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1-1   The Basics

The Basics

Awareness level personnel are people who, in the course of their 
normal duties, could encounter an emergency involving hazard-
ous materials or WMDs.  They are expected to recognize the 
presence of hazardous materials or WMDs, protect themselves, 
call for trained personnel, and secure the area.  This chapter will 
guide you that far.

However, this book is also written for people who may be part 
of an emergency response system but are not operations level 
responders.  Their responsibilities may go beyond what is pre-
sented in this chapter.  Thus it is up to each reader to use what 
is applicable at his or her level and leave the rest for appropriate 
personnel.

STOP 

Do Not Enter 

6 

POISON 
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1-3   The Basics

Lay a Safe Foundation
What occurs in the first minutes of a hazmat incident or terrorist 
event significantly affects what happens in the hours that follow.  

At the awareness level, your responsibility is to get the ball rolling 
by recognizing the problem, calling for trained personnel, and 
securing the area.  Do everything you can to ensure your safety 
so that you don’t become part of the problem or endanger the 
lives of others.  

Perform the Following Tasks Safely

• Detect the presence of hazardous materials/WMDs. 
(See the clues on page 1-4.)

• Identify the problem.  Survey the incident from a safe location
(upwind, uphill, upstream) to obtain information for emergency
responders.
(See the guidelines on pages 1-5 to 1-6.)

• Call for trained personnel (911 or the appropriate number in
your area).  (Additional notifications may be required.)
(See page 1-7.)

• Isolate and deny entry, then prepare for additional protective
actions (evacuation or in-place protection) as appropriate.
(See pages 1-8 to 1-10.)

• Ensure your safety first, last, and always.
(See page 1-11 in addition to the safety reminders throughout
this chapter.)

Your responsibilities may go beyond those listed above, and for 
that reason, you’ll find a lot of additional information throughout 
this book.  However, any actions you take should be within the 
scope of your employment and the limits of your training, re-
sources, and capabilities.  Above all, do not initiate any actions 
unless it is safe to do so.
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1-4   The Basics

Detect the Presence of 
Hazardous Materials or WMDs

It’s not always immediately obvious when hazardous materials 
or WMDs are present.  Many hazmat/WMD incidents are initially 
reported to emergency responders as something else (e.g., fire, 
smoke or odor investigation, traffic accident, medical aid call).

Look for Hazmat/WMD Recognition Clues

Assume that hazardous materials are present until proven other-
wise.  Look for clues or warning signs such as:

•	 Details provided by a caller or dispatcher
•	 Occupancies or locations where hazardous materials are 

likely to be manufactured, used, stored, or transported
•	 Facility preplans
•	 Containers that are likely to hold hazardous materials 
•	 Markings and colors on packages, labels, or placards 
•	 Placard and label information
•	 Shipping papers and material safety data sheets (MSDS)
•	 Information from responsible party and witnesses
•	 People running from the area
•	 Illnesses or injuries consistent with a hazmat exposure
•	 Dead or sick animals, birds, fish, or insects
•	 Unusual colors, sounds, odors, or clouds
•	 Visible release or chemical reaction (spill, leak, fire, etc.)
•	 Condensation lines on pressure tanks
•	 Alarms from fixed or portable monitoring equipment
•	 WMDs or signs of criminal activities 

Evaluate Clues Wisely and Cautiously

•	 Remember, no clue is 100% reliable.  All have limitations.  Look 
for evidence to support your observations or assumptions.  

•	 Be alert to sensory clues, but don’t rely on them alone.  Sensory 
clues are the least dependable and potentially most dangerous 
method of identification.  Many hazardous materials are colorless 
and/or odorless and can do harm before you see or smell them.  
Observe from a safe distance (upwind, uphill, upstream), and 
use binoculars if needed.

•	 Be cautious of touching anything from the scene (including 
patients and shipping papers) that may be contaminated. 
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1-5   The Basics

Identify the Problem
Survey (size up) the incident from a safe spot (upwind, uphill, 
upstream) to obtain information for emergency responders.  

Define the Problem

•	 What type of incident is this?  Fire, spill, odor complaint, etc?
•	 Has anyone been injured?  If so, how many people?  What type 
of injuries?

•	 Has the container been damaged?  Has any product been 
released?

•	 Are there any indications of criminal or terrorist activity?
	 (See Chapter 7 for more information.)

These are just a few examples.  The more details you can provide, 
the better.

Correctly Identify the Product

It’s essential to get the correct name of the material.  

•	 When in doubt, spell the name phonetically.  Many chemical 
names sound alike, but the hazards, safety precautions, and 
mitigation measures can be dramatically different.  

•	 Pay attention to prefixes (e.g., n-, i-, and iso-) and numbers in 
a chemical name.  They can be significant.  

•	 Identify the concentration, because concentration often has a 
direct bearing on the hazards.  For example, a 90% solution of 
hydrogen peroxide is very dangerous, but a 3% solution is not.  

•	 If possible, get a CAS (Chemical Abstracts Service) number 
from a container label, shipping papers, hazardous waste 
manifest, or MSDS.  The CAS number is a unique identification 
number assigned to specific chemical substances.  

Possible sources for product identification include:

•	 Placards, labels, pipeline markers, or other marking systems
•	 Shipping papers and material safety data sheets (MSDS) 
•	 Facility employees, vehicle driver, or other responsible party
•	 Business plans, facility preplans, etc.
•	 Hazardous waste manifests
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1-6   The Basics

Identify the Problem (continued)

Identify the Product (continued)

When you can’t positively identify the product, provide the best 
information available:

• The four-digit UN/NA identification number on a placard.  
(Sometimes this is as good as a chemical name.  Sometimes
it merely narrows it down to a small number of similar products,
all of which have the same UN/NA identification number.)

• Labels, placards, or other markings.
(See Chapter 3 for more information.)

• Container shapes.
(See Chapter 4 for more information.)

Be Wary

If you can’t accurately identify the material or if there are multiple 
products involved, treat this unknown situation as a worst-case 
scenario.  Always err on the side of safety.  Be wary whenever:

• You can’t get close enough to safely see placards, labels, or
other identifying information.

• Labels or placards are missing.
• You have any suspicion that labels or placards are erroneous

(e.g., a material is not doing what it is “supposed to” according
to reference sources or it appears the container was refilled
with a different product).

• You see a “Dangerous” placard indicating a mixed load ship-
ment.

• Shipping papers or MSDSs are unavailable or inaccessible.
• There are any indications of criminal or terrorist activity.

Collect Hazard Information from the ERG

Once you call for trained personnel (see page 1-7) and isolate the 
area (see pages 1-8 to 1-10), begin collecting hazard information 
from the current edition of the Emergency Response Guidebook 
(ERG) or other available reference sources.  (If you’re not familiar 
with how to use the ERG, see pages 12-3 to 12-8).  
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1-7   The Basics

Call for Trained Personnel

Initiate the Notification Process

Initiate the notification process specified in your local emergency 
response plan and your organization’s SOPs.  Report the incident 
by dialing 911 or the appropriate number in your area.  Notify your 
on-site emergency response team (ERT) if applicable.

In Case of Emergency
Dial 911 or   

 ____________________________

Provide Key Information When Calling

Provide as much of the following information as possible.  Updates 
can be provided as more details become available.  Stay on the line 
until emergency operators have all the information they need.

• Location of the incident and whether it is indoors or outdoors
• Type of hazmat/WMD incident (fire, spill, medical, etc.)
• Material(s) involved (if known) - If you do not know the specific

product, describe any labels, placards, markings, or container
shapes that are visible

• Number of injured or exposed persons (if applicable)
• Approximate size of the fire or release
• Environment affected (air, land, or water)
• Information on product spread so that emergency personnel

can approach from an upwind, uphill, and upstream direction
• Whether criminal or terrorist activities are suspected
• Actions currently being taken
• Your name and the phone number you are calling from

Make Additional Notifications As Appropriate

For most awareness level personnel, the notification responsibility 
ends with calling 911.  Dispatchers and emergency responders will 
take it from there.  However, various laws require the responsible 
party to report a release.  So if you’re somehow responsible for 
the hazardous material involved, you may need to make additional 
notifications (or coordinate with emergency responders who do 
so).  (See pages 2-6 to 2-9 for more information.)  
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1-8   The Basics

Isolate and Deny Entry

Establish an Initial Isolation Zone (Perimeter)

Set up an initial isolation zone, or perimeter, to keep people out of 
danger.  This step is also known as isolate and deny entry.  

•	 Direct potentially contaminated people to a safe refuge area 
where they can be evaluated and decontaminated if needed 
by emergency responders. 

•	 Direct witnesses who may have important information to remain 
on scene in a safe location until interviewed and released by 
emergency responders.  

•	 Establish the initial isolation zone based on information in the 
ERG or other reference sources, department SOPs, or the 
recommended distances on the following page.

•	 If you are unsure of the appropriate distance, assume the worst 
and err on the side of safety.  It is generally easier to reduce a 
larger isolation zone than it is to expand a smaller one.

•	 Make the isolation zone larger on the downwind side.  Anticipate 
wind changes and adjust as needed.

•	 Use existing barriers (gates, fences, etc.) whenever possible.  
They are generally more reliable than barrier tape and traffic 
cones.  

•	 Do not use flares if flammable vapors are suspected. 

Prepare for Additional Protective Measures
As Needed

Depending on the circumstances, a hazmat team may set up 
control zones (hot, warm, and cold).  This is not an awareness 
level responsibility.  However, awareness level personnel should 
be familiar with these control zones.  (See page 2-10 for more 
information.)  

The incident may require protective actions (evacuation or shelter-
ing in place).  These are activities that awareness level personnel 
may be able to assist with.  (See pages 2-20 to 2-27 for more 
information.)
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1-9   The Basics

Isolate and Deny Entry (continued)

Recommended Distances - Outdoor Incidents

If you know the product, use the Emergency Response Guide-
book (ERG) for recommended safe distances.  If you don’t know 
the product, you can use the distances below, which have been 
extrapolated primarily from information in the ERG2008.  

The following general guidelines are minimum initial isolation 
distances for spills or leaks.

	 Distance	 Hazard Potential
	 75 feet  (25 meters)	 low to moderate
	 150 feet  (50 meters)	 significant
	 330 feet  (100 meters)	 high 
	 1/3 mile  (0.5 kilometers)	 most explosives

The following minimum initial downwind evacuation distances 
are general guidelines geared for large spills.  (Distances may 
be greater for substances highlighted in the ERG yellow or blue 
sections and listed the green section—the Table of Initial Isolation 
and Protective Action Distances.)

	 Distance	 Hazard Potential
	 330 feet  (100 meters)	 moderate
	 800 to 1000 feet  (0.25 to 0.3 kilometers)	 significant
	 1/3 to 1/2 mile  (0.5 to 0.8 kilometers)	 high  

The following minimum evacuation distances are general guide-
lines that apply to fires.

•	 1000 feet (0.3 kilometers) - fires involving radioactive materials
•	 1/3 to 1 mile (0.5 to 1.6 kilometers) - fires involving tanks, rail 

cars, or tank trucks

The following minimum evacuation distances apply to explosive 
devices.  However, greater distances may be prudent, depending 
on the circumstances.  

•	 900 feet (0.27 kilometers) - explosive devices 
•	 0.5 to 1.5 miles (0.8 to 2.4 kilometers) - vehicle bombs 
	 See the Vehicle Bomb Evacuation Distance Table (page 8-19)
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1-10   The Basics

Isolate and Deny Entry (continued)

Recommended Distances - Outdoor Incidents 
(continued)

Adjust isolation distances as needed based on wind, rain, topogra-
phy, fire, etc.  If you don’t know the hazards of the material, consider 
its form; any gas or any liquid that appears to have a high vapor 
pressure (is evaporating rapidly) is potentially more dangerous.  

Note: The ERG generally defines a small spill as one involving 
a single, small package (e.g., up to a 55-gallon drum), a small 
cylinder, or a small leak from a large package.  It defines a large 
spill as a spill from a large package or multiple spills from many 
small packages. 

Recommended Distances - Indoor Incidents

It is more difficult to provide recommended distances for indoor 
incidents because there are so many variables.  The building itself 
can make it difficult to even see the release and determine the 
scope of the incident.

You may be able to use the recommended distances on the previ-
ous page as a starting point.  Another guideline that may work, 
depending on the product and quantity involved, is to keep at 
least one room or floor between you and the hazardous material.  
Remember that you still want to be “upwind” and “uphill” from the 
product, but these terms take on new significance inside a build-
ing.  It may be unsafe to be on floors above or below the release 
depending on the vapor density of the material and pathways 
between floors (routes a liquid, vapor, or gas may travel).  Antici-
pate that the product may spread via air handling systems, floor 
drains, etc., and adjust accordingly. 

The “Rule of Thumb” - Outdoors or Indoors

If you’re not sure of the appropriate distance, back out and err on 
the side of safety.  Consider, too, the old “rule of thumb.”  If you’ve 
backed out to the recommended distance but can see the incident 
beyond your outstretched thumb, you may still be too close.
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1-11   The Basics

Ensure Your Safety
First, Last, and Always

From the moment you recognize a hazmat incident or terrorist 
event, you should be doing everything possible to ensure your 
safety so that you don’t become part of the problem or endanger 
the lives of others.  The guidelines below supplement everything 
that has already been emphasized throughout this chapter.  

Follow Basic Safety Guidelines

•	 Maintain a safe distance (upwind, uphill, upstream), and use 
binoculars as needed. 

•	 Do not drive through spills or clouds.  
•	 Treat all materials as hazardous until proven otherwise.
•	 Observe all hazards.  Most chemicals have multiple hazards 

associated with them.  Other dangers on scene may include 
traffic, tripping hazards, electrical hazards, sharp objects, or 
bad terrain.

•	 Be alert for signs of criminal or terrorist activity, including the 
possibility of secondary events or devices.  Don’t touch suspi-
cious items.  

•	 Do not underestimate the hazards at a small incident.  Many 
chemicals are extremely hazardous in very small quantities.

•	 Keep in mind that wind, rain, topography, and other variables 
can change the risks.

•	 Do not touch, ingest, or inhale an unknown material.
•	 Do not eat, drink, or smoke in the incident area.  Wash hands 

thoroughly before eating, drinking, or smoking.
•	 Eliminate ignition sources (e.g., open flames, pilot lights, 

smoking materials, heated surfaces, electrical sparks, or static 
electricity) if flammable vapors are suspected and if you can 
do so safely.   Don’t, however, go near the hazardous material 
to do so.  

•	 Avoid the temptation to engage in rescue operations.  Rescue 
is not an awareness level function.  (When faced with major 
events, such as 9/11 and the Oklahoma City bombing, it’s not 
unreasonable for people at all levels to pitch in and do what 
is needed.  But otherwise, you’re more likely to become part 
of the problem and further endanger the lives of emergency 
responders.)
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2-1

Where Chapter 1 was designed to address the needs of all 
awareness level personnel, this one goes beyond the basics for 
the benefit of those who may be part of an emergency response 
system but are not operations level responders.  

These are general guidelines only.  All local, state, federal, and 
jurisdictional laws, regulations, and standard operating procedures 
(SOPs) take precedence over these guidelines.

Beyond the Basics
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2-3

How to Use This Chapter
Most of the awareness level responsibilities were outlined in the 
first chapter.  However, if you are part of the emergency response 
network, your responsibilities may go further.  

Potential Responsibilities

This chapter covers other functions that an awareness level 
person might be involved with.  Refer to the following topics as 
appropriate.  

Topic	 Page
Be Prepared	 2-4
Report on Conditions	 2-5
Make Additional Notifications As Appropriate	 2-6
Enforce Control Zones	 2-10
Work Within the Incident Command System (ICS)	 2-11
Plan Your Activities	 2-13
Participate in the Safety Briefing	 2-15
Wear Appropriate PPE (Personal Protective Equipment)	 2-16
Respect the Need for Decon	 2-18
Implement Protective Actions	 2-20
Assess the Special Needs of Children	 2-28
Address the Media As Appropriate	 2-30
Beware Illicit Laboratories	 2-33
Help Preserve Evidence	 2-36
Facilitate Cleanup and Disposal	 2-41
Debrief As Appropriate	 2-42
Document As Appropriate	 2-43

(Note: Patient care is covered separately in Chapter 6.)
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2-4

Be Prepared

Know Your Emergency Response Plan / SOPs

Various laws require that employers, emergency responders, 
and communities in general have emergency response plans.  
(Jurisdictions that have not developed a plan can refer to the 
National Response Team document NRT-1, Hazardous Materials 
Emergency Planning Guide.)  Know where your plan and SOPs 
are located, and be familiar with the contents of each.  

__________________________________________________
Location of Emergency Response Plan & SOPs

Know the Risks in Your Community

If you work at a facility that manufactures, uses, stores, or trans-
ports hazardous materials, the law requires your employer to 
inform you about those materials and the risks they pose.  How-
ever, you can encounter hazardous materials almost anywhere 
you go in the course of your normal duties:

•	 Fuel storage and dispensing facilities
•	 Auto repair and service shops
•	 Manufacturing, industrial, and research facilities
•	 Airports, truck terminals, rail yards, piers, docks, and other port 

shipping facilities
•	 Utilities (water treatment facilities, electrical substations, etc.)
•	 Retail occupancies (e.g., hardware, paint, and building supply 

stores; garden centers; grocery/drug stores; craft/hobby stores)
•	 Dry cleaners
•	 Farms and agricultural facilities
•	 Medical facilities and veterinary clinics
•	 Schools (chemistry/science labs and storerooms, auto shop, 

pool supply and maintenance areas)
•	 Print shops
•	 Warehouses
•	 Treatment storage disposal (TSD) facilities
•	 Landfills and hazardous materials/waste disposal sites
•	 Homes (garages, sheds, kitchens, and bathrooms)
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2-5

Report on Conditions
If you’re first on scene as part of the emergency response effort, 
you’ll need to give a report on conditions as soon as possible.  

Provide the Following Information

Provide the following information in your report on conditions.  

•	 Notification of arrival on scene
•	 Updated address or location if appropriate
•	 Type of structure or area threatened
•	 Conditions upon arrival
•	 Whether criminal or terrorist activities are suspected
•	 Your proposed course of action
•	 Instructions to other responding units, including safe response 

routes, staging areas, and assignments upon arrival
•	 An estimate of resources required
•	 Any other pertinent information 

Make Your Message Clear

Your message must be clearly understood by the dispatcher and 
other responding units. 

•	 Speak clearly and distinctly.  Remain calm when giving your 
report so that it will be understood.

•	 Follow department SOPs for providing a report on conditions.  
•	 Use plain English or “clear text” rather than codes, particularly 

when multiple agencies or jurisdictions are involved.
•	 Be brief, accurate, and to the point.  Provide only pertinent 

information.
•	 Supplement the initial report as necessary to include any sig-

nificant changes in the situation or planned objectives.
•	 Have dispatchers repeat critical information (especially life 

safety concerns) to ensure they’ve heard you correctly and 
are following through with tasks as needed.  Likewise, repeat 
critical information provided to you by the dispatchers.  

•	 Ask the dispatcher to relay critical information to other respond-
ing units.
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2-15

Participate in the Safety Briefing
A safety briefing must be conducted to make sure that all person-
nel understand the objective and their responsibilities. 

Items Typically Covered in a Safety Briefing

The items below are typically part of a full safety briefing.  Ide-
ally, even awareness level responders would be included in that 
briefing.  However, it’s not uncommon for some people to be 
excluded, because not all activities on scene can come to a halt 
to hold a meeting.  

If you are not included in the safety briefing for some reason, be 
sure that your supervisor reviews with you any of the components 
that apply to your role at the incident:

•	 Preliminary evaluation of the incident
•	 Hazards/risks and appropriate safety measures:
	 •	 The material and its container
	 •	 Other hazards on site (traffic, trip/fall, electrical, confined 

spaces, etc.)
	 •	 Potential for cross contamination from treating patients
	 •	 Potential for criminal or terrorist activities (secondary events, 

armed resistance, weapons, booby traps, etc.)
•	 Site description (safe distances, control zones, security, etc.)
•	 On-site organization (incident command structure)
•	 Incident objectives, including task(s) to be performed and time 

needed to perform them
•	 Appropriate PPE
•	 Monitoring requirements
•	 Communications procedures
•	 Signs and symptoms of exposure
•	 Decon procedures (emergency, gross, technical)
•	 Emergency medical care
•	 Emergency procedures (including alerting, evacuation routes, 

and areas of refuge)
•	 Guidelines for preserving evidence
•	 Any other pertinent information
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Implement Protective Actions

Protective Action Options

Evacuation is the process of removing people from areas at risk 
to areas of safety or refuge.  It is generally the preferred protective 
action, but it may not be practical in densely populated areas or 
incidents involving large, fast-moving airborne releases.  Evacu-
ations may be voluntary or mandatory, although state laws may 
vary regarding forcing people from their homes.  

In-place protection involves keeping people inside buildings and 
directing them to close doors, windows, ventilation systems, and 
other openings to make the structure as airtight as possible.  In-
place protection is sometimes the only practical option.  (In some 
areas, it is known as shelter-in-place or protection-in-place.)

Key Points

•	 Choosing the right option requires evaluating the chemical, the 
population threatened, responder resources and capabilities, 
site and duration of release, time factors, current and predicted 
weather, and your ability to communicate with the public.  

•	 In-place protection may be needed as an alternative or as an in-
terim measure for people who can’t be evacuated right away.

•	 In-place protection is generally not appropriate for incidents 
involving flammable atmospheres or explosives.

•	 It’s vital to maintain a method of communicating with people 
you’ve chosen to protect in place.  Doing so enables you to 
evacuate them more efficiently if the situation deteriorates.  

•	 Evacuation may cause more harm than good if a toxic gas or 
vapor has been released.  Evacuation is best when there is 
time to accomplish it safely, the benefits outweigh the risks, or 
in-place protection might not adequately protect people.

•	 Evacuees should be sent far enough away that they won’t have 
to be moved twice.  If possible, they should be kept in one place 
to facilitate decon and medical treatment if needed.  (See the 
following page regarding protective action distances.)

•	 Potentially contaminated areas may need to be evacuated by  
trained responders with proper PPE.

•	 Vehicles are not as good as buildings for in-place protection, 
but they can offer limited protection for a short period if the 
windows are closed and the ventilation system is shut off.
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Implement Protective Actions (continued)

Protective Action Distances

The Emergency Response Guidebook (ERG) is a good resource 
for determining protective action distances.  

For most materials, appropriate distances can be found in the 
orange-bordered guide pages.  Under the heading of “Public 
Safety” will be a statement that says, “Isolate spill or leak area 
immediately for at least ... in all directions.”  This is the starting 
point for any spill or leak.  Further down the page are evacuation 
distances for a large spill or a fire.  

If a material is highlighted in the yellow- or blue-bordered pages, 
it is considered either a toxic inhalation hazard (TIH) or a material 
that produces toxic gas upon contact with water.  Protective action 
distances for these materials are located in the green-bordered 
pages.  To find the appropriate distances, you must first determine 
if you have a small spill or large spill.  (The ERG defines a small 
spill as one that involves a single small container or a small leak 
from a large container.  It defines a large spill as one that involves 
a spill from a large container or multiple spills from many small 
containers.)  Then use the chart to identify the initial isolation 
distance and an appropriate downwind protection distance based 
on whether it is day or night.  Important: If the material is on fire or 
threatened by fire, refer first to the orange-bordered pages.  The 
fragmentation hazard from fire or explosion may be more important 
than the toxicity hazard during the initial response phase.  

The following illustration shows the shapes of recommended initial 
isolation and protective action zones provided in the ERG.

Shapes of Recommended Zones

Downwind Distance

Protective
Action Zone

Initial
Isolation
Zone

1/2 Downwind 
Distance

1/2 Downwind 
Distance
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Implement Protective Actions (continued)

Protective Action Messages

Your department SOPs should contain guidelines for develop-
ing evacuation and in-place protection instructions.  However, 
the following pages provide a basic template you can use in the 
absence of such guidelines.  You might need to develop protec-
tive action messages in several different languages.  You might 
also need alternate means of warning hearing-impaired or other 
special-risk individuals.

General Announcement

Make a general announcement to the public, identifying all of 
the key points listed below.  Use this general announcement in 
conjunction with the appropriate portions of the evacuation or 
in-place protection instructions on the following pages.

1.	 Identify yourself by rank/title and name.

2.	 Identify your agency or department.

3.	 Describe the incident by size/intensity, type, and location.

4.	 Advise the public that there is potential danger to life and 
health.  

5.	 Indicate what type of protective action is needed: evacuation 
(mandatory or voluntary) or in-place protection.

6.	 Indicate the scope of the area affected (number of blocks, 
miles, or feet from the incident).

7.	 Provide a specific description of the areas involved (e.g., east 
of Winchester Avenue, north of Highway 85).

8.	 Advise the public of safe evacuation centers or locations.

9.	 Let the public know where they can get more information 
(appropriate phone numbers, television or radio stations, 
etc.) and how often they can expect updates.

If it’s possible anyone was exposed to or contaminated by the 
material, identify the following:

1.	 Type of hazard(s)

2.	 Symptoms

3.	 What to do if symptoms persist

4.	 Whom to notify (name, phone, etc.)

PA
RTI

AL
 

SA
MPL

E



2-23

Implement Protective Actions (continued)

Protective Action Messages (continued)

Evacuation Instructions

1.	 Stay calm.

2.	 Gather your family, and take a neighbor or someone else 
who needs help.

3.	 Mandatory evacuation: Take critical items (medicine, purse, 
wallet, keys) only if they are immediately available.

	 Precautionary evacuation: Take essential items (diapers, 
baby food, clothes, money).  Leave a message in a prominent 
location to let family and friends know where you are.

4.	 Turn off all appliances (stove, lights, heaters, etc.).

5.	 Tie a white towel or pillowcase to the front doorknob or railing 
to let responders know you have evacuated. 

6.	 Lock your house.

7.	 Do not use more cars than you have to.

8.	 Keep windows and vents in the car closed.

9.	 Go immediately to the home of a friend or relative outside 
the evacuation area or to a shelter or staging area located 
at:  ___________________________________________ 

10.	 Officers will be stationed at intersections along the way to 
direct you.

11.	 If you need transportation, call: _____________________ 

12.	 Children at the following schools: ___________________

	 ______________________________________________

	 will be evacuated to: _____________________________

	 ______________________________________________

13.	 Do not drive to your child’s school.  Pick your child up from 
the authorities at the shelter.

14.	 The hazardous material is toxic.  Signs and symptoms of 
overexposure are: _______________________________

	 ______________________________________________ 

15.	 If you have any of these signs or symptoms, seek medical 
help at: ________________________________________

16.	 Use telephones only if you need emergency service.

17.	 Other: _________________________________________
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Implement Protective Actions (continued)

Protective Action Messages (continued)

In-Place Protection Instructions

1.	 Get inside your home or other building as quickly as pos-
sible.

2.	 Close all doors, windows, fireplaces, vents, or other openings.  
Use duct tape, foil, or plastic wrap to seal leaks.

3.	 Turn off all heating, ventilation, and air conditioning systems.  
Close vents.

4.	 Close drapes, curtains, and shades.  Stay away from external 
windows.

5.	 Use stairwells whenever possible.  Limit use of elevators.

6.	 Use telephones only if you need emergency service.

7.	 Turn on the radio or television for information.  Tune in to the 
Emergency Alert System.

8.	 Stay inside until the authorities announce that it is safe to 
come out.

Post-Incident Instructions

You might also need to provide people with instructions about what 
to do after the incident.  It might be advisable to change filters on 
heating, ventilation, and air conditioning (HVAC) equipment; clean 
exposed surfaces; or discard food that was left out.  Contact your 
local or state health department for assistance.PA
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1

EXPLOSIVE

1.1A

3

FLAMMABLE LIQUID

CORROSIVE

8

7

RADIOACTIVE  III
CONTENTS

     ACTIVITY

TRANSPORT INDEX

2

NON-FLAMMABLE GAS

5.2

ORGANIC PEROXIDE

W

Labels, Placards 
and Other Marking 

Systems

This chapter provides information on how to recognize hazmat 
incidents through UN/DOT labels and placards, the NFPA 704 
system, HMIS® labels, GHS (Globally Harmonized System) pic-
tograms, and various other marking systems.  This chapter also 
contains important safety information about each of the UN/DOT 
hazard classes.  

Note: Color illustrations are provided on the inside of the front 
and back covers.
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Class 1 - Explosives
(and Blasting Agents)

An explosive is any substance or article (including a device) that 
is designed to function by explosion or that, by chemical reaction 
within itself, is able to function in a similar manner.  Explosives 
range from being very sensitive to shock, heat, or friction, to be-
ing relatively insensitive, needing an initiating device to function.  
They are divided into six divisions based degree of hazard.

	Div.	Degree of Hazard	 Examples
	1.1	 Mass explosion hazard	 Black powder, dynamite, TNT
	1.2	 Projection hazard	 Detonating cord, aerial flares
	1.3	 Fire/minor blast hazard	 Propellant explosives, rocket motors
	1.4	 Minor explosion hazard	 Practice ammo, common fireworks
	1.5	 Very insensitive	 Blasting agents, ANFO
	1.6	 Extremely insensitive	 Articles not otherwise specified

•	 One reason explosives are so dangerous is that they contain 
both an oxidizer and a fuel component in their structures.  Two 
sides of the fire triangle are already complete.

•	 Many people have been killed by explosives because they 
underestimated the hazard potential.

•	 There is little difference between the six divisions from the first 
responder’s perspective.  While the degree of risk varies, all 
Class 1 materials can be just as deadly if they explode.  

•	 The NFPA Fire Protection Handbook suggests evacuating to 
a distance of at least 2000 feet (600 meters) for fires involv-
ing explosives.  The ERG shows distances up to 1 mile (1600 
meters).

•	 Some explosive devices (e.g., electric blasting caps) can be set 
off by radio transmissions.  Do not operate radios within 330 
feet (100 meters) unless you are sure it’s safe to do so.

•	 Improvised explosive devices (IEDs) are very dangerous because 
they can be easily concealed and triggered in many ways.

1

EXPLOSIVES
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1.6 
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Class 2 - Gases
Class 2 materials all exist as gases in their natural states, but 
their hazards can vary greatly.

	Div.		 Description
	2.1	 Flammable gas (e.g., propane, acetylene, methyl chloride)
	2.2	 Nonflammable, nonpoisonous compressed gas (including 

compressed gas, liquefied gas, pressurized cryogenic gas, 
compressed gas in solution, asphyxiant gas, and oxidizing 
gas) (e.g., anhydrous ammonia, carbon dioxide, nitrogen)

	2.3	 Gas poisonous by inhalation (identified as inhalation haz-
ard in the U.S. or poison gas internationally) (e.g., arsine, 
chlorine, phosgene, methyl bromide) 

•	 Division 2.1 gases have a lower explosive limit (LEL) of not 
higher than 13% or a flammable range of at least 12%, regard-
less of the LEL.  Beware “nonflammable” gases (e.g., anhydrous 
ammonia) that will burn in the right concentration.

•	 Overpressurization (from fire or nonfire conditions) can cause 
pressure vessels to fail catastrophically.  Consider an immedi-
ate withdrawal.  

•	 Large pressure vessels can fail in 10 to 20 minutes or days after 
the container was stressed.  BLEVEs (boiling liquid expanding 
vapor explosions) can throw debris up to a mile.  Consider an 
immediate withdrawal.

•	 A rising sound from a venting relief device and discoloration 
of the tank due to fire are indications of impending BLEVE.  
Withdraw immediately.

•	 Most compressed gas cylinders have a pressure relief device 
to prevent rupture when exposed to fire.  (Relief devices are 
prohibited on cylinders containing highly toxic materials.)

•	 When gases are released quickly from a cylinder, the cylinder 
can become very cold.  Beware of the frostbite hazard.

•	 A liquid released from a pressure vessel will expand significantly 
as it returns to its gaseous state.  The gas can travel a consider-
able distance and greatly increase the scope of the incident.

(continued next page)
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Class 2 - Gases (continued)

•	 Division 2.3 (poisonous) gases are further identified by poison 
inhalation zone (PIH), sometimes referred to as toxic inhalation 
zone (TIH).  Hazard Zone A is the worst.  

		 Zone	 LC50 greater than	 LC50 less than or equal to
		  A	 —	 200 ppm
		  B	 200 ppm	 1000 ppm
		  C	 1000 ppm	 3000 ppm
		  D	 3000 ppm	 5000 ppm

Cryogenic Liquids

Class 2 also includes cryogenic liquids (gases that have been 
liquefied by cooling to a temperature of -130˚F/-90˚C or less).  

There is no label or placard specifically for cryogenic liquids.  
They generally have the same labels or placards used for gases.  
However, many containers used for bulk transportation of cryo-
genic liquids are not placarded; they are stenciled with the words 
“Refrigerated Liquid” and the name of the product instead.

Cryogenic liquids present several hazards:

•	 They are extremely cold; contact can cause frostbite.  
•	 Cryogenic liquids have very high expansion ratios.   Liquid 

nitrogen, for example, has an expansion ratio of 696 to 1.  A 
large release of a cryogenic liquid could displace oxygen in the 
atmosphere and create an asphyxiation hazard, particularly in 
enclosed spaces or low-lying areas.

•	 The high expansion ratio also means that any flammability or 
toxicity risk is greatly increased because there is so much more 
volume of product present in a release.

•	 Some cryogenic liquids form extremely shock-sensitive mixtures 
when in contact with combustible materials (e.g., liquid oxygen 
on asphalt).  

•	 Cylinders or tanks containing cryogenic liquids may fail cata-
strophically (BLEVE) when exposed to flame, radiant heat, 
or other high temperatures.  They behave much like pressure 
vessels in an emergency. 

•	 Cryogenic liquids are time-sensitive and cannot be stored for too 
long before they warm up and expand.  If a cryogenic cylinder 
or tank has been damaged and the insulation compromised, 
the danger is even greater. 
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Class 3 - Flammable and 
Combustible Liquids

Flammable Liquids

Flammable and combustible liquids are distinguished by flash 
point.  Flammable liquids (e.g., gasoline, acetone, toluene, and 
methyl alcohol) are generally defined by the DOT as those with 
flash points not more than 140˚F (60˚C), whereas combustible 
liquids (see next page) have flash points above 140˚F (60˚C).  
Simply put, flammable liquids can ignite easily at ambient tem-
peratures, whereas combustible liquids must be heated first.

Caution: Always check the properties of flammable and combus-
tible liquids rather than take placards at face value.  The DOT 
allows some Class 3 flammable liquids with flash points at or 
above 100˚F (37.8˚C) to be reclassified as combustible liquids 
for transportation.  Conversely, some combustible liquids that are 
intentionally heated and transported at or above their flash points 
may be placarded as flammable liquids.

•	 The vapors of flammable liquids are heavier than air and will not 
dissipate rapidly.  Try to eliminate ignition sources if you can do 
so safely.  

•	 Closed containers exposed to direct flame impingement are 
likely to fail unless cooled quickly.  

•	 Gasoline, one of the most common products involved in hazmat 
incidents, is generally transported in aluminum cargo tanks 
that will melt when exposed to fire and can fail rapidly, thereby 
creating a major containment problem.

•	 Using water on some flammable liquid fires (e.g., gasoline) 
can dramatically spread the fire if the product and water are 
not confined.  Thus firefighters will sometimes let the product 
burn and protect exposures instead.

•	 An oxygen-enriched atmosphere (>23.5%) or the presence of 
oxidizers will greatly intensify fires involving flammable liquids.

•	 Warning: The word inflammable means flammable.  It does not 
mean nonflammable.  
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Class 3 - Flammable and
Combustible Liquids (continued)

Combustible Liquids

A combustible liquid (e.g., fuel oil, mineral oil, and peanut oil) is one 
that does not meet the definition of any other hazard class and has 
a flash point above 140˚F (60˚C) and below 200˚F (93.3˚C).

A placard with the 4-digit identification number and a white triangle 
below it (above left) identifies the product as a combustible liquid 
rather than a flammable one.  

•	 Combustible liquids are not easily ignited at ambient tempera-
tures; they must be heated first.

•	 Combustible liquids will be easier to ignite in hot environments 
(e.g., if spilled on hot asphalt on a hot day).

•	 Oxygen-enriched atmospheres (>23.5% oxygen) can cause 
combustible liquids to ignite more easily and burn more in-
tensely.  Combustible liquids will behave similarly to flammable 
liquids under these conditions. 

•	 Oxidizers mixed with combustible liquids can produce explosive 
combinations (e.g., ammonium nitrate and fuel oil).

See pages 5-16 to 5-24 for more information on chemical and 
physical properties of flammable liquids, combustible liquids, and 
other materials.
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Class 4 - Flammable Solids, 
Spontaneously Combustible Materials,

and Dangerous When Wet Materials

This class includes any solid material, other than an explosive, 
that is liable to cause fires through friction or through retained 
heat from manufacturing or processing.  It also includes solids 
and liquids that can be ignited readily on exposure to water or 
air or that are highly reactive to water or air. 

	Div.	 Description
	 4.1	 Flammable solids (desensitized explosives, self-reactive 

materials, and readily combustible solids) (e.g., magnesium 
[pellets, turnings or ribbons], nitrocellulose, matches)

	 4.2	 Spontaneously combustible materials (pyrophoric and 
self-heating materials) (e.g., aluminum alkyls, charcoal 
briquettes, magnesium alkyls, phosphorus)

	 4.3	 Dangerous when wet materials (e.g., magnesium powder, 
calcium carbide, sodium, potassium)

•	 Flammable solids burn vigorously and persistently once ignited.  
Metal shavings, dusts, or powders can be very dangerous under 
the right conditions because there is so much surface area 
available to burn.  Combustion can be so rapid and produce 
sufficient pressure that it results in a dust explosion.

•	 Small fires involving combustible metals require the use of 
special Class D extinguishing agents. 

•	 The use of water, carbon dioxide, or halon can greatly acceler-
ate a fire involving many Class 4 materials. 

•	 Burning metals produce hazardous gases that may be toxic, 
corrosive, or asphyxiating.

•	 Many of the water-reactive materials will produce flammable 
and/or toxic gases when mixed with water.  Some also produce 
very caustic (corrosive) solutions.
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Class 5 - Oxidizers and
Organic Peroxides

	Div.	 Description
	 5.1	 Oxidizers (e.g., ammonium nitrate, bromine trifluoride, 

calcium hypochlorite)
	 5.2	 Organic peroxides (e.g., dibenzoyl peroxide, methyl ethyl 

ketone peroxide, peroxyacetic acid).  

•	 Oxidizers may cause or enhance combustion of flammable or 
combustible materials by yielding oxygen or other oxidizing 
agents.  The reactions can be violent and explosive.  

•	 Organic peroxides are flammable and unstable; they are more 
dangerous than ordinary oxidizers.  The new placards and 
labels (above right) highlight the fire danger.  (Older placards 
and labels may be used until January 1, 2011 [rail, vessel, or 
aircraft] and January 1, 2013 [highway].)

•	 Organic peroxides are similar to explosives; they contain a 
fuel and an oxidizer in the same formula.  Withdraw to a safe 
distance—at least 2000 feet (600 meters).

•	 Some organic peroxides can form highly unstable, shock-sensi-
tive crystals on the outside of the container if exposed to air.  

•	 Oxidizers and organic peroxides can react violently to friction, 
temperature, or contamination.  

•	 Organic peroxides may be prone to runaway polymerization 
and catastrophic container failure (signified by a “P” next to the 
guide number in the yellow and blue sections of the ERG).

•	 If an organic peroxide reaches its self-accelerating decomposi-
tion temperature (SADT), it will decompose in a dangerous re-
action that can’t be stopped.  Organic peroxides should be kept 
below their maximum safe storage temperature (MSST), which 
provides a margin of safety to prevent getting to the SADT.

•	 Organic peroxides are divided into 7 types (A through G) based on 
whether they detonate or deflagrate and how they behave when 
heated under confinement.  Type A is the most hazardous. 
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Class 6 - Poisonous and 
Infectious Substances

While all chemicals may be toxic to some degree, toxicity is the 
primary threat with these materials.  Class 6 has two divisions:

	Div.	 Description
	 6.1	 Poisonous materials (signified by Poison, Inhalation Hazard, 

or PG III) (e.g., aniline, arsenic, hydrocyanic acid, carbon 
tetrachloride, tear gas) 

	 6.2	 Infectious substances (labels only, not placards) 
		  (e.g., anthrax, botulism, rabies, tetanus)

•	 Avoid contact with poisonous or infectious substances. 
•	 Good sources for information about these products include your 

local poison control center, CHEMTREC, and the CDC.
•	 Pesticide container labels must include a signal word: Danger 

(high toxicity), Warning (moderate toxicity), or Caution (relatively 
low toxicity).  The word Poison and a skull and crossbones icon 
must be added if the product fits into the high toxicity category 
based on oral, inhalation, or dermal toxicity  (as distinct from 
skin and eye irritation).  Labels must also contain a flammability 
statement: Extremely Flammable, Flammable, Combustible, or 
Contents Under Pressure.

•	 Division 6.1 materials are assigned to packing groups (PG I, II, 
or III).  PG I is the most dangerous and has two hazard zones, 
generally described as shown below.  (Per 49 CFR 173.133, 
hazard zone also depends on vapor concentration.)

	 	Zone	 LC50 greater than	 LC50 less than or equal to
		  A	 —	 200 ppm
		  B	 200 ppm	 1000 ppm
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Class 7 - Radioactive Materials
Radioactive materials (e.g., cobalt, uranium hexafluoride, and 
“yellow cake”) are covered in depth in Chapter 11.

•	 The Radioactive I, II, and III labels (first three above) reflect the 
radiation level as measured both at the surface of the package 
and 1 meter (3 feet) away.  (See page 11-18.)  Radioactive I is the 
least hazardous, while Radioactive III is the most hazardous.  

•	 Fissile labels are used for fissile materials (also called special 
nuclear materials) that can be used to create an atomic bomb.

•	 The radioactive placard (far right) is required only when trans-
porting Radioactive III materials.

•	 Radiation cannot be seen or smelled.  It can be detected only 
with special instruments.

•	 Protection from radiation requires a combination of time, dis-
tance, and shielding.  (See pages 11-10 to 11-13.)

•	 An initial control zone should be set where radiation levels are at 
or below 2 mR/hr above background level.  If you can’t confirm 
radiation levels, use minimum distances in ERG Guide 163.

	 •	 Isolate 75 feet (25 meters) for a spill or leak.
	 •	 Evacuate downwind 330 feet (100 meters) for large spills.
	 •	 Evacuate 1000 feet (300 meters) for a major fire.
•	 Radiation exposures should be kept as low as reasonably 

achievable (ALARA).  The U.S. EPA recommends the following 
radiation dose limits for emergency services:  

	 •	 5 rem whenever possible
	 •	 10 rem to protect valuable property 
		  (if a lower dose is not practicable)
	 •	 25 rem to save a life or protect large populations 
		  (if a lower dose is not practicable)
	 These limits are based on hour-long exposures.  (See page 

11-10.)
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Class 8 - Corrosive Materials
Corrosives (e.g., sulfuric acid, nitric acid, and sodium hydroxide) 
are materials that degrade metals and cause destruction to living 
tissue on contact.  Corrosives can be solids or liquids.  They are 
divided into two categories: acids and bases.  Bases can also be 
referred to as caustics or alkalis.  

Acids and bases damage the skin in slightly different ways.  An 
acid will cause the tissue to harden even as it eats away at that 
tissue, thereby limiting the damage to some degree.  A base will 
soften and dissolve the tissue, creating far more penetrating and 
severe injuries.  (This softening of the tissue produces a slippery 
or soapy sensation.)  Often the extent of the injury is not immedi-
ately obvious, something corrosive burns (acids and bases) have 
in common with thermal burns.  

•	 The strength of a corrosive is measured by pH.  The pH scale 
goes from 0 to 14, with 7 being neutral.  Materials with a pH 
from 0 to 6 are acidic.  The closer to 0, the stronger the acid.  
Materials with a pH from 8 to 14 are basic.  The closer to 14, 
the stronger the base.

•	 Corrosives are also measured in terms of concentration, which 
is independent of strength (pH).  Concentration refers to the 
percentage of an acid or base in water.  A concentrated acid 
or base is more hazardous than a less concentrated one.

•	 Smoke from burning corrosives is also very dangerous.  
•	 Acids and bases are not compatible with each other.
•	 Acids are not compatible with most metals.  Contact with metal 

may produce highly flammable hydrogen gas.
•	 Some acids are incompatible with other acids.  
•	 Some acids are flammable.  Some are strong oxidizers.
•	 See also page 5-25 for information on corrosivity.	

CORROSIVE
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Container shape alone is often a good clue that hazardous ma-
terials are present.  Some containers are distinct enough that 
it’s possible to determine what type of hazardous materials are 
involved, even when no other information is available.  

This chapter provides an overview of different containers, what 
they’re used for, and general safety considerations for awareness 
level personnel.  

Container 
Recognition
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Cargo Tank Trucks
The illustrations and descriptions on the following pages are 
generalizations only and should not be relied upon for positive 
identification.   For example, many MC-306 or DOT-406 cargo 
tanks have an elliptical appearance from the rear, but some ap-
pear circular instead.  Some cargo tanks have insulation that can 
hide distinguishing characteristics.

Atmospheric-Pressure (Nonpressure) 
Cargo Tanks (MC-306/DOT-406)

•	 Atmospheric-pressure cargo tanks (or nonpressure cargo tanks) 
are used to transport flammable liquids, such as gasoline, diesel 
or jet fuel, and kerosene, as well as combustible and poison 
liquids.  However, some contain liquid food products.

•	 Some of these tanks have multiple compartments, each with 
different products.  Determine the number of compartments by 
counting the number of discharge valves.

•	 These tanks can also be referred to as MC-306 or DOT-406.

Low-Pressure Cargo Tanks (MC-307/DOT-407)

•	 Low-pressure cargo tanks are used to transport flammable and 
combustible liquids, mild corrosives, some poisons, and a wide 
variety of other liquids.

•	 Many of the tanks are insulated to protect temperature-sensitive 
commodities.

•	 These tanks may or may not be compartmented.
•	 Some low-pressure cargo tanks have external stiffening rings 
as illustrated above. However, many do not.

•	 These tanks can also be referred to as MC-307 or DOT-407.
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Cargo Tanks (continued)

Corrosive Liquid Cargo Tanks (MC-312/DOT-412)

•	 Corrosive liquid cargo tanks are used to transport corrosive 
liquids and other heavy or high-density liquid products.  They 
can also be used to transport water.

•	 These tanks are generally built as a single compartment, but 
some have multiple compartments.

•	 Corrosive liquid cargo tanks are smaller than most other tanks 
because they carry heavier products. 

•	 These tanks generally have circular cross sections and external 
stiffening rings that provide added strength.   However, some 
have insulation or jackets that can conceal the distinguishing 
characteristics.  

•	 Corrosive liquid cargo tanks may have a contrasting color band 
of corrosive-resistant paint or rubber material that circles the 
tank in line with the manway.

•	 These tanks can also be referred to as MC-312 or DOT-412.

Pressure Cargo Tanks (MC-331)

•	 High-pressure cargo tanks are used to transport LPG, chlorine, 
anhydrous ammonia, and other gases that have been liquefied 
through compression.

•	 Pressure cargo tanks have circular cross sections and rounded 
(spherical) heads.  The upper two thirds are generally painted 
white or another reflective color to reflect heat from the sun.

•	 These tanks can also be referred to as MC-331.  The smallest 
ones are sometimes called bobtails.  
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Cargo Tanks (continued)

Cryogenic Liquid Cargo Tank (MC-338)

•	 Cryogenic liquid cargo tanks are used to transport gases that 
have been liquefied through temperature reduction.  Examples 
include liquid oxygen (LOX), nitrogen, and argon.

•	 The fittings are housed in a cabinet at the center or rear of the 
truck.

•	 The tanks are generally stenciled with the name of the product 
or the words “Refrigerated Liquid.”

•	 These tanks can also be referred to as MC-338.

Compressed Gas Trailer (Tube Trailer)

•	 Tube trailers carry multiple cylinders of compressed gases, 
such as oxygen, nitrogen, and hydrogen.

Pneumatically Offloaded (Dry Bulk) Hoppers

•	 Pneumatically offloaded hoppers, also known as dry bulk hop-
pers, carry dry materials such as ammonium nitrate fertilizer, 
dry caustic soda, plastic pellets, and cement.
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This chapter is designed to help you assess the hazards at a 
hazmat or WMD incident.  It covers ways in which hazardous 
materials cause harm, toxicity and risk, toxicological terms, oc-
cupational exposure limits, properties of flammable liquids, and 
other chemical and physical properties.

Assessing
the Hazards
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Properties of Flammable Liquids
Flammable liquids are the most common hazardous materials 
encountered by emergency response personnel.  

Warning: The word inflammable means flammable. It does not 
mean nonflammable.

Flash Point and Fire Point 

Flash point is the minimum temperature at which a liquid produces 
enough vapor to form an ignitable mixture in air.  The vapors may 
ignite if an ignition source is present.  However, the flame does not 
continue to burn when the source of ignition is removed; rather, the 
vapors flash and are consumed by the fire.  (Flammable gases don’t 
have flash points because they are already in a gaseous state.)

Flash point is generally considered to be the most important tem-
perature in assessing the hazards of flammable and combustible 
liquids.  The lower the flash point, the greater the hazard.  (If 
different sources list different temperatures, assume the worst 
and err on the side of safety.)

Fire point is the temperature at which enough vapors are given off 
to support continuous burning after the source of ignition has been 
removed.  It’s generally just a few degrees above the flash point.  

Flash Point and Fire Point of Gasoline

An important safety measure at any incident where flammable va-
pors may be present is to eliminate possible ignition sources (e.g., 
open flames, pilot lights, smoking materials, heated surfaces, 
electrical sparks, or static electricity) if you can do so safely.

gasoline vapors are
too lean to burn

Below Flash Point
liquid at -50˚F / -45˚C

gasoline vapors are
barely rich enough
to flash if ignited

Flash Point
liquid at

-45˚F / -42.8˚C

gasoline vapors are
 rich enough to

support combustion
if ignited

Fire Point
liquid at

-40˚F / -40˚C
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Properties of Flammable Liquids (continued)

Ignition (Autoignition) Temperature

The ignition (autoignition) temperature of a substance is the mini-
mum temperature required to cause self-sustained combustion, 
independent of an ignition source.  Simply put, it’s the temperature 
a material must reach before it will ignite.  (It’s also the temperature 
the ignition source must be.)  Ignition comes in two forms:

•	 Pilot ignition involves an external ignition source (e.g., a lit 
cigarette igniting gasoline vapors).

•	 Autoignition requires only an elevated temperature.  In a fire, 
for example, convection carries hot air and gases to other parts 
of a building.  When the atmosphere becomes hot enough that 
these gases reach their ignition temperatures, they will ignite 
without the introduction of any other ignition source.

The lower the ignition temperature, the greater the risk of ignition.  
Ignition temperature is sometimes difficult to measure and should 
be considered an approximation. 

Flammable (Explosive) Range

Flammable (explosive) range is the percentages of vapor in air 
within which ignition is possible.  Below the lower explosive limit 
(LEL), the vapors are too lean to burn, whereas above the upper 
explosive limit (UEL), the vapors are too rich to burn.  Sometimes 
you will see the terms lower flammable limit (LFL) and upper 
flammable limit (UFL) instead.  They mean the same thing as 
lower and upper explosive limits.

Flammable Range

(continued next page)

Too Lean
to Burn Too Rich

to Burn

The Flammable Range 

UEL 

UnsafeMargin for ErrorSafe

100% LEL 0% 
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Properties of Flammable Liquids (continued)

Flammable (Explosive) Range (continued)

The wider the flammable range, the greater the span at which 
ignition is possible and the greater the potential risk.  Conversely, 
products with narrower flammable ranges will present less of a 
fire hazard.  Gasoline, for instance, has a relatively narrow flam-
mable range (1.4% to 7.6%).  Compare that, for example, to methyl 
alcohol (6% to 36%) or acetylene (2.5% to 100%).  

The lower the LEL, the greater the risk.  For example, hydrogen 
(4% to 75%) reaches its LEL before carbon monoxide (12.5% to 
74%) does.  

Other factors, like flash point and vapor pressure, also affect the 
overall flammability risk.  However, all things being equal, the 
greater the flammable range and the lower the LEL, the greater 
the fire danger.  (When different sources list different LEL and UEL 
values, assume the worst and err on the side of safety.)

Even though the vapors are too rich to burn above the UEL, never 
consider that to be a safe atmosphere, because the vapor concen-
tration may drop to within the flammable range without warning.

The Effect of Temperature

A combustible liquid will be below its flash point at normal tem-
peratures.  The combustible liquid is relatively safe because it 
does not generate an ignitable mixture of vapors.  However, on a 
hot day or in a hot environment, a combustible liquid may easily 
reach its flash point.  Both flammable and combustible liquids will 
be much easier to ignite when the temperature is elevated.

Spontaneous Combustion

A few substances are subject to spontaneous combustion.  Animal 
and vegetable oils (e.g., mink oil or linseed oil) are good examples.  
The oil will slowly oxidize and generate heat when exposed to 
air.  If the heat cannot dissipate fast enough, it will ignite the flam-
mable vapors.  Oil-soaked rags should be either kept in tightly 
closed metal containers that exclude air or hung outdoors (e.g., 
on a clothesline) where air movement would prevent the buildup 
of heat.  Oil-soaked rags must not be left lying in a pile.
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Nuclear Events

In theory, at the awareness level, you shouldn’t be involved in any 
hazmat incident that could expose you to radioactive materials.  
However, radioactive materials are common enough in some 
industries that it helps to have a basic understanding.  Radiation 
incidents don’t have to be as frightening as many people believe 
they are.

Note: This book uses the English units of measure (roentgen, rad, 
and rem) because they are more common in the United States 
and responders are more familiar with them.  Most of the rest of 
the developed world uses the international (SI) units (gray and 
sievert).  These terms are explained in this chapter but are not 
emphasized.
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Time, Distance, and Shielding
The principles of time, distance, and shielding are your best 
defense against radiation exposure.

Time

The correlation between dose (exposure) and dose rate (radiation 
present in the atmosphere) is directly related to time.  Dose rate 
is expressed in roentgens per hour (R/hr), so the dose must be 
calculated by the hours, or fraction thereof, that one is exposed.  
If radiation is present, keep your exposure time to a minimum.  

The Relation Between Dose Rate and Dose

Distance

Distance is a more important factor than time is in controlling 
exposure.  Whereas cutting exposure time in half cuts the dose in 
half, doubling your distance from the radioactive source reduces 
the exposure by 75%.  This is known as the Inverse Square Law.  
Note: This applies to a point source, not an airborne source.  
 

Doubling Your Distance Reduces Your Exposure by 75%.

(continued next page)

Dose Rate: 50 R/hr Dose Rate: 50 R/hr

Exposure: 25 rems Exposure: 10 rems

100' 50' 25' 12.5' 6.25' 

Radioactive Source 
(Point Source, Not Airborne) 

1 

200' 

.25 4 16 64 256 

Distance from 
Point Source 

Dose Rate 
(R/hr or mR/hr) 
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Time, Distance, and Shielding (continued)

Distance (continued)

Distance is also effective in reducing the type of exposure.  Alpha 
particles travel only a couple inches in air.  Beta particles travel 
several feet to several yards.  Unless you have the contaminant on 
you or the material is being spread by wind, rain, or other forces, 
once you back out of the area, you are no longer at risk from alpha 
and beta particles; you need worry only about gamma radiation.

Distance Helps Control Type of Exposure Too

Use the current edition of the ERG to determine appropriate iso-
lation and evacuation distances.  Guides 161 through 165 in the 
ERG2008 recommend 75 feet (25 meters) for initial isolation, 330 
feet (100 meters) for downwind evacuation on a large spill, and 
1000 feet (300 meters) for initial evacuation when a large quantity 
of radioactive material is involved in a major fire.

Use common sense when establishing isolation zones.  It’s ap-
propriate to err on the side of safety if you are unsure of the risks.  
However, incidents involving dangerous levels of radiation are rare, 
and releases are uncommon, even under accident conditions, due 
to the sturdy packaging.  So, seldom is it necessary, for example, 
to shut down a freeway in both directions, severely impacting the 
entire community.

Alpha Particles Travel Only a Couple Inches
Unless Material Is Spread by Wind, Rain, or Other Forces

Beta Particles Travel Only a Few Feet or Yards
Unless Material Is Spread by Wind, Rain, or Other Forces

Gamma Rays Travel Hundreds of Feet 

N 
P 
P 
N 
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Time, Distance, and Shielding (continued)

Shielding 

Appropriate shielding will help reduce your exposure.  Alpha 
particles are stopped by shielding as thin as a sheet of paper.  
It takes heavier shielding, such as a thick piece of aluminum or 
an inch of wood, to stop beta radiation.  Gamma radiation is so 
penetrating that far denser shielding, such as several inches of 
lead or concrete, is required.  (At a hazmat incident, one can 
take advantage of whatever shielding is present: buildings, fire 
engines, etc.)

The Effect of Shielding on Alpha, Beta, and Gamma Radiation

Radiation can be directional, like the beam of a flashlight.  If a 
package is breached, but the radioactive source is still contained 
within the package, radiation will be projected in the direction of 
the breach.  Any radiation detected in another direction should be 
within normal limits of what is permissible at the surface of the 
package and from 1 meter (3 feet) away.  

The Effect of Shielding on Radiation Direction

(continued next page)

Sheet of
Paper

Sheet of
Aluminum

Lead or
Concrete

Alpha Particles

Beta Particles

Gamma Rays

N
P
P
N

E

Unshielded, radiation
radiates in all directions

(like light from a light bulb).

Properly shielded,
radiation becomes directional
(like the beam of a flashlight).
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Time, Distance, and Shielding (continued)

Shielding (continued)

Radioactive materials and wastes are placed in different types 
of packages based on level of radioactivity.  (See page 4-12.)  
The packages not only provide shielding but also allow you to 
make a quick estimate about the degree of risk posed by the 
radioisotope and the likelihood of a breach based on severity of 
impact in an accident.  Type B and C packages are the only ones 
that contain potentially life-endangering amounts of radioactive 
materials.  (Package type should be identified on the container 
and on shipping papers.) 

Personal protective equipment (PPE) also provides some shield-
ing.  Firefighters can use structural firefighting clothing and SCBA.  
EMS providers, police officers, and other personnel can wear 
long-sleeve uniforms, gloves, hoods or hair covers, eye protection, 
shoe covers, and face masks (e.g., an N-95 HEPA filter mask or 
equivalent).  The clothing will protect against inhalation, ingestion, 
and secondary contamination (skin contact) with alpha and beta 
emitters.  It will not protect against radiation penetration.  (Struc-
tural firefighting clothing will reduce exposure potential more so 
than ordinary uniforms.)
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Radioactive Labels and Placards
The labels below reflect the maximum potential radiation exposure 
a person could receive per hour in close proximity to an intact 
package.  This is the maximum exposure rate one should detect 
above normal background levels. 

Maximum Allowable Radiation Level

	 Label	 at package surface	 at 1 meter from package
	 I	 0.5 mR/hr	 none
	 II	 50 mR/hr	 1 mR/hr
	 III	 200 mR/hr	 10 mR/hr

Placards are required on vehicles transporting Radioactive III ma-
terials (those that emit the highest level of radiation) and vehicles 
used for exclusive use shipments.  Thus the presence or absence 
of placards also provides a clue as to the degree of risk.  

A placard on a square background means the vehicle contains a 
highway route controlled quantity (HRCQ)—a high-level radioac-
tive material, such as spent fuel, shipped along designated routes. 
These designated routes (known as preferred routes) consist of 
interstate highways and bypass roads around cities.  They may 
include alternative routes selected by a state or tribal authority 
in cooperation with affected state and local agencies.  Preferred 
routes are chosen based on an evaluation of risk factors such as 
accident rate, transit time, population density, activities/occupan-
cies along the route, time of day, and day of the week. 
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Radioactive Labels and Placards (continued)

Labels normally identify the contents by name, but they might 
use authorized symbols instead (e.g., 60Co versus Cobalt-60).  
Low-specific activity (LSA-I) materials may be identified with the 
term LSA-I instead of the actual radionuclide. 

Activity (rate of decay) is expressed in SI units (becquerels).  
English units of measure (curies) may be included in parenthe-
ses following the SI units.  (In some cases, the weight of fissile 
materials may be used in place of SI units.)    

Transportation Index, Contents, and Specific Activity

The Radioactive II and Radioactive III labels contain a transpor-
tation index (TI).  (The transportation index is also indicated on 
shipping papers.)  This number identifies the maximum radiation 
level (measured in mR/hr) allowed at 1 meter (3 feet) from an 
undamaged package.  

For example, if the transportation index is 0.4 (as in the illustra-
tion below), the radiation intensity at 1 meter should be no more 
than 0.4 mR/hr above normal background levels.  If your survey 
meter is reading something higher, you should suspect that the 
package has been breached. 

Fissile Labels

Fissile labels may be affixed to packages con-
taining fissile materials, depending on how they 
fall into the requirements or exceptions under 
Title 49.  Fissile labels contain a criticality 
safety index (CSI), which is not a radiation 
measurement; rather, it’s a number used to 
help shippers limit the accumulation of fissile 
materials—materials that could be used to create an atomic 
bomb.  Fissile materials are those whose atoms are capable of 
being split (nuclear fission).
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Index (continued)
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Personnel Accountability	 2-12
Pesticide Labels	 3-34
Physical and Chemical Change	 5-19 – 5-21
Pipeline Markers, Pipe Marking Systems	 3-35

PA
RTI

AL
 

SA
MPL

E



13-20

Index (continued)

Pipeline Releases (Reporting Requirements)	 2-8
Pipelines	 4-35
Planning	 2-13 – 2-14
Poisonous and Infectious Substances	 3-15
Polymerization`	 3-14, 5-21
Post-Incident Analysis	 2-42
Preservation of Evidence	 2-36 – 2-40
Product Identity	 1-5 – 1-6
Protection-in-Place	 2-20, 2-22, 2-24
Protective Action Criteria (PAC)	 5-9 – 5-11
Protective Action Messages	 2-22 – 2-24
Protective Actions	 2-20 – 2-27

Radiation (Radioactive Materials)	 3-16, Chapter 11
	 Background Radiation	 11-24
	 Basic Radiation Concepts	 11-3 – 11-6
	 Exposure Limits	 11-9
	 Exposure Versus Contamination	 11-14
	 Half-Life	 11-6
	 Health Effects	 11-14 – 11-16
	 Ionizing Radiation	 11-3 – 11-4
	 Measurement	 11-7 – 11-8
	 Monitoring Essentials	 11-20 – 11-24
	 Package Types	 4-12
	 Patient Care and Decon	 11-17
	 Placards and Labels	 3-16, 11-18 – 11-19
	 Time, Distance, and Shielding	 11-10 – 11-13
	 Transport Index (TI)	 11-19

Rail Cars	 4-23 – 4-30
	 Markings	 4-29 – 4-30
Recognizing Hazmat Incidents	 1-4
Recommended Exposure Limits (REL)	 5-12, 5-14
Report on Conditions	 2-5
Reporting Requirements	 2-6 – 2-9
Riot Control Agents	 9-10
Routes of Entry	 5-4, 10-6

Safety Briefing	 2-15
Safety Data Sheets (SDS)	 12-11
Safety Guidelines	 1-11
Secondary Contamination	 6-4 – 6-7
Shelter-in-Place	 2-20 – 2-24
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13-21

Index (continued)

Shelters (Emergency)	 2-26 – 2-27
Shipping Papers	 12-9
Short-Term Exposure Limit (STEL)	 5-13, 5-14
Solubility (Water Solubility)	 5-24
Specific Gravity 	 5-24
Spontaneously Combustible Materials	 3-13
Spontaneous Combustion	 5-18
Synergistic Effect	 5-4

Table I and Table II Commodities	 3-7
Temporary Emergency Exposure Levels (TEEL)	 5-9, 5-11, 5-14
Terrorism	 Chapters 7 – 11
	 Biological Warfare Agents	 Chapter 10
	 Chemical Warfare Agents	 Chapter 9
	 Chemical Agents Versus Biological Agents	 7-6 – 7-7
	 Explosives Incidents	 Chapter 8
	 Indications of	 7-4 – 7-5
	 Introduction to Terrorism	 Chapter 7
	 Nuclear Events (Intentional or Accidental)	 Chapter 11
	 Special Safety Considerations	 7-8
Threshold Limit Value (TLV)	 5-12 – 5-14
Time, Distance, and Shielding	 11-10 – 11-13
Toxicity and Risk	 5-5
Toxicological Terms and Exposure Values	 5-6 – 5-11, 5-14
Toxicology: Exposure Potential	 5-4
Transportation Accidents (Reporting Requirements)	 2-9
Transporting Patients	 6-7
Treatment Protocols	 6-17 – 6-20
Triage		 6-12 – 6-16

Unified Command	 2-12
Universal Precautions	 6-6
Urban Search & Rescue (US&R) Marking System	 3-40 – 3-42
Vapor Density	 5-22
Vapor Expansion Ratio	 5-22
Vapor Pressure and Volatility	 5-23
Vesicants (Blister Agents)	 9-6 – 9-7

Warm (Contamination Reduction) Zone	 2-10
Water Reactivity	 3-13, 5-20
Water Solubility	 5-24
White Powder Events	 10-10 – 10-12
Workplace Environmental Exposure Limits (WEEL)	 5-12 – 5-14
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Color Reference Chart
Shown below are color renditions of some of the marking systems illustrated 

Chapter 3.  More color illustrations are provided on the inside front cover. 

Military Markings (page 3-32)

GHS Label Pictograms (page 3-38)

GHS Transport Pictograms (page 3-39)

FEMA US&R Markings
(pages 3-40 and 3-41)

Other Search & Rescue Markings
(page 3-42)

Examples of Facility Signage (page 3-35)

Packaging and Transportation Markings 
(page 3-33)

HMIS® Label (page 3-29)

NFPA 704 System
(page 3-23)

Biohazard Labels (page 3-15)

Examples of Mexican Placards
and Labels in Spanish (page 3-21)

Intermodal
Hazard Identification

Code (page 3-22)

UN/NA
ID Panel
(page 4)
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