emergency medical services (EMS) personnel
rendering medical care at hazardous materials/WMD incidents.

In the United States, the NFPA standards as well as EPA
and OSHA regulations are important to those personnel called
upon to respond to hazardous materials/WMD incidents. The
OSHA document containing the hazardous materials response
competencies is commonly’ referred to as HAZWOPER (HAZ-

ardous Waste Operations and Emergency Response). The
complete HAZWOPER regulation can be found in CFR. Title
29, standard 1910.120. See Appendix D of this text for the
HAZWOPER regulation. The training levels found in HAZ¬
WOPER, much like the training levels found in the NFPA 472
standard, are identified as awareness, operations, technician,
specialist (specialist is recognized only in the OSHA/HAZWOPER
regulation), and incident commander. NFPA 472, since its first
writing, has been updated every 5 years. This is a much more
frequent revision cycle than that applied to the OSHA HAZ¬
WOPER regulation. This rapid revision cycle may be the source
of some differences in the definitions of the levels of training
represented here.

The following descriptions provide a broad overview, as
found in NFPA 472 and the OSHA HAZWOPER regulation, of
the different levels of hazardous materials/WMD responders and
training competencies. When reading NFPA 472, it is important
to understand that the standard is organized to first spell out the
tasks that a responder (awareness, operations, technician, inci¬
dent commander) may be called upon to perform on the scene.
The subsequent training competencies follow. To stay focused on
the intent of this textbook—which is to train responders to the
awareness and operations level in accordance with the 2008 edi¬
tion of NFPA 472—only the tasks that awareness level personnel
and operations level responders may be expected to perform are
discussed in detail. A general overview of the expectations for
the other response levels—technician, specialist, and incident
commander—is provided as well.

Awareness Level
According to NFPA 472, awareness level personnel are those
persons who, in the course of their normal duties, could en¬
counter an emergency involving hazardous materials/WMD
and who are expected to recognize the presence of the hazard¬
ous materialsAVMD; protect themselves; call for trained per¬
sonnel; and secure the area. In the 2008 revised edition of
NFPA 472, a person with awareness level training is no longer
considered to be a “responder.” Instead, these individuals are
now referred to as awareness level personnel. Persons receiving



VZbices
’ of Experience

Overthe last 30 years in which I have been involved in hazardous materials response,
many changes have occurred. From the promulgation of the first regulations to the

advent of the NFPA, it has been to the benefit of the first responder to have an understanding
of how standards and regulations affect what we do.

One of the most interesting parts of the job is the exhilaration of a response,
but how we respond is truly a result of what we have learned from the standards
and regulations that we work with. We train to respond to hazardous materials
incidents using the OSHA HAZWOPER regulation; NFPA 472, Standard for
Competence of Responders to Hazardous Materials/Weapons of Mass Destruction
Incidents; and NFPA 473, Standard for Competencies for EMS Personnel Responding
to Hazardous Materials/Weapons of Mass Destruction Incidents. These regulations
and standards are outgrowths of previous laws that established the basis
for hazardous materials response, such as the Resource Conservation and
Recovery’ Act of 1976 (RCRA), the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA), and the Superfund
Amendments and Reauthorization Act of 1986 (SARA).

** One the most
interesting parts off
the job is the
exhilaration o^ a
response, but how

Several years ago, while 1 was responding to an incident, 1 found that knowing
the rules helped to assure we actually played by the rules. While working at an
incident involving the spill of a nasty product, the state environmental and labor
agencies began asking us questions about appropriate transportation, appropriate
protection, cleanup, and disposal of the hazard. All of that information was listed
on the material safely data sheet in the section that described spill, waste, and
disposal considerations for the material. This information was available because
of the RCRA, CERCLA, and SARA regulations. We had followed all of the rules
and knew their importance to the responder. We must understand the why of
what we do, and ensuring familiarity with and knowledge of the standards and
regulations is a good way to protect ourselves throughout a hazardous materials
incident.

Glen Rudner
Virginia Department of Emergency Management
Spotsylvania, Virginia

we respond is truly
a result of) what we
have learned from
the standards and
regulations that we
work with. 99



Hazardous Materials Awareness and Operations

this level of training are not typically called to the scene to re¬
spond; rather, awareness level personnel, such as public works
employees or fixed-site security personnel, function in support
roles.

Tasks that awareness level personnel may be expected to
perform on the scene include these duties:

Analyzing the incident to detect the presence of haz¬
ardous materials/WMD

• Identify the name, United Nations/North American
Hazardous Materials Code (UN/NA) identification num¬
ber, type placard, or other distinctive marking applied
for the hazardous materials/WMD involved
Collect information from the current edition of the ERG
about the hazard
Initiate and implement protective actions consistent
with the emergency response plan, the standard oper¬
ating procedures, and the current edition of the ERG
Initiate the notification process

OSHA’s HAZWOPER view of the awareness level is slightly
different, mostly because it relates to classifying awareness level
personnel as "responders." According to OSHA (1910.120(q)
(6)(i)), “first responders at the awareness level are individuals
who are likely to witness or discover a hazardous substance re¬
lease and who have been trained to initiate an emergency
response sequence by notifying the proper authorities of the
release. They would take no further action beyond notifying
the authorities of the release.” Based on the OSHA HAZWOPER
regulation, first responders at the awareness level should have
sufficient training or experience to objectively demonstrate
competency in the following areas:

An understanding of what hazardous substances are
and the risks associated with them
An understanding of the potential outcomes of an
incident
The ability to recognize the presence of hazardous
substances
The ability to identify the hazardous substances, if
possible
An understanding of the role of the first responder
awareness individual in the emergency response plan

The ability to determine the need for additional re¬
sources and to notify the communication center

Operations Level
According to NFPA 472, operations level responders are those
persons who are tasked to respond to hazardous materials/WMD
incidents for the purpose of implementing or supporting ac¬
tions to protect nearby persons, the environment, or property
from the effects of the release. These persons may also have com¬
petencies that are specific to their response mission, expected
tasks, and equipment and training as determined by the AHJ.

The 2008 edition of NFPA 472 significantly expands the
scope of an operations level responder by separating the opera¬
tions level suite of competencies into two distinct categories:
core competencies and mission-specific competencies. This is
the most significant aspect of the revised standard, and the focus of
this textbook. The core competencies are based on those vital
tasks that operations level personnel should perform on the
scene of a hazardous materials/WMD incident. Some of those
tasks are outlined here:

Analyze the scene of a hazardous materials/WMD inci¬
dent to determine the scope of the emergency
Survey the scene to identify containers and materials
involved
Collect information from available reference sources
Predict the likely behavior of a hazardous material
Estimate the potential harm the substances might cause
Plan a response to the release, including selection of the
correct level of personal protective clothing
Perform decontamination
Preserve evidence
Evaluate the status and effectiveness of the response

This abbreviated list should serve only as an illustration of the
NFPA 472 core competencies; the specifics of each responsibil¬
ity (along with the corresponding training competencies) are
addressed throughout the remainder of the textbook. Keep in
mind that the core training competencies are designed to pro¬
vide the skills, knowledge, and abilities to safely accomplish
the tasks listed above. Core competency training is required of

NFPA 472 Awareness Level Tasl

4.1.2.2 When already on the scene of a hazardous materials/WMD
incident, the awareness level personnel shall be able to perform the
following tasks:

(1) Analyze the incident to determine both the hazardous mate-
rial/WMD present and the basic hazard and response infor¬
mation for each hazardous material/WMD agent by completing
the following tasks:
(a) Detect the presence of hazardous materialsAVMD.
(b) Survey a hazardous materials/WMD incident from a safe

location to identify the name, UN/NA identification num¬
ber, type of placard, or other distinctive marking applied
for the hazardous materials/WMD involved.

(c) Collect hazard information from the current edition of the
DOT Emergency Response Guidebook.

(2) Implement actions consistent with the emergency response
plan, the standard operating procedures, and the current edi¬
tion of the DOT Emergency Response Guidebook by completing
the following tasks:
(a) Initiate protective actions.
(b) Initiate the notification process.

Source: Reproduced with permission from NFPA 472. Competence oj Re¬
sponders to Hazardous Materials/Weapons of Mass Destruction Incidents, Copy¬
right© 2008, National Fire Protection Association. This reprinted material is
not the complete and official position of the NFPA on the referenced subject,
which is represented only by the standard in its entirety



esponder Tips

The term “tasked to respond” may raise a question about
your role as an operations level responder in an emergency
response involving a hazardous material/WMD. To clarify
this point, consider this scenario: If the local emergency re¬
sponse system you operate in— whether as a career profes¬
sional or as a volunteer—is activated (e.g., 911 call), and
your agency will respond to the scene to provide on-scene
emergency services to the hazardous materials/WMD inci¬
dent, you are viewed as a “responder.” Personnel termed
“responders” may include fire and rescue assets, law en¬
forcement personnel, emergency medical services workers
(basic or advanced life support providers), experts or other
employees from private industry, and/or other allied
professionals.

Chapteri Hazardous Materials: Overview

all operations level responders on the scene, no matter what
their funciion. One of the goals of the NFPA 472 standard is to
better match the expected tasks that may be required of the re¬
sponder with the training that the responder should receive.

In addition to undertaking core competency training, an
individual AHJ may find the need to do more training based on
an identified or anticipated 'mission-specific” need. To that
end, those responders who are expected to perform additional
missions, beyond the core competencies, shall be trained to
carry out those mission-specific responsibilities. Remember—
the revised version of NFPA 472 allows each agency to pick
and choose the training program that makes the most sense for
its jurisdiction. These mission-specific competencies are non¬
mandatory and should be viewed as optional. To that end, op¬
erations level responders may end up performing a limited
suite of technician level skills, but do not have the broader
knowledge and abilities of a hazardous materials technician.

NFPA 472 provides a mechanism to ensure that opera¬
tions level responders, including those with mission-specific
training, do not go beyond their level of training and equip¬
ment. This is done by using technician level personnel to pro¬
vide direct guidance to the operations level responder operating
on a hazardous materials/WMD incident. Operations level re¬
sponders are expected to work under the direct control of a
hazardous materials technician or allied professional, who has
the ability to continuously assess and/or observe the actions of
the operations level responder, and to provide immediate feed¬
back. Guidance by a hazardous materials technician or an al¬
lied professional may be provided through direct visual
observation or through assessments communicated from the
operations level responder(s) to a technician. The concept of
mission-specific competency training is also discussed in
Chapter 5, Implementing the Planned Response.

This textbook follows the format of NFPA 472 in that after
the core competencies have been covered, an individual chapter
is devoted to each of the eight mission-specific competencies:

Use of personal protective equipment
• Performing technical decontamination

Performing mass decontamination
Evidence preservation and sampling

Performing product control
Performing victim rescue and recovery operations
Response to illicit laboratory’ incidents
Performing air monitoring and sampling

According to the OSHA HAZWOPER regulation, first re¬
sponders at the operations level are individuals who respond
to releases or potential releases of hazardous materials inci¬
dents as part of their normal duties for the purpose of protect¬
ing nearby persons, property, or the environment from the
effects of the release Figure 1-3^ The OSHA HAZWOPER reg¬
ulation mandates that the operations level responders must be
trained to respond in a defensive fashion, without actually’ try¬
ing to stop the release directly, while avoiding contact with the
released substance. Their function is to contain the release
from a safe distance, keep it from spreading, and prevent or
reduce the potential for human exposures. First responders
at the operational level are expected to have received at least
eight hours of training or to have had sufficient experience to
objectively demonstrate competency in the following areas in
addition to those listed for the awareness level:

Knowledge of the basic hazard and risk assessment
techniques
Knowledge of how to select and use proper personal
protective equipment provided
An understanding of basic hazardous materials terms
Knowledge of how to perform basic control, contain¬
ment, and/or confinement operations within the capa¬
bilities of the resources and personal protective equipment
available with their unit
Knowledge of how to implement basic decontamina¬
tion procedures
An understanding of the relevant standard operating
procedures and termination procedures

Technician/Specialist Level
NFPA 472 defines individuals at the technician level as fol¬
lows: The hazardous materials technician is a person who
responds to hazardous materials/WMD incidents using a risk¬
based response process with the ability to:



Hazardous Materials Awareness and Operations

NFPA 472 Operations Level Tas’

5.1.2.2 When responding to hazardous materials/WMD incidents,
operations level responders shall be able to perform the following
tasks:

(1) Analyze a hazardous materials/WMD incident to determine
the scope of the problem and potential outcomes by complet¬
ing the following tasks:
(a) Survey a hazardous materials/WMD incident to identify

the containers and materials involved, determine whether
hazardous materials/WMD have been released, and evalu¬
ate the surrounding conditions.

(b) Collect hazard and response information from MSDS;
CHEMTREC/CANUTEC/SETIQ; local, state, and federal
authorities; and shipper/manufacturer contacts.

(c) Predict the likely behavior of a hazardous material/WMD
and its container.

(d) Estimate the potential harm at a hazardous materials/
WMD incident.

(2) Plan an initial response to a hazardous materials/WMD inci¬
dent within the capabilities and competencies of available
personnel and personal protective equipment by completing
the following tasks:
(a) Describe the response objectives for the hazardous materials/

WMD incident.
(b) Describe the response options available for each objective.
(c) Determine whether the personal protective equipment

provided is appropriate for implementing each option.
(d) Describe emergency decontamination procedures.
(e) Develop a plan of action, including safety considerations.

(3) Implement the planned response for a hazardous materials/
WMD incident to favorably change the outcomes consistent
with the emergency response plan and/or standard operating
procedures by completing the following tasks:
(a) Establish and enforce scene control procedures, includ¬

ing control zones, emergency decontamination, and com¬
munications.

(b) Where criminal or terrorist acts are suspected, establish
means of evidence preservation.

(c) Initiate an incident command system (ICS) for hazardous
materials/WMD incidents.

(d) Perform tasks assigned as identified in the incident action
plan.

(e) Demonstrate emergency decontamination.
(4) Evaluate the progress of the actions taken at a hazardous ma¬

terials/WMD incident to ensure that the response objectives
are being met safely, effectively, and efficiently by completing
the following tasks:
(a) Evaluate the status of the actions taken in accomplishing

the response objectives.
(b) Communicate the status of the planned response.

Source: Reproduced with permission from NFPA 472. Competence of Re¬
sponders to Hazardous Materials/Wcapons of Mass Destruction Incidents, Copy-
nght© 2008, National Fire Protection Association. This reprinted material is
not the complete and official position of the NFPA on the referenced subject,
which is represented only by the standard in its entirety

Analyze a problem involving hazardous materials/WMD.
Select appropriate decontamination procedures.
Control a release using specialized protective clothing
and control equipment.

These persons may have additional competencies that are spe¬
cific to their response mission, expected tasks, and equipment
and training as determined by the AHJ. A number of very de¬
tailed training competencies for technician level training are
outlined in Chapter 7 of NFPA 472. Technician level personnel
are integral to the NFPA 472 standard because they are, in
many cases, intended to “supervise” the activities of on-scene
operations level responders.

According to the OSHA HAZWOPER regulation, individ¬
uals at the technician level respond to hazardous material re¬
leases or potential releases for the purpose of stopping the

Conceptually, this is similar in intent toFigure 1-4

tion, technicians should have the competency, knowledge, and
understanding necessary to fulfill the following duties:

Implement the employers emergency response plan
Classify, identify, and verify known and unknown mat¬
erials by using field survey instruments and equipment
Function within an assigned role in the Incident Com¬
mand System
Select and use proper specialized chemical personal
protective equipment
Understand hazard and risk assessment techniques
Perform advance control, containment, and/or con¬
finement operations within the capabilities of the re¬
sources and personal protective equipment available
with the unit
Understand and implement decontamination proce¬
dures
Understand termination procedures
Understand basic chemical and toxicological terminol¬
ogy and behavior

The specialist level is identified only in the OSHA
HAZWOPER standard. This level of responder receives more
specialized training than a hazardous materials technician.
Practically speaking, however, the two levels are not dramati¬
cally different. The focus of this textbook is on the specifics of
the operations level responder, not on the technician/specialist
level responder.



Incident Commander
According to NFPA 472, the incident commander (IC) is the
person who is responsible for all incident activities, including
the development of strategies and tactics and the ordering and
the release of resources. The incident commander must receive
any additional training necessary to meet applicable govern¬
mental occupational health and safety regulations and specific
needs of the jurisdiction.

The OSHA HAZWOPER standard requires specific IC
Hazardous Materials level training for those assuming com¬
mand of a hazardous materials incident requiring action be¬
yond the operations level. Individuals trained as incident
commanders should have at least operations level training as
well as additional training specific to commanding a hazardous
materials incident. Incident commanders, who will assume
control of the incident scene beyond the first responder aware¬
ness level, must receive at least 24 hours of training equal to
the first responder operations level and also have competency
in the following areas:

Know and implement the employers incident com¬
mand system

• Know how to implement the employer’s emergency re¬
sponse plan

• Know and understand the hazards and risks associated
with chemical protective clothing
Know how to implement the local emergency response
plan
Know of the state emergency response plan and of the
Federal Regional Response Team
Know and understand the importance of decontamina¬
tion procedures

For more complete information regarding the IC Hazardous
Materials position, refer to Chapter 8 of NFPA 472.

In addition to the initial training requirements for all re¬
sponse levels listed earlier, OSHA regulations require annual re¬
fresher training of sufficient content and duration to ensure that
responders maintain their competencies or that they demonstrate
competency in those areas at least yearly. Consult your local

Chapteri Hazardous Materials: Overview o
agency for more specific information on refresher training, other
hazardous materials laws, regulations, and regulatory agencies.

Other Governmental Agencies
In addition to OSHA and the EPA, several other governmental
agencies are concerned with various aspects of hazardous
materials/WMD response. The DOT, for example, promulgates
and publishes laws and regulations that govern the transporta¬
tion of goods by highway, rail, pipeline, air, and, in some cases,
marine transport.

As discussed earlier in this chapter, the EPA regulates and
governs issues relating to hazardous materials in the environ¬
ment. The EPA's version of OSHAs HAZWOPER can be found
in CFR Title 40, Protection of the Environment, Part 311, Worker
Protection. In addition to creating standardized training for
hazardous materials response and hazardous waste site opera¬
tions, the Superfund Amcnd nu nts and Rcautht >rizah<m Act
ol 1986 (SARA) created a method and standard practice for a
local community to understand and be aware of the chemical
hazards in the community. Under SARA Title 111, the Emergency
Planning and Community Right to Know Act (EPCRA)

requires a business that handles certain types and amounts of
chemicals to report storage type, quantity, and storage methods
to the fire department and the local emergency planning com¬
mittee. This activity may be quite complex and should be un¬
dertaken only by those personnel who fully understand the
requirements and the process.

l ocal Emergency Planning Committees (1 I PC) gather
and disseminate information about hazardous materials to the
public. These voluntary organizations are made up of members
of industry, transportation, media, fire and police agencies, and
the public at large; they are established to meet the requirements
of EPCRA and SARA. Essentially, LEPCs ensure that local re¬
sources are adequate to respond to a chemical event in the com¬
munity. Responders should be familiar with their local LEPC
and know how their department works with this committee.

One piece of data collected by the LEPC is a material
safety data sheet (MSDS). The MSDS is a detailed profile of a
single chemical or mixture of chemicals provided by the manu¬
facturer and/or supplier of a chemical|
details specific information about a chemical’s physical and
chemical properties, toxicological data, and appropriate first
aid information in case of an accidental human exposure.
These chemical-specific data sheets are an important source of
information for responders when dealing with hazardous
materials/WMD incidents. Responders also utilize the services
of national response centers; local, state, and federal authori¬
ties; and shipper/manufacturer contacts when dealing with an
incident. Later chapters will discuss MSDS and other reference
sources in more detail.

Each state has a State Emergency Response Commis¬
sion (SERC). The SERC acts as the liaison between local and
state levels of authority. Its membership includes representa¬
tives from agencies such as the fire service, police services, and
elected officials. The SERC is charged with the collection and
dissemination of information relating to hazardous materials
emergencies.

Figure 1-5
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MATERIAL SAFETY DATA SHEET
ANHY DROl N AMMONIA

DESCRIPTION
< HIMK M NAME Vnm.Hiw. AiM.jdnv. CAS REGISTRY NO: 664-4 l-T

SQW Ms Ammonia CHEMICAL FAMILY Inwvanic Nitrogen Compound
KMMIA MOL. Mt 1-nONH.l COMPOSITION Ammona

STATEMENT OF HEALTH H AZARD
HXZAIUWLSOUHIOS
Amnranu is si nniani and ccomive 10 the skin, eyes, mp.nuory tract and mucous memnrancx. Exposure t.. liquid Of rapldiy
expanding gutex may cause sex ere diemKUl hunts and frostbite to the eyes, lungs and skin Skm and respirators related disease-,
could be aggravated by exposure

Not recognized by OSHA as a carcinogen
Not li^cd in the NaiaMMl Toxiccdogy Program
Not listed m ii vary.noucn by the Intcnwtwnil Agency for Research on Cancer

EXPOSERE LIMITSFOR AMMONIA Vapor
OSHA fOppni.
MOSH 3 $ ppm.

25 ppm,
JOO ppm.

ACO1H 25 ppm.
15 ppm.

| TOXICITY It) 50 lOral Rall 350 mg kg

35 nv m PLL N hour IWA
27 mg rtf STEL 15 minutes
Ikmg m'KM IDhour IWA
IDEII
l|tng m TLV 6 hour TW A
2’nig m'Srtf 15 minutes

Figure 1-5 An example of an MSDS for anhydrous ammonia.

IThe Difference Between a Hazardous Materials/
WMD Incident and Other Types of Emergencies

Fire fighters should not approach a hazardous materialsAVMD
incident with the same mindset used in structural firefighting.
Similarly, law enforcement officers should be mindful of the
hazardous materials implications of some actions, such as re¬
sponding to clandestine drug laboratory incidents. Most of the
time, and certainly when lives are not at stake, response to a
hazardous materialsAVMD emergency takes more time than it
would take to fight a structure fire or serve a search warrant to
a high-risk suspect. Such response will not require responders
to rush headlong into the problem. By contrast, if a rescue is
required, or if the situation is imminently dangerous in some
other way and requires quick action, events may move quickly
For the most part, however, a hazardous materialsAVMD emer¬
gency requires time, forethought, and planning to ensure that
the incident is handled safely and effectively.

Responders must understand that actions taken at hazard¬
ous materialsAVMD incidents are largely dictated by the chem¬
icals or hazards involved; environmental influences such as
wind, rain, and temperature; and the way the chemicals be¬
have during the release. Additionally, those personnel operat¬
ing at the scene of a hazardous materialsAVMD incident must
be conscious of the potential or actual law enforcement aspect
of the incident. Especially where terrorist or other criminal acts
are suspected, responders should be mindful of evidenciary is¬
sues associated with the incident. Regardless of the type of at¬
tack or dissemination method, once it is determined that an

intentional criminal attack has occurred, it becomes imperative
that evidence be preserved and collected properly. Being mind¬
ful of evidentiary issues at a hazardous materialsAVMD event
may facilitate later efforts to identify, capture, and prosecute
the person responsible for the act. For this series of events to
unfold successfully, every responder on scene must be cogni¬
zant of the impact his or her presence will have on potential
evidence. Although evidence preservation should never im¬
pede fire suppression or life-saving operations, every responder
should be diligent in remembering that his or her actions and
observations may play a vital role in the successful prosecution
of a criminal suspect.

Response objectives, the choice of personal protective
equipment, and the type of decontamination are complicated
decisions that largely depend on the physical and chemical
properties of the substance. When approaching hazardous ma¬
terials events, make a conscious effort to change your perspec¬
tive. Slow down, think about the problem and available
resources, and take well-considered actions to solve it.

Preplanning
It is a mistake to assume that a response to a hazardous materials/
WMD incident begins when the alarm sounds. In reality, the
response begins with your initial training, continuing educa¬
tion, and preplanning activities at target hazards and other
potential problem areas throughout the jurisdiction or response

'1 Target hazards include any occupancyFigure 1-6 »

The goal of the emergency responder is to favorably change
the outcome of the hazardous materials incident. This is ac¬
complished by sound planning and by establishing safe and
reasonable response objectives based on the level of train¬
ing. Don’t do it if you’re not trained to do it!

ards throughout the jurisdiction.
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Preplanning activities enable agencies to develop logical
and appropriate response procedures for anticipated incidents.
Planning should focus on the real threats that exist in your
community or adjacent communities you could be assisting.
Preplanning at major target hazards should include discussions
and information sharing with the LEPC.

Chapteri Hazardous Materials: Overviewtapter 1 Hazardous Materials: Overview

Once the threats have been identified, fire departments,
police agencies, public health offices, and other governmental
agencies should determine how they will respond and work
together in case of a large-scale emergency’. In many cases, the
move toward interoperability before an incident will make the
actual emergency’ response work run smoothly.
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Hot Terms

Chief Concepts
Governmental entities such as OSHA and the EPA issue
and enforce regulations concerning hazardous materials
emergencies.
The consensus-based NFPA standards relating to hazard¬
ous materials/WMD incidents are available for those
agencies that choose to adopt them.
A hazardous material is any substance or material that is
capable of posing an unreasonable risk to human health,
safety, or the environment when transported in commerce,
used incorrectly, or not properly contained or stored.
The actions taken at hazardous materialsAVMD incidents
are largely dictated by the chemicals involved and the
way they behave during the release.
Two published NFPA standards are important to respond¬
ers who may be called upon to respond to hazardous
materials/WMD incidents: NFPA 472, Standard for
Competence of Responders to Hazardous Materials/Weapons
of Mass Destruction Incidents, and NFPA 473, Standard for
Competencies for EMS Personnel Responding to Hazardous
Materials/Weapons of Mass Destruction Incidents.
The OSHA HAZWOPER regulation is found in the CFR,
Title 29, Standard 1910.120.
The EPA's version of OSHA's HAZWOPER can be found
in CFR Title 40, Protection of the Environment, Part 311:
Worker Protection.
The goals associated with the competencies of awareness
level personnel are to recognize a potential hazardous
materials emergency, to isolate the area, and to call for
assistance. Awareness level personnel take protective ac¬
tions only.
The 2008 edition of NFPA 472 expands the scope of an
operations level responder’s duties by making a distinc¬
tion between core competencies and mission-specific
competencies.

For those who choose to adopt the NFPA 472 standard,
the core competencies are required for all operations level
responders; each agency can then pick and choose to re¬
quire any or all of the mission-specific responsibilities.
The core competencies of operations level responders are
defensive actions.
The mission-specific responsibilities of operations level
responders include personal protective equipment, tech¬
nical and mass decontamination, evidence preservation,
product control, basic air monitoring, victim rescue, and
incidents occurring at illicit laboratories.
Hazardous materials technicians will approach the point
of release so as to plug, patch, or otherwise mitigate a
hazardous materials emergency.
The hazardous materials incident commander is respon¬
sible for all incident activities.

Authority Having jurisdiction (AHI) The governing body
that sets operational policy and procedures for the
jurisdiction you operate in.

Awareness level personnel Persons who, in the course of
their normal duties, could encounter an emergency
involving hazardous materials/weapons of mass de¬
struction (WMD) and who are expected to recog¬
nize the presence of hazardous materials/WMD,
protect themselves, call for trained personnel, and
secure the area.

Chemical Abstracts Service (CAS) A division of the
American Chemical Society. This resource provides
hazardous materials responders with access to an enor¬
mous collection of chemical substance information—
the CAS Registry.

Code of I ederal Regulations (CFR) A collection of per-
manant rules published in the Federal Register by the
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executive departments and agencies of the U.S. federal
government. Its 50 titles represent broad areas of Inter¬
est that are governed by federal regulation. Each vol¬
ume of the CFR is updated annually and issued on a
quarterly basis.

Department of Transportation (DOT) The U.S. govern¬
ment agency that publicizes and enforces rules and
regulations that relate to the transportation of many
hazardous materials.

Emergency Planning and Community Right to Know
Act (EPCRA) Legislation that requires a business that
handles chemicals to report on those chemicals’ type,
quantity, and storage methods to the lire department
and the local emergency planning committee.

Emergency Response Guidebook (ERG) A preliminary
action guide for first responders operating at a hazard¬
ous materials incident in coordination with the U.S.
Department of Transportations (DOT) labels and plac¬
ards marking system. The DOT and the Secretariat of
Communications and Transportation of Mexico (SCT),
along with Transport Canada, jointly developed the
Emergency Response Guidebook.

Environmental Protection Agency (EPA) Established in
1970, the U.S. federal agency that ensures safe manu¬
facturing, use, transportation, and disposal of hazard¬
ous substances.

Elazardous material Any substance or material that is
capable of posing an unreasonable risk to human
health, safety, or the environment when transported in
commerce, used incorrectly, or not properly contained
or stored.

Hazardous waste A substance that remains after a process
or manufacturing plant has used some of the material
and the substance is no longer pure.

U A ZWOPER (HAZardous Waste Operations and Emer¬
gency Response) The federal OSHA regulation that

governs hazardous materials waste site and response
training. Specifics can be found in book 29, standard
number 1910.120. Subsection (q) is specific to emer¬
gency response.

Incident commander (IC) A level of training intended
for those assuming command of a hazardous
materials incident beyond the operations level. Indi¬
viduals trained as incident commanders should have
at least operations level training and additional train¬
ing specific to commanding a hazardous materials
incident.

Local Emergency Planning Committee (LEPC) Commit¬
tee made up of members of industry, transportation,
the public at large, media, and fire and police agencies
that gathers and disseminates information on hazard¬
ous materials stored in the community and ensures
that there are adequate local resources to respond to a
chemical event in the community.

Material safety data sheet (MSDS) A form, provided by
manufacturers and compounders (blenders) of chemi¬
cals, containing information about chemical composi¬
tion, physical and chemical properties, health and
safety hazards, emergency response, and waste disposal
of a material.

National Fire Protection Association (NEPA) The asso¬
ciation that develops and maintains nationally recog¬
nized minimum consensus standards on many areas of
fire safety and specific standards on hazardous
materials.

Occupational Safety and Health Administration (OSHA)
The U.S. federal agency that regulates worker safety
and, in some cases, responder safety. OSHA is a part of
the U.S. Department of Labor.

Operations level responders Personnel who respond to
hazardous materials/WMD incidents for the purpose of
implementing or supporting actions to protect nearby
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persons, the environment, or property from the effects
of the release.

Regulations Mandates issued and enforced by governmen¬
tal bodies such as the U.S. Occupational Safety and
Health Administration and the U.S. Environmental
Protection Agency.

Specialist level (OSHA/HAZWOPER only) A hazardous
materials specialist who responds with, and provides
support to, hazardous materials technicians. This indi¬
vidual’s duties parallel those of the hazardous materials
technician; however, the technicians duties require a
more directed or specific knowledge of the various
substances he or she may be called upon to contain.
The hazardous materials specialist also acts as the
incident-site liaison with federal, stale, local, and other
government authorities in regard to site activities.

Standards Guidelines issued by nongovernmental entities
that are generally consensus based.

State Emergency Response Commission (SERC.) The
liaison between local and state levels that collects and
disseminates information relating to hazardous materi¬

als emergencies. SERC includes representatives from
agencies such as the fire service, police services, and
elected officials.

Superfund Amendments and Rcaulhorization Act of
1986 (SARA) One of the first U.S. laws to affect how
fire departments respond in a hazardous material
emergency.

Target hazards Any occupancy type or facility that pre¬
sents a high potential for loss of life or serious impact
to the community resulting from fire, explosion, or
chemical release.

Technician level A person who responds to hazardous
materials/WMD incidents using a risk-based response
process by which he or she analyzes a problem involv¬
ing hazardous materials/WMD, selects applicable de¬
contamination procedures, and controls a release using
specialized protective clothing and control equipment.

Weapons of mass destruction (WMD) Weapons whose
use is intended to cause mass casualties, damage, and
chaos. The NFPA includes the use of WMD in its defi¬
nition of hazardous materials.



Responder in Action

Your volunteer fire company has just accepted five new members. You are tasked
with providing them with hazardous materials training, so you spend several weeks
preparing to instruct the class. The new members are assigned a preclass assignment
to read through NFPA 472, Standard for Competence of Responders to Hazardous
Materials/Weapons of Mass Destruction Incidents, and to answer the following
questions pertinent to the regulatory part of their training. Your instructional plan
is to use this quiz to reinforce the main points of your introductory lecture.

1. Which standard describes the hazardous materials
training competencies for operations level responders?
A. NFPA 473, Standard for Competencies for EMS Person¬

nel Responding to Hazardous Materials/Weapons of
Mass Destruction Incidents

B. NFPA 472, Standard for Competence of Responders to
Hazardous Materials/Weapons of Mass Destruction
Incidents

C. Code of Federal Regulations 1910.150 (q)
D. CFR Title 40, Protection of the Environment, Part

311: Worker Protection

2. NFPA 472 expands the scope of an operations level
responder by separating the operations level compe¬
tencies into two distinct categories. What are these two
categories?
A. Technical and specialized competencies
B. Basic and advanced competencies
C. OSHA and NFPA competencies
D. Core and mission-specific competencies

3. According to the OSHA HAZWOPER regulation,
which of the following competencies is not required of
an operations level responder?
A. Knowledge of the basic hazard and risk assessment

techniques
B. Knowledge of how to select and use proper personal

protective equipment provided to the first responder
C. Knowledge of how to perform basic control, con¬

tainment, and/or confinement operations within the
capabilities of the resources and personal protective
equipment available with the responder’s unit

D. Knowledge of the classification, identification, and
verification of known and unknown materials by
using field survey instruments and equipment

4. What is the name of the federal document containing
the hazardous materials response competencies? This
regulation, issued in the late 1980s, standardized train¬
ing for hazardous materials response and for hazardous
waste site operations.
A. NFPA 471; paragraph 4, subsection (q)
B. NFPA 473; section 5.2.2.1
C. NFPA 472; CFR, book number 29, part 1910.120
D. HAZWOPER; CFR, book number 29, part 1910.120

subpart (q)









|NFPA 472 Standard (8)

Competencies for Awareness Level Personnel
4.4
Response.

Competencies— Implementing the Planned

4.4.1 Initiating Protective Actions. Given examples of
(9)

hazardous materials/WMD incidents, the emergency re¬
sponse plan, the standard operating procedures, and the
current edition of the DOT Emergency Response Guidebook,
awareness level personnel shall be able to identify the
actions to be taken to protect themselves and others and to
control access to the scene and shall meet the following
requirements:
(i) Identify the location of both the emergency response

plan and/or standard operating procedures, [p. 22-39]
(2) Identify the role of the awareness level personnel during

hazardous materials/WMD incidents, [p. 22-39]
(3) Identify the following basic precautions to be taken to

protect themselves and others in hazardous materials/
WMD incidents:
(a) Identify the precautions necessary when providing

emergency medical care to victims of hazardous
materials/WMD incidents, [p. 32-39]

(b) Identify typical ignition sources found at the scene
of hazardous materials/WMD incidents, [p. 24]

(c) Identify the ways hazardous materials/WMD are
harmful to people, the environment, and property,
[p. 22-39]

(d) Identify the general routes of entry for human expo¬
sure to hazardous materials/WMD. [p. 35-38]

(4) Given examples of hazardous materials/WMD and the
identity of each hazardous material/WMD (name, UN/
NA identification number, or type placard), identify the
following response information:
(a) Emergency action (fire, spill, or leak and first aid)
(b) Personal protective equipment necessary
(c) Initial isolation and protective action distances

(5) Given the name of a hazardous material, identify the
recommended personal protective equipment from the
following list:
(a) Street clothing and work uniforms
(b) Structural fire-fighting protective clothing
(c) Positive pressure self-contained breathing apparatus
(d) Chemical-protective clothing and equipment

(6) Identify the definitions for each of the following protec¬
tive actions:
(a) Isolation of the hazard area and denial of entry
(b) Evacuation
(c) Sheltering in-place

(7) Identify the size and shape of recommended initial
isolation and protective action zones.

CHAPTER

Describe the difference between small and large spills
as found in the Table of Initial Isolation and Protective
Action Distances in the DOT Emergency Response
Guidebook.
Identify the circumstances under which the following
distances are used at a hazardous materials /WMD
incidents:
(a) Table of Initial Isolation and Protective Action

Distances
(b) Isolation distances in the numbered guides

(10) Describe the difference between the isolation distances
on the orange-bordered guidebook pages and the pro¬
tective action distances on the green-bordered ERG
(.Emergency Response Guidebook) pages.

(11) Identify the techniques used to isolate the hazard area
and deny entry to unauthorized persons at hazardous
materials/WMD incidents.

(12) Identify at least four specific actions necessary when an
incident is suspected to involve criminal or terrorist
activity.

Core Competencies for Operations Level Responders
5.2.2 Collecting Hazard and Response Information. Given

scenarios involving known hazardous materials/WMD, the
operations level responder shall collect hazard and re¬
sponse information using MSDS, CHEMTREC/CANUTEC/
SETIQ, governmental authorities, and shippers and manu¬
facturers and shall meet the following requirements:
(1)

(2)
(3)

(4)

Match the definitions associated with the UN/DOT
hazard classes and divisions of hazardous materials/
WMD, Including refrigerated liquefied gases and cryo¬
genic liquids, with the class or division.
Identify two ways to obtain an MSDS in an emergency.
Using an MSDS for a specified material, identify the
following hazard and response information:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Physical and chemical characteristics
Physical hazards of the material
Health hazards of the material
Signs and symptoms of exposure
Routes of entry
Permissible exposure limits
Responsible party contact
Precautions for safe handling (including hygiene
practices, protective measures, and procedures for
cleanup of spills and leaks)
Applicable control measures, including personal
protective equipment
Emergency and first-aid procedures

Identify the following:
(a) Type of assistance provided by CHEMTREC/

CANUTEC/SETIQ and governmental authorities



(b)

(c)

(5)

(6)

(7)

(8)

5.2.3

Procedure for contacting CHEMTREC/CANUTEC/
SETIQ and governmental authorities
Information to be furnished to CHEMTREC/
CANUTEC/SETIQand governmental authorities

Identify two methods of contacting the manufacturer or
shipper to obtain hazard and response information.
Identify the type of assistance provided by governmen¬
tal authorities with respect to criminal or terrorist activi¬
ties involving the release or potential release of
hazardous materials/WMD.
Identify the procedure for contacting local, state, and
federal authorities as specified in the emergency re¬
sponse plan and/or standard operating procedures.
Describe the properties and characteristics of the
following:
(a) Alpha radiation [p. 30-32)
(b) Beta radiation [p. 30-32]
(c) Gamma radiation [p. 30-32]
(d) Neutron radiation [p. 30-32]
|Predicting the Likely Behavior of a Material and Its

Container. Given scenarios involving hazardous materials/
WMD incidents, each with a single hazardous material/
WMD, the operations level responder shall predict the likely
behavior of the material/agent and its container and shall
meet the following requirements:
(1) Interpret the hazard and response information obtained

from the current edition of the Emergency Response
Guidebook, MSDS, CHEMTREC/CANUTEC/SETIQ, gov¬
ernmental authorities, and shipper/manufacturer con¬
tacts, as follows:
(a) Match the following chemical and physical prop¬

erties with their significance and impact on the
behavior of the container and its contents:
i. Boiling point [p. 26]
ii. Chemical reactivity [p. 23]
iii. Corrosivity (pH) [p. 28-29]
iv. Flammable (explosive) range [lower explosive

limit (LEL) and upper explosive limit (UEL)][p. 25]
v. Flash point [p. 24-25]
vi. Ignition (autoignition) temperature [p. 25]
vii. Particle size [p. 30-32]
viii. Persistence [p. 34]
ix. Physical state (solid, liquid, gas) [p. 22-23]
x. Radiation (ionizing and non-ionizing) [p. 31-32]
xi. Specific gravity [p. 27-28]
xii. Toxic products of combustion [p. 29-30)

xiii. Vapor density [p. 27]
xiv. Vapor pressure [p. 25-26]
xv. Water solubility [p. 28]

(b) Identify the differences between the following
terms:
i.Contamination and secondary contamination [p. 32]
ii. Exposure and contamination [p. 32]
iii. Exposure and hazard [p. 32]
iv. Infectious and contagious [p. 37]
v. Acute effects and chronic effects [p. 38-39]
vi. Acute exposures and chronic exposures [p. 38-39]

(2) Identify three types of stress that can cause a container
system to release its contents, [p. 22-23]

(3) Identify five ways in which containers can breach.
[p. 22-32]

(4) Identify four ways in which containers can release their
contents, [p. 22-32]

(5) Identify at least four dispersion patterns that can be
created upon release of a hazardous material, [p. 22-23]

(6) Identify the time frames for estimating the duration
that hazardous materials/WMD will present an
exposure risk. [p. 38-39]

(7) Identify the health and physical hazards that could
cause harm. [p. 32-38]

(8) Identify the health hazards associated with the follow¬
ing terms:
(a) Alpha, beta, gamma, and neutron radiation [p. 30-32]
(b) Asphyxiant [p. 37]
(c) Carcinogen [p. 37]
(d) Convulsant [p. 35]
(e) Corrosive [p. 28-29]
(f) Highly toxic [p. 39]
(g) Irritant [p. 35]
(h) Sensitizer/allergen [p. 38-39]
(i) Target organ effects [p. 38-39]
G) Toxic [p. 38-39]

(9) Given the following, identify the corresponding UN/DOT
hazard class and division:
(a)
(b)
(0
(d)
(e)
(f)
(g)

Blood agents
Biological agents and biological toxins
Choking agents
Irritants (riot control agents)
Nerve agents
Radiological materials
Vesicants (blister agents)
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|Knowledge Objectives
After studying this chapter, you will be able to:

Describe the following properties:
Boiling point

• Chemical reactivity
Corrosivity (pH)

• Flammable (explosive) range [lower explosive limit
(LEL) and upper explosive limit (UEL)]
Flash point

• Ignition (autoignition) temperature
Particle size
Persistence
Physical state (solid, liquid, gas)

• Radiation (ionizing and non-ionizing)
Specific gravity
Toxic products of combustion

• Vapor density
• Vapor pressure
• Water solubility
• Physical change and chemical change. Describe radiation (non-ionizing and ionizing) as well as
the difference between alpha and beta particles, gamma
rays, and neutrons.

• Describe the differences between the following pairs of
terms:
• Contamination and secondary contamination

Exposure and contamination
• Exposure and hazard
• Infectious and contagious
• Acute and chronic effects

Acute and chronic exposures
• Describe the following types of weapons of mass

destruction:
• Nerve agents

• Blister agents

• Choking agents

• Irritants
Describe the routes of exposure to hazardous materials
for humans

|Skills Objectives
There are no skills objectives for this chapter.



You Are the Responder

and necks. Some lower-floor residents of an adjacent multistory apartment com¬

ust after midnight you receive a call for an explosion and a fire at a
local landscaping company. Upon arrival at the site, you find a
working fire in a 20' x 20' storage shed located behind the main

building. The wooden shed is fully involved, so you begin an indi¬
rect attack on the fire from the outside of the shed. As the fire is
being knocked down, you receive an order over the radio to shut

down the attack and move away from the building. About the same

plex are complaining of eye irritation and asking about a strange odor in the air.

1. Which types of chemicals might be found in this kind of occupancy?
2. Where could you obtain accurate technical information on the products

stored in this building?
3. Which actions should be taken to address the complaints of burning and

itching skin among fire fighters as well as the complaints of the residents of
the apartment complex?

|Introduction
To understand hazardous materials incidents, it is important to
understand the chemical and physical properties of the sub¬
stances involved. Chemical and physical properties are the
characteristics of a substance that are measurable, such as
vapor density, flammability, corrosivity, and water reactivity.
However, you do not have to be a chemist to safely respond to
hazardous materials incidents. In most cases, being an astute
observer, referring to your emergency response plan and/or
standard operating procedure, and correctly interpreting the
visual clues presented to you will provide enough information
to take basic actions at the incident.

This chapter will guide you in learning the basic hazard¬
ous materials concepts and key terms that will help you under¬
stand the information contained in reference sources such as
the material safety data sheets (MSDS). To make good deci¬
sions about your initial emergency actions, you will need to
understand the nature of the hazards and the problem you
are facing.

|Physical and Chemical Changes
An important first step in understanding the hazards associated
with any chemical involves identifying the state of matter, or
physical state. The state of matter defines the substance as a
solid, liquid, or gas IFigure 2-1

stance will do if it escapes from its containment vessel. For
example, it would be vital to know if a released gas is heavier
or lighter than air, and how that particular physical property
relates to the environmental factors at the time of the incident,
along with the other characteristics of the emergency scene.
Imagine a release of a heavy gas such as propane in the setting
of a trench rescue or other below-grade emergency: The physi¬
cal properties of propane could be a complicating factor to per¬
forming a safe rescue in such a scenario.

Another critical part of comprehending the nature of the
release comes from identifying the reason(s) why the contain-

A. Solid B. Liquid C. Gas

Figure 2-1 The state of matter identifies the hazard as a solid.
liquid, or gas. A. Solid. B. Liquid. C. Gas.
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meni vessel failed. In many cases, responders focus on the fact
that a substance is being released rather than understanding
why the product is escaping its container. It’s one thing to notice
that a container is leaking or generating a cloud from a punc¬
ture, crack, split, or tear. It’s equally important, however, to
figure out what type of stress caused the vessel to breach or re¬
lease its contents in the first place. Is the product release caused
by a thermal influence—heat from inside or outside the con¬
tainer that may be the root cause of a catastrophic container
failure? Maybe an errant forklift driver struck a drum, or a
valve failure occurred. In these examples, physical damage al¬
lows the release of the container contents. In other cases, a
chemical reaction inside a container may cause the entire con¬
tainer to breach.

Responders must also determine and/or estimate the time
duration of the event. Incidents may last anywhere from sec¬
onds and minutes to several days, and in extreme cases, even
months. Tactics and strategies may vary greatly depending on
the projected duration of the event. At any hazardous materials
incident, its important to link together all the bits of informa¬
tion to make an informed decision about how to handle the
problem.

Chemicals can undergo a physical change when they are
subjected to environmental influences such as heat, cold, and
pressure. For example, when water is frozen, it undergoes a
physical change from a liquid to a solid. The actual chemical
make-up (H2O) of the water is still the same, but the state in
which it exists is different. Here’s another example of a physical
change: Think of a Mr. Potato Head toy—taking off its arms
and legs and changing them all around. Mr. Potato Head would
still be the same toy—it would just look a bit different. A
chemical change, by contrast, might involve a transformation
in which Mr. Potato Head changes from plastic to wood.

Like water, propane gas is subject to physical change based
on environmental influences such as heat and cold. If a pro¬
pane cylinder is exposed to heat, the liquid propane inside
changes phase, becoming gaseous propane—which, in turn,
increases the pressure inside the vessel. If this uncontrolled

The classic example of a BLEVE is a fire occurring below or
adjacent to a propane tank. Once the liquid inside the vessel
begins to boil, large volumes of vapor are generated within
the vessel. Ultimately, the vessel fails catastrophically if it is
unable to relieve the pressure through the safety valve. The
ensuing explosion throws fragments of the vessel in all
directions. When the pressurized liquefied material is flam¬
mable, a tremendous fireball is generated. Additionally, an
overpressure blast wave is created as a result of the rapidly
expanding vapor released by the vessel failure. If fire is im¬
pinging on a vessel that contains pressurized liquefied ma¬
terials, responders should carefully evaluate the risks of
attempting to fight the fire. BLEVEs have claimed the lives of
many fire fighters throughout the years—and this history
should serve as a reminder of the dangers of these types of
emergency situations.

It is important to understand that chemical change is differ¬
ent from physical change. The reactive nature of any sub¬
stance can be influenced in many ways, such as by mixing
it with another substance (adding an acid to a base) or by
applying heat.

expansion takes place faster than the relief valve can vent, a
BLEVE could occur. A BLEVE (boiling liquid/expanding vapor
explosion) occurs when pressurized liquefied materials (pro¬
pane or butane, for example) inside a closed vessel are exposed
to a source of high heat. In this case, the chemical make-up of
propane has not changed; rather, the propane has physically
changed state from liquid to gas.

The expansion ratio is a description of the volume in¬
crease that occurs when a liquid material changes to a gas. For
example, propane has an expansion ratio of 270 to 1. This
means that for every 1 volume of liquid propane, 270 times
that amount of propane exists as vapor (the gas phase of a sub¬
stance). If released into the atmosphere, 1 gallon of liquid pro¬
pane would vaporize to 270 gallons of propane vapor.

Chemical reactivity (also known as chemical change) de¬
scribes the ability of a substance to undergo a transformation at
the molecular level, usually with a release of some form of en¬
ergy. Physical change is essentially a change in state. By con¬
trast, a chemical change results in an alteration of the chemical
nature of the material. Steel rusting and wood burning are ex¬
amples of chemical change.

To relate the concepts of physical and chemical change to
a hazardous materials incident, think back to the initial case
study. Assume for a moment that the owner of the landscape
company wadded up some rags soaked with linseed oil and left
them in the corner of the shed. The rags spontaneously ignited
and started a fire that ultimately caused the failure of a small
propane cylinder (the explosion that occurred prior to your ar¬
rival!). The fire also melted the fusible plug on a chlorine cyl¬
inder (at approximately 160°F [71°C]), causing a release of
chlorine gas; chlorine gas is 2.5 limes heavier than air.

Looking closely at each event in this sequence, you can see
the impact of physical and chemical changes. Linseed oil is an
organic material that generates heat as it decomposes (chemi¬
cal change). That heat, in the presence of oxygen in the sur¬
rounding air, ignited the rags, which in turn ignited other
combustibles. The surrounding heat caused the propane in¬
side the tank to expand (physical change) until it overwhelmed
the ability of the relief valve to handle the build-up of pressure.
The cylinder ultimately exploded. The escaping chlorine gas
mixed with the moisture in the air and formed an acidic mist
(a chemical change). A slight breeze carried the smoke and
mist toward the apartment complex. The fire fighters began to
feel itchy and burning sensations where the acidic mist con¬
tacted their moist skin. Because chlorine vapors are heavier
than air, most of the residents complaining about eye irritation
are located on the bottom floor of the complex.
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|Critical Characteristics of Flammable Liquids
When looking at the fire potential of a flammable liquid, sev¬
eral important aspects must be considered. Among them are
flash point, ignition temperature, and flammable range. More
important than memorizing the definitions for these terms,
however, responders must understand the relationships be¬
tween these and other physical characteristics of a flammable
liquid. Keep in mind that when it comes to combustion (burn¬
ing), all materials must be in a gaseous or vapor state: Solids do
not burn, and liquids do not burn—they give off a gas or vapor
that is ultimately ignited. Think of a log burning in a fireplace.
If you look closely, the fire is not directly on the log, but rather
appears slightly above the surface. The reason for this phe¬
nomenon is that the wood has to be heated to the point where
it produces enough “wood gas” to support combustion. The
log, then, does not burn—the gas produced by heating the log
is what starts and sustains the process of combustion.

Conceptually, liquid fuels such as gasoline, diesel fuel, and
other hydrocarbon-based dissolving solutions (solvents)

behave the same way as the log. One way or another, vapor
production must occur before there can be fire. This vapor
production must be factored in when estimating the probabil¬
ity of fire during a release.

Flash Point
f lash point is an expression of the minimum temperature at
which a liquid or solid gives off sufficient vapors such that,
when an ignition source (e.g., a flame, electrical equipment,
lightning, or even static electricity) is present, the vapors will
result in a flash fire. The flash fire involves only the vapor phase
of the liquid (like the example of the log) and will go out once
the vapor fuel is consumed.

To illustrate how such an event occurs, consider the flash
point of gasoline at -45°F (-43°C). When the temperature of
gasoline reaches -45°F (-43°C) as a result of heat from an ex¬
ternal source or from the surrounding environment, it gives off
sufficient flammable vapors to support combustion. In most all
circumstances, when gasoline is spilled or otherwise released,
the temperature of the external environment is well above the
flash point of gasoline, creating the potential for ignition. Die¬
sel fuel, by comparison, has a much higher flash point than
gasoline—in the range of approximately 120°F (49°C) to 140°F
(60°C), depending on the fuel grade. In either case, once the
temperature of the liquid surpasses its flash point, the fuel will
give off sufficient flammable vapors to support combustion
Figure 2-2

Additionally, liquids with low flash points—such as gaso¬
line, ethyl alcohol, and acetone—typically have higher vapor
pressures and higher ignition temperatures. Vapor pressure and
ignition temperature are explained in more detail later in this
chapter. Consider the case of gasoline, whose flash point is—45°F (—43°C). At a vapor pressure in excess of 275 mm Hg
(compared to the vapor pressure of ethyl alcohol of 40 mm Hg
at approximately 68°F |20°C]), gasoline has an ignition temper¬
ature of approximately 475°F (246°C). By contrast, flammable/
combustible liquids with high flash points typically have lower

Table 2-1 Flash Point, Vapor Pressure, and Ignition
Temperature

Flash Point Vapor
Pressure

Ignition
Temperature

Water N/A 25 mm Hg at
68°F(20°C)

N/A

Gasoline -45°F |-43°C) 275-400 mm Hg
at 70°F |21°C)

475°F(246°C)

Acetone -4°F(-20°C) 400 mm Hg at
104°F (40°C)

-465°F (-276°C)

#2 Grade 125°F(52°C) < 2 mm Hg at 500°F(260°C)
Diesel 68°F (20°C)

ignition temperatures and lower vapor pressures. A partic¬
ular grade of diesel—#2 grade diesel, for example—may have
a flash point of 125°F (52°C) and a corresponding ignition
temperature of approximately 500°F (260°C); this is clearly a
much narrower range than that described in the gasoline ex¬
ample. The vapor pressure of #2 grade diesel fuel I Table 2-1-

-45°F
Flash Point
(Gasoline)

Figure 2-2 Responders should always be mindful of ignition
sources at flammable/combustible liquid incidents.
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vapor will occur. It is usually only slightly higher than the flash
point for most materials.

IIgnition Temperature
Ignition (autoignition) temperature is another important
temperature landmark for flammable/combustible liquids.
From a technical perspective, you can think of ignition tem¬
perature as the minimum temperature at which a fuel, when
healed, will ignite in air and continue to burn.

From a responders perspective, it is important to realize
that when a liquid fuel is heated beyond its ignition tempera¬
ture, from any type of heat, it wall ignite without an external
ignition source. Think of a pan full of cooking oil on the stove.
For illustrative purposes, assume that the ignition temperature
of the oil is 300°F (148°C). What would happen if the burner
was set on high and left unattended, so that the oil was heated
past 300°F (148°O? Once the temperature of the oil exceeds
its ignition temperature, it will ignite; there is no need for an
external ignition source. In fact, this scenario is a common
cause of stove fires.

M Flammable Range
Flammable range is another important term to understand.
Defined broadly, flammable range is an expression of a fuel/air
mixture, defined by upper and lower limits, that reflects an
amount of flammable vapor mixed with a given volume of air.
Gasoline will serve as our example. The flammable range for
gasoline vapors is 1.4 percent to 7.6 percent. The two percent¬
ages, called the lower explosive limit (LEI ) (1.4 percent) and
the upper explosive limit (UEL) (7.6 percent), define the
boundaries of a fuel/air mixture necessary for gasoline to burn
properly. If a given gasoline/air mixture falls between the LEL
and the UEL, and that mixture comes in contact with an igni¬
tion source, a flash fire will occur.

The concept of automobile carburetion capitalizes on the
notion of flammable range—the carburetor is the place where
gasoline and air are mixed When the mixture of gasoline va¬
pors and air occurs in the right proportions, the car runs
smoothly. When there is too much fuel and not enough air, the
mixture is considered to be too “rich." When there is loo much
air and not enough fuel, the carburetion is called too “lean.” In
either of these two cases, optimal combustion is not achieved
and the motor does not am correctly.

Understanding flammable range, as it relates to hazardous
materials response, is based on the same line of thinking. If
gasoline is released from a rolled-over cargo tank, the vapors
from the spilled liquid will mix with the surrounding air. If the
mixture of vapors and air falls between the UEL and the LEL,
and those vapors reach an ignition source, a flash fire will
occur. Ultimately, the entire volume of gasoline will likely burn.
As with carburetion, if too much or too little fuel is present, the
mixture will not adequately support combustion.

Generally speaking, the wider the flammable range, the
more dangerous the material I ,
reflects the fact that the wider the flammable range, the more
opportunity there is for an explosive mixture to find an igni¬
tion source.

Table 2-2

Table 2-2 Flammable Ranges of Common Gases

Hydrogen 4.0%—75%
Natural gas 5.0%-15%
Propane 2.5%—9.0%

Vapor Pressure
For our purposes, the definition of vapor pressure will pertain
to liquids held inside any type of closed container Figure 2-3
When liquids are held in a closed 55-gallon drum or a 4-liter
glass bottle, for example, some amount of pressure (in the
headspace above the liquid) will develop inside. All liquids,
even water, will develop a certain amount of pressure in the
airspace between the top of the liquid and the container.

The key point to understanding vapor pressure is this: The
vapors released from the surface of any liquid must he contained if
they are to exert pressure. Essentially, the liquid inside the con¬
tainer will vaporize until the molecules given off by the liquid
reach equilibrium with the liquid itself. Equilibrium is a bal¬
ancing act between the liquid and the vapors—some molecules
turn to vapor, while others leave the vapor phase and return to
the liquid phase.

Carbonated beverages illustrate this concept. Inside the
basic cola drink is the super-secret formula for the soda and a
certain amount of carbon dioxide (CO,) molecules: CO, makes
the bubbles in the soda. When the soda sits in an unopened
can or plastic bottle on the shelf, the balancing act of CO, is
happening: CO2 from the liquid becomes gaseous CO, above
the liquid; at the same time, some of the CO, dissolves back
into the liquid. The pressure inside the bottle can be verified
by feeling the rigidity of the container—until you open it. Once
the lid is removed, the CO, is no longer in a closed vessel, and
it escapes into the atmosphere. With the pressure released, the
sides of the bottle can be squeezed easily. Ultimately, the soda
goes flat because all of the CO, has escaped.

With the soda example in mind, consider the technical
definition of vapor pressure: The vapor pressure of a liquid is
the pressure exerted by its vapor until the liquid and the vapor
are in equilibrium. Again, this process occurs inside a closed
container, and temperature has a direct influence on the vapor
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Two specific points of temperature 68°F (2O°C) and pressure
(14.7 psi) are commonly referred to as normal temperature
and pressure (NTP). These values represent standard condi¬
tions under which chemical and physical properties can be
tested and documented. Another term, standard tempera¬
ture and pressure (STP), as defined by the International
Union of Pure and Applied Chemistry (IUPAC), describes an
ideal testing environment for a variety of chemical and phys¬
ical processes: 14.7 psi at 32°F (o°C).

Atmospheric
pressure pushes
down at 14.7 psi

Water boils
at212°F

lima The concept of boiling point versus atmospheric
pressure.

pressure. For example, if heat impinges on a drum of acetone,

the pressure above the liquid will increase and perhaps cause
the drum to fail. If the temperature is dramatically reduced, the
vapor pressure will drop. This is true for any liquid held inside
a closed container.

What happens if the container is opened or spilled onto
the ground to form a puddle? The liquid still has a vapor pres¬
sure but it is no longer confined to a container. In this case, we
can conclude that liquids with high vapor pressures will evaporate
much more quickly than do liquids with low vapor pressures. Vapor
pressure directly correlates to the speed with which a material
will evaporate once it is released from its container.

For example, motor oil has a low vapor pressure. When it
is released, it will stay on the ground a long time. Chemicals
such as isopropyl alcohol and di-ethyl ether exhibit the oppo¬
site behavior: When either of these materials is released and
collects on the ground, it will evaporate rapidly. If ambient air
temperature or pavement temperatures are elevated, their evap¬
oration rates will increase even further. Wind speed, shade,
humidity, and the surface area of the spill also influence how
fast the chemical will evaporate.

When consulting reference sources, be aware that the vapor
pressure may be expressed in pounds per square inch (psi),
atmospheres (atm), torr, or millimeters of mercury (mm Hg);
most references give the vapor pressures of substances at a
temperature of 68°F (20°C). Each expression of pressure is a
valid point of reference in emergency response. The term “mil¬
limeters of mercury" (mm Hg) is commonly found in reference
books; it is defined as the pressure exerted at the base of a col¬
umn of fluid that is exactly 1 millimeter in height. The "torr”
unit is named after the Italian physicist Evangelista Torricelli,
who discovered the principle of the mercury barometer in
1644 In his honor, the torr was equated to 1 mm Hg. Certain
conversion factors allow calculations from one reference point
to another, but some of these factors are very complex. For the
purposes of simplicity and emergency response, the important
point is to have some frame of reference to understand the
concept of vapor pressure and to recognize how that concept
will impact the release of chemicals into the environment.

To understand the relationship between the various units
of pressure, use the following comparison:

14.7 psi = 1 atmosphere (atm) = 760 torr = 760 mm Hg

Another method of comparison is to take the values from
the reference books and compare those values to the behavior

of substances you may be familiar with. The following example
compares (using mm Hg) three common substances: water,
motor oil. and iso-propyl alcohol. The vapor pressure of water
at room temperature is approximately 25 mm Hg. Standard
40-weight motor oil has a vapor pressure of less than 0.1 mm
Hg at 68°F (20°C)—it is practically vaporless at room tempera¬
ture. Isopropyl alcohol, by contrast, has a high vapor pressure
of 30 mm Hg at room temperature. Again, temperature has a
direct correlation to vapor pressure, but all things being equal,
these three substances give you a good starling point for mak¬
ing comparisons.

Boiling Point
Boiling point is the temperature al which a liquid will contin¬
ually give off vapors in sustained amounts and, if held at that
temperature long enough, will turn completely into a gas. The
boiling point of waler, for example, is 212°F (100°C). At this
temperature, water molecules have enough kinetic energy (en¬
ergy in motion) to overcome the downward force of the sur¬
rounding atmospheric pressure (at sea level, a pressure of 14.7
psi is exerted on ever)' surface of every object, including the
surface of the water) Figure 2-4 At temperatures less than
212°F (100°C), there is insufficient heat to create enough ki¬
netic energy to allow’ the water molecules to escape.

An illustration of boiling point, w’hich demonstrates how
heated liquids inside closed containers might create a deadly
situation, can be found by looking at a completely benign and
common example—popcorn. Fundamentally, popcorn pops
when the trapped water inside the kernel of corn is heated be¬
yond its boiling point. When the popcorn kernels are heated,
the small amount of waler inside each kernel eventually ex¬
ceeds its boiling point and expands to 1700 times its original
water volume. The kernel then "pops." A kernel of corn has no
relief valve, so a rapid build-up of pressure will cause it to
breach. Unpopped kernels are those with insufficient water in¬
side the kernel to permit this expansion.

—
Flammable liquids with low boiling points are dangerous be¬
cause they have the potential to produce large volumes of
flammable vapor at relatively low temperatures.
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The molecular weight of a flammable liquid dictates the
behavior of the substance once it is released. A molecule
of motor oil, for example, is much larger than a molecule of
isopropyl alcohol. Some general conclusions about the rela¬
tionships among vapor pressure, boiling point, flash point,
ignition temperature, and heat output can be linked together
based on the molecular size of a chemical compound. Spe¬
cifically, as the molecular weight of a substance increases:

4 Vapor pressure decreases.
it Boilingpoint increases.
ft Flash point increases.
U Ignition temperature decreases.
IT Heat output increases.

Vapor Density
In addition to identifying the flammability of a particular vapor
or gas, responders must determine whether the vapor or gas
is heavier or lighter than air. In essence, you must know the
vapor density of the substance in question. Vapor density is
the weight of an airborne concentration of a vapor or gas as
compared to an equal volume of dr}’ air Figure 2-5

Basically, vapor density is a question of comparison—what
will the gas or vapor do when it is released in the air? Will it
collect in low spots in the topography or somewhere inside a
building, or will it float upward into the ventilation system or
upward into the air? These are important response consider-
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ations for hazardous materials incidents and may influence the
severity of the incident.

You can find a chemical’s vapor density by' consulting a
good reference source such as an MSDS. The vapor density’ will
be expressed in numerical fashion, such as 1.2, 0.59, or 4.0.
The vapor density of propane, for example, is 1.51. Air has a
set vapor density value of 1.0. Gases such as propane or chlo¬
rine are heavier than air and, therefore, have a vapor density
value greater than 1.0. Substances such as acetylene, natural
gas, and hydrogen are lighter than air and will have a vapor
density value of less than 1.0.

In the absence of reliable reference sources in the field,
there is a mnemonic you can use to remember a number of
lighter-than-air gases: 4H MEDIC ANNA. This mnemonic
translates as follows:

H: Hydrogen
H: Helium
H: Hy’drogen cyanide
H: Hydrogen fluoride
M: Methane
E: Ethylene
D: Diborane
1: Illuminating gas (methane/ethane mixture)
C: Carbon monoxide
A: Ammonia
N: Neon
N: Nitrogen
A: Acetylene

If you encounter a leaking propane cylinder, for example, just
refer back to 4H MEDIC ANNA. Propane is not on that list, so
by default, you can assume that propane is heavier than air.
You won’t find chlorine or butane on the list, either: Both are
heavier than air. Again, if the substance is not on this list, it is
most likely heavier than air.

A. Low Vapor
Density

Figure 2-5 Vapor density. A. Vapor density <1.0 over the cylinder
with the gas leak rising upward. B. Vapor density >1.0 over the cylinder
with the heavier-than-air leak.

Specific Gravity
Specific gravity is to liquids what vapor density is to gases and
vapors—namely, a comparison value. In this case, the compar¬
ison is between the weight of a liquid chemical and the weight
of water. Water is assigned a value of 1.0 as its specific gravity:
Any material with a specific gravity value less than 1.0 will
float on water. Any material with a specific gravity value greater
than 1.0 will sink and remain below the surface of water. A
comprehensive reference source will provide the specific grav¬
ity of the chemical in question.

Most flammable liquids will float on water Figure 2-6 >
Gasoline, diesel fuel, motor oil, and benzene are all examples
of liquids that float on water. Carbon disulfide, by comparison,
has a specific gravity of approximately 2.6. Consequently, if

It is important to carefully consider the application of water
in all cases involving spilled or released chemicals. Do not
approach any problem with the “It’s just water" mindset. The
results could be something worse than the initial problem.
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Figure 2-6 Gasoline will float on water, whereas carbon disulfide will not.

waler is gently applied to a puddle of carbon disulfide, the
water will rest on top and cover the puddle completely.

IWater Solubility
When discussing the concept of specific gravity, it is also nec¬
essary to determine if a chemical will mix with water. Water
solubility describes the ability of a substance to dissolve in
water. Water is the predominate agent used to extinguish fire,
but when you are dealing with chemical emergencies, it may
not always be the best and safest choice to mitigate the situa¬
tion. That's because water is a tremendously aggressive solvent
and has the ability to react violently with certain chemicals.

Concentrated sulfuric acid, metallic sodium, and magne¬
sium are just a few examples of substances that will adversely
react with water. If water is applied to burning magnesium, for
example, the heat of the fire will break apart the water mole¬
cule, creating an explosive reaction. Adding water to sulfuric
acid would be like throwing water on a pan full of hot oil—
popping and spattering may occur.

In other circumstances, water can be a friendly ally when
you are attempting to handle a chemical emergency. Depending
on the chemical involved, fog streams operated from handlines
may knock down vapor clouds. Additionally, heavier-than-water
flammable liquids can be extinguished by gently applying water
to the surface of the liquid. In some cases, water may be an
effective way to dilute a chemical, thereby rendering it less
hazardous.

Corrosivity (pH)
Corrosivity is the ability of a material to cause damage (on
contact) to skin, eyes, or other parts of the body. The technical
definition, as found in the U.S. Code of Federal Regulations,
includes the language, “destruction or irreversible damage to
living tissue at the site of contact." Such materials are often also
damaging to clothing, rescue equipment, and other physical
objects in the environment.

Corrosives are a complex group of chemicals that should
not be taken lightly. The tens of thousands of corrosive chemi¬
cals used in general industry, semiconductor manufacturing,
and biotechnology can be further categorized into two classes:
acid and base I

There are number of technical ways to describe the acidity
or alkalinity of a particular solution, but the most common

Figure 2-7

[H+l Acid PH Examples

10_° -A Hydrochloric acid

w1 - Lemon juice

10"2 - - 2 Stomach acid

10~3 - - 3 Vinegar, cola, beer

w4 - - 4 Tomatoes, champagne
Peat bogs

10-5 - - 5 Black coffee

10"6 - - 6 Urine
Saliva (6.5)

10-7 - - 7 Distilled water
Human blood (7.4)

10-8 - - 8 Seawater

10"9 - - 9 Baking soda

10-1° - - 10 Great Salt Lake

10-11 - - 11 Household ammonia

10-12 - - 12 Bicarbonate of soda

10-13 - - 13 Oven cleaner

10-14 -U
Base

- 14 Sodium hydroxide (NaOH)

The pH scale.Figure 2-7
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way to define them is by their pH. In simple terms, you can
think of pH as the “power of Hydrogen." Essentially, pH is an
expression of the measurement of the presence of dissolved
hydrogen ions (H+) in a substance. When thinking about pH
from a field perspective, this value can be viewed as a mea¬
surement of corrosive strength, which can loosely be translated
into a certain degree of hazard. In simple terms, we can use pH
to judge how aggressive a particular corrosive might be. To as¬
sess that hazard, you must understand the pH scale.

How do we determine pH in the field? One method is to
use specialized pH test paper. You can also obtain this informa¬
tion from the MSDS, or call for a specialized hazardous mate¬
rials response team to determine the pH level of a chemical.
Hazardous materials technicians have more specialized ways of
determining pH and may be a useful resource when respond¬
ers are handling corrosive incidents.

Common acids, such as sulfuric, hydrochloric, phos¬
phoric, nitric, and acetic (vinegar) acids, have a predominate
amount of hydrogen ions (H+) in the solution and, therefore,
will have pH values less than 7 Figure 2-8 Chemicals that are
considered to be bases, such as sodium and potassium hydrox¬
ide, sodium carbonate, and ammonium hydroxide, have a pre¬
dominate amount of hydroxide (OH") ions in the solution and
will have pH values greater than 7 Figure 2-9

The middle of the pH scale (7) is where a chemical is con¬
sidered to be neutral—that is, neither acidic nor basic. A pH of
7 is considered “neutral" because the concentration of hydrogen
ions (H+) in such a material is exactly equal to the concentra¬
tion of hydroxide (OH") ions produced by dissociation of the
water. At this value, a chemical will not harm human tissue.

Generally, pH values of 2.5 or less, and those of 12.5 or
greater, are considered to be strong. In practical terms, this
designation means that strong corrosives (acids and bases) will
react more aggressively with metallic substances such as steel
and iron; they will cause more damage to unprotected skin;
they will react more adversely when contacting other chemi¬
cals; and they may react violently with waler.

At the awareness operations level, it is critical to under¬
stand that incidents involvingcorrosives may not be as straight¬
forward as other types of chemical emergencies. The materials
themselves are more complicated and, in fact, the tactics em¬
ployed to deal with them could be outside your scope of
responsibilities.

Toxic Products of Combustion
Toxic products of combustion are the hazardous chemical
compounds released when a material decomposes under heat.
Recall that the process of combustion is a chemical reaction
and, like other reactions, will generate a given amount of by¬
products. You are well aware of the smoke produced by a
structure fire, but have you really thought about what’s in the
smoke, or taken a moment to think about the toxic gases that
are liberated during a residential structure fire?

An easy way to think about this issue is to apply a phrase
long used in the world of computers: “garbage in, garbage out."
This phrase reflects the idea that whatever objects are involved
in the fire (chairs, tables, and sofas, for example) will break
down in the heat and release a host of chemical by-products in
the smoke. In short, the toxic gases and other chemical sub¬
stances found in the smoke will be determined by what is
burning. To that end, smoke is not “just smoke”—it is unique,
to some degree, in each and every fire.

Notable substances found in most fire smoke include soot,
carbon monoxide, carbon dioxide, water vapor, formaldehyde,
cyanide compounds, and many oxides of nitrogen. Each of
these substances is unique in its chemical make-up and most
are toxic to humans, even in small doses.

For example, carbon monoxide affects the ability of the
human body to transport oxygen. When it is present in the
body in excessive amounts, the red blood cells cannot get oxy¬
gen to the other cells of the body and, subsequently, a person
will die from tissue asphyxiation. Cyanide compounds also ad¬
versely affect oxygen uptake in the body and are often a cause
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of civilian death in structure fires. Formaldehyde is found in
many plastics and resins; it is one of the many components of
smoke that causes eye and lung irritation. The oxides of nitro¬
gen, which include nitric oxide, nitrous oxide, and nitrogen
dioxide, are deep lung irritants that may cause a serious medi¬
cal condition called pulmonary edema (fluid build-up in the
lungs).

Always consider the origin of any fire encountered. The con¬
clusions you reach about the fire’s source may require evac¬
uatingaffected citizens,prompt you to employ unique tactics,
or help you better understand and provide emergency medi¬
cal care to civilians or your own personnel.

Radiation
Most lire fighters have not been trained on the finer points of
handling incidents involving radioactive materials and, there¬
fore, have many misconceptions about radiation. Radiation is
energy transmitted through space in the form of electromag¬
netic waves or energetic particles.

Fundamentally, you should understand that you cannot
escape radiation. It is all around you. During the course of your
life, you will receive radiation from the sun and the soil, or by
having an x-ray. Radiation is everywhere and has been around
since the beginning of time. Our focus here, however, is not
background radiation—the kind of radiation you received
from the sun or the soil—but rather the occupational expo¬
sures encountered in the field. For the most part, the health
hazards posed by radiation are a function of two factors:

The amount of radiation absorbed by your body has a
direct relationship to the degree of damage done.
The exposure time to the radiation will ultimately affect
the extent of the injury.

The periodic table of elements illustrates all the known el¬
ements that are found in all the chemical compounds on the

|. Those elements, in turn, are
made up of atoms. In the nucleus of those atoms are protons

Figure 2-10
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Figure 2-10 The periodic table of elements.



Chapter 2 Hazardous Materials: Properties and Effects

esponderTtps esponderTtps

Isotopes are atoms with the same number of protons but
different numbers of neutrons.

its imbalance of protons and neutrons. Other examples include
sulfur-35 and phosphorus-32, which are radioactive isotopes
of sulfur and phosphorus, respectively.

Radioactivity is the natural and spontaneous process by
which unstable atoms (isotopes) of an element decay to a dif¬
ferent state and emit or radiate excess energy in the form of
particles or waves. Radioactive isotopes give off energy from
the nucleus of an unstable atom in an attempt to reach a stable
state. Typically, you will encounter a combination of alpha,
beta, and gamma radiation. Each of these forms of energy' given
off by a radioactive isotope will vary in intensity, and conse¬
quently determine your efforts to reduce the exposure poten-

Figure 2-11
Small radiation detectors are available that can be worn on

turnout gear. These detectors sound an alarm when dangerous
levels of radiation are encountered and alert responders to
leave the scene and call for more specialized assistance.

Alpha Particles
As mentioned previously, radiation stems from an imbalance in
the number of protons and neutrons in the nucleus of an atom.
Alpha radiation is a reflection of that instability. This form of
radiation energy is produced when an electrically charged par¬
ticle is given off by the nucleus of an unstable atom. Alpha
particles have weight and mass; as a consequence, they cannot
travel very far (less than a few centimeters) from the nucleus of
the atom. For the purpose of comparison, alpha particles are
like dust particles. Typical alpha emitters include americium
(found in smoke detectors), polonium (identified in cigarette
smoke), radium, radon, thorium, and uranium.

You can protect yourself from alpha emitters by staying
several feet away from their source, and by protecting your

Radioactive contamination occurs when radioactive material
is deposited on or in an object or a person. The release of
radioactive materials into the environment can cause air,
water, surfaces, soil, plants, buildings, people, or animals to
become contaminated. A contaminated person has radioac¬
tive materials on or inside their body.

Radioactive materials give off a form of energy that
travels in waves or particles. When a person is exposed to
radiation, the energy penetrates the body. For example, when
a person has an x-ray, he or she is said to be exposed to
radiation.
Source: Centers for Disease Control and Prevention (CDC),
Fact Sheet: Radiation Emergencies, May 2005.

respiratory’ tract with a HEPA filter on a simple respirator or
by using a self-contained breathing apparatus (SCBA). HEPA
(high-efficiency particulate air) filters catch particles down
to 0.3-micron size—much smaller than a typical dust particle.
Although protection from exposure to alpha particles is offered
through HEPA filters and proper personal protection equip¬
ment (PPE), this type of radiation still poses a serious health
risk if it enters into the body.
Beta Particles
Beta particles are more energetic than alpha particles and,
therefore, pose a greater health hazard. Essentially, beta parti¬
cles are like electrons, except that a beta particle is ejected from
the nucleus of an unstable atom. Depending on the strength of
the source, beta particles can travel 10 to 15 feet in the open
air. The beta particles themselves are not radioactive; rather,
the radiation energy is generated by the speed at which the
particles are emitted from the nucleus. Due to this phenome¬
non, beta radiation can break chemical bonds at the molecular
level and cause damage to living tissue. This breaking of chem¬
ical bonds creates an ion; therefore, beta particles are consid¬
ered ionizing radiation. Ionizing radiation has the capability to
cause changes in human cells, which may ultimately lead to a
mutation of the cell and become the root cause of cancer. Ex¬
amples of ionizing radiation include x-rays and gamma rays.

Non-ionizing radiation comes from electromagnetic
waves, which are capable of causing a disturbance of activity at

Time-Distance-Shielding
To reduce the effects of a radiation exposure, responders
should understand the concept of time-distance-shielding
(TDS). Think of TDS in this way: The less time you spend in
the sun, the less chance you have of suffering a sunburn
(time); the closer you stand to a fire, the hotter you will get
(distance); and if you come inside during a rainstorm, you
will stop getting wet (shielding).
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the atomic level but do not have sufficient energy to break
bonds and create ions. Typical non-ionizing waves include sound
waves, radio waves, and microwaves.

Beta particles can redden (erythema) and burn skin; they
can also be inhaled. Beta particles that are inhaled can directly
damage the cells of the human body. Most solid objects can
stop these particles, and your SCBA should provide adequate
respiratory protection against them. Common beta emitters in¬
clude tritium (luminous dials on gauges), iodine (medical
treatment), and cesium.

Gamma Rays and Neutrons
Gamma radiation is the most energetic radiation responders
may encounter. Gamma radiation differs from alpha and beta
radiation in that it is not a particle ejected from the nucleus;
rather, it is pure electromagnetic energy. A gamma ray has no
mass and no electrical charge and travels at the speed of light.
Gamma rays can pass through thick solid objects (including
the human body) very easily and generally follow the emission
of a beta particle. If the nucleus still has too much energy’ after
ejecting beta particles, it may release a photon (a packet of
pure energy) that takes the form of a gamma ray.

Like beta particles, gamma radiation is a form of ionizing
radiation and can be deadly. Structural firefighting gear that in¬
cludes SCBA will not protect you from gamma rays; if fire
fighters are near the source of this type of radiation, they will
be exposed. Typical sources of gamma radiation include ce¬
sium (cancer treatment and soil density testing at construction
sites) and cobalt (medical instrument sterilization).

Neutrons are also penetrating particles found in the nu¬
cleus of the atom; they may be removed from the nucleus
through nuclear fusion or fission. Neutrons themselves are not
radioactive, but exposure to neutrons can create radiation,
such as gamma radiation.

IHazard, Exposure, and Contamination
When responders respond to hazardous materials incidents, it
is vital that they understand those hazards so they can mini¬
mize their potential for exposure. To do so, responders must
lake the time to understand the problem they are facing, in¬
cluding the physical properties of the chemical and the release
scenario. Responders must take initial precautions to protect
themselves so they are able to mitigate the situation. This in¬
cludes determining whether they have the right training, equip¬
ment, and protective gear to positively influence the outcome
of the incident. For example, you cannot provide medical care
to a contaminated victim if you are not properly protected
against the contamination.

Hazard and Exposure
In NFPA 472, Standard for Competence of Responders to Hazard¬
ous Materials/Weapons of Mass Destruction Incidents, a hazard is
defined as a material capable of posing an unreasonable risk to
health, safety, or the environment—that is, a material capable
of causing harm. The same source defines exposure as the pro¬

cess by which people, animals, the environment, and equip¬
ment are subjected to or come into contact with a hazardous
material.

Contamination
When a chemical has been released and physically comes in
contact with people, the environment, and everything around
it, either intentionally or unintentionally, the residue of that
chemical is called contamination. In some cases, the process
of removing such contaminants is complex and requires a
significant effort to complete. In other cases, the contamination
is easily eliminated. Chapter 8, Mission-Specific Competencies:
Technical Decontamination, covers the finer points of remov¬
ing contaminants and decontaminating the responders and
their gear. For now, simply understand that when a chemical
escapes its container, you will need a system to safely and effi¬
ciently remove that chemical or reduce its physical hazard.

Secondary Contamination
Secondary contamination, also known as cross-contamination,
occurs when a person or object transfers the contamination or
the source of contamination to another person or object by
direct contact. In such cases, responders may become contam¬
inated and subsequently handle tools and equipment, touch
door handles or other responders, and spread the contamina¬
tion. The possibility of spreading contamination brings up a
point that all responders should understand: The cleaner re¬
sponders stay during the response, the less decontamination
the}' will have to do later. Many responders have the misper¬
ception that PPE is worn to enable you to contact the product
at will. In fact, quite the opposite is true: PPE, including spe¬
cialized chemical protective gear, is worn to protect you in the
event that you cannot avoid product contact. The less contami¬
nation encountered or spread, the easier the decontamination
will be.

ITypes of Hazardous Materials:
Weapons of Mass Destruction

In recent years, weapons of mass destruction (WMD) have be¬
come a highly relevant topic for responders. WMD represent a
real threat in the United States, and each responder should
have a basic knowledge of those potential threats. To that end,
this section briefly addresses the threats posed by nerve, blis¬
ter, blood, and choking agents, and other potential hazards as¬
sociated with various irritant materials.

WMD events can be complex, and the harm inflicted dur¬
ing such incidents may be the result of several factors—nerve
agents dispersed by explosions, radioactive contamination
spread by the detonation of conventional explosives (so-called
dirty bombs), and so on. Generally speaking, the damages
caused by a terrorist attack or any other hazardous materials
incident can be broadly classified into seven categories, best
remembered by the mnemonic TRACEMP:
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Ilwas so cold on that January morning in central Canada that a mere 5 minutes outside
transformed my turnout gear into 25 pounds of crackling cellophane. The cold on this

particular morning had the added complication of a thick blanket of “ice fog.” The low
visibility caused by the thick fog was the reason we found ourselves responding to a two-
vehicle highway accident.

On arrival at the scene, we quickly determined that a semi-trailer carrying a full
load of a highly volatile petroleum-based liquid had accidentally driven too close to ••
another large vehicle. The two vehicles had rubbed the sides of their trailers together
at a speed of about 30 miles per hour, causing about 20 feet of “tearing and creasing”
along the side of the trailer containing the volatile liquid. At the scene, we noticed a 1

puddle of product with about a 10-foot radius on the ground.

Different atmospheric
conditions at this
accident would have

Different atmospheric conditions at this accident would have spurred us to different
initial actions. In this case, it was so cold that the liquid was unable to generate any
significant vapors that could cause immediate concerns about ignition outside the
products immediate area. Our captain recognized that the cold weather affected this
product in specific ways and, therefore, decided on situation-specific actions and
priorities that would provide reasonable safety for all responders and bystanders,
prevent the leaking product from spreading, and enable us to work to safely offload
the remaining product to a suitable replacement container. On a hot day, the liquid
would have been actively producing dangerous vapors, changing our initial actions.
In that case, our priorities would have involved removal of ignition sources through
isolation of the area as well as aggressive vapor suppression.

spurred us to different
initial actions.

Changing factors, such as weather conditions and the environment immediately surrounding
the affected area, will affect the properties and effects of hazardous materials. It is critical to
gather as much information as possible about the hazard to accurately determine your initial
actions and priorities.

Ray Unrau
Saskatoon Fire and Protective Services
Saskatoon, Saskatchewan



o
Thermal: Heal created from intentional explosions or
fires, or cold generated by cryogenic liquids.
Radiological: Radioactive contamination from dirty
bombs; alpha, beta, and gamma radiation.
Asphyxiation: Oxygen deprivation caused by materi¬

als such as nitrogen; tissue asphyxiation from blood
agents.

• Chemical: Injury and death caused by the intentional
release of toxic industrial chemicals, nerve agents, vesi¬
cants, poisons, or other chemicals.
Etiological: Illness and death resulting from biohaz¬
ards such as anthrax, plague, and smallpox; hazards
posed by bloodborne pathogens.
Mechanical: Property damage and injur}’ caused by
explosion, falling debris, shrapnel, firearms, explosives,
and slips, trips, and falls.
Psychogenic: The menial harm from being potentially
exposed to, contaminated by, and even just being in
close proximity to an incident of this nature.

Nerve Agents
Nerve agents pose a significant threat to civilians and respond¬
ers alike. The main threat stems from the ability of a nerve
agent to enter the body through the lungs or the skin and then
systemically affect the function of the human body. Nerve
agents, like many common pesticides, disrupt the central ner¬
vous system, possibly causing death or serious impairment.

The human central nervous system is laid out much like
the electrical wiring in a house. The brain serves as the main
panel. The wires—that is, the nerves—go to muscles, organs,
glands, and other critical areas of the body. When a nerve
agent enters the body, it affects the body’s ability to transact
nerve impulses at the junction points between nerves and
muscles, nerves and vital organs, and nerves and glands. Sub¬
sequently, those critical areas will not function properly and
associated bodily functions will be affected. For example, sa-
t in is a water-like liquid nerve agent that is primarily a vapor
hazard.

Signs and symptoms of nerve agent exposure may include
pinpoint pupils, tearing of the eyes, twitching muscles, loss of
bowel and bladder control, and slow or rapid heartbeat. Mild
exposures may result in mild symptoms and include some or
all of the symptoms listed above. Significant exposures may re¬
sult in rapid dealh, serious impairment, or a more pronounced
manifestation of symptoms. The bottom line is that an expo¬
sure to a nerve agent is not an automatic death sentence. Much
like the case of radiation exposure, the dose absorbed is di¬
rectly correlated with the degree of damage done and the
symptoms presented by the victim.

Recognition of the signs and symptoms of a nerve agent
exposure is vital in determining the presence of such a threat.
Nerve agents in general are reported to have fruity odors. In
many cases, responders will not have the specialized detection
devices that are necessary to identify the presence of a nerve
agent exposure; the symptoms presented by the victims should
tip them off, however. To that end, the mnemonic SLUDGEM
briefly summarizes some of the more common signs and symp¬
toms of nerve agent exposure:
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S: Salivation
L: Lacrimation (tearing)
U: Urination
D: Defecation
G: Gastric disturbance
E: Emesis (vomiting)
M: Miosis (constriction of the pupil)
Many times, nerve agents are incorrectly referred to as

nerve gas. Nerve agents are liquids, not gases, and each one
evaporates at a different rate. Sarin, for example, is a water-like
liquid that evaporates more easily than VX. which is a thick,
oily liquid.

VX is the most toxic of the weapons-grade nerve agents. Il
also has the most persistence (continued presence). Other
nerve agents include soman and tabun. The organophosphate
and carbamate classes of pesticides are similar to the weapons-
grade nerve agents, but are less toxic in general terms.

Blister Agents
Blister agents (also known as vesicants) have the ability to
cause blistering of the skin. Common blister agents include
sulfur mustard and Lewisite, which interact in unique ways
with the human body.

Sulfur mustard was first used as a weapon in World War I
Chemical casualties suffered horrific injuries to the skin and
lungs; in some cases, those exposures proved fatal. Although
sulfur mustard is commonly referred to as mustard gas, it is
more typically found in a liquid state. This chemical is color¬
less and odorless when pure. When mixed with other sub¬
stances or otherwise impure, however, it can look brownish in
color and smell like garlic or onions.

Exposures to sulfur mustard may not be immediately ap¬
parent. A victim may not experience pain or any other sign in¬
dicating current contact with this agent. Indeed, redness and
blistering may not appear until 2 to 24 hours after exposure.
Once the blistering does occur, skin decontamination will not
reduce its effects Figure 2-12 11 sulfur mustard exposure is
suspected, immediate skin decontamination is indicated. Early
skin decontamination may reduce the effects of exposure.
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Sulfur mustard produces injuries similar to second- and
third-degree thermal burns. In cases involving mild skin expo¬
sures, victims typically make a complete recovery. Inhalation
exposures are much more serious, with the damage to lung tis¬
sues sometimes resulting in permanent respiratory function
impairment. Additionally, sulfur mustard is very persistent in
the environment. When it is released in this way, it can remain
intact, sticking to the ground or other surfaces, for several days.

Lewisite has many of the same characteristics as sulfur
mustard.

Lewisite, however, contains arsenic; thus, when it is ab¬
sorbed by the skin, this blister agent may produce some symp¬
toms specific to arsenic poisoning, such as vomiting and low
blood pressure. Unlike sulfur mustard, Lewisite exposures to
the skin will produce immediate pain. Lewisite is a colorless-
to-dark brown oily brown liquid that smells of geraniums. If a
Lewisite exposure is suspected, immediate and aggressive skin
decontamination is indicated. Like sulfur mustard, Lewisite
does not occur naturally in the environment and is considered
to be a chemical warfare agent.

I Blood Agents
Blood agents are chemicals that, when absorbed by the body,
interfere with the transfer of oxygen from the blood to the cells.
Cyanide compounds, including hydrogen cyanide and cyan¬
ogen chloride, prevent the body from using oxygen. Victims
exposed to high levels of cyanide, for example, could be placed
on supplemental oxygen but still not survive the exposure. The
cause of death in such cases is not a lack of oxygen, but rather
the inability of the body to use the available oxygen effectively.

The main route of exposure to cyanide compounds is
through the lungs, but many of these agents can also be in¬
gested or absorbed through the skin. Hydrogen cyanide has a
reported odor of bitter almonds, but approximately 60 percent
of the general population cannot detect the presence of hydro¬
gen cyanide by smell. Thus, because the odor threshold and
the amount of cyanide that would be lethal are very close, odor
alone cannot be used to detect dangerous amounts of hydrogen
cyanide. By contrast, cyanogen chloride, because of the chlo¬
rine atom within the chemical compound, has a much more ir¬
ritating and pungent odor.

Typical signs and symptoms of cyanide exposure include
vomiting, dizziness, watery eyes, and deep and rapid breath¬
ing. High concentrations lead to convulsions, inability to breathe,

loss of consciousness, and death.

Choking Agents
C linking agents are predominantly designed to inhibit breath¬
ing and are typically intended to incapacitate rather than to
kill; nevertheless, death and serious injuries from these agents
are possible. The nature of choking agents (extremely irritat¬
ing odor) alerts potential victims to their presence and allows
for escape from the environment when possible. Commonly rec¬
ognized choking agents include chlorine, phosgene, and chlo¬
ropicrin.

Each of these substances is associated with a specific odor.
Chlorine smells like a swimming pool, whereas phosgene and
chloropicrin have been reported to smell like freshly mown

Hazardous Materials: Properties and Effects

grass or hay. In either case, the odors are noticeable and, in
many cases, strong enough and irritating enough to alert vic¬
tims to the presence of an unusual situation.

In the event of a significant exposure, the main threat from
these materials is pulmonary edema (also known as dry drown¬
ing, because the victim’s lungs fill with fluid). When inhaled,
choking agents damage sensitive lung tissue and cause fluid to
be released. The excess fluid results in chemically induced
pneumonia, which could end up being fatal. Additionally,
choking agents act as skin irritants; they can cause mild to
moderate skin irritation and significant burning when victims
are exposed to them in high concentrations.

Irritants (Riot Control Agents)
Irritants (also known as riot -control agents) include sub¬
stances, such as mace, that can be dispersed to briefly incapaci¬
tate a person or groups of people. Chiefly, irritants cause pain
and a burning sensation to exposed skin, eyes, and mucous
membranes. The onset of symptoms occurs within seconds after
contact and lasts several minutes to several hours, usually with
no lasting effects. Irritants can be dispersed from canisters,
handheld sprayers, and grenades.

From a terrorism perspective, irritants may be employed
to incapacitate rescuers or to drive a group of people into an¬
other area where a more dangerous substance can be released.
Of all the groups of WMD, irritants pose the least amount of
direct danger in terms of toxicity. Exposed patients can be de¬
contaminated with clean water, and the residual effects of the
exposure are rarely significant. Responders are likely to en¬
counter these agents when they respond to calls in which law
enforcement personnel have used these agents for riot control
or suspect apprehension. It is important for responders to
know which specific agents are used by local law enforcement
agencies for such purposes and to identify any specific decon¬
tamination techniques recommended for use with those agents.

Convulsants
Chemicals classified as convulsants are capable of causing
convulsions or seizures when they are absorbed by the body.
Chemicals that fall into this category include nerve agents such
as sarin, soman, tabun, VX, and the organophosphate and car¬
bamate classes of pesticides. These substances interfere with
the central nervous system and disrupt normal transmission of
neuromuscular impulses throughout the body. Examples of
pesticides that are capable of functioning as convulsants in¬
clude parathion, aldicarb, diazinon, and fonofos.

When dealing with these materials, it is important to iden¬
tify their presence and to avoid breathing in their vapors or al¬
lowing the liquid to contact your skin. In some cases, even a
small exposure can be fatal.

IHarmful Substances' Routes of Entry
into the Human Body

For a chemical or other harmful substance to injure a person,
it must first get into the individuals body. Throughout the
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A. Inhalation B. Absorption

C. Ingestion

Figure 2-13

D. Injection

The four ways a chemical substance can enter the

j Air-purifyingrespirators offer some degree of protection
against airborne chemical hazards.
Figure 2-14

body. A. Inhalation. B. Absorption. C. Ingestion. D. Injection.

course of his or her service career, a responder will inevitably
be bombarded by harmful substances such as diesel exhaust,
bloodborne pathogens, smoke, and accidentally and intention¬
ally released chemicals. Fortunately, most of these exposures
are not immediately deadly. Unfortunately, repetitive expo¬
sures to these materials may have negative health effects after a
20-year career. To protect yourself now and give yourself the
best shot at a healthy retirement, it is important to understand
some basic concepts about toxicology. Chemical substances
can enter the human body in four ways

Inhalation: Through the lungs
Figure 2-13*

airborne contamination. Fortunately, fire fighters have ready
access to an excellent form of respiratory protection—namely,
the positive-pressure, open-circuit SCBA. This equipment is by
far the single most important piece of PPE that fire fighters
have at their disposal. Sometimes fire fighters may need to use
other forms of respiratory protection depending on the specific
respiratory hazard they are facing while performing a given
task. For example, full-face and half-face air purifying respira¬
tors (APRs) offer specific degrees of protection if the chemical
hazard present is known and the appropriate filter canister is
used Figure 2-14*

Table 2-3
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Table 2-3 Particle Sizes of Common Types of Respiratory
Hazards

Fume <1 micron
Smoke <1 micron-1 micron
Dust 1 micron+
Fog <40 microns
Mist >40 microns

0.5 micron to 1 micron. Based on that size range, a typical full¬
face APR with a nuisance dust filter would not offer sufficient
protection against this hazard. Anyone operating in an area
contaminated with anthrax should wear SCBA or, at a mini¬
mum, an APR with HEPA Hitration (which offers protection
from 0.3-micron or larger particles).

Anthrax exposures also illustrate another important pair
of terms and definitions that responders should understand:
infectious and contagious. Anthrax is a pathogenic microor¬
ganism capable of causing an illness (infectious), A person with
an illness caused by an anthrax exposure, however, is not ca¬
pable of passing it along to another person (contagious). In other
words, anthrax is not contagious. Conversely, smallpox can be
both infectious and contagious, which is why this pathogen
poses such a high risk in the event of an outbreak.

Now consider this scenario: A container of gaseous helium
is leaking inside a poorly ventilated storage room. Helium is
nonflammable; the main threat it poses is the possibility of ox¬
ygen deficiency. In this case, SCBA is the appropriate type of
respiratory protection based on the anticipated hazard. In
many cases, hazardous materials technicians may need to re¬
spond to incidents; they will use air-monitoring devices to
characterize the work area prior to entry'. When this step is
taken, choices of respiratory protection are based on more de¬
finitive information.

Particle size also determines where the inspired contami¬
nation will eventually end up. The larger particles that make
up visible mists will be captured in the nose and upper airway,
for example, whereas smaller particles may work their way
deeper into the lung Table 2-4-

Table 2-4 Location of Respiratory Trapping by Particle Size
r

>7 microns Nose
5-7 microns Larynx
3-5 microns Trachea and bronchi
2-3 microns Bronchi
1-2.5 microns Respiratory bronchioles
0.5-1 micron Alveoli
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“good enough" is not an option. Chapter 7, Mission-Specific
Competencies: Personal Protective Equipment, addresses the
concept of chemical PPE and describes how respiratory protec¬
tion fils into the “big picture” of remaining safe at chemical
incidents.

Absorption
The skin is the largest organ in the body and is susceptible to
the damage inflicted by a number of substances. In addition to
serving as the body's protective shield against heat, light, and
infection, the skin helps to regulate body' temperature, stores
water and fat, and serves as a sensory center for painful and
pleasant stimulation. Without this important organ, human
beings would not be able to survive.

When discussing chemical exposures, however, absorption
is not limited only to the skin. Absorption is the process by
which substances travel through body tissues until they reach
the bloodstream. The eyes, nose, mouth, and, to a certain de¬
gree, the intestinal tract are also part of the equation. The eyes,
for example, will absorb a high amount of liquid and vapor that
come into contact with these sensitive tissues This absorption
is particularly’ problematic because the eyes connect directly to
the optic nerve, which allows the chemical to follow a direct
route to the brain and the central nervous system.

Although the skin functions as a shield for the body, that
shield can be pierced by a number of chemicals. Aggressive sol¬
vents such as methylene chloride (found in paint stripper), for
example, can be readily absorbed through the skin. A second¬
ary' hazard associated with this chemical occurs when the body
attempts to metabolize the substance after it is absorbed. A by¬
product of that metabolism reaction is carbon monoxide, a cel¬
lular asphyxiant. Asphyxiants are substances that prevent the
body (at the cellular level) from using oxygen, thereby causing
suffocation. In this scenario, the initial chemical is broken down
to form another substance that is potentially a greater health
hazard than the original chemical. Methylene chloride is also
suspected to be a human cancer-causing agent (carcinogen).

Absorption hazards are not limited to solvents. Hydroflu¬
oric acid, for example, poses a significant threat to life when it
is absorbed through the skin. This unique corrosive has the
ability to bind with certain substances in the body (predomi¬
nately calcium). Secondary health effects occurring after expo¬
sure can include muscular pain and potentially lethal cardiac
arrhythmias.

In the field, responders must constantly evaluate the pos¬
sibility of chemical contact with their skin and eyes. In many
cases, structural firefighting turnout gear provides little or no
protection against liquid chemicals. Consult the Emergency Re¬
sponse Guidebook or an MSDS for response guidance when de¬
ciding whether turnout gear is appropriate for the hazard you
are facing. In the event the turnout gear does not offer adequate
protection, responders may have to increase their level of pro¬
tection to include specialized chemical-protective clothing.

Ingestion
In addition to absorption through the skin, chemicals can be
brought into the body through the gastrointestinal tract, by the
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process of ingestion. The waler, nutrients, and vitamins the
body requires are predominately absorbed in this manner. For
example, at a structure fire, fire fighters generally have an
opportunity to rotate out of the building for rest and refresh¬
ment and may not take the lime io wash up prior to eating
or drinking. This leads to a high probability of spreading con¬
tamination from the hands to the food and subsequently to
the intestinal tract, if you do not think about every situation
where you might become exposed, you may put yourself in
harms way.

Injection
Chemicals brought into the body through open cuts and abra¬
sions qualify as injection exposures. To protect yourself from
this route of exposure, begin by realizing when you will work
in a compromised slate. Any cuts or open wounds should
be addressed before reporting for duly. If they are significant,
you may be excluded from operating in contaminated envi¬
ronments. Open wounds act as a direct portal to the blood¬
stream and subsequently to muscles, organs, and other body
systems. If a chemical substance comes in contact with this open
portal, the health effects could be immediate and pronounced.
Remember—intact skin is a good protective shield. Do not go
into battle if your shield is not up to the task.

IChronic and Acute Health Effects
A chronic health hazard (also known as a chronic health ef¬
fect) is an adverse health effect that occurs gradually over time
after long-term exposure to a hazard. Chronic health effects may
appear either after long-term or chronic exposures or follow¬
ing multiple short-term exposures that occur over a shorter
period. The exposures can involve all routes of entry into the
body and may result in such health problems as cancer, perma¬
nent loss of lung function, or repetitive skin rashes. For example,
inhaling asbestos fibers for years without respiratory protec¬
tion can result in a form of lung cancer called asbestosis. This
is an example of a target organ effect—chronic asbestos expo¬
sures target the lungs as the site of their damage.

Chemicals that pose a hazard to health after relatively
short exposure periods are said to cause acute health effects.
Such an exposure period is considered to be subchronic, with
effects occurring either immediately after a single exposure or
as long as several days or weeks after an exposure. Essentially,
acute exposures are "right now” exposures that produce some
observable conditions such as eye irritation, coughing, dizzi¬
ness, and skin burns.

Skin irritation and burning after a dermal exposure to sul¬
furic acid would be classified as an acute health effect. Other
chemicals, such as formaldehyde, are also capable of causing
acute health effects. Among other things, formaldehyde is a
sensitizer that is capable of causing an immune system response
when it is inhaled or absorbed through the skin. This reaction
is similar to other allergic reactions, in that the initial exposure
produces mild health effects, but subsequent exposures cause
much more severe reactions such as breathing difficulties and
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skin irritation. OSHA defines a sensitizer as a chemical that
causes a substantial proportion of exposed people or animals
to develop an allergic reaction in normal tissue after repeated
exposure to the chemical.

Toxicity is a measure of the degree to which something is
toxic or poisonous. This term can also refer to the adverse
effect(s) a substance may have on a whole organism, such as a
human (or a bacterium or a plant), or to a substructure such as
a cell or a specific organ such as the liver, kidneys, or lungs. To
understand the risks posed by a material's toxicity, emergency
responders must consider the physical and chemical properties
of the substance causing the illness or injury, as well as the
dose-response relationship that exists when a person is ex¬
posed to any substance. This important correlation refers to
the response (signs, symptoms, illness, or injury) that a spe¬
cific dose might provoke from the human body. The magni¬
tude of the response depends on several factors, including the
concentration of the hazardous substance and the duration of
the exposure. The actual dose is the amount taken up by a per¬
son through one of the four routes of entry.

Cyanide, for example, is a harmful substance that can en¬
ter the body by all routes of entry. If cyanide gets into the body
via the lungs, for example, it would be useful to understand at
what airborne concentration (dose) the exposure might pro¬
duce adverse health effects (response). To fully understand the
threat, responders must be familiar with several health-related
terms and definitions as they relate to airborne and dermal ex¬
posures. For example, the lethal dose (I D) of a material is a
single dose that causes the death of a specified number of the
group of lest animals exposed by any route other than inhala¬
tion. The lethal concentration (LC) is defined as the concen¬
tration of a material in air that, on the basis of laboratory tests
(inhalation route), is expected to kill a specified number of the
group of test animals when administered over a specified pe¬
riod of lime.

Several subcaiegories of LD and LC exist, each depicting a
benchmark concentration of a particular exposure that will be
harmful and/or fatal to a certain percentage of the test popula¬
tion. These values are commonly found in MSDS, electronic
databases, and printed reference books. In most cases, these
values are derived from animal studies, so the results may not
exactly correspond to the levels/concentralions that would be
harmful to humans.

The following overall descriptions of these benchmark
values offer relative guidelines when it comes to determining
potential levels of human toxicity. As mentioned earlier, many
chemical substances on the market today have established LD
or LC values. Typically, if the substance is a vapor or gas, it will
be expressed as an LC value. If the substance poses a dermal
threat or is harmful when ingested, its toxicity will be expressed
as an LD value.

For any given substance, the LD is the lowest dosage per
unit of body weight (typically stated in terms of milligrams per
kilogram |mg/kg| of body weight) of a substance known to
have resulted in fatality in a particular animal species. The me¬
dian lethal dose (LDW) of a toxic material is the dose required
to kill half (50 percent) of the members of a tested population.



Chapter 2

For example, the LD,,of sodium cyanide (based on testing done
on laboratory rats) is approximately 6.4 mg/kg. LDM figures are
frequently used as a general indicator of a substance’s toxicity. The
LD. or LD, v. is the absolute dose of a toxic material required to
kill all (100 percent) of the members of a tested population.

The LClo is the lowest lethal concentration of a material
reported to cause death in a particular animal species, when
administered via the inhalation route; it is the lowest lethal
concentration for gases, dusts, vapors, and mists. The LC50 is
the concentration of a material in air that is expected to kill
50 percent of the group of a particular animal species when
administered via the inhalation route. Some literature reports
the LC5£)of carbon monoxide to be approximately 3700 pans
per million (ppm) for a I -hour exposure time frame. Carbon
monoxide levels have been measured in working structure fires
to approach 10,000 ppm—well above the LC50 The LCh| or
LC100 is the absolute concentration of a toxic material required
to kill all (100 percent) of the members of a tested population
when the substance is administered via the inhalation route.

The values expressed above figure prominently in OSHAs
view when it comes to identifying the relative toxicity of a par¬
ticular substance. The following information reflects OSHAs
view of exposure levels considered to be toxic and highly toxic.

The label toxic, as defined by OSHA 29 CFR 1910.1200,
is assigned to any chemical that falls in one of these three
categories:

A chemical that has a LDW of more than 50 mg/kg but
not more than 500 mg/kg of body weight when admin-
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istered orally to albino rats weighing between 200 and
300 g each.
A chemical that has a LDW of more than 200 mg/kg but
not more than 1000 mg/kg of body weight when ad¬
ministered by continuous contact for 24 hours (or less
if death occurs within 24 hours) with the bare skin of
albino rabbits weighing between 2 and 3 kg each.
A chemical that has a LC50 in air of more than 200 ppm
but not more than 2000 ppm by volume of gas or vapor,
or more than 2 mg/L but not more than 20 mg/L of mist,
fume, or dust, when administered by continuous inha¬
lation for 1 hour (or less if death occurs within 1 hour)
to albino rats weighing between 200 and 300 g each.

OSHA 29 CFR 1910.1200 describes highly toxic materials as
follows.

A chemical that has a LD50 of 50 mg/kg or less of body
weight when administered orally to albino rats weigh¬
ing between 200 and 300 g each.
A chemical that has a LD.(, of 200 mg/kg or less of body
weight when administered by continuous contact for
24 hours (or less if death occurs within 24 hours) with
the bare skin of albino rabbits weighing between 2 and
3 kg each.
A chemical that has a LCW in air of 200 ppm by volume
or less of gas or vapor, or 2 mg/L or less of mist, fume,
or dust, when administered by continuous inhalation
for 1 hour (or less if death occurs within 1 hour) to al¬
bino rats weighing between 200 and 300 g each.
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Hot Terms

Chief Concepts
• The most fundamental of all actions is the ability to ob-

serve the scene and understand the problem you are fac¬
ing. Think before you act—it could save your life!

• An important first step in understanding the hazards of
any chemical is identifying the state of matter and defin¬
ing whether the substance is a solid, liquid, or gas.

• A critical step in comprehending the nature of the release
is identifying the reason(s) why the containment vessel
failed.
Chemical change is not the same thing as physical change.
Physical change is a change in state; chemical change de¬
scribes the ability of a substance to undergo a transforma¬
tion at the molecular level, usually with a release of some
form of energy.
There are many critical characteristics of flammable liq¬
uids, and you should be familiar with each of them.
When responders respond to hazardous materials inci¬
dents, they must fully understand the hazards to mini¬
mize the potential for exposure.
Avoid contamination whenever possible—it will reduce
the likelihood of harmful exposures.
Chemicals can enter the body in four ways: inhalation,
absorption, ingestion, and injection.

• Nerve agents, blister agents, blood agents, choking
agents, irritants, and convulsants are examples of hazard¬
ous materials that may be used as WMD.
Irritants such as mace cause immediate irritation of the
skin, eyes, and mucous membranes.
Equipment such as HEPA filtration on APR cartridges
and SCBA can protect lungs from small particulates such
as smoke, dust, and fumes.
Chronic health effects may occur after years of exposure
to hazardous materials. Wear all protective gear to mini¬
mize the impacts ol repeated exposures.

Absorption The process of applying by which substances
travel through body tissues until they reach the
bloodstream.

Acid A material with a pH value less than 7.
Acute exposure A “right now” exposure that produces

observable signs such as eye irritation, coughing, dizzi¬
ness, and skin burns.

Acute health effects Health problems caused by relatively
short exposure periods to a harmful substance that
produces observable conditions such as eye irritation,
coughing, dizziness, and skin burns.

Alpha particle A type of radiation that quickly loses energy
and can travel only 1 or 2 inches from its source. Cloth¬
ing or a sheet of paper can stop this type of energy. Alpha
particles are not dangerous to plants, animals, or people
unless the alpha-emitting substance has entered the body.

Anthrax An infectious disease spread by the bacterium
Bacillus anthracis; typically found around farms, infect¬
ing livestock.

Asphyxiant A material that causes the victim to suffocate.
Base A material with a pH value greater than 7.
Beta particle A type of radiation that is capable of travel¬

ling 10 to 15 feet from its source. Heavier materials,
such as metal and glass, can stop this type of energy.

BLEVE Boiling liquid/expanding vapor explosion; an ex¬
plosion that occurs when pressurized liquefied materi¬
als (propane or butane, for example) inside a closed
vessel are exposed to a source of high heat.

Blister agent A chemical that causes the skin to blister; also
known as a vesicant.

Blood agent Chemicals that interfere with the utilization of
oxygen by the cells of the body. Cyanide is an example
of a blood agent.

Boiling point The temperature at which a liquid will con¬
tinually give off vapors in sustained amounts and, if
held at that temperature long enough, will eventually
turn completely into a gas.

Carcinogen A cancer-causing agent.
Chemical and physical properties Measurable character¬

istics of a chemical, such as its vapor density, flamma¬
bility, corrosivity, and waler reactivity.

Chemical reactivity The ability of a chemical to undergo
an alteration in its chemical make-up, usually accom¬
panied by a release of some form of energy.

Chlorine A yellowish gas that is approximately 2.5 times
heavier than air and slightly water soluble. Chlorine
has many industrial uses but also damages the lungs
when it is inhaled; it is a choking agent.

Choking agent A chemical designed to inhibit breathing
and typically intended to incapacitate rather than kill
its victims.

Chronic exposure Long-term exposure, occurring over the
course of many months or years.
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Chronic health hazard An adverse health effect occuring
after a long-term exposure to a substance.

Combustible The process of burning from a gaseous or
vaporous state.

Contagious Capable of transmitting a disease.
C ontain inalion The process of transferring a hazardous

material from its source to people, animals, the envi¬
ronment, or equipment, all of which may act as carri¬
ers for the material.

Convulsant A chemical capable of causing convulsions or
seizures when absorbed by the body. Chemicals that
fall into this category include nerve agents such as
sarin, soman, tabun, VX and the organophosphate and
carbamate classes of pesticides.

Corrosivity The ability of a material to cause damage (on
contact) to skin, eyes, or other parts on the body.

Cyanide compounds Blood agents that prevent the body
from using the available oxygen effectively.

Expansion ratio A description of the volume increase that
occurs when a liquid changes to a gas.

Exposure The process by which people, animals, the envi¬
ronment, and equipment are subjected to or come into
contact with a hazardous material.

Eire point The temperature at which sustained combustion
will occur. The fire point is usually only slightly higher
than the flash point for most materials.

1 laminable range An expression of a fuel/air mixture, de¬
fined by upper and lower limits, that reflects an amount
of flammable vapor mixed with a given volume of air.

riash point The minimum temperature at which a liquid
or a solid releases sufficient vapor to form an ignitable
mixture with air.

Gamma radiation A type of radiation that can travel sig¬
nificant distances, penetrating most materials and
passing through the body. Gamma radiation is the most
destructive type of radiation to the human body.

I lazard A material capable of posing an unreasonable risk
to health, safety, or the environment; a material capable
of causing harm.

HEPA (hiph-eflicicncy particulate air) filter A filter that is
used in conjunction with self-contained breathing
apparatus or simple respirators and that catches par¬
ticles down to 0.3-micron size—much smaller than a
typical dust panicle or anthrax spore. These filters are
used to protect responders from alpha emitters by
protecting the respiratory' tract.

Ignition (autoignition) temperature The minimum tem¬
perature at which a fuel, when heated, will ignite in air
and continue to burn. Also called the autoignition
temperature.

Infectious Capable of causing an illness by’ entry of a
pathogenic microorganism.

Ingestion Exposure to a hazardous material by swallowing
the substance.

Inhalation Exposure to a hazardous material by breathing
the substance into the lungs.

Injection Exposure to a hazardous material by the sub¬
stance entering cuts or other breaches in the skin.

Ionizing radiation Electromagnetic waves of such intensity
that chemical bonds at the atomic level can be broken
(creating an ion).

Irritant A substance (such as mace) that can be dispersed
to briefly incapacitate a person or groups of people.
Irritants cause pain and a burning sensation to exposed
skin, eyes, and mucous membranes.

Lethal concentration (EC) The concentration of a material
in air that, on the basis of laboratory’ tests (inhalation
route), is expected to kill a specified number of the
group of test animals when administered over a speci¬
fied period of time.

Lethal dose (LD) A single dose that causes the death of a
specified number of the group of test animals exposed
by any route other than inhalation.

Lewisite A blister-forming agent that is an oily, colorless-
to-dark brown liquid with an odor of geraniums.

Lower explosive limit (LEI ) The minimum amount of
gaseous fuel that must be present in the air for the air/
fuel mixture to be flammable or explosive. Also re¬
ferred to as the lower flammable limit (LFL).

Nerve agent A toxic substance that attacks the central
nervous system in humans.

Neutrons Penetrating particles found in the nucleus of the
atom that are removed through nuclear fusion or fis¬
sion. Although neutrons are not radioactive, exposure
to them can create radiation.

Non-ionizing radiation Electromagnetic waves capable of
causing a disturbance of activity at the atomic level but
do not have sufficient energy' to break bonds and create
ions.

Persistence The continued presence of a substance in the
environment. Persistent chemicals are typically dense
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oily substances with high molecular weights and low
vapor pressures.

pH An expression of the amount of dissolved hydrogen
ions (H*) in a solution.

Physical change A transformation in which a material
changes its state of matter—for instance, from a liquid
to a solid.

Plague An infectious disease caused by the bacterium Yer¬
sinia pestis, which is commonly found on rodents.

Pulmonary edema Fluid build-up in the lungs.
Radiation The combined process of emission, transmis¬

sion, and absorption of energy traveling by electromag¬
netic wave propagation between a region of higher
temperature and a region of lower temperature.

Radioactive isotope A variation of an element created by
an imbalance in the numbers of protons and neutrons
in an atom of that element.

Radioactivity The spontaneous decay or disintegration of
an unstable atomic nucleus accompanied by the emis¬
sion of radiation.

Sarin A liquid nerve agent that is primarily a vapor hazard.
, Secondary contamination The process by which a con¬

taminant is carried out of the hot zone and contami¬
nates people, animals, the environment, or equipment.
Also referred to as cross-contamination.

Sensitizer A chemical that causes a large percentage of
people or animals to develop an allergic reaction after
repeated exposure.

Smallpox A highly infectious disease caused by the Vhnola
virus.

Solvent A substance that dissolves another substance so as
to make a solution.

Specific gravity The weight of a liquid as compared to
water.

State of matter The physical state of a material—solid,
liquid, or gas.

Sulfur mustard A clear, yellow, or amber oily liquid with a
faint, sweet, odor of mustard or garlic that may be
dispersed in an aerosol form. It causes blistering of
exposed skin.

Target organ effect A situation in which specific bodily
organs are typically affected by exposures to certain
chemical substances.

Toxicity A measure of the degree to which something is
toxic or poisonous. Toxicity can also refer to the ad¬
verse effects a substance may have on a whole organ¬
ism, such as a human (or a bacterium or a plant), or to
a substructure such as a cell or a specific organ.

Toxicology The study of the adverse effects of chemical or
physical agents on living organisms.

Toxic products of combustion Hazardous chemical com¬
pounds that are released when a material decomposes
under heat.

TRACEMP An acronym to help remember the effects and
potential exposures to a hazardous materials incident:
thermal, radiation, asphyxiant, chemical, etiologic,
mechanical, and psychogenic.

Upper explosive limit (I LL) The maximum amount of
gaseous fuel that can be present in the air if the air/fuel
mixture is to be flammable or explosive.

Vapor The gas phase of a substance, particularly of those
substances that are normally liquids or solids at room
temperatures.

Vapor density The weight of an airborne concentration
(vapor or gas) as compared to an equal volume of dry
air.

Vapor pressure For our purpose, the pressure associated
with liquids held inside any type of closed container.

VX A thick, oily liquid that is the most toxic of the weap-
ons-grade nerve agents.

Water solubility The ability of a substance to dissolve in
water.
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Your crew arrives at a biotechnology research company, where you find an 8-liter
spill of acetonitrile in a laboratory. The scientist working in the laboratory dropped
two glass containers, each containing 4 liters, shattering both on the tile floor. The
chemical saturated both legs of the scientist’s pants up to the knee. You find him
sitting on a chair in an adjacent break room, still dripping wet from the spill. No de¬
contamination has been performed. He is coughing and complains of a severe head¬
ache. One of the scientist’s co-workers hands you an MSDS. Answer the following
questions based on the selected information found on the MSDS.

Chemical name: ACETONITRILE
Appearance: Clear, colorless liquid
Odor: Similar to ether
Flash point: 36°F (2°C)
Flammable range:

Lower explosive limit (LEL): 4.4 percent
Upper explosive limit (UEL):16.0 percent

Solubility: Miscible in water.
Specific gravity: 0.79
pH: No information found.
Vapor density (air = 1): 1.4
Vapor pressure (mm Hg): 73 @ 68°F (2O°C)
Evaporation rate (BuAc = 1): 5.79
Health effects: Effects of overexposure are often delayed,

possibly due to the slow formation of cyanide anions
(negatively charged ions or atoms) in the body. These
cyanide anions prevent the body from using oxygen
and can lead to internal asphyxiation. Early symptoms
may include nose and throat irritation, flushing of the
face, and chest tightness.

1. Based on the information found on the MSDS,
would the victims signs and symptoms lead you to
believe he requires immediate decontamination and
medical treatment? If so, choose the following answer
that best represents your next course of action.
A. The victim is not suffering any health effects related

to the exposure. He should simply change his
clothes and return to work.

B. You should assist the victim with removing his con¬
taminated pants only, and direct him to the nearest
safety shower. Once decontamination is complete,
he is eligible to return to work.

C. The victim should remove all of his own clothing,
be accompanied to the nearest safety shower, decon¬
taminated for 15 minutes, and transported to the
hospital for medical evaluation. You should keep a
safe distance from the victim and avoid touching
him. As long as he is alert and able to follow com¬
mands, he is still able to help himself.

D. This chemical is extremely toxic. You and your crew
should withdraw from the laboratory and set up a
controlled area outside of the building for decontami¬
nation. You will need to research the chemical fully,
don the appropriate PPE, and then reenter the labora¬
tory later to address the medical needs of the victim.

2. The ambient temperature in the laboratory is 77°F
(25°C). The flash point of acetonitrile is 36°F (2°C).
Which of the following choices best describes the
threat of a flash fire?
A. The flash point of acetonitrile is well below the

temperature of the room. If the vapors reach an
uncontrolled ignition source, a flash fire could occur.

B. The flash point of acetonitrile is so low that it can¬
not ignite under these conditions

C. In this scenario, acetonitrile would not give off any
flammable vapors.

D. Eight liters of acetonitrile would create a small puddle
and, therefore, would not create much flammable
vapor.

3. The vapor density of acetonitrile is 1.4. Based on this
value, you can expect that the vapors will be
than air.
A. lighter C. more reactive
B. darker 0. heavier

4. The MSDS shows the flammable range for acetonitrile
to be 4.4 percent to 16 percent. Which of the following
definitions for flammable range is most accurate?
A. An expression of a fuel/air mixture, defined by upper

and lower flammable limits, that reflects an amount
of flammable vapor mixed with a given volume of air.

B. A description of the volume increase that occurs
when a liquid material changes to a gas.

C. The minimum temperature at which a fuel, when
heated, will ignite in air and continue to burn.

D. The ability of a chemical to undergo a change in its
chemical make-up, usually with the release of some
form of energy.









CHAPTER

|NFPA 472 Standard
Competencies for Awareness Level Personnel

4.1.2
4.1.2.1

Goal.
The goal of the competencies at the awareness level

(7)

shall be to provide personnel already on the scene of a
hazardous materials/WMD incident with the knowledge and
skills to perform the tasks in 4.1.2.2 safely and effectively.
[p. 50-75]

4.1.2.2 When already on the scene of a hazardous materials/
WMD incident, the awareness level personnel shall be able
to perform the following tasks:
(1) Analyze the incident to determine both the hazardous

material/WMD present and the basic hazard and re¬
sponse information for each hazardous material/WMD
agent by completing the following tasks:
(a) Detect the presence of hazardous materials/WMD.

[p. 50-75]
(b) Survey a hazardous materials/WMD incident from a

safe location to identify the name, UN/NA identifi¬
cation number, type of placard, or other distinctive
marking applied for the hazardous materials/WMD
involved, [p. 50-75]

(c) Collect hazard information from the current edition
of the DOT Emergency Response Guidebook.
[p. 64-66]

(2) Implement actions consistent with the emergency re¬
sponse plan, the standard operating procedures, and
the current edition of the DOT Emergency Response
Guidebook by completing the following tasks:
(a) Initiate protective actions, [p. 64-72]
(b) Initiate the notification process, [p. 64-72]

(8)

4.2
4.2.1

Competencies— Analyzing the Incident.
Detecting the Presence of Hazardous Materials/

WMD. Given examples of various situations, awareness level
personnel shall identify those situations where hazardous
materials/WMD are present and shall meet the following
requirements:
(1) Identify the definitions of both hazardous material (or

dangerous goods, in Canada) and WMD. [p. 50-51]
(2) Identify the UN/DOT hazard classes and divisions of

hazardous materials/WMD and identify common
examples of materials in each hazard class or division,
(p. 66]

(3) Identify the primary hazards associated with each UN/
DOT hazard class and division, [p. 66]

(4) Identify the difference between hazardous materials/
WMD incidents and other emergencies, [p. 50-51]

(5) Identify typical occupancies and locations in the com¬
munity where hazardous materials/WMD are manufac¬
tured, transported, stored, used, or disposed of. [p. 50]

(a)

(b)

(c)

(d)

If)

(6) Identify typical container shapes that can indicate the

(e) Pipeline markings [p. 59]
(f) Container markings [p. 59—64]
Given an NFPA 704 marking, describe the significance of

presence of hazardous materials/WMD. [p. 50-56]
Identify facility and transportation markings and colors
that indicate hazardous materials/WMD, including the
following:

Transportation markings, including UN/NA iden¬
tification number marks, marine pollutant mark,
elevated temperature (HOT) mark, commodity
marking, and inhalation hazard mark[p. 59-64]
NFPA 704, Standard System for the Identification of
the Hazards of Materials for Emergency Response,
markings [p. 61-63]
Military hazardous materials/WMD markings
[p. 63-64]
Special hazard communication markings for each
hazard class [p. 63]

the colors, numbers, and special symbols, [p. 61-63]
(9) Identify U.S. and Canadian placards and labels that

indicate hazardous materials/WMD. [p. 59-61]
(10) Identify the following basic information on material

safety data sheets (MSDS) and shipping papers for
hazardous materials:
(a) Identify where to find MSDS. [p. 67]
(b) Identify major sections of an MSDS. [p. 67]
(c) Identify the entries on shipping papers that indi¬

cate the presence of hazardous materials.
[p. 66-70]

(d) Match the name of the shipping papers found in

(e)

transportation (air, highway, rail, and water) with
the mode of transportation, [p. 67-70]
Identify the person responsible for having the ship¬
ping papers in each mode of transportation.
[p. 67-70]
Identify where the shipping papers are found in
each mode of transportation, [p. 67-70]

(g) Identify where the papers can be found in an emer¬
gency in each mode of transportation, [p. 67-70]

(11) Identify examples of clues (other than occupancy/
location, container shape, markings/color, placards/
labels, MSDS, and shipping papers) the sight, sound,
and odor of which indicate hazardous materials/WMD.
[p. 50-51]

(12) Describe the limitations of using the senses in determin¬
ing the presence or absence of hazardous materials/
WMD. [p. 51]

(13) Identify at least four types of locations that could be
targets for criminal or terrorist activity using hazardous
materials/WMD. [p. 72]
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[p. 75]
| Surveying Hazardous Materials/WMD Incidents.

guidebook page. [p. 64-65]
| Initiating Protective Actions. Given examples of hazard-

Identify the location of both the emergency response
plan and/or standard operating procedures.
Identify the role of the awareness level personnel during
hazardous materials/WMD incidents.

materials/WMD at a facility, [p. 59-72]
| Collecting Hazard Information. Given the identity of

(3) Identify the following basic precautions to be taken to
protect themselves and others in hazardous materials/
WMD incidents:

Street clothing and work uniforms
Structural fire-fighting protective clothing
Positive pressure self-contained breathing
apparatus
Chemical-protective clothing and equipment

Identify the definitions for each of the following protec¬
tive actions:
(a) Isolation of the hazard area and denial of entry

(14) Describe the difference between a chemical and a bio¬
logical incident, [p. 73]

(15) Identify at least four indicators of possible criminal or
terrorist activity involving chemical agents, [p. 72-73]

(16) Identify at least four indicators of possible criminal or
terrorist activity involving biological agents. |p. 73]

(17) Identify at least four indicators of possible criminal or
terrorist activity involving radiological agents, [p. 73-74]

(18) Identify at least four indicators of possible criminal or
terrorist activity involving illicit laboratories (clandestine
laboratories, weapons lab, ricin lab), [p. 75]

(19) Identify at least four indicators of possible criminal or
terrorist activity involving explosives, [p. 75]

(20) Identify at least four indicators of secondary devices.

Given examples of hazardous materials/WMD incidents,
awareness level personnel shall, from a safe location, iden¬
tify the hazardous material(s)/WMD involved in each situa¬
tion by name, UN/NA identification number, or type placard
applied and shall meet the following requirements:
(1) Identify difficulties encountered in determining the

specific names of hazardous materials/WMD at facilities
and in transportation, [p. 51]

(2) Identify sources for obtaining the names of, UN/NA
identification numbers for, or types of placard
associated with hazardous materials/WMD in
transportation, [p. 59-72]

(3) Identify sources for obtaining the names of hazardous

various hazardous materials/WMD (name, UN/NA identifica¬
tion number, or type placard), awareness level personnel
shall identify the fire, explosion, and health hazard informa¬
tion for each material by using the current edition of the DOT
Emergency Response Guidebook and shall meet the follow¬
ing requirements:
(1) Identify the three methods for determining the guide¬

book page for a hazardous material/WMD. ]p. 64-65]
(2) Identify the two general types of hazards found on each

ous materials/WMD incidents, the emergency response plan,
the standard operating procedures, and the current edition of
the DOT Emergency Response Guidebook, awareness level
personnel shall be able to identify the actions to be taken to
protect themselves and others and to control access to the
scene and shall meet the following requirements:

Identify the precautions necessary when providing
emergency medical care to victims of hazardous
materials/WMD incidents.
Identify typical ignition sources found at the scene
of hazardous materials/WMD incidents.
Identify the ways hazardous materials/WMD are
harmful to people, the environment, and property.
Identify the general routes of entry for human expo¬
sure to hazardous materials/WMD.

identity of each hazardous material/WMD (name, UN/
NA identification number, or type placard), identify the
following response information:
(a) Emergency action (fire, spill, or leak and first aid)

[p. 64-65]
(b) Personal protective equipment necessary [p. 64-65]
(c) Initial isolation and protective action distances

[p. 64-65]
Given the name of a hazardous material, identify the
recommended personal protective equipment from the
following list:

(c) Sheltering in-place
Identify the size and shape of recommended initial
isolation and protective action zones.
Describe the difference between small and large spills
as found in the Table of Initial Isolation and Protective
Action Distances in the DOT Emergency Response
Guidebook.
Identify the circumstances under which the following
distances are used at a hazardous materials/WMD
incidents:
(a) Table of Initial Isolation and Protective Action

Distances
(b) Isolation distances in the numbered guides
Describe the difference between the isolation distances
on the orange-bordered guidebook pages and the
protective action distances on the green-bordered ERG
(Emergency Response Guidebook) pages.
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(11) Identify the techniques used to isolate the hazard area
and deny entry to unauthorized persons at hazardous
materials/WMD incidents.

(12) Identify at least four specific actions necessary when an
incident is suspected to involve criminal or terrorist
activity.

Core Competencies for Operations Level Responders
5.2

5.2.1
Core Competencies— Analyzing the Incident.
Surveying Hazardous Materials/WMD Incidents.

Given scenarios involving hazardous materials/WMD inci¬
dents, the operations level responder shall survey the inci¬
dent to identify the containers and materials involved,
determine whether hazardous materials/WMD have been
released, and evaluate the surrounding conditions and
shall meet the requirements of 5.2.1.1 through 5.2.I.6.
[p- 50-751

52.1.1 Given three examples each of liquid, gas, and solid
hazardous material or WMD, including various hazard
classes, operations level personnel shall identify the general
shapes of containers in which the hazardous materials/
WMD are typically found, [p. 51-56]

Given examples of the following tank cars, the opera¬
tions level responder shall identify each tank car by type, as
follows:
(1) Cryogenic liquid tank cars [p. 57-58]
(2) Nonpressure tank cars (general service or low pressure

cars) [p. 58]
(3) Pressure tank cars [p. 58-59]

1-nitH Given examples of the following intermodal tanks, the
operations level responder shall identify each intermodal
tank by type, as follows:
(1) Nonpressure intermodal tanks [p. 53-54]
(2) Pressure intermodal tanks [p. 53-54]
(3) Specialized intermodal tanks, including the following:

(a) Cryogenic intermodal tanks [p. 53-56]
(b) Tube modules [p. 53-54]

LXItEl Given examples of the following cargo tanks, the
operations level responder shall identify each cargo tank by
type, as follows:
(1) Compressed gas tube trailers [p. 58]
(2) Corrosive liquid tanks [p. 57]
(3) Cryogenic liquid tanks (p. 53-56]
(4) Dry bulk cargo tanks [p. 58]
(5) High pressure tanks [p. 57]
(6) Low pressure chemical tanks [p. 57-58]
(7) Nonpressure liquid tanks [p. 56]

LXRUI Given examples of the following storage tanks, the
operations level responder shall identify each tank by type,
as follows:
(1) Cryogenic liquid tank [p. 55-56]

(2) Nonpressure tank [p. 53]
(3) Pressure tank [p. 53]

LxRM Given examples of the following nonbulk packaging,
the operations level responder shall identify each package
by type, as follows:
(1) Bags[p. 55]
(2) Carboys [p. 55]
(3) Cylindersip. 55]
(4) Drumsip. 54]
(5) Dewar flask (cryogenic liquids)

LXAM Given examples of the following radioactive material
packages, the operations level responder shall identify the
characteristics of each container or package by type, as
follows:
(1) Excepted [p. 75]
(2) Industrial [p. 75]
(3) Type A [p. 74]
(4) TypeBlp. 74]
(5) TypeClp. 75]

I Given examples of containers, the operations level5.2.1.2



(3) Name of pesticide [p. 55]
(4) Pest control product (PCP) number (in Canada) [p. 55]
(5) Precautionary statement [p. 55]
(6) Signal word [p. 55]

gJEJJ Given a label for a radioactive material, the operations
level responder shall identify the type or category of label,
contents, activity, transport index, and criticality safety
index as applicable, [p. 72-74]

5.2.1.4 The operations level responder shall identify and list
the surrounding conditions that should be noted when a
hazardous materials/WMD incident is surveyed, [p. 50-51]

5.2.1.5 The operations level responder shall give examples of
ways to verify information obtained from the survey of a
hazardous materials/WMD incident, [p. 59-72]

5.2.1.6 The operations level responder shall identify at least
three additional hazards that could be associated with an
incident involving terrorist or criminal activities, [p. 72-75]

5.2.2 Collecting Hazard and Response Information. Given
scenarios involving known hazardous materials/WMD, the
operations level responder shall collect hazard and re¬
sponse information using MSDS, CHEMTREC/CANUTEC/
SETIQ, governmental authorities, and shippers and manu¬
facturers and shall meet the following requirements:
(1) Match the definitions associated with the UN/DOT

hazard classes and divisions of hazardous materials/
WMD, including refrigerated liquefied gases and cryo¬
genic liquids, with the class or division, [p. 66]

(2) Identify two ways to obtain an MSDS in an emergency,
[p. 67-68]

(3) Using an MSDS for a specified material, identify the
following hazard and response information:
(a) Physical and chemical characteristics [p. 67]
(b) Physical hazards of the material [p. 67]
(c) Health hazards of the material [p. 67]
(d) Signs and symptoms of exposure [p. 67]
(e) Routes of entry [p. 67]
(f) Permissible exposure limits [p. 67]
(g) Responsible party contact [p. 67]
(h) Precautions for safe handling (including hygiene

practices, protective measures, and procedures for
cleanup of spills and leaks) [p. 67]

(i) Applicable control measures, including personal
protective equipment [p. 67]

(j) Emergency and first-aid procedures [p. 67]
(4) Identify the following:

(a)

(b)

Type of assistance provided by CHEMTREC/
CANUTEC/SETIQ and governmental authorities
[p. 70-72]
Procedure for contacting CHEMTREC/CANUTEC/
SETIQ and governmental authorities [p. 70-72]

(c) Information to be furnished to CHEMTREC/
CANUTEC/SETIQ and governmental authorities
[p. 70-72]

(5) Identify two methods of contacting the manufacturer or
shipper to obtain hazard and response information,
[p. 67-72]

(6) Identify the type of assistance provided by governmen¬
tal authorities with respect to criminal or terrorist activi¬
ties involving the release or potential release of
hazardous materials/WMD. [p. 72]

(7) Identify the procedure for contacting local, state, and
federal authorities as specified in the emergency re¬
sponse plan and/or standard operating procedures.
[P- 72]

(8) Describe the properties and characteristics of the
following:
(a)
(b)
(c)
(d)

Alpha radiation
Beta radiation
Gamma radiation
Neutron radiation

5.2.3 Predicting the Likely Behavior of a Material and Its
Container. Given scenarios involving hazardous materials/
WMD incidents, each with a single hazardous material/
WMD, the operations level responder shall predict the likely
behavior of the material or agent and its container and shall
meet the following requirements:
(1) Interpret the hazard and response information obtained

from the current edition of the Emergency Response
Guidebook, MSDS, CHEMTREC/CANUTEC/SETIQ, gov¬
ernmental authorities, and shipper and manufacturer
contacts, as follows:
(a) Match the following chemical and physical proper¬

ties with their significance and impact on the be¬
havior of the container and its contents:
i. Boiling point
ii. Chemical reactivity
iii. Corrosivity (pH)
iv. Flammable (explosive) range [lower explosive

limit (LEL) and upper explosive limit (DEL)
v. Flash point
vi. Ignition (autoignition) temperature
vii. Particle size
viii. Persistence
ix. Physical state (solid, liquid, gas)
x. Radiation (ionizing and non-ionizing)
xi. Specific gravity
xii. Toxic products of combustion
xiii. Vapor density
xiv. Vapor pressure
xv. Water solubility
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(b) Identify the differences between the following
terms:
i.Contamination and secondary contamination
ii. Exposure and contamination
iii. Exposure and hazard
iv. Infectious and contagious
v. Acute effects and chronic effects
vi. Acute exposures and chronic exposures

(2) Identify three types of stress that can cause a container
system to release its contents.

(3) Identify five ways in which containers can breach.
(4) Identify four ways in which containers can release their

contents.
(5) Identify at least four dispersion patterns that can be

created upon release of a hazardous material.
(6) Identify the time frames for estimating the duration that

hazardous materials/WMD will present an exposure risk.
(7) Identify the health and physical hazards that could

cause harm.
(8) Identify the health hazards associated with the follow¬

ing terms:
(a) Alpha, beta, gamma, and neutron radiation
(b) Asphyxiant
(c) Carcinogen
(d) Convulsant
(e) Corrosive
(f) Highly toxic
(g) Irritant
(h) Sensitizer, allergen
(i) Target organ effects
(j) Toxic

(9) Given the following, identify the corresponding UN/DOT
hazard class and division:
(a) Blood agents[p. 66]
(b) Biological agents and biological toxins [p. 66]
(c) Choking agents [p. 66]

(d) Irritants (riot control agents) [p. 66]
(e) Nerve agentsip. 66]
(f) Radiological materials [p. 66]
(g) Vesicants (blister agents) [p. 66]

|Knowledge Objectives
After studying this chapter, you will be able to:

• Describe occupancies that may contain hazardous
materials.
Describe how your senses can be used to detect the
presence of hazardous materials.

• Describe specific containers and container shapes that
might indicate hazardous materials.

• Describe shipping and storage tanks that could hold
hazardous materials.. Describe apparatuses that can transport hazardous
materials.
Describe how to identify the product, owner, and emer¬
gency telephone number on a pipeline marker.

• Describe how to identify a placard, label, and marking.
• Describe the NFPA 704 hazard identification system.
• Describe how to use the Emergency Response Guidebook

(ERG).
• Describe how to use the Fire Fighter’s Handbook of Haz¬

ardous Materials.
Describe material safety data sheets (MSDS) and shipping
papers.

• Describe CHEMTREC and the National Response Center.
• Describe how to identify criminal or terrorist activity in¬

volving chemical, biological, or radiological agents.. Describe how to identify an illicit laboratory, explosive and
secondary devices.

|Skills Objectives
After studying this chapter, you will be able to:

• Use the Emergency Response Guidebook.



You Are the Responder

1. Which type of material might be stored in a steel drum?

uring an odor investigation in a light-industrial area of your dis¬
trict, you are directed to a small metal building behind a 50' x 150'
tilt-up concrete structure. The metal building has a large roll-up

door facing you, adjacent to several standard passage-type doors.
Three steel drums with red diamond-shaped labels are located next
to the building, resting on an asphalt surface. The maintenance

2. What do the labels on the drums signify?
3. How would you go about obtaining more in-depth information on the

potential contents of the drums?

|Introduction
Scene size-up is important in any emergency situation, but
especially in hazardous materials incidents. The ability to
"read” the scene is a critical skill, and responders must be able
to interpret the available clues so that they can operate as safely
as possible. It is not enough to simply scan the emergency
scene—you must train yourself to stop for a moment and truly
understand what you are seeing. Remember to think before
you act: It could save your life! Looking at something is noth¬
ing more than pointing your eyes in the right direction; seeing,
by contrast, is taking in the visual clues and piecing them to¬
gether to form a conclusion.

It may be possible to detect the presence of a hazardous
materials emergency based on information from the dispatcher
or persons on the scene, or based on your own knowledge of
the response area. Departmental standard operating procedures
(SOPs) and your level of training, along with your information¬
gathering efforts at the scene, should guide your initial actions.

A weapon of mass destruction (WMD), as defined in NFPA
472, Standard for Competence of Responders to Hazardous
Materials/Weapons of Mass Destruction Incidents, includes
(1) any destructive device, such as any explosive, incendiary,
or poison gas, bomb, grenade, rocket having a propellant
charge of more than 4 ounces, missile having an explosive or
incendiary charge ofmore than one-quarter ounce (7 grams),
mine, or device similar to the above; (2) any weapon involving
toxic or poisonous chemicals; (3) any weapon involving a dis¬
ease organism; or (4) any weapon that is designed to release
radiation or radioactivity at a level dangerous to human life.

More than 4 billion tons of hazardous materials are shipped
annually in the United States by land, sea, air, and rail. While
it is not possible to know each and every chemical by name or
by hazard class, it is possible to identify many of the more
common commodities by understanding the available identifi¬
cation systems and using other methods to identify the pres¬
ence of a hazardous material. This chapter provides you with
guidance on interpreting visual clues such as containers, plac¬
ards, labels, and shipping information, all of which may signal
the possible presence of a hazardous materials incident.

IRecognizing a Hazardous Materials/
|Weapons of Mass Destruction Incident
A hazardous material, as defined by the U.S. Department of
Transportation (DOT), is any substance or material that is ca¬
pable of posing an unreasonable risk to human health, safety,
or the environment when transported in commerce, used in¬
correctly, or not properly contained or stored. Recognizing a
hazardous materials/weapons of mass destruction (WMD)
event, determining the identity of the material(s), and under¬
standing the hazards involved often require some detective
work. You must train yourself to take the time to look at the
whole scene so that you can identify the critical visual indica¬
tors and fit them into what is known about the problem. Some
of the key differences between hazardous materials/WMD
emergencies and other types of emergencies include:

A hazardous materials/WMD emergency moves more
slowly than other emergencies and usually does not re¬
quire responders to rush headlong into the problem.
Responders must understand that actions taken at haz¬
ardous materials/WMD incidents are largely dictated
by the chemicals or hazards involved.
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Figure 3-1
Some very recognizable chemical containers, such as 55-

gallon drums and compressed gas cylinders, can be found in
almost every type of manufacturing facility. Materials stored in
a cardboard drum are usually in solid form. Stainless steel con¬
tainers hold particularly dangerous chemicals, and cold liquids
are kept in Thermos-like Dewar containers designed to main-

Figure 3-2

One way to distinguish containers is to divide them into
two categories based on their capacity: bulk and nonbulk stor¬
age containers.

When you consider locations for possible hazardous mate¬
rials incidents, do not limit your thinking. Explore your re¬
sponse district—you may be surprised at how many different
kinds of containers you find.
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materials, including cardboard, polyethylene, or stainless steel. The
drum shown here is made of polyethylene.

Container Volume
Bulk storage containers, or large-volume containers, are
defined by their internal capacity based on the following
measures:

Liquids: greater than 119 gallons; or
Bulk packaging with a net mass greater than 882
pounds

Bulk storage containers include fixed tanks, highway cargo
tanks, rail tank cars, totes, and intermodal tanks.

In general, bulk storage containers are found in occupan¬
cies that rely on and need to store large quantities of a particu¬

lar chemical. Most manufacturing facilities have at least one
type of bulk storage container Table 3-1- Often these bulk
storage containers are surrounded by a supplementary con¬
tainment system to help control an accidental release. Second¬
ary containment is an engineered method to control spilled
or released product if the main containment vessel fails. A
5000-gallon vertical storage tank, for example, may be sur¬
rounded by a series of short walls that form a catch basin
around the tank.

Secondary containment basins typically can hold the en¬
tire volume of the tank along with a percentage of the water
flowed from hose lines or sprinkler systems in the event of fire.
Many storage vessels, including 55-gallon drums, may have
secondary containment systems. If facilities that use bulk storage
containers in your response area have secondary containment
systems, it will be easier to handle leaks when they occur

Table 3-1 Common Bulk Storage Vessels, Locations, and Contents

Tank Shape Common Locations Hazardous Materials Commonly Stored

Underground tanks Residential, commercial Fuel oil and combustible liquids
Covered floating roof tanks Bulk terminals and storage Highly volatile flammable liquids
Cone roof tanks Bulk terminal and storage Combustible liquids
Open floating roof tanks Bulk terminal and storage Flammable and combustible liquids
Dome roof tanks Bulk terminal and storage Combustible liquids
High-pressure horizontal tanks Industrial storage and terminal Flammable gases, chlorine, ammonia
High-pressure spherical tanks Industrial storage and terminal Liquid propane gas, liquid nitrogen gas
Cryogenic liquid storage tanks Industrial and hospital storage Oxygen, liquid nitrogen gas
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Large-volume horizontal tanks are also common at fixed
facilities. When stored above ground, these tanks are referred
to as above-ground storage tanks (ASTs); if they are placed
underground, they are known as underground storage tanks
(US Is). These tanks can hold a few hundred gallons to several
million gallons of product and are usually made of aluminum,
steel, or plastic. USTs and ASTs can be pressurized or nonpres¬
surized. Nonpressurized horizontal tanks are usually made of
steel or aluminum. Because it is difficult to relieve the internal
pressure in these tanks, they pose a danger when they are ex¬
posed to fire. Typically, these containers hold flammable or
combustible materials such as gasoline, oil, or diesel fuel.

Pressurized horizontal tanks have rounded ends and large
vents or pressure-relief stacks. The most common above-ground
pressurized tanks contain liquid propane and liquid ammonia;
such containers can hold a few hundred gallons to several thou¬
sand gallons of product. These tanks usually have a small vapor
space—called the headspace—above the liquid. In most cases,
10 to 15 percent of the total container capacity is vapor.

Another commonly encountered bulk storage vessel is the
tote, also referred to as an intermediate bulk container (IBC)

Totes have capacities ranging from 119 gallons toFigure 3-3"

cases, an IM tank is shipped to a facility, where it is stored and
used, and then returned to the shipper for refilling. Intermodal
tanks can be shipped by all methods of transportation—air,
sea, or land.

A box-like steel framework, constructed to facilitate effi¬
cient stacking and shipping, typically surrounds an IM tank.
Several types of IM tanks are available:

IM-101 portable tanks (IMO type 1 internationally) have
a 6300-gallon capacity, with internal working pressures
between 25.4 pounds per square inch (psi) and 100 psi.
These containers typically carry mild corrosives, food-
grade products, and flammable liquids Figure 3-4A

B. IM-102 portable tanks (IMO type 2 internationally). C. Pressure in¬
termodal tanks (IMO type 5 internationally).
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IM-102 portable tanks (IMO type 2 internationally)
have a 6300-gallon capacity, with internal working
pressures between 14.7 psi and 25.4 psi. They primar¬
ily carry nonhazardous materials but may also contain

ers, and more. Nonbulk storage vessels hold commonly used
commercial and industrial chemicals such as solvents, indus¬
trial cleaners, and compounds. This section describes the most
commonly encountered types of nonbulk storage vessels.

flammable liquids and corrosives Figure 3-4B <

Pressure intermodal tanks (IMO type 5 internationally) Drums

are high-pressure vessels with internal pressures in the
range of 100-600 psi. These intermodal containers
commonly hold liquefied compressed gases such as
propane and butane Figure 3-4C <
Cryogenic intermodal tanks (IMO type 7 internation¬
ally) are low-pressure containers in transport but can
be pressurized to 600 psi. This kind of container com¬
monly carries cryogenic materials that have tempera¬
tures less than —150°F; such as liquefied oxygen,
nitrogen, or helium.
Tube modules consist of several high-pressure tubes at¬
tached to a frame. The tubes are individually specified
and have working pressures that range as high as 5000
psi. The products commonly carried include hydrogen
and oxygen.

Drums are easily recognizable, barrel-like containers. They are
used to store a wide variety of substances, including food-grade
materials, corrosives, flammable liquids, and grease. Drums
may be constructed of low-carbon steel, polyethylene, card¬
board, stainless steel, nickel, or other materials. Generally, the
nature of the chemical dictates the construction of the storage
drum. Steel utility drums, for example, hold flammable liq¬
uids, cleaning fluids, oil, and other noncorrosive chemicals.
Polyethylene drums are used for corrosives such as acids,
bases, oxidizers, and other materials that cannot be stored in
steel containers. Cardboard drums hold solid materials such
as soap flakes, sodium hydroxide pellets, and food-grade
materials. Stainless steel or other heavy-duty drums generally
hold materials too aggressive (i.e., too reactive) for either plain

Nonbulk Storage Vessels
Essentially, nonbulk storage vessels are all types of containers
other than bulk containers. Nonbulk storage vessels can hold a
few ounces to 119 gallons of product and include vessels such
as drums, bags, compressed gas cylinders, cryogenic contain-

steel or polyethylene.
Closed-head drums have a permanently attached lid with

one or more small openings called bungs. Typically, these
openings are threaded holes sealed by caps that can be re¬
moved only by using a special tool called a bung wrench

Closed-head drums usually have one 2" bung andFigure 3-5 <
one %" bung. The larger bung is used to pump product from
the drum; the smaller bung functions as a vent.

An open-head drum has a removable lid fastened to the
drum with a ring Figure 3-6 ~
clasp or a threaded nut-and-bolt assembly.

The ring is tightened with a

i A bung wrench is used to operate the openings on the
top of a closed-head drum.

Figure 3-5 An open-head drum has a lid that is fastened with a
ring that is tightened with a clasp or a nut-and-bolt assembly.

Figure 3-6
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Bags
Bags are commonly used 10 store solids and powders such as
cement powder, sand, pesticides, soda ash, and slaked lime.
Storage bags may be constructed of plastic, paper, or plastic-
lined paper. Bags come in different sizes and weights, depend¬
ing on their contents.

Pesticide bags must be labeled with specific information
Figure 3-7- Responders can learn a great deal from the label,
including the following details:

Name of the product
Active ingredients
Hazard statement
The total amount of product in the container
The manufacturer’s name and address
The Environmental Protection Agency (EPA) registra¬
tion number, which provides proof that the product
was registered with the EPA
The EPA establishment number, which shows where
the product was manufactured
Signal words to indicate the relative toxicity of the
material:

Danger—Poison: Highly toxic by all routes of
entry

Danger: Severe eye damage or skin irritation
Warning: Moderately toxic
Caution: Minor toxicity and minor eye damage or

skin irritation
Practical first-aid treatment description
Directions for use
Agricultural use requirements

• Precautionary statements such as mixing directions or
potential environmental hazards
Storage and disposal information

• Classification statement on who may use the product
In addition, every pesticide label must carry the statement,

“Keep out of reach of children." In Canada, the pest control
product (PCP) number can also be found on the pesticide
label.

product. Glass carboys are often placed in a protective wood,
foam, fiberglass, or steel box to help prevent breakage. For
example, nitric acid, sulfuric acid, and other strong acids are
often transported and stored in thick glass carboys protected
by a wooden or Styrofoam crate to shield the glass container
from damage during normal shipping.
Cylinders
Several types of cylinders are used to hold liquids and gases.
Uninsulated compressed gas cylinders are used to store sub¬
stances such as nitrogen, argon, helium, and oxygen. They
come in a range of sizes and have variable internal pressures.
An oxygen cylinder used for medical purposes, for example,
has a pressure reading of approximately 2000 psi when full. By
comparison, the very large compressed gas cylinders found at
a fixed facility may have pressure readings of 5000 psi or
greater.

The high pressures exerted by these cylinders create a po¬
tential for danger. If the cylinder is punctured or the valve as¬
sembly fails, the rapid release of compressed gas will turn the
cylinder into an unpredictable missile. Also, if the cylinder is
heated rapidly, it could explode with tremendous force, spew¬
ing product and metal fragments over long distances. Com¬
pressed gas cylinders have pressure-relief valves, but those
valves may not be sufficient to relieve the pressure created dur¬
ing a fast-growing fire.

A propane cylinder is another type of compressed gas cyl¬
inder. Propane cylinders have lower pressures (200-300 psi)
and contain a liquefied gas. Liquefied gases such as propane
are subject to the phenomenon known as BLEVE (boiling liq-
uid/expanding vapor explosion). BLEVEs occur when pressur¬
ized liquefied materials (propane or butane, for example)
inside a closed vessel are exposed to a source of high heat .

The low-pressure Dewar container is another commonly
encountered cylinder type. Dewars are Thermos-like vessels
designed to hold cryogenic liquids (cryogens) such as helium,
liquid nitrogen, and liquid argon Figure 3-9

Carboys
Some corrosives and other types of chemicals are transported
and stored in vessels called carboys A carboy is aFigure 3-8
glass, plastic, or steel container that holds 5 to 15 gallons of

A pesticide bag must be labeled with the appropriate
information.

Figure 3-7 Figure 3-8
chemicals.

A carboy is used to transport and store corrosive
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|Transporting Hazardous Materials
Hazardous materials may be transported by air, sea, and land.
Although transportation of hazardous materials occurs most
often on the roadway, when another method of transport is
used, roadway vehicles often transport the shipments from the
rail station, airport, or dock to the point where it will be used.
For this reason, responders must become familiar with all types
of chemical transport vehicles they might encounter during a
transportation emergency.

Roadway Transportation
As mentioned previously, the most common method of hazard¬
ous material transport is over land, by roadway transportation
vehicles. According to the Code of Federal Regulations, 49
CFR 171.8(2), or local jurisdictional regulations (for example,
Transport Canada), a cargo tank is bulk packaging that is per¬
manently attached to or forms a part of a motor vehicle, or is
not permanently attached to any motor vehicle, and that, be¬
cause of its size, construction, or attachment to a motor vehicle,
is loaded or unloaded without being removed from the motor
vehicle. The U.S. Department of Transportation (DOT) does
not view tube trailers (which consist of several individual cyl¬
inders banded together and affixed to a trailer) as cargo tanks.

One of the most common and reliable transportation ves¬
sels is the MC-306/DOT 40b flammable liquid tanker

I. These tanks frequently carry’ liquid food-gradeFigure 3-10

Typical cryogens include oxygen, helium, hydrogen, ar¬
gon, and nitrogen. Under normal atmospheric conditions, each
of these substances is a gas. A complex process turns them into
liquids that can be stored and used for long periods of time.
Nitrogen, for example, becomes a liquid at -320°F (-160°C)
and must be kept at that temperature if it is to remain in a liq¬
uid state.

Cryogens pose a substantial threat if the Dewar container
fails to maintain the low temperature of the cryogenic liquid.
Cryogens have large expansion ratios—even larger than the
expansion ratio of propane (270:1). Cryogenic helium, for
example, has an expansion ratio of approximately 730 to 1. If
one volume of liquid helium is warmed to room temperature
and vaporized in a totally enclosed container, it can generate a
pressure of more than 14,500 psi. To counter this possibil¬
ity, cryogenic containers usually have two pressure-relief de¬
vices: a pressure-relief valve and a frangible (easily broken)
metal disk.

Beware of skin exposures to cryogens. Significant injuries,
similar to those associated with thermal burns, can occur
when skin comes in contact with one of these liquids.

Figure 3-11

Figure 3-12 >

~| The MC-306/DOT 406 flammable liquid tanker typically
hauls flammable and combustible liquids.
Figure 3-10
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The MC-306/DOT 406 cargo tanker has a remote emer¬
gency shut-off valve as a safety feature.

used to carry corrosives such as concentrated sulfuric acid, phos¬
phoric acid, and sodium hydroxide.

mild corrosives, and poisons. This type of cargo tank may be
insulated (horseshoe) or uninsulated (round), and have a higher
internal working pressure than the MC-306/406—in some
cases up to 35 P* ^^nks that*^have a rubber lining to prevent corrosion of the tank structure 4*0

The MC-3I2/DOT 412 corrosives tanker is commonly

Figure 3-13
used to carry corrosives such as concentrated sulfuric acid,
phosphoric acid, and sodium hydroxide|
cargo tank has a smaller diameter than either the MC-306/
DOT 406 or the MC-307/DOT 407 and is often identifiable by
the presence of several heavy-duty reinforcing rings around the
lank. The rings provide structural stability during transporta¬
tion and in the event of a rollover. The inside of an MC-312/

such as ammonia, propane. Freon, and butane.

DOT 412 tanker operates at approximately 15 to 25 psi and
holds approximately 6000 gallons. These cargo tanks have
substantial rollover protection to reduce the potential for dam¬
age to the top-mounted valves.

The MC-331 pressure cargo tanker carries materials such
as ammonia, propane, Freon, and butane tslO The
liquid volume inside the tank varies, ranging from the 1000-
gallon delivery truck to the full-size 11,000-gallon cargo tank.
The MC-331 cargo tank has rounded ends, typical of a pressur¬
ized vessel, and is commonly constructed of steel or stainless
steel with a single tank compartment. The MC-331 operates at
approximately 300 psi, with typical internal working pressures
being in the vicinity of 250 psi. These cargo tanks are equipped
with spring-loaded relief valves that traditionally operate at 110

Figure 3-12 The MC-307/DOT 407 chemical hauler carries flamma¬
ble liquids, mild corrosives, and poisons.

percent of the designated maximum working pressure. A signif¬
icant explosion hazard arises if a MC-331 cargo tank is im¬
pinged on by fire, however. Due to the nature of most materials
carried in MC-331 tanks, a threat of explosion exists because of
the inability of the relief valve to keep up with the rapidly build¬
ing internal pressure. Responders must use great care when
dealing with this type of transportation emergency.

The MC-338 cryogenic tanker operates much like the
Dewar container described earlier and carries many of the same
substances This low-pressure tanker relies on
tank insulation to maintain the low temperatures required for

Figure 3-15

peratures required for the cryogens it carries.
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the cryogens it carries. A boxlike structure containing the tank
control valves is typically attached to the rear of the tanker.
Special training is required to operate valves on this and any
other tanker. An untrained individual who attempts to operate
the valves may disrupt the normal operation of the tank,
thereby compromising its ability to keep the liquefied gas cold
and creating a potential explosion hazard. Cryogenic tankers
have a relief valve near the valve control box. From time to

Dry bulk cargo tanks are commonly seen on the road;
they carry' dry’ bulk goods such as powders, pellets, fertilizers,
or grain Figure 3-17 < These tanks are not pressurized, but may
use pressure to offload the product. Dry' bulk cargo tanks are
generally V-shaped with rounded sides that funnel the contents
to the bottom-mounted valves.

time, small puffs of white vapor will be vented from this valve.
Responders should understand that this is a normal occur¬
rence—the valve is working to maintain the proper internal
pressure. In most cases, this vapor is not indicative of an emer¬
gency situation.

Tube trailers carry compressed gases such as hydrogen,
oxygen, helium, and methane Figure 3-16»

Railroad Transportation
Railroads move almost 2 million carloads of freight each year
in the United Slates, with relatively few hazardous materials
incidents. Even so, responders should recognize that when rail
incidents do occur, they can create unique and significant haz¬
ards. Railway cars include passenger cars, freight cars, and tank
cars, some of which are capable of carrying more than 30,000
gallons of product. Hazardous materials incidents involving
railroad transportation have the potential to be large-scale
emergencies.

Operations level responders should recognize three basic
types of rail tank cars: nonpressurized, pressurized, and special
use. Each has a distinctive profile that can be recognized from
a distance. Additionally, rail tank cars are usually labeled on
both sides with, among other things, the owner of the car, the
car’s capacity, and the specification. With dedicated haulers,
the chemical name is often clearly visible on both sides of the
rail tank car.

Nonpressurized (general-service) rail tank cars typi¬
cally carry general industrial chemicals and consumer prod¬
ucts such as corn syrup, flammable and combustible liquids,
and mild corrosives. The new style of the nonpressurized rail
tank car has visible valves and piping without a dome cover on

Older nonpressurized railcars may have aFigure 3-18»

Pressurized rail tank cars transport materials such as
propane, ammonia, ethylene oxide, and chlorine. These cars
have internal working pressures ranging from 100 to 500 psi
and are equipped with top-mounted fittings for loading and
unloading. These fillings are protected by a sturdy and easily
identified dome that sits atop the rail tank car Figure 3-19
Unfortunately, the high volumes carried in these cars can gen-

ders, pellets, fertilizers, or grain. piping.
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(2^350 Pressurized rail tank cars have top mounted fittings for
loading and unloading.

the pipe’s contents, the owner’s name, and contact information.

cryogenic and corrosive tank cars. Tube cars are no longer in service.

lines are often buried underground, but may be above ground
in remote areas.

The pipeline right-of-way is an area, patch, or roadway
that extends a certain number of feet on either side of the pipe
itself. The company that owns the pipeline maintains this area.
The company is also responsible for placing warning signs at
regular intervals along the length of the pipeline. Pipeline
warning signs include a warning symbol, the pipeline owners
name, and an emergency contact phone number Figure 3-21 *

erate long-duration, high-pressure leaks that may prove diffi¬
cult to stop. For example, a liquid or vapor release from the
valve arrangements on a chlorine tank car requires a special kit
to stop the leak. Additionally, pressurized rail tank cars may be
insulated or uninsulated depending on the material being
transported.

Cryogenic tank cars are the most common special-use
railcars emergency responders may encounter, although there
are not many of them. Cryogenic railcars illustrate an impor¬
tant concept for the emergency responder: The hazard will be

Pipeline emergencies are complicated events that require
specially trained responders. If you suspect an emergency in¬
volving a pipeline, contact the owner of the line immediately.
The company will dispatch a crew to assist with the incident.

Information about the pipe's contents and owner is also
often found at the vent pipes. These inverted J-shaped tubes
provide pressure relief or natural venting during maintenance
and repairs. Vent pipes are clearly marked and are located ap¬
proximately 3 feet above the ground.

unique to the particular railcar and its contents Figure 3-20
The train’s engineer or conductor will have information

about all the cars on the train and should be consulted during
a railway emergency. Details about the shipping papers unique
to railway transportation are presented later in this chapter.

|Transportation and Facility Markings

Pipelines
Of all the various methods used to transport hazardous
materials, the high-volume pipeline is the one that is most
rarely involved in emergencies. A pipeline is a length of pipe-
including pumps, valves, tlanges, control devices, strainers,
and/or similar equipment—for conveying fluids and gases.
Like rail incidents, pipeline incidents may present responders
with challenges and hazards not typically encountered at most
hazardous materials incidents. In many areas, large-diameter
pipelines transport natural gas, gasoline, diesel fuel, and other
products from delivery terminals to distribution facilities. Pipe-

The presence of labels, placards, and other markings on build¬
ings, packages, boxes, and containers often enables responders
to identify a released chemical. When used correctly, marking
systems indicate the presence of a hazardous materia) and pro¬
vide clues about the substance. This section provides an intro¬
duction to the various marking systems currently being used.
It does not cover all the intricacies and requirements for every
marking system, it will, however, acquaint you with the most
common systems.

IThe Department of Transportation
Marking System

The U.S. Department of Transportation (DOT) marking
system is an identification system characterized by labels,
placards, and markings Figure 3-22
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Figure 3-22 The DOT uses labels, placards, and markings (such as these found in the Emergency Response Guidebook) to give responders a general
idea of the hazard inside a particular container or cargo tank.

This marking system is used when materials are being
transported from one location to another in the United States.
The same marking system is also used in Canada by Transport
Canada.

Placards are diamond-shaped indicators (LOW on each
side) that are placed on all four sides of highway transport
vehicles, railroad tank cars, and other forms of transportation
carrying hazardous materials Labels are smallerFigure 3-

placed on all sides of transport vehicles that carry hazardous
materials.

versions (4" diamond-shaped indicators) of placards; they are
placed on the four sides of individual boxes and smaller pack-
ages being transported Figure 3-24 >

Placards, labels, and markings are intended to give re¬
sponders a general idea of the hazard inside a particular con¬
tainer or cargo tank. A placard identifies the broad hazard
class (flammable, poison, corrosive) to which the material in¬
side belongs. A label on a box inside a delivery truck, for
example, relates only to the potential hazard inside that partic¬
ular package.

Other Considerations
The DOT system does not require that all chemical shipments
be marked with placards or labels. In most cases, the package
or cargo tank must contain a certain amount of hazardous
material before a placard is required. For example, the “1000-
pound rule” applies to blasting agents, flammable and non¬
flammable gases, flammable/combustible liquids, flammable
solids, air-reactive solids, oxidizers and organic peroxides, poi¬
son solids, corrosives, and miscellaneous (class 9) materials.
Placards are required for these materials only when the ship¬
ment weighs more than 1000 pounds.

Conversely, some chemicals are so hazardous that ship¬
ping any amount of them requires the use of labels or placards.
These materials include explosives, poison gases, water-reactive
solids, and high-level radioactive substances. A four-digit United
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Hazardous Materials Warning Labels

Actual label size: at least 100 mm (3.9 inches) on all sides

CLASS 2 Gases: CLASS 3 Flammable Liquid CLASS 4 Flammable Solid, CLASS 5 Oxidizer, Organic
Divisions 2.1, 2.2, 2.3 Spontaneously Combustible, and Peroxide: Divisions 5.1 and 5.2

Dangerous When Wet:
Divisions 4.1, 4.2, 4.3

CLASS 1 Explosives:
Divisions 1.1, 1.2, 1.3, 1.4, 1.5, 1.6

§172 420 §172 422 §172 423 §’72 426, §172.427

§172 411
’ Include cornpotibil** group lefer
*' Include divisor' «jmber and comportiiliiv group letter §I77 405(b|, §177 415. §172.416. §172.4 1 7

CLASS 6 Poison (Toxic), Poison Inhalation Hazard,
Infectious Substance: Divisions 6.1 and 6.2

CLASS 7 Radioactive CLASS 8 Corrosive CLASS 9 Miscellaneous
Hazardous Material

§172.446

§172 436.§)72 438. §172 440, §172 441

Fix Regulated Mecheol Waste iRMWl an Irdectiom Substance label is 00' required on
an outer poclujgwxj 4 Ihe OSHA Boiwutd 'narking a used os prescribed in 29 CFR
1910 103014»' CDC EliokigK Agent kicel must be used as prescribed tn 42 CFR 72.3
und 72 6 A bulk package o< RMW mull ci splay BIOHAZARD mark-ug

§I/2 323. §1 72 405|r), § 172 429. §172.430. §172 432

llllk DANGER

Subsidiary Risk Cargo Aircraft
Label Only

§>72 41I

Empty label

EMPTY

§177 450

iRed o' Black)

§>72 312(o)

Figure 3-24

§172.317 §173 25(a)(4)

Hazardous Materials Markings

ORM-DFumgunt Marking (Red O' Bkxkl Booycol Subvarx.*!!

DANGER
§>72322

ORM-D-AIR
DO NOT ENTER

§173 199(6)15) §172 316lal§172 313(0)§172 325 §172 332l.oi §I72.302(g) and §I73 9

Keep a copy of the Emergency Response Guidebook handy!

INHALATION
HUARD

A label is a smaller version of the placard and is placed on boxes or smaller packages that contain hazardous materials.

Nations (UN) number may be required on some placards. This
number identifies the specific material being shipped; a list of
UN numbers is included in the Emergency Response Guidebook,
discussed later in this chapter.

IThe National Fire Protection
Association 704 Marking System

The National Fire Protection Association (NFPA) has devel¬
oped its own system for identifying hazardous materials. NFPA
704, Standard System for the Identification of the Hazards of Ma¬
terials for Emergency Response, outlines a marking system char¬
acterized by a set of diamonds that are found on the outside ol
buildings, on doorways to chemical storage areas, and on fixed
storage tanks. This marking system is designed for fixed-facility
use. Responders can use the NFPA diamonds to understand
the broad hazards posed by chemicals stored in a building or
part of a building.

The NFPA 704 hazard identification system uses a
diamond-shaped symbol of any size, which is itself broken into
four smaller diamonds, each representing a particular property

B. The blue diamond (at the
nine o’clock position) indicates the health hazard posed by the

Figure 3-25 A & B
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Figure 3-25 A & B A. Example of a placard using the NFPA 704 hazard identification system that is used for fixed-facility use. B. Each color used in
the diamond represents a particular property or characteristic.

Table 3-2 Hazard Levels in the NFPA Hazard Identification System

Flammability Hazards (Red Diamond)

4 Materials that will rapidly or completely vaporize at atmospheric
pressure and normal ambient temperature, or that are readily dis¬
persed in air and that will burn readily. Liquids with a flashpoint
below 73°F (22°C) and a boiling point below 100°F (38°C).

3 Liquids and solids that can be ignited under almost all ambient
temperature conditions. Liquids with a flashpoint below 73OF (22°C)
and a boiling point above 100°F (38°C) or liquids with a flashpoint
above 73°F (22°C) but not exceeding 100°F (38°C) and a boiling point
below 100°F(38°C).

2 Materials that must be moderately heated or exposed to relatively
high ambient temperatures before ignition can occur. Liquids with
flashpoint above 100°F (38°C) but not exceeding 200°F (93°C).

1 Materials that must be preheated before ignition can occur. Liquids
that have a flashpoint above 200°F (93°C).

0 Materials that will not burn.

Health Hazards (Blue Diamond) ♦
4 Materials that on very short exposure could cause death or major

residual injury.
3 Materials that on short exposure could cause serious temporary or

residual injury.
2 Materials that on intense or continued, but not chronic, exposure

could cause incapacitation or possible residual injury.
1 Materials that on exposure would cause irritation but only minor

residual injury.
0 Materials that on exposure under fire conditions would offer no

hazard beyond that of ordinary combustible material.

Reactivity Hazards (Yellow Diamond)

4 Materials that in themselves are readily capable of detona¬
tion or of explosive decomposition or reaction at normal
temperatures and pressures.

3 Materials that in themselves are capable of detonation or
explosive decomposition or reaction but require a strong
initiating source, or that must be heated under confinement
before initiation, or that react explosively with water.

2 Materials that readily undergo violent chemical change at
elevated temperatures and pressures, or that react violently
with water, or that may form explosive mixtures with water.

1 Materials that in themselves are normally stable, but can
become unstable at elevated temperatures and pressures.

0 Materials that in themselves are normally stable, even
under fire exposure conditions, and are not reactive with
water.

Special Hazards (White Diamond)

ACID Acid
ALK Alkali
COR Corrosive
OX Oxidizer
W Reacts with water
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HEALTHII
FLAMMABILITYI
PHYSICAL
HAZARD

The Workplace Hazardous Materials Information System
(WHMIS) is the Canadian hazard communication standard.
The key pieces of this system include mandated employee
training programs (much like OSHA’s programs), access to
MSDS at the workplace, and the identification or labeling of
containers that hold “controlled products.”

The HMIS helps employers comply with the Hazard
Communication Standard.
Figure 3-26

IMilitary Hazardous Materials/
Weapons of Mass Destruction Markings

The U.S. military has developed its own marking system for
hazardous materials. The military system serves primarily to
identify detonation, fire, and special hazards.

In general, hazardous materials within the military mark¬
ing system are divided into four categories based on the rela¬
tive detonation and fire hazards:

Division 1 materials are considered mass detonation
hazards and are identified by a number 1 printed inside

Toaccuratelycompare and contrast the DOT markingsystem
and NFPA 704 system, remember this important difference:

The DOT hazardous materials marking system is used
when materials are being transported from one location
to another.
The NFPA 704 hazard identification system is designed
for fixed-facility use.

Figure 3-27A
Division 2 materials have explosion-with-fragment
hazards and are identified by a number 2 printed inside
an orange X IKEEHB.
Division 3 materials are mass fire hazards and are iden¬
tified by a number 3 printed inside an inverted orange

Figure 3-27C

Hazardous Materials Information System
Since 1983, the Hazardous Materials Information System
(HMIS) hazard communication program has helped employers
comply with the Hazard Communication Standard established
by the U.S. Occupational Safety and Health Administration
(OSHA). The HMIS is similar to the NFPA 704 marking system
and uses a numerical hazard rating with similarly colored hori-

Division 4 materials are moderate fire hazards and are
identified by a number 4 printed inside an orange dia-

Figure 3-270

zontal columns Figure 3-26
The HMIS is more than just a label; it is a method used by

employers to give their personnel necessary information to
work safely around chemicals, and includes training materials
to inform workers of chemical hazards in the workplace. The
HMIS is not required by law but rather is a voluntary system
that employers choose to use to comply with OSHA’s Hazard
Communication Standard. In addition to describing the chem¬
ical hazards posed by a particular substance, the HMIS pro¬
vides guidance about the personal protective equipment that
employees need to use to protect themselves from workplace
hazards. Letters and icons specify the different levels and com¬
binations of protective equipment.

Responders must understand the fundamental difference
between the NFPA 704 marking system and the HMIS. NFPA
704 is intended for responders; the HMIS is intended for the
employees of a facility. Although the HMIS is not a response
information tool, it can give clues about the presence and na¬
ture of the hazardous materials found in the facility.

Figure 3-27A- A. Mass detonation hazards. B. Explosion-with-
fragment hazards. C. Mass fire hazards. D. Moderate fire hazards.
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Chemical hazards in the military system are depicted by
colors. Toxic agents (such as sarin or mustard gas) are identi¬
fied by the color red. Harassing agents (such as tear gas and
smoke producers) are identified by yellow. White phosphorus
is identified by white. Specific personal protective gear require¬
ments are identified using pictograms. Military shipments
containing hazardous materials/WMD are not required, by ex¬
ception, to be placarded.

|Chemical References
Numerous reference materials are available to the responder,
including the DOT’s Emergency Response Guidebook and Jones
and Bartlett Publishers’ Fire Fighter’s Handbook of Hazardous
Materials. The following sections describe these resources.

The Emergency Response Guidebook
The DOT Emergency Response Guidebook (ERG) offers a cer¬
tain amount of guidance for responders operating at a hazard¬

This guide, which isous materials incident Figure 3-28
intended to help responders decide which preliminary action
to take, provides information on approximately 4000 chemi¬
cals. The ERG should not be used to create a long-term action
plan, however. Once the incident progresses beyond the first
15 minutes, the ERG is no longer an appropriate source of in¬
formation. Responders at the scene should seek additional spe-

erTrps

The same information, organized differently, is found in both
the blue and yellow sections of the ERG.

cifics about any material in question by consulting the
appropriate emergency response agency or utilizing the emer¬
gency response number on a shipping document, if applicable,
to gather more information.

The U.S. DOT and the Secretariat of Communications and
Transportation of Mexico (SCT), along with Transport Canada,
jointly developed the ERG.

Using the ERG
When the ERG refers to a small spill, it means a leak from one
small package, a small leak in a large container (up to a 55-
gallon drum), a small cylinder leak, or any small leak, even one
in a large package. A large spill is a large leak or spill from a
larger container or package, a spill from a number of small
packages, or anything from a 1-ton cylinder, tank truck, or railcar.

The ERG is divided into four colored sections: yellow,
blue, orange, and green.

Yellow section. More than 4000 chemicals are found in
this section, listed numerically by their four-digit UN
number/identification (ID) number. Entry number
1005, for example, identifies “ammonia, anhydrous.”
Use the yellow section when the UN/ID number is
known or can be identified. The entries include the

2008 Emergency
Response
Guidebook

name of the chemical and the emergency action guide
number. For example:

ID No. Guide No. Name ol Material

A GUIDEBOOK
FOR FIRST RESPONDERS

DURING THE INITIAL PHASE
OF A DANGEROUS GOODS/
HAZARDOUS MATERIALS

TRANSPORTATION INCIDENT

1005 125 Ammonia, anhydrous
Blue section. The same chemicals listed in the yellow
section are found here, listed alphabetically by name.
The entry will include the emergency action guide
number and the identification number.

Name of Material Guide No. ID No.
Ammonia, anhydrous 125

Orange section Figure 3-29
1005

This section is organized
by guide number. The general hazard class, fire/explo-
sion hazards, health hazards, and basic emergency ac¬
tions, based on hazard class are provided.
Green section Figure 3-30 » This section is organized
numerically by UN/ID number and provides the initial
isolation distances for certain materials. Chemicals in¬
cluded in this section consist of the chemicals high¬
lighted from the yellow and blue sections.* The green
section includes water-reactive materials that produce
toxic gases (calcium phosphide and trichlorosilane, for
example); toxic inhalation hazards (T1H). which are

Figure 3-28 The Emergency Response Guidebook is a reference used
as a base for your initial actions at a hazardous materials incident.

The yellow and blue sections of the ERG contain the same information;
it's just organized differently. Therefore, any substance highlighted in the
blue section will also be highlighted in the yellow section, and vice
versa.
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GUIDE Gases - Corrosive ERG2008

125
ERG2008 Gases - Corrosive GUIDE

125
POTENTIAL HAZARDS EMERGENCY RESPONSE

HEALTH
* TOXIC: may be fatal if Inhaled, ingested or absorbed through skin
• Vapors are extremely irritating and corrosive

* Contact with gas or liquefied gas may cause burns, severe injury and/or frostbite.
• Fire will produce irritating, corrosive and/or toxic gases.
• Runoff from fire control may cause pollution.

FIRE OR EXPLOSION
* Some may burn but none ignite readily
• Vapors from liquefied gas are initially heavier than air and spread along ground
• Some of these materials may react violently with water.
• Cylinders exposed to fire may vent and release toxic and/or corrosive gas through

pressure relief devices
• Containers may explode when heated
• Ruptured cylinders may rocket.

PUBLIC SAFETY
• CALL Emergency Response Telephone Number on Shipping Paper first. If

Shipping Paper not available or no answer, refer to appropriate telephone
number listed on the Inside back cover.

• As an immediate precautionary measure, isolate spill or leak area for al least 100 meters
(330 feet) in all directions

I • Keep unauthorized personnel away
• Slay upwind

' • Many gases are heavier than arr and will spread along ground and collect in low or
confined areas (sewers, basements, tanks)

i • Keep out of low areas
* Ventilate closed spaces before entering

P PROTECTIVE CLOTHING
* Wear positive pressure self-contained breathing apparatus (SCBA).
• Wear chemical protective clothing that is specifically recommended by the manufacturer.

It may provide little or no thermal protection.
• Structural firefighters' protective clothing provides limited protection in fire situations

ONLY, it is not effective in spill situations where direct contact with the substance is
possible

EVACUATIONI
Spill
• See Table 1 - Initial Isolation and Protective Action Distances for highlighted materials

For non-highlighted materials, increase, in the downwind direction, as necessary, the
isolation distance shown under 'PUBLIC SAFETY'.

Fire
• If tank, rail car or tank truck is involved in a fire. ISOLATE for 1600 meters (1 mile) in all

directions also, consider initial evacuation for 1600 meters (1 mile) in all directions

FIRE
Small Fire
• Dry chemicalor CO;
Large Fire
* Water spray, fog or regular foam.
* Move containers from fire area if you can do it without risk.
• Do not get water inside containers
• Damaged cylinders should be handled only by specialists.
Fire involving Tanks
• Fight fire from maximum distance or use unmanned hose holders or monitor nozzles
* Cool containers with flooding quantities of water until well after fire is out
• Do not direct water at source of leak or safety devices, icing may occur
• Withdraw immediately in case of rising sound from venting safety devices or

discoloration of tank. * ALWAYS slay away from tanks engulfed in fire.
SPILL OR LEAK
• Fully encapsulating, vapor protective clothing should be worn for spills and

leaks with no fire.
* Do not touch or walk through spilled material.
• Stop leak if you can do it without risk.
* If possible, turn leaking containers so that gas escapes rather than liquid
• Prevent entry into waterways, sewers basements or confined areas
• Do not direct water at spill or source of leak
* Use water spray to reduce vapors or divert vapor cloud drift Avoid allowing water runoff to

contact spilled material • Isolate area until gas has dispersed

FIRST AID
• Move victim to fresh air. • Call 9!1 or emergency medical service
• Give artificial respiration if victim is not breathing.

Do not use mouth-to-mouth method if victim ingested or inhaled the substance;
give artificial respiration with the aid of a pocket mask equipped with a one-way
valve or other proper respiratory medical device

• Administer oxygen If breathing is difficult
* Remove and isolate contaminated clothing and shoes
• In case of contact with liquefied gas thaw frosted parts with lukewarm water
• In case of contact with substance, immediately flush skin or eyes with running waler for

at least 20 minutes.
• In case of contact with Hydrogen fluoride, anhydrous (UN1052). flush skin and

eyes with water for 5 minutes; then, for skin exposures rub on a calctum/jelly
combination; for eyes flush with a water/calcium solution for 15 minutes.

• Keep victim warm and quiet. • Keep victim under observation.
• Effects of contact or inhalation may be delayed
• Ensure that medical personnel are aware of the materialis) involved and take

precautions to protect themselves

Page 196 Page 197

The orange section of the ERG.

TABLE 1 - INITIAL ISOLATION AND PROTECTIVE ACTION DISTANCES
SMALL SPILLS

(From a small package or sma«i eak from a large package!
LARGE SPILLS

(From a lirqe package or from many small oackaoes)

First
ISOLATE

nall Directions

Then
PROTECT

persons Downwind during-

Firs!
ISOLATE

m aS Directions

Then
PROTECT

persons Downwind durmg-
ID
No. NAME OF MATERIAL Meters (Feet)

DAY NIGHT
Kilometers (Miles) Kilometers (Miles) Meters (Feet)

DAY NIGHT
Kilometers (Miles) Kilometers (Miles)

1005 Ammonia. anhyduus
1005 Anhydrous ammonia

30m (100 fl) 01km (01mi) 0.2 km (0.1 mt) 150 m (500 ft) 08km (05mi) 2.3 km (14 mi)

Figure 3-30 The green section of the ERG.

gases or volatile liquids that are extremely toxic to hu¬
mans; chemical warfare agents (CWA); and dangerous
water-reactive materials (WRM). Examples include
such substances as anhydrous ammonia, sarin, and so¬
dium cyanide. These gases or volatile liquids are ex¬
tremely toxic to humans and pose a hazard to health

Any substance highlighted, in either the yellow or blue sec¬
tion of the ERG, is either a toxic inhalation hazard, a chemi¬
cal warfare agent, or a water-reactive material.

during transport. Any material listed in the green sec¬
tion is extremely hazardous.

To use the ERG, follow the steps in Skill Drill 3-1 (NEPA
472,4.1.2.2,4.2.3,4.4.1, 5.2.3):

1. Identify the chemical name and/or the chemical ID number
lor the suspect material.

2. Look up the material name in the appropriate section.
Use the yellow section to obtain information based on the
chemical ID number. Use the blue section to obtain infor¬
mation based on the alphabetical chemical name. Note any
highlights.

3. Determine the correct emergency action guide to use for the
chemical identified.
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4. Identify the potential fire and explosion and/or health haz¬
ards of the chemical identified.

5. Identify the isolation distance and the protective actions
required for the chemical identified.

6. Identify the emergency response actions of the chemical
identified.
The ERG organizes chemicals into nine basic hazard

classes, or families; the members of each family exhibit similar
properties. There is also a “Dangerous” placard, which indi¬
cates that more than one hazard class is contained in the same
load Figure 3-31-

Table 3-3 Corresponding UN/DOT Hazard
Classes and Divisions

Blood Agents
Hydrogen cyanide 6.1
Cyanogen chloride 2.3
Biological Agents and Toxins
Smallpox 6.2
Ricin 6.2
Anthrax 6.2
Choking Agents
Chlorine 2.3
Phosgene 2.3
Irritants (Riot Control Agents)
Pepper spray, mace 2.2 (subsequent risk 6.1)
Tear gas 6.1
Mace 6.1
Nerve Agents
Sarin 6.1
Soman 6.1
Tabun 6.1
V agent 6.1
Radiological Materials 7
Vesicants (Blister Agents)
Mustard 6.1
Lewisite 6.1
Nitrogen mustard 6.1

DOT Class 6—Toxic* substances and infectious
substances
Division 6.1 Toxic substances
Division 6.2 Infectious substances
DOT Class 7—Radioactive materials
DOT Class 8—Corrosive substances
DOT Class 9—Miscellaneous hazardous materials/
products, substances, or organisms

Table 3-3- provides examples of substances emergency
responders should be aware of, along with their UN hazard
class designations.

Fire Fighter's Handbook of
Hazardous Materials

Emergency responders also use numerous other chemical ref¬
erence manuals. For example, the Fire Fighters Handbook of
Hazardous Materials, seventh edition, is similar to the ERG
Figure 3-32 » This handbook contains more than 13,000

chemicals along with their critical characteristics. The hand¬
book lists chemicals in alphabetical order and provides a list¬
ing of the basic properties for each chemical in a spreadsheet
format. The spreadsheet also provides emergency guides. The
handbook also provides a listing of chemicals based on their
DOT ID numbers.

*The words "poison” and "poisonous” are synonymous with the word
“toxic.”
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priority on identifying the released material and finding a reli¬
able source of information about the chemical and physical
properties of the released substance. The most appropriate
source will depend on the situation; use your best judgment in
making your selection.

FIRE FIGHTER'S
Handbook of
Hazardous Materials
SEVENTH EDITION

Material Safety Data Sheets
A common source of information about a particular chemical
is the MSDS specific to that substance (
an MSDS provides basic information about the chemical make¬

Figure 3-33

(2^253 Fire Fighter’s Handbook of Hazardous Materials, sev¬
enth edition, is another reference that can be used as a base for your
initial actions at a hazardous materials incident.

Responder Tips

The responder should always attempt to identify hazardous
materials using more than one source. The ERG is only one
source and should not be used exclusively.

Fire fighters, police, and other emergency services person¬
nel—all of whom may be the first to arrive at the scene of a
transportation incident involving a hazardous material—are
the primary audience for both the ERC and the Fire Fighter’s
Handbook of Hazardous Materials.

|Other Reference Sources
Labels and placards may be helpful in identifying hazardous
materials, but other sources of information are also available.
Among these reference sources are material safety data sheets
(MSDS), shipping papers, and staffed national resource cen¬
ters. First-responding fire fighters, law enforcement personnel,
or representatives of other allied agencies should place a high

I Shipping Papers
Shipping papers are required whenever materials are trans¬
ported from one place to another. They include the names and
addresses of the shipper and the receiver, identify the material
being shipped, and specify the quantity and weight of each
part of the shipment. Shipping papers for road and highway
transportation are called bills of lading or freight bills and are
located in the cab of the vehicle Figure 3-34
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MATERIAL SAFETV DATA SHEET
ASH) l>R<H S AMMONIA

pIMMONS
NAHONAI AMMIINIA I NOKWIFAMlKN AMMONIA
KAMI I K INIHsTkII S BOUIK AMMIINIA & ( HI MICA!

755 Huvrsvillc Rood. IhirdIk«nr, Southampton. PA 215-322- 12IK
CORPORATE IMFRCJ N( Y Til WHOM M MBF.R: MHI643*22» CHI MTRFC *«I-424^W

DESCRIPTION
CHEMICAL NAME Animnnw. Anhydrous CAS REGISTRY NO1W-4I-7
SVNONVMS Ammreiu CHEMICAL FAMILY Ittregiinn Nitrogen ( ompnund
FORMILA Ml MOLMT I'lH.MIj WMrVMl!V> w

STAT! MFMOFHFAI.III HAZARD
HAZARPHLM Rjriujs
Ammonia ii an and camisivc Io ibc skin. oo. re^iralrey tract and mucnus mcmlvnncs IApAurr Io liquid cir rapidly
expanding gases may cause severe chemical him, and fnxth^c 10 thr eyev lung, and skin Skin and rexuraii’Q related diseases
cuuldbe aggravatedby exposure

Nut recogjuzed by USHA as 4 carvtnogen
Not listed in the Natirnal foxiculogy Program
Not listed an a careim^cn by the Internalkinal Agcrwy fee Research inI oncer

t XPOM KI 1 IMHSH>H AMMOMA V^nr
OSHA 10 ppm, 15 mg m I’l l M hour TU A
NIOSH 35 ppm.

25 ppni.
2? mg ni Mil 15 minutes
thing m RM IDhourTWA

loti ppm. UM H
ACGIII 25rrm. Hi mg nt n V Khour IWA

15 PT"'. 27 my m ‘ S11.1. 15 minutes

TOXICITY IH^» iiifal Run ’'Om£

PHYSIC Al DATA
BOILING POINT -?KI .11 1 Atm
PH: S A
sfH Hit I.RAMI! OF GAS (air -I):0.5%M32T
SPH IFK GRAVITY OFIIQl IDlwaier- I):0.6^2 at

2MT (Compared ••• wuicr at W i

PIRC IM VOI AIH.I IIH/..M2IM
APPEARANCI ANDODOR Cnlreie-Mquid or gas with
IHxigcni (dor
< RIIIC Al TEMPERATURE: 271 1’
C. AS SPEC IFK \ iHUME: 20.73 h Ihat 32T mxJ I Attn

VAPOR DENSITY: 1)04KI I h 11 at 32*1
IIQl ID DENSITY: 3* 'HIIhH M Tin
APPROXIMATE FREEZING POINT -HMT
35 EIGHT (per calhMi): 5 15 ptwnwh 41MFI
VAPOR PRFSSI RI 114 psig al MH
soilBit.HA IN MATER (per IDO poueidt of wateri
pwinds at 12T. 51 prunds Ji t»WI
SI RI A< E TENSION 23 4 Dynes cm at 52'1
(HUH Al PRESSI RI.: 1 1I 5 aim
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MATERIAL SAFETY DATA SHEET
IMERGlSC Y TREATMENT

EFFECTSOF QVERLXFOMRf
gw leuring. edmiu or Nuutoeo may occur
Sba Irrttuiiun. corrosive bunts. Nister fermatiem may result Contact with liquid may produce a caustic hum and frotlhiie

Acute exjXHurc may result m were inuuihm id the tcspimiiwy Ima.Iwirkhoqusm, pulnuwury edemare respiraftuy
3TTVS1
iHpmio* Iuni* imtaure* und pulmonary cdenw may occur hwwafMamre away rewtt tn death /nw s/wm. inflammation ar

I'di'Mtu. Brief inhalationtAptnun tn ppm mar be fatal
EMERGENCY AID Remove patiewl to anconlaminatrd area

Flush with cipnnn amounts of tepid water Ire a fmaiinum of 20 minutes. Eyelid* 'hiuld he held apart and away from eyeball
fur thorough rinsing
VIin Hush with enpiren amounts of lepxl water kv u minimum of 20 minutes while removiexg *.L<wimimicd clothing. >cuc<ry and
shoes Ik* not nib or apply ointment on affected area. Clothing may initially frecre to 'Am Thau hu/m cU4hmg hum skin before
remmmg

Remove to fresh air. If not brealh«n|L adniwuMer an1fici.1l re^inftlon, If trained to Ai m* adminecter suppictncnial
myxen,if required
ItMatAm: If cixnciiMiA. give large amounts of water Io dnnk May drink uraiqK juuv cilna* mice re dihned vinegar <1 4> 10
counteract ammonia.If uncumciiMts. do nut ere amthing hy mouth Do not induce vominnfi!

SEEK IMMEDIATE MEDICAL HIIP FOR ALL EXPOM RES!

A<>f L IU PHY\K /.< A Respiratory injen ma* appear a* a delayed phenomenon Piilrwinary edema may follow chemical
broochitn. SupportiveIeratment with neersmn vrnlilalmn ariioe*. includingaxygeo, may warrant cimtMierwthm

IIRE AND EXPLOSION HAZARD DATA
FLASHPOINT None
FLAMMABLE LIMITSIN AIR: UIAHL lb*, to 2°V<listed m ibc IFVlaXTil
EXTINGUISHING MEDIA: Dry Chemical. CO . waler spray <* alcnhol-rexKiHiii humif ^is Row cannct be Mopped
ALTOIGNITION TEMPER ATI RE: l.2<MT HfcMaly/rdl I '7in ill un-caialy /cdI

SPECIALFIRE-FIGFfTINC PROCEDURES
Mom weir pnHcchre clothing *nd a puMtoc pressure M BA Slop source «1 passable. Il 4 ponuhk* uinumcr ouch a* u cy linder or
trader) can be moved from the fire area withem risk to the mdhidual. do so to present the presort relirl vaht uf ihc trailer Ihwn
dischiqnng re the cylinder frtwn rupturing Fight fires using dry chemical, carbon dioxide, waler qvuy re ulctdioUrcMsuini Lum
Cwl lire c<p«vrtd cocumcn with uuto spray huy upwind when containers are threatened. Use water sprav toknock down sapor
and dilute.

LWSIJAL FIRE ANDFXFLOSIO* HAZARD
<Yuldoo<% ammonia IS are generally 4 Ike hazard. IndiMMx. in confined areas, ammonia mas be a fire hazard, csptvufiy ifoil and other
uiinihmlrfde nuienals are present. CtunbuMicn nwy lorm toxic nitrogen oxides.
IIrelief valscs arc inoperative, heal evened storage conumcrs may become cxplosuHi hazards due toorer pecxMin/athMi

CHEMICAL REACTIVITY’
siABILITY:
Stable at nxwn temperature Ileafing a chwed container ubosc morn temperature causes sMpw pressure R» nKrcasc nqwdly
Anhydrous ammunta will hmki exofhcrmiolly with acids and wuier \k dl not polymerize

c£>!>pinv>N ipaymii?
Anliydrous uiiunoiiu hu« pxoMially explosive reactions wnh <tnnc oxidizers Anhydrous atnmonu forms explosive mivtum m a«r
with hydt ocarhoiLv chlorine, flureinr and silver nitrate Anhydmu* nmmnna reacts to form rxploshe products, mixture^ re
compounds wdh merewy. gold. %ih<r. Mine, bnmtme and sikvr oxide Avoid anhydrous ammonta cimuKt with thlonne. uhich
forms a Chloramme gas. which I* a pmnafy .km initant and xensitirer Avoid anhydrous ammreua cretaa wuh galvanized surfaces,
copper, hrais, bnxve, aluminum alloys, mercury, gold and siher. A carrasivc reaction will occur.

!LlLYliD12L2Ll>^^
Anhydrous ammonu decrenposcs to hydrogen and nitrogen gases above 454TC tM2T |. Ikcompi^iirei icmpcnilrecsawy be lowered
by contact with certain metals, wch as ir<mt nickel and zinc and by catalytic sofUco K^h as porcelain andpumice
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MAT! RI AL SAFETY DATA SHEET
SPILL OR LEAK PHOCEDIRES

aLI^LTV BLI.SSL?!
Ship source ul leak if (wsublr, provided it can be done m a safe manner Leave the area ol a spill by moving laterally und upvM<»d
Ivolau the aOixted areu. Non-rcspondcrx dx»uW evacuate the area, re sbeher in place Only property trained and equipped peraems
should respond In rm ammonia release. War eye. hand .wid rcipuatory protection and protective cinihuig; sec PRlHIC IlVI
IQI TPMENT Stay upwind and uw? water spray duwnwind of container to abserb the evolved gas. Contain spill and ruanfT from
entering draim. x »sctx and svuter svstems bs utilizing methods such ** dikmg. containment. »dohMuptiiHiIAl TH»N ADDING
WAHRDIRR IIY TOLIQCIDSPIUS Wil! IM Kf AST VOI AHLI/AIION HF AMMONIA IIII S IM RI AMM. Illi
RPiMBIinYOI EXIWl’RI

WASTEDfcfVkU
I isRx! as ttazurdixn substance under t W \ MD t IK 1 16.4 4D <IHIl?Jk Reportable Quuniily 100 pounds < lassilied»kt/arduus
wirttc under Ri RA |44H IR 2u1.22Cumrnve "D0021. Comply with all regtilalMHis Suitably diluted pnxluci tiwy he ditpivvcd of ret

^rtculturai land as fertilizer Keep spall from entering Mreums. IhCck or any water sy stems.

SPEXTML PROTECTION AND PROCEDURES
K1srLR_V10Rj PRHQLnos
Rcxuratrey protection approved by NIDSHMSHA Ire omrmmia mini hr uhsI *»hai applicable safety and health expire limits mc
exceeded Ire cumk «n emogcncicK MSHA NIOSH approved roqtirmrey praiectioci that consists of a full face gas nuA and
canisters approved for uinmonu iv required Refer to 2D11R |U|0 134 and ANSI ZM.2 fur ruqumcmcnlN and setoctiret A posiusc
prctHjlc M BA is required for entry into xnrrxmia atmospheres ul re abuse 300 prenIID! H>

EYE PROTECTION Clients ji splash goggVs should be uum when handling anhydrous ammonia. A face shield on he wren over
chamcHl qdadi cogglo an oddilicml protection Do not wear contact lense*, uhen handling unhydnm*. ammonia

YL*HLU1D*
I ikhI exlumst 'bould he sufficient to keep anintonia vapor to 25 ppm ar less

fKQTKTIYt EWIfMENT
\i a minimum, splash pnxil.chcOUcal safety goggles, ammretia roiManL glm«> < such as rubberlanil ;fmnvont»-vmpirrv*uuschi|h«nc
should he wren 10prevent creitact during normal loading, unloading and transfer uperatireu and handImg small spills Face shield
Uki bik-as cun K* wren tn nddoumnl pri«x<im
Respiratory protection appnised by MOMI MSHA far ammonu must be med when applicable xalefy and health cxpi’Mrre limits are
exceeded Ire a hazardous irvutml rvkiive response. IWCl A undre Iere! B ensemble Including positive-pressure M BA should he
•ned A positive pressuir M RA K required fur entry into ammonia atmospheres at re ahnr MO ppm <IDI Hi Refer tn 29 l~1R
IUIO.I32 through IHO.IUi for perMxxd priAxiise cqiiTmcnt requirements

SPECIAL PREC AUTIONS
STORAGE AM)HANDUM,
Only irtiined persons should 1101idIe anhydrous amiikinia More in cool |26 ?V M/1 1 and wclLventilated areas. «v ilh containers
tightly closed OMIA 20 11 H I'HO III prescribo hmdlmg und storage requirements ire imhydrous ammonia as a ha/afdrer.
mmetittl IIse inly stainless steel, Gurfuwi steel or block iron Ire anhsdrvxis ammonia (xiiiLuncrs or piping. Ihi iue use plastic. !Xi nre
use any nrev-ferrnus metah such as oopper. braw. br<m/e. aluminum. Im, z»/k nt galvanized metah Ihreeci containers from physical
damage Keep away from luniiMin miuhc*. cspcLially in indore Ap>cc%

WORK-PLACE PROTECTIVE EOLIPMENT
lYxocviiw <«jui|-rnc.ii ifoiridFt noted near.MtMIBlde n<aid|ydnM0 N • • * • era W Okr lor Itrst jkI. such as 4H eyewash Matirei
nd safety shower, dvruld be kept available m the immediate %icinity Sec 29CT R |D|Q III far workplace ivqu«remmls

Dl*r<*AL
See U AMI DISK JS Al Clarified as Rt l< \ Hazardous Uoste due to crerusis ny with drsigrxat ii»n DOO?, if deposed nf in arigmal
fentx

MATERIAL SAKETY DATA SHEET
LABFLING AND SHIPPIM;

HAZARD CLANS <I S IXinicMCi; ' 2 |Nrev| lamnub.. <hm < IntemaciiYul): 2-3 IlMium t»asi subsidury k |< remsisci

PROPER MIHTIV-- PLM HIPIIHN
<1 s Damestic): Ammunia. Anhydrous. 2.2. 1 ’N11x15. RQ.Inlvjtaiiin Hazard
dmcmatiimalt; Amnumia. Anhydrous 2.1JR).IINHX15, RQ, Pohiwi-lnhalatMin Hazard Zone “D"

PI A< ARD IDENTIFICATION NLMBER UN 11105
1 1 S Domestic 1 Min-Flammable Gai
llntcnintKmah lYatscai lias. CrenMive iSuhsiJtinI

OTHER RFC4 LA TORY REQUIREMENTS
t rxkr Ihr < •vmprchcnsivc Invinnmenlal Rctfsmsc. < imqvi»Mairet. umI liability Act nt Pimi it I R( I At, Sruirej IOC any
env minnxfvul release of this chemical equal hi re over the repmiahfe qiunhry of ICHI lbs mnM he refseted pnopth to the NulUmal
RopisYseIenacr, U avhinguvL DA . 1 1 MW 424 XXCl.

Ihc material is subyecl to rive irpreiiiiu requirements ol Secure) UM Section 312 and Section 31J. Title III nf ihc Supertund
Amendments and Rcainhon/almn ActISARA) nf IOg6 and 41» ( IX 372 fincrgcrky Planning A Cremmuii^ Right to Know Mt,
lEPCRAt cxfrcincly hazaidret* Mhstancc. Hl f I K Hi lute III section Ml2 \mnuvua. Ilux'dkdd Planning Quantity 1IPQ) 500
Wu.

EPA HazardIategone* - Immediate Y o. Delayed Nn, Fire:Nn Sudden Release: Yes Reactive No

Clean Air Act Section II2lr) Material is lifted under I'PAS R^k Management Program iKMPi. 40 ilR Pan h.s 41
Morgue prix:cm. amounts gremer than live fhrcshtvld Quantits 11Qj of |n,<H)O lbs

DISC LAIMF.R
Ihc niforuMlMiii. dUta and rcLrenmciutahonx 111 this imoertal safety data >/»cet relate only to the specific nuienal designated herein
and do not relate to use in crenbination with any ither material or in anv pnicesk Ihc inlremmion. data, and recmnmendafxms ret
freth herein are heliocd by us to he accurate ^c make 0» wartantics, other expressed re implied. w«h reqkxf ttvrciH and assume
no luNldy in coniwxiuHi ualb any me ol such informal»ui. data, and recomnurnitaimns
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Figure 3-33 An example of an MSDS for anhydrous ammonia.
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Dngln SMUhRouU

Dwo-jrionSwtchRoute Hl’STN PW RaKCai No GATX20M61

For assistance in any transportation emergency ivolving chemicals, phoneCHEMTREC,day or night,
Toll Free 1-800-424-9300
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Not InEffect

* TWs« to certify that the above nureo materials areproptyfclavuned desenbed pacLag<-dmJ<k«L and libeled, and eonproper concSum for
hwupcwialiuii. act urdrrg to the «»if>l' iU> ol theOvpirtwwnl cf T.arr^wUltun

Figure 3-34 A bill of lading or freight bill.
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Figure 3-36 Dangerous cargo manifest.
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hazards. Some DOT hazard classes require shippers to assign
packaging groups based on the materials flash point and toxic¬
ity. A packaging group designation may signal that the material
poses a greater hazard than similar materials in a hazard class.
There are three packaging group designations:

Packaging group I: high danger
Packaging group II: medium danger
Packaging group III: minor danger

Shipping papers for railroad transportation are called way-

Transport Canada is the focal point for the Canadian national
program to promote public safety during the transportation of
dangerous goods. The department’s Transport Dangerous
Goods Directorate serves as the major source of regulatory
development, information, and guidance on dangerous goods
transport for the public, industry, and government employees.
This Directorate also works closely with other federal and pro¬
vincial agencies to implement safety programs. The Canadian
Transport Emergency Center (CANUTEC) is operated by Trans¬
port Canada to assist emergency response personnel in han¬
dling hazardous materials emergencies. Established in 1979,
CANUTEC responds to more than 30,000 calls per year, rang¬
ing from information requests to emergency notifications.

The CanadianCentre for Occupational Health and Safety
(CCOHS) promotes a safe and healthy working environment
by providing information and advice about occupational
health and safety.

The Canadian federal Hazardous Products Act defines
which materials (i.e., controlled products) are included in
the Workplace Hazardous Materials Information System
(WHMIS) and what information suppliers must provide to
employers for controlled products used in the workplace
through MSDS documentation.

bills Figure 3-35 < a list of the contents in every car on the
train is called a consist. The conductor, engineer, or a desig¬
nated member of the train crew will have a copy of both the
waybill and the consist.

On a marine vessel, shipping papers are called the danger-
ous cargo manifest Figure 3-36 < The manifest is generally
kept in a tube-like container in the wheelhouse in the custody
of the captain or master.

For air transport, the air bill is the shipping paper
Figure 3-37 It is kept in the cockpit and is the pilot’s respon-

sibility.
The responsible person in each situation should maintain

the information about hazardous cargo and provide it in an
emergency situation.

CHEMTREC
Located in Arlington, Virginia, the Chemical Transportation
Emergency Center (CHEMTREC), now operated by the
American Chemistry Council, is a clearinghouse of technical
chemical information. Since 1971, this emergency call center
has served as an invaluable information resource for first re¬
sponders of all disciplines who are called upon to respond to
chemical incidents. The toll-free number for CHEMTREC is
1-800-262-8200. CHEMTREC has the ability to provide re¬

sponders with technical chemical information via telephone,
fax, or other electronic media. It also offers a phone conferenc¬
ing service that will put a responder in touch with thousands of
shippers, subject matter experts, and chemical manufacturers.

When calling CHEMTREC, be sure to have the following
basic information ready:

The name of the chemical(s) involved in the incident (if
known)
Name of the caller and callback telephone number
Location of the actual incident or problem
Shipper or manufacturer of the chemical (if known)
Container type
Railcar or vehicle markings or numbers
The shipping carrier’s name
Recipient of material
Local conditions and exact description of the situation

When speaking with CHEMTREC personnel, spell out all
chemical names; if using a third party, such as a dispatcher,
it is vital that you confirm all spellings to avoid misunder¬
standings. One number or letter out of place could throw off
all subsequent research. When in doubt, be sure to obtain
clarification.

The Canadian equivalent of CHEMTREC is the Canadian
Transport Emergency Centre (CANUTEC). which is located
in Ottawa. This organization serves Canadian responders (in
French and English) in much the same way that CHEMTREC
serves responders in the United States. CANUTEC may be
called collect at 1-613-996-6666 (available 24 hours a day) for
emergency situations. In a nonemergency situation, call the in¬
formation line at 1-613-992-4624 (available 24 hours a day).



Peter Sells
Toronto Fire Services
Toronto, Ontario

V/bices
* of Experience

Veryearly in my fire service career, my crew and 1 were dispatched late one evening to
investigate the smell of ammonia at a small industrial plant. Upon our arrival at the

plants enclosed loading dock, 1 could immediately feel the ammonia in my eyes. The chief
was already talking to the security staff when we joined the other crews at the loading dock.
There was nothing visible that could have caused this incredibly strong smell of ammonia—
there were no containers, vehicles, or equipment. In fact, the whole dock was wet—as if it
had been hosed down at the end of the last shift.

Each crew was assigned areas of the facility to search for the source of the ammonia
smell. As we searched, the smell sometimes became fainter, but it was always
present, and there was no sign of any container or spill anywhere in the facility.
We reassembled on the weathered, pitted concrete loading dock, still wet from its
apparent cleaning. That’s when it occurred to me to check the floor.

1 reached down and touched the wet concrete with my glove and brought it up to my
face. 1 immediately recognized the smell of ammonia and nearly fell over. My partner
urged me to tell the chief that 1 had found the source of the ammonia, but 1 couldn’t
speak and 1 was having trouble keeping my balance. So, in my place, my partner
told the chief what I had discovered: a powerful, ammonia-based cleaning product
had been used to wash down the concrete floors. 1 remember receiving a nod of
appreciation and a pat on the shoulder, but what I really deserved was a stern lecture
about proper procedures for handling hazardous materials. If we had been dealing
with a chemical more dangerous than ammonia, I could have died on the spot.

1 learned two things about hazardous materials that night: Don’t overlook the obvious,
and don’t take reckless chances. When I suspected that the ammonia smell was
coming from the floor, my first step should have been to notify the chief or another
lire fighter with training in identifying and handling hazardous materials. Only a trained
specialist wearing the appropriate protective gear should conduct tests to confirm the
presence or absence of a hazardous material.

Ad we searched, the
smell sometimes
became fainter,
but it was always
present, and there
was no sign oft any
container or spill
anywhere in the
facility. **
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Standard operating procedures, the emergency response
plan, and the ERG will help you to identify the various protec¬
tive actions and notifications that must be made for the types
of responses anticipated within the jurisdiction. Standard
operating procedures should define points of contact for
local, state, and federal resources that might be called upon
for assistance during hazardous materials emergencies.

The Mexican equivalent of CHEMTREC and CANUTEC is
the Emergency Transportation System for the Chemical In¬
dustry, Mexico (SET1Q). SET1Q may be called (24 hours a
day) at 01-800-00-214-00 in the Mexican Republic. For calls
originating in Mexico City and its metropolitan area, call 5559-
1588. For calls originating elsewhere, call +52-55-5559-1588.

Phone numbers for all of these agencies can be found in
the ERG.

I National Response Center
Whenever a significant hazardous materials incident occurs,
the National Response Center (NRC) must be notified. The
NRC is operated by the U.S. Coast Guard and serves as a cen¬
tral notification point, rather than a guidance center. Once the
NRC is notified, it will alert the appropriate state and federal
agencies. The NRC must be notified if any spilled hazard dis¬
charges into the environment. The toll-free number for the
NRC is 1-800-424-8802.

The NRC has established complex reporting requirements
for different chemicals based on the reportable quantity (RQ)
for that chemical. The shipper or the owner of the chemical has
the ultimate legal responsibility to make this call, but by doing
so themselves response agencies will have their reporting bases
covered.

|Potential Terrorist Incidents
The threat of terrorism has changed the way public safety agen¬
cies operate. In small towns and major metropolitan areas, the
possibility exists that on any day, a particular agency could find
itself in the eye of a storm involving intentionally released
chemical substances, biological agents (disease-causing bac¬
teria or other viruses that attack the human body), or an attack
on buildings or people using explosives. No area of any coun¬
try is immune to such attacks. In this day and age, responders
must recognize that they are a part of a much larger response
mechanism in the United States; they must also understand
that any incident involving terrorism will require the assistance
and cooperation of countless local, state, and federal resources.
Responders within every jurisdiction should be familiar with
the locations of potential targets for terrorists; the general and
specific hazards posed by chemical, biological, and radiologi¬
cal agents (materials that emit radioactivity); possible indica¬
tors of illicit laboratories; and basic operational guidelines for

dealing with explosive events and identifying the possible indi¬
cators of secondary' devices.

Potential targets for terrorist activities include both natural
landmarks and human-made structures. These sites can be
classified into three broad categories: infrastructure targets,
symbolic targets, and civilian targets. The following sections
will help you build a foundation to become a more informed
responder when it comes to dealing with potential terrorist
incidents.

B Chemical Agents
Indicators of possible criminal or terrorist activity involving
chemical agents may vary' depending on the complexity of the
operation. Protective equipment such as rubber gloves, chemi¬
cal suits, and respirators and chemical containers made of vari¬
ous materials, shapes, and sizes may be present. For example,
glass containers are very prevalent at such incidents. The
chemicals may provide unexplained odors that are out of char¬
acter for the surroundings. Residual chemicals (liquid, powder,
or gas form) may also be found in the area. Chemistry books or
other reference materials may be seen, as well as materials that
are used to manufacture chemical weapons (such as scales,
thermometers, or torches). Chemical incidents also usually
have some type of easily identifiable signature such as an odor,
liquid or solid residue, or dead insects or foliage.

Personnel working around the materials may exhibit
symptoms of chemical exposure—for example, irritation to the
eyes, nose, and throat; difficulty breathing; tightness in the
chest; nausea and vomiting; dizziness; headache; blurred vi¬
sion; blisters or rashes; disorientation; or even convulsions.
Chemical incidents are typically characterized by a rapid onset
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Figure 3-40 Yellow III label.

Reference manuals such as microbiology or biology' textbooks
may be present. Containers used to transport biological agents
may include metal cylindrical cans or red plastic boxes or bags
with biological hazard labels. Personal protective equipment,
including respirators, chemical or biological suits, and latex
gloves, may be on the scene, as well as excessive amounts of
antibiotics as a means to protect those working with the agents.
Other potential indicators may include abandoned spray de¬
vices and unscheduled or unusual sprays being disseminated
(especially if outdoors at night).

Personnel working in the area of the lab may exhibit symp¬
toms consistent with the biological weapons with which they
are working. Biological agents have a delayed onset of symp¬
toms (usually days to weeks after the initial exposure). In fact,
the biggest difference between a chemical incident and a bio¬
logical incident is typically the speed of onset of the health ef¬
fects from the involved agents. Because most biological agents
are odorless and colorless, there are usually no outward indica¬
tors that the agents have spread.

a Radiological Agents
Indicators of radiological agents typically include production
or containment equipment, such as lead or stainless steel con¬
tainers (with nuclear or radiological labels), and equipment
that may be used to detonate the radioactive source, such as
containers (e.g., pipes), caps, fuses, gunpowder, timers, wire,
and detonators. Personal protective equipment present may
include radiological protective suits and respirators. Radiation
monitoring equipment such as Geiger counters or radiation
pagers may be present. Personnel working around the radio¬
logical agents may exhibit exposure symptoms such as burns
or experience difficulty breathing.

When radiological agents are shipped, the package type is
dictated by the degree of radiation activity inside the pack¬
age—that is, the labeling is driven by the amount of radiation
that can be measured outside the package. Three varieties of labels
are found on radioactive packages:

and Yellow 111|Figure 3-39 <
White I Figure 3-38 <

of symptoms (usually minutes to hours after exposure to the
chemical agent).

Biological Agents
Indicators of incidents that may potentially involve biological
agents are similar to those that involve chemical agents. Pro¬
duction equipment such as Petri dishes, vented hoods, Bunsen
burners, pipettes, microscopes, and incubators may be seen
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actly what is being used at the facility. If the incident is not at a
fixed site, the presence of radiation may never be apparent. Ra¬
dioactive isotopes are not detected by sight, smell, taste, or any
of the other senses. Therefore, if you have any suspicion that
the incident involves radiation, it will be necessary to call a
hazardous materials team or some other resource with radia¬
tion detection capabilities.

Significant incidents involving radiation are rare, largely
due to the comprehensiveness of the regulations for using,
storing, and transporting significant radioactive sources. This
is not to say that these incidents will not happen; nevertheless,
the regulations have helped considerably in keeping the num¬
ber of incidents low. Most of the incidents you may encounter
will involve low-level radioactive sources and can be handled
safely. These low-level sources are typically found in Type A
packaging. This packaging method is unique to radioactive
substances and contains materials such as radiopharmaceuti¬
cals and other low-level emitters.

Radiological Packaging
The most common types of containers and packages used to
store radioactive materials are divided into five major catego¬
ries: excepted range radioactive packaging, industrial radioac¬
tive packaging, and Type A Figure 3-41
and Type C Figure 3-43 packaging.

Type B Figure 3-42

Type A packaging is designed to protect the internal ra¬
diological contents during normal transportation and in the

event of a minor accident. Such packaging is characterized by
having an inner containment vessel made of glass, plastic, or
metal and external packaging materials made of polyethylene,
rubber, or vermiculite.

Type B packaging is far more durable than Type A pack¬
aging and is designed to prevent a release in the case of extreme
accidents during transportation. More dangerous radioactive
sources might be found in Type B packaging. Some of the tests
that Type B containers must undergo include heavy fire, pres¬
sure from submersion, and falls onto spikes and rocky sur¬
faces. Type B packages include small drums and heavily
shielded casks weighing more than 100 metric tons. This type
of containment vessel contains materials such as spent radio¬
active waste and other high-level emitters. Type B packages are
designed to protect their contents from greater exposure; the
amount of protection is based on the potential severity of
the hazard.
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are everyday items.

Type C packaging is used when radioactive substances
must be transported by air. Dangerous radioactive sources are
shipped in Type C packaging.

Excepted packaging is packaging used to transport
materials that meets only general design requirements for any
hazardous material. Low-level radioactive substances are com¬
monly shipped in excepted packages, which may be con¬
structed out of heavy cardboard.

Industrial packaging is used to transport materials ilia’
present a limited hazard to the public or the environment.
Contaminated equipment would be an example of such mate¬
rials, as it contains a non-life-endangering amount of radio¬
activity. Industrial packaging is classified into three categories,
based on the strength of the packaging.

Illicit Laboratories
Many indicators of possible criminal or terrorist activity in¬
volving illicit laboratories may be evident to responders. For
example, terrorist paraphernalia may include terrorist training
manuals, ideological propaganda, and documents indicating
affiliation with known terrorist groups. Locations with certain
characteristics are also commonly sites of illicit (clandestine)
laboratories—for example, basements with unusual or mul¬
tiple vents, buildings with heavy security, buildings with ob¬
scured windows, and buildings with odd or unusual odors.
Personnel working in illegal laboratory settings will exhibit a
certain degree of suspicion. For instance, they may be nervous
and have a high level of anxiety. In addition, they may be very
protective of the laboratory’ area and not want to allow anyone
to access the area for any reason, or they may rush people out
of the area as soon as possible.

Equipment that may be present in illicit laboratory areas
includes surveillance materials (such as videotapes, photo¬
graphs, maps, blueprints, or time logs of the target hazard loca¬
tions), nonweapon supplies (such as identification badges.

uniforms, and decals that would be used to allow the terrorist
to access target hazards), and weapons-related supplies (such
as timers, switches, fuses, containers, wires, projectiles, and
gunpowder or fuel). Security weapons such as guns, knives,
and booby’ trap systems may be also present.

Drug laboratories are by far the most common type of
clandestine laboratories encountered by responders. These
laboratories are typically very primitive. Materials used to
manufacture the drugs often consist of everyday items (jars,
bottles, glass cookware, coolers, and tubing) that have been
modified to produce the illicit drugs Figure 3-44 4

Specific chemicals and materials found at the scene may in¬
clude large quantities of cold tablets (ephedrine or pseudoephed¬
rine), hydrochloric or sulfuric acid, paint thinner, drain cleaners,
iodine crystals, table salt, aluminum foil, and camera batteries.
The strong smell of urine or unusual chemical smells such as
ether, ammonia, or acetone are very common indicators of clan¬
destine drug manufacturing. Illicit drug laboratories should be
considered significant hazardous materials scenes, because the
inexperienced chemists who run them take many shortcuts and
disregard typical safety' protocols so as to increase production.

3 Explosives
Indicators of possible criminal or terrorist activity involving
explosives typically include materials that fit into four major
categories—protective equipment, production and contain¬
ment materials, explosive materials, and support materials.
Protective equipment may include rubber gloves, goggles and
face shields, and fire extinguishers. Production and contain¬
ment equipment may include funnels, spoons, threaded pipes,
caps, fuses, timers, wires, detonators, and concealment con¬
tainers such as briefcases, backpacks, or other common pack¬
ages. Explosive materials may include gunpowder, gasoline,
fertilizer, and similar materials. Support materials may include
explosive reference manuals, Internet-based reference materials,
and military information.

Secondary Devices
By definition, a secondary device is some form of explosive or
incendiary device designed to harm those responders sum¬
moned to scene for some other reason. Terrorists who want to
injure responding personnel with a secondary device or attack
will typically make the initial attack very dramatic so as to
draw responders into close proximity of the scene. The sec¬
ondary attack usually takes place as the responders begin to
treat victims of the initial attack.

Indicators of potential secondary' devices may include “trip
devices” such as timers, wires, or switches. Common conceal¬
ment containers, such as briefcases, backpacks, boxes, or other
common packages, may also be present; uncommon conceal¬
ment containers may include pressure vessels (propane tanks)
or industrial chemical containers (chlorine storage containers).
Personnel may watch the site of the primary devices, as part of
preparing to manually activate the secondary devices.
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Chief Concepts
Responders must interpret visual clues effectively to im¬

prove their ability to mitigate an incident.
Responders should be able to recognize the various con¬
tainer profiles and understand the general classifications
of materials that may be stored inside each type of
container.
Responders should be able to name, understand, and lo¬
cate the various types of shipping papers on various
modes of transportation.
Roadway vehicles often transport shipments from the rail
station, airport, or dock to the point where the materials
will ultimately be used. For this reason, responders must
become familiar with all types of chemical transport
vehicles.
When used correctly, various marking systems indicate
the presence of a hazardous material and provide clues
about the substance. The DOT, NFPA, HMIS, and the
military have all developed marking systems specific to
their level of response.
Responders should be able to demonstrate proficiency
when using the Emergency Response Guidebook.
Responders should know how to obtain MSDS documen¬
tation from various sources, including their own depart¬
ment, the scene of the incident itself, or the manufacturer
of the material.
Responders should become familiar with the locations of
potential terrorist targets in their jurisdiction; the general
and specific hazards of chemical, biological, and radio¬
logical agents; indicators of illicit laboratories; and basic
operational guidelines for dealing with explosive events
and identifying the possible indicators of secondary
devices.

Hot Terms
Above-ground storage tank (AS I ) A tank that can hold

anywhere from a few hundred gallons to several mil¬
lion gallons of product. ASTs are usually made of alu¬
minum, steel, or plastic.

Air hill The shipping papers on an airplane.
Bill of lading The shipping papers used for transport of

chemicals over roads and highways. Also referred to as
a freight bill.

Biological agents Disease-causing bacteria, viruses, and
other agents that attack the human body.

Bulk storage container A large-volume container that has
an internal volume greater than 119 gallons for liquids
and a capacity greater than 882 pounds for solids and
greater than 882 pounds for gases.

Bung A small opening in a closed-head drum.
Canadian Transport Emergency Centre (CANUTEC)

A national call center located in Ottawa, Canada. This
organization serves Canadian responders (in French
and English) in much the same way CHEMTREC
serves responders in the United States.

Carboy A glass, plastic, or steel nonbulk storage container,
ranging in volume from 5 to 15 gallons.

Cargo tank Bulk packaging that is permanently attached to
or forms a part of a motor vehicle, or is not perma¬
nently attached to any motor vehicle, and that, because
of its size, construction, or attachment to a motor
vehicle, is loaded or unloaded without being removed
from the motor vehicle.

Chemical Transportation Emergency Center
(CHEMTREC) A U.S. national call center that pro¬
vides basic chemical information. It is operated by the
American Chemistry Council.

Consist A list of the contents of every car on a train.
Container Any vessel or receptacle that holds material,

including storage vessels, pipelines, and packaging.
Cryogenic liquid (cry ogen) A gaseous substance that

has been chilled to the point where it has liquefied;
a liquid having a boiling point lower than -150°F
(-101°C) at 14.7 psi (an absolute pressure of
101 kPa).

Cylinder A portable, nonbulk, compressed gas container
used to hold liquids and gases. Uninsulated com¬
pressed gas cylinders are used to store substances such
as nitrogen, argon, helium, and oxygen. They have a
range of sizes and internal pressures.

Dangerous cargo manifest The shipping papers on a ma¬
rine vessel, generally located in a tube-like container.

Department of Transportation (DOT) marking system A
unique system of labels and placards that is used when
materials are being transported from one location to
another in the United States. The same marking system
is used in Canada by Transport Canada.

Dewar container A container designed to preserve the
temperature of the cold liquid held inside.

Drum A barrel-like nonbulk storage vessel used to store a
wide variety of substances, including food-grade
materials, corrosives, flammable liquids, and grease.
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Drums may be constructed of low-carbon steel, poly¬
ethylene, cardboard, stainless steel, nickel, or other
materials.

Dry bulk cargo tank A tank designed to carry dry bulk
goods such as powders, pellets, fertilizers, or grain.
Such tanks are generally V-shaped with rounded sides
that funnel toward the bottom.

Emergency Response Guidebook (ERG) A preliminary
action guide for first responders operating at a hazard¬
ous materials incident in coordination with the U.S.
Department of Transportations (DOT) labels and plac¬
ards marking system. The DOT and the Secretariat of
Communications and Transportation of Mexico (SCT),
along with Transport Canada, jointly developed the
Emergency Response Guidebook.

Emergency Transportation System for the Chemical
Industry, Mexico (SETIO) A national response center
that is the Mexican equivalent of CHEMTREC and
CANUTEC.

Excepted packaging Packaging used to transport materials
that meets only general design requirements for any
hazardous material. Low-level radioactive substances
are commonly shipped in excepted packages, which
may be constructed out of heavy cardboard.

Freight bill The shipping papers used for transport of
chemicals along roads and highways. Also referred to
as a bill of lading.

Hazardous material Any substance or material that is
capable of posing an unreasonable risk to human
health, safety, or the environment when transported in
commerce, used incorrectly, or not properly contained
or stored.

Hazardous Materials Information System (HMIS) A
color-coded marking system by which employers give
their personnel the necessary information to work
safely around chemicals. The Workplace Hazardous
Materials Information System (WHMIS) is the Cana¬
dian hazard communication standard.

Industrial packaging Packaging used to transport
materials that present a limited hazard to the public or
the environment. Contaminated equipment is an
example of such material, as it contains a non-life-
endangering amount of radioactivity. Industrial pack¬
aging is classified into three categories, based on the
strength of the packaging.

Intermodal tank A bulk container that serves as both a
shipping and storage vessel. Such tanks hold between

5000 gallons and 6000 gallons of product and can be
either pressurized or nonpressurized. Intermodal tanks
can be shipped by all modes of transportation—air,
sea, or land.

L abel A smaller version (4-inch diamond-shaped mark¬
ings) of a placard. Labels are placed on all four sides of
individual boxes and smaller packages that are being
transported.

Material safety data sheet (MSDS) A form, provided by
manufacturers and compounders (blenders) of chemi¬
cals, containing information about chemical composi¬
tion, physical and chemical properties, health and
safety hazards, emergency response, and waste disposal
of a specific material.

MC-306/DOT 406 llammahle liquid tanker Such a
vehicle typically carries between 6000 gallons and
10,000 gallons of a product such as gasoline or other
flammable and combustible materials. The tank is
nonpressurized.

MC-307/DOT 407 chemical hauler A tanker with a
rounded or horseshoe-shaped tank capable of holding
6000 to 7000 gallons of flammable liquid, mild corro¬
sives, and poisons. The tank has a high internal work¬
ing pressure.

MC-312/DOT 412 corrosive tanker A tanker that often
carries aggressive (highly reactive) acids such as con¬
centrated sulfuric and nitric acid. It is characterized by
several heavy-duty reinforcing rings around the tank
and holds approximately 6000 gallons of product.

MC-331 pressure cargo tanker A tanker that carries
materials such as ammonia, propane, Freon, and bu¬
tane. This type of tank is commonly constructed of
steel and has rounded ends and a single open compart¬
ment inside. The liquid volume inside the tank varies,
ranging from the 1000-gallon delivery’ truck to the full-
size 11,000-gallon cargo tank.

MC-338 crymgenic tanker A low-pressure tanker de¬
signed to maintain the low temperature required by the
cryogens it carries. A boxlike structure containing the
tank control valves is typically attached to the rear of
the tanker.

National Response Center (NRC) An agency maintained
and staffed by the U.S. Coast Guard; it should always
be notified if a hazard discharges into the environment.

NFPA 704 hazard identification system A hazardous
materials marking system designed for fixed-facility
use. It uses a diamond-shaped symtbol of any size,
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which is itself broken into four smaller diamonds, each
representing a particular property or characteristic of
the material.

Nonbulk storage vessel Any container other than bulk
storage containers such as drums, bags, compressed
gas cylinders, and cryogenic containers. Nonbulk stor¬
age vessels hold commonly used commercial and in¬
dustrial chemicals such as solvents, industrial cleaners,
and compounds.

। Nonpressurized (general-service) rail tank car A railcar
equipped with a tank that typically holds general in¬
dustrial chemicals and consumer products such as
corn syrup, flammable and combustible liquids, and
mild corrosives.

Pipeline A length of pipe—including pumps, valves,
flanges, control devices, strainers, and/or similar
equipment—for conveying fluids and gases.

Pipeline right-of-way An area, patch, or roadway that
extends a certain number of feet on either side of a
pipeline and that may contain warning and informa¬
tional signs about hazardous materials carried in the
pipeline.

Placard Signage required to be placed on all four sides of
highway transport vehicles, railroad tank cars, and
other forms of hazardous materials transportation; the
sign identifies the hazardous contents of the vehicle,
using a standardization system with 10%-inch
diamond-shaped indicators.

Pressurized rail tank car A railcar used to transport
materials such as propane, ammonia, ethylene oxide,
and chlorine.

Radiological agents Materials that emit radioactivity (the
spontaneous decay or disintegration of an unstable
atomic nucleus accompanied by the emission of
radiation).

Secondary containment Any device or structure that
prevents environmental contamination when the pri¬
mary container or its appurtenances fail. Examples of
secondary containment mechanisms include dikes,
curbing, and double-walled tanks.

Secondary device An explosive or incendiary device de¬
signed to harm emergency responders who have re¬
sponded to an initial event.

Shipping papers A shipping order, bill of lading, manifest,
or other shipping document serving a similar purpose;
it usually includes the names and addresses of both the
shipper and the receiver as well as a list of the shipped
materials along with their quantity and weight.

Signal words Information on a pesticide label that indi¬
cates the relative toxicity of the material.

Special-use railcar A boxcar, flat car, cryogenic tank car, or
corrosive tank car.

Tote A portable tank, also referred to as an intermediate
bulk container (IBC), that has a capacity in the range
of 119 gallons to 703 gallons. It is characterized by a
unique style of construction.

Toxic inhalation hazard (TIH) Any gas or volatile liquid
that is extremely toxic to humans.

Tube trailer A high-volume transportation device made up
of several individual compressed gas cylinders banded
together and affixed to a trailer. Tube trailers carry
compressed gases such as hydrogen, oxygen, helium,
and methane. One trailer may carry several different
gases in individual tubes.

Type A packaging Packaging that is designed to protect its
internal radiological contents during normal transpor¬
tation and in the event of a minor accident.

Type B packaging Packaging that is far more durable than
Type A packaging and is designed to prevent a release
of the radiological hazard in the case of extreme acci¬
dents during transportation. Type B containers must
undergo a battery' of tests including those involving
heavy fire, pressure from submersion, and falls onto
spikes and rocky surfaces.

Type C packaging Packaging used when radioactive sub¬
stances must be transported by air.

Underground storage tank (UST) A type of tank that can
hold anywhere from a few hundred gallons to several
million gallons of product. LJSTs are usually made of
aluminum, steel, or plastic.

Vent pipes Inverted J-shaped tubes that allow for pressure
relief or natural venting of the pipeline for mainte¬
nance and repairs.

Waybill Shipping papers for railroad transport.
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1. Which type of container is this likely to be?
A. MC-306/DOT 406
B. MC-307/DOT 407
C. MV-312
D. MC-331

It is a rainy afternoon when your engine company is dispatched to a motor vehicle
accident. Upon arrival, you see a large tractor-trailer rig on its side, with a single
tank compartment that has rounded ends. The tank is painted white and appears
to be a pressurized vessel.

2. Which documents should be found in the cab of the
vehicle?
A. Bill of lading
B. Waybill
C. Dangerous cargo manifest
0. Consists

3. Which section of the Emergency Response Guidebook
(.ERG) includes the name of the chemical first and then
the guide number and ID number?
A. Green section
B. Orange section
C. Yellow section
D. Blue section

4. In which section of the Emergency Response Guidebook
should you look when you can identify a UN/1D
number?
A. Green section
B. Orange section
C. Yellow section
D. Blue section









|NFPA 472 Standard
Competencies for Awareness Level Personnel

4.4.1 Initiating Protective Actions. Given examples of haz¬
ardous materials/WMD incidents, the emergency response
plan, the standard operating procedures, and the current
edition of the DOT Emergency Response Guidebook, aware¬
ness level personnel shall be able to identify the actions to
be taken to protect themselves and others and to control
access to the scene and shall meet the following
requirements:
(i)

(2)

(3)

(4)

Identify the location of both the emergency response
plan and/or standard operating procedures.
Identify the role of the awareness level personnel during
hazardous materials/WMD incidents.
Identify the following basic precautions to be taken to
protect themselves and others in hazardous materials/
WMD incidents:
(a)

(b)

(0

W)

Identify the precautions necessary when providing
emergency medical care to victims of hazardous
materials/WMD incidents.
Identify typical ignition sources found at the scene
of hazardous materials/WMD incidents.
Identify the ways hazardous materials/WMD are
harmful to people, the environment, and property.
Identify the general routes of entry for human expo¬
sure to hazardous materials/WMD.

Given examples of hazardous materials/WMD and the
identity of each hazardous material/WMD (name, UN/
NA identification number, or type placard), identify the
following response information:
(a) Emergency action (fire, spill, or leak and first aid)
(b) Personal protective equipment necessary
(c) Initial isolation and protective action distances

(5) Given the name of a hazardous material, identify the
recommended personal protective equipment from the
following list:
(a) Street clothing and work uniforms [p. 94]
(b) Structural fire-fighting protective clothing [p. 94]
(c) Positive pressure self-contained breathing appara¬

tus [p. 99-100]
(d) Chemical-protective clothing and equipment

[p. 95-98]
(6) Identify the definitions for each of the following protec¬

tive actions:
(a) Isolation of the hazard area and denial of entry

[p. 88]
(b) Evacuation [p. 88]
(c) Sheltering in-place [p. 88]

(7) Identify the size and shape of recommended initial
isolation and protective action zones, [p. 86-88]

CHAPTER

4

Core Competencies for Operations Level Responders
Goal.
The goal of the competencies at this level shall be

(8) Describe the difference between small and large spills
as found in the Table of Initial Isolation and Protective
Action Distances in the DOT Emergency Response
Guidebook, [p. 86-88]

(9) Identify the circumstances under which the following
distances are used at a hazardous materials/WMD
incidents:
(a) Table of Initial Isolation and Protective Action

Distances[p. 86-88]
(b) Isolation distances in the numbered guides [p. 86-88]

(10) Describe the difference between the isolation distances
on the orange-bordered guidebook pages and the pro¬
tective action distances on the green-bordered ERG
{Emergency Response Guidebook) pages, [p. 88]

(11) Identify the techniques used to isolate the hazard area
and deny entry to unauthorized persons at hazardous
materials/WMD incidents, [p. 88]

(12) Identify at least four specific actions necessary when an
incident is suspected to involve criminal or terrorist
activity, [p. 91-92]

5.1.2
TTTT

to provide operations level responders with the knowledge
and skills to perform the core competencies in 5.1.2.2
safely, [p. 84-102]

5.1.2.2 When responding to hazardous materials/WMD inci¬
dents, operations level responders shall be able to perform
the following tasks:
(1) Analyze a hazardous materials/WMD incident to deter¬

mine the scope of the problem and potential outcomes
by completing the following tasks:
(a) Survey a hazardous materials/WMD incident to

identify the containers and materials involved,
determine whether hazardous materials/WMD
have been released, and evaluate the surrounding
conditions, [p. 84-92]

(b) Collect hazard and response information from
MSDS; CHEMTREC/CANUTEC/SETIQ; local, state,
and federal authorities; and shipper/manufacturer
contacts, [p. 84-92]

(c) Predict the likely behavior of a hazardous material/
WMD and its container, [p. 86-88]

(d) Estimate the potential harm at a hazardous
materials/WMD incident, [p. 84-90]

(2) Plan an initial response to a hazardous materials/WMD
incident within the capabilities and competencies of
available personnel and personal protective equipment
by completing the following tasks:
(a) Describe the response objectives for the hazardous

materials/WMD incident, [p. 90-92]



(a)

(b)

(0

(d)

(e)

5.3.2

5.3.3

(5) Describe (he impact that time, distance, and shielding
have on exposure to radioactive materials specific to

at criminal or terrorist events, [p. 91-92]
|Identifying Action Options. Given examples of hazard-

the expected dose rate. [p. 86)
|Core Competencies—Planning the Response.
|Describing Response Objectives. Given at least two

and removal of victims from the hazard area relative to
exposure and contamination concerns, [p. 84-86]
|Determining Suitability of Personal Protective

5.3

(b) Describe the response options available for each
objective, [p. 90-92]

(c) Determine whether the personal protective equip¬
ment provided is appropriate for implementing each
option, [p. 92-94]

(d) Describe emergency decontamination procedures,
[p. 101-102]

(e) Develop a plan of action, including safety
considerations, [p. 90-92]

Implement the planned response for a hazardous
materials/WMD incident to favorably change the out¬
comes consistent with the emergency response plan
and/or standard operating procedures by completing
the following tasks:

Establish and enforce scene control procedures,
including control zones, emergency decontamina¬
tion, and communications.
Where criminal or terrorist acts are suspected,
establish means of evidence preservation.
Initiate an incident command system (ICS) for haz¬
ardous materials/WMD incidents.
Perform tasks assigned as identified in the incident
action plan.
Demonstrate emergency decontamination.

Evaluate the progress of the actions taken at a hazard¬
ous materials/WMD incident to ensure that the re¬
sponse objectives are being met safely, effectively, and
efficiently by completing the following tasks:
(a) Evaluate the status of the actions taken in accom¬

plishing the response objectives.
(b) Communicate the status of the planned response.
|Estimating Potential Harm. Given scenarios involving

scenarios involving hazardous materials/WMD incidents,
the operations level responder shall describe the response
objectives for each example and shall meet the following
requirements:
(1) Given an analysis of a hazardous materials/WMD inci¬

dent and the exposures, determine the number of
exposures that could be saved with the resources
provided by the AH], [p. 84-90]

(2) Given an analysis of a hazardous materials/WMD
incident, describe the steps for determining response
objectives, [p. 90-92]

(3) Describe how to assess the risk to a responder for each
hazard class in rescuing injured persons at a hazardous
materials/WMD incident, [p. 90-91]

(4) Assess the potential for secondary attacks and devices

ous materials/WMD incidents (facility and transportation),
the operations level responder shall identify the options
for each response objective and shall meet the following
requirements:
(1) Identify the options to accomplish a given response

objective, [p. 91]
(2) Describe the prioritization of emergency medical care

Equipment. Given examples of hazardous materials/WMD
incidents, including the name of the hazardous material/WMD
involved and the anticipated type of exposure, the opera¬
tions level responder shall determine whether available
personal protective equipment is applicable to performing
assigned tasks and shall meet the following requirements:
(1) Identify the respiratory protection required for a given

response option and the following:
(a) Describe the advantages, limitations, uses, and

operational components of the following types of
respiratory protection at hazardous materials/WMD
incidents:
i. Positive pressure self-contained breathing appa¬

ratus (SCBA) |p. 99-100]
ii. Positive pressure air-line respirator with required

escape unit [p. 100]
iii. Closed-circuit SCBA [p. 100]
iv. Powered air-purifying respirator (PAPR) [p. 101]
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v. Air-purifying respirator (APR) [p. 100-101]
vi. Particulate respirator [p. 100-101]

(b) Identify the required physical capabilities and
limitations of personnel working in respiratory
protection, [p. 99]

(2) Identify the personal protective clothing required for a
given option and the following:
(a) Identify skin contact hazards encountered at haz¬

ardous materials/WMD incidents, [p. 90]
(b) Identify the purpose, advantages, and limitations

of the following types of protective clothing at
hazardous materials/WMD incidents:
i. Chemical-protective clothing: liquid splash-

protective clothing and vapor-protective clothing
[p. 95-96]

ii. High temperature-protective clothing: proximity
suit and entry suits [p. 94-95]

iii. Structural fire-fighting protective clothing
IP- 941

5.3.4
involving hazardous materials/WMD incidents, operations
level responders shall identify when emergency decontami¬
nation is needed and shall meet the following requirements:
(1) Identify ways that people, personal protective equip¬

ment, apparatus, tools, and equipment become con¬
taminated. [p. 101-102]

(2) Describe how the potential for secondary contamination
determines the need for decontamination, [p. 102)

(3) Explain the importance and limitations of decontamina¬
tion procedures at hazardous materials incidents.
[p. 101-102]

(4) Identify the purpose of emergency decontamination
procedures at hazardous materials incidents, [p. 101-102]

(5) Identify the factors that should be considered in emer¬
gency decontamination, [p. 101-102]

(6) Identify the advantages and limitations of emergency
decontamination procedures, [p. 101-102]

EH Using Personal Protective Equipment. The operations
level responder shall describe considerations for the use of
personal protective equipment provided by the AH], and
shall meet the following requirements:
(1) Identify the importance of the buddy system.
(2) Identify the importance of the backup personnel.
(3) Identify the safety precautions to be observed when

approaching and working at hazardous materials/WMD
incidents.

(4) Identify the signs and symptoms of heat and cold stress
and procedures for their control.

(5) Identify the capabilities and limitations of personnel
working in the personal protective equipment provided
by the AH).

(6) Identify the procedures for cleaning, disinfecting, and
inspecting personal protective equipment provided by
the AHJ. [p. 92-94]

(7) Describe the maintenance, testing, inspection, and
storage procedures for personal protective equipment
provided by the AHJ according to the manufacturer’s
specifications and recommendations, [p. 92-94]

|Knowledge Objectives
After studying this chapter, you will be able to:

• Describe how to estimate the potential harm or the sever¬
ity of a hazardous materials/weapons of mass destruction
(WMD) incident.

• Describe resources to determine the size of a hazardous
materials/WMD incident.
Describe exposure protection.
Describe how to report the size and scope of an incident.. Describe resources available for determining the concen¬
trations of a released hazardous material.

• Identify skin-contact hazards encountered at hazardous
materials/WMD incidents.

• Describe how to plan an initial response.
• Describe the potential for secondary attacks/devices.
• Describe personal protective equipment (PPE) used for

hazardous materials/WMD incidents and how to care
for it.. Identify the purpose, advantages, and limitations of the
following items:. Street clothing and work uniforms. Structural firefighting protective clothing

High-temperature-protective clothing and equipment. Chemical-protective clothing and equipment. Discuss the levels of hazardous materials/WMD personal
protective equipment (PPE).

• Discuss the importance of respiratory protection in a
hazardous materials/WMD incident.

• Describe the physical capabilities required and limitations
of personnel working in PPE.

• Describe the importance of having a plan in place to
decontaminate a victim.

|Skills Objectives
There are no skills objectives for this chapter.



our rescue ambulance has been called to a semiconductor fabrica
» [ tion facility for a report of shortness of breath. You arrive at the
I / reception area and are led to an employee break room. As you
/ approach the seated patient, you notice a strong odor of ammonia

j jr The laboratory manager is standing next to the patient— a labora¬
tory technician— who is doubled over in the chair. The laboratory
manager tells you that the technician was splashed in the face with

approximately 100 mL of ammonium hydroxide while pouring chemi¬
cals into an instrument. He states that he helped the laboratory technician to

You Are the Responder

an eye-wash station immediately after the incident and then escorted him to
the break room. The laboratory manager tells you he has seen this sort of
injury before. In his opinion, the laboratory technician doesn’t need to go to the
hospital— he just needs some oxygen. The paramedic begins an assessment and
finds that the laboratory technician has reddened skin over his entire face and is
complaining of shortness of breath.

1. What are your initial response priorities?
2. What are your initial objectives for the incident?
3. Are you at risk of being exposed or contaminated to potentially toxic levels

of ammonium hydroxide from this patient?

|Introduction
It is important to have a set of basic response priorities to guide
your decision making at the scene of a hazardous materials/
WMD incident. To that end, the first response priority7 should
be to ensure your own safety while operating at the scene.
You’re no good to anyone if you’ve become part of the prob¬
lem! Al a minimum, you must arrive at the scene in a safe man¬
ner and make sure that you and your crew do not become a
liability during the course ol the incident.

After ensuring your own safety, your next objective should
be to address the potential life safety of those persons affected by
the incident. In the scenario described in the chapter-opening
vignette, your crew responded for one type of emergency—
shortness of breath—and ended up facing a completely different
kind of problem—a medical issue related to a chemical expo¬
sure. This new set of parameters will require you to quickly
shift gears. You now have an exposed victim and a potentially
exposed laboratory’ manager. Which additional response per¬
sonnel and equipment will be required? You can smell the am¬
monia: Does that mean you and other personnel are in danger,
too? Has the patient been adequately decontaminated to the
point you can safely render care? Who performed the decon¬
tamination? What type of decontamination was done? Should
you back out of the area without treating the victim and call for
a hazardous materials/WMD response team?

Such real-world challenges involve a set of complicated
questions. This chapter will help you to estimate and plan for
the challenges you may encounter at a hazardous materials/
WMD incident.

IEstimating the Potential Harm
|or Severity of the Incident
Hazardous materials/WMD incident response priorities should
be based on the need to protect and/or reduce the threat to life,
property, critical systems, and the environment. Remember—
it is important to separate the people from the problem as soon
as possible. In some cases, the people and the problem are one
and the same, as in the chapter-opening scenario. Once tire
threat to life has been handled, the incident becomes a matter
of reducing the impact to the property that may be affected and
minimizing environmental complications.

The damage that a hazardous material/WMD will inflict on
a human being is a function of the physical and chemical prop¬
erties of the released substance, as well as the conditions under
which it was released. Among other factors, characteristics such
as the concentration of the material, the temperature of the
material at the time of its release, and the pressure under which
the substance was released will affect both the release parame¬
ters and the potential health effects on those exposed to the
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material. Additionally, the age, gender, genetics, and underlying
medical conditions of the exposed person will have some bear¬
ing on patient outcome. Chemical exposures are complicated
events because of the number of variables that may be present.

When it comes to rendering medical care to persons ex¬
posed to harmful substances, guidance can be found in NFPA
473, Standard for Competencies for EMS Personnel Responding to
Hazardous Materials/Weapons of Mass Destruction Incidents. This
standard was revised along with the 2008 version of NFPA 472,
Standard for Competence of Responders to Hazardous Materials/
Weapons of Mass Destruction Incidents, and centers on the notion
that all EMS responders, regardless of their scope of practice,
should share a basic set of hazardous materials response skills to
work safely on a hazardous materials/WMD scene and deliver
effective patient care. In most cases, that care is performed in a safe
area away from the hazard, after decontamination. EMS respond¬
ers, however, should understand the nature of the incident and
look at the scene with a critical eye to pick up the clues that
might assist with defining the nature of the exposure.

To have some frame of reference for the degree of harm a
substance may inflict, responders should have a basic under¬
standing of some commonly used terms and definitions. Two
main organizations establish and publish the toxicological data
typically used by hazardous materials/WMD responders: the
American Conference of Governmental Industrial Hygienists
(ACG1H) and the Occupational Safety and Health Administra¬
tion (OSHA).

For more than 60 years, the ACGIH has been a respected
and trusted source for occupational health and industrial hy¬
giene guidelines and information. Its best-known committee,
the Threshold Limit Values for Chemical Substances (TLV®-
CS) Committee, was established in 1941. This committee first
introduced the concept of threshold limit value (TLV) in
1956. The threshold limit value is the point at which a hazard¬
ous material/WMD begins to affect a person. Today, TLVs have
been published for more than 600 chemical substances. Any
values indicated with a TLV are established by the ACGIH.

OSHA was created in 1971 with three goals: to improve
worker safety, to conduct research, and to publish toxicological
data. OSHA’s permissible exposure limit (PEL) for example,
is conceptually the same as ACGIH’s TLV term. The PEL is the
established standard limit of exposure to a hazardous material.
You might see both of these terms in a reference source, lor
example. Nevertheless, there is an important distinction be¬
tween the ACGIH and OSHA standards: While ACGIH sets
guidelines, OSHA standards are the law.

It is common to see toxicological values expressed in units
of parts per million (ppm), parts per billion (ppb), and, in
some cases, parts per trillion (ppi). Typically, the amount of
airborne contamination encountered with releases of gases
such as arsine, chlorine, and ammonia will be expressed in this
manner. Arsine, for example, has an OSHA established PEL of
0.05 ppm. This is a very small amount compared to the OSHA
PEL for chlorine, which is 1 ppm. Comparatively speaking, ar¬
sine is a far more toxic substance than chlorine.

Another way to express contamination levels for sub¬
stances other than gases, such as fibers and dusts, is through

esponderTips

One part per million (ppm) means there is one particle of a
given substance for 999,999 other particles. Think of it this
way:1ppm equates to1second in 280 hours.

One part per billion is equivalent to one particle in
999,999,999 other particles. Thus1ppb equates to1second
in 32 years.

One part per trillion (ppt) is equivalent to 1 second in
320 centuries.

units of milligram per cubic meter (mg/m3). For the purpose of
simplicity and better understanding of this section of the text,
keep in mind that you may see toxicological data expressed in
several different ways. In any event, the lower the value, the
more toxic the product.

The threshold limit value/short-lerm exposure limit
(TLV/STEL) is the maximum concentration of a hazardous
material that a person can be exposed to in 15-minute inter¬
vals, up to four times per day, without experiencing irritation
or chronic or irreversible tissue damage. A minimum 1-hour
rest period should separate any exposures to this concentration
of the material. The lower the TLV/STEL concentration, the
more toxic the substance. The threshold limit value/time-
weighted average (TLV/TWA) is the maximum airborne con¬
centration of material that a worker could be exposed to for
8 hours a day, 40 hours a week, with no ill effects. As with the
TLV/STEL, the lower the TLV/TWA, the more toxic the sub¬
stance. The threshold limit value/cciling (TLV/C) is the max¬
imum concentration of a hazardous material that a worker
should not be exposed to, even for an instant. Again, the lower
the TLV/C, the more toxic the substance.

The threshold limit value/skin indicates that direct or
airborne contact with a material could result in possible and
significant exposure from absorption through the skin, mu¬
cous membranes, and eyes. This designation is intended to
suggest that appropriate measures be taken to minimize skin
absorption so that the TLV/TWA is not exceeded.

As mentioned earlier, the permissible exposure limit (PEL)
is the standard limit of exposure to a hazardous material as es¬
tablished by OSHA. The recommended exposure level (RED
is a value established by the National Institute for Occupational
Safely and Health (NIOSH) and is comparable to OSHA’s PEL.
NIOSH is part of the U.S. Department of Health and Human
Services and is charged with ensuring that individuals have a
safe and healthy work environment by providing information,
training, research, and education in the field of occupational
safety and health. The PEL and REL limits are comparable to
ACGIH’s TLV/TWA. These three terms (PEL, REL, and TLV/
TWA) measure the maximum, time-weighted concentration
of material to which 95 percent of healthy adults can be ex¬
posed without suffering any adverse effects over a 40-hour
workweek.

The designation immediately dangerous to life and
health (1DLH) means that an atmospheric concentration of a
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Identifying and measuring the levels of airborne contamina¬
tion require specific detection and monitoring instruments
along with training to interpret the results.

Initial isolation zones and protective actions are valid only
for a 30-minute window from the start of the release.

toxic, corrosive, or asphyxiant substance poses an immediate
threat to life or could cause irreversible or delayed adverse
health effects. Three types of IDLH atmospheres are distin¬
guished: toxic, flammable, and oxygen deficient. Individuals
exposed to atmospheric concentrations below the IDLH value
(in theory) could escape from the atmosphere without expe¬
riencing irreversible damage to their health, even if their re¬
spiratory protection fails. Individuals who may be exposed to
atmospheric concentrations equal to or higher than the IDLH
value must use positive-pressure self-contained breathing ap¬
paratus (SCBA) or equivalent protection.

With the appropriate equipment, responders will be able
to measure concentrations of specific chemicals.

Once these exposure values are understood, they can be
applied at the scene of a hazardous materials/WMD emergency.
For example, exposure guidelines can be used to define the
three basic atmospheres that might be encountered at a haz¬
ardous materials/WMD emergency:

Safe atmosphere: No harmful hazardous materials ef¬
fects exist, so personnel can handle routine emergen¬
cies without donning specialized personal protective
equipment (PPE).
Unsafe atmosphere: A hazardous material that is no
longer contained has created an unsafe condition or at¬
mosphere. A person who is exposed to the material for
long enough will probably experience some form of
acute or chronic injury.
Dangerous atmosphere: Serious, irreversible injury or
death may occur in the environment.

All exposure guidelines share a common goal: to ensure
the safety and health of people exposed to a hazardous material.

Resources for Determining the
Size of the Incident

It is vital to understand the incident as a whole. To do so, re¬
sponders must plug in results obtained from detection and
monitoring devices, reference sources, bystander information,
the prevailing environmental conditions surrounding the inci¬
dent, and other information to get a clear picture of what is going
on and what is likely to happen next. Sometimes a decision
must be made to evacuate or rescue people in danger. In those
instances, responders may need to consult printed and elec¬
tronic reference sources for guidance on evacuation distances
and other safety information. A number of computer programs
can be used to model and predict the direction and size of vapor
clouds. When used properly, these computer programs can
be a valuable source of information for predicting the size,
shape, and direction of movement of vapor clouds. Again, it is
important to identify the health hazards posed by the sub¬
stance to accurately set safe parameters around the entire
incident.

A valuable resource to consult for evacuation distances
is the Emergency Response Guidebook (ERG), which is updated
every three or four years to address new substances and/or
new technologies. This reference book identifies and outlines
predetermined evacuation distances and basic action plans for
chemicals, based on spill size estimates Figure 4-1

S —
Time-Distance-Shielding
To reduce the effects of a radiation exposure, responders
should understand the concept of time-distance-shielding
(TDS). When a radiation source is suspected or confirmed,
responders should take action to reduce the amount of time
they are exposed to the source; remain as far away as nec¬
essary, and place some form of barrier between themselves
and the source. Identifying the presence of a radioactive
source may require using a radiation detector. In the event
you do not have such a device, or if you have a reasonable
suspicion that the incident may involve a radioactive source,
employ basic tactics that utilize the concept of TDS. Think of
TDS in this way: The less time you spend in the sun, the less
chance you have of suffering a sunburn (time)-, the closer
you stand to a fire, the hotter you will get (distance); and if
you come inside during a rainstorm, you will stop getting

wet (shielding). These basic illustrations are analogous to
the TDS concept for reducing the health effects of a radia¬
tion exposure.

a
ALPHA

aluminum lead concrete

BETA

NEUTRONS

GAMMA, X-RAYS
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HOW TO USE TABLE 1 - INITIAL ISOLATION AND
PROTECTIVE ACTION DISTANCES

(1) The responder should already have:

• Identified the material by its ID Number and Name; (if an ID Number cannot be
found, use the Name of Material index in the blue-bordered pages to locate that
number.)

• Found the three-digit guide for that matenal in order to consult the emergency
actions recommended jointly with this table;

• Noted the wind direction.

(2) Look m Table 1 (the green-bordered pages) for the IDNumber and Name of the Material
involved in the incident. Some ID Numbers have more than one shippingname listed—
look for the specific name of the matenal. (If the shipping name is not known and
Table 1 lists more than one name for the same ID Number, use the entry with the
largest protective action distances.)

(3) Determine if the incident involves a SMALL or LARGE spill and if DAY or NIGHT
Generally, a SMALL SPILL is one which involves a single, small package (e.g., a drum
containing up to approximately 200 liters), a small cylinder, or a small leak from a large
package A LARGE SPILL is one which involves a spill from a large package, or
multiple spills from many small packages. DAY is any time after sunnse and before
sunset. NIGHT is any time between sunset and sunrise.

(5) Look up the initial PROTECTIVE ACTION DISTANCE shown in Table 1. For a given
material, spill size, and whether day or night, Table 1 gives the downwind distance—in
kilometers and miles— for whichprotective actions should be considered. For practical
purposes, the Protective Action Zone (i.e., the area in which people are at risk of
harmful exposure) is a square, whose length and width are the same as the downwind
distance shown in Table 1

(6) Initiate Protective Actions to the extent possible, beginning with those closest to the
spill site and working away from the site in the downwind direction. When a water-
reactive TIH producing material is spilled into a river or stream, the source of the toxic
gas may move with the current or stretch from the spill point downstream for a substantial
distance.

The shape of the area in which protective actions should be taken (the Protective
Action Zone) is shown in this figure. The spill is located at the center of the small
circle. The larger circle represents the INITIAL ISOLATION zone around the spill

NOTE 1: See "Introduction To Table 1 - Initial Isolation And Protective Action
Distances" for factors which may increase or decrease Protective Action
Distances.

NOTE 2: See Table 2 - Water-Reactive Materials which Produce Toxic Gases for the
list of gases produced when these materials are spilled in water.

Call the emergency response telephone number listed on the shipping paper, or the
appropnate response agency as soon as possible for additional information on the material,
safety precautions, and mitigation procedures.
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TABLE 1 - INITIAL ISOLATION AND PROTECTIVE ACTION DISTANCES

I
8

SMALL SPILLS
(From a small package or smal leak Vom a large package;

LARGE SPILLS
IFrom a large package or from many smai Dackaaesi

ID
No. NAME OF MATERIAL

First
ISOLATE

mall Directons

Meters (Feet)

Then
PROTECT

persons Dawnwind dunng-

First
ISOLATE

mall Drecbons

Meters (Feet)

Then
PROTECT

persons Downwind during-
DAY NIGHT DAY NIGHT

Kilometers (Mtes) Kilometers (Mies

1006 Ammonia, anhydrous
1005 Antytojsamona

30m (100 ft) 0.1km (01mi) 0.2 km (0.1 mil 150m (500 ft) 0.8km (05 mi) 2.3km (1.4m)

1008 Boron trfluoriae
1008 Boron tnftuonde compressed

30m (100ft) 0.1km (01mi) 0.6km (04 rm) 300m (1000ft) 1.9km (12 mi| 4 8tan (30m)

1016 Catonrnonowtfe
1016 Catanmonoxide, compressed

30m |100 fl) 0.1tan (0.1mi) 01km (0.1 mi) 150m (500 ft) 0.7km (05 m) 2.7km (17m)

1017 CNome 60m (200ft) 0.4km (03mi> 16km (10m) 600m [2000ft/ 3.5km (22m) 8.0km (50m)

1023 Coa gas
1023 Codgas compressed

30m (100 ft) 01km (01mi) 01km (0.1m) 60m (200ft) 0.3km (02m) 04km (03m)

1026 Cyanogen
1026 Cyanogen gas

30m |100ft) 02km (01mi) 09km (05m) 150m (500 ft) 10km (07m) 35km (22m)

10« Eth>reneo»de
1040 Emyiene owde winMrogen

30m (1O0R) 0.1km (0.1mi) 02km (0.1m) 150m (500ft) 05km (0.5 m) 25 tan (1.6m)

1045 Fucme
1015 Fluorine, compressed

30m (100ft) 0.1km (01mi) 0.3 km (0.2m) 150m (500ftl 08km (0.5m) 3.1km (15mi)

1048 Hydrogen tremde. a^drcus 30 m (100 ft) 01km (01mi) 04 km (03ml 300m (1000ft| 15km (1.0mi 45 km (2.8m)

1050 Hydrogendionde. anhydrous

1051 AC (when used as a weapon)

30 m (103ft)

100m (300ft)

0.1km (0.1mi) 04 km (0.2m)

03km (02mi) 11km (07m)

60m (200ft)

1000m 13000 ftl

0.3km (02 mi) 14 km (0.9th)

35km (24 m) 72km (4 5m)

1051 Hydocyancaod aqueous
wJubcns, Mt> mere tian 23%
Hydrogencyande

1051 Hydrogen cyanoe annydnxs staftized
1051 Hydrogen cyanide, slabiized

60m |200ft) 02km (01mi) 06km (04 mi) 400m (1250ft| 16km (10 mi) 41km (2.5ml

1052 Hydtgen fluoride. anhydrous 30m (100 ft) 01km (0.1mi) 05km (03ml 300m (1000 ft) 1.7 tan (1.1 mi) 36 km (22m)

Figure 4-1 Instructions and example pages from the Initial Isolation and Protective Action Distances table found in the ERG.
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All responders should be equipped with the latest version
of the ERG and take time to become familiar with it. A good
way to practice is to imagine a particular chemical and credible
location or condition in which the chemical might be released,
identify the unique United Nations/North American Hazardous
Materials Code (UN/NA) identification number for the chemi¬
cal, check whether it is highlighted and found in the green sec¬
tion of the book, and determine the recommended emergency
actions and PPE that might be required to handle the incident.
Also, it is useful to imagine the release occurring in several dif¬
ferent areas of your jurisdiction and make some judgments
about initial isolation distances or other protective actions in
each case. Part of being a prepared responder is to conduct
some level of preplanning of your own relative to the credible
release scenarios that may exist.

In the orange section of the ERG, lor example, evacuation
distances assume that the listed chemical is involved in a fire.
The green section, by comparison, is based on toxicity concerns;
materials are listed in this section because they present an ex¬
traordinary threat from a health and safety perspective. To that
end, responders should understand that the ‘initial isolation”
distances (the distance all persons should be considered for
evacuation in all directions) and the “protective action” distances
(the downwind distance over which some form of protective ac¬
tions might be required) are based on the nature ol the material,
the environmental conditions of the release, and the size of the
release. A small spill, for example, means that a spill involves
less than 200 liters (approximately 52 gallons) for liquids or less
than 300 kilograms (approximately 661 pounds) of a solid.

|Exposures
When considering the potential consequences of a hazardous
materials/WMD incident, the on-scene crews must consider
how exposures might be affected. In firefighting, the term “ex¬
posures” typically refers to those areas adjacent to the fire that
might become involved if the fire is left unchecked. For our
purposes here, exposures include any people, property, struc¬
tures, or environments that are subject to influence, damage,
or injury as a result of contact with a hazardous material/WMD.
The number of exposures is determined by the location of the
incident, the physical and chemical properties of the released
substance, and the amount of progress that has been made in
protecting those exposures (such as people, property, and the
environment) by isolating the release site or by taking protec¬
tive actions such as evacuation or sheltering-in-place. Incidents
in urban areas are likely to have a greater potential for expo¬
sures; consequently, more resources will likely be needed to
protect those exposures from the hazardous materials/WMD.

Isolation of the hazard area is one of the first actions re¬
sponders must take at a hazardous materials/WMD incident.
The general philosophy of isolation revolves around the con¬
cept of separating the people from the problem: Responders and
civilians alike must be kept a safe distance from the release site—a
vital first step in beginning to establish safe work zones and identify
the areas of high hazard. Isolating the hazard may be accom¬
plished in several ways. Law enforcement officers may be

posted a safe distance from the release to create a secure perim¬
eter. Other public safety personnel such as fire fighters may
serve the same function, although it is important not to waste
the skills of a cache of trained hazardous materials/WMD re¬
sponders by assigning them to guard doors, other points of in¬
gress or egress from a building, or other contaminated areas. In
many cases, responders will stretch a length of barrier tape
across roadways, doors, or other access points. Care must be
taken, however, not to rely solely on this method of scene con¬
trol. Quite often, these cordoned-off areas are not respected by
other public safely responders or the general public. If and
when barrier tape is used, live responders should still ensure
the security of the area. Also, keep in mind that the precise
type of isolation efforts undertaken will be driven by the nature
of the released chemical and the environmental conditions.

Once the hazard is isolated, access is denied to all but a
small group of responders who are trained and equipped to
enter the contaminated atmosphere. Isolating a contaminated
atmosphere is always conjoined in some way with denial of
entry (i.e,, restriction of access) to the site. Practically speak¬
ing, one action cannot exist without the other. Typically, site
access control is established so as to control the movement of
personnel into and out of a contaminated area.

Evacuation is the removal/relocation of those individuals
who may be affected by an approaching release of a hazardous
material. If the threat will be sustained over a long period of
time, it may be advisable to evacuate people from a predicted
or anticipated hazard area, making sure to evacuate those in the
most danger first. Most often, awareness level personnel should
concentrate on keeping themselves from becoming contami¬
nated. To that end, evacuation efforts do not require personnel
to wear PPE or enter contaminated atmospheres. Think of it
this way: If you are wearing PPE to move people from one area
to another, you may have shifted gears from conducting an
evacuation to performing a rescue. The latter responsibilities
may or may not be within the scope of your training.

Sheltering-in-place is a method of safeguarding people lo¬
cated near or in a hazardous area by temporarily keeping them
in a cleaner atmosphere, usually inside structures. In some
cases—for example, with a transitory' problem such as a mobile
vapor cloud—it is advisable to use a shelter-in-place strategy.
This method is desirable only' when the population being pro¬
tected in place can care for themselves, control the air, and the
structure can be sealed. Awareness level personnel, for example,
could be expected to initiate some form of protective action such
as directing civilians away from the contaminated area or direct¬
ing certain populations of civilians to follow a shelter-in-place
approach. Remember that the NFPA 472 standard does not con¬
sider awareness level personnel to be responders.

Reporting the Size and Scope
of the Incident

Reporting the estimated physical size of the area affected by a
hazardous materials/WMD incident is accomplished by' using
information available at the scene. If a vehicle is transporting a
known amount of material, for example, an estimate of the size
of the release might be made by subtracting the amount re-



how much material remains in a container.

maining in the container from the maximum capacity of the
container. To “see" into containers such as railroad tank cars,
steel drums, or cargo tanks and estimate their remaining
contents, responders may use thermal imaging cameras (TICs)
Figure 4-2-*

For example, you might use a TIC to investigate a steel
drum discovered in a vacant lot. A quick look at the scene may
reveal some wet-looking soil around the base of the drum. By
using the TIC, you might be able to determine the percentage
of liquid remaining, and make an educated guess about how
much could have leaked. Of course, these estimations may be
quite rough, especially when it is unknown how much a given
vessel may have contained prior to a release. It does, however,
allow for some "worst-case scenario" estimations.

Depending on its size, the extent of the release may be ex¬
pressed in units as small as square feet or as large as square
miles. There are no hard and fast rules here: Be as accurate and
as clear as possible when communicating with other respond¬
ers or assisting agencies, or when contacting call centers such
as CHEMTREC, CANUTEC. or SETIQ for assistance. Refer
back to Chapter 3 for more information on these call centers.
Remember that the safety of responders is paramount to main¬
taining an effective response to any hazardous materialsAVMD
incident.

a Determining the Concentration of
a Released Hazardous Material

Concentration, from the perspective of a chemist, refers to the
amount of solute in a given amount of solution. From a prac¬
tical perspective, a concentrated solution of any kind contains
a large amount of solute for a given amount of solution

A dilute solution, by contrast, contains a smallFigure 4-3
Figure 4-4
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plosion if the gas were to reach the proper proportions and
find an ignition source If the windows or doors of the house
were opened, however, the concentration of natural gas would
decrease, perhaps becoming so "dilute" that it would pose no
significant fire or health hazard. Typically, concentrations of
gases are expressed as percentages—think of flammable range
as an example. The flammable range of natural gas is 5 percent
to 15 percent, meaning that the concentration of vapors must
be between these two values if combustion is to occur.

In the preceding example, responders may be called upon
to determine the airborne concentration of natural gas within
the house. When this step is necessary, the use of specialized
detection and monitoring equipment may be required. Using
detection and monitoring equipment properly requires some
technical expertise, a lol of common sense, and a commitment
to continual training. It is a mistake for responders to believe
that they can simply turn on a machine, point it in some direc¬
tion. and expect it to solve the problem. A reading from a gas
detector, taken out of context, may cause an entire response to
head off in the wrong direction, leading to an unsafe decision
or a series of inefficient tactics. The responder must interpret
the information the instrument is providing and make deci¬
sions based on the information. Always remember that using
a detector/monitor entails more than just reading the screen
or waiting for an alarm to sound. See Chapter 14 of this text,
Mission-Specific Competencies: Air Monitoring and Sampling,
for more detail regarding the use of these devices.

Concentrated

Figure 4-3 A concentrated solution of any kind contains a large
amount of solute for a given amount of solution.

Diluted

Figure 4-4 A diluted solution contains a small amount of solute
for a given solution.
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When responding to incidents involving corrosives, it is
also important to know the concentration of the released sub¬
stance. Concentration, when discussing corrosives, is an ex¬
pression of how much of the acid or the base is dissolved in a
solution (usually water). Again, this value is generally expressed
as a percentage. Sulfuric acid at a concentration of 97 percent
is considered to be "concentrated,” whereas the sulfuric acid
found in car batteries (approximately 30 percent) is considered
to be “dilute.” In practical terms, responders should under¬
stand whether a released corrosive is concentrated or diluted—
but should not confuse concentration with the strength of the
solution. The words “strong" and “weak” do not correspond with
“concentrated" and “dilute," respectively. The strength of a corro¬
sive refers to the degree of ionization that occurs in a solution,
which is determined by the solutions pH. A strong acid such
as hydrochloric acid (HC1) is strong even if it’s found in a di¬
lute concentration. Acetic acid (vinegar) is considered to be a
weaker acid, and it remains a weak acid even when it occurs in
high concentrations. In general, strong corrosives will react more
vigorously with incompatible materials such as organic sub¬
stances and will be more aggressive when they come into contact
with metallic objects such as metal shelving, shovels, and other
items. (For more information on corrosives, refer to Chapter 2 of
this text, Hazardous Materials: Properties and Effects.)

To measure pH in the field, hazardous materials/WMD re¬
sponders can use litmus paper, sometimes referred to as pH

~|. Several styles of pH paper are in use today;
refer to the tools used in your own jurisdiction to determine
the specific styles of pH paper you may be called upon to use.
Although specialized laboratory instruments are also used to
measure pH, these kinds of tools are rarely deployed in the field.

Skin Contact Hazards
Many hazardous substances on the market today have the abil¬
ity to produce harmful effects on the unprotected or inade¬
quately protected human body. The skin can absorb harmful
toxins without any sensation to the skin itself. Given this fact,
responders should not rely on pain or irritation as a warning
sign of absorption. Some poisons (the nerve agent VX, for

Figure 4-5 ~

example) are so concentrated that just a few drops placed on
the skin may result in death.

Skin absorption is enhanced by abrasions, cuts, heat, and
moisture—all of which allow materials to enter the body more
easily. This relationship can create critical problems for re¬
sponders who are working at incidents that involve any form
of chemical or biological agents. Responders with large open
cuts, rashes, or abrasions should be prohibited from working
in areas where they may be exposed to hazardous materials/
WMD. Smaller cuts or abrasions should be covered with non-
porous dressings.

The rate of absorption can vary’ depending on the body’
part that is exposed. For example, chemicals can be absorbed
through the skin on the scalp much faster than they are ab¬
sorbed through the skin on the forearm. The high absorbency
rate associated with the eyes makes them one of the fastest
means of exposure. For example, a chemical may quickly enter
the body through this route when it is splashed directly into
the eyes, carried from a fire by toxic smoke particles, or when
exposed to gases or vapors.

Chemicals such as corrosives will immediately damage
skin or body tissues upon contact. Acids, for example, have a
strong affinity for moisture and can create significant skin and
respiratory tract burns. In contrast, alkaline materials dissolve
the fats and lipids that make up skin tissue and change solid
tissue into a soapy-like liquid. This process is similar to the
way caustic cleaningsolutions dissolve grease and other materials
in sinks and drains. As a result, alkaline burns are often much
deeper and more destructive than are acid burns.

|Plan an Initial Response
Planning a response boils down to understanding the nature of
an incident and determining a course of action that will favor¬
ably change the outcome. On the surface, this seems like a
straightforward, uncomplicated task. In truth, the decision to
act can be a weighty’ one, fraught with many pitfalls and dan¬
gers. When planning an initial hazardous materialsAVMD inci¬
dent response, it is important to be mindful of the safety of the
responding personnel. The responders are there to isolate,
contain, and/or remedy the problem—-not to become part of it.
Proper incident planning will keep responders safe and pro¬
vide a means to control the incident effectively, preventing fur¬
ther harm to persons or property.

Tactical control objectives are actions that may or may not
involve the actual stopping of the leak or release of a hazardous
material. In some cases, tactical objectives may include pre¬
venting further injury and controlling or containing the spread
of the hazardous material. An example of a tactical control ob¬
jective may include identifying and securing potential ignition
sources when flammable liquids and gases have been released.
Common examples of ignition sources include open flames
from pilot lights or other sources, arcs occurring when electri¬
cal switches are turned on or off, static electricity, and/or smok¬
ing materials.

The information obtained from the initial call for help is
used to determine the safest, most effective, and fastest route to



Figure 4-6 Approach a hazardous materials incident cautiously.

the hazardous materialsAVMD scene. Choose a route that ap¬
proaches the scene from an upwind and upgrade direction, so
that natural wind currents blow the hazardous material vapors
away from arriving responders A route that placesFigure 4-6-
the responders uphill as well as upwind of the site is also desir¬
able, so that a liquid or vapor hazardous material Hows away
from responders.

Responders need to know as much as possible about the
material involved. Is the material a solid, a liquid, or a gas? Is it
contained in a drum, a barrel, or a pressurized tank? Is the spill
still in progress (dynamic) or has it ceased (static)? The re¬
sponse to a spill of a solid hazardous material will differ from
the response to a liquid-release incident or a vapor-release in¬
cident. A solid may be easily contained, whereas a released gas
can be widespread and constantly moving, depending on the
gas characteristics and weather conditions I

The characteristics of the affected area near the location of
Figure 4-7-»

the spill or leak are also important factors in planning the re¬
sponse to an incident. If an area is heavily populated, evacua¬
tion procedures may be established very early in the course of

Solid Spill

Liquid Spill

Vapor Release

Figure 4-7 The response to a spill of a solid hazardous material
will differ from the response to a liquid-release or vapor-release
incident.
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the incident. If the area is sparsely populated and rural, isolat¬
ing the area from anyone trying to enter the location may be
the top priority. A high-traffic area such as a major highway
would necessitate immediate rerouting of traffic, especially
during rush hours.

Response Objectives
Response objectives should be measurable, flexible, and time
sensitive; they should also be based on the chosen strategy.
Some examples might include the following:

A three-person team will construct a dirt berm around
the drain at the south end of the leaking tanker so as to
protect the adjacent waterway. This task will need to be
completed in the next 30 minutes.
A two-person team, wearing Level B ensemble, will im¬
mediately enter the steel door on the east side of the
building and shut down the ventilation system.

In some cases, several response objectives may be devel¬
oped to solve a problem. To be effective and meaningful, how¬
ever, those objectives need to be tied to the reason you chose
to take action in the first place. Again, if you don't understand
why you are taking action, reevaluate the situation so that you
can better understand the problem.

Secondary Attacks and Devices
In today’s political climate, first responders of all disciplines
should be aware of the potential for secondary attacks or de¬
vices and understand the need for acknowledging them in
response objectives. Implementing a secondary attack on re¬
sponders is a tactic that many terrorist organizations use to
make their attacks even more dramatic. For this reason, re¬
sponders must be able to assess the potential for secondary at¬
tacks and devices. This may be much easier said than done,
however, as the indicators of secondary attacks or devices can
be difficult to locate.

Terrorists who want to injure responding personnel with a
secondary device or attack will typically make the initial attack
very dramatic to draw responders into very close proximity to
the scene. Indeed, the primary attack may purposely injure
members of the public to draw responders into the scene. As
they begin to treat victims, the secondary attack then takes
place.

All responders should maintain good situational aware¬
ness at every’ emergency scene, but especially in cases where
one detonation has already taken place. In particular, their
actions should include a brief scan of areas where secondary-
devices are likely’ to be placed. You may seek the assistance of
someone familiar with the area — that person may be more at¬
tuned to noticing unusual items. Avoid touching or moving
anything that is not critical to the operation or anything that
may reasonably conceal an explosive device. The NFPA 473,
Standard for Competencies for EMS Personnel Responding to Haz¬
ardous Materials/Weapons of Mass Destruction Incidents, EVADE
mnemonic serves as a useful reminder of some key points
when it comes to secondary’ devices:
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Evaluate the scene for areas where secondary devices
are likely to be placed.
Visually scan operating areas for a secondary device be¬
fore providing patient care.
Avoid touching or moving anything that may conceal
an explosive device.
Designate and enforce scene control zones.
Evacuate victims, other responders, and nonessential
personnel as quickly and safely as possible.

Defensive Actions
Examples of defensive actions that can be taken include diking
and damming; stopping the flow of a substance remotely from
a valve or shut-off; diluting or diverting the material; or sup¬
pressing or dispersing vapor. These and other actions are cov¬
ered in detail in Chapter 11 of this text, Mission-Specific
Competencies: Product Control.

|Personal Protective Equipment
The determination of which PPE is needed is based on the haz¬
ardous material involved, the specific hazards present, and the
physical state of the material, along with a consideration of
the tasks to be performed by the operations level responder.
Chapter 7 of this text, Mission-Specific Competencies: Personal
Protective Equipment, discusses proper PPE for a hazardous
materials/WMD incident in detail.

In the realm of hazardous materials/WMD response, the
selection and use of chemical-protective clothing may have the
greatest direct impact on responder health and safety. Without
the proper PPE, responders place themselves at risk of suffer¬
ing harmful exposures. Corrosives such as concentrated sulfu¬
ric acid and hydrochloric acid, as well as caustic substances
such as sodium hydroxide, for example, can damage the skin.
The human body is also susceptible to the adverse effects of
solvents such as methylene chloride and toluene, which may
penetrate the skin and cause systemic health effects. Some poi¬
sons—the nerve agent VX, for example—are highly toxic and
can be fatal in small doses.

Skin protection, however, is just one factor to be consid¬
ered when discussing PPE. Anyone planning to work in a con¬
taminated atmosphere must also place a high priority on
respiratory protection. Respiratory protection is so important
that it can be viewed as the defining element of PPE. The head-
to-toe ensemble is not complete until the hazards have been
identified, and the respiratory protection has been properly
matched to both the hazard and the garment.

Keep in mind that PPE is not intended to function as an
impenetrable suit of armor: It has limitations!

The National Fire Protection Association (NFPA) pub¬
lishes protective clothingstandards to provide guidance on the

performance of certain types of chemical-protective garments.
NFPA 1991, for example, is the Standard on Vapor- Protective
Ensembles for Hazardous Material Emergencies. NFPA 1992,
Standard on Liquid Splash-Protective Ensembles and Clothing for
Hazardous Materials Emergencies, covers a different type of
chemical-protective garment. The NFPA also acknowledges
the importance of chemical protective garments as it relates to
WMD response. To obtain guidance in this area, responders
may reference NFPA 1994, Standard on Protective Ensembles for
First Responders to CBRN (Chemical, Biological, Radiological, and
Nuclear) Terrorism Incidents.

The NFPA does not "certify" any garments. This is a com¬
mon misperception in the hazardous materials/WMD response
industry. Instead, the intent of the NFPA clothing standards is to
provide guidance on manufacturing quality and performance
standards. A third-party testing laboratory carries out the test¬
ing and "certifies" the garment in question. In short, the NFPA
publishes performance standards (durability, flammability,
chemical resistance, and cold temperature); third-party labora¬
tories then test manufacturers’ garments to determine if they
meet the NFPA standards. Much like other NFPA committees,
the Technical Committee for Chemical Protective Clothing con¬
sists of end users (responders), manufacturers, government
representatives, and other recognized experts in the field.

When it comes to the selection and use of PPE, responders
must understand how standards and regulations influence
their decision making in the field. The NFPA protective cloth¬
ing standards do not tell you when, or under which condi¬
tions, to wear a particular level of chemical protection. Rather,
these standards are performance documents for the garments
only — they are not intended to guide responders. For guid¬
ance on which level of chemical protection to use under spe¬
cific conditions, you may consult the OSHA HAZWOPER
(HAZardous Waste Operations and Emergency Response) regula¬
tion, 29 CFR 1910.120 (refer to Chapter 1 for a review of this
regulation); Appendix B of the OSHA HAZWOPER regulation
offers guidance on which components should be worn for cer¬
tain levels of protection, and under which conditions the vari¬
ous levels of protection should be chosen.

In addition to the performance standards, responders
must be aware of the procedures for cleaning, disinfecting, and
inspecting PPE. These procedures may vary from manufacturer
to manufacturer, so it is important for all responders working
in an Authority Having Jurisdiction (AHJ) to understand what
is required to maintain the PPE.

Some types of PPE—primarily reusable garments—are re¬
quired to be tested at regular intervals and after each use. Indi¬
vidual manufacturers will have well-defined procedures for the
maintenance, testing, and inspection of their particular equip¬
ment. Prior to purchasing any PPE, the AHJ should understand

The NFPA does not “certify” chemical-protective garments of
any kind but rather sets performance standards for the
garments.



X/bices
* of Experience

Myengine company was dispatched to a small fire in a garbage dump. As we arrived on
the scene, we could see a small fire burning about 200 yards away. We dismounted

and walked closer to determine whether to pull a line or try to hit the fire with the master
stream. My engine carried 1000 gallons of water, so we felt confident that we could handle a
refuse fire.

We were approximately 20 feet away when bright red smoke began billowing from
the burning pile of junk. I had never seen anything like it before. We immediately
pulled back, and I ordered the crew to don SCBA. You do not have to be a chemist
to understand that junk fire smoke is not typically bright red.

Common sense prevailed, and we exercised caution by moving the engine back
toward the entrance road to stay upwind of the red smoke. 1 called dispatch and
reported that we had a possible hazardous materials fire. 1 was told to stand by for
a hazardous materials officer. When the hazardous materials officer arrived, it was
decided that we should let the fire burn out. We later learned that someone had
piled old tires around abandoned drums of unknown liquid and added a few gallons
of gasoline. It was a cheap (and fast) way to dispose of the chemicals.

This was my first experience as a company officer dealing with a hazardous
materials incident. At that time, we did not know a lol about hazardous materials.
1 was not sure if we should use water on this fire, so 1 elected to do nothing. After
estimating and predicting the risks involved, we planned our actions accordingly.
We understood that this incident had significant potential to become a much larger
event.

This call convinced me that I needed to know a lot more about hazardous materials. Shortly
after the incident, I registered for a class on hazardous materials chemistry. 1 was later
appointed to be the coordinator to start the hazardous materials team for our county.

Rick Emery
Lake County Hazardous Materials Team (Retired)
Vernon Hills, Illinois

After estimating
and predicting the
risks involved, we
planned our actions
accordingly.**
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what is required in terms of maintenance and upkeep, includ¬
ing the cleaning and disinfection of the PPE.

Most types of chemical-protective garments should be
stored in a cool dry place, free of significant temperature swings
and/or high levels of humidity. If repairs are required, consult
the manufacturer prior to performing any work. There is a risk
that the garment will not perform as expected if it has been
modified or repaired incorrectly.

IHazardous Materials: Specific Personal
Protective Equipment

Several types and levels of PPE may be selected for use at a
hazardous materials/WMD incident. These levels are spelled out
in great detail in OSHA's HAZWOPER regulations and in local
jurisdictional regulations. This section reviews the protective
qualities of various ensembles, from the lowest level of protection
to the greatest, and discusses the selection criteria for each level.

I Street Clothing and Work Uniforms
At the lower end of the PPE spectrum is normal street clothing
or work uniforms, which offer the least amount of protection
in a hazardous materials/WMD emergency Figure 4-8» Work
uniforms may prevent a “nuisance” powder from coming into
direct contact with the skin but offer no chemical protection.
Typically, those personnel performing support functions away
from the areas of contamination wear normal work uniforms.

Structural Firefighting Protective
Clothing

The next level of protection is provided by structural firefight¬
ing protective equipment Structural firefightingFigure 4-9
gear is not recognized as a chemical-protective ensemble,

though it does have a place at a hazardous materials/WMD in¬
cident. Many support functions can be carried out in structural
fire fighter's gear. In some cases (such as during incidents in¬
volving chemicals with low toxicity and/or high flammability),
structural gear may be safer than traditional types of chemical-
protective clothing. A full set of structural fire fighter’s gear in¬
cludes a helmet, a bunker coat, bunker pants, bools, gloves, a
hood, SCBA, and a personal alert safety system (PASS) device.

High-Temperature-Protective
Clothing and Equipment

High-temperature-protective equipment is a level above
structural fire fighters gear Figure 4-10 » This type of personal
protective equipment shields the wearer during short-term ex¬
posures to high temperatures. Sometimes referred to as a prox¬
imity or entry suit, high-temperature-protective equipment
allows the properly trained fire fighter to work in extreme fire
conditions. It provides protection against high temperatures

Some fire fighters may have difficulty finding structural pro¬
tective clothing that fits properly. There may be gaps at the
waist, wrists, and neck. A fire department should issue PPE
that properly fits each fire fighter, regardless of gender, size,
or shape.
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wearer from high temperatures during a short exposure.

only—it is not designed to protect the fire fighter from hazard¬
ous materials/WMD.

IChemical-Protective Clothing
and Equipment

Chemical-protective clothing is unique in the fact that it is de¬
signed to prevent chemicals from coming in contact with the
body. Not all chemical-protective clothing is the same, and each
type/brand/style may offer varying degrees of resistance. There
is no single chemical-protective garment on the market that will
protect you from everything. Manufacturers supply compatibility
charts with all protective equipment; these charts are intended to
assist you in choosing the right chemical-protective clothing. You
must match the anticipated chemical hazard to these charts to
determine the resistance characteristics of the garment. Time,
temperature, and resistance to cuts, tears and abrasions are all
factors that affect the chemical resistance of materials. Other
requirements include flexibility, abrasion, temperature resis¬
tance, shelf life, and sizing criteria.

Chemical resistance is the ability of the garment to resist
damage or become compromised as a result of direct contact
with a chemical. Chemical-resistant materials are specifically
designed to inhibit or resist the passage of chemicals into and
through the material by the processes of penetration, penne¬
ation, or degradation.

Penetration is the flow or movement of a hazardous
chemical through closures (e g., zippers), seams, porous mate¬
rials, pinholes, or other imperfections in the material. Although
liquids are most likely to penetrate a material, solids (e.g., as¬
bestos) can also penetrate protective clothing materials.

Permeation is the process by which a hazardous chemical
moves through a given material on the molecular level. It dif¬
fers from penetration in that permeation occurs through the
material itself rather than through openings in the material.

Degradation is the physical destruction or decomposition
of a clothing material owing to chemical exposure, general use,
or ambient conditions (e.g., storage in sunlight). It may be evi¬

denced by visible signs such as charring, shrinking, swelling,
color changes, or dissolving. Materials can also be tested for
weight changes, loss of fabric tensile strength, and other prop¬
erties to measure degradation.

Chemical-protective clothing can be constructed as a single¬
piece or multiple-piece garment. For example, a single-piece
garment completely encloses the wearer and is referred to as an
encapsulated suit. A variety of materials are used to manufac¬
ture encapsulating (and nonencapsulating) multiple-piece gar¬
ments. The most common include butyl rubber, Tyvek, Saranex,
polyvinyl chloride, and Viton, which are used either singly or in
multiple layers of several materials. Special chemical-protective
clothing is adequate for some chemicals, yet useless for other
chemicals; no single material provides satisfactory protection
from all chemicals.

Fully encapsulating protective clothing offers full body
protection from highly contaminated environments and re¬
quires supplied-air respiratory protection devices such as
SCBA. NFPA 1991, Standard for Vapor- Protective Ensembles for
Hazardous Materials Emergencies, sets the performance stan¬
dards for these types of garments, more correctly referred to
as a vapor-protective clothing NFPA 1991Figure 4-11
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121^333 Liquid splash-protective clothing must be worn when
there is the danger of chemical splashes.

Figure 4-13

the skin, eyes, and respiratory tract. Typically, this level is indi¬
cated when ihe operating environment is above 1DLH values
for skin absorption. Level A ensemble is effective against va¬
pors, gases, mists, and even dusts I

Ensembles worn as Level A protection must meet the re¬
quirements for vapor-protective clothing as outlined in the
most current edition of NFPA 1991, Standard on Vapor-Protective
Ensembles for Hazardous Materials Emergencies.

Recommended PPE of Level A ensemble includes the fol¬
lowing components:

SCBA or Supplied-air respirators $AR
Fully encapsulating vapor-protective chemical-resistant
suit
Inner and outer chemical-resistant gloves
Chemical-resistant safety boots/shoes (including steel
shank and toe)
Two-way radio

Optional PPE for Level A ensemble includes the following
components:

Coveralls
Cooling vest
Long cotton underwear
Hardhat
Disposable gloves and boot covers

garments are tested for permeation resistance against 21 stan¬
dard chemicals, several toxic industrial chemicals, and iwo
chemical weapons.

Liquid splash-protective clothing is designed to protect
the wearer from chemical splashes It does notFigure 4-12
provide total body protection from gases or vapors, however,
and should not be used for incidents involving liquids that
emit vapors known to affect or be absorbed through the skin.
NFPA 1992, Standard on Liquid Splash-Protective Ensembles and
Clothing for Hazardous Materials Emergencies, is the performance
document for liquid-splash garments and ensembles. This type
of equipment is tested for penetration resistance against a test
battery of five chemicals. The tests include no gases, as this
level of protection is not considered to be vapor protection.

|Chemical-Protective Clothing Ratings
Chemical-protective clothing is rated for its effectiveness in sev¬
eral different ways. The U.S. Environmental Protection Agency
(EPA) defines levels of protection, using an alphabetic system.

Level A
Level A ensemble consists of a fully encapsulating garment
that completely envelops both the wearer and the respiratory
protection, gloves, boots, and communications equipment.
The Level A ensemble should be used when the hazardous
material identified requires the highest level of protection for

capsulating suit.
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Level B

Level B ensemble consists of chemical-protective clothing,
This type of PPE shouldboots, gloves, and SCBA Figure 4-14 —

be used when the type and atmospheric concentration of
identified substances require a high level of respiratory pro¬
tection but less skin protection. To that end, the defining
piece of equipment with Level B ensembles is an SCBA or
some other type of SAR. Garments and ensembles that are
worn for Level B protection should comply with the perfor¬
mance standards outlined in NFPA 1992, Standard on Liquid
Splash- Protective Ensembles and Clothing for Hazardous Materials
Emergencies.

Several types of single-piece and multiple-piece garments
on the market can be used to create a Level B ensemble. It is
the respiratory protection, however, that distinguishes Level B
ensembles from the next (lower) level of protection (Level C).

The types of gloves and boots worn depend on the identi¬
fied chemical. Wrists and ankles must be properly sealed to
prevent splashed liquids from contacting skin.

Recommended PPE worn as part of a Level B ensemble in¬
cludes the following components:

SCBA or SAR
Chemical-resistant clothing
Inner and outer chemical-resistant gloves
Chemical-resistant safety boots/shoes
Two-way radio

According to the OSHA HAZWOPER regulation, a Level B en¬
semble is the minimum level of protection to be worn when
operating in an unknown environment.

Optional PPE for a Level B ensemble includes the follow¬
ing components:

Cooling vest
Coveralls
Disposable gloves and boot covers
Face shield
Long cotton underwear
Hard hat

I Level C
Level C ensemble consists of standard work clothing plus
chemical-protective clothing, chemical-resistant gloves, and a
form of respiratory protection. Typically, Level C ensembles are
worn with an air-purifying respirator (APR) or a powered
air-purifying respirator (PAPR); both are discussed in more
detail later in this chapter. The APR could be a half-face (with
eye protection) or a full-face mask. Head protection (hard hat)
is also required. A Level C ensemble is appropriate when the
type of airborne substance is known, its concentration is mea¬
sured, the criteria for using APRs are met (see the respirator)'
protection section of this chapter), and skin and eye exposure

I. The garments selected must meet theFigure 4-15

Level D
Level D ensemble is the lowest level of protection. This type
of ensemble typically comprises coveralls, work shoes, hard
hat, gloves, and standard work clothing It shouldFigure 4-16
be used only when the atmosphere contains no known hazard,
and when work functions preclude splashes, immersion, or the
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ing and gloves as well as respiratory protection.

potential for unexpected inhalation of or contact with hazard¬
ous levels of chemicals. Level D ensemble should be used for
nuisance contamination (such as dust) only; it should not be
worn on any site where respiratory or skin hazards are known
to exist.

Recommended PPE for a Level D ensemble includes the
following components:

Coveralls
Safety boots/shoes
Safety glasses or chemical-splash goggles
Hard hat

Optional PPE for a Level D ensemble includes the follow¬
ing components:

Gloves
Escape mask
Face shield

A responder may wear liquid splash—protective clothing
over or under structural firefighting clothing in some situa¬
tions. This multiple-PPE approach provides limited chemical¬
splash and thermal protection. Those trained to the operational
level can wear liquid splash-protective clothing when they are
assigned to enter the initial site, protect decontamination per¬
sonnel, or construct isolation barriers such as dikes, diversions,
retention areas, or dams.

|Respiratory Protection
NFPA 1994, Standard on Protective Ensembles for First Respond¬
ers to CBRN (Chemical, Biological, Radiological, and Nuclear) Ter¬
rorism Incidents, was developed to address the performance of

includes coveralls and provides minimal protection.

protective ensembles and garments (including respiratory pro¬
tection) specific to weapons of mass destruction. CBRN stands
for “chemical, biological, radiological, and nuclear.” This stan¬
dard covers three classes of garments (Classes 2, 3, and 4),
which differs from the traditional levels of protection listed in
the EPA regulation (Levels A, B, C, and D). The main difference
between these classifications is that NFPA 1994 covers the per¬
formance of the garments and factors in the performance re¬
quirements of the respiratory protection. This consideration is
critical when it comes to WMD events because some of the
chemicals may cause the components of an APR or SCBA to
fail, thereby exposing the responder to a highly toxic environ¬
ment. Essentially, the NFPA standard acknowledges that the
entire ensemble is only as good as the individual components.
Based on that criterion, NFPA 1994 requires that all compo¬
nents be certified to perform in a CBRN environment. NFPA
1994 typifies a thought process about PPE that should extend
beyond the standard—namely, chemical-protective clothing
should be thought of as a system.

To help clarify the levels of protection, the NFPA 1994
classes are described here:

Class 2: Liquid-splash garment performance with
SCBA. (Class 2 standards for PPE are in line with the
CBRN requirements for SCBA.)
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Class 3: Liquid-splash garment performance with APR.
(Class 2 standards for PPE are in line with the CBRN
requirements for APR.)

Class 4: Performance requirements for particles and
liquid-borne viral protection.

The CBRN performance requirements for SCBA and APR
were born out of the terrorist attacks that occurred on Septem¬
ber 11, 2001. In response to the growing threat of terrorism,
NIOSH set performance guidelines for SCBA and APR relative
to anticipated WMD incidents. In addition to meeting the
requirements of NFPA 1981, Standard on Open-Circuit Self-
Contained Breathing Apparatus (SCBA) for Emergency Services,
any SCBA or APR with a NIOSH CBRN certification must have
passed a battery of tests that measured their performance
against sarin and sulfur mustard. From a practical standpoint,
these tests were intended to ensure that the components of the
respirator}’ protection would stand up to the aggressive nature
of these chemicals. To reiterate, NFPA 1994 is intended to
serve as an integrated performance guideline, factoring in both
the garment and the respirator}' protection used.

IPhysical Capability Requirements
Hazardous materialsAVMD response operations put a great
deal of physiological and psychological stress on responders.
During the incident, personnel may be exposed to both chemi¬
cal and physical hazards. They may face life-threatening
emergencies, such as fire and explosions, or they may develop
heat or cold stress while wearing protective clothing or work¬
ing under extreme temperatures. For these reasons, every emer¬
gency response organization should have a comprehensive
health and safety management program. The components of a
health and safety management system for hazardous materials
responders are outlined in the OSHA HAZWOPER regulation.
Briefly, a health and safety program should include the follow¬
ing broad elements: medical surveillance including pre¬
employment screening and periodic medical examinations,
treatment plans for acute on-scene illness and injury, thorough
recordkeeping of all elements of the program, and a mecha¬
nism to periodically review the entire process.

The medical surveillance piece of the overall program is
the cornerstone of an effective health and safety management
system for responders. The two primary objectives ol a medical
surveillance program are to determine whether an individual
can perform his or her assigned duties, including the use of
personal protective clothing and equipment, and to detect any
changes in body system functions caused by physical or chem¬
ical exposures.

As part of a medical surveillance program, responders
should be examined by a physician once a year or biennially
based on the physicians recommendations. During this exami¬
nation, the physician may perform—among other things—a
routine exam based on the expected tasks the employee may
perform, including wearing PPE; conduct a health question¬
naire; and take X-rays and perform a respiratory function test
to measure lung capacity and lung function. The physician
may also evaluate an individual’s fitness for wearing SCBA and
other respiratory protection devices. The specific requirements

2

The term “CBRN certified,’’ when used in reference to SCBA
and APR, refers to SCBA and APR that are safe to use during a
chemical, biological, radiological, or nuclear incident. CBRN-
certified SCBA and APR have undergone rigorous testing to
ensure their integrity during such incidents.

An SCBA provides a high level of protection at a hazard¬
ous materials/WMD incident. To comply with NFPA 1981,
Standard on Open-Circuit Self-Contained Breathing Appara¬
tus (SCBA) for Emergency Services, positive-pressure CBRN-
certified units must maintain an air flow inside the mask at
all times. This is a very important feature when responders
are operating in an environment characterized by airborne
contamination.

The most common types of SCBA are referred to as 30-
and 60-minute units. The time designation refers to the opti¬
mal amount of work time available when the unit is fully
charged. Actual work times are generally less than the 30-
and 60-minute designations, but the time will vary depend¬
ing on the wearer’s respiratory rate, workload, and other
environmental factors.

The extra weight and reduced visibility are other factors
to consider when choosing to wear an SCBA. As with any
piece of PPE, there are as many positive benefits as there are
negative points to consider when determining whether SCBA
is appropriate. Any responder called upon to wear an SCBA
should be fully trained by the AH) prior to operating in a con¬
taminated environment. All responders should follow manu¬
facturers’ recommendations for using, cleaning, filling, and
servicing the units they use.

for any responder who is assigned to any duty where any form
of respiratory protection will be used can be found in 29 CFR
1910.134, OSHA’s respiratory protection standard. Additional
guidance may be found in the OSHA/EPA/N1OSH/USCG (United
States Coast Guard) document entitled Occupational Safety and
Health Guidance Manual for Hazardous Waste Site Activities.

Medical monitoring and support differ in several ways
from a medical surveillance program. Medical monitoring is
the on-scene evaluation of response personnel who may expe¬
rience adverse effects because of exposure to heat, cold, stress,
or hazardous materials. Such monitoring can quickly identify
problems so they can be treated in a timely fashion, thereby
preventing severe adverse effects and maintaining the optimal
health and safety of on-scene personnel. Medical monitoring,
as a support function that takes place on the scene of an emer¬
gency, is covered in depth in Chapter 5.

Positive-Pressure Self-Contained
Breathing Apparatus

Respirator}' protection, which in the fire service is commonly
provided by SCBA, is an important form of respiratory’ protec¬
tion at a hazardous materialsAVMD incident Use
of positive-pressure SCBA prevents both inhalation and inges¬
tion exposures (two primary routes of exposure), and should
be mandator}' for fire service personnel. SCBA carries its own
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Figure 4-17 SCBA carries its own air supply, a factor that limits the
amount of air and time the user has to complete the job.

1A supplied-air respirator is less bulky than an SCBA
but is limited by the length and structural integrity of the air hose.
Figure 4-18

air supply, a factor that limits the amount oi air and time the
user has to complete the job.

I Supplied-Air Respirators
Supplied-air respirators (SARs), also referred to as positive¬
pressure air-line respirators (with escape units), use an exter¬
nal air source such as a compressor or a compressed air
cylinder. A hose connects the user to the air source and pro¬
vides air to the face piece. SARs are useful during extended op¬
erations such as decontamination, clean-up, and remedial
work. These units are equipped with a small “escape cylinder”
of compressed air. Escape cylinders typically provide the user
with approximately 5 minutes of breathing air. SARs may be
less bulky and weigh less than SCBA, but the length of the air
hose may limit movement and there is potential for incompati¬
bilities of the hose with the product

Closed-Circuit SCBA
Some hazardous materials/WMD response teams use a form
of respiratory protection referred to as closed-circuit sell
contained breathing apparatus. Also commonly referred to
as a "rebreather," this type of unit can be used when long work
periods are required. The basic operating principle is different
than the SCBA in that exhaled air is scrubbed free of carbon
dioxide, supplemented with a small amount of oxygen, and
“rebreathed" by the wearer. No exhaled air is released to the

Figure 4-18

outside environment, making this type of unit a closed-circuit
system. The earliest rebreathers were developed in the mid-
1800s and were used primarily by mine workers.

The operating principles are the same for SAR and SCBA,
but the application and need for each may be vastly different.

Air-Purifying Respirators
Air-purifying respirators (APRs) are filtering devices or particu¬
late respirators that remove particulates, vapors and contami¬
nants from the air before it is inhaled. They should be worn
only in atmospheres where the type and quantity of the con¬
taminants are known and where sufficient oxygen for breath¬
ing is available. APRs should not be used when the atmosphere
is 1DLH. APRs may be appropriate for operations involving
volatile solids and for remedial clean-up and recovery opera¬
tions where the type and concentration of contaminants are
verifiable|

These devices range from full-face piece, dual-cartridge
masks, to half-mask, face piece-mounted cartridges with no eye
protection. APRs do not have a separate source of air. but rather
filter and purify ambient air before it is inhaled. The models
used in environments containing hazardous gases or vapors are
commonly equipped with an absorbent material that soaks
up or reacts with the gas. Consequently, cartridge selection is
based on the expected contaminants. Particle-removing respi¬
rators use a mechanical filter to separate the contaminants from

Figure 4-19



the air. Both types of devices require that the ambient atmo¬
sphere contain a minimum of 19.5 percent oxygen.

APRs are easy to wear, but they do have some drawbacks.
Because filtering cartridges are specific to expected contami¬
nants, these devices will be ineffective if the contaminant
changes suddenly, possibly endangering the lives of responders.
The air must also be continually monitored for both the known
substance and the ambient oxygen level throughout the inci¬
dent. For these reasons, APRs should not be employed at haz¬
ardous materials/WMD incidents until qualified personnel
have tested the ambient atmosphere and determined that the
devices can be used safely.

Powered Air-Purifying Respirators
Powered air-purifying respirators (PAPRs) are similar in func¬
tion to the standard APR described earlier, but include a small
fan to help circulate air into the mask. The fan unit is battery
powered and worn around the waist. The fan draws outside air
through the filters and into the mask via a low-pressure hose.
PAPRs are not considered to be true positive-pressure units like
an SCBA because it is possible for the wearer to outbreathe the
flow of supplied air, thereby creating a negative pressure situa¬
tion inside the mask. The main advantage of the PAPR is that it
diminishes the work of breathing of the wearer, helps reduce
fogging in the mask, and provides a constant flow of cool air
across the face.

Tip

The NFPA standards provide guidance on the performance of
various types of chemical-protective garments. OSHA regu¬
lations provide performance guidance for responders!
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every hazardous materials/WMD incident.

|Decontamination
Even though there should be no intentional contact with the
hazardous material involved in a hazardous materials/WMD
incident, a procedure or a plan must be established to decon¬
taminate anyone who becomes contaminated Figure 4-

Figure 4-21 >
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Emergency decontamination involves the immediate
removal of contaminated clothing.
Figure 4-21

establish an emergency decontamination area. If possible, try
to prevent the runoff from getting into drains, streams, or
ponds; instead, divert the stream of water into an area where it
can be treated or disposed of later. Emergency decontamina¬
tion can easily be accomplished from a fire engine. Simply pull
a handline, maneuver it into a circle, throw a tarp over the
middle of the circle, and pull a booster line or other small hand-
line to accomplish the decontamination. This technique is a
quick way to handle a conscious victim of a chemical exposure.

If adequate decontamination is not performed, the patient
should not be allowed into the transport ambulance or the
emergency room at the hospital Also, it is important to obtain
a material safety data sheet (MSDS) for the substance to which
the person was exposed, and to make sure the information
goes to the hospital with the patient.

Always ensure your own safety first before attempting de¬
contamination of others. Avoid touching contaminated patients

and/or entering contaminated environments without the
proper level of protection. You will be no help in resolving the
incident if you become a victim, too!

Refer back to the scenario at the beginning of the chapter.
Would the patient be a candidate for emergency decontamina¬
tion? If so, how could that process be accomplished at a fixed
facility? Most fixed facilities that use chemicals will have emer¬
gency safety showers and eye wash stations available to the
employees. These sites may be the most easily accessible loca¬
tions in which responders can perform emergency decontami¬
nation. The water is clean and readily available; also, employees
of such a facility have typically been trained to use the safety
showers. But remember that indoor safety showers are in rooms
that generally have no drains, because the runoff should not
flow into drains and collection tanks until it has been treated.
Be prepared for a large clean-up process after activating a safety
shower! Chapter 5, Implementing the Planned Response, de¬
scribes the steps involved in an emergency decontamination.

S Secondary Contamination
Secondary contamination, also known as cross-contamination,
is the process of transferring a hazardous material from its
source to people, animals, the environment, or equipment, all
of which may act as carriers of the contaminant. Secondary
contamination occurs when a contaminated person or object
comes into direct contact with another person or object. It may
happen in several ways:

A contaminated victim comes into physical contact
with another person.
A bystander or responder comes into contact with a
contaminated object from the hot zone (the area imme¬
diately around and adjacent to the incident).
A decontaminated responder reenters the decontami¬
nation area and comes into contact with a contami¬
nated person or object.

Because secondary contamination can occur in so many
ways, areas at every hazardous materials/WMD incident should
be designated as hot, warm, or cold, based on safety consider¬
ations and the degree of the hazard found in the area. These
so-called control zones should be established, clearly marked,
and enforced at hazardous materials/WMD incidents. Estab¬
lishing control zones is discussed in greater detail in Chapter 5,
Implementing the Planned Response.

An effective emergency decontamination operation depends
on an understanding of the contaminant and its chemical
and physical properties.

By removing the appropriate clothing of a contaminated
victim, you have significantly reduced the exposure.
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Chief Concepts
The first priority for all responders is to ensure their own
safety while operating at the scene.
Hazardous materials/WMD incident response priorities
should be based on the need to protect and/or reduce
the threat to life, property, critical systems, and the
environment.
To have some frame of reference for the degree of harm
a substance may pose, responders should have a basic
understanding of some commonly used terms and
definitions.
Gather information from detection and monitoring de¬
vices, bystanders, reference sources, and environmental
conditions to obtain a clear picture of the incident as a
whole.
Exposures can include people, property, structures, or
the environment that are subject to influence, damage, or
injury as a result of contact with a hazardous material/
WMD.
Immediate protective actions include isolation of the
hazard area, denial of entry, evacuation, or
sheltering-in-place.
Tactical control objectives include preventing further
injury' and controlling or containing the spread of the
hazardous material
Response objectives should be measurable, flexible, and
time sensitive; they should also be based on the chosen
strategy.
Defensive actions include diking and damming, absorb¬
ing or adsorbing the hazardous material, stopping the
flow remotely from a valve or shut-off, diluting or divert¬
ing the material, and suppressing or dispersing vapors.

i°3

The decision to take action at a hazardous materials/
WMD incident should be based on the concept of risk
versus benefit.
The type of personal protective equipment required for|
an incident depends on the material involved, any spe¬
cific hazards, the physical state of the material, and the
tasks to be performed by the operations level responder.
The selection and use of chemical-protective clothing
may have the greatest direct impact on responder health
and safely.
The EPA defines four levels of personal protective equip¬
ment: Level A (highest level of protection), Level B, Level C,
and Level D (lowest level of protection).
NEPA 1994, Standard on Protective Ensembles for First Re¬
sponders to CBRN Terrorism Incidents, was developed to
address the performance of protective ensembles specific
to weapons of mass destruction. It covers three classes of
garments: Class 2, Class 3, and Class 4.
Respiratory protection is so important that it can be viewed
as the defining element of personal protective equipment.
Medical surveillance is the cornerstone of an effective|
health and safety management system for responders.
Even though there should be no intentional contact with|
the hazardous material involved, a procedure or a plan
must be established at every hazardous weapons/WMD j
incident to decontaminate anyone who accidentally be- 1
comes contaminated.
Before any personal protective equipment is worn, haz¬
ardous materials response personnel should be aware of
the physiological stress those garments create.
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Hot Terms
Air-purifying respirator (APR) A device worn to filter

particulates and contaminants from the air before it is
inhaled. Selection of the filter cartridge for an APR is
based on the expected contaminants.

CBRN Chemical, biological, radiological, and nuclear.
Chemical-resistant materials Clothing (suit fabrics) spe¬

cifically designed to inhibit or resist the passage of
chemicals into and through the material by the pro¬
cesses of penetration, permeation, or degradation.

Closed-circuit self-contained breathing apparatus Self-
contained breathing apparatus designed to recycle the
users exhaled air. This system removes carbon dioxide
and generates fresh oxygen.

Contamination The process of transferring a hazardous
material from its source to people, animals, the envi¬
ronment, or equipment all of which may act as a carri¬
ers for the material.

Control zones Areas at a hazardous materials incident that
are designated as hot, warm, or cold, based on their
safety and the degree of hazard found there.

Decontamination The physical and/or chemical process of
reducing and preventing the spread of contaminants
from people, animals, the environment, or equipment
involved at hazardous materials/weapons of mass de¬
straction incidents.

Decontamination corridor A controlled area within the
warm zone where decontamination takes place.

Degradation The physical destraction or decomposition
of a clothing material owing to chemical exposure,
general use, or ambient conditions (such as storage in

sunlight). Materials can also be tested for weight
changes, loss of fabric tensile strength, and other
properties to measure degradation.

Denial of entry A policy under which, once the perimeter
around a release site has been identified and marked out,

responders limit access to all but essential personnel.
Emergency decontamination The process of removing the

bulk of contaminants off a victim without regard for
containment. It is used in potentially life-threatening
situations, without the formal establishment of a de¬
contamination corridor.

Evacuation The removal or relocation of those individuals
who may be affected by an approaching release of a
hazardous material.

High temperature-protective equipment A type of per¬
sonal protective equipment that shields the wearer
during short-term exposures to high temperatures.
Sometimes referred to as a proximity suit, this type of
equipment allows the properly trained fire fighter to
work in extreme fire conditions. It is not designed to
protect against hazardous materials or weapons of mass
destruction.

Immediately dangerous to life and health (IDI II) The
atmospheric concentration of any toxic, corrosive, or
asphyxiant substance such that it poses an immediate
threat to life or could cause irreversible or delayed
adverse health effects.

Isolation of the hazard area Steps taken to identify a pe¬
rimeter around a contaminated atmosphere. Isolating
an area is driven largely by the nature of the released
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chemicals and the environmental conditions that exist
at the time of the release.

l evel A ensemble Personal protective equipment that
provides protection against vapors, gases, mists, and
even dusts. The highest level of protection, Level A
requires a totally encapsulating suit that includes self-
contained breathing apparatus.

Level B ensemble Personal protective equipment that is
used when the type and atmospheric concentration of
substances requires a high level of respiratory protec¬
tion but less skin protection. The kind of gloves and
boots worn depend on the identified chemical.

Level C ensemble Personal protective equipment that is
used when the type of airborne substance is known,
the concentration is measured, the criteria for using
an air-purifying respirator are met, and skin and eye
exposure is unlikely. A Level C ensemble consists of
standard work clothing with the addition of chemical-
protective clothing, chemically resistant gloves, and a
form of respiratory protection.

Lex el D ensemble Personal protective equipment
that is used when the atmosphere contains no
known hazard, and work functions preclude
splashes, immersion, or the potential for unex¬
pected inhalation of or contact with hazardous lev¬
els of chemicals. A Level D ensemble is primarily a
work uniform that includes coveralls and affords
minimal protection.

Liquid sj?Lash-protective clothing Clothing designed
to protect the wearer from chemical splashes. It
does not provide total body protection from gases
or vapors and should not be used for incidents involv¬

ing liquids that emit vapors known to affect or be
absorbed through the skin. NFPA 1992, is the perfor¬
mance document pertaining to liquid-splash garments
and ensembles.

Penetration The flow or movement of a hazardous chem¬
ical through closures such as zippers, seams, porous
materials, pinholes, or other imperfections in a mate¬
rial. Liquids are most likely to penetrate a material, but
solids (such as asbestos) can also penetrate protective
clothing materials.

Permeation The process by which a hazardous chemical
moves through a given material on the molecular level.
Permeation differs from penetration in that permeation
occurs through the material itself rather than through
openings in the material.

Permissible exposure limit (PEL) The established stan¬
dard limit of exposure to a hazardous material. It is
based on the maximum time-weighted concentration
at which 95 percent of exposed, healthy adults suffer
no adverse effects over a 40-hour workweek.

Powered air-purifying respirator (PAPR) A type ot air¬
purifying respirator that uses a battery-powered blower
to pass outside air through a filter and then to the
mask via a low-pressure hose.

Recommended exposure ]eyd_(REL) A value established
by NIOSH that is comparable to OSHA’s permissible
exposure limit (PEL) and the threshold limit value/
time-weighted average (TLV/TWA). The REL measures
the maximum, time-weighted concentration of material
to which 95 percent of healthy adults can be exposed
without suffering any adverse effects over a 40-hour
workweek.
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Secondary contamination The process by which a con¬
taminant is carried out of the hot zone and contami¬
nates people, animals, the environment, or equipment.
Also referred to as cross-contamination.

Self-contained breathing apparatus (SCBA) A respirator
with independent air supply used by fire fighters to
enter toxic or otherwise dangerous atmospheres.

Sheltering-in-place A method of safeguarding people
located near or in a hazardous area by keeping them in
a safe atmosphere, usually inside structures.

Supplied-air respirator (SAR) A respirator that obtains its
air through a hose from a remote source such as a
compressor or storage cylinder. A hose connects the
user to the air source and provides air to the face piece.
SARs are useful during extended operations such as
decontamination, clean-up, and remedial work. Also
referred to as positive-pressure air-line respirators
(with escape units).

Threshold limit value (TLV) The point at which a hazard¬
ous material or weapon of mass destruction begins to
affect a person.

Threshold limit value/ceiling (TLV/C) The maximum
concentration of hazardous material to which a worker
should not be exposed, even for an instant.

Threshold limit value/short-term exposure limit (TLV/
STEP The maximum concentration of hazardous
material to which a worker can sustain a 15-minute
exposure not more than four limes daily without expe¬
riencing irritation or chronic or irreversible tissue dam¬
age. There should be a minimum one-hour rest period
between any exposures to this concentration of the
material. The lower the TLV/STEL value, the more
toxic the substance.

Threshold limit value/skin The concentration at which
direct or airborne contact with a material could result
in possible and significant exposure from absorption
through the skin, mucous membranes, and eyes.

Threshold limit valuc/time-wcightcd average ( 1 LV /
TWA) The airborne concentration of a material to
which a worker can be exposed for 8 hours a day,
40 hours a week, and not suffer any ill effects.

Vapor-protective clothing Fully encapsulating chemical
protective clothing that offers full-body protection
from highly contaminated environments and requires
air-supplied respiratory protection devices such as self-
contained breathing apparatus. NFPA 1991 sets the
performance standards for these types of garments,
which are commonly referred to as Level A ensembles.



It is 9:00 a.m. when your crew is dispatched to a potential chemical spill at a nearby semi¬
conductor manufacturing facility. Upon your arrival, the incident commander (IC) of the
site emergency response team reports that a worker intentionally mixed sodium cyanide
and sulfuric acid in a large container in an isolated 20' x 20' storage room. The IC gives
you a handwritten note from the distraught worker, indicating that the chemical release
was an apparent suicide attempt. There is a security camera monitoring the room, and the
IC tells you it is clear that the worker is on the floor next to the bucket, not moving. The
entire building has been evacuated. The IC urges you to make an immediate rescue. The
IC hands you two MSDS—one for sodium cyanide and one for 97 percent sulfuric acid.

4. Level B ensembles are recommended when the type
and atmospheric concentration of a released substance
requires a high level of respiratory protection, but less
skin protection. Which of the following items is the
defining piece of equipment for a Level B ensemble?
A. Air-purifying respirator
B. Tyvek-Saranex chemical-protective garment
C. Butyl rubber gloves
D. Self-contained breathing apparatus or supplied-air

respirator

1. After reading the MSDSs for both chemicals, you real¬
ize the mixture of these two chemicals liberates cyanide
gas, which is toxic by all routes of entry. Based on this
information, which of the following actions would you
take?
A. Take no action that requires entering the storage

room. Call for additional resources including law’
enforcement and a hazardous materials/WMD team.

B. Don full structural turnout gear without an SCBA
and enter the storage area to attempt a rescue.

C. Instruct a crew member to break out the rear win¬
dow of the storage room, and then attempt a rescue
wearing full turnout gear and SCBA.

D. Turn on the ventilation system to the entire
building.

2. To safely enter the storage room to assess the w'orker,
which level of protection would you choose to wear?
A. Level A
B. Level B
C. Level C
0. Level D

3. A Level A ensemble offers full body protection from
highly contaminated environments and requires air¬
supplied respiratory protection such as SCBA. Which
of the NFPA standards spells out the performance
requirements for these types of garments, which are
more correctly referred to as a vapor-protective
ensemble?
A. NFPA 1994
B. NFPA 1992
C. NFPA 1991
D. NFPA 473

Responder in Action









|NFPA 472 Standard
Competencies for Awareness Level Personnel

4.4.2 Initiating the Notification Process. Given scenarios
involving hazardous materials/WMD incidents, awareness
level personnel shall identify the initial notifications to be
made and how to make them, consistent with the emer¬
gency response plan and/or standard operating procedures,
[p. 111-112]

Core Competencies for Operations Level Responders
EE3 When responding to hazardous materials/WMD inci¬

dents, operations level responders shall be able to perform
the following tasks:
(i)

(2)

Analyze a hazardous materials/WMD incident to deter¬
mine the scope of the problem and potential outcomes
by completing the following tasks:
(a)

(b)

(c)

(d)

Survey a hazardous materials/WMD incident to
identify the containers and materials involved,
determine whether hazardous materials/WMD
have been released, and evaluate the surrounding
conditions.
Collect hazard and response information from
MSDS; CHEMTREC/CANUTEC/SETIQ; local, state,
and federal authorities; and shipper/manufacturer
contacts.
Predict the likely behavior of a hazardous material/
WMD and its container.
Estimate the potential harm at a hazardous
materials/WMD incident.

Plan an initial response to a hazardous materials/WMD
incident within the capabilities and competencies of
available personnel and personal protective equipment
by completing the following tasks:
(a)

(b)

(0

(d)
(e)

Describe the response objectives for the hazardous
materials/WMD incident.
Describe the response options available for each
objective.
Determine whether the personal protective equip¬
ment provided is appropriate for implementing each
option.
Describe emergency decontamination procedures.
Develop a plan of action, including safety
considerations.

(3) Implement the planned response for a hazardous
materials/WMD incident to favorably change the out¬
comes consistent with the emergency response plan
and/or standard operating procedures by completing
the following tasks:
(a) Establish and enforce scene control procedures,

including control zones, emergency decontamina¬
tion, and communications, [p. 111-115]

CHAPTER

Response.
5.4

5.4.1

5.4.2

5.4.3

Establishing and Enforcing Scene Control

Initiating the Incident Command System. Given sce¬
narios involving hazardous materials/WMD incidents, the

[p. 118-119]
Core Competencies—Implementing the Planned

munication between responders and to the public.
[p. 118-119]
|Preserving Evidence. Given two scenarios involving

(b) Where criminal or terrorist acts are suspected,
establish means of evidence preservation, [p. 119]

(c) Initiate an incident command system (ICS) for
hazardous materials/WMD incidents, [p. 120-127]

(d) Perform tasks assigned as identified in the incident
action plan. [p. 120-127]

(e) Demonstrate emergency decontamination, [p. 115]
(4) Evaluate the progress of the actions taken at a hazard¬

ous materials/WMD incident to ensure that the re¬
sponse objectives are being met safely, effectively, and
efficiently by completing the following tasks:
(a) Evaluate the status of the actions taken in accom¬

plishing the response objectives, [p. 118-119]
(b) Communicate the status of the planned response.

Procedures. Given two scenarios involving hazardous
materials/WMD incidents, the operations level responder
shall identify how to establish and enforce scene control,
including control zones and emergency decontamination,
and communications between responders and to the public
and shall meet the following requirements:
(1) Identify the procedures for establishing scene control

through control zones, (p. 112-115]
(2) Identify the criteria for determining the locations of the

control zones at hazardous materials/WMD incidents,
[p. 112-115]

(3) Identify the basic techniques for the following protective
actions at hazardous materials/WMD incidents:
(a) Evacuation [p. 116-117]
(b) Sheltering-in-place [p. 117]

(4) Demonstrate the ability to perform emergency decon¬
tamination. [p. 115]

(5) Identify the items to be considered in a safety briefing
prior to allowing personnel to work at the following:
(a) Hazardous material incidents [p. 118-119]
(b) Hazardous materials/WMD incidents involving

criminal activities [p. 119]
(6) Identify the procedures for ensuring coordinated com-

hazardous materials/WMD incidents, the operations level
responder shall describe the process to preserve evidence
as listed in the emergency response plan and/or standard
operating procedures, [p. 119]



(2) Describe the circumstances under which it would be

(i)

(2)

(5)

(6)

(7)

|Skills Objectives

5.5.2

5.4.4

agencies that respond to hazardous materials/WMD
incidents, [p. 120-127]
|Using Personal Protective Equipment. The operations

5.5

operations level responder shall initiate the incident com¬
mand system specified in the emergency response plan
and/or standard operating procedures and shall meet the
following requirements:

prudent to withdraw from a hazardous materials/WMD
incident, [p. 118-119]
|Communicating the Status of the Planned Response.

Identify the role of the operations level responder dur¬
ing hazardous materials/WMD incidents as specified in
the emergency response plan and/or standard operat¬
ing procedures, [p. 126-127]
Identify the levels of hazardous materials/WMD incidents
as defined in the emergency response plan. [p. 126-127]

(3) Identify the purpose, need, benefits, and elements of
the incident command system for hazardous materials/
WMD incidents, [p. 120-127]

(4) Identify the duties and responsibilities of the following
functions within the incident management system:
(a) Incident safety officer [p. 123]
(b) Hazardous materials branch or group [p. 124-125]

(5) Identify the considerations for determining the location
of the incident command post for a hazardous
materials/WMD incident, [p. 122]

(6) Identify the procedures for requesting additional resources
at a hazardous materials/WMD incident. ]p. 125]

(7) Describe the role and response objectives of other

level responder shall describe considerations for the use of
personal protective equipment provided by the AHJ, and
shall meet the following requirements:
(1) Identify the importance of the buddy system, [p. 116]
(2) Identify the importance of the backup personnel, [p. 116]
(3) Identify the safety precautions to be observed when

approaching and working at hazardous materials/WMD
incidents, [p. 112-120]

(4) Identify the signs and symptoms of heat and cold stress
and procedures for their control, [p. 119-120]
Identify the capabilities and limitations of personnel
working in the personal protective equipment provided
by the AHJ. [p. 119-120]
Identify the procedures for cleaning, disinfecting, and
inspecting personal protective equipment provided by
the AHJ.
Describe the maintenance, testing, inspection, and
storage procedures for personal protective equipment
provided by the AHJ according to the manufacturer’s
specifications and recommendations.
|Core Competencies—Evaluating Progress.
|Evaluating the Status of Planned Response. Given

two scenarios involving hazardous materials/WMD inci¬
dents, including the incident action plan, the operations
level responder shall evaluate the status of the actions
taken in accomplishing the response objectives and shall
meet the following requirements:
(1) Identify the considerations for evaluating whether actions

taken were effective in accomplishing the objectives.
[p. 118-119]

Given two scenarios involving hazardous materials/WMD
incidents, including the incident action plan, the operations
level responder shall communicate the status of the planned
response through the normal chain of command and shall
meet the following requirements:
(i) Identify the methods for communicating the status of

the planned response through the normal chain of
command, [p. 118-119]

(2) Identify the methods for immediate notification of the
incident commander and other response personnel
about critical emergency conditions at the incident,
[p. 118-119]

|Knowledge Objectives
After studying this chapter, you will be able to:

• Describe how to notify the proper authorities and request
additional resources.

• Describe the procedures for requesting additional
resources.
Describe scene control procedures using control zones.

• Describe appropriate locations for control zones and
incident command posts.

• Describe effective coordinated communication
techniques.

• Describe evidence preservation.
Describe the role of the operations level responder, the
incident safety officer, and a hazardous materials branch
or group, at a hazardous materials incident.
Describe levels of hazardous materials incidents.

• Describe the incident command system.
• Describe the importance of the buddy system and backup

personnel.
Describe protective actions during search and rescue,
evacuation, and sheltering-in-place.

• Describe the safety precautions to be observed, including
safety briefings, as well as physical capability requirements,
including those for heat and cold stress, when approaching
or working in a hazardous materials environment.
Describe evaluation and communication of the status of
the response.

After studying this chapter, you will be able to:
• Establish scene control procedures.
• Establish evidence preservation.
• Initiate an incident command system.
• Perform tasks according to the incident action plan.
• Perform emergency decontamination.

Evaluate and communicate progress in accomplishing the
response objectives.



You Are the Responder

ocal law enforcement is requesting a response from the fire
department. The initial report describes a suspicious package
leaking a liquid. The package is located in a small storeroom on

the ground floor of a three-story office building. While en route,
the dispatcher announces this update: “Engine 40, be advised

that police officers on scene are reporting several people com¬
plaining of eye irritation and nausea. There are also reports of an unusual odor
being reported on the second and third floors. A full building evacuation is in
progress.”

1. Based on the initial reports, how would you go about taking control of the
scene?

2. Working with the law enforcement agency on scene is important. Which
steps would you take to facilitate a coordinated approach to managing and
jointly commanding this incident?

3. Do you have the capabilities to communicate with other public safety agen¬
cies (various law enforcement agencies, for example)?

|Introduction
Scene control is important at all emergencies. At a hazardous
materials incident, however, scene control is paramount be¬
cause it affects both scene security and personnel accountabil¬
ity. Typically, the starting point for implementing any response
is incident size-up and scene control. Size-up is the rapid men¬
tal process of evaluating the critical visual indicators of the in¬
cident (what’s happening now), processing that information
based on your training and experience, and arriving at a con¬
clusion that will serve as the basis to form and implement a
plan of action. Sometimes that plan includes an aggressive of¬
fensive posture—that is, attack the problem. In other cases, a
defensive posture is appropriate—that is, isolate the scene,
protect exposures, and allow the incident to stabilize on its
own. The posture chosen should be driven by prudent deci¬
sions based on an accurate size-up and by your level of train¬
ing. Awareness level personnel are not required or expected to take
offensive actions under the 2008 edition of NFPA 472, Standard for
Competence of Responders to Hazardous Materials/Weapons of
Mass Destruction Incidents, as they are not considered to be re¬

sponders. In many cases, the initial size-up is completed within
a minute or two—or even sooner.

Size-up is always a work in progress. In other words, as
the incident progresses, everyone on the scene should be con¬
stantly sizing up his or her own piece of the problem. All re¬
sponders should maintain good situational awareness (SA) and
understand the actions they are taking. Remember that re¬
sponder safety is the number one priority

The initial actions taken set the tone for the response and
are critical to the overall success of the effort. The following
lists give some examples of initial steps that awareness or oper¬
ations level responders may take when implementing a re¬
sponse. These actions are based on the acronym SIN: Safety,
Isolate, and Notify. Thinking about the basic actions repre¬
sented by this mnemonic is a good starting point for a hazard¬
ous materials response, but remember—these are not absolute
actions. Emergencies are seldom black-and-white problems;
more typically, they involve many shades of gray that require
you to think. It is always essential that you understand your job
and know how to use the tools at your disposal both effectively
and appropriately.

Think before you take action or give a command to others to
take action. Do not put yourself or others at undue risk or
become part of the problem. Your safety is the number one
priority!

I Situational awareness) refers to the degree of accuracy by
I which one’s perception of the current environment mirrors
I reality. In essence, SA is the act of processing all the infor-
I mation available to you, and understanding how it fits to-
Igether in the big scheme of things.
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Safety
Ensure your own safety—stay upwind, uphill, and out
of the problem.
Obtain a briefing from those involved in the inci¬
dent prior to taking action (these individuals may
include bystanders, facility representatives, or other
responders).
Understand the nature of the problem and the factors
influencing the release.
Attempt to make a positive identification of the released
substance. If possible, obtain a material safety data sheet
(MSDS), shipping papers, or United Nations/Hazard-
ous Materials Code (UN/NA) identification of the
substance.

Isolate
Isolate and deny entry to the scene.

• Recognize that your first priority is to separate the
people from the problem—life safety is always the first
consideration.
Establish a command post in an area where you are
protected from the incident and the weather, and where
you have access to communications and technical ref¬
erence materials.
Determine your response objectives, choose a strategy
(offensive or defensive, for example), and begin to for¬
mulate an incident action plan. This plan must be car¬
ried out as safely as possible and should be well thought
out.
Begin assigning tasks based on your initial assessment
and strategic goals. Start thinking about how to match
up the number of jobs with the number of available
responders.

Notify
Decide whether you need to notify anyone else—for
example, specialized responders, law enforcement, or
other technical experts. You may also have to notify reg¬
ulatory agencies such as the local fish and game agency;
state office of emergency services, or county-level agen¬
cies such as an air quality control board. Have a current
and comprehensive contact list of local, state, and federal
resources available, and understand who the key players
are in your authority having jurisdiction (AHJ). Large-
scale incidents usually draw upon the resources of a large
number of agencies.

Figure 5-1 > illustrates a decision-making algorithm for a
hazardous materials incident. Use it as a loose guide for devel¬
oping an action plan and to focus your thinking.

Do not let pressure from incoming units push you to make
hasty decisions or assignments. Take time to think and
formulate a plan of attack.

|Response Safety Procedures
Isolation of the release area is one of the first measures that
awareness level personnel and operations level responders
should implement. This goal is accomplished by establishing
control zones and preventing anyone from entering the scene
Figure 5-2 > Both awareness level personnel and operations

level responders should be capable of taking steps to control
access to an incident. For example, access to the scene may be
controlled by stretching banner tape across roads to divert traf¬
fic away from a spill or by preventing civilians or other re¬
sponders from entering or reentering a contaminated building
or approaching a rolled-over cargo tank. Scene control actions
may require a coordinated effort between fire, police, EMS, and
other agencies. Be careful, however, that you don’t mark off more
real estate than you can control!

Responders may also find it useful to consult the Emer¬
gency Response Guidebook (ERG) for guidance on protective
actions or as a starting point for gathering information about
a released substance. Other initial actions may include evacuating
others from the immediate area, implementing a sheltering-in-
place strategy, rendering emergency medical care in a safe loca¬
tion away from the release, and surveying the scene to detect
the presence of a hazardous material/WMD.

These basic protective actions should be taken immedi¬
ately, while maintaining your own safety. For the first several
minutes, not even the first responders themselves should enter
the area. During this period, awareness level personnel, or re¬
sponders trained to the operations level, can begin to gather
necessary scene information and take initial steps to identify
the materials involved. Again, these measures should be com¬
pleted from a safe distance. Any actions taken should follow
the predetermined local response plan or your agency's response
guidelines.

Another important initial action might consist of identify¬
ing and securing any possible ignition sources—especially
when the incident involves the release of flammable materials.
So as not to create an unintentional ignition source, responders
should use only radios and other electrical devices that have
been certified as intrinsically safe With intrinsi-Figure 5-3 »
cally safe electrical devices, the thermal and electrical energy
within the device always remains low enough that a flammable
atmosphere could not be ignited. Typically, a portable radio
that is certified to be intrinsically safe must be specifically wired
and used in conjunction with an intrinsically safe battery.

£ Establishing Control Zones
Managing a hazardous materials incident by setting control
zones and limiting access to the incident site helps reduce the
number of civilians and public service personnel who may be
exposed to the released substance. Control zones are estab¬
lished at a hazardous materials incident based on the chemical
and physical properties of the released material, the environ¬
mental factors at the time of the release, and the general layout
of the scene. Of course, isolating a city block in the busy down¬
town area of a large city presents far different challenges than
isolating the area around a rolled-over cargo tank on an inter¬
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Detect hazardous materials Determine if there is a hazardous
material present

Estimate likely harm
without intervention.

Prepare to deal with
the problem.

The DECIDE model, created by
Ludwig Benner m the 1970’s is
designed to help responders
think through a hazmat situation.
The DECIDE acronym represents
key decision making points that
occur during a typical hazmat
emergency. The model provides
a guide for responders to follow
in order to understand and
update predictions of what's
going to happen next, and to see
how their actions are changing
the course of the incident. The
beauty of the DECIDE process is
this: even when you don't know
what will happen next, you can
pinpoint the data gaps that will
ultimately allow you to make a
prediction.

Figure 5-1 The DECIDE model. Reproduced with permission from Ludwig Benner.

state highway. Each situation is different, requiring you to be
flexible and thoughtful about how you secure the area. Secur¬
ing access to the incident helps ensure that responders arriving
after the first -due units will not accidentally enter a contami¬
nated area.

ing control of the incident.

If the incident takes place inside a structure, the best place
to control access is at the normal points of ingress and egress—
doors. Once the doors are secured so that no unauthorized
personnel can enter, appropriately trained emergency response
crews can begin to isolate other areas as appropriate.

The same concept applies to outdoor incidents. The goal
is to secure logical access points around the hazard. Begin by
controlling intersections, on/off ramps, service roads, or other

Figure 5-3 All intrinsically safe radios and batteries will be marked
by the factory with a specific label denoting them as such.
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quire a larger hot zone than one involving a solid or nonvolatile
liquid leak. In some cases, atmospheric monitoring, plume
modeling, or reference sources such as the ERG may prove use¬
ful in helping to establish the parameters of a hot zone. Spe¬
cially trained responders, in accordance with their level of
training, should be tasked with using these tools. Keep in mind
that the physical characteristics of the released substance will
significantly affect the size and layout of the hot zone. Addition¬
ally, all responders entering the hot zone should avoid contact
with the product to the greatest extent possible—an important
goal that should be clearly understood by those entering the hot
zone. Adhering to this policy makes the job of decontamination
easier and reduces the risk of secondary contamination.

Personnel accountability is important, so access into the
hot zone must be limited to only those persons necessary to
control the incident. All personnel and equipment must be de¬
contaminated when they leave the hot zone. This practice en¬
sures that contamination is not inadvertently spread to “clean”
areas of the scene.

The warm zone is where personnel and equipment transi¬
tion into and out of the hot zone. It contains control points for
access to the hot zone as well as the decontamination corridor.
Only the minimal amount of personnel and equipment neces¬
sary' to perform decontamination, or support those operating
in the hot zone, should be permitted in the warm zone.

Generally, personnel working in the warm zone can use
personal protective equipment (PPE) whose protection is rated
one level lower than that of the PPE used in the hot zone. For
example, if personnel in the hot zone are wearing Level A en¬
semble, personnel in the warm zone should dress in at least
Level B ensemble. This recommendation is not a hard-and-fast
rule, however. You must understand the hazard well enough to
make that determination on a case-by-case basis.

Beyond the warm zone is the cold zone. The cold zone is
a safe area where personnel do not need to wear any special
protective clothing for safe operation. Personnel staging, the

Figure 5-4 Control zones spread outward from the center of a haz¬
ardous materials incident.

The primary functions of warm zone activities are decontam¬
ination and providing ready support to personnel operating
in the hot zone.

The control zones shown in Figure 5-4 are circular and well
defined. In real life, they seldom follow such an orderly
fashion.
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command post, EMS providers, and the area for medical moni¬
toring, support, and/or treatment after decontamination are all
located in the cold zone. Typically, support personnel for the
incident operate in this area.

Performing Emergency Decontamination
As discussed in Chapter 4, at every hazardous materials inci¬
dent there must be a plan in place to decontaminate any re¬
sponder who accidently becomes contaminated. Victims who
are removed from a contaminated zone must also be decon¬
taminated by personnel who have donned the appropriate pro¬
tective gear and who have been trained in the proper methods
of victim decontamination. Emergency decontamination is
the process of getting the bulk of contaminants off a person as
quickly and completely as possible. Emergency decontam¬
ination is used in potentially life-threatening situations, with¬
out the formal establishment of a decontamination corridor.
To perform emergency decontamination, follow the steps in
Skill Drill 5-1-

1. Ensure that you have the appropriate PPE to protect
against the chemical threat.

2. Stay clear of the product, and do not make physical
contact with it.

3. Make an effort to contain runoff by directing victims
out of the hazard zone and into a suitable location for
decontamination.

4. Instruct or assist victims in removing contaminated
clothing. (Step 1)

5. Rinse victims with copious amounts of water. Avoid
using water that is too warm or too cold; room¬
temperature water is best. (Step 2)

6. Provide or obtain medical treatment for victims, and
arrange for their transport.

|Protective Actions
Evaluating the threat to life is the number one response prior¬
ity at a hazardous materials incident. The safety of the respond¬
ers is always taken into account, but the bottom line is this: If
there is no life threat—either immediate or anticipated—the
severity of the incident is diminished. This is not to say that
property or the environment is unimportant. Rather, it is simply
an acknowledgment that you as a responder must consider the
threat to life before anything else.

Life-safety actions include ensuring your own safety and
searching for, and possibly rescuing, those persons who were

- Skill Drill 5-1

Ensure that you have the appropriate PPE. Stay clear of the
product, and do not make physical contact with it. Make an
effort to contain runoff. Instruct or assist victims in removing
contaminated clothing.

Rinse victims with copious amounts of water. Avoid using
water that is too warm or too cold; room-temperature water
is best.

Performing an Emergency Decontamination
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immediately exposed to the substance or those who may now
be in harms way. For example, an IC might be faced with a de¬
cision of whether to evacuate people ahead of an advancing va¬
por cloud or when an explosive device is discovered. This is not
an easy decision, as efforts to relocate people bring up many
complications. A risk-based method of decision making should
be employed in such cases. Essentially, the IC should weigh the
severity of the threat against the potential impact of moving
people from one location to another IFigure 5-5 *■

IThe Buddy System and
Backup Personnel

It is not an accepted practice at a hazardous materials emer¬
gency to allow just one responder to don a PPE ensemble and
enter a contaminated environment alone. The risks of some¬
thing going wrong are too great; operating alone should never
be allowed. To that end, it is an accepted practice to implement
the buddy system for those personnel entering contaminated
areas. The simplest expression of the buddy system is for no
fewer than two responders to enter a contaminated area. This
practice should not be deviated from under any circumstance.
The use of the buddy system is so important; in fact, it is re¬
quired by the OSHA HAZWOPER regulation. It is the respon¬
sibility of the IC to not only limit the number of responders
working in the contaminated area, but also to prevent respond¬
ers from working alone. More than two responders might enter
a contaminated area, but never fewer than two. To work alone
is to take an undue risk!

On a hazardous materials incident, a backup team—that
is, backup personnel, typically wearing the same level of protec¬
tion as the initial entry team—provides another layer of safety
for those entering the high-contamination areas. Like the use of
the buddy system, the use of backup personnel is required by
the OSHA HAZWOPER regulation. The backup team could be

called upon to remove those individuals working in the hot
zone if an emergency occurs and the entry crew members are
unable to escape on their own. The concept is much like the
practice of establishing a rapid intervention team at a structure
fire. Backup personnel must be in place and ready to spring into
action whenever personnel are operating in the hot zone.

All personnel must be briefed before approaching the haz¬
ard area or entering the hot zone. To reiterate, no one should
enter the hot zone alone; at least two team members should
suit up and enter together, and at least two additional team
members should suit up and stand by to assist those who en¬
tered first. The IC should ensure that backup personnel are
prepared for immediate entry into the hot zone. Team mem¬
bers should always remain within visual or radio contact with
one another and with someone outside of the hot zone.

I Evacuation
The IC must consider many factors before making decisions
concerning evacuation. Some of those factors include consid¬
ering the nature and duration of the release; the nature of the
evacuees, such as their age, underlying health status, and mo¬
bility; the ability to support the evacuees with basic services
such as food, water, and shelter; and transportation challenges.
When considering evacuating a significantly large group of
people, it may be helpful to consider the host of "shuns" asso¬
ciated with the task. The "shuns" is a word play on the ending
of all of the following terms:

Contamination (the trigger for the evacuation)
Communication
Transportation
Nutrition
Sanitation
Habitation
Compassion

You may identify more “shuns" that are specific to your
AHJ—be creative and complete when thinking about
evacuation.

Once the evacuation order is given, fire fighters and law
enforcement personnel may be called upon to assist in the
physical relocation of residents to a safe area. Their work may
include such actions as traveling to homes and informing resi¬
dents that they must relocate to a temporary shelter.

Before an evacuation order is given, a safe area with suit¬
able facilities should be established. In many cases, schools,
fairgrounds, and sports arenas are used as shelters. The evacu¬
ation area should be located close enough to the exposure for
the evacuation to be practical, but far enough away from the
incident to be safe. Depending on the time of day and the sea¬
son, it may take a considerable amount of time to evacuate
even a small residential area. Temporary evacuation areas may

Evacuation has some significant risks involved, even when the
operation is properly planned. Think carefully and consider
all options before proceeding with a full-scale evacuation.
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When carrying out an evacuation, make provisions for pro¬
tecting yourself in case the wind shifts or you unexpectedly
come in contact with the hazardous material.

Chapter 5 Implementing the Planned Response

If you are wearing PPE to relocate people, you are no longer
in evacuation mode— you are in rescue mode.

be needed to shelter residents until evacuation sites or struc¬
tures indicated in your community’s emergency response plan
are open and accessible.

Transportation to temporary evacuation areas must be ar¬
ranged for all populations when an evacuation is ordered. As
part of this effort, the needs of the elderly, handicapped, and
special needs persons should be considered. Il would be a
mistake to assume all evacuees are able to move on their own.
Initial evacuation distances may be derived from the ERG

Note that the ERG does not give complete de¬Figure 5-6 *

GUIDE Radioactive Materials ERG2008

162 (Low toModerate LevelRadiation)

POTENTIAL HAZARDS
HEALTH
I * Radtauar presents mirimal risk to transport workers emergency response personnel arc

the public during transportation accidoris Packaging durability increases as potential
a hazard of radioactive content increases
I * Undamaged packages are safe Contents o' oamaged packages may cause nigI- er external

radiation exposure orboth external arcr1cmalradiation exposure if contents are released
I • Low radiation hazard wter material is inside container I' material isreleasee from package or

bulk container hazarc will vary fromlow tomoderate Level o'hazard will depend or the type ano
amount of radioactivity, the kina o'material 11 is in and?or the surfaces it ison

• • Some material may be released 'rom packages during accidents of mocerate severity but
risks topeople are not great

• Released radioactive materials or contaminated objects usually mil be visible if packaging 'ails
I • Some exclusive use shipments of bulk ano packagedmaterials willn01have RADIOACTIVE’

labels Placards merkrgsand shipping papers provideidentification
* Some packages may have a ’RADIOACTIVE’ label and a second hazard label The

second hazard is usually greater than the radiation hazard so follow this GUIDE as well
I as the response GUIDE for the secono hazaro class label

* Some radioactive materials cannot be detected by commonly available instruments
* Ruro" from control o' cargo 'ire may cause low-level pollution

FIRE OR EXPLOSION
!•Some of these materials may burr but most co rot ignite readily .

• Uranium and Thorium metal cuttings may ignite spontaneously if exposed to air (see
i GUIDE 136|
|« Nitrates are oxidizers and may ignite other combustibles (see GUIDE 141J

PUBLIC SAFETY
• CALL Emergency Response Telephone Number on Shipping Paper first. If

Shipping Paper not available or no answer, refer to appropriate telephone
number listed on the inside back cover

• Priorities for rescue, life-saving, first aid. fire control and other hazards are
higher than the priority for measuring radiation levels.

• Radiation Authority must be notified o' accident conditions Radiation Aulhonty is usually
responsible for decisions about radiological con sequences ano closure of emergencies

* As an immediate precautionary measure, isolate spill or leak area for at toast 25 meters
(75 feet) in all directions • Stay upwind • Keep unauthorized personnel away

• Detain or isolate uninjured persons or equipment suspected to be contaminated, delay
decontamination ano cleanup until instructions are received 'rom Radiation Authority

PROTECTIVE CLOTHING
Positive pressure self-contained breathing apparatus (SCBA) and structural firefighters
protective clothing will provide adequate protection

'EVACUATION
Large Spill

Pago 270

Figure 5-6 Evacuation distances for small spills or fires are listed
in the orange-bordered pages of the ERG.

A good way for the IC io determine the area to be evacu¬
ated, including how far io extend actual evacuation distances,
is io utilize detection and monitoring devices to identify areas
of airborne contamination. These tools are discussed in Chap¬
ter 14, Mission-Specific Competencies: Air Monitoring and
Sampling. Access to local weather conditions is invaluable in
this decision-making process.

I Sheltering-in-Place
As discussed in Chapter 4, shellering-in-place is a method of
safeguarding people in a hazardous area by keeping them in an
enclosed atmosphere, usually inside structures. Local emer¬
gency plans should identify local facilities where vulnerable
populations might be found, such as schools, churches, hospi¬
tals, nursing homes, and apartment complexes. When resi-
denis are sheltered in place, they remain indoors with windows
and doors closed. All ventilation systems are turned off to pre¬
vent outside air from being drawn into the structure.

The toxicity of the hazardous material and the amount of
lime available to avoid the oncoming threat arc major factors in
the decision whether to evacuate or to use a shekering-in-place
strategy. The expected duration of the incident is also a factor
in determining whether sheliering-in-place is a viable option.
The longer the incident, the more time the material has to en¬
ter or permeate into protected areas.

ISearch and Rescue
Ensuring your safety is the first priority in any emergency re¬
sponse situation, and a hazardous materials incident is no ex¬
ception. The search for and rescue of people involved in a
hazardous materials event becomes more complicated in the
setting of a hazardous materials incideni. In a structure fire,
search and rescue is done quickly to remove victims from the
smoke-filled environment. In a hazardous materials incident,
all emergency response personnel (fire, law enforcement, emer¬
gency medical sendees) must first recognize and identify the
released substance. After this is accomplished, the IC should
use a risk-based thought process to understand the hazards as
they relate to the possibilities of an adverse outcome; only then
may personnel be ordered to attempt search and rescue.

Ultimately, the IC must determine whether entry into the
hot zone to perform search and rescue is a worthy endeavor. If
the released substance is highly toxic, victims may not have
survived the initial exposure to the material. If it is determined
that a search can be safely performed, rescue teams wearing
proper PPE may then enter the hot zone to look for or retrieve
victims. The victims are removed to the warm zone, where
they can be decontaminated and turned over io EMS providers
for transport to a medical facility. See Chapter 12 of this text for
more information on this topic.
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Safety Briefings
Typically, before significant actions are taken at a hazardous
material incident, the IC should ensure that a written site safety
plan is completed and a verbal safety briefing is performed.
The written plan may be abandoned, however, and the verbal
plan may be quite brief in the event a rescue is required. The
purpose of the safely briefing is to inform (at a minimum) all
responders of the health hazards that are known or anticipated,
the incident objectives, emergency medical procedures, radio
frequencies and emergency signals, a description of the site,
and the PPE to be worn. Each authority having jurisdiction
should develop templates for site safety plans and verbal safety
briefings. The use of a standardized form means that the safety
plan can be completed in a timely manner; standardized for¬
mats also keep safety briefings on track and provide a logical
format that everyone can follow.

There are many ways to conduct a safety briefing. Chiefly,
a good safety briefing should be carried out in the manner that
its name implies—it should be brief. It should be complete
enough to provide the responders on the scene with relevant
information, yet not overly detailed with useless or “nice to
know" information.

Al small incidents where the incident management struc¬
ture is simple, the IC may be responsible for both putting to¬
gether a site safety plan and conducting the safety briefing. At
larger incidents, where an incident safety officer (also referred
to as a safety officer) or hazardous materials safety officer is
appointed, it is the responsibility of that officer to participate
in the preparation and implementation of the site safety plan.
The roles of these officers are discussed in more detail later in
this chapter. The depth and scope of the safety briefing should
have a direct correlation with the severity and complexity of
the incident. For significant incidents, where the released
substances are highly toxic or where other significant health
hazards are present, the site safety plan and briefing may be
comprehensive and documented in writing.

The IC may establish predetermined trigger points, in¬
tended to evaluate the status of the planned response, that may
lead to withdrawal of responders from the hot zone. Based on
a lack of progress toward meeting the incident objectives, the
IC may later decide to abandon the current plan of action and
withdraw to a safe distance, set a defensive perimeter, and wail
for the additional resources to arrive—or to allow the hazard¬
ous materials incident to run its course. Typically, these deci¬
sions are made when the offensive actions are not effective in
mitigating the problem, the selected PPE is found to be incor¬
rect or ineffective, the tools and equipment required to solve
the problem are ineffective or unavailable, or the problem is
simply loo overwhelming io handle with the available re¬
sources. A reasonable and prudent IC knows when he or she is
“outgunned" and does not make a foolhardy decision to risk
the health and safety of the personnel. In the event a with¬
drawal is necessary, the IC should include evacuation signals in
the pre-entry briefing.

It is also important, within the context of a safety briefing,
to discuss incident communications. It is common [or communi¬
cation to be disrupted or otherwise hampered during an emergency.

It is important to use the communication tools pro¬
vided to you. Pay attention and stay on the right channel!

To avoid undue communications complications, the IC may
designate command and tactical channels for the incident.
Entry teams may be instructed to communicate on a dedicated
radio channel to ensure they are not cut off or excluded from
making a critical radio transmission by other radio chatter.
Radio transmissions are an excellent way to communicate the
status of the mitigation efforts and to gauge the success or fail-
ures of those efforts Figure 5-7

In the event that things are not going as planned, the entry
team may contact the entry team leader, who may have a face-
to-face conversation with the safety officer or hazardous
materials safety officer (assistant safety officer). That conversa¬
tion, carried out through the normal chain of command, may
result in a change of tactics, modification of the incident objec¬
tives, or a complete abandonment of the effort. In any case, by
observing the proper chain of command, all parties with man¬
agement and safety interests at the scene will be included in the
appropriate discussions. This approach will also help to ensure
coordinated communication to the public.

In some jurisdictions, the safely officer conducts the ma¬
jority of the safety briefing. In others, the IC or hazardous
materials group supervisor conducts the safety briefing in con¬
junction with the safety officer. Regardless of how it’s accom¬
plished, a safety plan should be completed (and approved by
the IC), and a safety' briefing should be conducted before re¬
sponders attempt to enter the incident site. Make sure that you



are familiar with and follow the standard operating procedures
in your jurisdiction.

In today's world, the threat of terrorism or other incidents
with criminal intent drives the need for complete and mean¬
ingful safety briefings. Briefings at these types of incidents may
also include procedures for operating at a crime scene or evi¬
dence collection procedures. It is imperative to understand the
needs of law enforcement, especially as those needs relate to
beginning an investigation or collecting evidence for a possible
prosecution. Operating at a crime scene can present a compli¬
cated set of circumstances, but a good working relationship
between all agencies on the scene (ideally, established before
the event) will create better operational efficiency during the
response. Refer to the standard operating procedures and poli¬
cies established by your agency to fully understand your role
during a hazardous materials incident with a criminal intent.

A written safety plan should also include information about
the heat or cold stress the responders may encounter while en¬
gaging in their work. Working in PPE in ideal conditions is chal¬
lenging enough on its own. When temperature extremes are
anticipated, their effects on the responders should be acknowl¬
edged and understood by everyone operating at the scene.

I Excessive-Heat Disorders
Hazardous materials responders operating in protective cloth¬
ing should be aware of the signs and symptoms of heat exhaus¬
tion, heat stress, dehydration, and heat stroke. If the body is
unable to disperse heat because an ensemble of PPE covers it,
serious short- and long-term medical issues could result.

Heat exhaustion is a mild form of shock that arises when
the circulatory system begins to fail because the body is unable
to dissipate excessive heat and becomes overheated. With heat
exhaustion, the body’s core temperature rises, followed by
weakness and sweating. A person suffering from heat exhaus¬
tion may become dizzy and have episodes of blurred vision.
Other signs and symptoms of heat exhaustion include acute
fatigue, headache, and muscle cramps. Signs and symptoms may
vaiy among individuals, however. Any individual experiencing
heal exhaustion should be removed at once from the heated
environment, rehydrated with electrolyte solutions (perhaps
by intravenous methods), and kept cool. If not properly treated,
heat exhaustion may progress to a potentially fatal condition.

When treating heat-related illnesses, it is important to
avoid pouring cold water or otherwise placing the victim in an
unusually cold environment. The extreme swing in temperature
may have adverse effects on the individuals recovery. Using

Most heat-related illnesses are typically preceded by dehy¬
dration. It is important to stay hydrated so that you can func¬
tion at your maximum capacity. As a frame of reference,
athletes should consume approximately 500 mL of fluid
(water) prior to an event and 200-300 mL at regular inter¬
vals. Responders can be considered occupational athletes—
so keep up on your fluids!
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tepid water for drinking and cooling the skin is the safest
approach to take. Keep in mind that rehydration by mouth is
much slower than rehydration by intravenous line.

Heat stroke is a severe and potentially fatal condition
resulting from the failure of the temperature-regulating capac¬
ity of the body. It is caused by exposure to the sun or working
in high temperatures. Reduction or cessation of sweating is
an early symptom. The body temperature can rise to 105°F
(40.5°C) or higher, and be accompanied by a rapid pulse; hot,
red-looking skin; headache; confusion; unconsciousness; and
possibly seizures. Heat stroke is a true medical emergency that
requires immediate transport to a medical facility.

In an effort to combat heat stress while their personnel are
wearing PPE, many response agencies employ some form of
cooling technology under the garment. These technologies in¬
clude, but are not limited to, air-, ice-, and water-cooled vests,
along with phase-change cooling technology. Many studies
have been conducted on each form of cooling technology. Each
is designed to accomplish the same goal: to reduce the effects
of heat stress on the human body Chapter 7 of this text,
Mission-Specific Competencies: Personal Protective Equipment,
provides more information on the specific technologies used
for cooling.

* Cold-Temperature Exposures
Responders at hazardous materials incidents may be exposed to
two types of cold temperatures: those caused by the released
materials and those caused by the operating environment, in¬
cluding ambient air temperatures or conditions such as rain,
snow, or other adverse cold-weather conditions. Hazardous
materials such as liquefied gases and cryogenic liquids may ex¬
pose responders to the same low-temperature hazards as those
created by cold-weather environments. Exposure to severe cold
for even a short period of time may cause severe injury to body
surfaces, especially to the ears, nose, hands, and feet.

Two environmental factors in particular influence the
extent of cold injuries: temperature and wind speed. Because
still air is a poor heat conductor, responders working in low
temperatures with little wind can endure these conditions
for longer periods (assuming that their clothing remains dr}’).
However, when low temperatures are combined with signifi¬
cant winds, wind chill occurs. As an example, if the tempera¬
ture with no wind is 20°F (7°C), it will feel like —5°F (—21°C)

when the wind speed is 15 miles per hour.
Regardless of the temperature, anyone will perspire while

wearing chemical-protective clothing. When this wet inner
clothing is removed during the decontamination process, par¬
ticularly in a cold environment, the body will cool rapidly. Wet
clothing extracts heat from the body as much as 240 times
faster than dry clothing. It may also lead to hypothermia, a
condition in which the core body temperature falls below 95°F
(35°C). Hypothermia is a true medical emergency.

Responders must be aware of the dangers of frostbite, hy¬
pothermia, and impaired ability to work w’hen temperatures
are low or when they are working in wet clothing. All person¬
nel should wear layered clothing and be able to warm them¬
selves in heated shelters or vehicles.
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long-term incidents in cool environments.

The layer of clothing next to the skin, especially the socks,
should be kept dry. Trenchfoot can result when wet socks are
worn at long-term incidents (lasting more than 12 hours)
in cool (not cold) environments. The combination of cold
and wet softens the skin, causing numbness, tingling, and, in
some cases, peeling skin. Infection can result from trenchfoot
Figure 5-8--

Responders should carefully schedule their work and rest
periods and monitor their physical working conditions. For
example, warm or cool shelters should be available where re¬
sponders may don and doff their protective clothing.

Personal Protective Equipment:
Physical Capability Requirements

Medical monitoring is the on-scene evaluation of response per¬
sonnel who may be experiencing adverse effects because they
are wearing PPE or because they have been exposed to heat,
cold, stress, or hazardous materials. The goal of medical moni¬
toring is to quickly identify medical problems—while respond¬
ers are on-scene—so they can be treated in a timely fashion,
thereby preventing severe adverse effects and maintaining the
optimal health and safety of on-scene personnel.

Responders should undergo pre-entry health screening
prior to donning any level of chemical-protective equipment
(this step may be eliminated in the event that rapid entry is re¬
quired for rescue or other life-safety reasons). This screening
should include a check of vital signs, including pulse rate,
blood pressure, and respiratory rate. Body weight measure¬
ments and general health should also be observed. In the event
the responder presents with an abnormal reading (determined
by the AHJ), that responder may be excluded from wearing
PPE or participating in the mitigation phase of the incident.

Once the mission is complete and the responder has been
decontaminated and doffed the PPE, a second medical evalua¬
tion—similar to the initial evaluation—should be completed.
In the event of abnormal findings (again determined by the
AHJ), the responder may need to be seen by a physician or
transported to an appropriate receiving hospital.

For a more comprehensive set of criteria for medical mon-
itoring/support, consult NFPA 473, Standard for Competencies
for EMS Personnel Responding to Hazardous Materials/Weapans of
Mass Destruction Incidents.

|The Incident Command System
In the 1970s, a series of devastating wildland fires occurred in
Southern California, requiring the services of numerous local and
state resources. That rash of fires illustrated the need for a better
way to manage large numbers of agencies and resources called to
a major incident. Also as a result of those fires, many of the agen¬
cies involved agreed to form a working group, subsequently
named FIRESCOPE (Fire Resources of Southern California Orga¬
nized for Potential Emergencies). The FIRESCOPE group began
its work by identifying several problem areas common to almost
all major or complex incidents: ineffective communications;
span-of-control challenges; a lack of a common command struc¬
ture; the inability to track personnel working on the scene; and
the inability to effectively coordinate on-scene resources.

—

Span of control refers to how many responders can be effec¬
tively managed by one supervisor. Typically, an acceptable
ratio for emergency operations is one supervisor to five re¬
sponders. This span of control is flexible and depends on is¬
sues such as the criticality of the mission or task being
performed, the skill level of the supervisor, and the skill lev¬
els of the responders.

Subsequently, the FIRESCOPE consortium developed a
standardized yet flexible management system called the inci¬
dent command system (ICS). Some of the key benefits of
using ICS are summarized here:

Common terminology
Consistent organizational structure
Consistent position titles
Common incident facilities

The ICS, which was originally designed for managing
wildland fires, subsequently evolved into an all-risks manage¬
ment structure suitable for managing all types of fires, natural
disasters, technical rescues, and any other type of emergency of
virtually any size. When properly used, it provides a strong
organizational framework to support the operational goals and
object Ives. The HAZWOPER OSHA regulation requires that the
ICS be implemented in response to all hazardous materials inci¬
dents, including the use of a written incident action plan. Now
more than ever, it’s critical that all responders— regardless of
the patch on their uniform or the nature of their job, or even
their geographic location —understand the need for this cohe¬
sive emergency management tool.

The ICS can be expanded to handle an incident of any
size and complexity. Hazardous materials incidents can be



V/bices
’ of Experience

Onespring morning at approximately 0900 hours, we responded, along with multiple
other agencies, to a neighboring department for an overturned truck tanker that failed

to negotiate a turn in the road. At the time of our response, it was unknown what type of
chemical we were dealing with.

After 1 checked in with the incident commander, he assigned me as incident
safety7 officer. Once we were in place, all operational individuals were briefed
on the suspected chemical and its properties, along with the response plan. Our
first responsibility was to verify the identity of the chemical involved. Next we
established the hot, warm, and cold zones. A decontamination corridor was also
established, with constant air monitoring.

We were able to
ensure li^e safety by
establishing control
zones, delegate tasks
through use o^ the
incident command
system, and take
protective actions
such as conducting
a safety briefing

JeffryJ. Harran
Lake Havasu City Fire Department
Lake Havasu City, Arizona

An entry team, with backup teams in place, identified the damage to the truck
tanker and the approximate amount of the chemical spilled. They also conducted
diking and absorption activities in containing the spilled chemical.

Through the post-briefing of the entry team, it was determined that the safest and
most efficient means to mitigate the situation would be to transfer the chemical to
another truck tanker. The incident commander, along with the operations section
chief, developed an incident action plan, and the incident was mitigated exactly as
planned. Although this incident lasted approximately 15 hours and involved many
agencies including private cleanup contractors, we were able to ensure life safety
by establishing control zones, delegate tasks through use of the incident command
system, and take protective actions such as conducting a safety briefing and utilizing
backup teams. Remember to utilize all of your resources when dealing with a
potential hazardous materials release.

and utilizing
backup teams.
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The OSHA HAZWOPER regulations mandate the use of the
incident command system at hazardous materials incidents.

extremely complex, such that local, state, and federal respond¬
ers and agencies may all become involved tn many cases of
long duration. The basic ICS consists of five functions: com¬
mand, operations, planning, logistics, and finance/administra-

Figure 5-9tion

Command
Command is established when the first unit arrives on the
scene and is maintained until the last unit leaves the scene.
Command is directly responsible for the following tasks:

Determining strategy
Selecting incident tactics
Creating the action plan
Developing the ICS organization
Managing resources
Coordinating resource activities
Providing for scene safety
Releasing information about the incident
Coordinating with outside agencies

Unified Command
When multiple agencies with overlapping jurisdictions or legal
responsibilities are involved in the same incident, a unified
command provides several advantages. Using this approach,
representatives from various agencies cooperate to share com¬
mand authority Hi'i'ieMI'H
Incident Command Post
Regardless of whether there is a single incident command or
the incident is run under a unified command, the command
function is always located in an incident command post
(ICP). The ICP is a location at or near the scene of the emer¬
gency where the IC is located and where coordination, control,

and communications are centralized. Command and all direct
support staff should be located at the ICR Ideally, the ICP
should be located in an area where it is not threatened by the
incident.

During a hazardous materials incident, the ICP should be
established uphill and upwind of the incident, keeping in mind
the potential for predicted changes in wind direction based on
the time of day.

Command Staff
The incident commander (IC) is the person in charge of the en¬
tire incident and should be qualified to be in the position. The
OSHA HAZWOPER regulations [1910.120(q)(6)(v)l state that
an on-scene IC, who will assume control of the incident scene
beyond the first-responder awareness level, should receive at
least 24 hours of training equal to the first-responder operations
level and, in addition, have competency in the following areas:

Know and be able to implement the jurisdictions inci¬
dent command system.
Know how to implement the jurisdictions emergency
response plan.
Know and understand the hazards and risks associ¬
ated with responders working in chemical-protective
clothing.
Know how to implement the local emergency response
plan.

• Know about the state emergency response plan and the
Federal Regional Response Team.
Know and understand the importance of decontamina¬
tion procedures.

It is important to consider the prevailing winds of the area
when establishing the location of the incident command
post.



dent commander.

The command staf f consists of the safety officer, the liaison
officer, and the public information officer Figure 5-11 The IC
and safely officer positions are required by OSHA during a haz¬
ardous materials response; the two positions cannot be filled
by the same person. These job functions report directly to the
IC and are critical to the effective management of a hazardous
materials/WMD incident.
Safety Officer
According to the OSHA HAZWOPER regulation (19l0.120(q)
(3)(vii)), the role of the safety officer al a hazardous materials
incident is clear:

The individual in charge of the ICS shall designate a safety-
officer, who is knowledgeable in the operations being im¬
plemented at the emergency response site, with specific
responsibility to identify and evaluate hazards and to pro¬
vide direction with respect to the safety of operations for
the emergency at hand.

The OSHA HAZWOPER regulation, in 1910.120 (q)(3)(viii),
goes on to describe the authority of the safety officer at a haz¬
ardous materials incident:

When activities are judged by the safety' officer to be an
1DLH and/or to involve an imminent danger condition,
the safety officer shall have the authority to alter, suspend,
or terminate those activities. The safety official shall im¬
mediately inform the individual in charge of the ICS of
any’ actions needed to be taken to correct these hazards at
the emergency scene.

Liaison Officer
The liaison officer is the point of contact for cooperating and
assisting agencies on the scene. The basic distinction between
a cooperating agency and an assisting agency relates to the fi¬
nancial stake each has in the management or outcome of the
incident. Typically, if an agency has a financial responsibility
for the incident, it is considered an assisting agency; all others
are considered cooperating agencies. There is much gray area
here, however, and you must follow your jurisdictions direc¬
tion of determining the distinction between an assisting and
cooperating agency.

On a hazardous materials incident, the liaison officer deals
with representatives from federal agencies, state and local re¬
sources, and any other outside agency with an interest in the
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ering and releasing incident information to the media and other ap¬
propriate agencies.

management or outcome of the incident Ideally, all of these
representatives should have the authority to make decisions on
behalf of the agency they represent. It is extraordinarily cum¬
bersome to deal with an agency representative who must con¬
stantly go back to a key decision maker within his or her own
organization to get approvals.

Public Information Officer
The public information officer typically functions as a point
of contact for the media or any other entity seeking informa¬
lion about the incident As with all of the otherFigure 5-12
command staff positions, only’ one person should fill this role.
Although many people may work with or for the public infor¬
mation officer, they should serve as assistants. This chain of
command is necessary to streamline communications and re¬
duce redundancies in the management system.

The value of the public information officer should not be
underestimated. Keeping the media (.and others) well informed
is an important piece of the incident management objectives. A
wise IC. will acknowledge that fact and incorporate good media
relations into the incident objectives.

General Staff Functions
When the incident is too large or too complex for just one per¬
son (the incident commander) to manage effectively, the IC
may assign other individuals to oversee parts of the incident.
Everything that occurs al an emergency incident can be divided
among the four major functional components within ICS:

Operations
Planning
Logistics
Finance/Administration

Operations
The Operations Section, which is typically led by an Opera¬
tions Section Chief on larger incidents, carries out the objec¬
tives developed by the IC and is responsible for all tactical
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The Operation Section of ICS Divisions and Groups

Figure 5-13 *

11 11
operations at the incident The Operations Sec¬
tion Chief directs and manages the resources assigned to his or

Divisions and groups are organized to manage the span
of control and to supervise and coordinate units working together.
Figure 5-14

her section. These resources could include fire units of any
type, law enforcement resources, emergency medical units, air¬
borne resources such as helicopters and fixed-wing aircraft.
and hazardous materials response resources. This position is
usually assigned when complex incidents involve more than
20 single resources or when the IC cannot be involved in all
details of the tactical operation.

Groups and Divisions
Organizational units such as groups and divisions are estab¬
lished to aggregate single resources or crews under one super¬
visor. The primary reason for establishing groups and divisions
is to maintain an effective span of control.

A Hazardous Materials Group, led by a Hazardous Mate¬
rials Group Supervisor, is often established when companies
and crews are working on the same task or objective, albeit not
necessarily in the same location. The term "group” is very spe¬
cific as it applies to the ICS: A group is assembled to relieve
span of control issues and is considered to consist of functional
assignments that may not be tied to any one geographic loca¬
tion. A division usually refers to companies and crews that are
working in the same geographic location. Groups and divi¬
sions place several single resources under one supervisor, ef¬
fectively reducing the IC’s span of control

Hazardous Materials Branches
If necessary during a hazardous materials incident, a special
technical group may be developed under the Operations Sec¬
tion, known as the Hazardous Materials Branch I
The Hazardous Materials Branch consists of some or all of the
following staff positions as needed for the safe control of the
incident:

A hazardous materials safety officer, sometimes referred
to as the assistant safety officer (ASO), is responsible
for the hazardous materials team’s safety only. When a
Hazardous Materials Branch or Hazardous Materials
Group has been established, or when the incident re¬
quires a dedicated hazardous materials response, the

Figure 5-14

Figure 5-15

safety officer may appoint a hazardous materials safety
officer to the Hazardous Materials Branch or the Haz¬
ardous Materials Group. This particular hazardous ma¬
terials safety officer reports directly to the safety officer,
who in turn reports directly to the IC.
The entry team is assigned to enter into the designated
hot zone.
A decontamination team is responsible for reducing
and preventing the spread of contaminants from per¬
sons and equipment.
A backup team is a team of fully qualified and equipped
responders who are ready to enter the hot zone at a
moment’s notice to rescue any members of the hot zone
entry team.
A technical reference team gathers information and
reports to the IC as well as the hazardous materials
safety officer.

A branch represents a higher level of combined resources
than either a division or a group. At a major incident, several
different activities may occur in separate geographic locations
or involve distinct functions. Span of control might still present
a problem, even after the establishment of divisions and groups.
In these situations, the IC can establish branches to place a
higher-level supervisor (a Hazardous Materials Branch Direc¬
tor) in charge of a number of divisions and groups.

The Hazardous Materials Branch Director reports to the
Operations Section Chief or directly to the IC if the Operations
Section Chief position is not assigned. Responsibilities of the
Hazardous Materials Branch Director include obtaining a briefing
from the IC, staffing the Hazardous Materials Branch functions
as required, ensuring that scene control zones are established,
ensuring that a site safety plan is developed, maintaining ac¬
countability, ensuring that proper PPE is worn, and ensuring
that the operational objectives are being met. Other functional
positions that may be filled under a Hazardous Materials
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Branches Within the Operations Section

Command

Safety Officer I

— Liaison Officer

Operations Planning Logistics t Finance/
Administration

Branches

Divisions/
Groups 11 1**1 1^11 1111 *111

Figure 5-15 Creating branches within the Operations Section is one way to manage the span of control during a large incident.

Branch Director include site access group supervisor, decon¬
tamination group supervisor, and entry group supervisor. The
management structure and the ICS positions that are ultimately
assigned are based on the needs associated with the specific
incident.

The Planning Section of ICS

There is only one safety officer (or incident safety officer)
for the entire incident, but that position may have many
assistants.

Command

Planning Section Chief

The organizational structure of the Planning Section.Figure 5-16

Planning

In some types of incidents, such as a wildland fire or a
multi-story structure fire, the safety officer may assign an assis¬
tant to each division working the fire. (Remember, the com¬
mand system is intended to be flexible.) Responsibilities of the
hazardous materials safety officer include obtaining a briefing
from the IC or the safety officer and/or the Hazardous Materials
Branch Director, participating in the preparation of the site
safely plan, providing or participating in the safely briefing, al¬
tering or suspending any activity that poses an imminent threat
to the responders, and maintaining accountability for all
resources assigned to the hazardous materials mitigation
efforts.
Planning
The Planning Section is responsible for the collection, evalua¬
tion, dissemination, and use of information relevant to the
incident. The Planning Section, which is led by a Planning
Section Chief, acts as the central point for collecting informa¬
tion on the situation status (sit-stat) of the event, tracking and

logging on-scene resources, and disseminating the written in¬
cident action plan Figure 5-16* On large-scale incidents, the
Planning Section Chief facilitates the incident briefings and
planning meetings.

Logistics
The l ogistics Section can be viewed as the support side of
an incident management structure. This section within the ICS
is responsible for providing facilities, services, and materials
for the incident. Logistics is headed by a Logistics Section
Chief, who is responsible for providing the bulk of the support
functions for an incident Figure 5-17 > This position is gener-
ally assigned on long-duration or resource-intensive, complex
incidents.
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The Logistics Section of ICS The Finance/Administration Section of ICS

tration Section.

Logistical support includes food, sleeping facilities, trans¬
portation needs, sanitation facilities, showers, and all other re¬
quests for resources needed to manage the incident. II someone
on the incident needs a truckload of sand, for example, the Lo¬
gistics Section is the group that makes it happen. When re¬
sources are needed, the requesting person follows the
appropriate chain of command to route the request to Logis¬
tics. Il is then up to Logistics personnel to determine whether
they will be able to fill the request. Typically, during a planning
meeting at a large incident, the Operations Section Chief, Plan¬
ning Section Chief, safety officer, IC, and a small core of other
key management positions meet to discuss the logistical needs
of the incident based on the operational objectives. The Logis¬
tics Section then determines whether those needs can be met,
and if so, under what time frame.

Finance
The Finance/Administration Section tracks the costs related
to the incident, handles procurement issues, records the time
that responders are on the incident for billing purposes, and
keeps a running cost of the incident In todaysFigure 5-18 r
world, cost is certainly a factor in every response, even when it
comes to operational objectives. Large-scale incidents can cost
millions of dollars to handle, and it’s common to see incident
objectives tied to financial constraints. Ideally, an incident
should be handled in the most cost-effective way possible, so
as to minimize the financial impact to the jurisdiction in which
the incident occurs.

Role of the Operations Level Responder
As discussed in Chapter 1 of this text, according to NFPA 472
(2008 edition), operations level responders are those persons
who respond to hazardous materials/WMD incidents for the
purpose of implementing or supporting actions to protect
nearby persons, the environment, or property from the effects
of the release; however, these persons may have additional
competencies that are specific to their response mission, ex¬
pected tasks, and equipment and training as determined by the

authority having jurisdiction. Clearly, this language identifies
operations responders as integral components of an overall re¬
sponse plan to hazardous materials/WMD incidents.

The scope of the operations level responder definition,
which was largely expanded by the 2008 version of NFPA 472,
provides a jurisdiction with much more flexibility in its opera¬
tional procedures than ever before, especially where mission¬
specific competenciesare concerned. An AHJ, may, for example,

choose to train and utilize operations level responders strictly
as support personnel for a group of hazardous materials tech-

Table 5-1 Hazardous Materials Incident Levels

Level 1: Level II: Level III:
Lowest Level Medium Level Highest Level
of Threat of Threat of Threat

A small amount An organized Highly toxic chemi-
of a low-toxicity/ hazardous cals are involved.
low-hazard
substance is
involved.

materials team is
needed.
Additional chemi-

Mitigation efforts
may require mul¬
tiple jurisdictions.

The incident
can usually be
handled by a
single agency or
engine company.
Appropriate level
of protection
includes turnout
gear and SCBA.
Example: A small
gasoline spill
from a motor
vehicle accident.

cal protective
clothing will be
required.
Civilian evacua¬
tions may be
required.
Decontamination
may need to be
performed.
Example: A tanker
carrying sulfuric
acid has over¬
turned in a tunnel

Large-scale evacua¬
tions may be
needed.
Federal agencies
will be called in.
Example: A ship in
a highly populated
harbor catches fire
and begins to
release chlorine
vapors from its
cargo area.

and is leaking
onto the freeway.
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nicians. Alternatively, the AHJ could provide its personnel with
the training to satisfy operations level requirements, including
both core competencies and all mission-specific competencies,
thereby ensuring that its responders can handle a wide variety
of hazardous materials/WMD incidents.

As a responder, you should be familiar with all emergency
response plans for hazardous materials/WMD incidents that
may occur within your jurisdiction. If none exists, as a re¬
sponder you should default to the scope of practice established
by your training when you are called into service, regardless of
the nature of the incident.

It is common for a jurisdiction to predetermine response
levels and response configurations to anticipated hazards. To
that end, agencies use a wide variety of ways to identify and
denote the severity of certain types of incidents. Establishing
these thresholds takes the guesswork out of determining the
type and amount of resources required to handle a particular
problem as well as the levels of training required for the re¬
sponding personnel. Table 5-1 4 illustrates how an agency
might choose to denote the different levels of response. For
obvious reasons, the role of the operations level responder will
differ depending on the severity of the incident.
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Hot Terms

Chief Concepts
The acronym SIN—which stands for Safety, Isolate, and
Notify—is a good place to start when undertaking a haz¬
ardous materials response.
Awareness level responders should ensure scene safety by
setting up a barrier around the scene to keep out bystand¬
ers and those who are not properly trained or outfitted to
engage in the response.
The three levels of control zones around a hazardous
materials incident are the cold zone, the warm zone, and
the hot zone. The hot zone is the most contaminated; the
cold zone is a safe area.
All responders should use the buddy system, at every
incident.
A risk-based method of decision making should be em¬
ployed before people are told to engage in sheltering¬
in-place or to evacuate from the scene of a hazardous
materials incident.
A safety briefing informs all responders about the health
hazards that are known or anticipated at the hazardous
materialsAVMD incident.
It is essential for responders to be aware of the signs
and symptoms of excessive-heat exposures such as heat
exhaustion, heat stroke, heat stress, and dehydration.
Become familiar with the cooling technologies used
by your AH] and your own physical capabilities and
requirements.
Two types of cold-temperature exposures are possible:
those caused by the release of a material and those caused
by the operating environment.
The incident command system (ICS) has many benefits,
including the use of common terminology, consistent or¬
ganizational structure and position titles, and common
incident facilities.
The ICS can be expanded to handle an incident of any
size and complexity.
The ICS incorporates five functions: command, opera¬
tions, planning, logistics, and finance/administration.
The incident commander (IC) is the person in charge of
the incident site; he or she is responsible for all decisions
relating to the management of the incident.
The command staff consists of the safety officer, the liai¬
son officer, and the public information officer.
Croups and divisions are established to aggregate single
resources and/or crews under one supervisor.

A Hazardous Materials Branch consists of some or all of
the following staff as needed: a hazardous materials safety
officer (assistant safety officer), an entry team, a decon¬
tamination team, a backup entry team, and a technical
reference team.
The operations level responder responds to hazardous
materials incidents for the purpose of implementing or
supporting actions to protect nearby persons, the envi¬
ronment, or property from the effects of the release.

Backup team Individuals who function as a stand-by
rescue crew or relief for those entering the hot zone
(entry team). Also referred to as backup personnel.

Buddy system A system in which two responders always
work as a team for safety purposes.

Cold zone A safe area at a hazardous materials incident for
those personnel involved in the operations. The inci¬
dent commander, the command post. EMS providers,
and other support functions necessary to control the
incident should be located in the cold zone. Also re¬
ferred to as the clean zone or the support zone.

Command staff Staff positions that assume responsibility
for key activities in the incident command system.
Individuals at this level report directly to the incident
commander. Command staff members include the
safety officer, public information officer, and liaison
officer.

Control zones Areas at a hazardous materials incident that
are designated as hot, warm, or cold, based on safety
issues and the degree of hazard found there.

Decontamination team The team responsible for reducing
and preventing the spread of contaminants from per¬
sons and equipment used at a hazardous materials
incident. Members of this team establish the decon¬
tamination corridor and conduct all phases of
decontamination.

Division An organizational level within the incident com¬
mand system that divides an incident tn one location
into geographic areas of operational responsibility.

Emergency decontamination The process of removing the
bulk of contaminants off a victim without regard for
containment. It is used in potentially life-threatening
Situations, without the formal establishment of a de¬
contamination corridor.
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Entry team A team of fully qualified and equipped re¬
sponders who are assigned to enter into the designated
hot zone.

Finance/Administration Section The command-level
section of the incident command system responsible
for all costs and financial aspects of the incident, as
well as any legal issues that arise.

Hazardous Materials Branch A unit consisting of some or
all of the following positions as needed for the safe
control of a hazardous materials incident: a second
safety officer known as the hazardous materials safety
officer (or assistant safety officer), who reports directly
to the incident safety officer; a Hazardous Materials
Group Supervisor; the entry team; the decontamina¬
tion team; and the technical reference team.

Hazardous Materials Group A group often established
when companies and crews are working on the same
task or objective, albeit not necessarily in the same
location. A group is specific as it applies to the incident
command system and is assembled to relieve span of
control issues.

Hazardous materials safety officer A second safety officer
dedicated to the safety needs of the Hazardous Mate¬
rials Branch. Also referred to as the assistant safety
officer.

I leat exhaustion A mild form of shock that occurs when
the circulatory system begins to fail as a result of the
body’s inadequate effort to give off excessive heat.

Heat strqke A severe, sometimes fatal condition resulting
from the failure of the body’s temperature-regulating
capacity. Reduction or cessation of sweating is an early
symptom; body temperature of 105°F or higher, rapid
pulse, hot and dry skin, headache, confusion, uncon¬
sciousness, and convulsions may occur as well.

Hot zone The area immediately surrounding a hazardous
materials spill/incident site that is directly dangerous to
life and health. All personnel working in the hot zone
must wear complete, appropriate protective clothing
and equipment.

Incident commander (IC ) A level ol training intended for
those assuming command of a hazardous materials
incident beyond the operations level. Individuals
trained as incident commanders should have at least
operations level training and additional training spe¬
cific to commanding a hazardous materials incident.

Incident command post (ICP) The location in the cold
zone where the incident command is located; it is

where the command, coordination, control, and com¬
munications functions are centralized.

Incident command system (ICS) The combination of
facilities, equipment, personnel, procedures, and
communications under a standard organizational
structure organized so as to manage assigned re¬
sources and effectively accomplish stated objectives
for an incident.

Incident safety officer The position within the incident
command system responsible for identifying and eval¬
uating hazardous or unsafe conditions at the scene of
an incident. Safety officers have the authority to stop
any activity that is deemed unsafe. Also referred to as
the safety officer.

Liaison officer The position within the incident command
system that establishes a point of contact with outside
agency representatives.

l ogistics Section The section within the incident com¬
mand system responsible for providing facilities,
services, and materials for the incident.

Logistics Section Chief The general staff position respon¬
sible for directing the logistics function. It is generally
assigned on complex, resource-intensive, or long-
duration incidents.

Operations Section The section within the incident com¬
mand system responsible for all tactical operations at
the incident. Its personnel carry out the objectives
developed by the incident commander.

Operations Section Chief The general staff position re¬
sponsible for managing all operations activities. It is
usually assigned when complex incidents involve
more than 20 single resources or when command staff
cannot be involved in all details of the tactical
operation.

Planning Section The section within the incident com¬
mand system responsible for the collection, evaluation,
and dissemination of tactical information related to the
incident and for preparation and documentation of
incident management plans.

Planning Section Chief The general staff position respon¬
sible for planning functions and for tracking and log¬
ging resources. It is assigned when command staff
members need assistance tn managing information.

Public information officer The position within the inci¬
dent command system responsible for providing infor¬
mation about the incident. Functions as a point of
contact for the media.
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Sheltering-in-place A method of safeguarding people in a
hazardous area by keeping them in a safe atmosphere,
usually inside structures.

Size-up The rapid mental process of evaluating the critical
visual indicators of the incident, processing that infor¬
mation based on training and experience, and arriving
at a conclusion that will serve as the basis to form and
implement a plan of action.

Technical reference team A team of responders who serve
as an information-gathering unit and referral point for
both the incident commander and the hazardous
materials safety officer (assistant safety officer).

Unified command An incident command system option
that allows representatives from multiple jurisdictions
and agencies to share command authority and respon¬
sibility, thereby working together as a “joint” incident
command team.

Warm zone The area located between the hot zone and the
cold zone at the incident. Personal protective equip¬
ment is required for all personnel in this area. The
decontamination corridor is located in the warm zone.



It is 4:00 a.m. when your engine is dispatched to a report of a 2000-gallon poly¬
chlorinated biphenyl (PCB) tank that is slowly leaking at an old manufacturing plant.
PCB is a toxic chemical that was banned in the United States in the late 1970s, but
can still be found in many older electrical devices. This chemical is very harmful to
the environment; it can also cause skin irritation, liver damage, nausea, dizziness, and
eye irritation.

At the current incident, approximately 50 gallons of PCB has spilled onto the asphalt
and is entering a storm drain. You and your crew must establish control zones to limit
exposure to this dangerous chemical.

Responder in Action

1. Which of the following most accurately describes the
warm zone?
A. The area immediately around and adjacent to the

incident.
B. The area located between the hot zone and the cold

zone. The decontamination corridor is located in the
warm zone.

C. An area where personnel do not need to wear any
special protective clothing for safe operation.

D. The area where the incident command post is
located.

2. After doing some research on PCB, you find that this
substance is a thick, oily liquid with a low vapor pres¬
sure at ambient atmospheric temperature. At the cur¬
rent scene, the leak is occurring approximately 200
yards away from an occupied apartment complex.
Which of the following actions would be appropriate
for this incident?
A. Evacuate the apartment complex.
B. Take no action, as this spill poses no threat of air¬

borne contamination to the apartment complex.
C. Notify local law enforcement to shelter-in-place all

occupants of the apartment complex.
0. Instruct the public information officer to make an

announcement of the spill during the evening news
broadcast.

3. After working in PPE for 30 minutes and going
through decontamination, one of the responders
complains of dizziness and nausea. He is sweating
and tells you he feels weak. Which of the following
medical conditions most accurately describes his
condition?
A. Heat stroke
B. Hypothermia
C. Hypocalcemia
D. Heat exhaustion

4. The IC decides that the entry team will wear a level of
protection that consists of a chemical-resistant suit,
boots, gloves, and SCBA. Which of the following
classifications best describes this level of protection?
A. Level A
B. Level B
C. Level C
D. Level D









CHAPTER

|NFPA 472 Standard
Competencies for Awareness Level Personnel

contains no competencies for awareness level
personnel.

NFPA 472

Core Competencies for Operations Level Responders
j. j contains no competencies for operations level

responders.
NFPA 472

|Knowledge Objectives
After studying this chapter, you will be able to:

• Describe the threat posed by terrorism.
• Understand the definition of terrorism from a broad

perspective.
• Describe various types of potential terrorist targets.

• Understand the dangers posed by explosive devices and
secondary explosive devices.

• Define weapons of mass destruction.. Understand the basic differences and indicators of chemi¬
cal, biological, and radiological threats.

• Describe operations considerations at a terrorism event,
including initial actions, interagency coordination, decon¬
tamination, mass casualties, and triage.
Identify the different levels distinguished in the Homeland
Security Threat Level chart.

There are no skills objectives for this chapter.



You Are the Responder

our engine company has been dispatched to a local government
office building for a reported explosion. When you arrive on the
scene, you do not observe any indications of fire or damage, but

people are running from the building. Many of them complain of
eye irritation and difficulty breathing. One person tells you that

she heard a loud popping sound from a nearby office and that some
employees were showered with an unknown liquid substance.

You quickly learn that there are still people in the office. Some are
unconscious; others appear to be having seizures.

1. Is the information provided at this incident typical for most fires or
explosions?

2. Which characteristics of this situation would cause you concern?
3. What is your primary concern as you enter the office building?

IIntroduction
Reflecting the rising threat posed by terrorism, the 2008 edi¬
tion of NFPA 472, Standard Joi Competence of Responders to
Hazardous Materials/Weapons of Mass Destruction Incidents, out¬
lines the following operational philosophy:

Emergency response operations to a terrorism or criminal
scenario using hazardous materials are based on the basic
operational concepts of hazardous materials response. In
simple terms, responders cannot safely and effectively re¬
spond to a terrorism or criminal scenario involving haz¬
ardous materials/weapons of mass destruction (WMD) if
they do not first understand hazardous materials response.

There are no NFPA 472 competencies listed for this chap¬
ter because the competencies listed in the other chapters of this
text also apply to weapons used for mass destruction and ter¬
rorist incidents (in addition to hazardous materials incidents).
This chapter provides an overview of terrorism and profiles
some of the agents that emergency personnel may encounter
at these incidents. Readers seeking information on agent-specific
tasks—such as those associated with incidents involving
biological, chemical, and radiological agents, for example—
should consult the Annex sections of NFPA 472. The Annex
information is nonmandatory and is not considered to be part
of the requirements of NFPA 472. It is designed to provide ad¬
ditional information over and above the core competencies
and certain mission-specific competencies.

Terrorism, as defined in the U.S. Code of Federal Regula¬
tions, can be described as “the unlawful use of force and vio¬
lence against persons or property to intimidate or coerce a
government, the civilian population, or any segment thereof,
in furtherance of political or social objectives.” This broad defi¬

nition encompasses a wide range of acts committed by differ¬
ent groups for different purposes.

Simply put, the goal of terrorism is to produce feelings of
fear in a population or group. Terrorism is not limited to inci¬
dents involving certain tools or weapons, however. In fact, al¬
most anything can potentially be used as a tool by terrorists.
For example, a gasoline tanker could be intentionally wrecked
and burned in an attempt to destroy properly or injure people.
Such an event could be viewed as having criminal intent or it
could be viewed as an act of terrorism. Yet, if an identical gaso¬
line tanker crashed and caught fire due to driver error, we
would call the incident an accident. At the time the event oc¬
curs, the distinction between an event with criminal intent and
an accident may not be so clear. It is in those first moments
that responders must rely on their training and standard oper¬
ating procedures to safely and efficiently handle the problem—
whether it was intentionally caused or not.

The Federal Bureau of Investigation (FBI) classifies terror¬
ism as either domestic or international in nature. Domestic ter¬
rorism refers to acts that are committed within the United States
by individuals or groups that operate entirely within the United
States and are not influenced by any foreign interests. Interna¬
tional terrorism includes any acts that transcend international
boundaries.

On September 11, 2001, the largest terrorist events in the
history of the United States occurred—the attacks on the World
Trade Center, the Pentagon, and United Airlines Flight 93, the
airplane that crashed in Shanksville, Pennsylvania. Collectively,
these events resulted in almost .3000 deaths Figure 6-1
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IThe September n attacks on the World Trade Center
and the Pentagon accounted forthe majority ofthe deaths caused by
terrorists in 2001.

Figure 6-1

responders should not rule out the threat of terrorism as a pos¬
sibility on U.S. soil. The entire emergency response commu¬
nity must remain vigilant and ready to respond to any type of
hazardous materials/WMD event.

|Responding to Terrorist Incidents
The roles of all public safety responders in handling terrorist
events involve many of the same functions that these respond¬
ers perform on a day-to-day basis. Regardless of the intent be¬
hind the incident, responders are required to make risk-based
decisions on tactics and strategy, personal protective equip¬
ment (PPE), victim rescue and/or evacuation, decontamina¬
tion, and information obtained duringdetection and monitoring
activities—the entire gamut of actions required to solve the
problem.

What is different during a terrorist incident is the land¬
scape upon which that incident is handled, and the interagency
cooperation that must occur. An incident with criminal intent,
causing widespread destruction and/or numerous casualties,
will require the involvement of many local, state, and federal
law enforcement agencies; emergency management agencies;
allied health agencies; and the military. It is critical that all of
these agencies train together and work together in a coordi¬
nated and cooperative manner. Most likely, a unified command
will be established, with many agencies working on different

aspects of the incident. An incident involving a WMD could
quickly overwhelm your agency, neighboring agencies, and the
local healthcare system. To that end, it is important to under¬
stand which assets and capabilities of those regional agencies
may be available to assist with a large-scale incident .

Potential Targets and Tactics
Terrorists are motivated by a cause and choose targets they be¬
lieve will help them achieve their goals and objectives. Terrorist
incidents aim to instill fear and panic among the general popu¬
lation and to disrupt daily ways of life. Given this goal, terrorists
tend to choose symbolic targets, such as places of worship, em¬
bassies, monuments, or prominent government buildings. Some¬
times the objective is sabotage—that is, to destroy or disable a
facility that is significant to the terrorist cause. The ultimate
goal could be to cause economic turmoil by interfering with
transportation, trade, or commerce.

Terrorists choose a method of attack they think will make
the desired statement or achieve the maximum results. They
may vary their methods or change their approach over time.
Explosive devices have remained popular weapons for terror¬
ists, however, and have been used in thousands of terrorist at¬
tacks. In recent years, the number of suicide bombings has
increased significantly, emphasizing the high threat level posed
by terrorist-constructed explosives.

In the 1980s, many terrorist incidents involved the taking
of hostages on hijacked aircraft or cruise ships. Sometimes,
only a few people were held; at other times, hundreds of people
were taken hostage. Diplomats, journalists, and athletes were
targeted in several incidents, and the terrorists often offered
to release their hostages in exchange for the release of impris¬
oned individuals allied with the terrorist cause. More recently,
terrorist actions have endangered thousands of lives without
giving authorities an opportunity to bargain for the victims’
safety. According to the U.S. Department of State, during 2007,
17 U.S. citizens worldwide were kidnapped as a result of inci¬
dents of terrorism.

Terrorism can occur in any community and in connection
with many different issues. Many causes inspire passion in
their supporters, who may range from members of peaceful,
nonviolent organizations to advocates of fanatical fringe groups.
For example, a rural ski lodge tucked away in the mountains
may be attacked by an environmental group that is upset with
its plans for expansion. A small retailer in an upscale suburban
community could become the target of an animal rights group
that objects to the sale of fur coats. An antiabortion group
might plant a bomb at a local community health clinic.

It is often possible to anticipate likely targets and potential
attacks. Law’ enforcement agencies routinely gather intelligence
about terrorist groups, threats, and potential targets. The fire
service, tn conjunction with law enforcement agencies, is in¬
creasingly engaging in intelligence sharing so that preincident
plans can be developed for possible targets and scenarios.
Even if no specific threats have been made, certain types of
occupancies are known to be potential targets; preincident
planning for those locations should take into account the pos¬
sibility of a terrorist attack and an accidental fire.
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News reports about terrorist incidents abroad can help
keep responders current with trends in terrorist tactics. These
accounts can provide useful information about situations that
could occur in your jurisdiction in the future. A variety of In¬
ternet resources can also help responders to keep abreast of
current threats. Periodic e-mails issued by list servers, which
are available through federal response agencies, can provide a
variety of useful information. By becoming familiar with po¬
tential targets and current tactics, emergency responders can
plan appropriate strategies and anticipate use of certain tactics
for potential attacks.

Figure 6-3*

Symbolic Targets
National monuments such as the Lincoln Memorial, Washing¬
ton Monument, or Mount Rushmore could be targets for groups
who want to attack symbols of national pride I
eign embassies and institutions might be attacked by groups
promoting revolution within those countries or protesting their
international policies. Religious institutions are potential tar¬
gets of hate groups. By targeting these symbols, terrorist groups

Hi Classification of Terrorist Targets
Potential targets for terrorists include natural landmarks and
human-made structures. These sites can be classified into three
broad categories: infrastructure targets, symbolic targets, and
civilian targets.

Infrastructure Targets
Terrorists might select bridges, tunnels, subways, or hospitals as
targets in an attempt to disrupt transportation and inflict a large
number of casualties Figure 6-2 They might also plan to attack
the public water supply or try to disable the electrical power dis¬
tribution system, telephones, or the Internet. Disruption of a
community’s 9-1-1 system or public safety radio network would
have a direct impact on emergency response agencies.



By attacking civilian targets such as a crowded sta¬
dium, terrorists might make citizens feel vulnerable in their everyday
lives.

Figure 6-4
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Figure 6-4*-

seek to make people aware of their demands and to create a
sense of fear in the public.

Civilian Targets
Civilian targets include places where large numbers of people
gather, such as shopping malls, schools, or sports stadiums. In
incidents involving these sites, the goal of terrorists is to indis¬
criminately kill or injure large numbers of people, thereby cre¬
ating fear in the larger society| ~

Terrorism can also be classified according to the part of
society that is targeted—for example, agroterrorism, ecoterror-
ism, and cyberterrorism. Incidents of terrorism involving these
three tactics will probably not have as much of a direct impact
on fire and police departments as incidents involving natural
landmarks and human-made structures, however. Incidents
involving cyberterrorism, for instance, will directly affect the fire
department and could significantly disrupt its operations, but
would probably not require a fire department response.

Potential Terrorist Targets
Infrastructure Targets
Bridges and tunnels
Emergency facilities
Hospitals
Oil refineries
Pipelines
Power plants
Railroads
Telecommunications systems
Water reservoirs and treatment plants
Symbolic Targets
Embassies
Government buildings
Military bases
National monuments
Places of worship
Civilian Targets
Arenas and stadiums
Airports and railroad stations
Mass-transit systems
Schools and universities
Shopping malls
Theme parks
Ecoterrorism Targets
Controversial development projects
Environmentally sensitive areas
Research facilities
Agroterrorism Targets
Crops
Feed storage
Grain elevators
Livestock and poultry
Cyberterrorism Targets
Banking and finance computer systems
Business computer systems
Court computer systems
Government computer systems
Law enforcement computer systems
Military computer systems

Ecoterrorism
Ecoterrorism refers to illegal acts committed by groups sup¬
porting environmental or related causes. Examples include
spiking trees to sabotage logging operations, vandalizing a uni¬

versity research laboratory that is conducting experiments on
animals, and firebombing a store that sells fur coats. Research
and development projects and facilities are also often targets of
ecoterrorists.

Agroterrorism
Agroterroristn includes the use of chemical or biological
agents to attack the agricultural industry or the food supply
Figure 6-5 < The deliberate introduction of an animal-targeted

disease, such as foot-and-mouth disease within the livestock
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population, could result in major losses to the food industry
and produce fear among members of the general population.
Internationally, fire fighters have been called to assist in the de¬
struction of livestock, decontamination, and other response
capacities in agriculture-related incidents.

Cyberterrorism
Groups or terrorists could engage in cyberterrorism by elec¬
tronically attacking government or private computer systems.
In the past, many attempts have been made to disrupt the In¬
ternet or to attack government computer systems and other
critical networks. This type of terrorism seeks to disrupt many
day-to-day activities in society, as the use of computers is woven
into most things we do as part of contemporary life.

|Devices
Terrorists can turn the most ordinary objects into powerful
weapons. For example, we tend to think of gasoline tankers
and commercial airliners as valuable pans of our society, but in
the hands of determined terrorists these devices could become
deadly weapons. As mentioned earlier, designating an incident
as an act of terrorism reflects more the intent of the attacker
than the use of a certain device. For example, demolition com¬
panies use explosives to bring down unneeded structures quickly
and safely; terrorists could use the same explosives to bring
down an occupied building, deliberately killing many people.
Again, it is the intent that distinguishes between an accident
and a terrorist event.

Although bombings are the most frequent terrorist acts,
responders also must be aware of the threats posed by other
potential weapons. Shooting into a crowd at a shopping mall
or a train station with an automatic weapon could cause dev¬
astating carnage. The release of a biological agent into a sub¬
way system could make numerous people become ill and die,
simultaneously creating a public panic response that could
overload the local fire department, EMS, law enforcement, and
hospitals. A computer virus that attacks the banking industry
could cause tremendous economic losses. Given the breadth
of these threats, planning should consider the full range of
possibilities.

Explosives and Incendiary Devices
In 2006, the U.S, Bureau of Alcohol, Tobacco, Firearms and
Explosives (ATF) reported 3445 explosive incidents, resulting
in 135 injuries and 14 fatalities. Groups or individuals have
used explosives for many different purposes: to further a cause,
to intimidate a co-worker or former spouse, to take revenge, or
simply to experiment with a recipe found in a book or on the
Internet.

Each year, thousands of pounds of explosives are stolen from
construction sites, mines, and military facilities|
How much of this material makes its way to criminals and ter¬
rorists is not known.

Terrorists can also use commonly available materials, such
as ammonium nitrate fertilizer and fuel oil (ANFO), to ere-

Figure 6-6

len from their rightful owners.

ate their own blasting agents. An improvised explosive device
(TED) is any explosive device that is fabricated from readily
available materials. An IED could be contained in almost any
type of package from a letter bomb to a truckload of explo¬
sives. The Unabomber, for example, constructed at least 16
bombs that were delivered in small packages through the U.S.
Postal Service. By contrast, the bombings of the World Trade
Center tn 1993 and the Alfred E. Murrah Federal Building in
1995 both involved delivery vehicles loaded with ANFO and
detonated by a simple timer

Figure 6-8

Pipe Bombs
The most common IED is the pipe bomb. A pipe bomb is
simply a length of pipe filled with an explosive substance and
rigged with some type of detonator I
bombs are simple devices that contain black powder or smoke¬
less powder and are ignited by a hobby fuse. More-sophisticated
pipe bombs may contain a variety of chemicals and incor¬
porate electronic timers, mercury switches, vibration switches,
photocells, or remote control detonators as triggers.

was destroyed by a truck bomb in 1995.
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Pipe bombs are sometimes packed with nails or other ob¬
jects that act as shrapnel; their expulsion is intended to inflict
as much injury as possible on anyone in the vicinity. A chemi¬
cal or biological agent or radiological material could be added
to a pipe bomb to create a much more complicated and dan¬
gerous incident. Experts can only speculate at the number of
casualties that could result from the use of such a weapon.

Secondary Devices
Emergency responders must realize that terrorists may have
placed a secondary device in the area where an initial event
has occurred. These devices are intended to explode some time
after the initial device detonates. As discussed in Chapter 4,
secondary' devices are designed to kill or injure emergency re¬
sponders, law enforcement personnel, spectators, or news re¬
porters.Terrorists have used this tactic to attack the best-trained
and most experienced investigators and emergency respond¬
ers, or simply to increase the levels of fear and chaos follow¬
ing an attack. Remember the NFPA mnemonic (EVADE) when
considering the presence of a secondary' device.

Evaluate the scene for likely areas where secondary devices
may be placed.
Visually' scan operating areas for a secondary device before
providing patient care.
Avoid touching or moving anything that may conceal an
explosive device.
Designate and enforce scene control zones.
Evacuate victims, other responders, and non-essential per¬
sonnel, as quickly and safely as possible.
The use of secondary devices is a common tactic tn inci¬

dents abroad and has occurred at a few incidents in North
America. For example, in 1998, a bomb exploded outside a
Georgia abortion clinic. Approximately an hour later, a second
explosion at the same site injured seven people, including two
emergency responders. A similar secondary device was discov¬
ered approximately one month later at the scene of a bombing
in a nearby community, although responders were able to dis¬
able this device before it detonated.

Potentially Explosive Devices
Responders, fire department, and law enforcement units re¬
sponding to an incident that involves a potentially explosive
device—one that has not yet exploded—should remove all ci¬
vilians from the area and establish a perimeter at a safe dis¬
tance. At no time should any' emergency responder handle a
potential explosive device unless he or she has received special
training to do so. Trained explosive ordnance disposal (EOD)
personnel should assess the device and render it inoperative.

While waiting for the properly trained EOD personnel to
arrive, responders should establish a command post and a
staging area Because secondary devices may be
present, the staging area should be located at a safe distance
from the incident site. Follow your standard operating proce¬
dures to determine where the command post should be estab¬
lished. Nevertheless, responders must make informed decisions
as to appropriate locations for staging areas and evacuation ac¬
tions. In this type of incident, a joint command structure (com¬
monly referred to as a unified command) is usually established
to coordinate the activities of all agencies participating in the
response.

If the bomb disposal team decides to disarm the device, an
emergency action plan must be developed in case an accidental
detonation occurs. The incident commander (IC) should work
in concert with law enforcement and EOD personnel to deter¬
mine a safe perimeter where responders will be staged.

In some cases, a forward staging area may be established.
A rapid intervention team then stands by to provide immediate
assistance to the bomb disposal team if something goes wrong.
Other fire fighters and emergency medical personnel would
remain in a remote staging area in this scenario.

Actions Following an Explosion
As a first responder, your first priority should be to ensure your
own safety, followed by ensuring the safety of the scene. Dur¬
ing the initial stages of an incident, you will not know whether
the event was caused by an intentional act or resulted from ac¬
cidental circumstances. In any incident following an explosion,

IThe first responders to arrive at the scene of an explo¬
sion should establish a command post in a safe location and begin
the process of setting up a unified command with law enforcement.

Figure 6-9
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** Her 11 -year-old
son had learned
how to make
bombi on the
Internet.**

T"1veryone remembers where and what they were doing on September 11, 2001. As 1
JL<was watching TV, the second plane hit. 1 knew then that this was not an accident, but
a terrorist attack.

One week later to the day, I was on final approach to New York. A large hole could be
seen in lower Manhattan where the twin towers of the World Trade Center had once
stood. 1 went to New York because I needed to be there. I had a lot of friends in the New
York Fire Department (FDNY), most of whom had perished on September 11.

For the next eight years 1 would travel to Maspeth, New York, and spend one week each
year with Hazmat-1. 1 would bring back the training 1 learned to my department and
share it.

At Ground Zero, words cannot begin to explain what 1 saw. What 1 learned is that
terrorism is real, and we need to think outside of the box and realize that terrorism can
happen anywhere. The use of the Internet provides us with anything and everything—
and some Web sites provide step-by-step illustrated diagrams on how to make a weapon
or bomb. There is no such thing as a routine call when you consider these factors. 1 once
had a mother call me at the station and ask if 1 could come over and check out something
she had found in her son's room. She stated it was a couple of pipes, and it made a noise
when she shook it. Based on this information, 1 asked her to exit the house and called the
bomb team: Her 11-year-old son had learned how to make bombs on the Internet.

Agencies in small cities and towns need to accept that terrorism could happen to them.
They need to keep up on their skills and use extra caution. Routine calls are not routine
anymore.

Tom Zeigler
Missoula Rural Fire District
Missoula, Montana
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follow departmental procedures to ensure the safety of rescu¬
ers, victims, and bystanders. Consider the possibility that a
secondary device may be in the vicinity. Quickly survey the
area for any suspicious bags, packages, or other items.

It is also possible that chemical, biological, or radiological
agents may be involved in a terrorist bombing. For this reason,
qualified personnel with monitoring instruments should be
assigned to check the area for potential contaminants. The ini¬
tial size-up should also include an assessment of hazards and
dangerous situations. Likewise, the stability of any building in¬
volved in the explosion must be evaluated before anyone is
permitted to enter. Entering an unstable area without proper
training and equipment may complicate rescue and recovery
efforts.

Working with Other Agencies
Joint training with local, state, and federal agencies charged
with handling incidents involving explosive devices should oc¬
cur on a routine basis. Among these agencies are local and state
police; the FBI; the Bureau of Alcohol, Tobacco, Firearms and
Explosives; and military EOD units. In some jurisdictions, the
fire department is responsible for handling explosive devices.
In other communities, this function is performed by specially
trained law enforcement personnel.

|Agents
The greatest threat posed by terrorists is the use of weapons of
mass destruction (WMD). These weapons include chemical,
biological, and radiological agents, as well as conventional weap¬
ons and explosives. The annex information found in NFPA 472
provides additional, specific information about the various agents
that may be used in a terrorist attack. Keep in mind this impor¬
tant fact: An incident involving a WMD is intended to cause
widespread panic, death, and injury. In some cases, responders
run the risk of becoming victims as well. Take extra care and be
observant when responding to incidents where large numbers
of victims are found, or where an explosion or shooting has
occurred at a mass-gathering event such as a sporting event.
The following sections are intended to provide you with an
overview of some of the agents that might be used with crimi¬
nal intent.

Chemical Agents
Chemical agents have the potential to kill or injure large num¬
bers of people. Many chemical agents are readily available in
this country because they are produced in the United States
and used in a broad range of industrial and commercial pro¬
cesses. For instance, chlorine is used for many purposes, in¬
cluding purification of drinking water and swimming pools.
These chemicals are stored and transported in various-sized
containers, ranging from small pressurized cylinders to rail¬
road tank cars. These same chemicals, if released in a terrorist
event, could cause injury or death to many people. Mitigating
an accidental release of chlorine gas, however, requires the
same safety precautions as an intentional release of chlorine gas
by terrorists.

Chemical agents are not new; in fact, they have been used
as weapons for at least 100 years. Phosgene, chlorine, and mus¬
tard agents were used in World War I, resulting in thousands of
battlefield deaths and permanent injuries. Chemical weapons
were also used during the Iran-Iraq War (1980 to 1988). Dur¬
ing the same period, the Iraqi government used these types
of weapons against the minority Kurdish people in its own
country. Although international agreements prohibit the use of
chemical and biological agents on the battlefield, great concern
remains that terrorists could use chemical weapons.

In 1995, the religious cult Aum Shtnrikyo released a
chemical nerve agent, sarin, into the Tokyo subway system.
Although the attack resulted in 12 deaths and several thousand
injuries, many experts suggest that this attack was ineffective
because relatively few casualties occurred even though thou¬
sands of subway riders were potentially exposed to the chemi¬
cal agent. Even so, this attack achieved one of the major goals
of terrorism: It instilled fear in a large population.

The basic instructions for making chemical weapons can
be found quickly by accessing the Internet, books, and other
publications. Many of the chemicals are routinely used in le¬
gitimate industrial processes and are readily available. For ex¬
ample, as mentioned earlier, chlorine gas is used in swimming
pools, at water treatment facilities, and in industry|Figure 6-10 *

and water treatment facilities, it is classified as a pulmonary agent
that can be used in a terrorist attack.
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Like chlorine, cyanide has many legitimate uses, but it
kills quickly once it enters the body. Cyanide compounds such
as hydrogen cyanide (HCN) are used in the production of paper
and synthetic textiles as well as in photography and printing.

When cyanide enters the body, either by inhalation, inges¬
tion, absorption, or injection, it acts as a cellular asphyxiant.
Cyanide deactivates cytochrome oxidase, an enzyme that facili¬
tates the transfer of oxygen from the blood into the cells. When
this occurs, the body’s metabolism shifts from aerobic to anaer¬
obic, which causes the build-up of lactic acid and other toxic
by-products of the metabolic process.

Unfortunately, administering oxygen to a patient exposed
to cyanide does little good—the body simply cannot use the
oxygen in the cells. Death will result unless the cyanide is re¬
moved from the body. This removal is accomplished by admin¬ chemical agents.
istering a chemical antidote such as the Cyanide Antidote Kit
(CAK) or Cyanokit® These chemical antidotesFigure 6-11

J

Preincident planning at infrastructure, symbolic, and civilian
targets should take into account the possibility of a terrorist
attack.

Depending on the dose, exposure to cyanide compounds
(potassium cyanide, sodium cyanide, hydrogen cyanide)
may produce acute signs and symptoms including nausea,
vomiting, confusion, and rapid breathing. Exposures to high
levels of cyanide can quickly cause an altered level of con¬
sciousness, coma, and death. Medical treatments are avail¬
able, but they need to be used immediately for severely
exposed victims.

draw the cyanide compound off the cytochrome oxidase,
thereby allowing oxygen to enter the cells and restoring the
normal process of aerobic metabolism. Administering these
antidotes is considered to be an advanced life support skill,
such that these measures must be administered by a paramedic,
physician, or nurse.

Chemical weapons can be disseminated in several ways.
For example, simply releasing chlorine gas from a storage tank
in an unguarded rail yard could cause thousands of injuries
and deaths. To ensure broader distribution of the chemical agent,
however, a chemical agent might be added to an explosive de¬
vice. Crop-dusting aircraft, truck-mounted spraying units, and
hand-operated pump tanks could all potentially be used to dis¬
perse an agent over a wide area IFigure 6-12*

When pure, nerve agents are colorless and, in most cases,
take the form of mobile liquids. In an impure state, nerve
agents may appear as yellowish to brown liquids. Some
nerve agents have a faint fruity odor.
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Table 6-1 Common Nerve Agents

Nerve Agent
Method of
Contamination Characteristics

Tabun (GA) Skin contact
Inhalation

Disables the chemical
connections between
nerves and target organs

Soman (GD) Skin contact
Inhalation

Odor of camphor

Sarin (GB) Skin contact
Inhalation

Evaporates quickly

V-agent (VX) Skin contact Oily liquid that can
persist for weeks

In their normal states, nerve agents are liquids. They
must be dispersed in aerosol form if they are to be inhaled or ab¬
sorbed by the skin.

Figure 6-13

In their normal states, most nerve agents are liquids
Figure 6-13* As liquids, nerve agents are not likely to contami¬

nate large numbers of people because direct contact with the
agent is required. To be an effective weapon, the liquid must ei¬
ther be dispersed in aerosol form or be broken down into fine
droplets so that it can be inhaled or absorbed through the skin.

Pouring a liquid nerve agent onto the floor of a crowded
building would probably not immediately contaminate large
numbers of people; however, this act would produce fear and
panic. In such a scenario, the effectiveness of the agent would
depend on how long it remained in the liquid slate and how
widely it became dispersed throughout the building. Sarin,
the most volatile nerve agent, evaporates at the same rate as
water and is not considered persistent. The most stable nerve
agent, V-agent (VX). is considered persistent because it takes
several days or weeks to evaporate. Common nerve agents,
their method of contamination, and specific characteristics are
listed in

Pupil responses. A. Normal. B. Pinpoint.Figure 6-14

Table 6-1
When a person is exposed to a nerve agent, symptoms of

that exposure will become evident within minutes. The symp¬
toms may include pinpoint pupils, runny nose, drooling, dif¬
ficulty breathing, tearing, twitching, diarrhea, convulsions or
seizures, and loss of consciousness

sympathetic and parasympathetic nervous systems—each hav¬
ing its own unique set of signs and symptoms. It is beyond the
scope of this text to detail the signs and symptoms of a nerve
agent exposure. Advanced life support providers (paramedics,
for example) have more training and in-depth knowledge when

Figure 6-14 »
symptoms are seen in individuals who have been exposed to
pesticides.

Several mnemonics can help you remember the symptoms
of a nerve agent exposure. The mnemonic used most often in
the emergency response community is SLUDGE I Table 6-2

Table 6-2 Symptoms of Nerve Agent Exposure

S salivation (drooling)
L-lacrimation (tearing)
U-urination
D-defecation
G-gastric upset (upset stomach, vomiting)
E-emesis (vomiting)
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Figure 6-15 Items from a MarkiNerve Agent Antidote Kit.

S

Auto-injectors are intended for patients between the ages of
18 and 55 years of age.

J

atropine levels are reached approximately 5 minutes after ad¬
ministration; peak levels of 2-PAM are achieved in 15 to 20
minutes. For the emergency responder, this delay means that
you should not expect to administer this antidote to a person
exhibiting serious signs and symptoms of a nerve agent expo¬
sure and have the patient recover right away, or even at all.
Auto-injectors are not an immediate cure-all. In fact, they may
be ineffective if the victim has suffered a significant exposure to
a nerve agent or pesticide.

Each drug in the auto-injector has a specific target and
acts independently to reverse the effects of a nerve agent expo¬
sure. Atropine, for example, may reverse muscarinic effects
such as runny nose, salivation, sweating, bronchoconstriction,
bronchial secretions, nausea, vomiting, and diarrhea; essen¬
tially, atropine is intended to deal with the SLUDGE effects of a
nerve agent exposure. Atropine dosing is guided by the pa¬
tient’s clinical presentation and should be given until secretions
are dry or drying and ventilation becomes less labored.

2-PAM, by contrast, does not reverse muscarinic effects on
glands and smooth muscles. Instead, this medication’s main
goal is to decrease muscle twitching, improve muscle strength,
and allow the patient to breathe better, but it has little effect on
the muscarinic effects described earlier.

When it comes to treating victims of nerve agent expo¬
sure, emergency responders should understand that all nerve
agents “age” once they are absorbed by the body. Thus, after a
certain period of time (which varies depending on the agent),
the administration of the Mark 1 or DuoDote™ kit may be
largely ineffective. Soman, for example, has an aging time of
approximately 2 minutes. Sarin’s aging time is approximately 3
to 4 hours. The other nerve agents have longer aging times.
Follow local protocols before administering Mark 1 kits.

it comes to recognizing the signs and symptoms of a nerve
agent exposure. Additionally, many Internet and print resources
are available for further study on the subject.

In terms of medical treatment for a nerve agent exposure,
the most common treatment is the Mark 1 Nerve Agent Anti¬
dote Kit (NAAK) Figure 6-15* This nerve agent antidote kit
contains two medications—2 mg of atropine and 600 mg of
pralidoxime chloride (2-PAM)—in two separate auto-injectors.
An updated version of the Mark 1 is the DuoDote™. The
DuoDote™ contains 2.1 mg of atropine and 600 mg of 2-PAM
and is delivered as a single dose through one needle. These kits
have been provided to many fire departments’ hazardous
materials teams. In addition, many law enforcement agencies

Blistering Agents
Two chemical agents are generally classified as blistering
agents, so called because contact with these chemicals causes
the skin to blister.

Sulfur mustard (Fl) is a clear, yellow, or amber, oily
liquid with a faint sweet odor of mustard or garlic. It
vaporizes slowly at temperate climates and may be dis¬
persed in an aerosol form.
Lewisite (L) is an oily, colorless-to-dark-brown liquid
with an odor of geraniums.

Blistering agents (also known as vesicants) produce harm¬
ful and painful bums and blisters with even minimal exposure

and EMS units around the United States carry these antidotes
on their response vehicles.

The antidote medications can be quickly injected into a
person who has been contaminated by a nerve agent. Peak

to the skin Figure 6-16 » The major difference between sulfur
mustard and lewisite is that lewisite causes pain immediately
upon contact with the skin, whereas the signs and symptoms
from exposure to sulfur mustard may not appear for several
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hours. The patient will complain of burning at the site of the
exposure, the skin will redden, and blisters will appear. The
eyes may also itch, burn, and turn red. Both of these vesicants
can cause significant—and possibly fatal—respiratory damage.

Pulmonary Agents
Pulmonary agents (choking agents) cause severe damage to the
lungs and lead to asphyxia. Two chemicals that might be used
as pulmonary agents in terrorist attacks are phosgene and
chlorine. Both of these agents were used extensively as weap¬
ons in World War I, and both have several industrial uses.

Phosgene and chlorine are heavier than air, so they tend to
settle in low areas. Thus subways, basements, and sewers are
prime areas for these agents to accumulate.

Exposure to high concentrations of phosgene or chlorine
will immediately irritate the eyes, nose, and upper airway.
Within hours, the exposed individual will begin to develop
pulmonary edema (fluid in the lungs). Individuals who are ex¬
posed to lower concentrations may not exhibit any initial symp¬
toms but can still experience respiratory damage.

Although neither agent is absorbed through the skin, both
phosgene and chlorine can cause skin burns on contact. De¬
contamination should consist of removing exposed individuals
from the area and flushing the skin with water.

Bacteria
Single-cell microscopic organisms with a nucleus, cellular
guts, and cell wall.
May form a spore.
Examples: anthrax, plague, tularemia.
Virus
Submicroscopic agent; protein coated with DNA or RNA.
Require host to live and reproduce.
Examples: smallpox, viral hemorrhagic fever (VHF).

Blood Agents
Blood agents, such as cyanide, interfere with the utilization of
oxygen by the cells of the body. As mentioned earlier, cyanide
compounds are highly toxic poisons that can cause death
within minutes of exposure. The most commonly encountered
cyanide compounds are hydrogen cyanide and cyanogen chlo¬
ride, both of which have legitimate uses in industry.

Cyanide can be either inhaled or ingested. Historically, the
gaseous form was used as a means of carrying out the death
penalty (hence the “gas chamber”). Liquid cyanide mixed with
fruit punch was used in the mass suicide of 913 members of a
religious cult in Guyana in 1978.

The symptoms associated with cyanide exposure appear
quickly. A person who is exposed to the gas will begin gasping
for air and, if enough agent is inhaled, the skin may begin to
appear red. Seizures are also possible.

Indicators of Chemical Agents
As discussed in Chapter 3, indicators of possible criminal or
terrorist activity involving chemical agents may vary depend¬
ing on the complexity of the operation. Sometimes protective
equipment such as rubber gloves, chemical suits, and respira¬
tors may be evident. Chemical containers of various shapes
and sizes may also be present. Glass containers are very preva¬
lent. The chemicals themselves may provide unexplained odors
that are out of character for the surroundings, and residual
chemicals (liquid, powder, or gas form) may be found in the
area. Additionally, the presence of dead or dying vegetation
and dead animals in the immediate vicinity may indicate the
presence of chemical weapons. Chemistry books or other ref¬
erence materials may be seen, as well as materials that are used
to manufacture chemical weapons (such as scales, thermome¬
ters, or torches).

Protection from Chemical Agents
The most common dispersal method for chemical agents is
releasing the agent into the air. Agents released outdoors will
follow wind currents; agents released inside structures will be
dispersed through a buildings air circulation system. Some chem¬
ical agents have distinctive odors. Hence, if any unusual odor is
noted at an emergency scene, emergency responders must either
leave the area immediately or don PPE, including self-contained
breathing apparatus (SCBA) Figure 6-17

It is never sufficient to rely on odor to determine the pres¬
ence of a chemical agent. Instead, definitive detection and iden¬
tification of a chemical agent require the activation of a well-
trained hazardous materials team.

Biological Agents
Biological agents are organisms that cause disease and attack
the body. They include bacteria, viruses, and toxins. Some of
these organisms can live in the ground for years; others are
rendered harmless after being exposed to sunlight for only a
short period of time. The highest potential for infection is
through inhalation, although some biological agents can be ab¬
sorbed, injected through the skin, or ingested. The effects of a
biological agent depend on the specific organism or toxin, the
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dose, and the route of entry. Most experts believe that a biolog¬
ical weapon would probably be spread by a device similar to a
garden sprayer or crop-dusting plane.

Some of the diseases caused by biological agents, such as
smallpox and pneumonic plague, are contagious and can be
passed from person to person. Doctors are concerned about
the use of contagious diseases as weapons, because the re¬
sulting epidemic could overwhelm the healthcare system. Ex¬
perts have different opinions about how difficult it would be to
infect large numbers of people with one of these naturally oc¬
curring organisms. Because of their incubation period, people
would not begin to show signs of being infected until 2 to 17
days after exposure to these organisms.

Anthrax
Anthrax is an infectious disease caused by the bacterium Bacil¬
lus anthracis. These bacteria are typically found around farm
animals such as cows and sheep. For use as a weapon, the bac¬
teria must be cultured to develop anthrax spores. The spores,
in powdered form, can then be dispersed in a variety of ways

Approximately 8000 to 10,000 spores are typi¬
cally required to cause an anthrax infection. Spores infect¬
ing the skin cause cutaneous anthrax, ingested spores cause
gastrointestinal anthrax, and inhaled spores cause inhalational
anthrax.

The threat posed by anthrax-related terrorism is quite real.
In 2001, four letters containing anthrax were mailed to loca¬

tions in New York City; Boca Raton, Florida; and Washington,
D.C. Five people died after being exposed to the contents of
these letters, including two postal workers who were exposed
as the letters passed through postal sortingcenters. Several major
government buildings had to be shut down for months to be
decontaminated. These incidents followed shortly after the ter¬
rorist attacks of September 11, 2001, and they caused tremen¬
dous public concern. In the wake of these incidents, emergency
personnel had to respond to thousands of incidents involving
suspicious packages and citizens who believed that they might
have been exposed to anthrax.

Today, tests are available that hazardous materials teams
can perform in the field to determine whether the threat of
anthrax is legitimate. The gold standard to positively identify
anthrax, however, is not a field test. Anthrax must be cultured
in a lab, by qualified microbiologists, to be positively identi¬
fied. Your agency should have established procedures for han¬
dling suspicious powders and getting samples to a qualified
laboratory.

Anthrax has an incubation period of two to six days. The
disease can be successfully treated with a variety of antibiotics
if it is diagnosed early enough.

Plague
Plague is caused by Yersinia pestis, a bacterium that is com¬
monly found on rodents. These bacteria are most often trans¬
mitted to humans by fleas that feed on infected animals and
then bite humans.

Two main forms of plague are distinguished: bubonic
and pneumonic. Individuals who are bitten by fleas gener¬
ally develop bubonic plague, which attacks the lymph nodes
Figure 6-19 > Pneumonic plague can be contracted by inhaling

the bacterium.
Yersinia pestis can survive for weeks in water, moist soil, or

grains. These bacteria might also be cultured for distribution as
a weapon in aerosol form. Inhalation of the aerosol form would
put the target population at risk for pneumonic plague.

The incubation period for the plague ranges from 2 to
6 days. This disease can be treated with antibiotics.
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Smallpox is a highly contagious disease with a mortal¬
ity rate of approximately 30 percent. (Courtesy ofCenters for Disease
Control and Prevention.)

Figure 6-20

Smallpox
Smallpox is a highly infectious and often fatal disease caused
by Variola, a virus; it kills approximately 30 percent of all per¬
sons who become infected with this pathogen. Smallpox first
presents with small red spots or as a rash in the mouth. The
rash then progresses to the face and then to the arms and legs,
and farther outward to the hands and feet. Smallpox lesions are
unique in that all lesions appear to be in the same stage of de¬
velopment at the same time. In contrast, in chickenpox, the le¬
sions are in different stages of development across the body.
Additionally, smallpox lesions can be found on the palms of
the hands and the soles of the feel, whereas chickenpox lesions
are seldom found on the palms and/or soles of the feet.

Although smallpox was once routinely encountered
throughout the world, by 1980 it had been successfully eradi¬
cated as a public health threat through the use of an extremely
effective vaccine. Officially, two countries (the United States
and Russia) have maintained cultures of the disease for re¬
search purposes. It is possible, however, that international ter¬
rorist groups may have acquired the virus.

The smallpox virus could potentially be dispersed over
a wade area in an aerosol form. Infecting a small number of
people could lead to a rapid spread of the disease throughout
a targeted population, given smallpox’s highly contagious na¬
ture: The disease is easily spread by direct contact, droplet, and
airborne transmission. Patients are considered highly infec¬
tious and should be quarantined until the last scab has fallen
off Figure 6-20 > The incubation period for smallpox is be¬
tween 4 and 17 days (average =12 days).

Currently there are millions of people who have never
been vaccinated for the disease, and millions more have re¬
duced immunity because decades have passed since their last
immunization.

Indicators of Biological Agents
As discussed in Chapter 3, indicators of the presence of biologi¬
cal agents are somewhat similar to the indicators of chemical
agents. Production or containment equipment may be present,
including equipment such as Petri dishes, vented hoods, Bun¬

sen burners, pipeties, microscopes, and incubators. Microbiol¬
ogy or biology textbooks or reference manuals may be present
Containers used to transport biological agents ma}' be observed,
including metal cylindrical cans or plastic boxes or bags. Per¬
sonal protective equipment such as respirators, chemical or
biological suits, and latex gloves may be present. Excessive
amounts of antibiotics may be present as a means to protect
personnel working with the agents. Other potential signs of bi¬
ological agents may include abandoned spray devices and un¬
scheduled or unusual sprays being disseminated (especially
outdoors at night). Finally, personnel working in the area of
the lab may exhibit symptoms consistent with the biological
weapons with which they are working.

Protection from Biological Agents
It is unlikely that fire fighters or other emergency responders
would immediately recognize that a biological weapon had
been released in their communities, in large part because of
these agents’ incubation period—that is, the lag between the
actual infection and the appearance of symptoms. The signs
and symptoms of a biological agent attack would typically man¬
ifest over a period of days after the exposure. If left untreated,
many of these diseases will cause death in a large proportion of
those infected.

The Centers for Disease Control and Prevention (CDC)
and/or area hospitals would typically be the first to recognize
the situation, after identifying significant numbers of people
arriving at their facilities with similar symptoms. Multiple
medical calls with patients exhibiting similar symptoms could
provide a clue about the use of a biological weapon, especially
if the location is considered to be a potential target.

Fire fighters or emergency responders treating people who
may have been exposed to a biological agent should follow
the recommendations of their departments regarding uniycr-
sal precautions (protective measures for use in dealing with
objects, blood, body fluids, or other potential exposure risks
of communicable diseases). These measures include wear¬
ing gloves, masks with high-elficiency particulate air (HEPA)
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filtration, eye protection, and surgical gowns when treating
patients.

Emergency responders who exhibit flu-like symptoms after
a potential terrorist incident should seek medical care immedi¬
ately. It is important that responders report any possible expo¬
sure to department officials. Postincident actions may include
medical screening, testing, or vaccinations.

Radiological Agents
A third type of agent that may potentially be used by terrorists
is radiation. The most probable scenarios involve the use of a
variety of approaches to disperse radiological agents and con¬
taminate an area with radioactive materials. This threat is very
different from that posed by a nuclear detonation.

Radiation
Radioactive materials release energy in the form of electromag¬
netic waves or energy particles. The resulting radiation cannot
be detected by the normal senses of smell and taste. Several in¬
struments have been developed that can detect the presence of
radiation and measure dose rates. All responders should be¬
come familiar with the radiation detectors used by their de¬
partments. Do not enter any place that may contain radiation
unless you have been trained in measuring radiation, have a
working radiation detector, and are properly protected.

Three types of radiation exist: alpha particles, beta
particles, and gamma rays.

Alpha particles quickly lose their energy and, there¬
fore, can travel only 1 to 2 inches from their source.
Clothing or a sheet of paper can slop this type of en¬
ergy. If ingested or inhaled, alpha panicles can damage
a number of internal organs.
Beta particles are more powerful, capable of traveling
10 to 15 feet. Heavier materials such as metal, plastic,
and glass can stop this type of energy'. Beta radiation
can be harmful to both the skin and eyes, and ingestion
or inhalation will damage internal organs.
Gannna radiation can travel significant distances, pen¬
etrate most materials, and pass through the body. Gamma
radiation is the most destructive to the human body.
The only materials with sufficient mass to stop gamma
radiation are concrete, earth, and dense metals such
as lead.

ination could penetrate to the internal organs of the body.
For this reason, decontamination procedures are required to
remove the radioactive materials. Decontamination must be
complete and thorough because the situation could escalate
rapidly if this procedure is inadequate. Specifically, the con¬
tamination could quickly spread to ambulances, hospitals, and
other locations where contaminated individuals or items are
transported.

Radioactive materials both expose rescuers to radiation in¬
jury and continue to affect the exposed person. Anyone who
comes in contact with a contaminated person must be pro¬
tected by appropriate PPE and shielding, depending on the
particular contaminant. Rescuers and medical personnel must
all be decontaminated after handling a contaminated person
because the only way to know whether radiation is present on
individuals' bodies or clothing is to use radiation detectors.

A person can be exposed to radiation without coming into
direct contact with a radioactive material through inhalation,
skin absorption, or ingestion. A person can also be injured by
exposure to radiation, without being contaminated by the ra¬
dioactive material itself . Someone who has been exposed to ra¬
diation, but who has not been contaminated by radioactive
materials, requires no special handling.

There are three ways to limit exposure to radioactivity:
Keep the time of the exposure as short as possible.
Stay as far away (distance) from the source of the radi¬
ation as possible.
Use shielding to limit the amount of radiation ab¬
sorbed by the body.

In addition, do not enter any area that might contain radia¬
tion until trained personnel have assessed the radiation level
using approved detection devices. If radioactive contamination
is suspected, everyone who enters the area should be equipped
with a personal dosimeter to measure the amount of radioac-

Figure 6-21 ~
Rescue attempts should be made only by properly trained

and equipped personnel, each of whom must carry an ap¬
proved radiation monitor to measure the amount of radiation
present. Chapter 2 provides a more thorough review of radia¬
tion and its potential health effects and Chapter 14 provides an
overview of radiation detection devices.

Effects of Radiation
Symptoms of low-level radioactive exposure might include
nausea and vomiting. Exposure to high levels of radiation can
also cause vomiting and digestive system damage within a
short time. Other symptoms of high-level radiation exposure
include bone marrow destruction, nerve system damage, and
radioactive skin burns. An extreme exposure may cause death
rapidly; more typically, it takes time before the signs and symp¬
toms of radiation poisoning become obvious. As the effects
progress over the years, a prolonged spiral into death caused
by leukemia or carcinoma may occur.

A contaminated person will have radioactive materials on
the exposed skin and clothing. In severe cases, the contam-
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Indicators of Radiological Agents
Indicators of radiological agents typically include production
or containment equipment, such as lead or stainless steel con¬
tainers (with nuclear or radiological labels), and equipment
that may be used to detonate the radioactive source, such as
containers (e.g., pipes), caps, fuses, gunpowder, timers, wire,
and detonators. Personal protective equipment present may
include radiological protective suits and respirators. Radiation
monitoring equipment such as Geiger counters or radiation
pagers may be evident as well. Personnel working around the
radiological agents may exhibit exposure symptoms such as
burns or experience difficulty breathing.

The Dirty Bomb
In recent years, the radiation dispersal device (RDD) or
'dirty bomb” has emerged as a source of serious concern in
terms of terrorism. An RDD has been described as “any device
that causes the purposeful dissemination of radioactive material
across an area without a nuclear detonation.” Packing radio¬
active material around a conventional explosive device could
contaminate a wide area, with the size of the affected area ulti¬
mately depending on the amount of radioactive material and
the power of the explosive deGee.

To limit this threat, radioactive materials, even in small
amounts, are kept secure and protected. Such materials are
widely used in industry and health care however, particularly
in conjunction with X-ray machines. A terrorist could poten¬
tially construct a dirty bomb with just a small quantity of sto¬
len radioactive material.

Security experts are also concerned that a large explosive
device, such as a truck bomb, might potentially be detonated
near a nuclear power plant. Such an explosion could damage
the reactor containment vessel and release radioactive material
into the atmosphere.

|Operations
Responding to a terrorist incident inevitably puts emergency
personnel at risk. Although responders must ensure their own
safety at every incident, a terrorist incident may carry an extra
dimension of risk. Because the terrorists objective is to cause as
much harm as possible, emergency responders are just as likely
to be targets as are ordinary civilians.

In most cases, the first emergency units will not be dis¬
patched for a known WMD or terrorist incident. Rather, the
initial dispatch report might cite an explosion, a possible haz¬
ardous materials incident, a single person with difficulty breath¬
ing, or multiple Gctims with similar symptoms. Emergency
responders will usually not know that a terrorist incident has
occurred until personnel on the scene begin to piece together
information gained from their own observations and from in¬
terviews with witnesses.

If appropriate precautions are not taken, the initial re¬
sponders may find themselves in the middle of a dangerous
situation before they realize what has happened. For this rea¬
son, initial responders should take note of any factors that
suggest the possibility of a terrorist incident and immediately

implement appropriate procedures. The possibility of a terror¬
ist incident should be considered when responding to any lo¬
cation that has been identified as a potential terrorist target. It
could be difficult to determine the true nature of the situation
until a scene size-up is conducted.

Initial Actions
Responders should approach a known or potential terrorist inci¬
dent just as they would a hazardous materials incident. If possible,
apparatus and personnel should approach the scene from a posi¬
tion that is uphill and upwind. Emergency responders should
don PPE, including SCBA. Later-arriving units should be staged
an appropriate distance away from the incident.

The first units to arrive should establish an outer perime¬
ter to control access to and from the scene. They should deny
access to all persons except emergency responders, and they
should prevent potentially contaminated individuals from leav¬
ing the area before they have been decontaminated. The perim¬
eter must completely surround the affected area, with the goal
being to keep people who were not initially involved from be¬
coming additional victims. This operation sounds quite orderly
while you are reading this book, but rest assured that a real-
world scene will be chaotic; there will be widespread panic and
you will probably be overwhelmed. It will take some time and
many more responders before you get a handle on the scene.
Expect this kind of tumultuous environment if the incident is
significant.

Incident command should be established in a safe loca¬
tion, which could be as far as 3000 feet away from the actual
incident scene. The incident command post must be set up
outside the area of possible contamination and beyond the dis¬
tance where a secondary deGee may be planted. The initial
task should be to determine the nature of the situation, the
types of hazards that could be encountered, and the magnitude
of the problems that must be faced.

An initial reconnaissance (recon team) team should be
sent out to quickly examine the involved area and to determine
how many people are involved. Proper use of PPE. including
SCBA. is essential for the recon team, and the initial survey
must be conducted very cautiously, albeit as rapidly as possible.
The possibility that chemical, biological, or radiological agents
are involved cannot be ruled out until qualified personnel with
appropriate instruments and detection devices have surveyed
the area. Responders should begin their reconnaissance mis¬
sion from a safe distance, working inward toward the scene,
while taking care not to touch any liquids or solids or to walk
through pools of liquid. Emergency responders who become
contaminated must not leave the area until they have been
decontaminated.

A process of elimination may be required to determine the
nature of the situation. Occupants and witnesses should be
asked if they observed any unusual packages or detected any
strange odors, mists, or sprays. The presence of a large number
of casualties, who have no outward signs of trauma, could
indicate a possible chemical agent exposure. In such a case.
Gctims’ symptoms might include trouble breathing, skin irrita¬
tions, or seizures.
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A visible vapor cloud would be another strong indicator of
a chemical release. Such a release could have occurred as the
result of either an accident or a terrorist attack. The presence of
dead or dying animals, insects, or plant life might also point to
a chemical agent release as the culprit.

When approaching the scene of an explosion, responders
should consider the possibility of a terrorist bombing inci¬
dent and remain vigilant for secondary explosive devices.
They should note any suspicious packages and notify the IC
immediately. Responders who have not been specially trained
should never approach a suspicious object. Instead, EOD
personnel should examine any suspicious articles and dis¬
able them.

The guidelines presented in this section are general rec¬
ommendations, of course. You must also rely on your agen¬
cy’s standard operating procedures, your training, and your
experience to take the appropriate actions. A terrorist event
may never happen in your jurisdiction—but if it does, it
will require every bit of skill you have to operate safely and
effectively

Interagency Coordination
If a terrorist incident is suspected, the IC, if he or she is not al¬
ready a member of a law enforcement agency, should consult
immediately with local law enforcement officials. If there are
casualties, or if a mass-casualty situation is evident, the IC
should notify area hospitals and activate the mass-casualty
emergency medical plan (if one exists). Typically, local hospi¬
tals will begin to conduct an open-bed count and communi¬
cate with other hospitals about the availability of specialized
medical services. Technical rescue teams should be requested
to evaluate structural damage and initiate rescue operations.

State emergency management officials should be notified
as soon as possible. This will help ensure a quick response by
both state and federal resources to a major incident. Regional
emergency operation centers (REOCs) and state-level emer¬
gency operation centers (EOCs) may be established, depend¬
ingon theseverity of the incident. Large-scale search-and-rescue
incidents could require the response of Urban Search and Res¬
cue (USAR) task forces activated through the Federal Emer¬
gency Management Agency (FEMA). Medical response teams,
such as Disaster Medical Assistance Teams (DMAT), may be
needed for incidents involving large numbers of people.

An EOC can help to coordinate the actions of all involved
agencies in a large-scale incident, particularly if terrorism is in¬
volved. The EOC is usually set up in a predetermined remote
location and is staffed by experienced command and staff per¬
sonnel Figure 6-22 > The IC, who remains at the scene of the
incident, should provide detailed situation reports to the EOC
and request additional resources as needed.

Responders must remember that a terrorist incident is also
a crime scene. To avoid destroying important evidence that
could lead to a conviction of those responsible for perpetrating
the attack, responders should not disturb the scene any more
than is necessary. Where possible, law enforcement personnel
should be consulted prior to overhaul and before the removal

scale incidents.

of any material from the scene. Responders should also realize
that one or more terrorists could be among the injured. Be alert
for threatening behavior, and make note of anyone who seems
determined to leave the scene. Chapter 10, Mission-Specific
Competencies: Evidence Preservation and Sampling, provides
more information on this topic.

Decontamination
Everyone who is exposed to chemical, biological, or radiologi¬
cal agents must be decontaminated to remove or neutralize any
chemicals or substances on their bodies or clothing. Decon¬
tamination should occur as soon as possible to prevent further
absorption of a contaminant and to reduce the possibility of
spreading the contamination. Likewise, equipment must be
decontaminated before it leaves the scene. Chapter 8, Mission-
Specific Competencies: Technical Decontamination and Chap¬
ter 9, Mission-Specific Competencies: Mass Decontamination,
explains decontamination procedures in detail.

The perimeter established for the incident response must
fully surround the area of known or suspected contamination.
Every effort must be made to avoid contaminating any addi¬
tional areas, particularly hospitals and medical facilities. Quali¬
fied personnel must monitor the perimeter with instruments or
detection devices to ensure that contaminants are not spread.

Standard decontamination procedures usually involve
processing of individuals through a series of stations. At each
station, clothing and protective equipment are removed and
the individual is cleaned. Although some contaminants require
only soap and water for their removal, elimination of chemical
and biological agents may require the use of special neutraliz¬
ing solutions. Because of the chemical reaction that takes place
during neutralization, this may not be the preferred method of
decontamination.

A terrorist incident that results in a large number of casu¬
alties may require a somewhat different decontamination pro¬
cess. Special procedures for mass decontamination have been
devised for incidents involving large numbers of people. These



Chapter 6 Terrorism

placed in triage and treatment areas.

procedures use master stream devices from engine companies
and aerial apparatus to create high-volume, low-pressure
showers. This approach allows large numbers of people to be
decontaminated rapidly Figure 6-

IMass Casualties
A terrorist or WMD incident may result in a large number
of casualties—hundreds or thousands of injuries in some sce¬
narios. Special mass-casualty plans are essential to manage this
type of situation, which would quickly overwhelm the nor¬
mal capabilities of most emergency response systems. Mass-
casualty plans typically require resources from multiple agencies
to handle large numbers of patients efficiently. A terrorist in¬
cident, however, might potentially involve several additional
complications and considerations, including the possibility of
contamination by chemical, biological, or radiological agents.
The mass-casualty plan must be expanded to address these
problems.

If contamination is suspected, the plan must ensure that it
does not spread beyond a defined perimeter. In some cases,
patients may need to be decontaminated as they are moved to
the triage and treatment areas so as to keep these areas free
of contaminants Figure 6-24 > In other cases, the triage and
treatment areas may be considered contaminated zones. In this
scenario, patients would be decontaminated before they are
transported from the scene.

During the early stages of an incident, it may be difficult to
determine which agent was used and, therefore, which treat¬
ment and decontamination procedures are appropriate. In such
a case, it may be necessary to quarantine exposed individuals
within the area that is assumed to be contaminated until fur¬
ther analysis is done. Field categorization of the substance may
involve performing a series of chemical tests on a sample of the
agent.

Do not withhold decontamination when life safety is para¬
mount: Default to a water or soap-and-water decontamination
so that medical treatment can be rendered promptly. The spe¬

cific actions to be taken will always be dictated by your size-up
of the situation and the most prudent course of action based on
the nature of the contaminant and the circumstances under
which it was released.

Additional Resources
As previously mentioned, terrorist incidents will likely result in
a massive response by local, state, and federal government
agencies. The FBI is the lead agency for crisis management,
and FEMA is the lead agency for consequence management
during a terrorist incident. Nevertheless, these roles are not
cut-and-dried; in fact, there is a gray area where they may in¬
tersect.

Several federal agencies have specific responsibilities re¬
lated to terrorist incidents, including the Department of Home¬
land Security. The Homeland Security Advisory System
provides guidance on protective measures when specific infor¬
mation to a particular sector or geographic region is received.
It combines threat information with vulnerability assessments
and communicates that information to public safety officials
and the public.

Homeland Security Threat Advisories contain action¬
able information about an incident involving, or a threat tar¬
geting, critical national networks or infrastructures or key
assets. They could, for example, relay newly developed proce¬
dures that, when implemented, would significantly improve
security or protection. These communications could also sug¬
gest a change in readiness posture, protective actions, or re¬
sponse. This category of guidelines includes messages formerly
named alerts, advisories, and sector notifications. Advisories
are targeted to federal, state, and local governments; private¬
sector organizations; and international partners.

Homeland Security Information Bulletins communicate
information of interest to U.S. critical infrastructures that does
not meet the timeliness, specificity, or significance thresholds
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of warning messages. Such information may include statistical
reports, periodic summaries, incident response or reporting
guidelines, common vulnerabilities and patches, and configu¬
ration standards or tools. It also may include preliminary re¬
quests for information. Bulletins are targeted to federal, state,
and local governments; private-sector organizations; and inter¬
national partners.

The Department of Homeland Security’s color-coded
threat-level system is used to communicate with public offi¬
cials and the public so that protective measures can be im¬
plemented to reduce the likelihood or impact of an attack

Raising the threat condition (i.e., changing the
color code) has economic, physical, and psychological effects
on the United States, so the Homeland Security Advisory Sys¬
tem may place specific geographic regions or industry' sectors
on a higher alert status than other regions or industries, based
on specific threat information.
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Hot Terms

Chief Concepts
Terrorism is the unlawful use of violence or threats ol vio¬
lence to intimidate or coerce a government, the civilian
population, or any segment thereof, to further political or
social objectives. This broad definition encompasses a
wide range of acts committed by different groups for dif¬
ferent purposes.
The goal of terrorism is to produce feelings of fear in a
population or a group.
Terrorism can occur in any community, so it is essential
that responders be aware of all potential targets in their
area.
Terrorists can turn ordinary objects into weapons.
Secondary devices are intended to explode some time
after the initial device detonates.
Weapons of mass destruction include chemical, biologi¬
cal, and radiological agents, as well as conventional weap¬
ons and explosives.
As part of the response to a potential terrorism incident,
it is important to be able to identify which type of agent
is involved.
When dealing with a potential terrorist-related incident,
responders should establish a staging area at a safe dis¬
tance from the scene and follow the direction of the inci¬
dent commander.
Interagency coordination is an important part of respond¬
ing to a terrorist event.

Agroterrorism The intentional act of using chemical or
biological agents against the agricultural industry or
food supply.

Alpha particles A type of radiation that quickly loses en¬
ergy and can travel only 1 to 2 inches from its source.
Clothing or a sheet of paper can stop this type of
energy. Alpha particles are not dangerous to plants,
animals, or people unless the alpha-emitting substance
has entered the body.

Ammonium nitrate fertiliser and fuel oil (ANTO) An
explosive made of commonly available materials.

Anthrax An infectious disease spread by the bacterium
Bacillus anthracis; typically found around farms, infect¬
ing livestock.

Beta particles A type of radiation that is capable of travel¬
ing 10 to 15 feel from its source. Heavier materials,

such as metal, plastic, and glass, can stop this type of
energy.

Biological agents Disease-causing bacteria, viruses, and
other agents that attack the human body.

Blistering agents A chemical that causes the skin to
blister. Also known as a vesicant.

Blood agent Chemicals that interfere with the utilization of
oxygen by the cells of the body. Cyanide is an example
of a blood agent.

Chlorine A yellowish gas that is approximately 2.5 times
heavier than air and slightly water soluble. Chlorine
has many industrial uses. It damages the lungs when
inhaled; it is a choking agent.

Choking agent A chemical designed to inhibit breathing,
and typically intended to incapacitate rather than kill
its victims.

Color-coded threat-level system The Department of
Homeland Security’s system for communicating with
public officials and the public so that protective mea¬
sures can be implemented to reduce the likelihood or
impact of a terrorist attack.

Cyanide A highly toxic chemical agent that prevents cells
from using oxygen.

Cyberterrorism The intentional act of electronically attack¬
ing government or private computer systems.

Ecoterrorism Terrorism directed against causes that radical
environmentalists think would damage the earth or its
creatures.

Explosive ordnance disposal (EOD) personnel Per¬
sonnel trained to detect, identify, evaluate, render
safe, recover, and dispose of unexploded explosive
devices.

Forward staging area A strategically placed area, close to
the incident site, where personnel and equipment can
be held in readiness for rapid response to an emer¬
gency event.

Gamma radiation A type of radiation that can travel sig¬
nificant distances, penetrating most materials and
passing through the body. Gamma rays are the most
destructive type of radiation to the human body.

Homeland Security Information Bulletins Federally
issued guidelines that communicate information of
interest to U.S. critical infrastructures that does not
meet the timeliness, specificity, or significance thresh¬
olds of warning messages.

Homeland Security fhreal Advisories Federally issued
guidelines that contain actionable information about
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an incident involving, or a threat targeting, critical
national networks or infrastructures or key assets.

Improvised explosive device (II P) An explosive or in¬
cendiary device that is fabricated in an improvised
manner.

Incubation period The time period between the initial
infection by an organism and the development of
symptoms by a victim.

Lewisite A blister-forming agent that is an oily, colorless-
to-dark brown liquid with an odor of geraniums.

Mark 1 Nerve Agent Antidote Kit (NAAK) A military-
developed kit containing antidotes that can be admin¬
istered to victims of a nerve agent attack.

Mass decontamination The physical process of reducing
or removing surface contaminants from large numbers
of victims in potentially life-threatening situations in
the fastest time possible.

Muscarinic effects Effects such as runny nose, salivation,
sweating, bronchoconstriction, bronchial secretions,
nausea, vomiting, and diarrhea.

Nerve agent A toxic substance that attacks the central
nervous system in humans.

Personal dosimeter A device that measures the amount of
radioactive exposure incurred by an individual.

Phosgene A chemical agent that causes severe pulmonary
damage.

Pipe bomb A device created by filling a section of pipe
with an explosive material.

Plague An infectious disease caused by the bacterium
Yersinia pestis, which is commonly found on rodents.

Pulmonary agent Chemicals that cause severe damage to
the lungs and lead to asphyxia. Chlorine and phosgene
are examples. Pulmonary' agents may also be referred
to as choking agents.

Rad iation dispersal device (RDD) Any device that causes
the purposeful dissemination of radioactive material
without a nuclear detonation; a dirty bomb.

Radiological agents Materials that emit radioactivity (the
spontaneous decay or disintegration of an unstable
atomic nucleus accompanied by the emission of
radiation).

Sarin A liquid nerve agent that is primarily a vapor hazard.
Secondary device An explosive or incendiary device de¬

signed to harm emergency responders who have re¬
sponded to an initial event.

Smallpox A highly infectious disease caused by the Variola
virus.

Soman A nerve gas that is both a contact and a vapor haz¬
ard; it has the odor of camphor.

Sulfur mustard A clear, yellow, or amber oily liquid with
a faint sweet odor of mustard or garlic that may be
dispersed in an aerosol form. It causes blistering of
exposed skin.

Tabun A nerve agent that disables the chemical connec¬
tions between nerves and targets organs.

Terrorism As defined by the Code of Federal Regulations,
the unlawful use of force and violence against persons
or property to intimidate or coerce a government, the
civilian population, or any segment thereof, in further¬
ance of political or social objectives.

Triage The process of sorting victims based on the severity
of their injuries and medical needs to establish treat¬
ment and transportation priorities.

Universal precautions Procedures for infection control
that treat blood and certain bodily fluids as capable of
transmitting bloodborne diseases.

V-agent (VX) A nerve agent, principally a contact hazard;
an oily liquid that can persist for several weeks.

Weapons of mass destruction ( WMD) Weapons whose
use is intended to cause mass casualties, damage, and
chaos. The NFPA includes the use of WMD in its defi¬
nition of hazardous materials.



Responder in Action

You are on duty when the threat level for possible terrorist activity is raised to
“Orange.” The paramedic supervisor reviews the department’s standard operating
procedures for potential terrorist incidents with your ambulance crew and tells you to
double-check all of the medical supplies and hazardous materials equipment that are
carried on your apparatus.

During the afternoon rush hour, an engine company from the local volunteer fire
company and your ambulance respond to a report of an unconscious person at a bus
station. En route, the dispatcher advises you that there are now several patients feel¬
ing ill at this location.

1. Which of the following factors would cause you to
suspect that this is a terrorist incident?
A. ‘Orange" terrorist threat level
8. Bus station during rush hour
C. Multiple patients with similar symptoms
D. All of the above

2. The bus station is a confusing scene, with many pas¬
sengers entering and exiting the structure. You see
several individuals sitting on the sidewalk close to the
entrance. They look disoriented and confused. What is
your first priority?
A. Without chemical-protective gear, enter the bus

station to search for additional victims.
B. Immediately transport all patients to the closest

hospital.
C. Establish a perimeter around the scene and prevent

anyone from entering the bus station.
D. Set up a fan to blow fresh air into the bus entrance.

3. A witness tells you that several individuals came out of
the bus station complaining of burning eyes, a choking
sensation, nausea, and dizziness. The witness does not
have any information about the situation inside the
station. Which actions should be taken now?
A. Establish an incident command post and request

additional units.
B. Advise the bus authority to prevent the discharge of

any additional passengers at this station.
C. Move patients away from the bus entrance and es¬

tablish a treatment area.
0. All of the above

4. As hazardous materials teams arrive, one of the first
assignments is to enter the bus station to rescue any¬
one who is still inside and determine if there are any
additional patients. The crew that is assigned to enter
the station should wear
A. latex gloves and face masks.
B. firefighting PPE and SCBA.
C. Level B hazardous materials ensembles
D. Level A hazardous materials ensembles,

5. Two additional patients who are coughing and have
extremely red, water}' eyes exit from the station. These
individuals report that they observed a canister on the
floor of the station. A fine, white, powdered residue
surrounded the canister. The incident commander
should issue the following order:
A. Order an engine company to begin decontaminating

the patients.
B. Order ambulances to transport all of the patients to

a nearby hospital immediately.
C. Send the crew back into the station to retrieve the

canister and bring it outside for close examination.
0. Assign a hazardous materials team to attempt to

identify the substance.









|NFPA 472 Standard
Competencies for Operations Level Responders Assigned
Mission-Specific Responsibilities

6.1 General.
6.1.1 Introduction.

OKU This chapter shall address competencies for the fol¬
lowing operations level responders assigned mission¬
specific responsibilities at hazardous materials/WMD
incidents by the authority having jurisdiction beyond the
core competencies at the operations level (Chapter 5):
(1) Operations level responders assigned to use personal

protective equipment [p. 159-179]
(2) Operations level responders assigned to perform mass

decontamination
(3) Operations level responders assigned to perform techni¬

cal decontamination
(4) Operations level responders assigned to perform evi¬

dence preservation and sampling
(5) Operations level responders assigned to perform prod¬

uct control
(6) Operations level responders assigned to perform air

monitoring and sampling
(7) Operations level responders assigned to perform victim

rescue/recovery
(8) Operations level responders assigned to respond to

illicit laboratory incidents
OKES The operations level responder who is assigned

mission-specific responsibilities at hazardous materials/
WMD incidents shall be trained to meet ail competencies at
the awareness level (Chapter 4), all core competencies
at the operations level (Chapter 5), and all competencies
for the assigned responsibilities in the applicable section(s)
in this chapter, [p. 159-179]

tWi The operations level responder who is assigned mission
specific responsibilities at hazardous materials/WMD inci¬
dents shall receive additional training to meet applicable
governmental occupational health and safety regulations.
[p.l59~1791

tnIlie The operations level responder who is assigned
mission-specific responsibilities at hazardous materials/
WMD incidents shall operate under the guidance of a haz¬
ardous materials technician, an allied professional, an emer¬
gency response plan, or standard operating procedures,
[p.159-V9]

6.1.1.5 The development of assigned mission-specific knowl¬
edge and skills shall be based on the tools, equipment, and
procedures provided by the AH] for the mission-specific
responsibilities assigned, [p. 159-179]

6.1.2 Goal. The goal of the competencies in this chapter
shall be to provide the operations level responder assigned
mission-specific responsibilities at hazardous materials/
WMD incidents by the AH] with the knowledge and skills to
perform the assigned mission-specific responsibilities safely
and effectively, jp. 159-179]

Operations level responders assigned mission-specific

Mission-Specific Competencies: Personal Protective

Goal. The goal of the competencies in this section

General.
Introduction.

fculkM Mandating of Competencies. This standard shall not
mandate that the response organizations perform mission¬
specific responsibilities, [p. 159-179]

6.1.3.1
responsibilities at hazardous materials/WMD incidents,
operating within the scope of their training in this chapter,
shall be able to perform their assigned mission-specific
responsibilities, [p. 159-179]

OEES if a response organization desires to train some or
all of its operations level responders to perform mission¬
specific responsibilities at hazardous materials/WMD inci¬
dents, the minimum required competencies shall be as set
out in this chapter, [p. 159-179]

6.2
Equipment.

6.2.1
eTTT

t^ARRfr The operations level responder assigned to use per¬
sonal protective equipment shall be that person, competent
at the operations level, who is assigned to use of personal
protective equipment at hazardous materials/WMD inci¬
dents. [p. 159-179]

I^RRM The operations level responder assigned to use per¬
sonal protective equipment at hazardous materials/WMD
incidents shall be trained to meet all competencies at the
awareness level (Chapter 4), all core competencies at the
operations level (Chapter 5), and all competencies in this
section, [p. 159-179]

l*ARM The operations level responder assigned to use per¬
sonal protective equipment at hazardous materials/WMD
incidents shall operate under the guidance of a hazardous
materials technician, an allied professional, or standard
operating procedures, [p. 159-179]

I^ARlti The operations level responder assigned to use per¬
sonal protective equipment shall receive additional training
necessary to meet specific needs of the jurisdiction,
[p.159-179]

6.2.1.2
shall be to provide the operations level responder assigned
to use personal protective equipment with the knowledge
and skills to perform the following tasks safely and
effectively:
(1)

(2)

Plan a response within the capabilities of personal
protective equipment provided by the AHJ in order to
perform mission specific tasks assigned.
[p. 159-179]
Implement the planned response consistent with the
standard operating procedures and site safety and
control plan by donning, working in, and doffing per¬
sonal protective equipment provided by the AHJ.
[p. 159-179]

(3) Terminate the incident by completing the reports and
documentation pertaining to personal protective equip¬
ment. [p. 179]



KEEB Competencies— Planning the Response.
Selecting Personal Protective Equipment. Given

(i)

(2)

(3)

(c)

W)

|Skills Objectives
(e)

(f)

Competencies — Implementing the Planned
Response.

Using Protective Clothing and Respiratory Protection.
Given the personal protective equipment provided by the

6.2.3.1

6.2.4

6.2.4.1

Competencies— Terminating the Incident.
Reporting and Documenting the Incident. Given a

6.2.5

scenarios involving hazardous materials/WMD incidents
with known and unknown hazardous materials/WMD, the
operations level responder assigned to use personal pro¬
tective equipment shall select the personal protective
equipment required to support mission-specific tasks at
hazardous materials/WMD incidents based on local proce¬
dures and shall meet the following requirements:

Describe the types of protective clothing and equipment
that are available for response based on NFPA stan¬
dards and how these items relate to the EPA levels of
protection, [p. 161-174]
Describe personal protective equipment options for the
following hazards:
(a) Thermal [p. 161-162, 165-167]
(b) Radiological [p. 161-162, 164]
(c) Asphyxiating [p. 162, 164-167]
(d) Chemical [p. 162-174]
(e) Etiological/biological [p. 162, 164-165]
(f) Mechanical [p. 161-162, 167]
Select personal protective equipment for mission¬
specific tasks at hazardous materials/WMD incidents
based on local procedures.
(a) Describe the following terms and explain their im¬

pact and significance on the selection of chemical-
protective clothing:
i. Degradation [p. 163]
ii. Penetration [p. 162-163]
iii. Permeation [p. 163]

(b) Identify at least three indications of material degra-
dation of chemicat-protective clothing, [p. 163]
Identify the different designs of vapor-protective
and splash-protective clothing and describe the
advantages and disadvantages of each type,
[p. 163-164]
Identify the relative advantages and disadvantages
of the following heat exchange units used for the
cooling of personnel operating in personal protec¬
tive equipment:
1. Air cooled [p. 178]
ii. Ice cooled [p. 178]
iii. Water cooled (p. 179]
iv. Phase change cooling technology [p. 179]
Identify the physiological and psychological
stresses that can affect users of personal protective
equipment, [p. 175-178]
Describe local procedures for going through the
technical decontamination process, [p. 159]

AHJ, the operations level responder assigned to use per¬
sonal protective equipment shall demonstrate the ability to
don, work in, and doff the equipment provided to support
mission-specific tasks and shall meet the following
requirements:
(1) Describe at least three safety procedures for personnel

wearing protective clothing, [p. 174-178]
(2) Describe at least three emergency procedures for per¬

sonnel wearing protective clothing, [p. 162-163]
(3) Demonstrate the ability to don, work in, and doff per¬

sonal protective equipment provided by the AHJ.
[p. 165-174]

(4) Demonstrate local procedures for responders undergo¬
ing the technical decontamination process, [p. 159]

(5) Describe the maintenance, testing, inspection, storage,
and documentation procedures for personal protective
equipment provided by the AHJ according to the manufac¬
turer’s specifications and recommendations, [p. 159-179]

scenario involving a hazardous materials/WMD incident, the
operations level responder assigned to use personal protec¬
tive equipment shall identify and complete the reporting and
documentation requirements consistent with the emergency
response plan or standard operating procedures regarding
personal protective equipment, [p. 179]

|Knowledge Objectives
After studying this chapter, you will be able to:

Describe personal protective equipment (PPE) used for
hazardous materials incidents.
Describe the capabilities of the PPE provided by the au¬
thority having jurisdiction (AHJ) so as to perform any
mission-specific tasks assigned.
Describe how to don, work in, and doff the PPE provided
by the AHJ.

• Describe performance requirements of PPE.
• Describe ways to ensure that personnel do not go beyond

their level of training and equipment.
• Describe cooling technologies.
• Terminate the incident by completing the reports and

documentation pertaining to PPE.

After studying this chapter, you will be able to:
• Demonstrate the ability to properly don and doff a Level A

ensemble.
• Demonstrate the ability to properly don and doff a Level B

nonencapsulating chemical-protective clothing ensemble.
• Demonstrate the ability to properly don and doff a Level C

chemical-protective clothing ensemble.
• Demonstrate the ability to properly don and doff a Level D

chemical-protective clothing ensemble.



You Are the Responder
7

our engine company arrives on the scene of a vehicle accident
involving a small passenger vehicle and a tanker truck carrying 20

tons of anhydrous ammonia. The tanker rolled over on its side as a
result of the accident and slid down the highway for approximately
100 feet. There are no injuries to the three victims in the passenger
vehicle, but the driver of the tanker truck is pinned inside the cab.
You notice the smell of ammonia in the air but see no visible signs

of a product release. The regional hazardous materials team, fully
staffed with technician level responders, is also on scene. Your company officer
confers with the hazardous materials team and then directs you and another
fire fighter to don your SCBA and full turnout gear and evaluate the driver for
injuries.

1. Would full structural fire fighter’s turnout gear and SCBA offer adequate
protection in this situation?

2. Based on your level of training— operations level core competencies and
all of the mission-specific competencies— would you be qualified to perform
this task?

3. Describe the steps you would need to take, including obtaining information
about ammonia, to complete your assignment.

|Introduction
In all situations involving hazardous materials, it is important
for responders to understand the nature of the release and to
have all the tools and equipment required to safely complete
the task at hand. Using a risk-based approach is important to
the success of the response, and emergency responders should
be familiar with the policies and procedures of the local juris¬
diction to ensure a consistent approach to selecting the proper
personal protective equipment (PPE). Additionally, all respond¬
ers charged with responding to hazardous materials/weapons
of mass destruction (WMD) incidents should be proficient
with local procedures for technical decontamination as well
as the manufacturers' guidelines for maintenance, testing, in¬
spection, storage, and documentation procedures for the PPE
provided by the AHJ. Refer to Chapter 4 of this text for the
specifics of the NFPA standards on protective clothing and spe¬
cific information on the Occupational Safety and Health Ad¬
ministration (OSHA)/ Environmental Protection Agency (EPA)
levels of protection.

This chapter contains several skill drills and suggestions
on recommended methods to don and doff the various levels of
PPE, and it emphasizes some of the safety considerations that
should be factored in whenever personnel are wearing PPE.

Much of the chemical-protective equipment (PPE) on the
market today is intended for a single use or limited use

(i.e., it is disposable), and is expected to be discarded along
with the other hazardous waste generated by the incident. As a
consequence of this intention, limited-use PPE is decontami¬
nated to the point it is safe for the responder to remove, but
not so extensively that the garment is completely free of con¬
tamination. Limited-use PPE is generally less expensive than
reusable gear, and it needs to be restocked and/or replenished
after the incident. Before the use of this equipment, these
items require a thorough visual inspection to ensure they are
response ready. They typically have a shelf life.

Reusable garments are required to be tested at regular in¬
tervals (usually annually) and after each use. Individual manu¬
facturers will have well-defined procedures for this activity.
Prior to purchasing any type of PPE, the AHJ should under¬
stand what will be required in terms of its maintenance and
upkeep. Level A suits, for example, are required to be pressure
tested—usually upon receipt from the manufacturer, after each
use, and annually liiTu wahM

Chemical-protective garments are tested in accordance
with the manufacturers recommendation or following the
method outlined in the OSHA’s HAZWOPER standard (29 CFR
1910.120 Appendix A). Generally speaking, the test is accom¬
plished by using a pressure test kit to pump a certain amount
of air into the suit and then leaving the suit pressurized for
a specified period of lime. At that point, if the garment has
lost more than a certain percentage (usually 20 percent) of
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pressure, it is assumed the suit has a leak. Oftentimes, leaks are
located by gently spraying or brushing the inflated suit with a
solution of soapy water. Small bubbles begin to form in the
area of the leak, alerting you to the presence of a leak. Any gar¬
ment with a leak should be removed from service until the
defect is identified and repaired in accordance with the manu¬
facturer’s specification.

Chemical-protective equipment should be stored in a cool,
dry place that is not subject to significant temperature extremes
and/or high levels of humidity. Furthermore, the equipment
should be kept in a clean location, away from direct sunlight,
and should be inspected at regular intervals based on the man¬
ufacturer’s recommendations. If repairs are required, consult
the manufacturer prior to performing any work—there is a risk
that the garment will not perform as expected if it has been
modified or repaired incorrectly. Again, individual manufac¬
turers have well-defined procedures for this activity and prior
to purchasing any PPE, the AH] should understand what will
be required in terms of maintenance and upkeep.

As the title of this chapter (Mission-Specific Competen¬
cies: Personal Protective Equipment) implies, responders must
correlate the mission they are expected to perform with the an¬
ticipated hazards. For example, in the ammonia scenario de¬
scribed earlier, the respondersshould understand that ammonia
presents a significant health hazard because it is corrosive to
the skin, eyes, and lungs. Ammonia is also flammable at con¬
centrations of approximately 15 to 25 percent (by volume) in a
mixture with air. Exposure to a concentration ol approximately
300 parts per million (ppm) is considered to be immediately
dangerous to life and health (IDLED. If the possibility of expo¬
sure to concentration exceeding 300 ppm exists, a National
Inst i lute £or Occupational Safety and Health (NIOSH) ap¬
proved self-contained breathing apparatus (SCBA) is required.
NIOSH sets the design, testing, and certification requirements
for SCBA in the United States.

TRACEMP is common acronym used to sum up a collection of
potential hazards that an emergency responder may face.

Thermal
Radiological
Asphyxiating
Chemical
Etiological/biological
Mechanical
Psychogenic

Although SCBA will protect the responders from suffering
an inhalation exposure, its use is only one piece of the equip¬
ment equation. Another question must be answered in this sce¬
nario: Will structural fire fighters turnout gear provide sufficient
skin protection? Knowing that ammonia presents a flammabil¬
ity hazard is important—and the turnout gear would address
that potential—but that choice of equipment still does not ad¬
dress the hazard of skin irritation.

The responders tasked with undertaking a medical recon¬
naissance mission in the ammonia scenario should balance
these hazards and the risk of the mission with the potential
gain. This scenario is based on an outdoor release, with un¬
known variables of wind speed and ambient temperatures,
which may positively or negatively influence the decision to
approach the cab of the truck. Unfortunately, it is impossible to
decide on the right course of action based on a few sentences
in this book—you must make that decision on the street, at the
moment the emergency occurs. Part of your thinking must
lake into account the age and condition of your turnout gear.
Unfortunately, not all structural fire fighter’s gear is created
equal, and not all equipment is intended to function in an envi¬
ronment that may contain a hazardous material. Structural fire
fighter’s gear that is 10 years old will certainly not provide the
same level of protection as an ensemble that meets the certifi¬
cation requirements for the 2007 edition of the National Fire
Protection Association (NFPA) 1971, Standard on Protective En¬
sembles for Structural Fire Fighting and Proximity Fire Fighting.

The nature of emergency response today is different than
it was 10 years ago, especially when it comes to PPE. The po¬
tential hazards are more complex and perhaps less obvious
than they once were, and you may find yourself past the point
of no return within a very short amount of lime. To that end, it
is incumbent on every emergency responder to understand the
hazards that may be present on an emergency scene, and to
appreciate how those hazards may affect the mission the re¬
sponders are tasked with carrying out.

TRACEMP is an acronym often used to sum up a collection
of potential hazards that an emergency responder may face:

Thermal
Radiological
Asphyxiating
Chemical
Etiological/biological
Mechanical
Psychogenic
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Hazardous Materials: Specific Personal
Protective Equipment

As discussed in Chapter 4, different levels of PPE may be re¬
quired at different hazardous materials incidents. This section
reviews the protective qualities of various ensembles, from those
offering the least protection to those providing the greatest pro¬
tection.

At the lowest end of the spectrum are street clothing and
normal work uniforms, which offer the least amount of protec¬
tion in a hazardous materials emergency. Normal clothing may
prevent a noncaustic powder from coming into direct contact
with the skin, for example, but it offers no significant protec¬
tion against many other hazardous materials. A one-piece
flame-resistant coverall may enhance protection slightly. Such
PPE is often used in industrial applications such as oil refin¬
eries, as a general work uniform Police officers,Figure 7-2
emergency medical services providers, and public works em¬
ployees typically wear this level of “protection.” In terms of the
threats outlined in TRACEMP, this level of clothing offers very
little in the way of chemical protection. Most often, distance
from the hazard is the best level of protection with this PPE—
that's why you will see it worn almost exclusively in the cold
zone.

The next level of protection is provided by structural fire¬
fighting protective equipment Such an outfit in¬Figure 7-3 »
eludes a helmet, a bunker coat, bunker pants, boots, gloves, a
hood, SCBA, and a personal alert safety system (PASS) device.
Standard firefighting turnout gear offers little chemical protec¬
tion, although it does have a high degree of abrasion resistance
and prevents direct skin contact. However, the fabric may break

down when exposed to chemicals, and it does not provide
complete protection from the harmful gases, vapors, liquids,
and dusts that could be encountered during hazardous
materials incidents.

Returning to the ammonia scenario, it may be safe and
reasonable to carry out the patient assessment mission wearing
this level of protection—again, based on a full risk assessment.
Keep in mind that structural fire fighter’s gear is primarily in¬
tended to address thermal (hot and cold) and mechanical haz¬
ards. The same gear may be called upon for other reasons, such
as for protecting the wearer protection against alpha and beta
radiation, but that is not its primary function.

Recall that alpha particles have weight and mass and,
therefore, cannot travel very far (less than a fewr centimeters)
from the nucleus of the atom. For the purpose of comparison,
alpha particles are like dust panicles. Typical alpha emitters
include americium (found in smoke detectors), polonium
(identified in cigarette smoke), radium, radon, thorium, and
uranium. You can protect yourself from alpha emitters by stay¬
ing several feet away from their source and by protecting your
respiratory tract with either a HEPA filter on a simple respirator
or SCBA. High-efficiency particulate air (HEPA) fillers catch
particles down to 0.3-micron size—much smaller than a typi¬
cal dust particle or anthrax spore.

By comparison, beta particles are more energetic than
alpha particlesand, therefore, pose a greater health hazard. Es-
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sentially, beta particles are like electrons, except that a beta
particle is ejected from the nucleus of an unstable atom. De¬
pending on the strength of the source, beta particles can travel
several feet in the open air. Beta particles themselves are not
radioactive; the radiation energy is generated by the speed at
which the particles are emitted from the nucleus.

Gamma radiation is so strong that structural fire fighters
gear and/or any chemical-protective clothing will offer no sig¬
nificant level of protection from this threat. Time, distance, and
shielding are the preferred method of protection when high
levels of radiation are present.

Structural fire fighter’s gear protects against asphyxiants
such as nitrogen and helium (when used in conjunction with
SCBA) and selected biological agents such as anthrax (when
used in conjunction with SCBA or appropriate HEPA filtration
on an air-purifying respirator [APR] or powered air-purifying
respirator [ PAPR]). The gear may not be able to be decon¬
taminated after this type of exposure, but it may protect the
wearer enough to prevent harm.

Unusually high thermal hazards, such as those posed by
aircraft fires, may best be addressed by responders wearing
high temperature-protective equipment. This type of PPE
shields the wearer during short-term exposures to high tem-

Figure 7-4peratures Sometimes referred to as a proximity
suit, high temperature-protective equipment allows the prop¬
erly trained fire fighter to work in extreme fire conditions. It
provides protection against high temperatures only, however;
it is not designed to protect the fire fighter from hazardous
materials.

Chemical-Protective Clothing
and Equipment

Chemical-protective clothing is unique in that it is designed to
prevent chemicals from coming in contact with the body. Such
equipment is not intended to provide high levels of protection
from thermal hazards (heat and cold) or to protect the wearer
from injuries that may result from torn fabric, chemical dam¬
age, or other mechanical damage to the suit. Not all chemical-
protective clothing is the same, and each type, brand, and style
may offer varying degrees of resistance.

To help you safely estimate the chemical resistance of a
particular garment, manufacturers supply compatibility charts
with all of their protective equipment These chartsFigure 7-5 -■

are intended to assist you in choosing the right chemical-
protective clothing for the incident at hand. You must match
the anticipated chemical hazard to these charts to determine
the resistance characteristics of the garment.

Time, temperature, and resistance to cuts, tears and abra¬
sions are all factors that affect the chemical resistance of materi¬
als. Other factors include flexibility shelf life, and sizing criteria.
The bottom line is that chernicabresistant materials are spe¬
cifically designed to inhibit or resist the passage of chemicals
into and through the material by the processes of penetration,
permeation, or degradation.

Penetration is the flow or movement of a hazardous
chemical through closures such as zippers, seams, porous ma¬
terials, pinholes, or other imperfections in the material To re¬
duce the threat of a penetration-related suit failure, responders

wearer from high temperatures during a short exposure. sonal protective equipment.
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should carefully evaluate their PPE prior to entering a contami¬

nated atmosphere. Checking the garment fully—that is, per¬
forming a visual inspection of all its components—before
donning the PPE is paramount. Just because the suit or gloves
came out of a sealed package does not mean they are perfect!
Also, a lack of attention to detail could result in zippers not
being fully closed and tight. Poorly fit seams around ankles
and wrists could allow chemicals to defeat the integrity of the
garment. Use of the buddy system is beneficial in this setting
because it creates the opportunity to have a trained set of eyes
examine parts of the suit that the wearer cannot see. Prior to
entering a contaminated atmosphere, or periodically while
working, each member of the entry team should quickly scan
the PPE of the other member(s) to see if anyone’s suit has suf¬
fered any damage, discoloration, or other insult that may jeop¬
ardize the health and safety of the wearer.

Permeation is the process by which a hazardous chemical
moves through a given material on the molecular level. It dif¬
fers from penetration in that permeation occurs through the
material itself rather than through openings in the material.
Penneation may be impossible to identify visually, but it is im¬
portant to note the initial status of the garment and to deter¬
mine if any changes have occurred (or are occurring) during
the course of an incident. Chemical compatibility charts are
based on two properties of the material: its breakthrough time
(how long it lakes a chemical substance to be absorbed into the
suit fabric and detected on the other side) and the permeation
rate (how much of the chemical substance makes it through

lar material against a given substance, responders should look
for the longest breakthrough time available. For example, a
good breakthrough time would be more than 480 minutes—-a
typical 8-hour workday.

Degradation is the physical destruction or decomposition

the material) Figure 7-6 The concept is similar to water satu-
rating a sponge. When evaluating the effectiveness of a particu-

of a clothing material owing to chemical exposure, general use,
or ambient conditions (e.g., storage in sunlight). It may be evi¬
denced by visible signs such as charring, shrinking, swelling,
color changes, or dissolving. Materials can also be tested for
weight changes, loss of fabric tensile strength, and other prop¬
erties to measure degradation. Think about the rapid and de¬
structive way in which gasoline dissolves a Styrofoam cup.
When chemicals are so aggressive, or when the suit fabric is a
poor match for the suspect substance, degradation is possible.
If the suit dissolves, the possibility of the wearer suffering an
injury is high.

Chemical-protective clothing can be constructed as a
single- or multi-piece garment. A single-piece garment com¬
pletely encloses the wearer and is known as an encapsulated
suit. A multi-piece garment typically has a jacket, pants, an at¬
tached or detachable hood, gloves, and boots to protect against
a specific hazard. Ensembles worn as Level B and Level C pro¬
tection are commonly comprised of multi-piece garments.

Chemical-protective clothing—both single- and multi¬
piece—are classified into two major categories: vapor-protective
clothing and liquid splash-protective clothing. Both are de¬
scribed following this section. Many different types of mate¬
rials are manufactured for both categories; it is the AHJ’s
responsibility to determine which type of suit is appropriate
for its situation. Be aware that no single chemical-protective
garment (vapor or splash) on the market will protect you from
everything.

Vapor-protective clothing, also referred to as fully encap¬
sulating protective clothing, offers full body protection from
highly contaminated environments and requires the wearer
to use an air-supplied respiratory device such as SCBA
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Breakthrough time is the time it takes a chemical sub¬
stance to be absorbed into the suit fabric and detected on the other
side.

Figure 7-6

Figure 7-7 > The wearer is completely zipped inside the pro-
tective "envelope,” leaving no skin (or the lungs) accessible to
the outside. If the ammonia scenario described at the begin¬
ning of the chapter were occurring in a different location—
such as inside a poorly ventilated storage area within an
ice-making facility—vapor-protective clothing might be re¬
quired. Ammonia aggressively attacks skin, eyes, and mucous
membranes such as the eyes and mouth and can cause se¬
vere and irreparable damage to the lungs. Hydrogen cyanide
would be another example of a chemical substance that would
require this level of protection. Hydrogen cyanide can be fa¬
tal if inhaled or absorbed through the skin, so the use of a
fully encapsulating suit is required to adequately protect the
wearer. NFPA 1991, Standard on Vapor- Protective Ensembles for
Hazardous Materials Emergencies, sets the performance stan¬
dards for vapor-protective garments.

Liquid splash-protective clothing is designed to protect
the wearer from chemical splashes Figure 7-8 > NFPA 1992,
Standard on Liquid Splash- Protective Ensembles and Clothing for
Hazardous Materials Emergencies, is the performance document
that governs liquid splash-protective garments and ensem¬
bles. Equipment that meets this standard has been tested for
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also increases the possibility of heat-related emergencies among
responders.

ever there is the danger of chemical splashes.

penetration against a battery of live chemicals. The tests in¬
clude no gases, as this level of protection is not considered to
be vapor protection.

Responders may choose to wear liquid splash-protective
clothing based on the anticipated hazard posed by a particular
substance. As you learned in Chapter 4, liquid splash—protective
clothing does not provide total body protection from gases or
vapors, and it should not be used for incidents involving liq¬
uids that emit vapors known to affect or be absorbed through
the skin. This level of protection may consist of several pieces
of clothing and equipment designed to protect the skin and
eyes from chemical splashes. Some agencies, depending on the
situation, choose to have their personnel wear liquid splash pro¬
tection over or under structural firefighting clothing.

Responders trained to the operational level often wear liq¬
uid splash-protective clothing when they are assigned to enter
the initial site, perform decontamination, or construct isolation
barriers such as dikes, diversions, retention areas, or dams.

Respiratory Protection
NFPA 1994, Standard on Protective Ensembles for First Respond¬
ers to CBRN (Chemical, Biological, Radiological, and Nuclear)
Terrorism Incidents, was developed to address the performance
of protective ensembles and garments (including respiratory
protection) specific to weapons of mass destruction. NFPA
1994 covers three classes of equipment: Class 2, Class 3, and
Class 4. As discussed in Chapter 4 and later in this chapter, the
EPA and the OSHA HAZWOPER regulations classify ensemble

levels as Level A, Level B, Level C, and Level D. The main dif¬
ference between their system and the NFPA 1994 classification
is that NFPA 1994 covers the performance of the garment and
factors in the performance of the respiratory protection.

Simple asphyxiants such as nitrogen, argon, and helium, as
well as oxygen-deficient atmospheres, are best handled by using
a SCBA or another supplied-air respirator (SAR). SCBA units
that comply with the current version of NFPA 1981, Standard
on Open-Circuit Self-Contained Breathing Apparatus (SCBA) for
Emergency Services, are positive-pressure, CBRN-certified units
that maintain a pressure inside the face piece, in relation to the
pressure outside the face piece, such that the pressure is posi¬
tive during both inhalation and exhalation. This is a very im¬
portant feature when operating in airborne contamination.

The most common types of SCBA are referred to as 30-
minute and 60-minute units. The time designation refers to the
optimal amount of work time available when the unit is fully
charged. Actual work times are generally less than the 30-minute
and 60-minute designations, but will vary depending on the
wearer’s underlying physical condition and respiratory rate,
workload, travel time to and from the incident site, decontami¬
nation, and other environmental factors.

The extra weight and reduced visibility associated with
this equipment are factors to consider when choosing to wear
an SCBA. As with any piece of PPE, there are as many positive
benefits as there are negative points to consider in making this
decision. Any responder called upon to wear an SCBA should
be fully trained by the AHJ prior to operating in a contami¬
nated environment. The OSHA HAZWOPER standard states
that all employees engaged in emergency response who are ex-
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posed to hazardous substances shall wear a positive-pressure
SCBA. Furthermore, the incident commander (IC) is required
to ensure the use of SCBA. It is not just a good idea—its the
law. Additionally, all responders should follow manufacturers'
recommendations for using, maintaining, testing, inspecting,
cleaning, and filling the SCBA unit. Be sure to document all of
these activities so there is a record of what has been done to the
unit. Refer back to Chapter 4 for more information about the
various types of respiratory protection.

Chemical-Protective Clothing Ratings
A variety of fabrics are used in both vapor-protective and liq¬
uid splash-protective garments and ensembles. Commonly
used suit fabrics include butyl rubber, Tyvek, Saranex, poly¬
vinyl chloride (PVC), and Viton. Protective clothing materials
must be compatible with the chemical substances involved,
and the garments should be used within the parameters set by
their manufacturer. The manufacturer’s guidelines and recom¬
mendations should be consulted for material compatibility
information.

The following EPA guidelines may be used by a responder
to assist in determining the appropriate level of protection for
a particular hazard. The procedures for the donning and doff¬
ing of equipment are also described in the following sections.

Level A
A Level A ensemble consists of a fully encapsulating garment
that completely envelops both the wearer and his or her respi¬
rator)' protection Figure 7-9 Level A equipment should be
used when the hazardous material identified requires the high¬
est level of protection for skin, eyes, and lungs. Such an en¬
semble is effective against vapors, gases, mists, and dusts and
is typically indicated when the operating environment exceeds
IDLH values for skin absorption.

Level A protection, when worn in accordance with NFPA
1991, Standard on Vapor- Protec live Ensembles for Hazardous Ma¬
terials Emergencies, will protect the wearer only against very
brief flash fire. To that end, thermal extremes should be ap¬
proached with caution. Direct contact between the suit fabric
and a cryogenic material, such as liquid nitrogen or liquid
helium, may result in immediate suit failure. This type of
ensemble more than addresses the asphyxiant threat—it’s the
temperature extreme that must be acknowledged. By contrast,
a potentially explosive atmosphere should be considered an
extremely dangerous situation. In such circumstances, Level A
suits, even with the flash fire component of the suit in place,
provide very limited protection. Moreover, it is difficult to
see when wearing a Level A suit, which increases the possibil¬
ity that the person may unknowingly bump into sharp objects
that might puncture the suit's vapor-protective environment.
Therefore, some forethought about the operating environ¬
ment should occur well before entering the contaminated at¬
mosphere. As always, a risk-versus-reward thought process
should prevail.

Level A protection is effective against alpha radiation, but
because of the lack of fabric thickness (as compared to lire
fighter’s turnout gear) it may not offer adequate protection
against beta radiation. Remember—thorough detection and

Figure 7-9 A Level A ensemble envelops the wearer in a totally
encapsulating suit.

monitoring actions will help you determine the nature of the
operating environment.

Ensembles worn as Level A protection must meet the re¬
quirements outlined in NFPA 1991. A Level A ensemble also
requires open-circuit, positive-pressure SCBA or an SAR for re¬
spiratory protection. Chapter 4 of this text provides a list of the
recommended and optional components of Level A protection.

To don a Level A ensemble, follow the steps in
Skill Drill 7-1

1. Conduct a pre-entry briefing, medical monitoring, and
equipment inspection. < Step 1)

2. While seated, pull on the suit to waist level and pull on the
attached chemical boots. Fold the suit boot covers over the
tops of the boots. (Step 2)

3. Stand up and don the SCBA frame and SCBA face piece, but
do not connect the regulator to the face piece. (Step 3)

4. Place the helmet on the head. (Step 4)

5. Don the inner gloves. (Step 5)

6. Don the outer chemical gloves (if required by the manufac¬
turer’s specifications).

7. With assistance, complete donning the suit by placing both
arms in the suit, pulling the expanded back piece over the
SCBA, and placing the chemical suit over the head. (Step 6)



Skill Drill 1
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3 Stand up and don the SCBA frame
and SCBA face piece, but do not con¬
nect the regulator to the face piece.

Conduct a pre-entry briefing, medical
monitoring, and equipment inspec¬
tion.

While seated, pull on the suit to waist
level; pull on the chemical boots over
the top of the chemical suit. Pull the
suit boot covers over the tops of

2

4 Place the helmet on the head.

the boots.

5 Don the inner gloves. Don the outer chemical gloves (if
required). With assistance, complete
donning the suit by placing both arms
in the suit, pulling the expanded back
piece over the SCBA, and placing the
chemical suit over the head.

j Instruct the assistant to connect the
regulatorto the SCBA face piece and
ensure air flow.

g Instruct the assistant to close the
chemical suit by closing the zipper
and sealing the splash flap.

g Review hand signals and indicate that
you are okay.
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8. Instruct the assistant to connect the regulator to the SCBA
face piece and ensure that the air How is working correctly.
(Step 7)

9. Instruct the assistant to close the chemical suit by closing
the zipper and sealing the splash flap (.Step 8)

10. Review hand signals and indicate that you are okay. (Step 9)

To doff a Level A ensemble, follow the steps in
Skill Drill 7-2
1. After completing decontamination, proceed to the clean

area for suit doffing.
2. Pull the hands out of the outer gloves and arms from the

sleeves, and cross the arms in front inside the suit. (Step 1)
3. Instruct the assistant to open the chemical splash flap and

suit zipper. (Step 2)

4. Instruct the assistant to begin at the head and roll the suit
down and away until the suit is below waist level. (Step 3)

5. Instruct the assistant to complete rolling the suit from the
waist to the ankles; step out of the attached chemical boots
and suit. (Step 4)

6. Doff the SCBA frame. The face pieceshould be kept in place
while the SCBA is doffed. (Step 5)

7. Take a deep breath and doff the SCBA face piece; carefully
remove the helmet, peel off the inner gloves, and walk away
from the clean area

8. Go to the rehabilitation area for medical monitoring, rehy¬
dration, and personal decontamination shower. (Step 6)

respiratory protection but less skin protection.

Level B
A Level B ensemble consists of multi-piece chemical-protective
clothing, boots, gloves, and SCBA This type ofFigure 7-10
protective ensemble should be used when the type and atmo¬
spheric concentration of identified substances require a high
level of respirator}' protection but less skin protection. The kinds
of gloves and boots worn depend on the identified chemical.

The Level B protective ensemble is the workhorse of haz¬
ardous materials response—it is a very common level of pro¬
tection and is often chosen for its versatility. Such an ensemble
is commonly worn by personnel initially processing a clandes¬
tine drug laboratory, performing preliminary missions for re¬
connaissance, or engaging in detection and monitoring duties.
The typical Level B ensemble provides little or no Hash fire
protection, however. Thus it should be viewed in the same
manner as Level A equipment when it comes to thermal pro¬
tection and other considerations of use such as protection from
mechanical hazards, radiation, or asphyxiants.

Garments and ensembles that are worn for Level B protec¬
tion should comply with the performance requirements found
in NFPA 1992, Standard on Liquid Splash-Protective Ensembles
and Clothing for Hazardous Materials Emergencies. Chapter 4 of
this text provides a list of the recommended and optional com¬
ponents of a Level B protective ensemble.

You may also encounter single piece garments that are
worn as level B protection. These suits, referred to in the field
as encapsulating Level B garments, are not constructed to be
"vapor tight’’ like Level A garments. Encapsulating Level B gar¬
ments do not have vapor tight zippers, seams, or one-way relief

valves around the hood like Level A garments. Although the
encapsulating Level B suit may look a lot like a Level A gar¬
ment, it is not constructed similarly, and will not oiler the same
level of protection.

To don and doff a Level B encapsulated chemical-protective
clothing ensemble, follow the same steps found in Skill Drills
7-1 and 7-2. Remember, the difference between the Level A
ensemble and Level B encapsulating ensemble is not the
procedure—ii is the construction and performance of the
garment.

According to the OSHA HAZWOPER regulation, Level B is the
minimum level of protection to be worn when operating in an
unknown environment.
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Skill Drill 7-2

Doffing a Level A Ensemble

Instruct the assistant to begin at the
head and roll the suit down and away
until the suit is below waist level.

After completing decontamination,
proceed to the clean area for suit
doffing. Pull the hands out of the
outer gloves and arms from the
sleeves, and cross the arms in front
inside the suit.

NFPA,
472,

6.2.4.1

Instruct the assistant to open the
chemical splash flap and suit zipper.

Instruct the assistant to complete
rolling the suit from the waist to
the ankles; step out of the attached
chemical boots and suit.

5 Doff the SCBA frame. The face piece
should be kept in place while the
SCBA frame is doffed.

6 Take a deep breath and doff the SCBA
face piece; carefully peel off the inner
gloves and walk away from the clean
area. Go to the rehabilitation area for
medical monitoring, rehydration, and
personal decontamination shower.

Skill Drill 7-3
To don a Level B nonencapsulated chemical-protective

clothing ensemble, follow the steps in
1. Conduct a pre-entry briefing, medical monitoring, and

equipment inspection. (Step 1)
2. Sit down, pull on the suit to waist level; pull on the chemical

boots over the top of the chemical suit. Pull the suit boot
covers over the tops of the boots. (Step 2)

3. Don the inner gloves. (Step 3)
4. With assistance, complete donning the suit by placing both

arms in the suit and pulling the suit over the shoulders.
5. Instruct the assistant to close the chemical suit by closing

the zipper and sealing the splash flap. (Step 41
6. Don the SCBA frame and SCBA face piece, but do not con¬

nect the regulator to the face piece (Step 5)
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Skill Drill 7-3

Donning a Level B Nonencapsulated Chemical-Protective Clothing Ensemble

3 Don the inner gloves.2 While seated, pull on the suit to waist
level; pull on the chemical boots over
the top of the chemical suit. Pull the
suit boot covers over the tops of
the boots.

1 Conduct a pre-entry briefing, medical
monitoring, and equipment inspec¬
tion.

5 Don the SCBA frame and SCBA face
piece, but do not connect the regula¬
tor to the face piece.

g With assistance,pull the hood over
the head and SCBA face piece. Place
the helmet on the head. Put on the

4 With assistance, complete donning
the suit by placing both arms in suit
and pulling suit over shoulders.
Instruct the assistant to close the
chemical suit by closing the zipper
and sealing the splash flap.

outer gloves. Instruct the assistant to
connect the regulator to the SCBA face
piece and ensure you have air flow.

W

7. With assistance, pull the hood over the head and SCBA face
piece.

8. Place the helmet on the head.
9. Pull the outer gloves over or under the sleeves, depending

on the situation.

10. Instruct the assistant to connect the regulator to the SCBA
face piece and ensure that the air flow is working correctly.
(Step 6)

11. Rexnew hand signals and indicate that you are okay.
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Skill Drill 7-4

NFPA
472,6.2.4.1 Doffing a Level 8 Nonencapsulated Chemical-Protective Clothing Ensemble

After completing decontamination,
proceed to the clean area for suit
doffing. Stand and doff the SCBA
frame. Keep the face piece in place.

2 Instruct the assistant to open the
chemical splash flap and suit zipper.

Remove your hands from the outer
gloves and your arms from the
sleeves of the suit. Cross your arms
in front inside of the suit. Instruct the
assistant to begin at the head and roll
the suit down and away until the suit
is below waist level.

4 Sit down and instruct the assistant to
complete rolling down the suit to the
ankles; step out of attached chemical
bootsand suit.

5 Stand and doff the SCBA face piece
and helmet.

g Carefully peel off the innergloves and
walk away from the clean area. Go
to the rehabilitation area for medical
monitoring, rehydration, and per¬
sonal decontamination shower.
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Skill Drill 7-4 <
To doff a Level B nonencapsulated chemical-protective

clothing ensemble, follow the steps in
1. After completing decontamination, proceed to the clean

area for suit doffing.
2. Stand and doff the SCBA frame. Keep the face piece in place

while the SCBA frame is placed on the ground. (Step 1)
3. Instruct the assistant to open the chemical splash flap and

suit zipper. (Step 2)
4. Remove your hands from the outer gloves and arms from

the sleeves, and cross your arms in front inside the suit.
5. Instruct the assistant to begin at the head and roll the

suit down and away until the suit is below waist level.
(Step 3)

6. Sit down and instruct the assistant to complete rolling down
the suit to the ankles. Step out of the outer boots and suit.
(Step 4’

7. Stand and doff the SCBA face piece and helmet (Step 5).
8. Carefully peel off the inner gloves and go to the rehabilita¬

tion area for medical monitoring, rehydration, and personal
decontamination shower. (Step 6)

Level C
A I eve I C ensemble is appropriate when the type of airborne
contamination is known, its concentration is measured, and
the criteria for using APRs are met. Typically, Level C ensem¬
bles are worn with an APR or PAPR. The complete ensemble
consists of standard work clothing, chemical-protective cloth¬
ing, chemical-resistant gloves, and a form ol respiratory pro¬
tection other than a SCBA or SAR system. Level C equipment
is appropriate when significant skin and eye exposure is un-

j. In many cases, Level C ensembles are wornFigure 7-11

Skill Drill 7-5

clothing and gloves as well as respiratory protection.

3. Don the inner gloves. (Step 2)
4. With assistance, complete donning the suit by placing both

arms in the suit and pulling the suit over the shoulders.
5. Instruct the assistant to close the chemical suit by closing

the zipper and sealing the splash flap. (Step 3)
6. Don APR/PAPR face piece.
7. With assistance, pull the hood over the head and the APR/

PAPR face piece.
8. Place the helmet on the head.
9. Pull the outer gloves over or under the sleeves, depending

on the situation.
10. Review hand signals and indicate that you are okay. (Step 4)

To doff a Level C chemical-protective clothing ensemble,
follow the steps in Skill Drill 7-6
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Skill Drill 7-5

Donning a Level C Chemical-Protective Clothing Ensemble

J

Conduct a pre-entry briefing, medical monitoring, and
equipment inspection. While seated, pull on the suit to
waist level; pull on the chemical boots over the top of the
chemical suit. Pull the suit boot covers over the tops of
the boots.

Don the inner gloves.

With assistance, complete donning the suit by placing
both arms in the suit and pulling the suit over the shoul¬
ders. Instruct the assistant to close the chemical suit by
closing the zipper and sealing the splash flap.

PAPR. Place the helmet on the head. Pull on the outer
gloves. Review hand signals and indicate that you are
okay.
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Skill Drill 7-6

rehydra-Go to rehabilitation area for medical monitoring,
tion, and personal decontamination shower.

After completing decontamination, proceed to the clean
area. As with level B, the assistant opens the chemical

2
splash flap and suit zipper. Remove the hands from the
outer gloves and arms from the sleeves. Instruct the
assistant to begin at the head and roll the suit down
below waist level. Instruct the assistant to complete
rolling down the suit and take the outer boots and suit
away. The assistant helps remove inner gloves. Remove
APR/PAPR. Remove the helmet.

8. Go to the rehabilitation area for medical monitoring, rehy¬
dration, and personal decontamination shower. (Step 2)

Level D
A Level D ensemble offers the lowest level of protection. It typi¬
cally consists of coveralls, work shoes, hard hats, gloves, and

This type of equipmentstandard work clothing Figure 7-12
should be used only when the atmosphere contains no known
hazard, and when work functions preclude splashes, immer¬
sion, or the potential for unexpected inhalation of or contact
with hazardous levels of chemicals. Level D protection should be
used when the situation involves nuisance contamination (such
as dust) only. It should not be worn on any site where respira¬
tory' or skin hazards exist. Chapter 4 provides a list of the recom¬
mended and optional components of Level D protection.

To don a Level D chemical-protective clothing ensemble,
follow the steps in Skill Drill 7-7

1. Conduct a pre-entry briefing and equipment inspection.
2. Don the Level D suit.
3. Don the boots.
4. Don safety glasses or chemical goggles.
5. Don a hard hat .
6. Don gloves, a face shield, and any other required equip¬

ment. (Step 1)

describes the relationships among the NFPATable 7-1
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Skill Drill 7-7

Donning a Level D Chemical-Protective Clothing Ensemble
Conduct pre-entry briefing and equipment inspection. Don the Level D suit. Don the boots.
Don safety glasses or chemical goggles. Don a hard hat. Don gloves, a face shield, and any
other required equipment.

I

|Safety
There are many hazards associated with wearing PPE. These
hazards are best addressed by understanding the NFPA perfor¬
mance requirements for chemical-protective ensembles and the
safety considerations taken into account when wearing PPE.

3 Equipment Performance Requirements
Typical PPE performance requirements include tests for dura¬
bility, barrier integrity after flex and abrasion challenges, cold¬
temperature flex, and flammability. Essentially, each part of the
suit must pass a particular set of challenges prior to receiving
certification based on the NFPA testing standards. Users of any
garment that meets the performance requirements set forth by
the NFPA can rest assured that the garment will withstand rea¬
sonable insults from most mechanical-type hazards encoun¬
tered on the scene. Of course, achieving NFPA certification
does not mean the suit is “bullet proof' and cannot fail; it just
means that the equipment will hold up under “normal” condi¬
tions. It is up to the user to be aware of the hazards and avoid
situations that may cause the garment to fail.

As exemplified by the TRACEMP acronym, many hazards can
be encountered during the course of a hazardous materials
incident. Given this possibility, multiple layers or multiple
types of protection may have to be used in some situations.
You should also understand the working environment and
match the right garment to the anticipated hazards.
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Table 7-1 Levels of Protection

Expected Dermal Protection from Suit(s)

Liquid-borne
NFPA
Standard

OSHA/EPA
Level

NIOSH-Certified
Respirator

NFPA Chemical Barrier
Protection Method(s)

Chemical
Vapor*

Chemical
Liquid* Particulate

Biological
(Aerosol)

1991 A CBRN SCBA Protection against permeation X X X X
(open circuit) and penetration*

1992

B Non-CBRN SCBA
(or CBRN SCBA)

Protection against penetration* X

C Non-CBRN APR
or PAPR

Protection against penetration X

1994, (Note: The NFPA 1994, Class 1 ensemble, was removed in the 2006 edition of the standard because of its redundancy
Class 1 with NFPA 1991.)
1994,
Class 2

B CBRN SCBA Protection against permeation X X X X

1994,
Class 3

C CBRN APR or PAPR Protection against permeation X X X X

1994, B CBRN SOBA Protection against penetration NA NA X X

As described earlier, a variety of materials are used in both
vapor- and splash-protective clothing. The most commonly
used materials include butyl rubber, Tyvek, Saranex, polyvinyl
chloride, and Vitron, either singly or in multiple layers consist¬
ing of several different materials. Special chemical-protective
clothing is adequate for incidents involving some chemicals,
yet useless for incidents involving other chemicals; no single
fabric provides satisfactory protection from all chemicals.

All responders who may be called upon to wear any type
of PPE should read and understand the manufacturer’s specifi¬
cations and procedures for the maintenance, testing, inspec¬
tion, cleaning, and storage procedures for PPE provided by the
AHJ. The list of NFPA and NIOSH documents in I Table 7-2

specific competency in PPE or any other mission-specific compe¬
tency, are a replacement for a technician.

Responder Safety
Working in PPE is a hazardous proposition on two different
levels. First, simply by wearing PPE, the responder acknowl¬
edges that some degree of danger exists: If there were no haz¬
ard, there would be no need for the PPE! Second, wearing the
PPE puts an inherent stress on the responder, separate and apart
from the stress imposed by the operating environment. Much
of the textbook is devoted to the “safety first” consideration.
The next sections are devoted to raising your awareness of the
issues that may arise from the very gear used to keep you safe.

Chapter 5 of this text outlined the various heat-related ill¬
nesses commonly experienced by responders. Those complica¬
tions include heat exhaustion, heat cramps, and heat stroke, all
of which are usually preceded by dehydration. Given that well-
defined relationship, responders should be fully aware that
their underlying level of hydration, prior to the response, may
have an effect on their safety while they are wearing PPE. The
next section, which covers heat exchange units, addresses that

esponderTtps

The authority having jurisdiction must properly outfit all re¬
sponders expected to respond to a hazardous materials inci¬
dent. The current OSHA HAZWOPER regulations [29 CFR
1910.120 (q)(3)(iii)] (and many local jurisdictional regula¬
tions) require the incident commander to ensure that the
personal protective clothing worn at a hazardous materials
emergency is appropriate for the hazards encountered.

An allied professional may include a Certified Industrial Hy¬
gienist (CIH), Certified Safety Professional (CSP), Certified
Health Physicist (CHP), or similar credentialed or competent
individuals as determined by the AHJ.
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page came out that there was a hazardous materials incident at the local paper mill.
Dispatch was vague with the details, but the local fire department commander had

decided to call us in.

** I wasn’t able to
find any specific
information in
the suit selection
guides that were
provided by the
manufacturers,

so I decided to
call the toll-free

number listed in
the guide. 99

Upon arrival, the team leader assigned the team members our tasks. 1 was in charge of
choosing the correct PPE for the entry team. The plant personnel informed us that "black
liquor" was leaking from a fitting in a storage tank that was above 200°E 1 was informed
that the material was a highly caustic liquid and a by-product in the digestion ol wood
pulp. The plant captures this liquid, concentrates it, and then recycles it through the use
of a recovery boiler.

I determined right away that we would need to perform a Level A entry because any skin
exposure would not be acceptable. The "black liquor" would cause skin damage almost
immediately. 1 wasn't able to find any specific information in the suit selection guides that
were provided by the manufacturers, so I decided to call the toll-free number listed in
the guide. The technician who answered the call was very knowledgeable and asked if 1
had one of the Level A suits with flash protection that the company sold. I informed him
that we had several in our inventory'. Upon his recommendation, we chose those suits to
provide the entry team not only with chemical protection, but also protection from the
temperature of the liquid should a rupture or catastrophic failure occur while the team
members were stopping the leak.

Everything went well. The entry team was able to stop the leak and get out without any
problems. I was glad that 1 had called the manufacturer because 1 had been completely
overlooking the thermal hazard and was focused only on the chemical properties of the
liquid. If something had happened during the mitigation of the incident, 1 believe that the
entry team would have been much better prepared for it because of the recommendation
of the flash and chemical protection that the suits offered.

ft is easy to get focused on one item and completely overlook the obvious. Calling the
manufacturers of your PPE might not be something that you have to do very often, but
they are a great resource and shouldn’t be overlooked.

Jon Mink
Muskegon County Hazmat Team
Muskegon, Michigan



Chapter 7 Mission-Specific Competencies: Personal Protective Equipment ©
Agency Standard Title Description

NFPA 1994 Standard on Protective Ensembles for First Re¬
sponders to CBRN Terrorism Incidents

For chemicals, biological agents, and radioactive particulate hazards.
Certifications under NFPA 1994 are issued only for complete ensembles
Individual elements such as garments or boots are not considered certified
unless they are used as part of a certified ensemble. Thus purchasers of
PPE certified under NFPA 1994 should plan to purchase complete ensem¬
bles (or certified replacement components for existing ensembles).

NFPA 1992 Standard on Liquid Splash-Protective Ensembles
and Clothing for Hazardous Materials
Emergencies

For liquid or liquid splash threats.

NFPA 1991 Standard on Vapor-Protective Ensembles for
Hazardous Materials Emergencies

Includes the now-mandatory requirements for CBRN protection for terror¬
ism incident operations for all vapor-protective ensembles. It also includes
the qualifications for the former NFPA 1994 Class 1 protective ensemble.

NFPA 1951 Standard on Protective Ensembles for Technical
Rescue Incidents

For search and rescue or search and recovery operations where exposure
to flame and heat is unlikely or nonexistent

NFPA 1999 Standard on Protective Clothing for Emergency
Medical Operations

For protection from blood and body fluid pathogens for persons providing
treatment to victims after decontamination.

NFPA 1981 Standard on Open-Circuit Self-Contained Breath¬
ing Apparatus ISCBA) for Emergency Services

For all responders who may use SCBA; must be certified by NIOSH.

I NIOSH Chemical. Biological. Radiological and Nuclear
(CBRN) Standard for Open-Circuit Self-Contained
Breathing Apparatus

To protect emergency responders against CBRN agents in terrorist attacks.
Compliance with NFPA 1981

NIOSH Standard for Chemical, Biological. Radiological,
and Nuclear (CBRN) Full Facepiece Air-Puritying
Respirator (APR)

To protect emergency response workers against CBRN agents.

NIOSH Standard for Chemical. Biological. Radiological,
and Nuclear (CBRN) Air-Purifying Escape Respira¬
tor and CBRN Self-Contained Escape Respirator

To protect the general worker population against CBRN agents.

fact by revisiting dehydration and the various cooling technol¬
ogies that may be used to reduce the effects of overheating in¬
side a chemical-protective garment.

Responders should also be aware that their field of vi¬
sion is compromised by the face piece of a SCBA or APR and
even by the encapsulating suit. This factor may result in the
responder slipping in a puddle of spilled chemicals or trip¬
ping on something. Moreover, the face piece often fogs up at
some point, further limiting the responder’s vision. This creates
many problems, such as the inability to read labels; see other
responders; see the screens on detection and monitoring de¬
vices; or quickly find an escape route in the event of an unfore¬
seen problem in the hot zone. Wearing bulky PPE, such as an
encapsulating suit, may inhibit the mobility of the wearer to
the point that bending over becomes difficult or reaching for
valves above head level is taxing. Furthermore, when gloves
become contaminated with chemicals (especially solvents), they
become slippery, making it difficult to effectively grip tools,
handrails, or ladder rungs. All in all, the environment inside
the PPE can be just as challenging as the conditions outside the
suit!

To mitigate some of the potential safety considerations
that arise when wearing PPE, responders can employ a variety
of safety procedures and training. To begin, conducting a pre¬
entry medical evaluation is important to catch the medical in¬
dicators that may signal a responder should not wear PPE.

Chapter 5 outlines the specific components of a pre-entry
medical monitoring plan. Further guidance can also be found
in NFPA 473, Standard for Competencies for EMS Personnel Re¬
sponding to Hazardous Materials/WMD Incidents, in either the
basic life support or advanced life support section. Keep in
mind that the medical monitoring station may serve many pur¬
poses at the scene of a hazardous materials event. The primary
role of the medical monitoring station is to evaluate the medi¬
cal status of the entry team, the backup team, and those per¬
sonnel assigned to decontamination duties. On the scene of
larger incidents, a medical group or team may be required to
obtain the basic physiological information from each responder
and plan to provide care in the event a responder becomes a
patient.

The use of the buddy system is another way that respond¬
ers can mitigate some of the hazards that may be encountered
at the scene of a hazardous materials/WMD incident As men¬
tioned earlier in this text, the OSHA HAZWOPER regulation
requires the use of the buddy system. Along with buddy sys¬
tem comes the need to communicate—another potential safety
issue on the scene. Prior to entry, all radio communications
should be sorted out and tested. To back up that form of com¬
munication, all responders on the scene should have a method
to communicate by universally accepted hand signals. These
hand signals could be used to rapidly share messages about
problems with an air supply, a suit problem, or any other prob-
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lem that might occur in the hot zone. Communications are of¬
ten problematic on emergency scenes, so take whatever steps
you can to minimize problems before anyone enters a contami¬
nated atmosphere.

Heat Exchange Units
Hazardous materials responders operating in protective cloth¬
ing should be aware of the signs and symptoms of heat exhaus¬
tion, heat stress, heat stroke, dehydration, and illness caused
by extreme cold. Chapter 5 provides detailed information on
heal and cold disorders. The most common malady striking
anyone wearing PPE is heat related. If the body is unable to
disperse heat because an ensemble of PPE covers it, serious
short- and long-term medical issues could occur.

Most heat-related illnesses are typically preceded by dehy¬
dration. For responders, it is important to stay hydrated so that
they can function at their maximum capacity. As a frame
of reference, athletes should consume approximately 500 mL
(16 oz) of fluid (water) prior to an event and 200-300 mL
of fluid at regular intervals during the event. Responders can
be considered occupational athletes—so keep up on your flu¬
ids! OSHA Fact Sheet number 95-16, “Protecting Workers in
Hol Environments,” provides additional information about the
dangers of heat-related illness in the workplace.

In an effort to combat heat stress while wearing PPE, many
response agencies employ some form of cooling technology
under the garment. These technologies include, but are not
limited to, air, ice, and water-cooled vests, along with phase¬
change cooling technology. Many studies have been conducted
on each form of cooling technology. Each of these approaches
is designed to accomplish the same goal—to reduce the impact
of heal stress on the human body. As mentioned earlier, the
same suit that seals you up against the hazards also seals in the
heat, defeating the body's natural cooling mechanisms.

Forced-air cooling systems operate by forcing prechilled
air through a system of hoses worn close to the body. This is
similar to the fluid-chilled system described below. As the cooler
air passes by the skin, heal is drawn away—by convection—
from the body and released into the atmosphere. Forced-air
systems are designed to function as the first level of cooling the
body would naturally employ. Typically, these systems are light¬
weight and provide long-term cooling benefits, but mobility is
limited because the umbilical is attached to an external, fixed
compressor.

Ice-cooled or gel-packed vests are commonly used due to
their low cost, unlimited portability, and unlimited "recharg¬
ing" by refreezing the packs These garments are
vest-like in their design and intended to be worn around the
torso. The principle underlying this approach is that the ice-

Approximately 90 percent of all body heat is generated by
the organs and muscles located in your torso.

chilled vest absorbs the heat generated by the body. On the
downside, this technology is bulkier and heavier than the afore¬
mentioned systems, and it may cause discomfort to the wearer
due to the nature of the ice-cold vest near the skin. Addition¬
ally, the cold temperature near the skin may actually fool the
body into thinking it is cold instead of hot. thereby encourag¬
ing retention of even more heal.

Remember to take rehabilitation breaks throughout the haz¬
ardous materials incident. Wearing any type of PPE requires
a great deal of physical energy and mental concentration.
Responders should also acknowledge the psychological stress
that wearing PPE may present. Claustrophobia is a common
problem with wearing chemical-protective equipment, and
especially encapsulated suits.This is one of the “P” (psycho¬
genic) considerations in TRACEMP and can present a prob¬
lem for responders.
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Fluid-chilled systems operate by pumping ice-chilled liq¬
uids (water is often used, so that these systems are referred to
as “water cooled”) from a reservoir, through a series of tubes
held within a vest-like garment, and back to the reservoir

Mobility may be limited with some varieties of
this system, as the pump may be located away from the gar¬
ment. Some systems incorporate a battery-operated unit worn
on the hip, but the additional weight may increase the body’s
workload and generate more heat, thereby defeating the pur¬
pose of the cooling vest.

Phase-change cooling technology operates in a similar
fashion to the ice- or gel-packed vests The main
difference between the two approaches is that the temperature
of the material in the phase-change packs is chilled to approxi¬
mately 60°F, and the fabric of the vest is designed to wick per¬
spiration away from the body. The packs typically “recharge”
more quickly than those of an ice- or gel-packed vest. Even
though the temperature of the phase-change pack is higher
than the temperature of an ice- or gel-packed vest, it is suffi¬
cient to absorb the heat generated by the body.

|Reporting and Documenting the Incident
As with any other type of incident, documenting the activities
carried out during a hazardous materials/WMD incident is an
important part of the response. Many responders may pass
through the scene, and it could be quite difficult to sort every¬
thing out when it comes time to reconstruct the events for an
accurate and legally defensible incident report. Good documen¬
tation after the incident is directly correlated with how well organ¬
ized the response was.

Along with the formal written accounts of the event, some
agencies require that personnel fill out exposure records that
include information such as the name of the substances in¬
volved in the incident and the level of protection used. This in¬
formation, coupled with a comprehensive medical surveillance
program (see Chapter 4), provides a method to chronicle the
exposure history of the responders over a period of time. Con¬
sult your AHJ for the exact details and procedures for reporting
and documenting the incident.
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Hot Terms

Chief Concepts
Using a risk-based approach is important when selecting
personal protective equipment. All decisions should be
well thought out and realistic, taking into account the
positive and negative effects of the actions taken.
Emergency responders should be familiar with the poli¬
cies and procedures of the local jurisdiction so as to en¬
sure a consistent approach is taken when selecting the
proper personal protective equipment.
Chemical-protective clothing is classified into two main
categories: vapor-protective clothing and liquid splash-
protective clothing.
Unlike the OSHA HAZWOPER standard, NFPA 1994
covers the performance of the garment and factors in the
performance of the respiratory protection.
Levels A, B, and C are defined in the OSHA HAZWOPER
standard, 29 CFR 1910.120, Appendix B.
Typically, Level A protection is required when the operating
environment exceeds IDLH values for skin absorption.
According to the OSHA HAZWOPER regulation, Level B
equipment is the minimum level of protection to be worn
when operating in an unknown environment.
Level C protection is appropriate when the type of air¬
borne substance is known, its concentration is measured,
and the criteria for using APRs are met.

The most common malady striking anyone wearing PPE
is heat related. In an effort to combat heat stress while
wearing PPE, many response agencies employ some form
of cooling technology under the garment.
Manufacturers' guidelines for maintenance, testing, in¬

spection, storage, and documentation procedures should
be followed for all personal protective equipment pro¬
vided by the AHJ.
Along with the formal written accounts of the event,
some agencies require personnel to fill out exposure rec¬
ords that include information such as the name of the
substances involved in the incident and the level of pro¬
tection used.

Air-purifying respirator (APR) A device worn to filter
particulates and contaminants from the air before it is
inhaled. Selection of the filter cartridge for an APR is
based on the expected contaminants.

Allied professional A person with unique skills, knowl¬
edge, and/or abilities who may be called upon to assist
hazardous materials responders. Examples of allied
professionals may include a Certified Industrial
Hygienist (CIH), Certified Safety Professional (CSP),
Certified Health Physicist (CHP), or similar creden-
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tialed or competent individuals as determined by the
authority having jurisdiction .

Chemical-resistant materials Clothing (suit fabrics) spe¬
cifically designed to inhibit or resist the passage of
chemicals into and through the material by the process
of penetration, permeation, or degradation.

Degradation The physical destruction or decomposition
of a clothing material owing to chemical exposure,
general use, or ambient conditions (such as storage
in sunlight). Materials can also be tested for weight
changes, loss of fabric tensile strength, and other prop¬
erties to measure degradation.

Dehydration An excessive loss of body water. Signs and
symptoms of dehydration may include increasing
thirst, dry mouth, weakness or dizziness, and a dark¬
ening of the urine or a decrease in the frequency of
urination.

Doffing The process of taking off an ensemble of PPE.
Donning The process of putting on an ensemble of PPE.
High-efficiency particulate air (HEPA) filter A filter that

is used in conjunction wit h self-contained breathing
apparatus or simple respirators and that catches
particles down to 0.3-micron size—much smaller than
a typical dust particle or anthrax spore. These filters
are used to protect responders from alpha emitters by
protecting the respiratory tract.

High temperature-protective equipment A type of per¬
sonal protective equipment that shields the wearer
during short-term exposures to high temperatures.
Sometimes referred to as a proximity suit, this type of
equipment allows the properly trained fire fighter to
work in extreme fire conditions. It is not designed to
protect against hazardous materials or weapons of mass
destruction.

Level A ensemble Personal protective equipment that
provides protection against vapors, gases, mists, and
even dusts. The highest level of protection, it requires a
totally encapsulating suit that includes self-contained
breathing apparatus.

l evel B ensemble Personal protective equipment that is
used when the type and atmospheric concentration of
substances requires a high level of respiratory protec¬
tion but less skin protection. The kinds of gloves and
boots worn depend on the identified chemical.

Level C ensemble Personal protective equipment that is
used when the type of airborne substance is known,
the concentration is measured, the criteria for using
an air-purifying respirator are met, and skin and eye
exposure is unlikely. A Level C ensemble consists of
standard work clothing with the addition of chemical-
protective clothing, chemically resistant gloves, and a
form of respirator protection.
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Level D ensemble Personal protective equipment that is
used when the atmosphere contains no known hazard,
and work functions preclude splashes, immersion, or
the potential for unexpected inhalation of or contact
with hazardous levels of chemicals. A Level D ensem¬
ble is primarily a work uniform that includes coveralls
and affords minimal protection.

Liquid splash-protective clothing Clothing designed to
protect the wearer from chemical splashes. It does not
provide total body protection from gases or vapors and
should not be used for incidents involving liquids that
emit vapors known to affect or be absorbed through
the skin. NFPA 1992 is the performance document
pertaining to liquid-splash garments and ensembles.

National Institute for Occupational Safely and Health
(NIOSH) The organization that sets the design, testing,
and certification requirements for self-contained
breathing apparatus in the United States.

Penetration The flow or movement of a hazardous chemi¬
cal through closures such as zippers, seams, porous
materials, pinholes, or other imperfections in a mate¬
rial. Liquids are most likely to penetrate a material, but
solids (such as asbestos) can also penetrate protective
clothing materials.

Permeation The process by which a hazardous chemical
moves through a given material on the molecular level.

Permeation differs from penetration in that permeation
occurs through the material itself rather than through
openings in the material.

Powered air-purifying respirator (PAPR) A type of air¬
purifying respirator that uses a battery-powered blower
to pass outside air through a filter and then to the
mask via a low-pressure hose.

Self-contained breathing apparatus (SC BA) A respirator
with independent air supply used by fire lighters to
enter toxic or otherwise dangerous atmospheres.

Supplied air respirator (SAR.) A respirator that obtains
its air through a hose from a remote source such as a
compressor or storage cylinder. A hose connects the
user to the air source and provides air to the face piece.
SARs are useful during extended operations such as
decontamination, clean-up, and remedial work. Also
referred to as positive-pressure air-line respirators
(with escape units).

Vapor-protective clothing Fully encapsulating chemical
protective clothing that offers full-body protection
from highly contaminated environments and requires
air-supplied respiratory' protection devices such
as self-contained breathing apparatus. NFPA 1991
sets the performance standards for these types of gar¬
ments, which are commonly referred to as Level A
ensembles.



Responder in Action

The chief of your fire company has asked you to give a brief presentation to the town
council about the new Level A suits you are planning to purchase. You decide to use

the example of an ammonia release at a local ice-making facility to underscore the
reasons why your company needs this particular level of protection.

1. Which of the following NFPA standards would be the
proper one to reference regarding your new Level A
suits?
A. NFPA 1981, Standard on Open-Circuit Self-Contained

Breathing Apparatus for Emergency Services (2007
edition)

B. NFPA 1951, Standard on Protective Ensembles for
Technical Rescue Incidents (2007 edition)

C. NFPA 1999, Standard on Protective Clothingfor
Emergency Medical Operations (2008 edition)

D. NFPA 1991, Standard on Vapor- Protective Ensembles
for Hazardous Materials Emergencies (2005 edition)

2. You also choose to mention that the OSHA
HAZWOPER regulation requires the incident com¬
mander to ensure that appropriate personal protective
equipment must be worn at a hazardous materials
emergency. Which part of the OSHA HAZWOPER
standard would be the proper piece to quote?
A. 29 CFR 1910.120(q)(3)(iii)
B. 29 CFR 1910.120(a)
C. 29 CFR 1910.134
0. 49 CFR 1910.22(f)

3. In addition to the garment, you also plan to purchase a
forced-air cooling system. Which of the following gives
the most accurate description of forced-air cooling
technology?
A. Forced-air cooling systems operate by pumping ice-

chilled liquids from a reservoir, through a series of
tubes held within a vest-like garment, and back to
the reservoir.

B. The principle of forced-air cooling systems is that an
ice-chilled vest absorbs the heat generated by the
body. This technology' may cause discomfort to the
wearer because the ice-cold vest is placed so close to
the skin.

C. Forced-air cooling systems operate by forcing pre¬
chilled air through a system of hoses worn close to
the body. As the cooler air passes by the skin, it is
drawn away from the body and released into the
atmosphere.

D. Forced-air cooling technology operates by chilling
the hands and feet with ice-chilled liquids in an
attempt to increase manual dexterity.

4. Which of the following is a true statement?
A. Forced-air cooling technology is bulky and heavy.
B. With forced-air cooling technology, the temperature

of the material in the packs is approximately 60°E
C. Forced-air cooling technology is lightweight and

provides long-term benefits.
D. Forced-air cooling technology is recharged by re¬

freezing the packs.









|NFPA 472 Standard
Competencies for Operations Level Responders Assigned
Mission-Specific Responsibilities
J This chapter shall address competencies for the fol¬

lowing operations level responders assigned mission¬
specific responsibilities at hazardous materials/WMD
incidents by the authority having jurisdiction beyond the
core competencies at the operations level (Chapter 5):
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Operations level responders assigned to use personal
protective equipment
Operations level responders assigned to perform mass
decontamination
Operations level responders assigned to perform tech¬
nical decontamination
Operations level responders assigned to perform evi¬
dence preservation and sampling
Operations level responders assigned to perform prod¬
uct control [p. 244-259]
Operations level responders assigned to perform air
monitoring and sampling
Operations level responders assigned to perform victim
rescue/recovery
Operations level responders assigned to respond to
illicit laboratory incidents
|The operations level responder who is assigned

mission-specific responsibilities at hazardous materials/
WMD incidents shall be trained to meet all competencies at
the awareness level (Chapter 4), all core competencies
at the operations level (Chapter 5), and all competencies
for the assigned responsibilities in the applicable section(s)
in this chapter, [p. 244-259]

3 The operations level responder who is assigned
mission-specific responsibilities at hazardous materials/
WMD incidents shall receive additional training to meet
applicable governmental occupational health and safety
regulations, [p. 244-259]

> The operations level responder who is assigned
mission-specific responsibilities at hazardous materials/
WMD incidents shall operate under the guidance of a haz¬
ardous materials technician, an allied professional, an emer¬
gency response plan, or standard operating procedures,
[p. 244-259]
T The development of assigned mission-specific knowl¬
edge and skills shall be based on the tools, equipment, and
procedures provided by the AH] for the mission-specific
responsibilities assigned, [p. 244-259]
T Goal. The goal of the competencies in this chapter
shall be to provide the operations level responder assigned
mission-specific responsibilities at hazardous materials/
WMD incidents by the AH] with the knowledge and skills to

CHAPTER

11
perform the assigned mission-specific responsibilities safely
and effectively, [p. 244-259]

““j Mandating of Competencies. This standard shall not
mandate that the response organizations perform mission¬
specific responsibilities, [p. 244-259]
T Operations level responders assigned mission-specific
responsibilities at hazardous materials/WMD incidents,
operating within the scope of their training in this chapter,
shall be able to perform their assigned mission-specific
responsibilities, [p. 244-259]

6.1.3

If a response organization desires to train some or all
of its operations level responders to perform mission¬
specific responsibilities at hazardous materials/WMD inci¬
dents, the minimum required competencies shall be as set
out in this chapter, [p. 244-259]_ J Mission-Specific Competencies: Product Control.
|General.
I Introduction.

QJHB The operations level responder assigned to perform
product control shall be that person, competent at the
operations level, who is assigned to implement product
control measures at hazardous materials/WMD incidents,
[p. 244-256]

1 The operations level responder assigned to perform
product control at hazardous materials/WMD incidents shall
be trained to meet all competencies at the awareness level
(Chapter 4), alt core competencies at the operations level
(Chapter 5), all mission-specific competencies for personal
protective equipment (Section 6.2), and all competencies in
this section, [p. 244-256]

IHURM The operations level responder assigned to perform
product control at hazardous materials/WMD incidents
shall operate under the guidance of a hazardous materials
technician, an allied professional, or standard operating
procedures, [p. 244]

multi The operations level responder assigned to perform
product control at hazardous materials/WMD incidents shall
receive the additional training necessary to meet specific
needs of the jurisdiction, [p. 244-259]

1 Goal.
ihmi The goal of the competencies in this section shall be

to provide the operations level responder assigned to prod¬
uct control at hazardous materials/WMD incidents with the
knowledge and skills to perform the tasks in 6.6.1.2.2 safely
and effectively, [p. 244-259]

Hflim When responding to hazardous materials/WMD inci¬
dents, the operations level responder assigned to perform
product control shall be able to perform the following tasks:
(1) Plan an initial response within the capabilities and

competencies of available personnel, personal protec¬
tive equipment, and control equipment and in accor-



w
(2)

Competencies —Implementing the Planned6.6.4

Absorption [p. 245-247]
Adsorption [p. 245-247]
Damming [p. 246-249]
Diking [p. 248-250]
Dilution [p. 250]

Absorption [p. 245-247]
Adsorption [p. 245-247]
Damming [p. 246-249]
Diking [p. 248-250]
Dilution [p. 250]

(a)
(b)
(0
(d)
(e)

(a)
(b)
(0
(d)
(e)

materials/WMD incident, [p. 244-259]
|Competencies — Planning the Response.
|Identifying Control Options. Given examples of haz-

Response.
GUI Performing Control Options. Given an incident action

plan for a hazardous materials/WMD incident, within the

Identify the options to accomplish a given response
objective, [p. 244-251]
Identify the purpose for, and the procedures, equip¬
ment, and safety precautions associated with each of
the following control techniques:

ardous materials/WMD incidents, the operations level re¬
sponder assigned to perform product control shall identify
the options for each response objective and shall meet the
following requirements as prescribed by the AHJ:

dance with the emergency response plan or standard
operating procedures by completing the following tasks:
(a) Describe the control options available to the opera¬

tions level responder, [p. 244-251]
(b) Describe the control options available for flammable

liquid and flammable gas incidents, [p. 251-256]
(2) Implement the planned response to a hazardous

6.6.3
7717

(f) Diversion [p. 250-251]
(g) Remote valve shutoff [p. 251-252]
(h) Retention [p. 251-252]
(i) Vapor dispersion [p. 252-256]
Q) Vapor suppression ]p. 252-256]

E2JB Selecting Personal Protective Equipment. The opera¬
tions level responder assigned to perform product control
shall select the personal protective equipment required to
support product control at hazardous materials/WMD inci¬
dents based on local procedures (see Section 6.2).
[p. 244-259]

capabilities and equipment provided by the AHJ, the opera¬
tions level responder assigned to perform product control
shall demonstrate control functions set out in the plan
and shall meet the following requirements as prescribed
by the AHJ:
(1) Using the type of special purpose or hazard suppressing

foams or agents and foam equipment furnished by the
AHJ, demonstrate the application of the foam(s) or
agent(s) on a spill or fire involving hazardous materials/
WMD. [p. 252-256]

(2) Identify the characteristics and applicability of the
following Class B foams if supplied by the AHJ:
(a) Aqueous film-forming foam (AFFF) [p. 254-256]
(b) Alcohol-resistant concentrates [p. 254-256]
(c) Fluoroprotein ]p. 254-256]
(d) High-expansion foam [p. 254-256]

(3) Given the required tools and equipment, demonstrate
how to perform the following control activities:

(f) Diversion [p. 250-251]
(g) Retention [p. 251-252]
(h) Remote valve shutoff [p. 251-252]
(i) Vapor dispersion [p. 252-256]
(j) Vapor suppression [p. 252-256]

(4) Identify the location and describe the use of emergency
remote shutoff devices on MC/DOT-306/406, MC/
DOT- 307/407, and MC-331cargo tanks containing
flammable liquids or gases, [p. 251-253]

(5) Describe the use of emergency remote shutoff devices
at fixed facilities, [p. 251-253]

EXJB The operations level responder assigned to perform
product control shall describe local procedures for going
through the technical decontamination process.
IP- 259]
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|Knowledge Objectives
After studying this chapter, you will be able to:

Describe and identify the control options available to
operations level responders.
Describe and identify the control options available for
flammable liquid and flammable gas incidents.
Describe the purpose, equipment, and precautions asso¬
ciated with control options.

• Describe the applicability and characteristics of aqueous
film-forming foam, alcohol-resistant concentrates,
fluoroprotein foams, protein foams, and high-expansion
foams.

• Identify the location and describe the use of emergency
remote shut-off devices on MC/DOT-306/406, MC/
DOT-307/407, and MC-331cargo tanks containing flam¬
mable liquids or gases.. Describe the recovery phase, and the transition from
emergency to clean-up.

|Skills Objectives
After studying this chapter, you will be able to:

• Perform the following control activities:
• Absorption
• Adsorption
• Damming

Diking
• Dilution
• Diversion
• Retention

Remote valve shut-off
Vapor dispersion
Vapor suppression. Perform the following methods of applying foam:
Rain-down method
Roll-in method

• Bounce-off method



You Are the Responder

our engine company has been dispatched to assist a rescue com¬
pany on the scene of a rolled-over diesel truck pulling a flatbed
trailer. The trailer was carrying several lengths of large steel pipe,

which are now lying on the road. The fuel tanks on the diesel truck
are leaking. Upon arrival, your officer receives an assignment to

protect a curbside drain located downslope from the leaking tanker.
He assigns the task to you and two other fire fighters. There is a

slight breeze blowing away from you, back toward the leaking tanker.
The product is confirmed to be diesel fuel. The concrete roadway ahead of the
spill is completely dry. You have access to three plastic shovels and several bags
of loose absorbent.

1. Would full structural fire fighter’s turnout gear and SCBA offer adequate
protection in this situation?

2. Based on your level of training (i.e., operations core competencies and all
of the mission-specific competencies), would you be qualified to perform
this task?

3. Describe the steps you would need to take, including obtaining information
about diesel fuel, to complete the assignment.

IIntroduction
It is not uncommon for a hazardous materials incident to re¬
quire some form of product control. Scenarios like the one de¬
scribed in the chapter-opening vignette are relatively common,
as are incidents involving leaking drums, spills into waterways,
and other types of releases involving flammable liquids or gases.
Many of these incidents require emergency responders to in¬
tervene by shutting off valves or applying loose absorbents or
various kinds of foam to mitigate the situation.

In most cases, the best course of action is to confine the
problem to the smallest area possible. Confinement is the pro¬
cess of attempting to keep the hazardous material within the
immediate area of the release. This goal can usually be accom¬
plished by damming or diking a material, or by confining va¬
pors to a specific area. Containment, by contrast, refers to
actions that stop the hazardous material from leaking or escap¬
ing its container. Examples of containment include patching or
plugging a breached container, or righting an overturned con¬
tainer to stop a slow leak. Sometimes, it is necessary to first
stop the leak (contain), and then confine whatever has been re¬
leased. In other cases, it may be impossible to stop the leak and
all that can be done is to confine the hazardous material as much
as possible.

There is no clear-cut sequence or single best way to handle
every problem involving product control issues. You must size

up the situation as you would any other problem, and employ
the best methods available to handle the incident safely. When
considering a control option, certain factors must be evaluated,
such as the maximum quantity of material that can be released
and the likely duration of the incident without intervention.

It is vital in these situations, as with any other type of re¬
lease, for responders to understand the nature of the release,
wear the proper level of personal protective equipment (PPE),
and have all the tools and equipment—including air moni¬
toring and detection equipment—available to accomplish the
task at hand. In many cases, product control measures bring
responders in close proximity to the released product. To work

Some of the mission-specific competencies described in this
section are taken from competencies required of hazardous
materials technicians. That does not mean, however, that
operations level responders, with a mission-specific compe¬
tency in product control or any other mission-specific compe¬
tency, are replacements for hazardous materials technicians.
Operations level responders should operate under the guid¬
ance of a hazardous materials technician, an allied profes¬
sional, or standard operating procedures.
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safely in a contaminated (or potentially contaminated) atmo¬
sphere, responders must stay informed about their working en¬
vironment. Readings from monitoring and detection devices
should always be interpreted in the context of the specific event.
Chapter 14, Mission-Specific Competencies: Air Monitoring
and Sampling, provides more information on detection and
monitoring. Additionally, all emergency responders should be
familiar with the policies and procedures of the local jurisdic¬
tion to ensure that they employ a consistent approach to the se¬
lected control option.

|Control Options
The most challenging aspect of mitigating a hazardous materials
emergency is arriving at a solution that can be employed
quickly and safely, while minimizing the potential negative ef¬
fects on people, property, and the environment. If that sounds
like a tall order, it is. Handling a hazardous materials incident
is a bit like a chess game: One move sets up and (either posi¬
tively or negatively) influences the next move or series of
moves. As mentioned earlier, it is vital to use a risk-based
thought process when choosing to employ any control option.
Remember—a solid response objective should be well thought
out and realistic, taking into account both the positive and
negative effects of the actions taken.

Sometimes, no action is the safest course of action. Unfor¬
tunate as it may seem, on some occasions the situation is so ex¬
treme, or the responders cannot be properly protected, that it
may be prudent to create a safe perimeter and let the problem
stabilize on its own. In firefighting, certain buildings are recog¬
nized as “losers" due to well-advanced or inaccessible fires, in¬
adequate water supply, or untenable conditions. In these cases,
an incident commander may choose to pull back, go defensive,
and protect exposures (people, animals, the environment, and
equipment). A similar mentality should be considered when deal¬
ing with some kinds of hazardous materials release scenarios. As
an example, a fire in a gasoline tanker may have to burn itself
out if not enough foam is available to fight the fire effectively.

esponaerTips

An accurate size-up must be accomplished prior to taking
any action! You must understand the nature of the problem
and the ramifications of whatever control option is chosen.

Similarly, when incompatible chemicals are mixed, it may be
wise to let the reaction run its course before intervening. Highly
volatile flammable liquids may be left to evaporate on their
own without taking offensive action to clean them up

|. These are but a few examples of situations whenFigure 11-1 «

Absorption and Adsorption
Absorption is the process whereby a spongy' material (soil or
loose absorbents such as vermiculite, clay, or peat moss) or
specially designed spill pads are used to soak up a liquid haz¬
ardous material Figure 11-2’ The contaminated mixture of
absorbent material and chemicals are then collected, and all of
the materials are disposed of together. Most states have laws
and regulations that dictate how to dispose of used absorbent
materials.

Figure 11-2 Spill pads are often used to soak up a liquid hazardous
material.



Hazardous Materials Awareness and Operations

Absorption minimizes the spread of liquid spills, but is ef¬
fective only on flat surfaces. Although absorbent materials such
as soil and sawdust are inexpensive and readily available, they
become hazardous materials themselves once they come in con¬
tact with the spilled liquid and, therefore, must be disposed of
properly. The process of absorption does not change the chem¬
ical properties of the involved substance. It is only a method to
collect the substance for subsequent containment.

The technique of absorption may prove challenging for
personnel because it requires them to be in close proximity to
the spilled material. It also involves the addition of material to
a spilled product, which adds volume to the spill. The absor¬
bent material may also react with certain hazardous substances,
so it is important to determine whether an absorbent substance
is compatible with the hazardous material. Hydrofluoric acid,
for example, is not compatible with the silica-based absorbents
commonly found in some types of spill booms of a spilled
liquid.

In addition, some absorbent materials repel water while
still absorbing a spilled liquid that does not mix with water—
an effective property under the right circumstances (such as
when the goal is to mitigate an oil spill on a body of water). In
these situations, spill booms are deployed as floating barriers
used to obstruct passage. These booms are typically constructed
of an outer mesh covering and filled with a material such as
polypropylene or silica. Many different sizes and types of spill
booms are on the market today: Again, some will float on wa¬
ter, whereas others are designated for use only on dry land. It
is up to your AHJ to decide which types of booms are appro¬
priate for your jurisdiction Figure 11-3

It is important to determine whether an absorbent substance
is compatible with the hazardous material before it is used.

Skill Drill 11-1

Another example where the technique of absorption may
prove challenging for personnel is an incident involving nitric-
acid at a concentration higher than 72%. In this situation, the
nitric acid becomes such an aggressive oxidizer that using an
organic-based absorbent may result in the acid igniting the ab¬
sorbent material. To reiterate the point made earlier, not all ab¬
sorbent materials are created equal, and using the wrong one
might end up unduly complicating your situation.

The opposite of absorption is adsorption. In adsorption,
the contaminant adheres to the surface of an added material—
such as silica or activated carbon—rather than combining with
it (as in absorption). In some cases, the process of adsorption
can generate heat—-a key point you should consider when use
of adsorbent materials is proposed. The concept of adsorption
is analogous to the mechanism underlying Velcro: Adsorbents
are “sticky” and grab onto whatever substance they are designed
to be used for. A common adsorbent material is activated car¬
bon, which is found in the filter cartridges used for air-purifying
respirators.

To use absorption/adsorption to manage a hazardous
materials incident, follow the steps in

1. Collect the basic materials.
a. Absorbents
b. Adsorbents
c. Absorbent pads
d. Absorbent booms

2. Decide which absorbent/adsorbent is best suited for use
with the spilled product and the physical characteristics of
the spill (i.e., a spill in a lake, pond, or creek versus on wet
or dty ground).

3. Assess the location of the spill and stay clear of any spilled
product. (Step I)

4. Use detection and monitoring devices to determine whether
airborne contamination is present. Consult reference
sources for the physical and chemical properties of the
spilled material.

5. Apply the appropriate material to control the spilled
material. (Step 2)

6. Maintain control of the absorbent/adsorbent materials and
take appropriate steps for their disposal. (Step 3)

Damming
Damming is a containment technique that is used when liquid
is flowing in a natural channel or depression and its progress
can be stopped by blocking the channel. Three kinds of dams
are typically used in such circumstances: a complete dam, an
overflow dam, or an underflow dam.

A complete dam is placed across a small stream or ditch to
completely stop the flow of materials through the channel. This
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Skill Drill 11-1
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Using Absorption/Adsorption to Manage a Hazardous Materials Incident

Decide which material is best suited
for use with the spilled product.
Assess the location of the spill and
stay clear of any spilled product.

Use detection and monitoring devices
as well as reference sources to iden¬
tify the product. Apply the appropri¬
ate material to control the spilled
product.

3 Maintain control of the absorbent/
adsorbent materials and take appro¬
priate steps for their disposal.

type of dam is used only in areas where the stream or ditch is
basically dry and the amount of material that needs to be con¬
trolled is relatively small.

For hazardous materials spills in streams or ditches with a
continuous flow of water, an overflow or underflow' dam must
be constructed. An overflow dam is used to contain materials
heavier than water (specific gravity > 1). It is constructed by
building a dam base up to a level that holds back the flow of

Polyvinyl chloride (PVC) pipe or hard suc¬Figure 11-4

tion hose is installed at a slight angle to allow the water to flow
“over” the released liquid, thereby trapping the heavier material
at a low level at the base of the dam.

An underflow dam is used to contain materials lighter than
water (specific gravity < 1) and is basically constructed in the op¬
posite manner of the overflow dam, The piping on the underflow
dam is installed near the bottom of the dam so the waters flow
“under” the dam, thereby allowing the materials floating on die
water to accumulate at the top of the dam area Figure 11-5

lighter than water.
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Determine the need for and location
of an overflow dam. Build a dam
with sandbags or other available
materials.

Install appropriate number of 3- to
4-inch plastic pipes horizontally on
top of the dam and add more sand¬
bags on top of the dam. Complete the
dam installation and ensure that the
piping will allow the proper flow of
water without allowing the heavier-
than-water material to pass through
the pipes.

Skill Drill 11-2

Constructing an Overflow Dam

critical to have sufficient pipes and hoses to allow enough water to
flow past the dam without overflowing over the top of the dam.

To construct an overflow dam, follow the steps in
Skill Drill 112-

1. Based on the spilled material havinga specific gravity greater
than 1 , determine the need and the best location for an
overflow dam.

2. Build a dam with sandbags or other available materials.
(Step 1)

3. Install two to three lengths of 3- to 4-inch plastic pipe hori¬
zontally on top of the dam. Add more sandbags on top of
the dam if available.

4. Complete the dam installation and ensure that the piping will
allow the proper flow of water without allowing the heavier-
than-water material to pass through the pipes. (Step 2)
To construct an underflow dam, follow the steps in

Skill Drill 11-3

1. Based on the spilled material having a specific gravity less
than 1, determine the need and best location for an under¬
flow dam.

2. Build a dam with sandbags or other available materials.
(.Step 1)

3. Install two to three lengths of 3- to 4-inch plastic pipe at a
20- to 30-degree angle on top of the dam. Add more sand¬
bags on top of the dam if available.

4. Complete the dam installation and ensure that the size will
allow the proper flow of water underneath the lighter-than-
water liquid. (Step 2)

Diking
Diking is the placement of a selected material such as sand,
dirt, loose absorbent, or concrete so as to form a barrier that
will keep a hazardous material (in liquid form) from entering
an unwanted area or to hold the material in a specific location.
Before contemplating construction of a dike, you must confirm
that the material used to control the hazard will not react ad¬
versely with the spilled material.

To construct a dike, follow the steps in Skill Drill 11-4 >
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Determine the need for and location
of an underflow dam. Build a dam
with sandbags or other available
materials.

2 Install appropriate number of 3- to
4-inch plastic pipe at 20- to 30-degree
angle on top of the dam and add
more sandbags on top of the dam.
Complete the dam installation and
ensure that the piping will allow the
proper flow.

Skill Drill 11-4

Constructing a Dike

Build a short wall with sandbags or
other available materials.

3 Complete the dike installation and
ensure that its size will contain the
spilled product.

Determine the best location for the
dike. If necessary, dig a depression in
the ground 6 to 8 inches deep. Ensure
that plastic will not react adversely
with the spilled chemical. Use plastic
to line the bottom of the depression
and allow for sufficient plastic to
cover the dike wall.
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6. Complete the dike installation and ensure that its size will
contain the spilled product. It may be necessary to construct
a series of dikes if there is a concern about the amount of
product being released. A wise incident commander will
consider backing up the original structure to ensure that
the product will be controlled effectively. (Step 3)

Dilution
Dilution is the addition of water or another substance to
weaken the strength or concentration of a hazardous material
(typically a corrosive). Dilution can be used only when the iden¬
tity and properties of the hazardous material are known with
certainty. One concern with dilution is that water applied to di¬
lute a hazardous material may simply increase the total volume;
if the volume increases too much, it may overwhelm the con¬
tainment measures implemented by responders. For example,
if 1 gallon of water were added to 3 gallons of spilled hydro¬
chloric acid (pH = 3), the result of this action would be the
creation of 4 gallons of hydrochloric acid (pH = 3); it takes a
tremendous amount of water to effectively dilute such a low-pH
acid. Dilution should be used with extreme caution and only
on the advice of those knowledgeable about the nature of the
chemicals involved in the incident.

To use dilution to manage a hazardous materials incident,
follow the steps in Skill Drill 11-5-

4. Add small amounts of water from a distance to dilute the
product. If applicable, check the pH periodically during this
operation.

5. Contact the hazardous materials technician (or other quali¬
fied professional) if any additional issues arise. (Step 1)

I Diversion
Diversion techniques in general are intended to redirect the
flow of a liquid away from an endangered area where it will
have less impact. In many cases, however, responders do not
need to build elaborate dikes to divert the flow of a spilled liq¬
uid. Instead, existing barriers—such as curbs or the curvature
of the roadway—may be effective ways to divert liquids away
from storm drains or other unwanted destinations. Addition¬
ally, dirt berms, spill booms, and plastic tarps filled with sand,
dirt, or clay may provide a rapidly employed diversion mech¬
anism. These diversion methods are not as “permanent” as a
dike, and they can be constructed fairly quickly. Remember—
the intent of diversion is to protect sensitive environmental
areas or any other areas that would be unsuitable for the spilled
liquid.

To employ a diversion technique to manage a spilled liq-
Skill Drill 11-6 »

1. Based on the spilled material and the topography condi¬
tions, determine the best location for the diversion.

2. Use sandbags or other materials to divert the product flow
to a more desirable location. This location may not be per¬
fect, but may be more advantageous to the overall control
efforts.

3. Stay clear of the product flow.
4. Monitor the diversion channel to ensure the integrity of the

system. (Step 1)

Skill Drill 11-5
. . . • . . • • .

Using Dilution to Manage a Hazardous Materials Incident
<N

Determine the viability of a dilution operation.
Obtain guidance from a hazardous materials
technician, specialist, or professional. Ensure
that the water used will not overflow and affect
other product-control activities. Add small
amounts of water from a distance to dilute
the product. Contact the hazardous materials
technician, specialist, or other qualified
professional if any additional issues arise.
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Skill Drill 11-6

1
Determine the best location for the diversion.
Use sandbags or other materials to divert the
product flow to an area with fewer hazards.
Stay clear of the product flow. Monitor the
diversion channel to ensure the integrity of the
system.

Retention
Retention is the process of creating a defined area to hold haz¬
ardous materials. For instance, it may involve digging a depres¬
sion in the ground and allowing material to pool in the depression.
The material is then held there until a clean-up contractor can
recover it. In some cases, some sort of diversion technique
may be required to guide the spilled liquid into the retention
basin. As an example, a city's public works department or an
independent contractor might use a backhoe to create a reten¬
tion area for runoff at a safe downhill distance from the
release.

To use retention, follow the steps in Skill Drill 11-7

chemicals, provide a way to remotely shut down a system or
isolate a leaking fitting or valve. This action may prove to be a
much safer way to mitigate the problem Figure 11-6 >

Fixed ammonia systems provide a good example of the ef-
fectiveness of using remote valve shut-offs. In the event of a
large-scale ammonia release, most current systems have a main
dump valve that will immediately redirect anhydrous ammonia
into a water deluge system or diffuser. These systems are designed
to knock down the vapors and collect the resulting liquid in a
designated holding system.

Many types of cargo tanks have emergency remote shut¬
off valves. MC-306/DOT-406 cargo tanks, for example, carry
flammable and combustible liquids and Class B poisons. These
single-shell aluminum tanks may hold as much as 9200 gal¬
lons of product at atmospheric pressure. The tanks have an
oval/elliptical cross-section and overturn protection that serves
to protect the top-mounted fittings and valves in the event of a

Participating in product control operations may require a
great deal of physical energy and mental concentration. Re¬
member to take rehabilitation breaks throughout the inci¬
dent to minimize the effects of heat stress and fatigue. Refer
to NFPA 473, Standard for Competencies for EMS Personnel
Responding to Hazardous Materials/WMD Incidents, for more
information on heat stress.
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Skill Drill 11-7

1
Determine the best location for the retention
system. Dig a depression in the ground to
serve as a retention area. Use plastic to line
the bottom of the depression. Use sandbags or
other materials to hold the plastic in place. Stay
clear of the product flow. Monitor the retention
system to ensure its integrity.

Using Retention to Manage a Hazardous Materials Incident

to mitigate the problem.

rollover. In the event of fire, a fusible link is designed to melt at
a predetermined temperature (typically around 250°F); its col¬
lapse causes the closure of the internal product discharge valve.
A baffle system within the cargo tank compartment reduces the
surge of the liquid contents. Remote shut-off valves are often
located near the front of the cab (adjacent to the driver’s door)
or at the rear of the cargo tank Figure 11-7 >

MC-307/DOT-407 cargo tanks carry chemicals that are
transported at low pressure, such as flammable and combusti¬
ble liquids as well as mild corrosives and poisons. These vehicles
may carry as much as 7000 gallons of product and are outfitted
with many of the safety features similar to those found on the
MC-306/DOT-406 cargo tanks Figure 11-8

cargo tanks have a carrying capacity between 2500 and 11,500
gallons. These types of cargo tanks have remote shut-off valves
located at both ends of the tank, internal shut-off valves, a ro¬
tary gauge depicting product pressure, and top-mounted vents

Figure 11-9 >

Vapor Dispersion and Suppression
When a hazardous material produces a vapor that collects in
an area or increases in concentration, vapor dispersion or sup¬
pression measures may be required.
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front of the cab, adjacent to the driver's door, or at the rear of an
MC-306/D0T-406 cargo tank.

both ends of the tank, internal shut-off valves, a rotary gauge depict¬
ingproduct pressure, and two top-mounted vents.

Vapor dispersion is the process of lowering the concen¬
tration of vapors by spreading the vapors out. Vapors can be
dispersed with hose streams set on fog patterns, large displace¬
ment fans (being mindful of the fan itself becoming a source
of ignition), or other types of mechanical ventilation found in
fixed hazardous materials handling systems. Before dispersing
vapors, the consequences of this action should be considered.
If the vapors are highly flammable, an attempt to disperse them
may ignite the vapors. The dispersed vapors can also contam¬
inate areas outside the hot zone. Vapor dispersion with fans
or a fog stream should be attempted only after the hazardous
material is safely identified and in weather conditions that will
promote the diversion of vapors away from any populated areas.

The remote shut-off valve is typically found near the
front of the cab, adjacent to the driver’s door, or at the rear of an
MC-3O7/DOT-4O7 cargo tank.

Figure 11-8

Conditions must be constantly monitored during the entire
operation.

Vapor suppression is the process of controlling fumes or
vapors that are given off by certain materials, particularly flam¬
mable liquids, in an attempt to prevent their ignition. It is accom¬
plished by covering the hazardous material with foam or some
other material, or by reducing the temperature of the material.
For example, gasoline gives off vapors that present a danger
because they are flammable. To control these vapors, a blanket
of firefighting or vapor-suppressing foam is layered on the sur¬
face of the liquid.

Not all vapor-suppressing foams are appropriate for all
types of applications. Much like the concept of choosing the
right PPE to protect you from a hazardous substance, respond¬
ers must choose a type of foam that is designed to work in cer¬
tain situations. For example, Class A foam is typically used to
fight fires involving ordinary combustible materials such as wood
and paper. In most situations involving hazardous materials
or weapons of mass destruction (WMD) agents, Class A foam
is not the most appropriate type of foam to use. Class B foam,
by contrast, is used to fight fires and suppress vapors involving
flammable and combustible liquids such as gasoline and diesel
fuel. This type of foam seals the surface of a spilled liquid and
prevents the vapors from escaping, thereby reducing the dan¬
ger of vapor ignition. If the vapors are burning, a gently applied
foam blanket will also spread out over the surface of the liquid
and work to smother the fire.

Responders should be aware of the nature of the materials
that are released and the way in which particular foam concen¬
trates behave when they are applied. Take the time to become
familiar with the types of foam concentrates that may be used
by your agency.

Reducing the temperature of some hazardous materials
will also suppress vapor formation. Unfortunately, there is no
easy way to accomplish this goal except in cases of small spills.
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Employ this control measure only after consulting with a haz¬
ardous materials technician level responder or another subject-
matter expert in the field.

To use vapor dispersion to manage a hazardous materials
release, follow the steps in Skill Drill 11-8-

Skill Drill 11-9

1 . Based on the characteristics of the released material, the size
of the leak, and the topography, determine the viability of
a vapor suppression operation.

2. Use the appropriate instrument to determine the boundaries
of a safe work area.

3. Ensure that ignition sources in the area have been removed
or safely controlled.

4. Apply appropriate type of foam from a safe distance to sup¬
press vapors.

5. Monitor the environment until the vapors have been ade¬
quately suppressed. (Step 1)
Always remember that as foam is applied, more volume

will be added to the spill. All of the foams listed below sup¬
press the ignition of flammable vapors and may be used to ex¬
tinguish fires in flammable or combustible liquids:

Aqueous film-forming foam (AEEF) can be used at a
1%, 3%, or 6% concentration. This type of foam is de¬
signed to form a blanket over spilled flammable liquids
to suppress vapors or on actively burning pools of flam¬
mable liquids. Foam blankets are designed to prevent a

Skill Drill 11-8

Using Vapor Dispersion to Manage a Hazardous Materials Incident

Determine the viability of a disper¬
sion operation. Use the appropriate
monitoring instrument to deter¬
mine the boundaries of a safe work
area. Ensure that ignition sources

2 Apply water from a distance to
disperse vapors. Monitor the environ¬
ment until the vapors have been
adequately dispersed.

in the area have been removed or
controlled.
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Skill Drill 11-9

NFPA
472,6.6.4.1 Using Vapor Suppression to Manage a Hazardous Materials Incident

Determine the viability of a vapor suppression
operation. Use the appropriate instrument to
determine the boundaries of a safe work area.
Ensure that ignition sources in the area have
been removed or controlled. Apply foam from
a safe distance to suppress vapors. Monitor
the environment until the vapors have been
adequately suppressed.

fire from reigniting once extinguished. Most AFFF foam
concentrates are biodegradable. AFFF is usually applied
by way of in-line foam eductors, foam sprinkler systems,
and portable or fixed proportioning systems.
Alcohol-resistant concentrales have properties simi¬
lar to AFFF; except that they are formulated so that al¬
cohols such as methyl alcohol and isopropyl alcohol
and other polar solvents will not dissolve the loam. (Reg¬
ular protein foams cannot be used on these types of
products.)
Huoroprotein foam contains protein products mixed
with synthetic fluorinated surfactants. These foams can
be used on fires or spills involving gasoline, oil, or simi¬
lar products. Fluoroprotein foams rapidly spread over
the fuel, ensuring fire knockdown and vapor suppres¬
sion. Fluoroprotein foams, like many of the synthetic
foam concentrates and other types of special-purpose
foams, are resistant to polar solvents such as alcohols,
ketones, and ethers.
Protein foam concentrates are made from hydrolyzed
proteins (animal by-products), along with stabilizers
and preservatives. These types of foams are very stable
and possess good expansion properties. They are quite
durable and resistant to reignilion when used on Class B
fires or spills involving nonpolar substances such as
gasoline, toluene, oil, and kerosene.
High-expansion foam is utilized when large volumes
of foam are required for spills or fires in warehouses,

tank farms, and hazardous waste facilities. It is not un¬
common to have a yield of more than 1000 gallons of
finished foam from every gallon of foam concentrate
used. The expansion is accomplished by pumping large
volumes of air through a small screen coated with a
foam solution. Because of the large amount of air in the
foam, high-expansion foam is referred to as “dry” foam.
By excluding oxygen from the fire environment, this
agent smothers the fire, leaving very little water residue.

There are several ways to apply foam. Foam concentrates
(other than high-expansion foam) should be gently applied or
bounced off another adjacent object so that they flow down
across the liquid and do not directly upset the burning surface.
Foam can also be applied in a rain-down method by directing
the stream into the air over the material and letting the foam
gently fall onto the surface of the liquid, as rain would. To apply
the rain-down method, follow the steps in Skill Drill 11-10
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Skill Drill 11-10
r r

5 Performing the Rain-Down Method of Applying Foam
1

Open the nozzle to ensure that foam is being
produced. Move within a safe range of the
product and open the nozzle. Direct the stream
of foam into the air so that the foam gently falls
onto the pool of the product. Allow the foam to
flow across the top of the pool of the product
until it is completely covered.

to steam before it comes in contact with the liquid surface.
Foam can also be applied via the roll-in method by bouncing
the stream directly into the front of the spill area and allowing
it to gently push forward into the pool rather than directly
“splashing” it in. To apply foam using the roll-in method, fol¬
low the steps in Skill Drill 11-11

Skill Drill 11-12

1. Open the nozzle and test to ensure that foam is being pro¬
duced. (Step 1)

2. Move within a safe range of the product and open the noz¬
zle.

3. Direct the stream of foam onto a solid structure such as a
wall or metal tank so that the foam is directed off the object
and onto the pool of product.

4. Allow the foam to flow across the top of the pool of product
until it is completely covered.

5. Be aware that the foam may need to be banked off of several
areas of the solid object so as to extinguish the burning
product. (Step 2)

|Recovery
The recovery phase of a hazardous materials incident occurs
when the imminent danger to people, property, and the envi¬
ronment has passed or is controlled, and clean-up begins. Dur¬
ing the recovery phase, local, state, and federal agencies may
become involved in cleaning up the site, determining the re¬
sponsible party, and implementing cost-recovery methods. The
recovery phase in large-scale incidents can go on for days, weeks,
or even months and may require large amounts of resources
and equipment Figure 11-10 »
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Skill Drill 11-11

Open the nozzle and test to ensure that foam is being
produced.

Performing the Roll-In Method of Applying Foam
1

Open the nozzle and test to ensure that foam
is being produced. Move within a safe range
of the product and open the nozzle. Direct the
stream of foam onto the ground just in front
of the pool of product. Allow the foam to roll
across the top of the pool of product until it is
completely covered.

Skill Drill 11-12

Performing the Bounce-Off Method of Applying Foam

Move within a safe range of the product and open the nozzle.
Direct the stream of foam onto a solid structure such as a
wall or metal tank so that the foam is directed off the object
and onto the pool of product. Allow the foam to flow across
the top of the pool of product until it is completely covered.
Be aware that the foam may need to be banked off of several
areas of the solid object so as to extinguish the burning
product.



xperience
here are times where all the aspects of what you have learned just come
together. This happened to me on one very cold February night.

** Worse than that was
the pact that the semi
wasn’t leaking puel
prom a saddle tank as
we predicted; it was
on its side and this
particular MC-307/
DOT-407 was leaking
diesel puel prom the
top op the tanker
trailer. 99

t 1 had been an officer for a couple of years at the time of this incident, and
was feeling comfortable in my knowledge base. We were called to a report

of a multiple-vehicle crash, including one semi, at a particular mile marker on
Interstate 25. The semi was reported to be leaking diesel fuel. We assembled our plan en

route, including scene safety, security, patients, patching the hole in the tank, and throwing
down “kitty litter” and pads to clean up what had spilled.

We didn’t realize that this particular mile marker included a bridge over a lake.
The semi was on its side and the MC-307/DOT-407 was leaking diesel fuel from
the top of the tanker trailer. The fuel hadn't begun dripping off the side of the
bridge, but we knew we had less than ten minutes before it did.

While two fire fighters checked the scene and assessed patients, one fire fighter
grabbed what we had of “kilty litter" and pads to create a small diversion dam
and a small sponge area to give us a little time. We knew it wouldn’t hold,
and we needed more material to make it last. Help was quickly called for the
department’s complete stock of “kitty litter,” public works personnel with lots
of sand (which I was told would be at least 45 minutes in arriving), and the
regional hazardous materials team.

Using the “kitty litter” we had, we built a long diversion barrier to allow the diesel
fuel to slowly flow down the length of the bridge toward its end, away from its
edge. We also used the natural traffic ruts in the interstate to help us with this task.
Where the flow reached the end of the bridge, we had several fire fighters working
with picks and axes to break up the ground. These fire fighters created a dam to
retain the flow in place with the dirt they were able to break up.

Once the public works department arrived, we used the equipment and
truckloads of dirt they brought to reinforce both our diversion barrier and the
dam. This completely contained the spill until the clean-up and offloading crews
arrived, along with representatives of the regional hazardous materials team.
Upon their arrival, we turned the scene over to them and went back in service

On the way back, it occurred to us that the information we learned in hazardous materials
classes really does work, and that multiple techniques and scenarios can easily apply to just
one incident (recognition, diking, absorption, diversion, containment, damming, recovery
phase, and retention). By taking the appropriate steps, remaining flexible, and using all
the knowledge we had gained, we had prevented this incident from becoming a serious
environmental nightmare.

Be safe out there.

Philip Oakes
Laramie County Fire District #4
Cheyenne, Wyoming
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In some situations, there is a clear transition between the
emergency phase and the clean-up phase. The decision to de¬
clare a change from the emergency phase to the recovery phase
is typically made by the incident commander. For example, a
distinct hand-off between on-scene public safety responders
and private-sector commercial clean-up companies would fit
this description. It is not uncommon for public-sector respond¬
ers to hand off the clean-up operations, but remain on scene to
ensure that the operation is carried out properly. As long as
public safely personnel and responders remain on the scene,
they should maintain their vigilance for safety to ensure that no
new hazards are created or injuries incurred during the recov¬
ery phase.

At other times, the initial responders perform both the
emergency response and the clean-up. For example, respond¬
ers often handle in their entirety small gasoline spills resulting
from auto accidents or spills at gas stations.

esponderTtp

The ultimate goal of the recovery phase is to return the prop¬
erty or site of the incident to its preincident condition, and to
return the facility or mode of transportation to the responsi¬
ble party.

After performing any product control procedure, follow your
local procedures for technical decontamination.

of the responsible party, and implementation of cost recovery.

The transition from emergency to clean-up should be car¬
ried out in a manner consistent with your agency’s standard
operating procedures and the guidelines determined by your
AHJ. The recovery phase also includes completion of the rec¬
ords necessary for documenting the incident.



Wrap-Up

Hot Terms

Chief Concepts
When considering a control option, a variety of factors
must be evaluated, such as the maximum quantity of ma¬
terial that can be released and the likely duration of the
incident if no intervention is made.
Sometimes the situation is so extreme, or the proposed
action is so risky, that it may be prudent to create a safe
perimeter and let the problem stabilize on its own.
Control techniques or options generally aim to contain,
redirect, or lower the concentration of the hazardous ma¬
terial involved and/or to prevent the ignition of flamma¬
ble liquids or gases.
Responders can employ a variety of product-control op¬
tions, such as absorption, diversion, damming, diking, or
isolating a leak with remote shut-off valves.
Special foams can help both in vapor suppression actions
and in extinguishment of fires associated with flammable
liquid releases.
Responders should be aware of the locations of emergency
shut-off valves at fixed facilities and on the various types
of cargo tanks typically found in their response area.
The recovery phase may last for days or months and aims
to return the exposure area to its original condition and
return the facility or mode of transportation to the respon¬
sible party.

Absorption The process of applying a material that will
soak up and hold a hazardous material in a sponge-like
manner for collection and subsequent disposal.

Adsorption The process in which a contaminant adheres to
the surface of an added material—such as silica or
activated carbon—rather than combining with it (as in
absorption).

Alcohol-resistant concentrate A foam concentrate with
properties similar to those of an aqueous film-forming
foam, except that the concentrate is formulated so that
alcohols and other polar solvents will not break down
the foam.

Aqueous film-forming foam (AFFF) A water-based extin¬
guishing agent used on Class B fires that forms a foam
layer over the liquid and stops the production of flam¬
mable vapors.

Confinement The process of keeping a hazardous material
within the immediate area of the release.

Containment Actions relating to stopping a leak from a
hazardous materials container, such as patching, plug¬
ging, or righting the container.

Damming The product-control process used when liquid is
flowing in a natural channel or depression, and its
progress can be stopped by constructing a barrier to
block the flow.

Diking The placement of materials to form a barrier that will
keep a hazardous material in liquid form from entering
an area or that will hold the material in an area.

Dilution The process of adding a substance—usually
water—in an attempt to weaken the concentration of
another substance.

Diversion The process of redirecting spilled or leaking
material to an area where it will have less impact.

Exposures The process by which people, animals, the
environment, and equipment are subjected to or come
into contact with a hazardous material.

Eluoroprotein foam A blended organic and synthetic foam
that is made from animal by-products and synthetic
surfactants.

High-expansion foam A foam created by pumping large
volumes of air through a small screen coated with a
foam solution. Some high-expansion foams have ex¬
pansion ratios ranging from 200:1 to approximately
1000:1.

Protein foam A foam that is made from organic materials.
It is effective on non-alcohol-type fuels such as gaso¬
line and diesel fuel.

Recovery phase The stage of a hazardous materials inci¬
dent after imminent danger has passed, when clean-up
and the return to normalcy have begun.

Remote valve shut-off A type of valve that may be found
at fixed facilities utilizing chemical processes or piped
systems that carry chemicals. These remote valves
provide a way to remotely shut down a system or iso¬
late a leaking fitting or valve. Remote shut-off valves
are also found on many types of cargo containers.

Retention The process of purposefully collecting hazardous
materials in a defined area.

Vapor dispersion The process of lowering the concentra¬
tion of vapors by spreading them out, typically with a
water fog from a hose line.

Vapor suppression The process of controlling vapors given
off by hazardous materials, thereby preventing vapor
ignition, by covering the product with foam or other
material or by reducing the temperature of the material.
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Responder in Action

Your engine company has arrived on the scene of an MC-306 flammable liquid cargo
tanker parked on the side of the interstate. Prior to your arrival, the dispatch center ad¬
vised you that the tanker is carrying gasoline. Upon arrival, you notice the beginnings of
a stream of released liquid flowing from the underside of the tank, away from your location.
The driver approaches you and confirms the product to be gasoline, and states that he
has no idea why the leak is occurring. The air temperature is approximately 9O°F and the
winds are calm. You are considering the options available to control the released liquid.

1. Where would be the most likely places to find the
remote shut-off valves on this type of cargo tanker?
A. Underneath the truck, near the front and rear

wheels
B. Adjacent to the drivers door or at the rear of the

cargo tank
C. Inside the cab next to the MSDS or under the pas¬

senger seat
0. On top of the cargo tank; one on the front of the

tank and the other at the rear

2. Assuming that the leak has been stopped and approxi¬
mately 500 gallons of liquid is now retained in a catch
basin, which type of foam might be applied effectively
to this type of product (gasoline) to suppress the
vapors?
A. High-expansion foam
B. Foam eduction solution
C. Surfactant foam concentrate
D. AFFF foam

3. You notice the AFFF foam blanket appears to be break¬
ing down too quickly. Which of the following state¬
ments best describes a likely cause?
A. The pavement temperature is too hot; the foam is

breaking down due to heat.
B. The AFFF foam is incompatible with the spilled

liquid; you should consider switching to an alcohol-
resistant type foam.

C. The pool of spilled liquid is too deep; foam works
only on shallow pools of liquid.

D. You should change nothing, keep applying the same
foam.

4. Imagine that the leak worsens, to the point that the
flowing liquid has now reached an adjacent 15-foot¬
wide drainage canal with water flowing in it. It is de¬
cided to build a dam to capture the (lowing gasoline.
Which of the following types of dams would be appro¬
priate given the physical properties of gasoline?
A. A diversion dam
B. An underflow dam
C. An overflow dam
D. A retention dam




