IUOE Nationnal Trainning Funnd

Nation
nal HA
AZMAT
T Progrram
1293 Airport
A
R
Road
Beaverr, WV 255813
(304)) 253-86674
Fax (3004) 253-77758
haazmat@iiuoehazm
mat.org
w
www.iu
uoehazmaat.org

This publication
n was made
e possible by
b grant nu
umbers 5 U45
U ES0061
182-20 AND
D
5 U45 ES009
9763-20 fro
om the National Insstitute of Environme
ental Healtth
Scien
nces (NIEH
HS), NIH. Its contentss are solelyy the respo
onsibility of the authorrs
and do
d not nece
essarily rep
present the official view
ws of the NIEHS, NIH..
•

•

Itt is not the
e intent of the conten
nt develope
ers to provvide compliance-base
ed
trraining in th
his presenta
ation, the in
ntent is to address
a
ha
azard aware
eness in the
hazardous waste op
perations and
a
emerg
gency ressponse (HA
AZWOPER
R)
in
ndustry, an
nd to reccognize the
e overlapp
ping hazarrds presen
nt in man
ny
construction
n workplace
es.
Itt should NOT be assumed that the
e suggesttions, com
mments, or
o
re
ecommendations con
ntained herein constitute a tho
orough revview of the
applicable standards,
s
d discussio
on of “issu
ues” or “co
oncerns” be
b
nor should
construed as a prioritizzation of ha
azards or possible con
ntrols. Whe
ere opinion
ns
(““best practtices”) have
e been exxpressed, itt is importtant to rem
member tha
at
safety issue
es general and HAZW
WOPER jo
obsites spe
ecifically will require a
great deal of
o site- or hazard-spec
h
cificity – a “one size fits
f all” approach is no
ot
re
ecommended, nor will it likely be very effecttive.

To: Users of IUOE National Training Fund Programs
The IUOE National Training Fund -- National HAZMAT Program offers a broad
spectrum of safety and health training, as well as training support to other users
of the National HAZMAT Program’s resources. The National HAZMAT Program
has available, at no cost, the following:
•
•
•
•
•
•
•

•

Direct training for IUOE Local Union members and other appropriate
groups conducted at the Local Union, at an employer’s site, or other
appropriate locations
Training materials, including personal protective equipment, and other
types of equipment for National HAZMAT Program Master Instructors’
HAZWOPER and other safety and health related classes
New instructor mentoring for HAZWOPER and other safety and health
related classes
Safety and health regulations and standards interpretation assistance
Technical safety and health, emergency/disaster response, and energy
security and restoration assistance
Training data information from the National training database for Local
Union members and others who have completed training through the
National HAZMAT Program
Expertise to provide best practices and information sharing, develop
scenarios, and conduct exercises to prepare all stakeholders to protect
and restore critical infrastructure should an event, manmade or natural,
occur
Training information on HAZWOPER, OSHA, emergency/disaster
response, and other safety and health classes held at other IUOE Local
Unions nationwide

Inquiries regarding the services the IUOE National Training Fund -- National
HAZMAT Program have to offer can be directed to Barbara McCabe at 1293
Airport Road, Beaver, WV 25813, called in at (304) 253-8674, faxed to (304)
253-7758, or emailed to hazmat@iuoehazmat.org.
The IUOE National Training Fund encourages all workers to take advantage of
the National HAZMAT Program’s services to assist you to be employable,
competitive, and safe in the workplace.
Sincerely,

Jeffrey R. Vincent
Executive Director,
IUOE National Training Fund

Instructional Approach
The health and safety of workers are the primary concerns of the IUOE NTF
OSHA 7600 Disaster Site Worker course, and this manual gives you as an
instructor a tool to help workers stay healthy and safe when responding to a
disaster. The federal government sets the regulations to protect workers; this
course will help to make certain everyone understands them.
How to Use This Manual: Students
The information provided in this manual is comprehensive and accurate. The
manual also is written in an easy-to-read style with plenty of examples, pictures,
case studies, and review questions to help you absorb all of the Occupational
Safety and Health Administration (OSHA) regulations and safety tips you should
be aware of when working at a disaster site. After you return to your workplace,
keep the manual handy in your professional library.
How to Use This Manual: Instructors
You use the same content as the students. You can make use of the Instructor
Notes, which have answers to questions and additional activities.
Each chapter in the manual has several features to help you best meet your
instructional goals in the time allotted: a lesson outline, objectives, related
regulations, case studies, discussion questions, activities, review questions, and
other resources. At the end of the manual are a glossary and a list of acronyms.
Seasoned instructors will be able to draw thoughtfully from this set of resources
and adapt them to fit their own teaching style and pace. However, the manual
stands on its own as well. You aren’t required to make your own adaptations.
Most instructors will find the resources here to be thorough, accurate, and ordered
logically for the time frame allowed by the course.
Most importantly, you should strive to accomplish the provided chapter objectives
before incorporating additional materials or activities. The objectives are designed
to adhere closely to the relevant regulations while effectively teaching at many
levels of learning. Specifically, the objectives are broken into three types: Know,
Apply, and Analyze:

Know
Knowledge and comprehension provide a firm foundation. Instructors should
strive to begin here, but quickly move on to application and analysis of concepts.
• Observation and recall of information; knowledge of dates, events, places,
and major ideas
• Mastery of subject matter and fundamental information
• Interpreting facts, comparing, contrasting, ordering, grouping, inferring
causes, predicting consequences
• Question cues: list, define, tell, describe, identify, show, label, collect,
examine, tabulate, quote, name, who, when, where, summarize, describe,
contrast, associate, distinguish, estimate, differentiate, discuss, extend

Apply
Knowledge without application is unsafe. Instructors should strive at all times to
ensure that learners are able to apply the concepts being taught.
• Using information in context; applying methods, concepts, and theories in
new situations
• Solving problems using required skills or knowledge
• Question cues: apply, demonstrate, predict, calculate, complete, illustrate,
interpret, connect, show, solve, examine, modify, relate, change, classify,
experiment, discover

Analyze
Situations change from one jobsite to another. A worker who has thoroughly
learned the material provided here should be able to analyze these situations and
think critically about how to proceed.
• Seeing patterns and organization of individual parts or components
• Generalizing from given facts, relating knowledge from several areas,
using old ideas to create new ones
• Recognizing hidden meanings
• Predicting, and drawing conclusions
• Question cues: analyze, separate, order, explain, classify, arrange, divide,
compare, select, explain, infer, combine, integrate, modify, rearrange,
substitute, plan, create, design, invent, what if, compose, formulate,
prepare, generalize, rewrite
Tips for Good Teaching and Learning
Here are some tips for making the instruction most effective for your audience:
• Strive for active learning, not passive listening. Research on learning
indicates that adults learn best by interacting meaningfully with the
material to be learned. This means they need active learning experiences,
such as discussions, case studies, review questions, simulations, and other
hands-on, mind-on activities.
• Think of the classroom as a learning environment to be “engineered.”
Combine these materials with your own expertise to engineer an
environment that encourages participants to learn at many levels. The
continuum of learning starts with basic knowledge and comprehension, but
it should also include application and analysis.
• Read through the lesson and develop key examples from your own
experience and area of the country. As you prepare, think through
concrete, visual examples and stories to help illustrate your points. If
people participate actively, they may have their own stories. Note them in
your manual to use next time.
• Leave time for the review questions. The review questions have been
designed to focus on key concepts and to promote higher order thinking.
You may want to intersperse the questions as you move from one topic to
another instead of waiting until the end to review everything.
• Don’t talk for more than 20 minutes without student engagement.
People tend to remember best the first 10 minutes and last 10 minutes of

•

what they hear in a presentation. Although it may be important to cover a
lot of material in a short time, doing so does not help people learn if you
talk nonstop for too long. Be sure to stop talking every now and then and
let participants engage with the material through questions and other short
activities. These don’t have to take much time. For instance you could say,
“Everyone take your pen and use an open area in your manual or your
notes and write one phrase to complete this sentence: ‘The least preferred
method of reducing exposure to hazardous substances is…’ “ Then in
rapid fire fashion you could ask a couple of people to read what they
wrote. This takes very little time and gets everyone involved at once.
Develop good questions and a questioning strategy. The use of effective
questioning is one way to enhance learning. By being thoughtful in your
preparation and delivery, you can start to develop habits of good
questioning:
o Whenever possible, replace “recall” questions with critical
thinking questions.
o Use open-ended questions to generate discussions. Closed-ended
questions require only a few words to answer, such as “What is the
flashpoint of naphtha?” An open-ended question lends itself to
more critical thinking and application, such as, “What are some
steps you could take to respond to the spill?”
o In general, try not to use the word “why” in your response to
participants because it tends to put people on the defensive and
make them less inclined to answer next time. Instead, rephrase
your reply: “Can you explain your thinking?”
o Create an atmosphere where it is safe to learn from mistakes.
Allow people to “pass” if they are unable to respond to a question.
Or offer hints or leading questions to guide people to a correct
response. Also acknowledge when you make a mistake and then
“think aloud” as you make your correction.
o Pose the question before you call on someone to respond. This
technique encourages everyone to be prepared to answer the
question.
o In the name of active engagement, try to get as many different
people to respond to your questions as possible. Do not rely on
getting responses only from those who volunteer. You can call on
people or say things like, “Let’s hear from this side of the room,”
or “Let’s just start at this row, and each person take a question.”
o Have a “think time” of between 7-10 seconds. Most instructors
wait only 1-3 seconds before calling for a response. One way to
become more comfortable with the extended wait time is to repeat
or rephrase the question before taking a response.
o Never answer your own questions. This takes away the incentive
for people to listen.
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INTRODUCTION
INSTRUCTOR NOTES
Key Concepts
•
•

Types of disasters
Personal responsibilities

Presentation and Materials
•
•
•
•

Allow 60 minutes to present this chapter.
Use the questions at the end of the chapter to review.
Use the OSHA 7600 Disaster Site Worker course manual.
Introduce the Personal Theme Worksheet. After each course topic is
presented, ask participants to use this worksheet to reflect and take notes upon
how the topic addresses the overall them of personal responsibility.

OSHA 7600 Guidelines
Training Topics. You must cover the following 16-hour Disaster Site Worker
course topics:
• Introduction
• Incident/Unified Command
• Safety Hazards
• Health Hazards
• CBRNE Agents
• Traumatic Incident Stress
• Respiratory Protection
• Other Personal Protective Equipment
• Decontamination
• Final Exercise
Topic Length. In the instructor notes for each chapter we have provided the
typical length of time needed to fulfill the objectives of the Disaster Site Worker
course. Although your time spent in each topic may vary from our recommended
length, your total course time must be at least 16 hours. Lunch will not be
included in computing course time, but moderate breaks are acceptable.
Training Materials. In addition to this manual, also refer to lesson plans with
reference materials and participant handouts for teaching the Disaster Site Worker
Course that you received when you took the Trainer Course #5600. For the
required group discussion activities in the Respiratory Protection chapter you’ll
need the following:
• Half-face and full-face negative pressure respirators and a powered air
purifying respirator (PAPR)
• 5-6 respirators with defective elements
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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•
•

Complete selection of respirator filters and cartridges for demonstration
One half-face negative pressure respirator, equipped with triple cartridges,
for every two participants

Classes Stretched Over a Period of Time. You may break classes into segments.
Each segment must cover at least one entire topic of the 10 course topics and the
course must be completed within six months.
Guest Trainers. You may use trainers who have topic expertise to help you
conduct classes. The authorized disaster site trainer must design and coordinate
the course, teach more of the class than anyone else, and attend all sessions to
answer questions and ensure topics are adequately covered and that all
participants are in attendance.
In-person Training. The Disaster Site Worker course must be delivered in
person.
Testing. Conduct the respirator exercise and complete the individual performance
checklists and scores. Discuss the participants’ notes made to complete their
Personal Theme Worksheet at the end of the course as a summary exercise and to
relate the new information to their job. Participants will complete a final exercise
that will evaluate their ability to identify potential safety and health hazards at
disaster sites, to state types of PPE that might be needed, to consider personal
hygiene and decontamination issues that would need to be addressed, and to list
their personal responsibilities for their own safety and health.
Class Size. Your class size is limited primarily because of your responsibilities in
the Respiratory Protection segment of the course, where you cannot have more
than two students for each respirator, and you have to score each trainee on
inspecting, donning, and doffing half-face air purifying respirators. For the
respirator performance test, we recommend that your participant to trainer ratio
not exceed 10:1. If it does, you’ll need assistance for this portion of the course.
Small classes encourage trainee involvement through discussion and participation
and through sharing of knowledge and experiences.
Advertising. When advertising the OSHA 7600 Disaster Site Worker course, take
the proper care to correctly describe your outreach trainer designation and
outreach courses. Trainer authorization is limited to conducting the 16-hour
Disaster Site Worker course.

Training Tips
Tailored Training. As a trainer for the Disaster Site Worker course, you will
need to assess your audience and modify the course materials as appropriate to
provide visual materials, examples, scenarios, case studies, and lessons learned
from actual events that will engage these workers and facilitate accomplishing the
overall course goal. The most rewarding classes for students are the ones where
the trainer uses examples, pictures, and scenarios relevant to disasters for which
they are being trained.
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Homogenous Class. The ideal class to teach is one where students have similar
positions and needs—to conduct separate training for skilled support services (for
example, utility, demolition, debris removal, or heavy equipment operation), site
cleanup services, and other skilled support personnel, such as utility workers and
public works employees.
Training Purpose. Explain up front the value of safety and health training—that
it may save their life and help them continue to provide for their family. Explain
that safety and health add value to the company, the workplace, and their life. For
more information see OSHA’s Safety Pays Program
(http://www.osha.gov/dcsp/smallbusiness/safetypays/index.html).
Use Objectives. The objectives for each chapter must be met. As much as
possible relate the objectives to the participants’ work.
Presentation Assortment. People learn in different manners and get tired of one
training style. Use different trainers, presentations, videos, podcasts, case studies,
exercises, and graphics to make the course interesting and enjoyable. By doing
this you’ll be employing the three levels of training techniques: presentation
(presenting the material in a variety of ways), discussion (getting the participants
involved in the learning), and performance (participants practice the material they
learned).
Evaluations. Have participants evaluate your class. This feedback will help you
determine whether the course is accomplishing its goals and provide input you
can use to improve the training.

Review Questions
1. What is the overall, primary theme of this course?
The overall, primary theme of this course is to enable disaster site workers
to recognize that they have a responsibility to make decisions and choices
that will positively affect their own health and safety and that of others at
the site.
2. Give two examples of how disaster sites differ from normal construction or
demolition sites.
Disaster sites differ from normal construction sites in that they are
chaotic, unplanned, and attract lots of public interest. They require
oversight from many parties and are managed by an incident command
system. Disaster sites may be also be a crime scene if the disaster is
intentionally caused. Fire, police, and other personnel involved may not
be familiar with construction activities. It is can also be a very emotional
environment to work in because of the visual effects of disaster, rescue,
and recovery operations.
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KEY CONCEPTS
•

Types of disasters

•

Personal responsibilities
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Overview
Disaster sites by their very nature present unique challenges compared to what
you normally face on the job. If you’re called early to the site, you might be
involved in rescue operations, and the whole situation might seem chaotic. Later
on in the response, when your involvement is more likely, you still might find the
work situation unsettled compared to your typical jobsite. Regardless, there’s a
very important thing to remember—the OSHA regulations and safety methods
you normally follow still apply. In this chapter you will learn the differences
between disasters and normal construction and demolition worksites and basic
considerations for working at a crime scene. You also will be introduced to the
theme of personal responsibility for safety and health, and you will use the
personal theme worksheet to record observations that related to this theme
throughout the course.

Objectives
After completing this chapter, you should be able to:

Know
•
•

Give examples of how disaster sites differ from normal construction or
demolition work sites.
State the primary theme of this course.

Analyze
•

4 INTRO

Use the personal theme worksheet to evaluate how each topic in the
course addresses the overall theme of the course.
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Course Overview
Disaster jobsites differ from normal construction or demolition sites. That’s why
your roles and responsibilities as a disaster site worker are not the same either.
Whether the disaster is natural or manmade, you need to develop an awareness of
safety and health hazards you could encounter. You will make decisions and
choices that will affect your health and safety and those of others. In this 16-hour
awareness course you will have the opportunity to practice your new knowledge
and skills through discussion, exercises, and demonstrations.
Audience and Prerequisites
The intended audience for this course is disaster site workers who provide skilled
support services (utility, demolition, debris removal, or heavy equipment
operation) or site cleanup services in response to a disaster. Since the majority of
you in this audience are members of the construction trades, the curriculum
focuses there. Because this course does not cover in detail the safety and health
hazards that occur daily on a normal worksite, completion of the OSHA
Construction or General Industry Outreach Training Course (10-hour) is a
prerequisite. This course is not a substitute for specific regulatory training
requirements, such as 1910.134 Respiratory Protection or 1910.120(e) Hazardous
Waste Operations, and either off-site instruction or site-specific training elements.
Course Goals
If you’re assigned a job at a natural or manmade disaster, you must be aware of
the safety and health hazards you may encounter as well as the importance of
respiratory and other personal protective equipment and proper decontamination
procedures that may be used to mitigate hazards. You must support the use of an
incident command system through the safe performance of your job
responsibilities. Furthermore, you must be aware of the effects of traumatic
incident stress, which can result from working conditions, and know what
measures to take to reduce this stress. Of primary importance will be your ability
to perform the following specific tasks correctly:
• Inspect an air purifying respirator.
• Don and doff an air purifying respirator.
• Perform a seal check on a respirator.
This course will enable you to:
• Recognize disaster site characteristics and your responsibilities as a
disaster site worker.
• Support the purpose and use of an incident command system.
• Recognize disaster site safety and health hazards.
• Recognize CBRNE agents and symptoms.
• Understand traumatic incident stress and ways to manage it.
• Demonstrate proper use of respiratory protection equipment.
• Recognize proper use of other personal protective equipment.
• Cite reasons for and simple methods of decontamination.
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Disaster Sites
Emergency vs. Disaster
Emergencies are local in nature. Generally, existing community or local area
resources are sufficient to provide adequate response to an emergency. Disasters
are incidents that are more widespread. Disasters affect either large populations or
large geographic areas—or both. Disasters require combinations of local, state,
and federal resources for effective response.
Types of Disasters
Disasters are either natural or manmade. Examples of natural disasters include
hurricanes, tornados, floods, earthquakes, fires, and pandemics. Examples of
manmade disasters include the following:
• An accidental major HAZMAT spill
• Terrorist weapon of mass destruction (WMD)
• Explosion
• Radiological release
All disasters start locally
• Transportation
and end locally.
• Civil disorder
• Dam failure
• Energy shortage or utility outage
Acts of terrorism can be manmade disasters. Terrorism is the unlawful use of
force and violence against persons or property to intimidate or coerce a
government, the civilian population, or any segment thereof to further political or
social objectives.
Disaster Sites Are Different
Disaster sites differ from normal construction sites in that they are chaotic,
unplanned, and attract lots of public interest. They require oversight from many
parties and are managed by an incident command system. Disaster sites may also
be a crime scene if the disaster is intentionally caused. Fire, police, and other
personnel involved may not be familiar with construction activities. It can also be
a very emotional environment to work in because of the sights you see in disaster,
rescue, and recovery operations.
Crime Scene Considerations
A disaster site can be a crime scene, especially when the cause of the disaster is
not immediately known. For instance, when you respond to a leak of a toxic
chemical, the possibility exists that the leak was not accidental and may have been
caused intentionally. That’s why you and other responders must be careful to
preserve evidence. A criminal incident does not end until there is successful
prosecution of the guilty person or persons. If you encounter an item that is
potential evidence, you should:
• Stop the activity.
• Stay with the item.
• Notify an investigator immediately due to chain of custody concerns.

6 INTRO
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You should not:
• Pick up the item or examine it because it might be contaminated, fragile,
or contain other evidence, such as fingerprints, hairs, fibers, etc.
• Resume work until told to do so.
OSHA’s Role
When an incident triggers the activation of the National Response Framework,
then the Occupational Safety and Health Administration (OSHA) will provide
technical assistance during rescue and recovery to ensure that employers are
taking necessary actions to protect workers from hazards on the job. When the
National Response Framework ends or the response period evolves into a cleanup,
OSHA will enforce its standards for private sector employees (especially
HAZWOPER 1926.65 if hazardous substances are present).

Personal Responsibility
Who ultimately is most responsible for
your safety at a disaster site?
You.

Common Disaster Site Hazards
• Chemicals
• Biological agents
• Radioactive materials
• Explosives
• Slips, trips, and falls
• Electrical hazards
• Severed utility lines
• Heavy mechanized equipment
• Unstable structures and surfaces
• Traumatic incident stress

That’s a concept you’ve probably
learned over time in your work as a
stationary or operating engineer. While
various regulations from your employer
or government agencies seek to protect
you and ensure your safety, ultimately it
comes down to your recognizing
hazards, protecting yourself from them,
and keeping you and others safe at any workplace or jobsite.

You’ll face many hazards in your work because there are various substances,
situations, or conditions that can cause you harm. A disaster site is no different.
You have a responsibility to look out and make choices for your own safety and
health and that of others at the site.
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Personal Theme Worksheet
A primary theme of this course is enabling disaster site workers to recognize that
they have a responsibility to make decisions and choices that will positively affect
their own health and safety and that of others at the site. This theme is highlighted
throughout the course. Use this worksheet to take notes on how each of the topics
in this course addresses the theme within its content presentation.
Course Topics
1. Introduction/Overview
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
2. Incident Command/Unified Command Systems
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
3. Safety Hazards
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
4. Health Hazards
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
5. CBRNE Agents
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
8 INTRO
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6. Traumatic Incident Stress
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
7. Respiratory Protection
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
8. Other Personal Protective Equipment
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
9. Decontamination
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
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Review Questions
1. What is the overall, primary theme of this course?

2. Give two examples of how disaster sites differ from normal construction or
demolition sites.

Other Resources
OSHA Disaster Site Worker Outreach Training Program Guidelines
http://www.osha.gov/dte/outreach/disaster/disaster_training.html
National Response Framework Resource Center
http://www.fema.gov/emergency/nrf/

10 INTRO
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INCIDENT/UNIFIED COMMAND
INSTRUCTOR NOTES
Key Concepts
•
•

Basic features of incident command systems
Roles and responsibilities

Presentation and Materials
•
•
•
•
•

Allow 60 minutes to present this chapter.
Use Disaster Site Worker 16-hour course manual.
Use Incident Command/Unified Command Systems PowerPoint® slides.
Try the group discussion activity at the end of the chapter.
Use the questions at the end of the chapter to review.

Group Discussion Activity
Below are three incident scenarios varying in size (small, medium, and large). For
the first scenario a diagram illustrates how the incident command organizational
structure and chain of command could work for that incident. Use this as an
example to sketch how the incident command organizational structure and chain
of command could work for the medium and large incidents.
While discussing the following incident command organizational structures, point
out how specialized support personnel could be assigned to different branches
depending upon the incident. Disaster site workers may even be assigned to one
branch during early stages of response and to a different branch later in the
cleanup and recovery. You can also use this activity to reinforce the concept of
maintaining a manageable span of control and as a reminder of how the incident
commander will delegate some of his or her responsibilities to other command
staff during response to a large incident.
Small incident: A trench collapsed while utility work was being performed on
gas lines.
Dispatched:
Engine #215: officer + three firefighters
Rescue #3: officer + four firefighters (establish command)
Basic Life Support Unit #22: two emergency medical technicians
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Incident
Command
(Rescue # 3 Officer)

Fire Service
(firefighters)

Rescue
(firefighters)

Basic Life
Support (EMTs)

Skilled Support
Personnel (SSP):
backhoe operator to
help uncover or free
trapped victims

Medium incident: Train derailment; pressurized flammable liquid (propylene)
Dispatched:
3 engines
1 HAZMAT unit
2 battalion chiefs

1 ladder truck
1 safety battalion (safety officer)

Incident Command
(Battalion Chief 1)

Safety
Officer

Operations:
Tactics
(Battalion Chief 2)

Engine 2
(water supply)

Engine 1
(fire suppression)

Engine # 3 Staging
HAZMAT
(mitigate the spill)

Ladder Truck
(decontamination and scene support)

Skilled Support
Personnel (SSP): crane
operator to help upright
the railcars tipped over

ii – IC/UC INST
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Large incident: An explosion, building collapse and potential chemical release.
Dispatched:
12 engines
2 rescue squads
2 deputy chiefs
2 ladder trucks

4 fire trucks
2 battalion chiefs
1 safety battalion (safety officer)
1 HAZMAT unit

Incident Command (deputy chief 1)
Safety Officer
Public Information Officer
(battalion chief or designee)
Liaison Officer (battalion chief)
Operations Section: (deputy chief 2)

Fire
Branch

Rescue
Branch

- Firefighting
- Water supply
- Ventilation
- Evacuation
- Structural

- Trapped
victims
- Canine
search
- Shoring
- Recognition
- Search and
rescue

Staging

HAZMAT
Branch

EMS
Branch

Law
Enforcement

Air
Operations

- Site control
- Entry
- Decon
- Mitigation
- Research

- Treat
- Triage
- Transfer

- Scene security
- Perimeter
control
- Evacuation
- Crime scene
presence

- Survey scene
from above
- Patient
transport

Specialized support personnel could be assigned to each.
Operating
engineers take
down unsafe
portion of
building

Cutters and
welders
stabilize
structure and
help remove
victims

Earth movers help
with containment
and removal of
contaminated
materials; laborers
load debris

Teamsters
deliver decon
tents, equipment and
medical supplies

Carpenters erect
temporary
barricades,
shelters, and
fencing

Stone masons
(allied trades)
pour landing
zones;
structural
engineers do
aerial surveys

Review Questions
1. Which of the following would require an incident command system?
a.
b.
c.
d.

A hurricane impacting a large urban area
A train derailment involving pressurized flammable liquid
An international training conference
A charity fundraising event
The correct answer is all of the above.
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2. List several benefits of using an incident command system?
Answers may vary, but should include at least some of the following:
• ICS helps to ensure safety of responders and others, achievement
of objectives, and efficient use of resources.
• ICS aims to prevent too many people reporting to one supervisor.
• ICS provides structure for coordinated planning among agencies.
• ICS provides clear lines of authority.
3. Describe the process that should occur if a more qualified responder arrives on
the scene to assume command.
There should be a transfer of command briefing. This briefing can be
either oral, written, or a combination.
4. During response to a large disaster affecting multiple states, what allows all
responsible agencies to manage the incident together with a common set of
objectives and strategies?
Unified command
5. List in order the three general priorities upon which incident objectives are
based.
1. Life safety
2. Incident stabilization
3. Property preservation
6. Even if you use radio codes on a daily basis, why should you use plain
English during an incident response?
Responders from other agencies might not use the same codes. Common
acronyms can have multiple meanings, leading to confusion. Decoding
messages delays response. Common terminology helps to define
organizational functions, incident facilities, resource descriptions, and
position titles.
7. Flash flooding has occurred throughout the county. Response actions have
begun with eight debris removal teams reporting to the operations section
chief. Is this span of control consistent with ICS guidelines?
No. Under ICS the span of control is between three and seven
subordinates and optimally does not exceed five.
8. If an operations section has not been activated, who is responsible for
directing tactical operations?
If the incident commander has not activated an operations section, tactical
operations are directed by the incident commander.
iv – IC/UC INST
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9. Is the following statement true or false?
In a major incident all willing and able personnel and equipment should
respond, even if they have not yet been requested.
False. Uncontrolled and uncoordinated arrival of resources at
emergencies causes significant accountability issues. Self-dispatched
or freelancing resources can cause safety risks to others.
10. Who is responsible for performing a site hazard assessment?
The safety officer is responsible for performing a site hazard assessment.
If a safety officer has not been designated, the incident commander is
responsible.
11. Where would you find a dozer operator waiting for an assignment?
Staging area.
12. Explain at least one reason why it is very important for you to direct any
questions about the incident scene to the appropriate contact in incident
command (either the incident commander or the public information officer)?
Under incident command the public information officer is the primary
contact for anyone wanting information. Information about the incident
and possible causalities is sensitive information that may need to remain
confidential.
13. How does your job fit into the incident command system, and what are your
work limitations based on your level of training?
Answers will vary.

Standards
•

29 CFR 1910.120(q)
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KEY CONCEPTS
•

Basic features of incident
command systems

•

Roles and responsibilities
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INCIDENT/UNIFIED
COMMAND
Lesson Outline
Disaster Response
Local, State, and Federal Government
First and Second Responders
What Is an Incident Command System?
History of ICS
National Incident Management System
Basic Features of ICS
Common Terminology
Unity of Command
Unified Command
Management by Objectives
Modular Organization
Manageable Span of Control
Resource Accountability
Facilities
ICS Staff Responsibilities
Incident Commander
Safety Officer
Public Information Officer
Scene Coordinator
Liaison Officer
Contractors
Roles and Responsibilities of Disaster Site Workers
Contractor Representative
Disaster Site Workers
Skill and Knowledge Levels for Response Personnel
Group Discussion Activity
Review Questions
Other Resources
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Overview
Disaster sites, whether natural or manmade, require response from many agencies
(federal, state, and local) as well as nongovernmental agencies and skilled support
personnel in many specialties, including equipment operators and stationary
engineers. Agencies often have overlapping responsibilities and jurisdictions. A
management system called incident command has evolved to more efficiently
organize and manage the various groups that may respond to a disaster. In this
chapter you will learn how you fit into the incident command structure and what
your responsibilities are.

Objectives
After completing this chapter, you should be able to:

Know
•
•
•
•
•

Describe the benefits of an incident command system.
List the three general priorities that incident objectives are based upon.
Interpret basic features of an incident command system.
Identify incident command staff and disaster site worker roles and
responsibilities.
Explain how your job fits into the incident command system.

Apply
•

4 IC/UC

Sketch how the incident command organizational structure might work
for a given incident scenario.
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Disaster Response
An incident is an event, caused either by
human or natural phenomena, that
requires response actions to prevent or
minimize loss of life or damage to
property and/or the environment. When
incidents are local in nature, they are
considered to be an emergency.
Generally, existing community or local
area resources are sufficient to provide
adequate response to an emergency.
Disasters are incidents that are more
The day after a hurricane these bayside homes
widespread. Disasters affect large
are surrounded by water. Photo by Crystal
populations or large geographic areas, or Payton, FEMA News.
both. Disasters require combinations of
local, state, and federal resources for effective response.
Local, State, and Federal Government
Local government provides the police and firefighters who likely will be first
responders. In addition, technical rescue teams probably will be based locally.
Local authorities create response plans for their community and work to ensure an
effective first response. There also might be a county emergency management
agency to coordinate the individual localities in their response to a more
widespread incident.
Moving up a level, state government plans primarily for statewide disasters. It
also maintains and allocates reserve resources to help localities if needed. For
instance, the state’s National Guard might be assigned to help in rescue or
recovery operations during a flood or tornado or to provide additional security in
a stricken area. The state will have its own emergency management agency to
coordinate with not only its local emergency management agencies, but also with
the federal level as needed.
The federal government operates through the Department of Homeland Security
(DHS), whose primary mission is to secure the United States. Within that role it
assists states and provides resources for very large-scale and national disasters.
Carrying out this responsibility is the Federal Emergency Management Agency
(FEMA), which is part of DHS. The mission of FEMA is to reduce the loss of life
and property and protect the nation from all hazards, including natural disasters,
acts of terrorism, and other manmade disasters. It does this by leading and
supporting the nation in a risk-based, comprehensive emergency management
system of preparedness, protection, prevention, risk reduction response, recovery,
and mitigation.
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FEMA’s lifecycle of a disaster model.

FEMA captures its role in its lifecycle of a
disaster, a cycle made up of response,
recovery, mitigation, risk reduction,
prevention, and preparedness. When a
disaster occurs, responding quickly is the
first priority. Next is helping people and
the location to recover. Third is mitigation,
making certain the situation gets no worse.
From there the priority is to reduce risk of
the disaster’s occurring. Prevention deals
with reducing the probability that people
are affected by a disaster. And finally,
preparedness helps ensure that a plan is in
place should a disaster occur.

First and Second Responders
Personnel responding to the scene include first and second responders. First
responders are personnel who arrive first at the scene and immediately begin
taking action to save lives, control the incident scene, and protect property.
Generally, when one thinks of first responders, one thinks of firefighters, police,
or other public safety personnel. However, the initial response involves whoever
is at the site when the incident begins—the ones alerting the public safety
community to respond.
Second responders are disaster site workers summoned to the early phase of a
disaster site because of a special skill or trade, an existing agreement, or
memorandum of understanding. These secondary responders are referred to as
skilled support personnel under the OSHA Hazardous Waste Operations and
Emergency Response (HAZWOPER) standard. The DHS regularly uses civilian
resources during emergencies. Operating and stationary engineers, ironworkers,
and construction workers are often vital to emergency response and recovery.
Skilled use of heavy equipment can dramatically reduce the time needed to lift
collapsed structures in order to rescue survivors. Knowledge of ventilation
systems might help prevent contamination from spreading throughout a building.
Heavy equipment operators, ironworkers, and laborers may also serve as general
site workers, doing similar types of work during demolition, cleanup, and site
remediation activities at a disaster site.
The knowledge and skills you already possess
can be essential to effectively mitigate the
negative effects of an emergency or disaster.
However, disaster sites differ from everyday
construction or demolition sites. Therefore,
disaster site workers’ roles and responsibilities
on the jobsite are not the same either. Regardless
of what type of responder you are, the
HAZWOPER standard [29 CFR 1910.120(q)(3)]
requires that responders establish an incident
command before work is performed. Once
command is established, duties will be assigned.
6 IC/UC

Moving debris or lifting collapsed
structures is critical during rescue.
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What Is an Incident Command System?
An incident command system (ICS) is a technique to
coordinate a response quickly and efficiently. It
dictates who takes charge and what people, facilities,
equipment, and communications are needed at the
scene of the emergency. It’s not an attempt to take
control or authority away from agencies or
departments who respond or a way to subvert the
normal chain of command within an agency. Nor is
it always managed by the fire department or
restricted to use by government agencies. It’s also
not too big or cumbersome to be used in small,
everyday events.

Command system aims to
prevent:
• Too many people
reporting to one
supervisor.
• Different emergency
response organizational
structures.
• Lack of reliable incident
information.
• Inadequate or
incompatible
communications.
• Lack of structure for
coordinated planning
among agencies.
• Unclear lines of authority.
• Terminology differences
among agencies.
• Unclear or unspecified
incident objectives.

An incident command system is a management
system for any type and size of emergency. A wide
variety of incidents benefit from the use of an
incident command system:
• Hazmat incidents
• Terrorism events
• Natural disasters
• Fires
• Transportation accidents
• Planned event such as conventions, parades, company picnics, etc.

ICS is a standardized, on-scene, all-hazard incident management concept. Users
adopt an integrated organizational structure to match the complexities and
demands of single or multiple incidents without being hindered by jurisdictional
boundaries. There are three primary purposes of ICS. Using management best
practices, ICS helps to ensure the:
• Safety of responders and others.
• Achievement of tactical objectives.
• Efficient use of resources.
An incident command system is required by the following:
• National Incident Management System (NIMS)
• Superfund Amendments and Reauthorization Act (SARA)
• OSHA HAZWOPER Standard, 1910.120
• State and local regulations
The incident command system offers a unified command structure, a modular
organization, integrated communications, common terminology, consolidated
action plans, manageable span of control, designated facilities and staging areas,
and comprehensive resource management.
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History of ICS
The concept of ICS was developed in the
aftermath of a devastating wildfire in
California. Over 13 days in 1970, 16
people died in the fire, 700 structures were
destroyed, and more than one-half million
acres burned. Although responding
agencies cooperated to the best of their
ability, numerous problems with
communication and coordination
hampered their effectiveness.
The concept of an incident command system

Study of this fire and other incidents found was developed in the aftermath of
devastating wildfires.
that failures were usually not a result of a
lack of resources. Failures were most often a result of inadequate management.
Typical weaknesses in incident management were caused by:
• Lack of accountability.
• Poor communication.
• Lack of a planning process.
• Overloaded incident commanders.
• No method to integrate interagency requirements.

After the devastating fire Congress tasked the U.S. Forest Service with designing
a system that would “make a quantum jump in the capabilities” of fire protection
agencies to effectively coordinate interagency action and allocation of resources.
As a result, the FIRESCOPE ICS was born. By the 1980s FIRESCOPE was not
only used widely throughout Southern California by the major fire agencies, but
the use of ICS in response to non fire incidents also was increasing as other state
and federal agencies realized it could satisfy their needs. Over time relatively
minor terminology, organizational, and procedural modifications were introduced
as FIRESCOPE ICS later became the basis for the National Incident Management
System ICS.
Today’s threats demand that we all share responsibility for homeland security. All
levels of government and the private sector must be prepared to prevent, protect
against, respond to, and recover from a wide spectrum of hazards that exceed the
capabilities of any single entity. These hazards require a unified and coordinated
national approach. Homeland Security Presidential Directive 5: Management of
Domestic Incidents (HSPD-5) and Homeland Security Presidential Directive 8:
National Preparedness (HSPD-8) address this need:
• HSPD-5 identifies steps for improved coordination in response to
incidents. It requires the Department of Homeland Security to coordinate
with other federal departments and agencies and state, local, and tribal
governments to establish the National Incident Management System.
• HSPD-8 describes the way federal departments and agencies will prepare.
It requires DHS to coordinate with other federal departments and agencies
and state, local, and tribal governments to develop national preparedness
guidelines.
8 IC/UC
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National Incident Management System
NIMS defines the steps to prevent, protect against, respond to, and recover from a
major event. It also outlines how to accomplish the steps and the standard that
must be applied. Together, these related efforts align federal, state, local, tribal,
private sector, and nongovernmental preparedness, incident management, and
emergency response plans into an effective and efficient national structure.
ICS is only one facet of NIMS. The National Incident Management System
integrates existing best practices into a consistent, nationwide approach to
domestic incident management that applies at all jurisdictional levels and across
functional disciplines to all hazards.
The following is a synopsis of each major component of NIMS:
Preparedness. Preparedness involves an integrated combination of
planning, procedures and protocols, training and exercises, personnel
qualification and certification, and equipment certification. Effective
incident management response begins with a host of preparedness
activities conducted on an ongoing basis before any potential incident.
Communications and Information Management. Emergency
communications and information systems must follow a standardized
framework to provide a common operating picture to all command and
coordination sites. NIMS is based on the concepts of interoperability,
reliability, scalability, portability, and the resiliency and redundancy of
communication and information systems.
Resource Management. Resources (such as personnel, equipment, and/or
supplies) are needed to support critical incident objectives. The flow of
resources must be fluid and adaptable to the requirements of the incident.
NIMS defines standardized mechanisms and establishes the resource
management process to identify requirements, order and acquire, mobilize,
track and report, recover and demobilize, reimburse, and inventory
resources.
Command and Management. The command and management
component is designed to enable effective and efficient incident
management and coordination by providing flexible, standardized incident
management structures:
• Incident command system
• Multiagency coordination systems
• Public information
Ongoing Management and Maintenance. DHS/FEMA manages the
development and maintenance of NIMS. This includes developing NIMS
programs and processes as well as keeping the NIMS document current.
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Basic Features of ICS
Defining characteristics of an incident command system include the following:
• Common terminology
Use plain English if
• Unity of command
more than one
• Management by objectives
agency is
• Manageable span of control
responding to an
• Top-down, modular, flexible format
incident.
• Resource accountability
Common Terminology
Common terminology is a defining characteristic of an incident command system.
Even if you normally use acronyms or radio codes during everyday work,
communications regarding an incident need to be in plain English or clear text.
Acronyms can have multiple meanings, leading to confusion. If more than one
agency is involved in an incident, ambiguous codes and jargon can be major
communication obstacles. Decoding messages delays response. For example:
Don’t say, “We need CPC and an SAR.”
Instead, say, “We need chemical protective clothing and a supplied air
respirator.”
Using common terminology helps to define:
• Organizational functions.
• Incident facilities.
• Resource descriptions.
• Position titles.
Unity of Command
Chain of command is an orderly line
of authority within the ranks of the
incident management organization.
Under unity of command, personnel
report to only one supervisor. They
maintain formal communication
relationships and receive work
Chain of command is an orderly line of
assignments from only that
supervisor. This eliminates confusion. authority.
Incident managers at all levels must be able to control the actions of all personnel
under their supervision.
According to NIMS, command is the act of directing, ordering, or controlling by
virtue of explicit statutory regulatory or delegated authority. The first responding
agency to an incident scene assumes initial command. Initially, the incident
commander (IC) typically is the senior first responder to arrive at the scene. The
incident commander’s job is to establish the command, protect life and property,
control personnel and equipment resources, maintain accountability for
responders and the public safety, and act as a liaison to outside agencies.
10 IC/UC
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All incidents, regardless of size or complexity will
have an IC. For small incidents the IC manages all
aspects of the incident. The IC needs to be
flexible, adaptable, and realistic about his or her
capabilities and limitations. As the incident
develops and grows, the commander might
delegate some duties to other command staff
officials, such as a safety officer, a public
information officer, or a liaison officer.
may be necessary for the IC to
Although the incident commander should have an Itdesignate
staff who provide
appropriate level of training, experience, and
information, liaison, and safety
services for the entire organization.
expertise, the incident commander is not always
These command-level staff report
the highest ranking officer on the scene. When
directly to the IC.
responsibility for incident command is transferred
from one commander to another, this is called transfer of command. Transfer of
command must include a transfer of command briefing, which may be oral,
written, or both.

Transfer of command occurs when:
• A more qualified person assumes
command.
• A change in the incident situation results in
a legal requirement to change command.
• An incident extends over a long period of
time, leading to a normal turnover of
personnel.
• Incident response ends, and responsibility
is transferred to the home agency.

Usually the highest ranking first
responder is the incident
commander.

The law gives police and firefighters broad powers when responding to
emergencies. They can regulate traffic, control crowds, prevent interference with
their response, commandeer equipment, and even require citizens to help them.
For those of you responding to a disaster site, understand that you work at the
direction of the agency that is responsible for controlling the scene. And if a new
arriving agency (for example, the FBI) is responsible for the specific type of
incident, then a new incident commander takes over and that person becomes the
new “boss.”
Unified Command
Unity of command is not the same as unified command. When an event spans
more than one jurisdiction or is so large that the resources of the local incident
commander are not enough to respond, the crisis calls for a unified command
system. Unified command provides guidelines to enable different agencies to
coordinate, plan, and work well together. Agencies work as a team, overcoming
much of the inefficiency and duplication that can occur when they operate without
a common framework. All agencies with jurisdictional authority or functional
responsibility for aspects of the incident participate in the process of determining
overall incident strategies, selecting objectives, and ensuring that joint tactical
planning occurs.
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Unified command follows the same principles as the incident command, but the
larger scale requires a multiagency command post incorporating officials in
charge of marshaling their resources at the scene. While the four basic response
areas are still in place, above them is a command structure representing various
agencies. Those commanders are each responsible for people within their
specialty. Although multiple agencies have jurisdiction, command-level personnel
develop mutual agreement over incident objectives and “speak with one voice.”
Unified command:
• Enables all responsible agencies to manage an incident together by
establishing a common set of incident objectives and strategies.
• Allows incident commanders to make joint decisions by establishing a
single command structure.
• Maintains unity of command. Each employee reports to only one
supervisor.
Management by Objectives
ICS is managed by objectives. A common set of objectives and strategies for all
personnel involved is established. Objectives are communicated throughout the
entire ICS organization via the incident planning process. In general, incident
objectives are based on the following priorities:
1. Life safety
2. Incident stabilization
3. Property preservation
Every incident must have an incident action plan (IAP) that specifies the
incident objectives, states the activities to be completed, and covers a specified
time frame, called an operational period. In some cases the IAP can be oral, but
hazardous materials incidents require a written IAP.
Every IAP must answer the following:
• What do we want to do?
• Who is responsible for doing it?
• How do we communicate with one another?
• What is the procedure if someone is injured?
Modular Organization
ICS is modular in organization. It develops top down and is based on the size and
complexity of the incident as well as the hazard environment created. The
organization can expand and then contract over the course of the incident as the
number of response and recovery workers expands and contracts. When needed,
separate functional areas can be established, and each of those can be further
subdivided. The incident objectives determine the organizational size. Only
positions that are necessary will be filled.
Above is an example of functional areas typically established in an ICS. In this
example there are four main areas reporting to the commander: planning,
operations, logistics, and finance/administration.

12 IC/UC
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The ICS structure places command at the top with four main areas reporting to the commander.

The planning section of the structure documents the status of resources and
develops an incident action plan, which defines what responders will do and what
they will use. In particular, the planning officer works with operations to identify
which second responders might be needed.
The operations section carries out response activities identified in the incident
action plan. The operations officer coordinates and communicates with the
incident commander and develops tactics for completing the objectives assigned
to operations. This officer assigns the line crews (for example, fire, EMS,
HAZMAT, second responders) who will do the work and manages all the
resources in the staging area.
Logistics provides the facilities, services, materials, and personnel needed to
operate the equipment. For instance, logistics actually obtains the services of
second responders. Finance/Administration tracks the costs of responding to the
incident and takes care of reimbursing responders.
Planning or operations determines the types of disaster site worker skills and
services that are needed. The logistics section obtains the services working with
finance/administration, which issues the purchase order or contract. Disaster site
workers are generally assigned to the operations section chief or a group/division
leader under operations. The group or division you are assigned to under
operations depends upon the needed tasks or skills.
The incident commander is responsible for activating functional areas, or sections.
Until a section has been established, it is the commander’s responsibility to
perform the activities that could fall under the responsibility of that section.
Each functional area must have a person in charge, but the ICS organization is
unique to the incident. There is no correlation with the ICS structure and the
structure of other agencies. For example, someone who serves as a chief every
other day might not hold that title when deployed under an ICS structure.
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Manageable Span of Control
Five is the optimal
The span of control pertains to the number of
number of resources a
people or resources that one supervisor can manage
supervisor controls.
effectively during an incident. Supervisors must be
able to adequately supervise and control their
subordinates as well as communicate with
and manage all resources under their
supervision. The type of incident, nature of
the task, hazards and safety factors, and
the distance between personnel and
resources are all factors that can influence
the span of control. However, the span of
control for any supervisor is typically
between 3-7 subordinates. Ideally
supervisors have no more than five people
reporting to them. The ICS modular
A manageable span of control for any
supervisor is between 3-7 subordinates
organization should expand or contract to
or resources.
maintain a manageable span of control.
Resource Accountability
Resource accountability is knowing where personnel and equipment are at all
times in case they have to be used. Resources at an incident must be managed
effectively. In ICS resources are defined as personnel, teams, equipment, supplies,
and facilities. Resource management includes processes for categorizing,
ordering, dispatching, tracking, and recovering these resources.
In ICS resources are either tactical or support in
nature. Tactical resources are personnel and major
items of equipment used in the operation. Support
resources are all other resources required to support
the incident, such as food, communications
equipment, and supplies. ICS classifies tactical
resources into one of three categories:
• Assigned resources are performing active
functions or working on an assignment under
the direction of a supervisor.
• Available resources are ready for immediate
assignment and have been issued all required
equipment.
• Out-of-service resources are not ready to be
assigned, perhaps because of maintenance
issues, rest periods, or limited visibility, etc.

14 IC/UC

Workers are an example of an
important tactical resource.
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Facilities
The incident commander establishes support facilities near an incident for various
purposes, such as decontamination, donated goods processing, mass care, and
evacuation. Facilities may include:
• Incident command post (ICP)—field location where primary tactical,
on-scene incident command functions are performed; also the location
from which the incident commander oversees all operations. The ICP is
sometimes identified by a green rotating or flashing light. The ICP may
change locations during the event. It may be located in a vehicle, trailer,
tent, or within a building. The command post should be positioned outside
of the hazard zone but close enough to maintain command. Every incident
must have some form of incident command post.
• Base—location where primary logistics and administrative functions are
coordinated and administered. Sometimes the base is with the ICP. The
base is established and managed by the logistics section. The resources in
the base are always out of service.
• Staging areas—temporary locations
where available personnel and
equipment are kept while waiting for
tactical assignments. There may be
more than one staging area at an
incident. They should be located close
enough to the incident for a timely
response but far enough away to be
out of the immediate impact zone.
Staging areas house available
Staging areas may be located with the
resources such as these excavators
while they await assignment.
ICP, bases, or camps.
• Camps—temporary locations within
the general incident area that are equipped and staffed to provide food,
water, sleeping areas, and sanitary services. Multiple camps may be used,
but not all incidents will have camps.

ICS Staff Responsibilities
The following summarizes the responsibilities of specific staff and how they
relate to the disaster site worker.
Incident Commander
• Provides overall leadership for incident response.
• Protects life and property.
• Establishes incident objectives.
• Directs staff to develop the incident action plan.
• Is responsible for all activities and functions until delegated and assigned
to staff.
• Controls personnel and equipment resources.
• Maintains accountability for responders and public safety.
• Acts as or maintains liaison with internal and external agencies.
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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Safety Officer
• Assesses hazardous and unsafe situations.
• Develops controls to minimize employee risk.
• Corrects unsafe situations.
• Advises incident command on safety issues.
• Has emergency authority to stop unsafe acts.
Public Information Officer
• Primary contact for anyone
wanting information.
• Serves external and internal
audience.
• Handles all media inquiries and
coordinates release of
information to media.
• Advises incident command on
information dissemination and
media relations.

Firefighters listen to an evening briefing after a
long day on the fire line. Photo by Andrea
Booher/FEMA News.

Scene Coordinator
• Investigates site for a preliminary assessment of known potential injury
sources and hazardous exposures and how to minimize them.
• Develops a disposal scheme for material to be removed from the site.
• Establishes routes of travel for equipment.
• Establishes an internal site communication system to alert workers.
• Establishes collapse zones, work zones, and barriers not to be crossed until
authorized.
• Establishes traffic control and site access control.
• Continually evaluates safety plans of scene contractors.
• Provides overview of site operations.
Liaison Officer
• Serves as point of contact
for contractor
representatives.
• Gathers information about
support agencies.
• Coordinates for agencies
not in the command
structure (for example,
American Red Cross,
Operating Engineers, etc.).
• Provides briefings and
answers questions from the
assisting agencies that are
providing tactical or service
resources.

16 IC/UC

The liaison officer coordinates agencies that do not
directly fall within the command structure.
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Contractors
• Ensure that their employees have a basic knowledge of safety
requirements relative to the work needed to be performed and understand
the capabilities and limitations of the equipment being used by their
employers.
• Strictly adhere to safety policies and procedures established by their
employers and those of the site action plan.

Roles and Responsibilities of Disaster Site Workers
Contractor Representative
The contractor representative or point of contact for the disaster site worker group
takes on the following responsibilities:
• Review common responsibilities.
• Ensure that all contractor resources are properly checked in at the incident.
• Obtain briefing from the liaison officer (LO) or the incident commander.
• Inform assisting or cooperating contractor personnel that positions have
been filled.
• Attend briefing and planning meetings as required.
• Provide input on the use of contractor resources unless resource technical
specialists are assigned from the contractor.
• Ensure the well-being of contractor personnel assigned to the incident.
• Advise the liaison officer of any special disaster site needs or
requirements.
• Cooperate fully with the IC and the general staff on contractor
involvement.
• Report to home contractor dispatch or headquarters on a prearranged
schedule.
• Ensure that all disaster site workers and equipment are properly accounted
for and released before departure.
• Ensure that all required contractor forms, reports, and documents are
completed before demobilization.
• Have a debriefing session with the LO or IC before demobilization.
• Maintain unit/activity log (ICS Form 214).
Disaster Site Workers
As a disaster site worker, you check in at the
staging area (or in some cases, at the
command post) upon arrival at the incident
site. The staging officer or the liaison officer
will direct you and your equipment to the
assigned areas. Before assignment, you
might be required to obtain credentials to
enter the incident scene, an incident briefing,
a safety briefing, or other incident
requirements, such as being assigned
personal protective equipment (PPE).

Upon arriving at a disaster site, you will
check in at the staging area or incident
command post.
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Disaster site workers perform assigned tasks and comply with all directives, such
as use of safety equipment, the buddy system, and crime scene considerations if
applicable. When work is finished, you decontaminate as needed and check out. It
is important for you to let your contact person know how everything went, what
you accomplished, and what remains to be done (and how, if you have
suggestions) after you leave.
Here are other responsibilities you have as a disaster site worker:
• Respond to notification of need for special expertise; however, do not
respond unless requested, and do not freelance or operate outside of the
command structure. Uncontrolled and uncoordinated arrival of resources
at emergencies causes significant accountability issues. Self-dispatched or
freelancing resources cause safety risks to others.
• Receive training on PPE and safe work practices, including
decontamination procedures, specific to the disaster site.
• Obtain briefings from assigned contact person.
• Comply with crime scene requirements, if applicable, and other directions.
• Perform assigned tasks.
• Decontaminate as applicable.
• Check out as directed.
If anyone, media members in particular, asks about the scene, direct them to the
appropriate contacts in the incident command, usually the information officer or
incident commander. At most emergency scenes information about the incident
and possible casualties are considered very sensitive. Operating within the ICS,
you become privy to information that needs to remain confidential.
You also must understand the importance of documenting the actions you take
and services you perform as part of the incident command system. Often, a
significant amount of time passes before draft incident reports become final
reports. Don’t count on your memory to remember small details possibly years
later. Document the work you do when responding to an incident.

18 IC/UC
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Skill and Knowledge Levels for Response Personnel
The incident action plan will outline roles in an incident response. You might
require advanced training as a first or second responder with a significant role in
the response. The table below summarizes the training requirements for incident
response personnel.
Job Title

Definition

Training Requirements

Skilled
support
personnel

• Expert in operation of equipment,
not necessarily employees of
employer, and may perform
temporary emergency work
• Examples: crane operators, medical
personnel

• Must receive initial briefing at site
before participation in emergency
response as required by 29 CFR
1910.120(q)(4)
• Demonstrated competencies listed
in 29 CFR 1910.120 Appendix E

Specialist
employees

• Employees outside immediate
release area who assist on-scene
incident commander
• All activities coordinated through
individual in charge of incident
command system
• Example: industrial hygienist

• Must meet requirements of 29 CFR
1910.120(q)(5)
• Demonstrated competencies listed
in NFPA Standard 472-1992 for
specialist categories C, B, and A

First
responder
awareness
level

• Individuals likely to witness or
discover a release and who are
trained to initiate emergency
response sequence
• Example: security personnel

• Must meet requirements of 29 CFR
1910.120(q)(4)
• Demonstrated competencies listed
in 29 CFR 1910.120 Appendix E

First
responder
operations
level

• Individuals who respond to releases
in defensive fashion and confine it
from a distance
• Examples: firefighters, process
operators

• Minimum of eight hours of training
or sufficient experience to
demonstrate competency in areas
listed in 29 CFR 1910.120(q)(6)(ii)1
• Demonstrated competencies listed
in 29 CFR 1910.120 Appendix E

HAZMAT
technician

• Responds to releases for purposes
of stopping release
• Process operators may take limited
action if they (1) have informed
incident command structure of
emergency, (2) have adequate
PPE, (3) have adequate training in
procedures they are to perform, and
(4) employ the buddy system

• At least 24 hours of training equal to
the first responder operations level
and additional competency in areas
listed in 29 CFR 1910.120
(q)(6)(iii)2
• Demonstrated competencies listed
in 29 CFR 1910.120 Appendix E

HAZMAT
specialist

• Duties parallel to HAZMAT
technician
• Requires knowledge of substances
to be contained

• Includes demonstrations and
hands-on performance and
proficiency
• At least 24 hours of training equal to
HAZMAT technician level and
additional competency in areas
listed in 29 CFR 1910.120(q)(6)(iv)2

On-scene
incident
commander

• Oversees HAZMAT team and is
knowledgeable in command and
management
• Does not necessarily have
extensive knowledge of certain
technical aspects

• Minimum of 24 hours of training
equal to first responder operations
level and additional competency in
areas listed in 29 CFR
1910.120(q)(6)(v)
• Demonstrated competencies listed
in 29 CFR 1910.120 Appendix E

NOTE: It is important to determine state and local requirements in your jurisdiction.
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Group Discussion Activity
Below are three incident scenarios varying in size (small, medium, and large). For
the first scenario a diagram illustrates how the incident command organizational
structure and chain of command could work for that incident. Use this as an
example to sketch how the incident command organizational structure and chain
of command could work for the medium and large incidents.
Small incident: A trench collapsed while utility work was being performed on
gas lines.
Dispatched:
Engine #215: officer + three firefighters
Rescue #3: officer + four firefighters (establish command)
Basic Life Support Unit #22: two emergency medical technicians
Incident
Command
(Rescue # 3 Officer)

Fire Service
(firefighters)

Rescue
(firefighters)

Basic Life
Support (EMTs)

Skilled Support
Personnel (SSP):
backhoe operator to
help uncover or free
trapped victims

Medium incident: Train derailment; pressurized flammable liquid (propylene)
Dispatched:
3 engines
1 HAZMAT unit
2 battalion chiefs

1 ladder truck
1 safety battalion (safety officer)

Large incident: An explosion, building collapse and potential chemical release.
Dispatched:
12 engines
2 rescue squads
2 deputy chiefs
2 ladder trucks

20 IC/UC

4 fire trucks
2 battalion chiefs
1 safety battalion (safety officer)
1 HAZMAT unit
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Review Questions
1. Which of the following would require an incident command system?
e.
f.
g.
h.

A hurricane impacting a large urban area
A train derailment involving pressurized flammable liquid
An international training conference
A charity fundraising event

2. List several benefits of using an incident command system?

3. Describe the process that should occur if a more qualified responder arrives on
the scene to assume command.

4. During response to a large disaster affecting multiple states, what allows all
responsible agencies to manage the incident together with a common set of
objectives and strategies?

5. List in order the three general priorities upon which incident objectives are
based.

6. Even if you use radio codes on a daily basis, why should you use plain
English during an incident response?

7. Flash flooding has occurred throughout the county. Response actions have
begun with eight debris removal teams reporting to the operations section
chief. Is this span of control consistent with ICS guidelines?
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8. If an operations section has not been activated, who is responsible for
directing tactical operations?

9. Is the following statement true or false?
In a major incident all willing and able personnel and equipment should
respond, even if they have not yet been requested.
10. Who is responsible for performing a site hazard assessment?

11. Where would you find a dozer operator waiting for an assignment?

12. Explain at least one reason why it is very important for you to direct any
questions about the incident scene to the appropriate contact in incident
command (either the incident commander or the public information officer)?

13. How does your job fit into the incident command system, and what are your
work limitations based on your level of training?

22 IC/UC
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Other Resources
IS-100: Introduction to Incident Command System
http://training.fema.gov/EMIWeb/IS/IS100A.asp
FEMA ICS Forms
http://training.fema.gov/EMIWeb/IS/ICSResource/ICSResCntr_Forms.htm
FEMA ICS Resource Center
http://training.fema.gov/EMIWeb/IS/ICSResource/index.htm
FEMA NIMS Resource Center
http://www.fema.gov/emergency/nims/
National Wildlife Coordinating Group: Introduction to the Incident
Command System
http://training.nwcg.gov/courses/i100.html
NIEHS WETP Report: The Nation’s Forgotten Responders
http://www.niehs.nih.gov/careers/hazmat/funding/jan3_NIEHSFeasibility.pdf
NPPTL Protecting Emergency Responders
http://www.cdc.gov/niosh/npptl/guidancedocs/rand.html
OSHA Emergency Preparedness and Response
http://www.osha.gov/SLTC/emergencypreparedness/responder.html
OSHA eTools: Incident Command System
http://www.osha.gov/SLTC/etools/ics/index.html
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SAFETY HAZARDS
INSTRUCTOR NOTES
Key Concepts
•
•

Recognizing safety hazards at disaster sites
Working safely during disaster response

Presentation and Materials
•
•
•
•
•

Allow two hours to present this chapter.
Use the OSHA 7600 Disaster Site Worker course manual.
Use the Safety Hazards PowerPoint® slides.
Try the group discussion activity at the end of the chapter.
Use the questions at the end of the chapter to review.

Group Discussion Activity
You’ve been called to assist in a hurricane relief effort. The hurricane has left a
path of destruction. Describe some of the safety precautions you will need to take
for each of the following situations you will encounter.
1. Trees are lying across power lines, and you will help to move the trees.
•

•
•
•
•
•

Ensure that tree trimming operations to clear electrical lines are
performed only by qualified line-clearance tree trimmers. A
qualified line-clearance tree trimmer is knowledgeable in the
construction and operation of electric power generation,
transmission, or distribution equipment involved along with the
associated hazards.
Closely inspect trees for electrical conductors passing through or
within reaching distance of workers before beginning tree work.
Consider all electrical power conductors to be energized and not
to be touched directly or indirectly (for example, through tools,
branches, or other equipment).
Assume that electrical lines are energized until proven otherwise.
Lines and other conductors may become reenergized without
warning as utilities are evaluated and restored after a disaster.
Inspect the work area for downed conductors and do not go near,
drive over, or otherwise come in contact with them.
Downed electrical conductors can energize other objects,
including fences, water pipes, bushes, trees, and telephone/cable
TV/fiber optic cables.
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•
•

•

•
•

Unless de-energized and visibly grounded, maintain proper
distance from overhead electrical power lines (at least 10 feet)
and/or provide insulating barriers.
Do not approach any gas leaks. If a gas leak is detected, secure
spark-producing devices (engines, tools, electronic, and
communications equipment) and evacuate the area until the leak is
secured.
Contact the utility company to assist in locating, marking, and
shutting off/purging utility lines that may pose a hazard or may be
impacted. Ensure that lines have been purged as needed before
beginning work.
Wear a hardhat with appropriate ANSI rating for exposure to high
voltage, as needed.
Wear appropriately rated and tested electrician’s gloves and nonconductive clothing.

2. You will operate equipment to help pull debris from unstable and
collapsed structures.
•
•

•

•

•

•

•
ii – SAFETY INST

Limit access and set up controlled access zones until stability and
structural integrity are known.
Ensure that a competent person inspects the building and floors
before others enter to perform work. A competent person is able to
recognize existing and predictable hazardous conditions and has
the authority to take prompt corrective measures to eliminate those
conditions.
Install temporary structural support (shoring, bracing) adequate
enough to protect response and recovery workers. Don’t remove
the building’s structural support until temporary support is in
place.
Beware of fallen debris. It might be creating a natural support for
other structures, and your stepping on it could dislodge that
support. The debris might also hide sharp objects and other
dangers.
Locate the utilities and ensure that all electric, gas, water, steam,
sewer, and other service lines are shut off, capped, or otherwise
controlled at or outside the building. Notify the utility company
and beware of overhead power lines if you’re operating equipment
that might come in contact with them.
Exercise caution with temporary utility services because they are
often potential sources of ignition. Have a competent person install
electrical wiring and equipment for providing light, heat, or
power, and inspect them regularly. Locate equipment powered by
an internal combustion engine so that the exhausts discharge well
away from combustible materials and away from workers. When
the exhausts are piped outside the building, a clearance of at least
6 inches should be maintained between such piping and
combustible material.
Place heating devices so they are not likely to overturn.
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•
•
•

Determine whether hazardous materials have been used or stored
in the structure.
Don’t work on top of a wall when weather conditions are
hazardous. Wind can blow over walls.
Wear a hardhat and any other appropriate personal protective
equipment.

3. You may have to enter a permit-required confined space.
•
•

•
•

•
•
•
•
•

•

•
•

Treat all confined spaces as hazardous.
Test atmospheric conditions before entry and continuously monitor
them during the entire entry. A person trained in the proper use of
a calibrated, direct-reading instrument must test for oxygen
content, flammable gases and vapors, and potential toxic air
contaminants, in that order. Never trust your senses to determine if
the air in a confined space is safe. You cannot see or smell many
toxic gases and vapors, nor can you determine if sufficient oxygen
is present.
Ensure that adequate atmospheric conditions are maintained in the
spaces at all times through proper ventilation.
In those situations in which safe atmospheric conditions cannot be
maintained, evaluate if entry is absolutely necessary and/or if the
work can be completed from outside the confined space. When
entry is necessary, the appropriate respirator should be evaluated
and worn by workers with thorough training in the use and
limitations of respirators.
Make sure that an attendant is present immediately outside the
space in case the person in the space needs assistance, and ensure
that an emergency retrieval or rescue method is available.
Make sure a safe method of communication is available between
the person entering the space and the attendant.
Exit the space immediately if an unsafe condition develops.
Ensure that structures are sound (safe) from collapse before
entering confined spaces.
Use proper personal protective equipment, which will be
determined by the hazards that will be encountered in the confined
space. Examples include eye, face, head, and foot protection;
respiratory protection; and safety belts, lifelines, and harnesses.
Ensure that properly trained workers control utilities before entry
into confined spaces, including electrical services (primary and
secondary), gas, propane, fuel oil, or other alternative energy
sources (primary systems), water, sanitary systems,
communications, and any secondary service systems (i.e.,
compressed, medical, or industrial gases.)
Once confined spaces are identified, post warning signs to warn
other response personnel, clean-up workers, and the public. When
possible, physically block entry.
Never enter a confined space to attempt an emergency rescue
unless you have been trained in safe confined space entry and
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rescue procedures and have the proper tools and personal
protective equipment.
4. You will help to remove debris from an underground parking garage that
had been flooded.
•

•
•

•
•
•
•

•

Test atmospheric conditions before entry and continuously monitor
them during the entire entry. In addition, monitor the atmosphere
at different locations in the space. While the air may be safe in one
part of a space, another void might still contain something toxic.
Ensure that adequate atmospheric conditions are maintained in the
spaces at all times through proper ventilation.
In those situations in which safe atmospheric conditions cannot be
maintained, evaluate if entry is absolutely necessary and/or if the
work can be completed from outside the confined space. When
entry is necessary, the appropriate respirator should be evaluated
and worn by workers with thorough training in the use and
limitations of respirators.
Make sure that an attendant is present immediately outside the
space in case the person in the space needs assistance, and ensure
that an emergency retrieval or rescue method is available.
Make sure a safe method of communication is available between
the person entering the space and the attendant.
Exit the space immediately if an unsafe condition develops.
Use proper personal protective equipment, which will be
determined by the hazards that will be encountered in the confined
space. Examples include eye, face, head, and foot protection;
respiratory protection; and safety belts, lifelines, and harnesses.
Never enter a confined space to attempt an emergency rescue
unless you have been trained in safe confined space entry and
rescue procedures and have the proper tools and personal
protective equipment.

5. There is a possible gas leak near a storage tank, and you will be working
to help rectify it.
•

•

•
•

iv – SAFETY INST

Do not approach any gas leaks. If you detect a gas leak, secure
spark-producing devices (engines, tools, electronic and
communications equipment) and evacuate the area until the leak is
secured.
Contact the utility company to assist in locating, marking, and
shutting off or purging utility lines that may pose a hazard or may
be impacted. Make sure the lines have been purged as needed
before beginning work.
Notify utility companies before controlling their utility lines.
Assess the presence, contents, and condition of tanks and
equipment that might contain hazardous chemicals, gases, or
flammable materials. If the condition of tanks or equipment is
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•

suspect, avoid disturbing them until after the assessment is done
and a plan of action determined.
Purge lines, tanks, and equipment containing hazardous
chemicals, gases, or flammable materials. Use air monitoring
equipment such as a combustible gas indicator, toxic gas monitor,
or oxygen monitor to determine if any hazardous conditions
remain. When necessary, provide additional controls (for example,
forced ventilation, respiratory protection) to protect response and
recovery workers.

6. You’ve been asked to set up portable generators at various sites.
•

•
•
•
•
•

•

•
•

Never attach a generator directly to the electrical system of a
structure unless a qualified electrician has installed a transfer
switch for the generator. If the structure’s electrical system is not
isolated, it may energize the utility’s wiring system for great
distances and create a risk of electrocution for utility workers and
others in the area.
Always plug electrical equipment directly into the generator using
the manufacturer’s supplied cords or grounded (3-pronged)
extension cords that are rated for the total anticipated load.
Do not overload a generator; it can overheat and create a fire
hazard.
Ground and bond generators according to the manufacturer’s
recommendations. Ensure that any manufacturer-required
connections are secure before using the generator.
Keep the generator dry. Protect it with a canopy if needed. Do not
use it in wet or rainy conditions.
Monitor the air around generators for carbon monoxide. This
poisonous, colorless, and odorless gas is produced when the
generator’s fuel doesn’t burn completely. Symptoms include
shortness of breath, nausea, headaches, dizziness, and lightheadedness. Get the victim into fresh air quickly and to a hospital
for treatment.
Never use a generator indoors or in enclosed spaces such as
garages and basements. Opening windows and doors may not
prevent carbon monoxide from building up in those spaces. Do not
use a generator outdoors near doors, windows, and vents that
could allow carbon monoxide to enter.
Ensure that a generator has 3-4 feet of clear space on all sides and
above it to ensure adequate ventilation and cooling.
Before refueling, shut down the generator and allow it to cool.

7. You’re going to operate a mobile crane to remove debris.
•
•
•

Always use the crane manufacturer’s load chart provided for each
crane.
Be sure you know or can calculate the weight of each load.
Never use visual signs of tipping as an indicator of lift capacity.
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•

•

•

•
•
•
•

Before beginning a lift, follow the manufacturer’s procedures for
proper outrigger deployment to ensure that cranes are properly set
up and level, and make sure outrigger pads are supported on firm,
stable surfaces before beginning a lift.
When multiple lifts are made from one location, such as during
duty cycle operations, check the condition of the ground and
blocking materials regularly and as often as possible to ensure the
crane remains on firm, stable ground.
Always check for overhead power lines and other obstructions.
Comply with OSHA regulations for safe working distances around
power lines: 29 CFR 1910.333(c)(3)(iii) and 29 CFR
1926.550(a)(15)(i), (ii), and (iii).
Avoid hoisting or moving suspended loads over workers and others
within the crane’s swing radius.
Barricade the swing radius to keep unauthorized persons from
entering areas of pinch points.
Follow a written engineered lift plan for all critical lifts.
If you are under age 18, do not operate a crane or assist in tasks
being performed on cranes, such as repairing, servicing,
assembling, and disassembling the machine.

8. You will operate a wood chipper.
•
•
•
•
•
•
•
•
•

Do not wear loose-fitting clothing.
Follow the manufacturer’s guidelines and safety instructions.
Guard the feed and discharge ports.
Prevent opening of access doors and covers until the drum or disc
has completely stopped.
Prevent detached chippers from sliding or rolling by chocking the
trailer wheels.
Maintain a safe distance (2 to 3 log lengths) between the chipper
operator and other work/individuals.
Never reach into the equipment while it is operating.
Use a lockout system when servicing or maintaining
(“unjamming”) chipping equipment.
Wear eye and face protection, hand protection for cuts and
scrapes, and hearing protection.

Review Questions
1. Is the following statement true or false?
Because of the urgency involved in a disaster response, typical OSHA
rules do not always apply.
False. It’s important to follow OSHA safety regulations even at a
disaster site.
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2. Name at least five hazards you might face in an unstable or collapsed
structure.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Water system breaks that may flood basement areas.
Exposure to pathogens from sanitary sewer system breaks.
Exposed and energized electrical wiring.
Exposure to airborne smoke and dust (asbestos, silica, etc.).
Exposure to bloodborne pathogens.
Exposure to hazardous materials (ammonia, battery acid, leaking fuel,
etc.) .
Natural gas leaks creating flammable and toxic environment.
Structural instability.
Insufficient oxygen.
Confined spaces.
Slip, trip, or fall hazards from holes, protruding rebar, etc.
Being struck by a falling object.
Fire.
Proximity to heavy machinery such as cranes.
Sharp objects such as glass and debris.
Secondary collapse from earthquake aftershock, vibration, and
explosions.
Unfamiliar surroundings.
Adverse weather conditions.
Noise from equipment (generators/heavy machines).

3. What are the four basic patterns of building collapse?
•
•
•
•

Lean-to
V-shape
Pancake
Cantilever

4. You have been sent to work in a space that is large enough and shaped for a
human to enter. There is one small opening and no natural ventilation. Does
this space meet the OSHA definition of a confined space?
Yes. OSHA’s definition of a confined space has three traits: having a size
and shape adequate enough for a person to enter, having limited
entrances and exits for workers, and not being designed for continuous
human occupancy. Additionally, a confined space has unfavorable natural
ventilation.
5. List the four characteristics of a permit-required confined space.
•
•
•
•

Contains or potentially can contain a toxic atmosphere.
Contains materials that can act like quicksand and engulf you.
Contains spaces that can trap or asphyxiate you.
Contains any serious recognized hazard.
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6. The pre-entry air test of a confined space has a reading of 25 percent oxygen
by volume. Is this an oxygen-deficient or oxygen-enriched atmosphere? What
is the primary danger associated with this atmosphere?
Any reading above 23.5 percent oxygen by volume is an oxygen-enriched
atmosphere. This atmosphere can create serious fire hazards. The high
levels of oxygen cause flammable and combustible materials to burn more
violently when ignited and make ignition of a fire or explosion easier.
7. What two types of atmospheric testing must be done to ensure your safety?
The two types of atmospheric testing are pre-entry testing, and then
periodic testing and continuous monitoring.
8. What are the three specific pre-entry atmosphere tests required for a confined
space? In what order must these tests be performed?
The pre-entry testing also should be performed in the following order and
include these specific tests:
Oxygen level test
Flammability test
Toxic air contaminants test
9. Is the following statement true or false?
Assume that all electrical lines are energized.
True. Always take this precaution when dealing with either downed or
standing electrical lines.
10. Name three things you can do to prevent heavy equipment from making
accidental contact with overhead power lines.
•
•
•

Install flag warnings at proper distances.
If it is difficult for an operator to see the power lines, designate a
spotter.
If you cannot maintain adequate clearances, you must have the power
company insulate, move, or de-energize the line.

11. What are at least three safety guidelines to follow when working with
generators?
•
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Never attach a generator directly to the electrical system of a structure
unless a qualified electrician has installed a transfer switch for the
generator. If the structure’s electrical system is not isolated, it may
energize the utility’s wiring system for great distances and create a
risk of electrocution for utility workers and others in the area.
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•
•
•
•
•

•

•
•

Always plug electrical equipment directly into the generator using the
manufacturer’s supplied cords or grounded (3-pronged) extension
cords that are rated for the total anticipated load.
Do not overload a generator; it can overheat and create a fire hazard.
Ground and bond generators according to the manufacturer’s
recommendations. Ensure that any manufacturer-required connections
are secure before using the generator.
Keep the generator dry. Protect it with a canopy if needed. Do not use
it in wet or rainy conditions.
Monitor the air around generators for carbon monoxide. This
poisonous, colorless, and odorless gas is produced when the
generator’s fuel doesn’t burn completely. Symptoms include shortness
of breath, nausea, headaches, dizziness, and light-headedness. Get the
victim into fresh air quickly and to a hospital for treatment.
Never use a generator indoors or in enclosed spaces such as garages
and basements. Opening windows and doors may not prevent carbon
monoxide from building up in those spaces. Do not use a generator
outdoors near doors, windows, and vents that could allow carbon
monoxide to enter.
Ensure that a generator has 3-4 feet of clear space on all sides and
above it to ensure adequate ventilation and cooling.
Before refueling, shut down the generator and allow it to cool.

12. Which of the following statements is NOT true when trying to prevent struck
by accidents?
a.
b.
c.
d.

Have visible backup alarms.
Have a spotter to direct the operator if visibility is restricted.
Keep adequate clearance behind the vehicle.
Always pay attention to backing equipment.
a. Have visible backup alarms. The alarms must be audible..

13. Is the following statement true or false?
You would have more protection with a class 2 reflective garment than a
class 3 garment, but the most protection with a class 1 garment.
False. Class 3 garments offer the most protection, followed by class 2,
then class 1.
14. Is the following statement true or false?
Debris piles at disaster sites are generally safe to walk on providing you
are wearing a hardhat and safety gloves.
False. You can fall when equipment pulls or shifts debris from some
distance away, causing you to fall. Electrical and other utilities may
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be buried underneath the pile. Also, debris may give way to hot
materials underneath.
15. Which of the following are NOT recommended safety guidelines when
dealing with trees at a disaster site:
a. Limit access/Set up controlled access zones.
b. Adjacent occupied work areas should be at least one tree length from
the tree being felled.
c. Always plan a clear path of retreat before cutting.
d. Be careful of young trees that other trees have fallen against; they act
like spring poles and can propel back.
b. Adjacent occupied work areas should be at TWO tree lengths
from the tree being felled.

Standards
•
•
•
•
•

29 CFR 1926.500
29 CFR 1926, Subpart G—Signs, Signals, and Barricades
29 CFR 1926, Subpart K—Electrical
29 CFR 1910, Subpart S—Electrical
29 CFR 1910.146
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KEY CONCEPTS
•

Recognizing safety hazards at
disaster sites

•

Working safely during disaster
response
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SAFETY HAZARDS
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Confined Space Entry Permit
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Oxygen Deficient
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Flammable
Toxic
Pre-entry Testing
Periodic Testing and Continuous Monitoring
Ventilation
Isolation
Engulfment
Falling Objects
Temperature Extremes
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Drum Handling
Severed Utilities
Electrical Lines
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Gas Leaks
Water and Sewage
Communications
Sources of Electricity
Power Lines
Generators
Reverse Polarity
Ground Fault Circuit Interrupters (GFCI)
Electrical Cords (Flexible Cords)
Inadequate American Wire Gauge (AWG)
Ground Prong Removed
Temporary Lights
Power and Hand Tools
Exposed Electrical Parts
Arc Flash
Working with Energized Equipment—Lockout/Tagout
Underground Lines
Working in Wet Conditions
First Aid for Electrocution Victim
Working on and Around Equipment
Getting Started
General Heavy Equipment Operation
Forklift and Powered Industrial Truck (Pit) Operations
Mobile Cranes
Rollover Hazards
Material Falling from Vehicles
Workers on the Ground
Work Zone Safety
Reflective Garments
Fall Hazards
Falling Objects
Ladders
Stairs
Slip and Trip Hazards
When Is Fall Protection Required?
Fall Protection Basics
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Working on, Over, or Near Water
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Contact with Downed Lines, Live Electrical Equipment, and Other
Utilities
Chain Saws
Impact from Tree Debris and Felled Trees
Wood Chippers
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Welding, Cutting, and Burning
Group Discussion Activity
Review Questions
Other Resources
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Overview
Working at a disaster site requires an awareness and focus even more intense than
what you would normally bring to your job as a stationary or operating engineer.
The nature of a disaster site means lots of hazards. And many of them aren’t
readily apparent. Staying safe and keeping those around you safe as well takes all
of your experience and safety training. In this chapter you will learn about the
typical hazards you face as a disaster site worker and what you can do to avoid
them.

Objectives
After completing this chapter, you should be able to:

Know
•

Understand the safety hazards that might be present at a typical
disaster site.

•

Take appropriate actions to avoid safety hazards and keep yourself and
others safe.

Apply

Analyze

•

6 SAFETY

Appraise a disaster site and recognize the safety hazards present.
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Disaster Site
Ask those who have
responded to a disaster
and they’ll tell you it’s
not your normal
jobsite. First, you can
probably expect a
mess of sorts.
Depending on the type
of disaster, you might
find rubble, destroyed
property, high water,
lack of infrastructure,
traumatized people,
and chaotic
conditions. As an
Cleanup at the World Trade Center disaster. Image courtesy of Life.
engineer, you might
find yourself operating equipment for urgent rescue operations, or you might be
helping with cleanup and recovery operations, getting things back in order.
Regardless, you’re going to find plenty of hazards. And many of them won’t be
apparent to the naked eye. Live electric lines might be hidden under rubble, for
instance, or land might be unstable.
Safety is your number one goal in responding to a disaster. And the first person
you need to keep safe is yourself. If you’re not keenly aware of the hazards
around you, you’re going to find it difficult keeping coworkers, other rescue
workers, and the citizens you’re helping safe. That safe approach means not only
being aware of hazards you’ll encounter, such as those downed power lines, but
also the hazards you pose on your equipment. For instance, if you have to operate
a mobile crane, you must be aware of the swing radius of the boom and cab and
recognize that you present both a struck by and caught in/between hazard to
others. Remember, the same safety regulations from the Occupational Safety and
Health Administration (OSHA) that you normally follow still apply in a disaster
response.
Here are some safety hazards that might be present at a disaster site:
• Unstable structures
• Confined/Enclosed spaces
• Below-grade spaces and voids
• Flammables/Combustibles/Compressed gases
• Severed utilities
• Electricity
• Working on and around equipment
• Traffic
• Falls
• Trees
• Noise
• Welding, cutting, and burning
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

SAFETY 7

Unstable Structures
Depending on the disaster,
you may have to enter, work
near, or demolish structures
that are no longer stable.
These structures are in danger
of collapsing if they already
haven’t. When internal loadbearing structural elements
fail, a building will collapse
into itself, and exterior walls
will be pulled into the falling
structure. Alternatively, if the
structural failure is caused by
an explosion or natural forces Buildings in danger of collapsing require extra care.
such as weather, the building
may collapse in an outward direction, resulting in a less dense and scattered debris
field.
It’s not just an earthquake that can create unstable structures. Hurricanes,
tornados, and fires, for instance, weaken structures. Normal construction activity
also can render structures unstable. Certain structures, such as scaffolds, are
unstable by their very nature.
Following a catastrophic failure of a structure, rescue workers and emergency
responders may be required to enter the collapsed structure. Emergency
responders include firefighters, police, emergency medical technicians,
construction workers, and government representatives. Emergency responders
may be responsible for assisting survivors, extinguishing fires, shutting off
utilities, assessing structural instabilities, shoring up safe paths into the structure
and determining other hazards, such as airborne contaminants. Rescue workers
focus on finding survivors and later removing victims from collapsed structures.
Hazards
Here are some of the hazards possible in unstable or collapsed structures:
• Water system breaks that may flood basement areas.
• Exposure to pathogens from sanitary sewer system breaks.
• Exposed and energized electrical wiring.
• Exposure to airborne smoke and dust (asbestos, silica, etc.).
• Exposure to bloodborne pathogens.
• Exposure to hazardous materials (ammonia, battery acid, leaking fuel,
etc.).
• Natural gas leaks creating a flammable and toxic environment.
• Structural instability.
• Insufficient oxygen.
• Confined spaces.
• Slip, trip, or fall hazards from holes, protruding rebar, etc.
• Being struck by a falling object.
8 SAFETY
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•
•
•
•
•
•
•

Fire.
Proximity to heavy machinery such as cranes.
Sharp objects such as glass and debris.
Secondary collapse from earthquake aftershock, vibration, and explosions.
Unfamiliar surroundings.
Adverse weather conditions.
Noise from equipment (generators/heavy machines).

Collapsed Buildings
When buildings fall, they follow four basic patterns of collapse:
• Lean-to
• V-shape
• Pancake
• Cantilever

A lean-to collapse showing the void created.

In a lean-to collapse one wall
gives way while the opposite wall
stays standing in place. The ceiling
will fall on one side but stay held
up on the other side by the
remaining wall. A triangle is
formed by the floor, sidewall, and
the ceiling that makes an angle
with the floor. That forms a void
under the ceiling next to the
standing wall and is a logical place
to find survivors if you are part of
a rescue operation.

In a V-shape collapse both sidewalls
remain standing while the ceiling
collapses to the inside of the
building. This gives an “M” shape
from the outside or a “V” shape on
the inside caused by the collapsed
ceiling. Look for survivors in the
voids formed along the outer walls
under the collapsed ceiling.
A V-shape collapse showing the voids created.
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A pancake collapse
occurs when both
walls and the
ceiling fall and
become stacked on
top of each other
and the floor. This
is the most
dangerous type of
collapse and causes
A pancake collapse showing the limited amount of voids created.
the most deaths.
Your best bet for
finding survivors and voids are next to, but not under, large objects.
In a cantilever collapse
part of the building
collapses while the
remainder remains intact,
as if the building was cut in
half from top to bottom.
Survival in the collapsed
portion will be haphazard.
Precautions
Here are some guidelines to
follow when entering or
working around unstable or
collapsed structures:
• Limit access and set
up controlled access
zones until stability
A cantilever collapse showing the limited amount of voids
and structural
integrity are known. created.
• Ensure that a
competent person inspects the building and floors before others enter to
perform work. A competent person is able to recognize existing and
predictable hazardous conditions and has the authority to take prompt
corrective measures to eliminate those conditions.
• Install temporary structural support (shoring, bracing) adequate enough to
protect response and recovery workers. Don’t remove the building’s
structural support until temporary support is in place.
• Beware of fallen debris. It might be creating a natural support for other
structures, and your stepping on it could dislodge that support. The debris
might also hide sharp objects and other dangers.
• Locate the utilities and ensure that all electric, gas, water, steam, sewer,
and other service lines are shut off, capped, or otherwise controlled at or
outside the building. Notify the utility company and beware of overhead
power lines if you’re operating equipment that might come in contact with
them.
10 SAFETY
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•

•
•
•
•

Exercise caution with temporary utility services because they are often
potential sources of ignition. Have a competent person install electrical
wiring and equipment for providing light, heat, or power, and inspect them
regularly. Locate equipment powered by an internal combustion engine so
that the exhausts discharge well away from combustible materials and
away from workers. When the exhausts are piped outside the building, a
clearance of at least 6 inches should be maintained between such piping
and combustible material.
Place heating devices so they are not likely to overturn.
Determine whether hazardous materials have been used or stored in the
structure.
Don’t work on top of a wall when weather conditions are hazardous. Wind
can blow over walls.
Wear a hardhat and any other appropriate personal protective equipment.

Demolition of Unstable Structures
In both conventional and unconventional
demolition worker safety is most important.
In conventional demolition a demolition
contractor can perform preparatory operations.
Because structures are intact, contractors inspect,
survey, and collect samples to evaluate the
project. The contractor is able to choose between
manual or mechanical demolition methods.
In unconventional demolition the contractor
cannot thoroughly evaluate a project. Manual
removal of materials exposes demolition workers
to excessive hazards. In unconventional
demolition the contractor will choose mechanical
demolition that protects workers. Cranes with a
clam bucket or wrecking ball, excavators, and
end loaders are commonly used mechanical
Demolition requires following OSHA
regulations.
demolition machines. Unstable structures found
at disaster sites can be safely cleaned up with
machines that have a far reach, eliminating workers’ exposure to the hazards of
hand demolition.
If workers will enter a structure to be demolished, a competent person must
evaluate it for structural damage.
If the structure has been damaged by fire, flood, explosion, or some other cause,
appropriate measures must be taken to protect workers and structures. For
example, the demolition contractor would shore and brace walls and floors before
demolition workers enter.
Demolition contractors should follow the OSHA 1926 Subpart T Demolition
Standard to ensure safety for all involved in the demolition.
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Confined/Enclosed Spaces
Confined and enclosed spaces are common at
disaster sites. Taking time to treat them with
respect and work safely in and around them by
following OSHA regulations and safety
guidelines will ensure that you and your
coworkers remain safe. One of the common
problems at disaster sites is that the sense of
urgency leads workers to disregard common
safety practices. Don’t be that person when it
comes to confined and enclosed spaces. Your
life and that of your coworkers could be at
stake.
Three traits define a confined space, according
to OSHA:
• Adequate size and shape to allow a
person to enter.
• Limited openings for workers to enter
Workers in a confined space.
and exit.
• Not designed for continuous human occupancy.
In addition, a confined space has unfavorable natural ventilation, which could
contain or produce dangerous air contaminants. Typical examples of confined
spaces are storage tanks, septic tanks, underground vaults, storage bins, hoppers,
manholes, pits, trenches, silos, process vessels, pipelines, and digesters.
Water and wind destruction associated with hurricanes may create confined space
conditions in parts of buildings that are not routinely considered confined spaces.
For example, flooding and hazardous materials spills or releases may create
dangerous confined spaces in basements and enclosed rooms. Similarly, building
damage and collapses may create confined space hazards by restricting entry and
exit and exposing workers to physical or environmental hazards.
According to the National Institute for Occupational Safety and Health (NIOSH),
two major factors lead to fatal injuries in confined spaces:
• Failure to recognize and control the hazards associated with confined
spaces, such as asphyxiation, electrical shock, engulfment, falls, or heat
stress.
• Inadequate or incorrect emergency response. Without an emergency plan
people react spontaneously in an emergency, and in the case of confined
spaces, too often this results in injuries or deaths to rescuers as well as
victims.
Permit Required vs. Non Permit Required
OSHA defines confined space as either permit required or non permit required.
The permit-required standard (29 CFR 1910.146) requires you to complete a
written safety checklist before work can begin. Work in these spaces is considered
12 SAFETY
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more dangerous and might pose an immediate danger to life and health (IDLH).
The OSHA standard requires your employer to evaluate the disaster site and
determine which spaces require the permit and which do not. A permit-required
space will be designated as such.
A permit-required confined space has one or more of the Don’t enter a confined
following characteristics:
space until it has been
• Contains or has the potential to contain a
classified as either
hazardous atmosphere. Perhaps chemicals have permit required or non
permit required. Don’t
been stored there, or activities such as welding,
assume it’s safe
cutting, or cleaning with solvents have taken
because it’s not
place there, making the atmosphere dangerous.
marked.
• Contains a material that can engulf you when
you enter. Granular materials such as grains or sands or sludge-like
materials can act like quicksand.
• Features a shape such as an inwardly converging wall or a floor that
slopes downward and tapers to a small cross-section (like a funnel), such
as a grain bin. These spaces can trap you or asphyxiate you.
• Contains any other recognized serious hazard, such as exposed live
wires, moving equipment, extreme temperatures, noise, falling objects, or
wet or slick surfaces.
Non permit-required confined spaces do not or could not contain hazards that
could cause serious harm. You can enter these spaces and begin work without
having to complete a written safety checklist.
Confined Space Entry Permit
OSHA requires employers to have a written
permit-required confined space entry program to
set procedures for proper and safe entry into
hazardous confined spaces. A part of that plan is
the confined space entry permit. It’s an
authorization form that must be completed by the
entry supervisor, dated and signed by the
necessary personnel, and read by you before
you’re permitted to enter a permit-required
Warning sign for a confined space.
confined space. The form outlines the hazards
you’ll face and how to control them. The permit must be posted at the entrance to
the confined space for the length of the job.
The confined space entry permit must contain the following information:
• Location of space to be entered.
• Purpose of entry.
• Date and authorized duration of the permit.
• Authorized entrants.
• Authorized attendants.
• Name of entry supervisor.
• Hazards in the confined space.
• Measures used to isolate the space or control hazards.
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•
•
•
•
•
•
•

Acceptable entry conditions.
Results of initial and periodic monitoring tests.
Rescue and emergency services.
Communication procedures.
Equipment needed, such as personal protective equipment, alarm systems,
and testing, communications, and rescue equipment.
Any other necessary information.
Any additional permits issued.

A permit usually features a checklist of safety measures that includes all the
equipment needed and the steps to be taken before entering the confined space. As
the operating engineer entering the space, you must review the checklist with the
supervisor and the attendant before you enter to make sure all precautions have
been taken.
Most deaths and injuries in confined spaces are blamed on hazardous
atmospheres. Confined spaces by their very definition are places ripe for
collecting air that can be extremely hazardous. Often a lack of ventilation traps air
that either causes breathing problems or that’s flammable. This situation is
especially true when you’re working in a space that was used to store or process
chemicals or organic substances that decay.
Hazardous Atmospheres
OSHA organizes the hazardous atmospheres into four main categories:
• Oxygen deficient
Atmosphere that is less than 19.5 percent oxygen
• Oxygen enriched
by volume is oxygen deficient. Atmosphere
• Flammable
greater than 23.5 percent oxygen by volume is
• Toxic
oxygen enriched.
Oxygen Deficient
OSHA defines an oxygen-deficient atmosphere as one containing less than 19.5
percent oxygen by volume. Normal oxygen content in the air you breathe is
approximately 21 percent. Asphyxiation is your primary danger in an oxygendeficient atmosphere. The less oxygen you inhale, the more you suffer physically.
Your judgment becomes faulty, and you lose your coordination. You should not
enter this type of atmosphere without a self-contained breathing apparatus
(SCBA).
Various factors can decrease the oxygen level in a confined space. Certain
chemical reactions, such as rusting, decrease oxygen. Some bacterial actions, such
as fermentation or decomposition, do as well. Even the work you’re doing might
lessen the oxygen levels. Welding, cutting, and brazing reduce oxygen levels in a
confined space.
Oxygen Enriched
When the atmosphere contains more than 23.5 percent oxygen, it is considered
oxygen enriched. This situation poses its own risks, mainly as a serious
combustion hazard. The high levels of oxygen cause flammable and combustible
14 SAFETY
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materials to burn more violently when ignited and make ignition of a fire or
explosion easier.
Beware of leaking oxygen equipment or the use of oxidizing chemicals, which
release oxygen molecules as a part of a chemical reaction.
Flammable
Flammable or explosive atmospheres occur
when ignitable or explosive vapors, gases,
aerosols, mist, or dust exist at a concentration
greater than 10 percent of their lower explosive
limit. For a flammable or explosive atmosphere
to exist, the following elements must be present
in the correct proportions:
• Fuel
Beware of drums possibly containing
• Oxygen
flammable materials.
• Heat
• Sustaining chemical reaction (This reaction, called combustion, produces
continued heat that serves to keep the fire burning.)
Different gases have different flammable ranges. If a source of ignition, such as a
spark from a tool, enters the flammable atmosphere, an explosion may result.
Also keep in mind that when flammable gases or vapors have displaced the
oxygen level so much that they exceed their upper explosive limit, ventilating the
confined space might dilute them and bring them back to an explosive
concentration again.
Toxic
Toxic, or poisonous, atmospheres feature chemical or biological agents that can
adversely affect the human body. Chemical agents can be solids, liquids, or gases
and affect certain organs or areas of the body. They’re usually of greater concern
as a gas because they can be inhaled. Toxic gases come from biological or
chemical processes inside the confined space. For instance, decomposing organic
material can create hydrogen sulfide, a deadly gas.
Your work might also create toxic gases. Welding, for example, releases nitrogen
oxides, ozone, and carbon monoxide. Cleaning solvents and paints you use are
another source.
Speaking of carbon monoxide, it’s a great example of the poor warning properties
many toxic gases have. Carbon monoxide is colorless and odorless, yet it’s deadly
in the right dose.
Toxic atmospheres develop in confined spaces in other ways as well:
• Liquids, residues, or sludge from material previously stored in the space
can be toxic.
• Toxic material absorbed into the walls can give off toxic gases or vapors
when they are removed or cleaned.
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Pre-entry Testing
Before anyone enters the confined space
and before an entry permit to work in
any confined space is completed, testing
must determine concentrations and
composition inside the confined space.
It’s the only way to ensure safe entry.
The atmosphere is always tested first
from outside the confined space. The
pre-entry testing also should be
performed in the following order and
include these specific tests:
1. Oxygen level test
2. Flammability test
3. Toxic air contaminants test

A worker conducts a pre-entry test
of a confined space.

Periodic Testing and Continuous Monitoring
Just because the air was tested safe when you started work in the confined space
does not guarantee that it continues to be safe. As soon as you enter a confined
space, retest the air’s oxygen level, flammability, and toxicity following the same
protocol as the pre-entry testing (top, middle, bottom; 1 foot down, every 4 feet).
Remember that the work you’re doing inside the space could be creating a
hazardous situation. If you’re doing hotwork, such as welding, or you’re painting,
scraping or scaling, or using solvents, you might be changing the content of the
atmosphere.
Air monitoring sensors should be
placed in the space to continuously
monitor the atmosphere, especially
in areas where contaminants can
leak into the confined space or in
workers’ breathing zones. Some
monitors are designed to be worn
by workers, providing constant
testing and alarm features. When
an air monitoring alarm sounds,
leave the confined space
immediately. The air must be
tested and brought under control
before you reenter.
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Common Mistakes in Confined Space
Monitoring
From Occupational Hazards, a website
(www.occupationalhazards.com)
dedicated to occupational safety, health,
and loss prevention.
1. Not knowing OSHA standards and
recommendations.
2. Using your own senses.
3. Disregarding the importance of
training.
4. Not implementing a gas monitor
maintenance program.
5. Not knowing which toxic gases may
be present.
6. Not performing a pre-entry test.
7. Considering the confined space safe
after pre-entry testing.
8. Not assigning an attendant.
9. Not having an emergency plan.

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

Ventilation
The solution to controlling most hazardous
atmospheres is relatively simple—ventilation. A
blower or fan can move fresh, uncontaminated air
into confined spaces and push out contaminated air,
either eliminating or reducing the hazard. Of
course, it’s rarely as simple as turning on a fan.
Confined spaces come in all shapes and sizes and
are used for many purposes. For instance, some
Ventilation can move fresh air into
tankers have internal baffles that hinder air
or contaminated air out of a
movement. Other spaces have angles and corners
confined space.
that make ventilation tricky. Still, ventilation is one
of the best ways to control or minimize a hazardous atmosphere.
There are two basic types of ventilation. General ventilation involves ventilating
the entire space. Fresh, uncontaminated air is used to weaken the concentration of
contaminants within the confined space. General ventilation also cools workers
inside a confined space.
Local exhaust removes contaminants at the source from which they are
generated. This process is common during welding operations. Fume hoods are
placed above the area where the welding is taking place, and the hoods gather the
fumes before they spread throughout the confined space. It’s not unlike the hood
and fan over your stove.
Isolation
Sometimes a confined space must be isolated before it can be ventilated. The
space is removed from service and completely protected against the release of
energy or materials into it. Certain procedures are used to create isolation.
Lockout/Tagout refers to specific practices and procedures to safeguard you
from the unexpected energization or startup of machinery and equipment, or the
release of hazardous energy during service or maintenance activities. This
requires that a designated individual turns off and disconnects the machinery or
equipment from its energy source(s) before performing service or maintenance
and that the authorized employee(s) either locks or tags the energy-isolating
device(s) to prevent the release of
hazardous energy and takes steps to verify
that the energy has been isolated
effectively.

Tagout procedures are safeguards against
the unexpected startup of equipment.

The lockout refers to a lock that is often
placed on a switch or valve. Only the
designated person has the key. Tags are
essentially warning devices placed on an
energy isolating device. They don’t provide
the physical restraint that locks do. Tags
must not be removed except by the person
who applied them.
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Blanking, tagging, and bleeding is the process of removing air, gas, or liquids
from a line or pipe to prevent it from leaking. This can involve disconnecting
lines, which should be done only after a thorough review of material safety data
sheets for the hazardous substances in the line and surrounding area. It’s also vital
to know whether the material is under pressure or at a high temperature.
Blanking, or blinding, is the absolute closure of a pipe, line, or duct. A solid plate
is fastened over the opening to completely cover it. The plate must be able to
withstand the maximum pressure of the pipe, line, or duct with no leakage.
Double block and bleed is a three-valve system for closing off a pipe using a T
configuration. Two valves close off each end of the pipe. A third valve at the
bottom of the pipe drains off the material left between the two end valves.
Tagging is the warning device placed on the pipe, line, or duct describing the
procedure for isolating it.
All mechanical linkages, such as belt or chain drives, must be disconnected
during isolation procedures. Mechanical moving parts must be secured as well
with latches, chains, chocks, blocks, or other devices.
Engulfment
After atmospheric-related
causes, engulfment is one of
the leading causes of deaths
in confined spaces. When
enclosed areas are filled with
loose materials or liquid, you
must be alert to the dangers
they pose. You can’t predict
how the material will move if
you stand on it. Engulfment
and suffocation are hazards
associated with storage tanks,
bins, silos, hoppers, and
sewage treatment plants.
Take care when walking or operating equipment on
unstable surfaces.
When materials like grains,
sand, or gravel shift, you can
be buried in a matter of seconds, and the material sinks so quickly that escape is
virtually hopeless.
Bridging is a hazard that can lead to tragic consequences. Bridging happens when
grain or similar loose material clings to the sides of a container that’s being
emptied from below. A hollow space is carved out below the thin layer remaining
on top. Stand on the bridge or below it and you’re asking for trouble. Bridging
occurs more often when the diameter of the storage vessel is small, and the
moisture content of the stored material is high, or there’s high humidity.
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Falling Objects
Imagine a confined space with an opening on top. Tools and other objects may
fall in and strike you. This hazard is especially worth considering when work is
being performed above the confined space. To prevent this, secure tools or
materials on top of the confined space. And never drop materials into a confined
space. Lower them instead.
Temperature Extremes
A confined space is often a very hot place. You need to be aware of the signs and
dangers of heat stress, especially if you are wearing heavy duty personal
protective equipment. Cold temperatures can also put stress on your body.
Noise
Working in a confined space, such as a tank or storage bin with metal walls, can
amplify noise to levels that damage your hearing. Noise is also hazardous if it
causes you a physical or mental disturbance or interferes with your hearing voice
communication, warnings, or alarms. Noise might even disrupt your job, rest,
relaxation, or sleep.
Moving or Driven Equipment
Before you start work in a confined space, all movable parts should be removed
from service. Not only do you risk injury from contact with the moving parts,
starting the equipment might cause sparks that lead to combustion. Or the
equipment might end up releasing material that engulfs you.
Electrical Hazards
All electrical circuits must be locked out or tagged out to prevent electrocution or
sparking a hazardous atmosphere. All temporary lights should be protected
against damage, and the cords should be heavy duty and kept clear of working
spaces. Only low voltage, battery-operated, or ground-fault protected equipment
should be used near liquids.
Process Liquids and Steam
Water and other liquids create the potential for drowning, toxic exposure, and
slips and falls. Wet surfaces also might provide a grounding surface and increase
the possibility of electrocution.
Animals and Insects
In confined spaces that stored organic materials, it’s possible that rodents or
insects might be present. They certainly can present a threat to your health and
safety that you should guard against. If you find they’re a problem, let your
supervisor know.
Traffic and Weather
Trenches and culverts can also be confined spaces. In those environments a
supervisor needs to look out for weather conditions and possibly traffic
considerations.
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Precautions
Before you enter a confined space at a disaster site, you should have some
training in what constitutes a confined space and the potential hazards you may
encounter. You also should be familiar with confined space entry procedures as
well as rescue requirements and techniques. Follow these precautions:
• Treat all confined spaces as hazardous.
• Test atmospheric conditions before entry and continuously monitor them
during the entire entry. A person trained in the proper use of a calibrated,
direct-reading instrument must test for oxygen content, flammable gases
and vapors, and potential toxic air contaminants, in that order. Never trust
your senses to determine if the air in a confined space is safe. You cannot
see or smell many toxic gases and vapors, nor can you determine if
sufficient oxygen is present.
• Ensure that adequate atmospheric conditions are maintained in the spaces
at all times through proper ventilation.
• In those situations in which safe atmospheric conditions cannot be
maintained, evaluate if entry is absolutely necessary and/or if the work can
be completed from outside the confined space. When entry is necessary,
the appropriate respirator should be evaluated and worn by workers with
thorough training in the use and limitations of respirators.
• Make sure that an attendant is present immediately outside the space in
case the person in the space needs assistance, and ensure that an
emergency retrieval or rescue method is available.
• Make sure a safe method of communication is available between the
person entering the space and the attendant.
• Exit the space immediately if an unsafe condition develops.
• Ensure that structures are sound (safe) from collapse before entering
confined spaces.
• Use proper personal protective equipment, which will be determined by
the hazards that will be encountered in the confined space. Examples
include eye, face, head, and foot protection; respiratory protection; and
safety belts, lifelines, and harnesses.
• Ensure that properly trained workers control utilities before entry into
confined spaces, including electrical services (primary and secondary);
gas, propane, fuel oil, or other alternative energy sources (primary
systems); water, sanitary systems, communications, and any secondary
service systems (i.e., compressed, medical, or industrial gases).
• Once confined spaces are identified, post warning signs to warn other
response personnel, cleanup workers, and the public. When possible,
physically block entry.
• Never enter a confined space to attempt an emergency rescue unless you
have been trained in safe confined space entry and rescue procedures and
have the proper tools and personal protective equipment.
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Below-grade Spaces and Voids
Acutely hazardous concentrations of
chemicals may persist in confined
and low-lying spaces for long periods
of time. Look for any natural or
artificial barriers, such as hills, tall
buildings, or tanks, where the still air
might allow concentrations to build
up. Examine any confined spaces,
such as cargo holds, basements,
underground parking garages,
elevator shafts, mine shafts, silos,
storage tanks, box cars, buildings,
bulk tanks, and sumps, where
This work area is a below-grade space.
chemical exposures capable of
causing acute health effects are likely to accumulate. Low-lying areas, such as
hollows and trenches, are also suspect. Monitor these spaces for immediately
dangerous to life and health (IDLH) and other dangerous conditions.
Precautions
You use many of the same safety guidelines for below-grade spaces and voids as
you do for confined spaces. Your major concern is the buildup of toxic gases or
oxygen-enriched or -deficient atmospheres. Follow these precautions:
• Test atmospheric conditions before entry and continuously monitor them
during the entire entry. In addition, monitor the atmosphere at different
locations in the space. While the air may be safe in one part of a space,
another void might still contain something toxic.
• Ensure that adequate atmospheric conditions are maintained in the spaces
at all times through proper ventilation.
• In those situations in which safe atmospheric conditions cannot be
maintained, evaluate if entry is absolutely necessary and/or if the work can
be completed from outside the confined space. When entry is necessary,
the appropriate respirator should be evaluated and worn by workers with
thorough training in the use and limitations of respirators.
• Make sure that an attendant is present immediately outside the space in
case the person in the space needs assistance, and ensure that an
emergency retrieval or rescue method is available.
• Make sure a safe method of communication is available between the
person entering the space and the attendant.
• Exit the space immediately if an unsafe condition develops.
• Use proper personal protective equipment, which will be determined by
the hazards that will be encountered in the confined space. Examples
include eye, face, head, and foot protection; respiratory protection; and
safety belts, lifelines, and harnesses.
• Never enter a confined space to attempt an emergency rescue unless you
have been trained in safe confined space entry and rescue procedures and
have the proper tools and personal protective equipment.
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Flammables, Combustibles, and Compressed Gases
Encountering flammable and combustible chemicals and materials is a real
possibility at a disaster site. First responders must take special care to learn what
they are dealing with. As the work continues at the site, then you must also be
aware of the hazardous materials that workers bring to a disaster cleanup job.
Those flammable and combustible hazards also might include compressed gas
cylinders. They have to be used and stored properly to ensure everyone’s safety.
Flammable materials can be found as solids, liquids, or gases.
Flammable solids can be classified in three
categories: desensitized explosives, self-reactive
materials, and readily combustible solids. These
are generally nonexplosive but may ignite when
exposed to friction, moisture, heat retained from
processing, or a spontaneous chemical change.
Examples include dust and powders.
Flammable gases are compressed gases that
ignite at 14.7 pounds per square inch (psi), or can
ignite at 14.7 psi when mixed with 13 percent or
less by volume with air. Examples include
butane, acetylene, methane, and hydrogen.

A properly labeled storage cabinet.

Flammable liquids have a flash point (minimum temperature needed for the
liquid to produce a vapor with enough of a concentration to ignite) below 100
degrees Fahrenheit.
Combustible liquids are liquids in which any of the components of the mixture
have flashpoints of 100 degrees F or higher.
It is important to remember that flammable liquids produce vapor that will ignite
and burn, so it’s not necessarily the liquid itself that burns.
Precautions
Follow these precautions when handling flammable and combustible items during
a disaster cleanup:
• Do not use spark-producing devices (engines, tools, electronic and
communications equipment) or ignition sources such as cigarettes, open
flames, static, sparks, or hotplates in the immediate area.
• Protect yourself (move to a safe distance upwind) and contact hazardous
material response personnel for evaluation/removal before continuing
work in the area.
• Do not mix incompatible chemicals (read labels, MSDS, etc.) when
organizing them during cleanup operations.
• Keep a container of sand or a class D rated fire extinguisher near areas
containing flammable and combustible solids.
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Separate flammable and combustible materials from other storage items to
prevent greater damage should an explosion or fire occur.
Move water-reactive chemicals from areas where they’re exposed to
water.
Store combustible scrap, debris, and waste materials (oily rags, etc.) in
covered metal receptacles and promptly remove them from the disaster
site.
Use approved containers and tanks to store and handle flammable and
combustible liquids.
Make sure all connections on drums and combustible liquid piping, vapor,
and liquid are tight.
Keep all flammable liquids in closed containers.
Use explosion-proof lights and mechanical or gravity ventilation around
flammable and combustible liquids.
Guard liquefied petroleum storage tanks to prevent damage from vehicles.
Put all solvent wastes and flammable liquids in fire-resistant, covered
containers until they are removed.
Use vacuuming whenever possible rather than blowing or sweeping
combustible dust.
Place firm separators between containers of combustibles or flammables
that are stacked one upon another to ensure their support and stability.
Separate fuel gas cylinders and oxygen cylinders by distance and fireresistant barriers.
Have fire
extinguishers available
and appropriate for the
types of flammables
and combustibles
being handled.
Keep extinguishers
free from obstructions
or blockage.
Use safety cans to
dispense flammable or
combustible liquids at
Fire extinguishers should be kept near flammable materials
the point of use.
and combustibles.
Clean up all spills of
flammable or combustible liquids promptly.
Vent storage tanks adequately to prevent the development of excessive
vacuum or pressure as a result of filling, emptying, or atmosphere
temperature changes.
Equip storage tanks with emergency venting that will relieve excessive
internal pressure caused by fire exposure.
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Drum Handling
Keep in mind that the disaster site
might also have ruptured drums
containing hazardous materials.
To work safely around them,
you’ll follow the OSHA
standards for safe drum handling.
There are nine steps in successful
drum handling of unknown
materials:
1. Inspection—Inspect the
drums to learn as much as After the initial inspection, it’s important to plan the
whole drum handling operation to ensure everyone’s
possible about what they
safety.
might contain.
2. Planning—Develop a plan for handling them at every step of the way.
3. Staging—Create an area where the drums are moved and grouped
according to their possible contents.
4. Handling—Work to ensure that you handle the drums as little as possible.
5. Opening—Use remote opening equipment when possible and keep all but
the most necessary people away from the drums.
6. Sampling—Learn as much as you can beforehand about what the drum’s
contents might be before you do the actual sampling.
7. Characterization—Conduct a lab analysis to determine the contents.
8. Bulking—Prepare the drums for removal, often by combining, or bulking,
chemicals from different drums.
9. Shipping—Remove the drums from the site.
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Severed Utilities
It’s no surprise that utilities are likely down when you arrive at a disaster site.
Depending on the scope of the disaster, electricity, gas, water, and
communications might all be out of service—or dangerously exposed. Your job is
to tread safely around the area to make sure you avoid injuries caused by severed
utilities.
Electrical Lines
Follow these safety
guidelines from OSHA
when working with
electrical lines:
• Assume that
electrical lines
are energized
until proven
otherwise; lines
may become
energized as a
result of
backfeed from
portable
Downed utility lines are a major problem following a natural
disaster such as a hurricane.
generator use,
circuit ties/switch point, lightning, or other downstream events.
• Ensure that workers assessing and repairing electrical installations are
trained in and have demonstrated familiarity with the construction of the
equipment to be accessed/repaired and the hazards involved with their
work.
• Ensure that job briefings address hazards associated with the job, work
procedures involved, special precautions, the potential for backfeed from
portable generator use, energy source controls, and personal protective
equipment needs. Conduct more detailed briefings for complex or unusual
work.
• Ensure that grounding procedures are accomplished and that all sources of
electricity are isolated.
• Determine minimum approach distances, energy isolation techniques (for
example, lockout/tagout, grounding, or equipotential zone needs), and
electrical-specific PPE (gloves, face shields) needed based on the type and
approximate voltage of service.
• Use live-line tools that are rated, pass visual inspection, and are up to date
in their certification.
• Use fall arrest, work-positioning, or travel-restricting equipment when
working more than 4 feet above the ground on poles, towers, or similar
structures without fall protection (cages, railings). Fall protection
equipment is not required to be used by a qualified employee climbing or
changing location on poles, towers, or similar structures unless warranted
by conditions (weather, design, or presence of hazards).
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Here is additional PPE for electrical work:
• Hardhat with appropriate ANSI rating for exposure to high voltage.
• Appropriately rated and tested electrician’s gloves.
• Insulated footwear.
• Nonconductive clothing.
• Personal fall arrest system including harnesses, lanyards, lifelines,
connectors, anchorages, and anchor points.
Gas Leaks
Follow these safety
guidelines from OSHA
when working with gas
leaks:
• Do not approach
any gas leaks. If
you detect a gas
leak, secure sparkproducing devices
(engines, tools,
electronic and
communications
HAZMAT responders remove their protective clothing after
equipment) and
responding to a gas leak in a manufacturing plant.
evacuate the area
until the leak is secured.
• Contact the utility company to assist in locating, marking, and shutting off
or purging utility lines that may pose a hazard or may be impacted. Make
sure the lines have been purged as needed before beginning work.
• Notify utility companies before controlling their utility lines.
• Assess the presence, contents, and condition of tanks and equipment that
might contain hazardous chemicals, gases, or flammable materials. If the
condition of tanks or equipment is suspect, avoid disturbing them until
after the assessment is done and a plan of action determined.
• Purge lines, tanks, and equipment containing hazardous chemicals, gases,
or flammable materials. Use air monitoring equipment such as a
combustible gas indicator, toxic gas monitor, or oxygen monitor to
determine if any hazardous conditions remain. When necessary, provide
additional controls (for example, forced ventilation, respiratory protection)
to protect response and recovery workers.
Water and Sewage
Follow these safety guidelines from OSHA when working with water and sewage:
• Reduce the exposure to splash or aerosolized liquid hazards by limiting
the number of people in the area and having those in the area stay upwind
of water discharge areas.
• Ensure that good hygiene, especially hand washing, is practiced before
eating, drinking, and smoking. If clean water is not available, use an
alternative such as hand sanitizer or sanitizing wipes.
• Ensure that cuts and bruises are protected from contact with contaminated
water.
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Clean areas of the body that come in contact with contaminated water with
soap and water, hand sanitizer, or sanitizing wipes.

Here is additional PPE for water and sewage work:
• Goggles if routinely working near splashing floodwater.
• N, R, or P95 respirators for exposure to contaminated water that may
become aerosolized.
• Watertight boots with steel toe and insoles.
• Waterproof gloves for contact with contaminated water.
Communications
Follow these safety guidelines from OSHA when working with communications
lines:
• Assume that lines are live power lines until their voltages are tested and
proven to be communications lines (lower voltage).
• Ensure that all employees assessing and repairing communications
systems are qualified for that work (for example, first aid trained,
understand PPE needs and minimum approach distances).
• Ensure that communication systems lines are properly grounded.
• Prohibit climbing and working above the lowest level of electric power
conductors unless a rigid fixed barrier is installed between the power and
communications conductors or the power conductors carry less than 300
volts and are 40 or more inches below the communications conductors.
• Use fall arrest, work-positioning, or travel-restricting equipment when
working more than 4 feet above the ground on poles, towers, or similar
structures without fall protection (cages, railings). Fall protection
equipment is not required to be used by a qualified employee climbing or
changing location on poles, towers, or similar structures unless warranted
by conditions (weather, design, or presence of hazards).
Here is additional PPE for communication lines work:
• Hardhat with appropriate ANSI rating for exposure to voltages expected.
• Appropriately rated and tested electrician’s gloves.
• Personal fall arrest system including harnesses, lanyards, lifelines,
connectors, anchorages, and anchor points.
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Sources of Electricity
All manner of electrical sources are typically found at a disaster site. For instance,
you might have to deal with overhead and underground power lines, temporary
wiring, energized electrical transportation systems, generators, portable tools
equipment, and extension cords in addition to the possibility of downed utility
lines discussed earlier. All of these sources, of course, present the danger of
electrocution.
Staying safe around all of this electricity requires the same attention to detail and
safety that you would exercise at a normal jobsite. Just because there might be
some sense of urgency at a disaster site doesn’t mean you take shortcuts when it
comes to working safely with electricity. The same OSHA standards for electrical
safety apply at a disaster response.
Power Lines
Overhead power lines are usually not insulated. Most electrocutions involving
overhead power lines are caused by failure to maintain proper work distances and
venturing into the danger zone.
Shocks and electrocutions occur
where physical barriers are not in
place to prevent contact with the
wires. Setting up these barriers is
especially important at a disaster site,
where something like a tornado or
hurricane might have displaced so
much of the normal surroundings.
When dump trucks, cranes, work
platforms, or other conductive
materials (such as pipes and ladders)
contact overhead wires, the
Keep all equipment at least 10 feet from power
equipment operator or other workers lines!
can be killed. If you do not maintain required clearance distances from power
lines, you can be shocked and killed.
The minimum distance for voltages up to 50kV is 10 feet. For voltages over
50kV, the minimum distance is 10 feet plus 4 inches for every 10 kV over 50kV.
Never store materials and equipment under or near overhead power lines. You
need to recognize that overhead power lines are a hazard.
Follow these procedures to reduce your risk to accidental contact with overhead
power lines:
• Install flag warnings at proper distances.
• If it is difficult for an operator to see the power lines, designate a spotter.
• If you cannot maintain adequate clearances, you must have the power
company insulate, move, or de-energize the line.
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It may happen that your equipment does contact an energized overhead power
line. What do you do?
• Stay on the machine if possible.
• Warn all others to stay away.
• Notify power company immediately.
If you need to get away from the equipment:
• Attempt to move away but ensure line is not “connected.”
• If you must get out, jump with your feet together.
• Do not touch the machine.
• Hop or shuffle out of the area.
If contact does occur, electricity will dissipate with the resistance of the ground.
As potential drops, fields develop around the electrified machine and if you step
across a line of unequal potential (walk how you normally do instead of hopping
or shuffling), you could be electrocuted.
Generators
You’ll likely find generators powering most electrical equipment during a disaster
response, especially earlier in the response when utilities have yet to be restored.
Follow these safety guidelines from OSHA when working with generators:
• Never attach a generator
directly to the electrical system
of a structure unless a qualified
electrician has installed a
transfer switch for the
generator. If the structure’s
electrical system is not isolated,
it may energize the utility’s
wiring system for great
distances and create a risk of
electrocution for utility workers
and others in the area.
Portable generators are a common site in
• Always plug electrical
disaster response.
equipment directly into the
generator using the manufacturer’s supplied cords or grounded (3pronged) extension cords that are rated for the total anticipated load.
• Do not overload a generator; it can overheat and create a fire hazard.
• Ground and bond generators according to the manufacturer’s
recommendations. Ensure that any manufacturer-required connections are
secure before using the generator.
• Keep the generator dry. Protect it with a canopy if needed. Do not use it in
wet or rainy conditions.
• Monitor the air around generators for carbon monoxide. This poisonous,
colorless, and odorless gas is produced when the generator’s fuel doesn’t
burn completely. Symptoms include shortness of breath, nausea,
headaches, dizziness, and light-headedness. Get the victim into fresh air
quickly and to a hospital for treatment.
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Never use a generator indoors or in enclosed spaces such as garages and
basements. Opening windows and doors may not prevent carbon
monoxide from building up in those spaces. Do not use a generator
outdoors near doors, windows, and vents that could allow carbon
monoxide to enter.
Ensure that a generator has 3-4 feet of clear space on all sides and above it
to ensure adequate ventilation and cooling.
Before refueling, shut down the generator and allow it to cool.

Reverse Polarity
Reverse polarity describes the condition where electrical wires are connected to
the wrong terminals of a receptacle. This condition can be hazardous if the “hot”
side of your electrical system gets connected to certain types of equipment. It is
difficult to tell if you have a reverse polarity system because tools or lights may
still work. In fact, even if a switch is off, the tool can still be energized and “hot.”
You can inspect for reverse polarity with simple electrical testing devices. If you
find an outlet is incorrectly wired, find a qualified electrician to correct the
problem before using the circuit.
Ground Fault Circuit Interrupters (GFCI)
Ground-fault circuit interrupters can be used successfully to reduce electrical
hazards at disaster sites. Tripping of GFCIs—interruption of current flow—is
sometimes caused by wet connectors and tools. It is good practice to limit
exposure of connectors and tools to excessive moisture by using watertight or
sealable connectors. Providing more GFCIs or shorter circuits can
prevent tripping caused by the cumulative leakage from several
tools or by leakages from extremely long circuits. It is critical to
find a solution to tripping issues other than not using a GFCI. They
are essential!
The GFCI will not protect you from line-to-line contact hazards
(such as a person holding two “hot” wires or a hot and a
neutral wire in each hand). It does provide
protection against the most common
form of electrical shock hazard, the
ground fault. It also provides protection
against fires, overheating, and
A ground-fault circuit interrupter.
destruction of insulation on wiring.
Electrical Cords (Flexible Cords)
There probably will be lots of electrical cords in use at the disaster site because of
the unavailability of fixed wiring and because they provide emergency and
temporary power.
Generally, flexible cords are more vulnerable to damage than is fixed wiring.
Flexible cords must be connected to devices and to fittings to prevent tension at
joints and terminal screws. Because a cord is exposed, flexible, and unsecured,
joints and terminals become more vulnerable. Flexible cord conductors are finely
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stranded for flexibility, but the strands of one conductor may loosen from under
terminal screws and touch another conductor, especially if the cord is subjected to
stress or strain.
A flexible cord may be damaged by activities on the job, by door or window
edges, by staples or fastenings, by abrasion from adjacent materials, or simply by
aging. If the electrical conductors become exposed, there is a danger of shocks,
burns, or fire. A frequent hazard on a jobsite is a cord assembly with improperly
connected terminals.
When a cord connector is wet, hazardous leakage can occur to the equipment
grounding conductor and to humans who pick up that connector if they also
provide a path to ground. Such leakage is not limited to the face of the connector
but also develops at any wetted portion of it.
When the leakage current of tools is below 1 ampere, and the grounding
conductor has a low resistance, no shock should be perceived. However, should
the resistance of the equipment grounding conductor increase, the current
through the body also will increase. Thus, if the resistance of the equipment
grounding conductor is significantly greater than 1 ohm, tools with even small
leakages become hazardous.
Inadequate American Wire Gauge (AWG)
Electrical hazards result from using the wrong size or type of cord. Choose the
right size cord for the amount of current expected in a circuit. The cord must be
able to handle the current safely. The cord’s insulation must be appropriate for the
voltage and tough enough for the environment. Connections need to be in good
condition and protected.
The size of wire in an extension cord must be compatible with the amount of
current the cord will be expected to carry. The amount of current depends on the
equipment plugged into the extension cord. Current ratings (how much current a
device needs to operate) are often printed on the nameplate. If a power rating is
given, it is necessary to divide the power rating in watts by the voltage to find the
current rating. For example, a 1,000-watt heater plugged into a 120-volt circuit
will need almost 10 amps of current.
The length of the extension cord also needs to be considered when selecting the
wire size. Voltage drops over the length of a cord. If a cord is too long, the
voltage drop can be enough to damage equipment. Many electric motors operate
safely only in a narrow range of voltages and will not work properly at voltages
different from the voltage listed on the nameplate. Even though lightbulbs operate
(somewhat dimmer) at lowered voltages, do not assume electric motors will work
correctly at less-than-required voltages. Also, when electric motors start or
operate under load, they require more current. The larger the size of the wire, the
longer a cord can be without causing a voltage drop that could damage tools and
equipment.
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Ground Prong Removed
Never use a three-prong grounding plug with the third prong broken off. When
using tools that require a third-wire ground, use only three-wire extension cords
with three-prong grounding plugs and three-hole electrical outlets. Never remove
the grounding prong from a plug! You could be shocked or expose someone
else to a hazard. If you see a cord without a grounding prong in the plug, remove
the cord from service immediately.
Temporary Lights
Temporary lights are used frequently at disaster
sites. The following practices can reduce
electrocutions and accidents because of poorly lit
work areas:
• Avoid frequent relocation of circuits
because it loosens connections, breaks
insulation, and creates other shock or
electrocution hazards.
• Keep wires away from steel door frames
Temporary lights are often
because they can become electrified when necessary at a disaster site.
doors close on wires.
• Keep ladders, pipe, scaffold frames, and other objects from bumping
stringers, which can lead to electrical contact and shock.
• Replace dead, missing, or low-watt bulbs with brighter bulbs to keep
stairwells, basements, and other areas from becoming poorly lit.
Also, make sure that you have enough light at the work area by observing the
following practices:
• Lighting should use at least 150-watt bulbs.
• Lighting should be suspended 8 feet high and hung no more than 25 feet
apart; or suspended 10 feet high and no more than 20 feet apart.
• Bulbs should be installed to light as large a work area as possible.
• Bulbs must be protected by cages against accidental damage.
Keep branch lighting circuits that feed temporary lighting entirely separate from
power circuits, except for a common supply. Protect branch lighting circuits by a
breaker or fuse with a 15-amp rating. An electrician should hardwire the circuits
directly into a distribution panel.
Don’t use temporary lighting circuits as extension cords. If a fuse blows, finding
your way to the panel in the dark can be dangerous.
Power and Hand Tools
Follow these safety guidelines from OSHA when working with power and hand
tools:
• Use ground-fault circuit interrupters or double insulated power tools, or
implement an assured equipment grounding program.
• Inspect power tool condition (including any cords) and verify operation of
safety features before use.
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Do not use equipment that is defective, such as equipment with inoperable
safety switches, missing guards, frayed/cut cords, etc.
Ground power tools properly.
Avoid standing in wet areas when using portable power tools.
Use the right tool correctly and for its intended purpose. Follow the safety
instructions and operating procedures recommended by the manufacturer.
Keep tools and cords away from heat, oil, and sharp objects, all of which
can damage insulation.
If a tool or cord heats up, stop using it and report the condition to a
supervisor.
Never carry a tool by the cord.
Disconnect cords by pulling the plug—not the cord!

Exposed Electrical Parts
Electrical hazards exist when wires or other electrical parts are exposed. Even at a
disaster site where the work is frenetic, these hazards need to be controlled to
create a safe work environment. Isolate energized electrical parts by placing them
at least 8 feet high and out of reach, or by guarding. Guarding is a type of
isolation that uses various structures—like cabinets, boxes, screens, barriers,
covers, and partitions—to close off live electrical parts.
Arc Flash
Think of an arc flash as a short circuit through the air. In an arc flash incident an
enormous amount of concentrated radiant energy explodes outward from
electrical equipment. The explosion creates pressure waves that can damage your
hearing, a high-intensity flash that can damage your eyesight, and a superheated
ball of gas that can severely burn you and melt
metal. The pressure waves can also propel loose
material like molten metal, pieces of damaged
equipment, tools and other objects, through the
air. A hazardous arc flash can occur in any
electrical device, regardless of voltage, in which
the energy is high enough to sustain an arc.
Potential places where this can happen include:
• Panel boards and switchboards.
• Motor control centers.
• Metal-clad switch gear.
• Transformers.
An arc flash can be deadly.
• Motor starters and drive cabinets.
• Fused disconnects.
• Any place that can have equipment failure.
Working with Energized Equipment—Lockout/Tagout
Plan to lock out and tag out circuits and equipment. Make certain all energy
sources are locked out and tagged out before performing any work on an electrical
circuit or electrical device. Working on energized (“hot”) circuits is one of the
most dangerous things any worker could do. If someone turns on a circuit without
warning, you can be shocked, burned, or electrocuted. The unexpected starting of
electrical equipment can cause severe injury or death.
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Lockout and tagout are important for protecting your safety when you work on a circuit or equipment.

Before ANY work is done on a circuit, shut off the circuit, lock out and tag out
the circuit at the distribution panel, then test the circuit to make sure it is deenergized. Before ANY equipment inspections or repairs—even on so-called lowvoltage circuits—the current must be turned off at the switch box, and the switch
must be padlocked in the OFF position. At the same time, the equipment must be
securely tagged to warn everyone that work is being performed.
Again, test circuits and equipment to ensure they are de-energized. No two locks
should be alike. Each key should fit only one lock, and only one key should be
issued to each worker. If more than one worker is working on a circuit or
repairing a piece of equipment, each worker should lock out the switch with his or
her own lock and never permit anyone else to remove it. At all times, you must be
certain that you are not exposing other workers to danger.
Workers who perform lockout/tagout must be trained and authorized to repair and
maintain electrical equipment. A locked-out switch or feeder panel prevents
others from turning on a circuit. The tag informs other workers of your action.
Underground Lines
Underground utility lines can be just as dangerous as above ground lines:
• Look for evidence of underground utilities.
• Call Dig-Safe, the utility company, or the equivalent.
• If contact occurs, follow the same procedures as for overhead lines.
Working in Wet Conditions
Working in wet conditions is hazardous because you may become an easy path
for electrical current. If you touch a live wire or other electrical component—and
you are well grounded because you are standing in even a small puddle of
water—you will receive a shock. Wet clothing, high humidity, and perspiration
also increase your chances of being electrocuted. You need to recognize that all
wet conditions are hazards. Unfortunately, wet conditions are common at disaster
sites.
Follow these safety tips in wet conditions:
• Do not work wet.
• Do not work on circuits or use electrical equipment in damp or wet areas.
If necessary, clear the area of loose material or hanging objects.
• Cover wet floors with wooden planking that can be kept dry.
• Wear insulating rubber boots or shoes.
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Keep your hands dry when plugging and unplugging power cords and
extension cords.
Do not get cleaning solutions on energized equipment.
Always use a GFCI when using portable tools and extension cords.

First Aid for Electrocution Victim
If you believe someone has been electrocuted, take the following steps:
1. Look first. Don’t touch. The person may still be in contact with the
electrical source. Touching the person may pass the current through you,
and you may become a victim!
2. Call or have someone else call 911 or emergency medical help. If you
have someone call, instruct them to return to you and inform you that they
made the call and EMS is on its way.
3. Turn off the source of electricity if possible. If not, move the source
away from you and the affected person using a nonconducting object
made of cardboard, plastic, or wood.
4. Check the person’s breathing and pulse once he or she is free of the
source of electricity. If either has stopped or seems dangerously slow or
shallow, begin cardiopulmonary resuscitation (CPR) immediately.
5. Lay the person down with head slightly lower than the trunk and the
legs elevated, if the person is faint or pale or shows other signs of shock.
6. Don’t touch burns, break blisters, or remove burned clothing.
Electrical shock may cause burns inside the body, so be sure the person is
taken to a doctor.
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Working on and Around Equipment
A disaster site will be a cluster of activity. Among that activity will be lots of
heavy equipment in operation, some of which you might be operating. As an
operator or someone on the ground, you have to exercise the same kind of caution
you would at a normal jobsite. That means being acutely aware of your
surroundings, including coworkers.
All of that equipment presents more opportunities for injuries to both operators
and those working around the equipment.
Getting Started
Wayne State University
has developed a
checklist for OSHA that
operators should follow
before the start of each
shift. These apply just as
well at a disaster site:
• Approach
equipment, walk
fully around it,
and look for
hazards on or
near equipment.
• Inside the cab
Thoroughly expect your equipment and surroundings before
beginning your work on any heavy equipment.
remove trash,
make sure cab windows are clean, adjust mirrors, check fire extinguisher,
turn on all exterior lights, make sure seatbelt is ready to use.
• Outside again, check lights, tires, suspension and steering system, exterior
hoses and filters. Look for cracks in metal structure, unguarded moving
parts or other unsafe conditions. Check engine compartment and belts.
Make sure fluid levels are correct.
• Inside again, check all gauges and warning lights before starting. Make
sure parking brake is set and other manufacturer’s engine startup
guidelines are followed. Start engine; check gauges and warning lights
again. Check engine sounds.
• Before moving, warn people in area. Test your equipment’s movements.
Make sure the backup alarms can be heard.
During operation follow these safety guidelines:
• Never use cell phones, AM/FM radios, CD players, MP3, or iPods while
operating equipment.
• Park and secure equipment before using employer-provided
communication equipment.
• Always secure unattended equipment.
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General Heavy Equipment Operation
Here are some guidelines that OSHA recommends for any heavy equipment
operation:
• Do not operate
vehicle in reverse
with an obstructed
rear view unless it
has a reverse signal
alarm capable of
being heard above
ambient noise levels
or a signal observer
indicates that it is
safe to move.
• Vehicles loaded
from the top (dump This dump truck has a shield to protect the driver while it is
being loaded.
trucks) must have
cab shields or canopies to protect the operator while loading.
• Ensure that vehicles used to transport employees have seats, with operable
seat belts, firmly secured and adequate for the number of employees to be
carried.
• Equipment should have rollover protection and protection from falling
debris hazards as needed.
• Before permitting construction equipment or vehicles onto an access
roadway or grade, verify that the roadway or grade is constructed and
maintained to safely accommodate the equipment and vehicles involved.
• Do not modify the equipment’s capacity or safety features without the
manufacturer’s written approval.
• Where possible, do not allow debris collection work or other operations
involving heavy equipment under overhead lines.
Forklift and Powered Industrial Truck (PIT) Operations
Follow these safety guidelines from OSHA when working with forklifts and
powered industrial trucks:
• Only handle loads within the
rated capacity of the truck.
• Use rough-terrain trucks
where conditions warrant
their use.
• Carry loads low.
• When necessary, travel in
reverse so the driver/operator
has a clear view of the path of
travel.
• Ascend or descend grades
slowly; when ascending or
descending grades in excess
Forklifts should only handle loads that they are
of 10 percent, loaded trucks
rated for.
should be driven with the load
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positioned upgrade.
Ensure that forklifts/PITs are not modified without the written approval of
the manufacturer.
When left unattended, ensure that the load-engaging means are fully
lowered, controls are neutralized, power is shut off, and brakes are set.
Maintain a safe distance from edges, including those of ramps and
platforms.
Ensure that dockboards or bridgeplates are capable of withstanding the
load imposed and that they are properly secured before the vehicle is
slowly and carefully driven over it.
Only use safety platforms approved by the manufacturer when lifting
personnel. Ensure that the lifting platform is firmly secured to the lifting
carriage and/or forks before lifting personnel.

Mobile Cranes
NIOSH Publication No. 2006-142,
Preventing Worker Injuries and Deaths
from Mobile Crane Tip-over, Boom
Collapse, and Uncontrolled Hoisted
Loads, makes the following
recommendations for crane operators to
protect themselves and other workers
when operating mobile cranes:
• Always use the crane
manufacturer’s load chart
provided for each crane.
• Be sure you know or can
calculate the weight of each load.
• Never use visual signs of tipping
as an indicator of lift capacity.
• Before beginning a lift, follow
the manufacturer’s procedures for
proper outrigger deployment to
ensure that cranes are properly
set up and level, and make sure
A mobile crane drives piling for a temporary
outrigger pads are supported on
dam.
firm, stable surfaces before
beginning a lift.
• When multiple lifts are made from one location, such as during duty cycle
operations, check the condition of the ground and blocking materials
regularly and as often as possible to ensure the crane remains on firm,
stable ground.
• Always check for overhead power lines and other obstructions. Comply
with OSHA regulations for safe working distances around power lines: 29
CFR 1910.333(c)(3)(iii) and 29 CFR 1926.550(a)(15)(i), (ii), and (iii).
• Avoid hoisting or moving suspended loads over workers and others within
the crane’s swing radius.
• Barricade the swing radius to keep unauthorized persons from entering
areas of pinch points.
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Follow a written engineered lift plan for all critical lifts.
If you are under age 18, do not operate a crane or assist in tasks being
performed on cranes, such as repairing, servicing, assembling, and
disassembling the machine.

Riggers and ground workers should take the following steps to protect themselves
when working on or around mobile cranes:
• Never work directly under a suspended load.
• Watch for signs of problems during each lift.
• Always check for overhead power lines and other obstructions.
• Comply with OSHA regulations for safe working distances around power
lines.
• Barricade the swing radius to keep unauthorized persons from entering
areas of pinch points.
• Follow a written engineered lift plan for all critical lifts.
• Follow the correct procedures when setting up or dismantling a crane.
Make sure boom sections are blocked or supported before removing pins.
Stay out from under the boom at all times if possible.
Rollover Hazards
It’s quite possible at a disaster site
that you create large debris piles, and
one of your biggest dangers when
operating heavy equipment is
rollover. The chances of rolling over
your equipment increase when
working along those debris piles.
Here are some tips for avoiding
rollover:
• Inspect the areas where you
are operating, particularly
Rollovers are always a concern when operating
berms if you are dumping.
heavy equipment.
• The berms should be at least
half as high as the largest tire.
• Check the ground for soft shoulders, cracks, waters, slumps in soil.
• Never drive on top of a highwall or stockpile that is being loaded out from
below.
• Approach all berms for dumping at right angles so one wheel will reach it
first.
• Stay at least one truck length away from the edge of the dump and always
wear your seatbelt.
• Berms should be built on solid ground, not loose fill.
• Make sure the trailer is secure and on a level surface.
• Inspect the deck for debris, blocking, or chains.
• Have a spotter help properly align the equipment up the ramps.
• Be sure equipment is properly secured.
If a rollover does occur, wearing a seatbelt greatly improves your chances of
survival.
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Material Falling from Vehicles
Follow these safety guidelines from OSHA to prevent material falling from
vehicles:
• Do not overload vehicles.
• Ensure that loads are balanced and are fully contained within the vehicle.
Trim loads, where necessary, to ensure loads do not extend beyond the
sides or top of the vehicle.
• Cover and secure loads before moving the vehicle.
Workers on the Ground
Here are some tips to ensure the safety of workers on the ground when heavy
equipment is in use near them:
• Have audible backup alarms on equipment.
• Have a spotter to direct the operator if visibility is restricted.
• Keep adequate clearance behind the vehicle.
• Always pay attention to backing equipment.
• Require use of a second person as a spotter when backing heavy
equipment with blind spots.
• Minimize the distance heavy equipment needs to back up to gain access to
the work area.
• Consider using additional safety devices on heavy equipment to warn
workers of a backing vehicle and to warn drivers when someone is in their
blind spot.
• Stay clear of equipment exhaust pipes, which can be quite hot.

Work Zone Safety
Roadway construction workers are killed at a rate nearly three times higher than
other construction workers, according to the Bureau of Labor Statistics. Disasters
increase that risk. Along with protecting workers, it may be necessary to establish
and manage evacuation routes at a disaster site. The Manual of Uniform Traffic
Control Devices addresses how to maintain a flow of traffic while still protecting
disaster workers. OSHA has an eTool for hurricane response that offers these
work zone safety tips:
• Give motorists plenty of warning of upcoming work zones.
• Place the first warning signs at a distance calculated as 4-8 times (in feet)
the speed limit (in mph)—use a higher multiplier for higher speed areas
(for example, a 15 mph road should have its first warning sign at least 60
feet from the work zone, while a work zone needed in a 65 mph zone
should have its first sign approximately 520 feet away).
• Be sure there is a traffic control plan for the site, and know it.
• Ensure traffic control devices are used inside the work zone.
• Ensure flaggers and others wear high visibility, reflective clothing and
receive training.
• Ensure that spotters and heavy equipment operators have communications
equipment or agree on and use hand signals.
• Make eye contact with heavy equipment operators before proceeding near
equipment or operating areas.
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Train response and recovery workers not to position themselves between
mechanical equipment and a fixed object.
Provide barricades around excavations and structures such as debris
reduction observation towers.

NIOSH recommends the following additional precautions to ensure safety:
• Increase the size of the lateral buffer zone to reduce worker exposure to
passing motorists.
• Install low-level transitional lighting in advance warning and termination
areas to ease motorists’ adjustment to changing lighting conditions.
• Evaluate the effectiveness of traffic control by checking for evidence of
near misses, such as skid marks.
• Use traffic control devices in a consistent manner throughout the work
zone.
• Create positive separation between workers and motorists by using such
devices as concrete barriers and truck-mounted attenuators.
• Train and certify all flaggers. They should not be the least trained
employees on the jobsite.
• Ensure that motorists have real-time information in signage and advisory
radio broadcasts.
• Cover or take down warning signs when workers are not present.
• Use a media campaign to advise the public of upcoming roadwork.
• Increase involvement of law enforcement in traffic control.
In addition, NIOSH makes these internal traffic control recommendations:
• Develop an internal traffic control plan along with the overall traffic
control plan, showing the movement of construction workers and vehicles
within the work space and providing for a communications program.
• Channel dump trucks in the work space and keep workers on foot out of
that channel.
• Ensure proper lighting within a work zone, controlling glare so as not to
blind workers and passing motorists.
• Implement a reporting system for all close calls and incidents relating to
the internal traffic control plan.
• Install radar, sonar, and ultrasonic sensors on equipment to warn operators
of impending collisions with pedestrians and objects.
• Use alarms that are at least 10 decibels above background noise.
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Reflective Garments
ANSI/ISEA 107-2004 specifies four performance classes of apparel or headwear
that have different amounts of reflective and background material to enhance
pedestrian worker visibility under a variety of work and traffic conditions.
Performance classes include Classes 1, 2, and 3, with Class 3 providing the
greatest level of visibility to a pedestrian worker (e.g., flagger). All ANSI/ISEA
107 compliant garments have retroreflective materials that encircle the wearer’s
torso. Additionally, ANSI/ISEA 107 compliant garments with long pants or
sleeves have retroreflective materials that encircle the legs or sleeves.
Employers should perform a hazard analysis to decide which performance class is
needed based on the work conditions anticipated (e.g., closeness of work area to
traffic, time of day/night, weather, complexity of the background environment,
pedestrian worker’s task load (need to divert attention to complete other tasks),
and traffic speed).
Class 3 garments offer the greatest level of visibility in both complex work
backgrounds and through a full range of body motion. Class 3 garments should be
considered for activities where a pedestrian worker may be exposed to higher
vehicle speeds and/or reduced sight distances, the pedestrian worker and vehicle
operators have high task loads, or the wearer must be identifiable as a person at
least one-quarter mile away.

Reflective clothing offers visibility to
people in work zones.

Class 2 garments are appropriate for most
hurricane response and recovery work because
of the complex work backgrounds, closeness
of pedestrian worker to the traffic, the need for
the pedestrian worker to divert his/her attention
to complete other tasks, or vehicles/equipment
are traveling at speeds of 25 miles per hour
(mph) or more. Class 2 garments provide better
visibility than class 1 garments by providing
additional coverage of the torso.

Class 1 garments provide the minimum amount of required material needed to
tell the pedestrian worker apart from the work environment. Class 1 garments are
appropriate for activities where pedestrian workers can pay full attention to the
approaching traffic, there is enough separation between the pedestrian worker and
the vehicle traffic, the work background is not complex, and vehicles and
equipment are traveling at speeds less than 25 mph.
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Fall Hazards
Disaster sites are unique work areas.
Unknown and chaotic situations add
to the risk of the fall hazards you
may face. Unstable and uneven
surfaces will increase the chance of
slips, trips, and falls. Many times,
these surfaces are a product of the
disaster and can only be dealt with
by cleaning the debris. Structural
integrity is also an issue of concern.
Debris piles or nearby structures
may shift or collapse. Adjacent
work may also cause debris piles or
structures to become agitated and
potentially shift or collapse.

Take extra care at disaster sites. Their chaotic
nature and unknown issues can increase the risk of
falls!

One problem seen during the World Trade Center cleanup was employees falling
from debris piles because equipment was pulling or shifting debris from some
distance away from the workers who fell. Electrical and other utilities may be
unsecured at disaster sites. Accidental contact with these utilities may cause a fall
to occur. Another issue at disaster sites that adds to fall risk is the presence and
accidental contact with hot surfaces. Walking on or climbing on debris may give
way to hot materials and cause the walking surface to give way or cause you to let
go or lose your balance because of extreme heat.
Learn how to evaluate a disaster site for fall hazards and develop a site safety plan
that addresses those specific site fall issues.
Falling Objects
You need to protect yourself from falling when you work on an elevated surface
and be aware of those working above or below you. Protect yourself and others
from falling objects with one of the following methods:
• Canopies. Make sure canopies won’t collapse or tear from an object’s
impact.
• Toeboards. Toeboards must be least 3½ inches high and strong enough to
withstand a force of at least 50 pounds applied downward or outward.
• Panels and screens. If you need to pile material higher than the top edge
of a toeboard, install panels or screens to keep the material from dropping
over the edge.
• Barricades and fences. Use them to keep people away from areas where
falling objects could hit them.
When doing roofing work, keep materials and equipment at least 6 feet from the
roof edge unless there are guardrails along the edge. All piled, grouped, or stacked
material near the roof edge must be stable and self-supporting.
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Ladders
You risk falling if portable ladders are not
safely positioned each time they are used.
While you are on a ladder, it may move
Palms Touch Rung
and slip from its supports. You can also
lose your balance while getting on or off
an unsteady ladder. Prevent falls from
ladders by following these requirements:
• Position the ladder so the base to
height ratio is 1:4; i.e., place the
ladder base out from the wall ¼
the distance of the ladder’s height.
So for a 16-foot ladder the base
would be 4 feet from the wall.
• Position portable ladders so the
side rails extend at least 3 feet
above the landing. Secure side
rails at the top to a rigid support
Toes Touch Ladder Base
and use a grab device when 3-foot
extension is not possible.
Use this quick ladder check to set it at the right
• Make sure that the weight on the
base to height ratio!
ladder will not cause it to slip off
its support.
• Before each use inspect ladders for cracked or broken parts, such as rungs,
steps, side rails, feet, and locking components.
• Do not apply more weight on the ladder than it is designed to support.
• Use only ladders that comply with OSHA design standards; see 29 CFR
1926.1053(a)(1).
The following rules apply to all ladders:
• Maintain ladders free of oil, grease, and other slipping hazards.
• Do not load ladders beyond their maximum intended load or beyond their
manufacturer’s rated capacity.
• Use ladders only for their designed purpose.
• Use ladders only on stable and level surfaces unless secured to prevent
accidental movement.
• Do not use ladders on slippery surfaces unless secured or provided with
slip-resistant feet to prevent accidental movement. Do not use slipresistant feet as a substitute for exercising care when placing, lashing, or
holding a ladder upon slippery surfaces.
• Secure ladders placed in areas such as passageways, doorways, or
driveways, or where they can be displaced by workplace activities or
traffic to prevent accidental movement. Or use a barricade to keep traffic
or activity away from the ladder.
• Keep areas clear around the top and bottom of ladders.
• Do not move, shift, or extend ladders while in use.
• Use ladders equipped with nonconductive side rails if the worker or the
ladder could contact exposed energized electrical equipment.
• Face the ladder when moving up or down.
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Use three points of contact while climbing on ladders.
Do not carry objects or loads that could cause loss of balance and falling.

Stairs
Working on and around stairways and ladders is hazardous. Stairways and ladders
are major sources of injuries and fatalities among construction workers. OSHA
rules apply to all stairways and ladders used in construction, alteration, repair,
painting, decorating, and demolition of worksites covered by OSHA’s
construction safety and health standards.
These rules specify when employers must provide stairways and ladders. In
general, the standards require the following:
• When there is a break in elevation of 19 inches (48 cm) or more and no
ramp, runway, embankment or personnel hoist is available, employers
must provide a stairway or ladder at all worker points of access.
• When there is only one point of access between levels, employers must
keep it clear of obstacles to permit free passage by workers. If free passage
becomes restricted, employers must provide a second point of access and
ensure that workers use it.
• When there are more than two points of access between levels, employers
must ensure that at least one point of access remains clear.
• Stairway parts must be free of dangerous projections such as protruding
nails.
• Slippery conditions on stairways must be corrected.
In addition, employers must install all stairway and ladder fall protection systems
required by these rules and ensure that their worksite meets all requirements of
the stairway and ladder rules before employees use stairways or ladders. See 29
CFR 1926.1050-1060 for the details of the standard.
Slip and Trip Hazards
Many accidents occur because of
all the equipment that is lying
around on a disaster site. Much of
this equipment needs to be there,
and you must learn to be careful.
However, many things can be
picked up and moved out of the
way, which will reduce the number
of accidents. For example, when
lead and other debris are removed,
Debris like this on walking/working surfaces can
the accumulations should be
bagged and removed from the floor increase fall hazard risks.
as soon as possible. This simple step, which may require a little more initial
effort, will make cleanup easier and the overall job safer.
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When Is Fall Protection Required?
Below is a list of heights at which fall protection or prevention must be installed:
• Fall onto dangerous equipment—0′.
• Break in elevation without a step—19″
• First step onto a scaffold system—2′
• Work on forms or steel reinforcing—6′
• Work on surfaces such as decks,
nonresidential roofs, ramps, etc.—6′
• Scaffold platforms without guardrails—10′
• Vertical fixed ladders without cages—24′
• Climbing steel reinforcing—24′
• Steel erection work—15′-30′ or two stories,
whichever is less
• Roofs with pitches 8:12 or less in
residential type (wood frame)
construction—25′
• Falls into safety nets—30′
• Height of scaffold ladders requiring rest
Workers working at edge,
unprotected. Image courtesy of
platforms—>35′
Robert Carr.
• Falls from portable extension ladders—no
limit
Fall Protection Basics
Here are some basic guidelines to follow for fall protection:
• Inspect your equipment daily.
• Replace defective equipment. If there is any doubt, do not use it.
• Replace all equipment involved in a fall.
• Ensure all equipment is inspected by a competent person at least annually.
• Use shock absorbers if the arresting forces of the lanyard alone can cause
injury.
• Use the right equipment for the job.
Scaffolds
During disaster cleanup operations you may have to construct or work on
scaffolds. A scaffold is simply an elevated platform that supports workers and
materials. Unsafe scaffolds endanger workers in many ways. Components can
break, collapse, or give way. Planks, boards, decks, or handrails can fail. In some
cases entire structures have collapsed. Even on sound scaffolds workers can slip
or lose their balance, and without appropriate protection they don’t have to fall far
to get hurt. More often than not, scaffold accidents can be traced to untrained or
improperly trained workers.
Working with heavy equipment and building materials on the limited space of a
scaffold is difficult. Without fall protection or safe access, it becomes hazardous.
Falls from such improperly constructed scaffolds can result in injuries ranging
from sprains to death.
Here are some general guidelines for scaffolds:
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•

•
•

•

•

•

•

•

•
•
•

Construct all scaffolds according to the manufacturer’s instructions. Install
guardrail systems along all open sides and ends of platforms. Use a
guardrail system or personal fall arrest system for scaffolds more than 10
feet above a lower level.
Provide safe access to scaffold platforms. Do not use or climb crossbracing as a means of access.
Workers must stay clear of power lines and any conductive material on the
scaffold. The minimum clearance is 10 feet for all uninsulated lines and
insulated lines more than 300 volts. The minimum clearance for insulated
lines less than 300 volts is 3 feet.
Scaffolds and their
components must be able to
support their own weight and
at least four times the
maximum intended load
applied to them.
The footing or anchorage for
scaffolds must be sound, rigid,
and capable of carrying the
maximum intended load
without settling or
displacement. Unstable objects
such as barrels, boxes, loose
bricks, or concrete blocks
cannot be used to support
scaffolds or planks.
Scaffolds must be maintained
in a safe condition and must
not be altered or moved
horizontally while they are in
use or occupied.
Overhead protection must be
provided for personnel on a
scaffold exposed to falling
Make certain you have firm footing for any scaffolding
objects.
you erect.
You must not work on
scaffolds covered with ice or snow during storms or high winds. Working
on a scaffold is prohibited during storms or high winds unless a competent
person has determined that it is safe to be on the scaffold and workers are
protected by personal fall arrest systems or wind screens.
A scaffold cannot be moved horizontally when a worker is on it unless it
has been designed by a registered professional engineer specifically for
horizontal movement.
Don’t use ladders for any reason on the top of a scaffold platform.
All working levels of the scaffold shall be fully planked or decked. All
planking and decking used must be sound and meet OSHA requirements.
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Aerial Lifts
Aerial lifts are designed to position
workers and handle materials when
a work surface isn’t easy to reach.
You may use them at a disaster site
to reach higher levels of a damaged
structure.
Most aerial lifts have extensible or
articulating mechanisms that can
position workers up, down, or
sideways. ANSI defines and sets
operating standards for four
different types of aerial lifts:
• Vehicle-mounted elevating
and rotating lifts (ANSI
Aerial lifts help you move workers and materials to higher
A92.2 devices). Requires
levels.
guardrail system and a body
harness and lanyard for workers.
• Manually propelled elevating work platforms (ANSI A92.3 devices).
Requires guardrail system.
• Boom-supported elevating work platforms (ANSI A92.5 devices).
Requires guardrail system and a body harness and lanyard for workers.
• Self-propelled elevating work platforms and scissor lifts (ANSI A92.6
devices). Requires guardrail system.
Working on, Over, or Near Water
If you have to work over or near water, you should use additional protection, such
as a lifesaving skiff and a ring buoy as appropriate. In addition, all workers should
wear Coast Guard-approved Type I or II personal floatation devices and
watertight boots with steel toe and insole.
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Trees

Downed trees are a common issue in disaster response.

Trees prove to be a real
issue in disaster response.
Perhaps they’ve been
uprooted, or they might have
fallen onto power lines or
property. Dealing with the
trees requires a little more
thought than how quick you
can start your chainsaw.
They may be touching live
wires. And once you begin
to trim them, they can fall—
perhaps where you hadn’t
planned. They truly are a
hazard.

Follow these safety guidelines from OSHA to prevent falls from heights when
working with trees:
• Limit access and set up controlled access zones.
• Inspect trees and limbs for structural weakness before climbing or cutting.
• Use safe climbing procedures such as breaking or cutting off dead limbs
while climbing, placing hands and feet on separate limbs, and limiting
shinning distance to 15 feet.
• Use safe work procedures to prevent inadvertent cutting of climbing ropes,
lanyards, and safety belts or straps.
• Use a personal fall arrest system, including harnesses, lanyards, lifelines,
connectors, anchorages, and anchor points.
Contact with Downed Lines, Live Electrical Equipment, and Other Utilities
Follow these safety guidelines from OSHA to prevent contact with downed lines,
live electrical equipment, and other utilities when working with trees:
• Ensure that tree trimming operations to clear electrical lines are performed
only by qualified line-clearance tree trimmers. A qualified line-clearance
tree trimmer is knowledgeable in the construction and operation of electric
power generation, transmission, or distribution equipment involved along
with the associated hazards.
• Closely inspect trees for electrical conductors passing through or within
reaching distance of workers before beginning tree work.
• Consider all electrical power conductors to be energized and not to be
touched directly or indirectly (for example, through tools, branches, or
other equipment).
• Assume that electrical lines are energized until proven otherwise. Lines
and other conductors may become re-energized without warning as
utilities are evaluated and restored after a disaster.
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•

•

•
•
•
•
•

Inspect the
work area for
downed
conductors,
and do not go
near, drive
over, or
otherwise
come in
contact with
them.
Downed
electrical
conductors can
energize other
objects,
This ice storm sent trees onto power lines.
including
fences, water
pipes, bushes, trees, and telephone/cable TV/fiber optic cables.
Unless de-energized and visibly grounded, maintain proper distance from
overhead electrical power lines (at least 10 feet) and/or provide insulating
barriers.
Do not approach any gas leak. If a gas leak is detected, secure sparkproducing devices (engines, tools, electronic, and communications
equipment) and evacuate the area until the leak is secured.
Contact the utility company to assist in locating, marking, and shutting
off/purging utility lines that may pose a hazard or may be impacted.
Ensure that lines have been purged as needed before beginning work.
Wear a hardhat with appropriate ANSI rating for exposure to high voltage,
as needed.
Wear appropriately rated and tested electrician’s gloves and nonconductive clothing.

Chain Saws
Follow these safety guidelines from OSHA when working with chain saws:
• Before starting, check controls, chain tension, bolts, and handles to ensure
proper function and adjustment.
• Start the saw on the ground or on another firm support with the brake
engaged.
• Plan the cut. Watch for objects under tension. Use extreme care to bring
objects safely to the ground. Plan where the object will fall. Ensure that
the fall area is free of hazards. Avoid felling an object into other objects,
and ensure that a clear retreat path is provided.
• Look for nails, spikes, or other metal objects before cutting.
• Clear away dirt, debris, small tree limbs, and rocks from the chain saw’s
path.
• Keep hands on handles and maintain secure footing.
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•
•
•
•
•

To control or prevent chain saw kickback, push-back, and pull-in, use
saws that reduce these dangers through chain breaks, low kickback chains,
etc. Do not use the saw’s tip and keep any tip guards in place.
Do not cut directly overhead.
Shut off/Release throttle before retreating.
Shut off or engage chain saw brake when carrying a saw more than 50 feet
or crossing hazardous terrain.
Wear chaps, hearing protection, safety glasses, and fall protection if
needed.

Impact from Tree Debris and Felled Trees
Follow these safety guidelines from OSHA to ensure the safety of everyone near
felled trees:
• Limit access/Set up controlled access zones.
• Keep nonessential response and recovery workers at least 20 feet beyond
expected drop zones during trimming.
• During felling designate the work area so that trees cannot fall into an
adjacent occupied work area. Adjacent occupied work areas should be at
least two tree lengths from the tree being felled (allow more if it is
reasonably foreseeable that the tree might roll or slide).
• Always plan a clear path of retreat before cutting.
• Determine the felling direction and how to deal with forward, backward,
and side lean.
• Determine the proper hinge size to safely guide the tree in its fall.
• If a tree is broken and under pressure, make sure you know which way the
pressure is going. If you’re not sure, make small cuts to release some of
the pressure before cutting up the section.
• Be careful of young trees that other trees have fallen against; they act like
spring poles and can propel back.
• If you have to cut a dead tree, be careful—the top could break off.
• If possible, avoid felling trees into other trees or objects; branches and
objects may get thrown back toward the tree cutter.
Wood Chippers
Follow these safety guidelines from OSHA
when working with wood chippers:
• Do not wear loose-fitting clothing.
• Follow the manufacturer’s guidelines
and safety instructions.
• Guard the feed and discharge ports.
• Prevent opening of access doors and
covers until the drum or disc has
A wood chipper.
completely stopped.
• Prevent detached chippers from sliding or rolling by chocking the trailer
wheels.
• Maintain a safe distance (2 to 3 log lengths) between the chipper operator
and other work/individuals.
• Never reach into the equipment while it is operating.
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•
•

Use a lockout system when servicing or maintaining (“unjamming”)
chipping equipment.
Wear eye and face protection, hand protection for cuts and scrapes, and
hearing protection.

Welding, Cutting, and Burning
Bringing a disaster-stricken site
back to speed may involve a lot of
welding of metal. Welding, of
course, requires lots of safety
precautions.
Follow these safety precautions
from OSHA when welding, cutting,
and burning are taking place:
• Remove flammable and
combustible materials from
the area.
• Do not perform “hot work”
such as welding, cutting, or
Workers use a torch to cut metal during a disaster
burning in areas where
response.
flammable, combustible,
corrosive, or toxic substances are being used, stored, or may otherwise be
present.
• Maintain a fire watch during all hot work until material has cooled.
• Ensure fire extinguishers and extinguishing agents are available in the
immediate area.
• Provide natural, exhaust, or forced ventilation to control exposure to the
metal fumes and other contaminants being generated (e.g., generator
exhaust).
• Ensure that pipes and other vessels are purged of hazardous materials.
• Identify building materials that will be welded, cut, or burned and that
may contain lead, such as painted surfaces and pipes. Test materials and
provide exposure controls identified in 29 CFR 1926.62 as necessary.
• Wear appropriate gloves and protective clothing.
• Use filtered lenses and face protection as appropriate for the activity being
performed.
• Wear respiratory protection based on anticipated exposure to metal fumes,
including lead.
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Group Discussion Activity
You’ve been called to assist in a hurricane relief effort. The hurricane has left a
path of destruction. Describe some of the safety precautions you will need to take
for each of the following situations you will encounter.
1. Trees are lying across power lines, and you will help to move the trees.

2. You will operate equipment to help pull debris from unstable and
collapsed structures.

3. You may have to enter a permit-required confined space.

4. You will help to remove debris from an underground parking garage that
had been flooded.

5. There is a possible gas leak near a storage tank, and you will be working
to help rectify it.

6. You’ve been asked to set up portable generators at various sites.

7. You’re going to operate a mobile crane to remove debris.

8. You will operate a wood chipper.
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Review Questions
1. Is the following statement true or false?
Because of the urgency involved in a disaster response, typical OSHA
rules do not always apply.
2. Name at least five hazards you might face in an unstable or collapsed
structure.

3. What are the four basic patterns of building collapse?

4. You have been sent to work in a space that is large enough and shaped for a
human to enter. There is one small opening and no natural ventilation. Does
this space meet the OSHA definition of a confined space?

5. List the four characteristics of a permit-required confined space.

6. The pre-entry air test of a confined space has a reading of 25 percent oxygen
by volume. Is this an oxygen-deficient or oxygen-enriched atmosphere? What
is the primary danger associated with this atmosphere?

7. What two types of atmospheric testing must be done to ensure your safety?

8. What are the three specific pre-entry atmosphere tests required for a confined
space? In what order must these tests be performed?
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9. Is the following statement true or false?
Assume that all electrical lines are energized.
10. Name three things you can do to prevent heavy equipment from making
accidental contact with overhead power lines.

11. What are at least three safety guidelines to follow when working with
generators?

12. Which of the following statements is NOT true when trying to prevent struck
by accidents?
a.
b.
c.
d.

Have visible backup alarms.
Have a spotter to direct the operator if visibility is restricted.
Keep adequate clearance behind the vehicle.
Always pay attention to backing equipment.

13. Is the following statement true or false?
You would have more protection with a class 2 reflective garment than a
class 3 garment, but the most protection with a class 1 garment.
14. Is the following statement true or false?
Debris piles at disaster sites are generally safe to walk on providing you
are wearing a hardhat and safety gloves.
15. Which of the following are NOT recommended safety guidelines when
dealing with trees at a disaster site:
a. Limit access/Set up controlled access zones.
b. Adjacent occupied work areas should be at least one tree length from
the tree being felled.
c. Always plan a clear path of retreat before cutting.
d. Be careful of young trees that other trees have fallen against; they act
like spring poles and can propel back.
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Other Resources
OSHA Hurricane eMatrix
http://www.osha.gov/SLTC/etools/hurricane/recommendations.html
OSHA Electrical Regulations
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDAR
DS&p_id=10135
OSHA Fall Protection
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDAR
DS&p_id=10922
OSHA Scaffolding eTool
http://www.osha.gov/SLTC/etools/scaffolding/supported/frame/fallprotection.html
OSHA Work Zone Safety
http://74.125.47.132/search?q=cache:mL6TdFn_TY0J:www.oshainfo.gatech.edu/
avoiding-struck.doc+struck+by+hazards&cd=1&hl=en&ct=clnk&gl=us
Caught In/Between Hazards
http://74.125.47.132/search?q=cache:vDODnT0VYkYJ:www.agcnys.org/pdf/cau
ght_inbetween.pdf+caught+in/between+hazards&cd=5&hl=en&ct=clnk&gl=us
OSHA Permit-required Confined Space Standard
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=standards&
p_id=9797
OSHA Control of Hazardous Energy (Lockout/Tagout)
http://www.osha.gov/SLTC/controlhazardousenergy/index.html
OSHA QUICKCARD: Permit-required Confined Spaces
http://www.osha.gov/Publications/3214-10N-05-english-06-27-2007.html
OSHA Ventilation
http://www.osha.gov/SLTC/ventilation/index.html
OSHA Drum Handling Standard
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDAR
DS&p_id=9765
OSHA Noise and Hearing Conservation
http://www.osha.gov/dts/osta/otm/noise/standards.html
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HEALTH HAZARDS
INSTRUCTOR NOTES
Key Concepts
•
•
•

Physical and health hazards at disaster sites
How harmful chemicals can enter the body
Effects of harmful chemical exposure

Presentation and Materials
•
•
•
•
•

Allow two hours to present this chapter.
Use the OSHA 7600 Disaster Site Worker course manual.
Use the Health Hazards PowerPoint® slides.
Try the group discussion activity at the end of the chapter.
Use the questions at the end of the chapter to review.

Group Discussion Activity
Two of the largest disasters in U.S. history happened in the last decade. The
terrorist attack of Sept. 11, 2001, destroyed the World Trade Center in New York
City and part of the Pentagon in Washington, DC. All told, more than 4,000
people perished.
Mother Nature was at the root of the second disaster. Hurricane Katrina hit the
Gulf Coast in 2005 and destroyed levees in New Orleans, flooding 80 percent of
the city, ruining many neighborhoods, and killing more than 1,800 people,
making it one of the deadliest hurricanes in U.S. history.
Assume that you were called to respond to both of these calamities—perhaps you
were. Discuss and answer the following questions as a group.
1. What were the three biggest health hazards you might have faced in the
immediate disaster cleanup and how would you protect your health against
them?
Answers will vary, of course. Those responding to the World Trade
Center collapse might mention asbestos, lead, dust, diesel exhaust, hot
work, and noise among many possibilities. Mold, bloodborne
pathogens, and heat stress are obvious answers with the Hurricane
Katrina response.
2. What kind of acute health effects would these hazards have presented?
What kind of chronic health effects would you have been in danger of?
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Answers will vary according to each health hazard discussed. It’s
important to remember that acute health effects are one-time highlevel exposures and that the symptoms are usually immediate, but
point out that one severe exposure can also be enough to be deadly.
Chronic effects usually involve long-term exposure and may not show
up for years.
3. Hindsight is 20-20, they say. What, if anything, do you think operating
engineers and other responders would do differently to protect against
health hazards they would face at a disaster of the same magnitude today?
Answers will vary.

Review Questions
1. Is the following statement true or false?
Acute health effects involve a one-time high-level exposure to a
contaminant or a small exposure to a highly toxic contaminant and are
usually mild.
False. While acute health effects involve a one-time high-level
exposure or a small exposure to a highly toxic contaminant, they often
can be quite severe instead of mild.
2. You worked at a number or disaster cleanup sites over the years and often
were involved in destroying buildings that were known to have asbestos in
them. Years later you begin to suffer from breathing difficulties, and
asbestosis is a likely explanation. Is this a description of an acute or chronic
effect from your chemical exposure?
This example typically describes chronic effects because the exposure was
at a low level over a period of time, and the symptoms did not show up for
many years. However, it’s also possible that you were exposed to a high
level of a substance in a short time, but it took a long period to affect your
body.
3. Which of the four routes of entry is the most common way for a chemical to
enter your body?
Of inhalation, ingestion, absorption, and injection, it is the inhalation of
chemicals that is the most common route of entry into the body.
4. Your body can metabolize, store, and/or excrete a chemical that you have
been exposed to. Explain what the body does in each of these processes.
When your body metabolizes a chemical, the chemical is broken down,
changing the chemical’s composition. Storing a chemical means that the
chemical is accumulating somewhere in the body. Excretion is when a
chemical is passed through urine, feces, or exhaled air.
ii – HEALTH INST
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5. List five signs of smoke inhalation.
•
•
•
•
•
•
•
•

Cough
Shortness of breath
Hoarseness or noisy breathing
Red or irritated eyes or burns on the corneas
Skin color ranging from pale to bluish to cherry red.
Soot in the nostrils or throat
Headache
Changes in mental status such as confusion, fainting, seizures, and
coma

6. Is the following statement true or false?
You’ll experience flu-like symptoms with metal fume fever, but they
typically go away in a day or two, and you usually can return to work the
next day.
True. Milder flu-like symptoms will normally disappear within 24 to
48 hours, and you should feel well enough to return to work the next
day, although it often takes four days to fully recover.
7. What are the three main physical agents that present health hazards when
doing hot work?
•
•
•

Ultraviolet radiation
Infrared radiation
Intense visible light

8. List as many work practices as you can that could reduce your risk of heatrelated illnesses.
•
•
•
•
•
•

Drink small amounts of water frequently to replace body fluids lost
through sweating, and replace lost electrolytes.
Wear light-colored, loose-fitting clothing whenever possible.
Take your breaks in the shade.
Avoid caffeine and alcohol.
Use a sunscreen with a sun protection factor (SPF) of at least 30.
Take advantage of training programs that help you understand heat
stress hazards, treatments, and the use of protective clothing.

9. List some work practices for avoiding cold stress injuries.
•
•
•
•

Always be prepared for weather changes if there is a potential for cold
exposure.
Always have appropriate clothing and personal protective equipment
on cold jobsites.
Drink plenty of liquids, but avoid caffeine and alcohol.
Watch out for coworkers’ symptoms of cold stress illnesses.
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•
•
•

•
•

Eat high calorie foods to maintain energy reserves.
Be aware of wind chill factors and dress accordingly.
Be aware that surface temperatures also affect the temperatures of
your tools. At lower temperatures you will start to have limited
circulation to hands, wrists, and arms and will likely have more
injuries.
Dress with several thermal layers.
Use radiant heaters and shield work areas from drafts or winds to
reduce wind chills.

10. At what level of decibels are you required by OSHA to wear hearing
protection?
90 decibels.
11. List as many work practice controls as you can that will reduce your exposure
to asbestos.
•
•
•
•
•
•
•
•
•
•

If your clothing becomes contaminated with asbestos, wash and
change clothes as soon as possible.
Do not take contaminated clothing home. Family members could be
exposed to asbestos.
Use a vacuum with a HEPA filter or a wet method to reduce asbestos
dust during cleanup.
Use a respirator in all situations where work practice controls are not
yet sufficient to reduce exposure to or below the PEL and/or EL.
Make sure your respirator fits properly and that you have chosen the
proper respirator for your work needs.
Wear protective clothing, such as coveralls, head coverings, gloves,
and foot coverings, and perhaps vented goggles or face shields.
The employer must provide clean protective clothing and equipment at
least weekly.
Change rooms and lockers must have separate facilities—one for
storing contaminated clothes and one for worker street clothing.
Shower at the end of the shift and do not leave the work area wearing
any contaminated clothing.
Keep all surfaces in the work environment as free of asbestos dust or
waste as possible.

12. List at least five workplace controls to reduce the dangers of diesel exhaust
fumes.
•
•
•
iv – HEALTH INST

Use low-sulfur diesel fuel that reduces irritating sulfur emissions and
engine maintenance costs.
Add exhaust filtration devices to engines to capture some exhaust
before it enters the workplace. These devices include disposable diesel
exhaust paper filters and particulate ceramic filters.
Direct the exhaust away from the operator of the vehicle and nearby
workers.
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•
•
•
•
•
•

Install catalytic converters to reduce carbon monoxide, aldehydes, and
hydrocarbons. (Use these only with low-sulfur fuel.)
Ventilate if using diesel equipment indoors. Use roof vents, open doors
and windows, or roof fans. As buildings under construction become
more enclosed, fumes can increase to dangerous levels.
Use HEPA filters to reduce operators’ exposure to diesel fuel.
Service engines regularly to keep exhaust emissions down.
Turn off engines when not using the equipment. Idling increases diesel
emissions.
Respirators are only a short-term fix. Primary controls such as
ventilation systems should be implemented.

13. Describe three ways to reduce dust in the workplace.
•
•

•

Prevention—work practice strategies that will reduce the amount of
dust generated.
Control systems—There are three types of control systems for
reducing dust. Dust collection systems consist of industrial ventilation
systems to capture airborne dust from the source and transport it to a
dust collector. Wet dust suppression systems keep the material wet so
the dust does not get into the air. Water sprays on dust clouds reduce
airborne dust by making the dust particles too heavy to stay in the air.
Dilution—reduces dust concentration by pumping in fresh air to dilute
the dusty air. Isolation—places the worker in an enclosed area to work
away from the dust.

14. Why must the mold also be removed after it is killed when doing disaster
cleanup after a hurricane, for example?
Moisture must be controlled or mold will return. Simply killing the mold
with biocide is not enough. The mold must also be removed. The allergens
are still present in dead mold and can cause adverse health effects.
15. Is the following statement true or false?
Clearing brush puts you at risk to bloodborne pathogens at a disaster site.
True. Clearing brush can expose you to bloodborne pathogens such as
the Lyme disease carried by ticks.
16. What are the two phases of air monitoring that must be done at a disaster site
to ensure your safety?
1. Pre-entry testing
2. Periodic testing and continuous monitoring
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Standards
•
•
•
•
•

29 CFR 1910
29 CFR 1926
29 CFR 1910.1000
29 CFR 1910.120, Subpart H
29 CFR 1910.1030
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KEY CONCEPTS
•

Physical and health hazards at
disaster sites

•

How harmful chemicals can enter
the body

•

Effects of harmful chemical
exposure
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Lesson Outline
Health Hazards
Types of Health Effects
Acute
Chronic
Routes of Exposure
Inhalation
Ingestion
Absorption
Injection and Contact
Chemicals in the Body
Target Organs
Chemical Interaction
Chemical Releases and Fires
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Overview
Of all the hazards you face at a disaster site, perhaps none is more dangerous to
you in the long run than the atmosphere you’re working in—and in particular the
air you breathe. When your job involves working in or clearing debris, especially
from collapsed concrete structures, you plunge into many unseen dangers.
Poisonous contaminants abound in the air at a disaster site. These contaminants
might not affect you immediately, but they can linger in your body for years,
causing you problems later in life. That’s why it’s important to take proper care
with your respiratory protection. It’s also important to recognize physical
hazards—things you can see. In this chapter you will learn about the various
health hazards possible at a disaster site and the steps you can take to protect
yourself.

Objectives
After completing this chapter, you should be able to:

Know
•
•
•

Understand the health hazards that might be present at a typical
disaster site.
Describe the difference between acute and chronic hazards and the
significance for disaster site workers.
Explain the importance of route of entry for health hazards.

Apply
•
•

Take appropriate actions to avoid health hazards and maintain your
health while working in a dangerous atmosphere.
Recognize how illnesses you experience might be related to work
you’ve done at a disaster site.

Analyze

•

Appraise a disaster site and recognize the health hazards present.
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Health Hazards
By now you’ve
probably heard or
read about the
health problems
experienced by
many of those who
responded to the
collapsed World
Trade Center
towers on Sept. 11,
2001, or who lived
in the area. While
doctors and
scientists continue
to study the reports Cleanup at the World Trade Center disaster. Image courtesy of Life.
of respiratory
ailments and cancer that many attribute to the debris created in the terrorist attack,
there is little debate that the collapse of the Twin Towers unleashed what one
expert called a “wildly toxic” cloud of dust. 1 The New York Times reported that
more than 2,500 contaminants were contained in the debris of the collapsed
buildings. There were also many poisonous and carcinogenic substances
unleashed in the fires that smoldered for three months after the attack. 2 Many
people in the years since the attack have reported health issues they blame on
debris they worked with or lived near.
Certainly, few disasters match the scale of destruction encountered at Ground
Zero. Yet, the health hazards that arose there are fairly similar to those you would
face at any disaster site featuring pulverized concrete and building materials. The
scale might not be as large, but the dangers to your health are just as real. Now
remember the important role operating engineers like yourself played in the
World Trade Center cleanup. When disasters strike, be they the destruction
wrought by a terrorist bomb or the devastation created by hurricanes, tornados, or
other natural phenomena, your skills are likely to be needed either as a first
responder aiding in rescue operations or, more likely, as a second responder
taking care of cleanup and restoration. Understanding the health hazards present
at a disaster site may save your life.

1

USATODAY.com - Health troubles persist for 9/11 rescue workers
Anita Gates, “Buildings Rise from Rubble while Health Crumbles”, The New York Times, September 11,
2006, reporting on the documentary by Heidi Dehncke-Fisher, “Dust to Dust: The Health Effects of 9/11”
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Health Effects
To understand the effects of a chemical on your body, you need to know what
kind of exposure you’ve had and how quickly the symptoms appear. These effects
fall into two classifications—acute and chronic.
Acute
Acute effects typically display
these characteristics:
• Exposure: One-time
high-level exposure or
small exposure to a
highly toxic
contaminant.
• Effects: Symptoms
are usually
immediately apparent
but can be delayed.

A leaking chemical truck is covered with dirt. Exposure to the
chemicals here could result in both acute and chronic effects.

Acute exposures typically are sudden, don’t last long, and are characterized by
rapid absorption of the harmful material. For instance, if you inhale a large
amount of a toxic fume such as carbon monoxide, you’ll quickly show the effects
within minutes. Keep in mind that some effects might take a few hours or even
days, but they still are considered an acute onset. For example, your skin might
come in contact with a chemical that severely dries it. You might not see the
effects for a day or two, but that’s still an acute effect. Acute does not mean mild.
One severe exposure can cause permanent damage or even death. Here are some
examples of acute effects:
• Inhaled contaminants: coughing, wheezing, nose and throat burning.
• Skin contact: redness, rash, blistering.
• Ingested contaminants: nausea, vomiting, diarrhea.
It’s important for you to pay attention to your health when working at a disaster
site where you might be exposed to hazardous chemicals. Take note when you
display any conditions that might indicate you’ve had some exposure. Seek
medical help if you’re not sure.
Chronic
Chronic effects typically display these characteristics:
• Exposure: Low-level exposure over a long period of time.
• Effects: Symptoms may not show up for 10 to 20 years.
Chronic exposure may cause a substance to be continuously present in your
body’s tissues. Chronic effects also tend to develop slowly. For instance, if you
breathe small amounts of asbestos fibers, you won’t even notice them. They
display no acute effects. However, if you inhale asbestos month after month, year
after year, you greatly increase your chances of developing an asbestos-related
disease, such as mesothelioma or lung cancer. That qualifies this as a chronic
effect. The latency period is the years from the time you were exposed to the
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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harmful chemical to when symptoms begin to
appear. For some diseases, such as cancer, the
latency period can take 20 years or longer.
People who worked on the World Trade Center
rescue and cleanup operations for a while or
lived near it have reported chronic illnesses that
they believe resulted from exposure to
contaminants at the site.
The same chemical can cause both acute and
chronic effects. For example, toluene is a
Long-term exposure to asbestos is
chemical used in paints and solvents. Inhale it
an example of a chronic effect.
and you can get dizzy or “high” and feel
respiratory irritation. Toluene can also dry and irritate the skin. These are acute
effects. However, if you are exposed again and again, toluene will damage your
liver and destroy brain cells. These are chronic effects.
Obviously, you don’t notice chronic effects until it’s too late because they happen
slowly, and it takes a long time to develop symptoms. That’s why air monitoring
is so important. You want to be aware of what you’re breathing so that you can
protect yourself not only in the short term, but down the road as well.
Unfortunately, the hasty nature of disaster site work often bypasses safety
precautions like air monitors. Remember, the same safety regulations that the
Occupational Safety and Health Administration (OSHA) and other agencies
create and enforce apply to disaster site work as well. Don’t let the frenetic pace
or disheveled work site change the way you look out for your health and that of
others.

Routes of Exposure
One reason you wear personal protective equipment (PPE) is to protect yourself
from toxic chemicals and other contaminants. A disaster site, often with unseen
contaminants floating invisible in the air you’re breathing or hidden under piles of
debris, requires you to protect yourself thoroughly. That might mean more than
simply wearing a hardhat. You might need a respirator or a protective suit. The
concept is simple—keep the contaminant from entering your body. Knowing how
chemicals enter the body can help you in your choice of PPE. There are four
routes of entry:
• Inhalation
• Ingestion
• Absorption
• Injection and contact
Inhalation
Not only is inhalation the most common route of entry, it’s also the most efficient
way for a chemical to enter your body. When you breathe in air, the toxic
chemical that might be in it is pulled through your mouth or nose, into your
throat, and through all the branches of the respiratory “tree” until it reaches the
alveoli, the smallest division of the lungs where the oxygen and carbon dioxide
8 HEALTH
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exchange takes place. Your lungs have
3 million alveoli, and each has a
barrier only one cell thick between the
bloodstream and the air. That thin
layer makes it easy to transfer the toxic
chemical into your bloodstream. From
there the chemical can travel
throughout the body.
The chemicals themselves can be
inhaled in various forms:
People near a leaking chemical truck cover their
• Dusts: These are solid
faces to avoid inhaling the chemical.
particulates suspended in air
because of their size. They can be dangerous. For instance, silica dust is
very sharp. It can puncture the membrane and damage the alveoli to the
point where they can’t do the oxygen-carbon dioxide exchange.
• Gases: These are formless fluids that completely occupy the space they’re
in. Obviously, gases are easy to inhale.
• Vapors: These are the gaseous state of a solid or liquid. Again, very easy
to inhale.
• Mists: These are tiny droplets of liquid suspended in air because of their
weight. Think of fog.
• Fumes: When a solid is heated to its boiling point, first a vapor is
produced, and then when the vapor cools, it turns back into a very small
solid called a fume. Welding and paving are the two most obvious
examples of solids being heated to eventually produce fumes. The very
small solid gets into your lungs, where it can ultimately cause damage.
• Fibers: These are very small solids in the form of continuous filaments or
a separate elongated piece, such as a piece of thread. They can damage
your respiratory system as they accumulate. The obvious fiber that comes
to mind when discussing health risks is asbestos. You know that working
with asbestos requires certain PPE to protect you from breathing in the
asbestos. Other materials, such as carpets, produce fibers you can breathe
in as well. Collapsed buildings, especially older ones, present clear danger
of asbestos exposure.
Ingestion
Swallowing a toxic chemical through the digestive tract is another efficient way
of exposing your body to a health hazard. It’s easier to ingest chemicals through
the mouth than you might think. When you eat, drink, smoke, or apply cosmetics
in a contaminated area, you run the risk of contaminating your hands and
ingesting the contaminant. That’s why you’re told to always wash your hands
before you eat when you work around hazardous chemicals. Good hygiene is
especially important to prevent ingestion of contaminants at a disaster site.
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Ingesting toxic chemicals can damage your
digestive tract. Systemic effects can arise as
well if the body is able to break down the
chemical and send it throughout the body.
However, the chemical is dangerous only if
it can be broken down or is in a form that’s
already broken down. Otherwise, it simply
will be passed through your digestive
system.
Absorption
Your skin protects you from contaminants
better than your lungs or digestive system
do, but chemicals still can be absorbed
through skin contact. Contact usually results
in a local exposure, but it can be systemic in
some cases. Keep in mind too that chemicals
may pick up and carry other hazards with
them, so the additional chemicals can be
absorbed as well.

Local vs. Systemic Effects
A local effect refers to an
adverse health effect that
takes place at the point or
area of contact. The site may
be skin, mucous membranes,
the respiratory tract,
gastrointestinal system, eyes,
etc. Absorption does not
necessarily occur. Examples:
strong acids or alkalis.
Systemic effect refers to an
adverse health effect that
takes place at a location
distant from the body’s initial
point of contact and
presupposes absorption has
taken place. In other words, it
can affect the entire body.
Examples: arsenic effects to
the blood, nervous system,
liver, kidneys and skin;
benzene effects to the bone
marrow.

Often the skin stops chemicals from entering
your body. Other times the skin keeps the
damage local. Local irritation or dermatitis is the most common absorption injury,
in fact. However, some chemicals can be absorbed all the way through the various
layers of skin into the bloodstream, causing systemic problems. If you’ve got cuts
or scrapes, or your skin is wet or hot, your skin finds it easier to absorb chemicals.
Your skin is most resistant on the palms of the hands and soles of the feet. It’s
least resistant in areas where skin is thin and folded, such as the armpits, groin,
and eyelids. Keeping as much of your body covered as possible by wearing longsleeved work clothes, gloves, and safety boots reduces your chances of absorbing
a chemical into your system at a disaster site.
Injection and Contact
Injection is the least common route of entry at a disaster site, but toxic substances
can be injected into your body through puncture wounds, cuts, or scrapes by a
spray of gas or liquid under high pressure. For example, pressurized hydraulic
fluid poses serious injection potential.

Chemicals in the Body
So how does your body handle having a toxic chemical in it? If the exposure is
local—confined to one area—the chemical will affect that area. A systemic
exposure, on the other hand, is distributed throughout the body via the
bloodstream. The whole body is affected. Some chemicals produce both local and
systemic effects.
Your body can do three things with a
chemical:
10 HEALTH

Toxic chemicals damage the
body by speeding up or
slowing down body functions.
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Metabolize: When the body metabolizes a chemical, it breaks it down,
changing its composition. For instance, the liver can transform one
chemical into another by the action of enzymes, often making the
chemical harmless. Sometimes, though, the opposite occurs. A toxic
chemical is altered to create something even more dangerous. When
methylene chloride, a furniture stripping agent, is metabolized, it produces
carbon monoxide. That dangerous substance interferes with the blood’s
ability to carry oxygen. That can lead to heart attacks or sudden deaths.
Store: The body can store the chemical so that it accumulates to
dangerous levels later. This is typically what happens with chronic
illnesses. For instance, continued lead exposure results in lead being stored
in bones, from which it can be released into the bloodstream years later.
Excrete: If the body can’t absorb the chemical, it can simply pass it out
through urine, feces, or exhaled air.

Your body also can do all three with parts of a chemical: metabolize part of it,
store part of it, and excrete some of it.
Target Organs
The organs most affected by toxic substances
are called target organs. Often these are where
the greatest concentration of the chemical
accumulates.

Remember, any part of the
body can be affected by
chemicals.

The largest organ in the body by weight is the skin. Toxic materials that penetrate
it may have direct access to the bloodstream. Look for rashes or other changes in
your skin to determine if you’ve been exposed to a toxin.
The central nervous system includes the brain and spinal cord. Look for
symptoms such as staggering, slurring of speech, dizziness, trembling, and
twitching to indicate exposure.
The liver helps digest fats, detoxify many substances, and store some sugars.
Chronic exposure to certain chemicals can cause liver problems. If you notice a
yellowing of your skin, you might be jaundiced and experiencing liver problems.
The kidneys filter blood, produce urine, and keep a proper acid-base balance.
Any problems urinating might indicate exposure.
The blood and blood-forming system circulates oxygen, carbon dioxide,
infection-fighting organisms, proteins, sugars, and sometimes toxins throughout
the body. Beware of infections as an exposure indicator.
The reproductive system includes all organs necessary for fertilization,
conception, and gestation. Common problems are sterility, infertility, and
disrupted hormone activity.
The respiratory system regulates the oxygen and carbon dioxide in the body.
Beware of any breathing difficulties to indicate exposure.
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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The eyes translate light energy into impulses that the brain translates into images.
Corrosives damage the eyes by direct contact. Some toxins enter the eye and go
straight to the bloodstream.
The digestive system converts food into energy and moves waste material. Look
for signs such as cramping or nausea to indicate exposure.
The person who can best tell whether you’re suffering from chemical
exposure is you. If you’re feeling sick and you’ve been working around toxins at
a disaster site, let your doctor know. Bring a list of chemicals that you
encountered in your disaster work. The doctor might not know to suspect
chemical exposure when you’re feeling ill if you don’t alert him or her about your
work.
Chemical Interaction
No one experiences just one chemical at a time. You’re contaminated by hundreds
of chemicals. Mixtures are a huge unknown in toxicology and impossible to test
for all possible combinations. Chemicals can mix in your body to produce either
more toxic or less toxic effects. The reaction depends on the chemicals at play and
the individual.

Chemical Releases and Fires
When a natural disaster such as a hurricane strikes, the damage wrought might
unleash chemicals from their storage facilities or start fires fueled by those
potentially toxic substances. In addition, manmade disasters, such as the
derailment of railroad cars carrying hazardous chemicals, can send toxic materials
into the atmosphere or into the ground. As an operating engineer, you may be
called to assist in the cleanup after either of these types of disasters.

Smoke and chemicals pour from a train that derailed in Kentucky. People had to be evacuated
everywhere within a mile of the train because of the toxic chemicals in the smoke. Photo courtesy
of New York Times.
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When you arrive at the site, you may find leaks and spills, or even the residue of
fires, both in the lingering smoke and in the charred remains of structures.
Regardless of the extent of damage, you must be extremely cautious when
responding to chemical releases and fires.
Obviously, the health hazards you face depend on the chemicals involved. If
you’re a first responder or early second responder, what those chemicals are
might not be clear. Typically, by the time you begin to assist in cleanup, the
substances likely will have been identified and you would be advised as to the
personal protective equipment you would need to don. Still, there’s a chance your
work will uncover unknown chemical hazards. Proceed with caution and treat
every unknown as both potentially toxic and fatal.
Be especially aware of the smoke from fires that linger from chemical releases. It
is impossible to predict the exact composition of smoke produced by a fire. The
products being burned, the temperature of the fire, and the amount of oxygen
available to the fire all make a difference in the type of smoke produced. For
instance, the smoke from a typical house fire that you might encounter in disaster
site work contains such cancer-causing chemicals as formaldehyde, which is used
in particle board and insulation, and polybrominated diphenyl ethers (PBDEs),
ironically a fire retardant used in foam mattresses but which becomes highly toxic
when on fire. Now factor in the various toxins that might be present when a large
building or a chemical tanker burns. Proper respiratory protection is a must.
Smoke Inhalation
Smoke inhalation
damages the body by
simple asphyxiation (lack
of oxygen), chemical
irritation, chemical
asphyxiation, or a
combination of these. If
you’re an early responder
to a disaster site, you
may encounter heavier
smoke, or fires may
smolder or restart during
cleanup operations.

Smoke billows from a chemical refinery explosion.

Combustion can simply use up the oxygen near the fire and lead to death when
there is no oxygen for a person to breathe. In addition, smoke itself can contain
products that do not cause you direct harm, but they take up the space that is
needed for oxygen. Carbon dioxide acts in this way.
Combustion also can result in the formation of chemicals that cause direct
injury when they contact the skin and mucous membranes. These substances
disrupt the normal lining of the respiratory tract. This disruption can potentially
cause swelling, airway collapse, and respiratory distress. Examples of chemical
irritants found in smoke include sulfur dioxide, ammonia, hydrogen chloride,
and chlorine.
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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A fire can produce compounds that do damage by interfering with the body’s
oxygen use at a cellular level. Carbon monoxide, hydrogen cyanide, and
hydrogen sulfide are all examples of chemicals produced in fires that interfere
with the use of oxygen by the cell during the production of energy. If either the
delivery of oxygen or the use of oxygen is inhibited, cells will die. Carbon
monoxide poisoning has been found to be the leading cause of death in smoke
inhalation.
Smoke Inhalation Symptoms
Here are signs and symptoms of smoke inhalation:
• Cough
• Shortness of breath
• Hoarseness or noisy breathing
• Red or irritated eyes or burns on the corneas
• Skin color ranging from pale to bluish to cherry red
• Soot in the nostrils or throat
• Headache
• Changes in mental status such as confusion, fainting, seizures, and coma

Hot Work

Ironworkers perform hot work during the World Trade Center cleanup efforts.

It’s not unusual at a disaster site to see lots of hot work—welding, cutting,
brazing, soldering, grinding. The hot work might be necessary to tear down
collapsed structures or to shore up damaged ones. If you specialize in hot work,
you know that welding and other hot work produce dangerous fumes and gases.
You even have to be aware of radiation.
Metal Fume Fever
Perhaps you’ve heard of metal fume fever. Chemicals such as zinc oxide or
magnesium oxide often cause this. When you breathe fumes created by heating or
welding certain metals, particularly galvanized steel, you can get metal fume
fever. Chromium is also a hazard, from stainless steel. Cadmium, present in some
older silver solder alloys can, in extreme cases, cause loss of consciousness within
a matter of minutes. Exposure usually arises through hot metalworking processes,
14 HEALTH
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such as smelting and casting of zinc alloys, or welding of galvanized metals. If the
metal concerned is particularly high risk, then cold sanding processes may also
cause it, even though the dose is lower.
You’ll experience flu-like symptoms, including fever, chills, nausea, headache,
fatigue, muscle aches, and joint pains. You also will likely experience a sweet or
metallic taste in your mouth, which will distort the taste of food. A dry or irritated
throat that may lead to hoarseness is also common. Symptoms may also include a
burning sensation in the body, shock, no urine output, collapse, convulsions,
shortness of breath, yellow eyes or yellow skin, rash, vomiting, watery or bloody
diarrhea, or low blood pressure, which require prompt medical attention. Milder
flu-like symptoms will normally disappear within 24 to 48 hours, and you should
feel well enough to return to work the next day, although it often takes four days
to fully recover.
Chemical Agents
Here are a number of chemical agents you may be exposed to doing hot work
along with the health hazards they present:
• Zinc. Zinc is used in large quantities in the manufacture of brass,
galvanized metals, and various other alloys. Inhalation of zinc oxide fumes
can occur when welding or cutting on zinc-coated metals. Exposure to
these fumes causes metal fume fever.
• Cadmium. Cadmium is used frequently as a rust-preventive coating on
steel and also as an alloying element. Acute exposures to high
concentrations or cadmium fumes can produce severe lung irritation,
pulmonary edema, and in some cases, death. Long-term exposure to low
levels of cadmium in air can result in emphysema and can damage the
kidneys. Cadmium is also a carcinogen.
• Beryllium. Beryllium is sometimes used as an alloying element with
copper and other base metals. Acute exposure to high concentrations of
beryllium can result in chemical pneumonia. Long-term exposure can
result in shortness of breath, chronic cough, and significant weight loss,
accompanied by fatigue and general weakness.
• Iron oxide. Iron is the principal alloying element in steel manufacture.
During the welding process iron oxide fumes arise from both the base
metal and the electrode. The primary acute effect of this exposure is
irritation of nasal passages, throat, and lungs. Although long-term
exposure to iron oxide fumes may result in iron pigmentation of the lungs,
most authorities agree that these iron deposits in the lung are not
dangerous.
• Mercury. Mercury compounds are used to coat metals to prevent rust or
inhibit foliage growth (marine paints). Under the intense heat of the arc or
gas flame, mercury vapors will be produced. Exposure to these vapors
may produce stomach pain, diarrhea, kidney damage, or respiratory
failure. Long-term exposure may produce tremors, emotional instability,
and hearing damage.
• Lead. The welding and cutting of lead-bearing alloys or metals whose
surfaces have been painted with lead-based paint can generate lead oxide
fumes. Inhalation and ingestion of lead oxide fumes and other lead
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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compounds will cause lead poisoning. Symptoms include metallic taste in
the mouth, loss of appetite, nausea, abdominal cramps, and insomnia. In
time, anemia and general weakness, chiefly in the muscles of the wrists,
develop. Lead adversely affects the brain, central nervous system,
circulatory system, reproductive system, kidneys, and muscles.
Fluorides. Fluoride compounds are found in the coatings of several types
of fluxes used in welding. Exposure to these fluxes may irritate the eyes,
nose, and throat. Repeated exposure to high concentrations of fluorides in
air over a long period may cause pulmonary edema (fluid in the lungs) and
bone damage. Exposure to fluoride dusts and fumes has also produced
skin rashes.
Chlorinated hydrocarbon solvents. Various chlorinated hydrocarbons
are used in degreasing or other cleaning operations. The vapors of these
solvents are a concern in welding and cutting because the heat and
ultraviolet radiation from the arc will decompose the vapors and form
highly toxic and irritating phosgene gas, which destroys lung tissue.
Phosgene. Phosgene is formed by decomposition of chlorinated
hydrocarbon solvents by ultraviolet radiation. It reacts with moisture in the
lungs to produce hydrogen chloride, which in turn destroys lung tissue.
For this reason any use of chlorinated solvents should be well away from
welding operations or any operation in which ultraviolet radiation or
intense heat is generated.
Carbon monoxide. Carbon monoxide is a gas usually formed by the
incomplete combustion of various fuels. Welding and cutting may produce
significant amounts of carbon monoxide. In addition, welding operations
that use carbon dioxide as the inert gas shield may produce hazardous
concentrations of carbon monoxide in poorly ventilated areas. This is
caused by a breakdown of shielding gas. Carbon monoxide is odorless,
colorless, and tasteless and cannot be readily detected by the senses.
Common symptoms of overexposure include pounding of the heart, a dull
headache, flashes before the eyes, dizziness, ringing in the ears, and
nausea. Continued exposure can be fatal.
Ozone. Ozone is produced by ultraviolet light from the welding arc.
Ozone is produced in greater quantities by gas metal arc welding
(GMAW, or short-arc), gas tungsten arc welding (GTAW, or heli-arc), and
plasma arc cutting. Ozone is a highly active form of oxygen and can cause
great irritation to all mucous membranes. Symptoms of ozone exposure
include headache, chest pain, and dryness of the upper respiratory tract.
Excessive exposure can cause fluid in the lungs (pulmonary edema). Both
nitrogen dioxide and ozone are thought to have long-term effects on the
lungs.
Nitrogen oxides. The ultraviolet light of the arc can produce nitrogen
oxides from the nitrogen and oxygen in the air. Nitrogen oxides are
produced by gas metal arc welding, gas tungsten arc welding, and plasma
arc cutting. Even greater quantities are formed if the shielding gas contains
nitrogen. Nitrogen dioxide, one of the oxides formed, has the greatest
health effect. This gas is irritating to the eyes, nose, and throat but
dangerous concentrations can be inhaled without any immediate

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

discomfort. High concentrations can cause shortness of breath, chest pain,
and fluid in the lungs (pulmonary edema).
Physical Agents
Here are a few physical agents you may be exposed to doing hot work along with
the health hazards they present:
• Ultraviolet radiation. Ultraviolet radiation (UV) is generated by the
electric arc in the welding process. Skin exposure to UV can result in
severe burns, in many cases without prior warning. UV radiation can also
damage the lens of the eye. Many arc welders are aware of the condition
known as “arc eye,” a sensation of sand in the eyes. This condition is
caused by excessive eye exposure to UV. Exposure to ultraviolet rays may
also increase the skin effects of some industrial chemicals (coal tar and
cresol compounds, for example).
• Infrared radiation. Exposure
to infrared radiation (IR)
produced by the electric arc
and other flame-cutting
equipment may heat the skin
surface and the tissues
immediately below the
surface. Except for this effect,
which can progress to thermal
burns in some situations,
infrared radiation is not
dangerous to welders. Most
welders protect themselves
from IR (and UV) with a
welder’s helmet (or glasses)
and protective clothing.
• Intense visible light.
Exposure of the human eye to
Welding and other hot work produce intense visible
intense visible light can
light, infrared radiation, and ultraviolet radiation, all of
produce adaptation, pupillary them requiring proper PPE.
reflex, and shading of the
eyes. Such actions are protective mechanisms to prevent excessive light
from being focused on the retina. In the arc welding process eye exposure
to intense visible light is prevented for the most part by the welder’s
helmet. However, some individuals have sustained retinal damage because
of careless “viewing” of the arc. At no time should the arc be observed
without eye protection.
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Heat Stress
In a disaster response you might have to work in environments with very high
temperatures. Prolonged exposure to hot, humid conditions can cause serious
health problems. Heat-related illnesses can result if you are not aware of the risks,
the warning signs, and what to do about treating the illness before it worsens.
In addition to knowing the conditions likely to cause heat-related illnesses, you
must also know the factors that tend to increase your risks. It is not always easy to
predict who can be affected by heat conditions. It involves more than just how hot
it is. Age, weight, degree of physical fitness, degree of acclimatization to heat,
body metabolism, the use of alcohol or drugs, medical conditions such as high
blood pressure, excessive caffeine use, and low-salt diets all can affect how a
body handles heat. Prior heat injury also increases the chance that someone will
develop a heat-related illness again.
You also must consider environmental factors besides temperature. Radiant heat,
air movement, conduction, and humidity all play a role in your response to heat.
And if you’re wearing PPE that prevents sweat from evaporating, then windy
conditions don’t necessarily reduce your risk of heat illness by cooling you.
Why Heat Stress Causes
Health Problems
The body has mechanisms to rid
itself of excess heat and to keep
internal temperatures at a level
that is normal for efficient
metabolism and body functions.
The body reacts to high external
temperatures by circulating more
blood to the skin. This increases
skin temperature, but the body
can give off that excess heat
through the skin. However, if
muscles are being used in
Victim of heat stress.
physical work, blood must go to
the muscle groups to allow for increased movement. That means less blood goes
to the skin, and less heat can be released from the body.
Sweating also eliminates heat from the body. Evaporation of sweat from the body
has a cooling effect, but humidity must be low enough to actually permit the
evaporation. Remember too with sweating that fluids and salts must be replaced,
or you might become dehydrated.
The body may not be able to eliminate excess heat. Working too long in the heat
without cooling down or having certain medical conditions does not let the body’s
metabolism reduce core temperatures. When core body temperature rises, your
heart rate increases. You begin to lose concentration and have difficulty focusing
on a task, putting you at even more risk on the job.
18 HEALTH
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Heat-related health risks can be very
dangerous. Recognizing the warning
signs and symptoms of heat-related
conditions will help you avoid the
illnesses and consequences of working
in risky heat environments at disaster
sites. Read the following heat stress
illnesses and pay attention to the causes,
warning signs, treatments, and
consequences.
Heat Stroke
Heat stroke is the most serious heatrelated illness. It occurs when the body’s
temperature rises to critical levels. This
is a medical emergency, and you must
receive immediate medical attention
because heat stroke can result in death.
Here are signs and symptoms of heat
stroke:
Scorching conditions increase the risks for
heat stroke.
• Confusion
• High body temperature
• Loss of consciousness
• Convulsions
• Lack of sweating (the body is no longer able to cool itself)
• Hot, dry skin with a red, mottled, or bluish appearance
• Dizziness, nausea
• Coma
Here are OSHA-recommended treatments for heat stroke from its Technical
Manual for Heat Stress:
• Obtain professional medical treatment immediately.
• Place the victim in a shady area.
• Remove any outer clothing.
• Wet the worker’s skin and make sure air circulation around the person
allows for evaporation and cooling of the skin.
• Replace fluids as soon as possible.
IMPORTANT: Victims of heat stroke will die unless treated promptly. Heat
stroke conditions and recovery are difficult to assess. Even if the person appears
to recover, have a medical professional evaluate the individual. He or she should
receive a “fit for duty” assessment before returning to work.
Heat Exhaustion
Not as serious as heat stroke, heat exhaustion can still cause uncomfortable
symptoms and should not be taken lightly. Heat exhaustion responds more
quickly to treatment than heat stroke but is still a serious condition because the
fainting that often goes along with heat exhaustion can occur while you are
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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operating machinery. The symptoms for heat exhaustion are similar to heat stroke.
Do not assume that you or a coworker has heat exhaustion when it could just as
likely be heat stroke, a medical emergency. Err on the side of caution, and think
heat stroke.
Here are symptoms of heat exhaustion:
• Headache
• Nausea
• Vertigo
• Extreme weakness
• Thirst
• Clammy skin
Here are OSHA-recommended treatments for heat exhaustion:
• Place the victim in a shady area.
• Make sure the person is not dehydrated and replace lost fluids if
necessary.
• Make sure the worker rests and recovers adequately before returning to
work.
Heat Cramps
Heat cramps occur when you perform
continual hard physical labor in a hot
environment. The cramps are caused by
an imbalance in the body’s blood
electrolytes because of excessive
sweating. Sweating removes water from
the body and leaves the salts. Excess salt
concentration can result in muscle
cramping.
Here are symptoms of heat cramping:
• Severe muscle cramping
• Thirst from fluid loss (cannot be
used alone as a guide for heat
cramps)
Here are OSHA-recommended
treatments for heat cramps:
• Replace fluids lost by sweating.
• Drink commercially available
carbohydrate-electrolyte
replacement liquids to reduce
cramping.

Beware of heat cramps when working in a hot
environment.

Heat Collapse
Heat collapse is “fainting” as the brain does not get enough oxygen because of the
heat. Blood pools in extremities, and you might lose consciousness.
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Heat collapse can come on quickly and without much warning. Be aware of
conditions that may cause heat fainting and take appropriate action to prevent it.
Staying mindful of fluid replacement can go a long way toward preventing the
collapse. Taking breaks in shaded areas if possible will also help prevent heat
collapse as well as the other forms of heat-related illnesses. If a person has
fainted, loosen the clothing as well.
Heat Rash
Heat rash is the most common heatrelated condition. It occurs when
sweat is not removed from the skin
by evaporation. Wiping off with
cool water during breaks, changing
clothes after your work shift, bathing
as soon as possible, and not wearing
the same sweaty clothes again until
laundered can prevent heat rash.
Here are signs and symptoms of heat
rash:
• Red papules on the skin
• Reddish areas without papules
• Prickly sensation at rash sites

A heat rash on the arm.

Heat papules may become infected if they are not treated. They usually disappear
when you return to a cooler environment. Infection can occur if the papules are
scratched and opened.
Case Study
The Kern County coroner has confirmed that heat stress caused the July 9 death of
a 42-year-old man who was loading table grapes for much of the day in a
Bakersfield-area vineyard. Temperatures that day reached 108 degrees.
California occupational safety specialists—who were studying the fatality as
possibly heat-related—will continue to investigate the circumstances of the man’s
death and his working conditions, a Cal-OSHA spokeswoman said.
Sacramento Bee: http://nl.newsbank.com/nlsearch/we/Archives?p_product=SB&p_theme=sb&p_action=search&p_maxdocs=2
00&p_topdoc=1&p_text_direct-0=122C38CD74E27B90&p_field_direct0=document_id&p_perpage=10&p_sort=YMD_date:D&s_trackval=GooglePM
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Work Practices
There are quite a few work practices that can greatly reduce the chance that you
or a coworker will develop heat stress illnesses. Some may seem like common
sense, but you probably know friends who ignore some of them while they are in
the middle of a job. Read the following recommendations for working in a hot
environment. Do you and your coworkers always follow these recommendations?
• Drink small amounts of
water frequently to replace
body fluids lost through
sweating.
• Wear light-colored, loosefitting clothing whenever
possible.
• Schedule heavy work during
the coolest parts of the day.
• Take your breaks in the
shade if possible.
• Avoid caffeine and alcohol.
Drink lots of fluids to avoid dehydration.
• Be aware that personal
protective equipment may increase the risk of heat stress.
• Use a sunscreen with a sun protection factor (SPF) of at least 30. This
won’t protect you from the heat stress illnesses listed above, but they will
feel worse if you also have a sunburn.
• Take advantage of training programs that will help you understand the
hazards of heat stress, treatments, and the use of protective clothing.
Case Report
A farm labor contractor was fined $77,900 for violations of heat illness prevention
regulations. The fines resulted from an investigation of the death of an employee of
Merced Farm Labor Contractor who worked for nine hours with little water and no
shade.
Just one month before, OSHA had issued citations and fines of $262,700 against
the same company and had referred the case to the local district attorney for
possible criminal prosecution.
Citations were issued for failure to provide heat illness prevention training, failure to
provide access to a shaded area for recovery periods of no less than five minutes,
and failure to have medical response procedures in place. The company has now
been ordered not to operate until it can prove compliance with OSHA heat
regulations.
YubaNet.com: http://yubanet.com/california/Cal-OSHA-Cites-and-Fines-FarmLabor-Contractor-for-Heat-Illness-Prevention-Regulation-Violations.php
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Cold Stress
You might think disasters are more likely in warm weather months thanks to
natural disasters such as hurricanes or tornados. Your disaster site work might be
just as likely to occur in the cold. You might have to respond to natural
phenomena like blizzards, but think about other kinds of disasters: fires, building
collapses, explosions—time of the year doesn’t matter. You might have to work
in cold and freezing temperatures. Construction or demolition work at disaster
sites often involves adverse temperature environments.
Prolonged
exposure to cold
temperatures can
cause serious
health problems.
If you take certain
medications; have
illnesses such as
diabetes, high
blood pressure, or
heart disease; or
are in poor
physical
condition, you
face an even
greater risk of
adverse effects.

Cold weather work requires extra protection.

Many workers think cold stress injuries and illnesses happen only in Alaska or
very cold, mountainous areas. Workers in places where seasons change are
actually more likely to suffer cold-related health issues because they are not as
accustomed or acclimated to the climate. Acclimatization is the body’s adaptation
to changes, such as temperature, in the climate or environment. If the body has
not adjusted to the different temperature and you are not properly prepared for a
sudden change in the weather, serious health conditions can occur.
Cold stress results when the body is unable to warm itself. Four factors contribute
to cold stress conditions:
• Cold air temperature
• Wind chill
• Air humidity
• Contact with cold water
Wind chill is the effect of the wind speed on how cold the air actually feels. Wind
chill can have a great effect on the temperature where you THINK you are. For
example, if you are working in air temperatures of 40 degrees Fahrenheit and the
wind speed is 35 miles per hour, you feel like you are working in air temperatures
of 11 degrees. You have to prepare for work very differently for the much colder
wind chill temperature.
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Wind Chill Chart
Wind
(mph) 35
5
32
10
22
15
16
20
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25
8
30
6
35
4
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3
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9
4
1
-2
-4
-5
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2
-3
-7
-10
-12
-13
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3
-5
-10
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Temperature (° F)
15 10 5
0 -5
11 6
0 -5 -10
-3 -9 -15 -22 -27
-11 -18 -25 -31 -38
-17 -24 -31 -39 -46
-22 -29 -36 -44 -51
-25 -33 -41 -49 -56
-27 -35 -43 -52 -58
-29 -37 -45 -53 -60

-10
-15
-34
-45
-53
-59
-64
-67
-69

-15
-21
-40
-51
-60
-66
-71
-74
-76

-20
-26
-46
-58
-67
-74
-79
-82
-84

-25
-31
-52
-65
-74
-81
-86
-92
-92

If you were working outside one day in 25 degrees F temperatures and the wind
speed was a mere 15 miles per hour, the “real feel” temperature would be a very
cold 2 degrees F. You need to make sure you take precautions to protect yourself
against cold stress illness.

As with heat stress, cold-related health risks
can be dangerous. Many people think that cold
stress illnesses can happen only in severely
cold temperatures. Cold stress can happen in
temperatures well above freezing and occurs
whenever the body cannot maintain a
temperature for normal metabolic functions.
Recognizing the warning signs and symptoms
of cold-related conditions will help you avoid
the illnesses and consequences of working in
cold environments. Read the following cold
stress illnesses and pay attention to the causes,
warning signs, treatments, and consequences.
Hypothermia
Hypothermia occurs when more heat escapes
from your body than your body can produce.
Your body has several ways to conserve heat
in colder temperatures. Blood flow shifts from Prolonged exposure to cold
your hands, feet, arms, and legs to your body
temperatures can cause hypothermia.
“core” (chest and abdomen). If temperatures
are too low for your body to adjust, you are at risk for hypothermia. Severe
hypothermia can lead to death.
NOTE: Certain medications can affect the body’s ability to maintain normal
temperatures. Antidepressants, sedatives, and tranquilizers are a few of the
medicines that can make it harder for the body to produce heat.
There are three stages of hypothermia:
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•
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Stage 1—Body temperature drops by 1.8-3.6 degrees Fahrenheit.
o Shivering occurs.
o Hands become numb and cannot perform tasks.
o Breathing is quick and shallow.
o Goose bumps form.
o Victim may feel warmer, but they are heading into Stage 2.
Stage 2—Body temperature drops by 3.8-7.6 degrees Fahrenheit.
o Movements are slow.
o Mild confusion is apparent.
o Victim becomes pale while lips, ears, fingers, and toes become
blue.
Stage 3—Body temperature is now below 89.6 degrees Fahrenheit.
o Shivering stops.
o Speaking is difficult, thinking is sluggish, and amnesia may occur.
o Cellular processes shut down.
o Exposed skin becomes blue and puffy.
o Walking is almost impossible.
o At near-end Stage 3 most organs fail, and clinical death occurs.
Brain death will take longer than organ failure.

For mild hypothermia OSHA recommends the
following:
• Move the worker to a warm area and try
to get him or her to stay active.
• Do not leave the worker alone.
• Remove any wet clothing and replace
with dry clothes or blankets, and cover
the head.
• Drink a warm, but not hot, sugary,
caffeine-free drink.

Important Note
An important rule of
treatment for
hypothermia is that a
person is not
considered dead until
he/she is warm and
dead. There are many
accounts of hypothermic
patients who were
considered dead but
recovered when they
warmed up. The low
temperatures prevent
tissue damage that
would have occurred if
blood flow was cut off for
a long period of time.

For severe hypothermia:
• Do all of the above and contact
emergency medical personnel.
• Cover all extremities completely.
• Place warm objects such as a hot pack or
water bottles on the victim’s head, neck, chest, and groin. Arms and legs
should be warmed last.
• Treat the worker very gently.
• Hospital treatment is required.
Frostbite
Frostbite occurs at temperatures of 30 degrees F or lower, but wind chills can
allow frostbite to occur at above freezing temperatures if skin freezes and loses
water. Frostbite affects body extremities because blood flow has been directed to
the core body organs because of cold temperatures. Workers have to be careful
not to touch very cold metals with bare skin. Skin adheres to cold metals, and
injuries can result if the skin is torn away from the fingers or hands.
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Here are signs and symptoms of
frostbite:
• Stinging or aching of hands or
feet followed by numbness.
• Skin color becomes red, then
purple, then white.
• Skin may blister.
Important: Permanent damage can
result from frostbite if not treated
immediately.

Early stage of frostbitten fingers.

Here are OSHA-recommended treatments for frostbite:
• Contact medical personnel.
• Do not rub the affected areas.
• Move the person to a warm area and do not leave the person alone.
• Wrap the area and do not let it get cold again. Warming and recooling will
cause severe tissue damage.
• If help is delayed, immerse in warm (maximum 105 degree F) water. Do
not pour warm water directly on the affected part. If there is a chance that
the affected part will get cold again, do not warm.
Trench Foot
Trench foot occurs because of prolonged exposure to damp, unsanitary, and cold
conditions. It was quite a problem for soldiers in the trenches during both World
Wars, Korea, and in Vietnam.
Here are signs and symptoms of trench
foot:
• Tingling, itching, or burning
sensations in feet.
• Blisters may be present.
Treatment for trench foot is similar to the
treatment for frostbite. Take the following
steps recommended by OSHA:
• Soak feet in warm water, then wrap
with dry cloth bandages.
• Drink a warm, sugary drink.
• Obtain medical assistance.

Early stage of trench foot.

Chilblains
Chilblains is an ulcer that forms from exposure to cold and humidity. It is often
confused with frostbite and trench foot, but can indicate more serious medical
conditions. The redness and itching typically occurs on cheeks, ears, fingers, and
toes.
Here signs and symptoms of chilblains:
• Redness
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Itching
Possible blistering
Inflammation
Possible ulceration in severe cases

Here are recommended treatments for
chilblains from the National Institute for
Occupational Safety and Health:
• Seek medical care.
• Avoid scratching
• Slowly warm the skin.
• Use anti-itch corticosteroid creams
to relieve itching and swelling.

Chilblains-affected toes.

Work Practices
Follow these practices at a disaster site to prevent a cold stress injury:
• Always be prepared for weather changes if there is a potential for cold
exposure.
• Always have appropriate clothing and personal protective equipment on
cold jobsites. Wear at least three layers of clothing. The outer layer breaks
the wind, the middle layer
provides insulation, and an
inner layer allows
ventilation. Don’t wear
tight-fitting layers; loose
clothing allows better
ventilation. Wear insulated
footwear.
• Wear a hat because 30
percent of body heat is lost
through your head.
Wear layers of clothing to protect yourself in cold
weather.
• Drink plenty of liquids but
avoid caffeine and alcohol.
• Watch out for coworkers’ symptoms of cold stress illnesses.
• Eat high calorie foods to maintain energy reserves.
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Noise
Noise-induced hearing loss is one of the
most common occupational illnesses. Each
year almost 30 million people are exposed
to hazardous noise. Disaster site work
certainly can expose you to dangerous
levels of noise from all the equipment
being used.
OSHA standards and guidelines specify
noise limits, noise monitoring programs,
employee medical surveillance, and
control options for different levels of noise
in the workplace. These same standards
apply for disaster site work. It’s a
workplace too.

Headsets for ear protection.

Health Effects
The health effects of noise depend on how loud the sound is and how you are
exposed to it. Sound intensity is measured in decibels (dB). Hearing damage from
loud noises has a cumulative effect; hearing loss gets worse over time. OSHA has
guidelines for noise exposure for the maximum amount of time workers can be
exposed to continuous high sound levels.
At sounds of 90 dB (decibels) or greater, you are required to use hearing
protectors to help prevent hearing loss because of noise exposure. Take a good
look at the following chart. The louder the sound, the greater the risk, and the
shorter amount of time you should work in the noisy environment, even while
wearing hearing protectors.
OSHA Guidelines
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Sound Level

Duration Per Day

90 dB

8 hours

91.5 dB

6 hours

93 dB

4 hours

94.5 dB

3 hours

96 dB

2 hours

97.5 dB

1½ hours

99 dB

1 hour

102 dB

½ hour

105 dB

¼ hour or less

105+ dB

extreme risk
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Noise-related hearing loss is only one health effect of excessive noise exposure on
the job. Here are some others:
• High blood pressure
• Sleep disturbances
• Changes in the immune system
• Cardiovascular impacts
• Stress and anxiety
• Aggression and antisocial behaviors
• Muscle tension
• Headaches
• Ulcers
Aside from the physical health effects, there are also significant communication
and performance effects. Irritability, difficulty concentrating, absenteeism, and
accidents result from increased noise exposure. An effective noise monitoring and
control policy, even at a disaster site, reduces many of the adverse health risks
associated with noise exposure and also improves productivity.
Requirements
According to OSHA standards, if the noise exposure
equals an eight-hour time weighted average of 85
decibels on the A-scale (dBA), an employer must
have an effective hearing conservation program. For
this reason that 85 dBA level is also called the
“action level.”
At 90 dBA all reasonable measures must be taken to
reduce the noise exposure. If reasonable engineering
and work practice controls do not sufficiently lower
the noise exposure, those controls must be used with
personal protective equipment.

Hardhat with hearing
protection.

A hearing conservation program must be
implemented for employees exposed to
noise levels above the 85 dBA level. The
program must consist of exposure
monitoring, audiometric (hearing)
monitoring, hearing protection, employee
training, and recordkeeping.
Baseline audiograms are required within six
months of employment and must be
performed and evaluated by a professional
Noise level measurement.
certified in audiology. Any employee with
hearing loss will be fitted with hearing protection; training programs for correct
use of the protection are OSHA required.
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Work Practices
Hearing loss is one of the top three occupational
illnesses in the United States. The most common
reason that hearing loss continues even in the
presence of hearing protection programs is that
workers do not always wear their hearing PPE. If
you cannot find hearing protection, if you do not
know how to wear it properly, or if the hearing
protection choices aren’t comfortable, you probably
won’t wear it.

A common sign on jobsites.

Work with the engineering controls that are used at the disaster site to reduce
noise levels or your exposure to the damaging noise. Pay attention to training
programs that should alert you to the dangers of noise exposure and use the
correct hearing protection for your job. For instance, if the equipment you operate
subjects you to high levels of noise and you are required to wear ear plugs, wear
them! Make sure too that your PPE fits properly for maximum benefits.
Follow these safety guidelines from OSHA to reduce noise:
• Place chippers, generators, and other noisy equipment at a distance or
behind a barrier when possible.
• Move noisy operations to isolated areas or away from other tasks or
operations.
• Locate work areas such as observation towers, office trailers, and break
areas away from noisy operations.
• Keep unnecessary response and recovery workers out of areas near noisy
operations
• Provide enclosed cabs on heavy equipment.
• Collect noise monitoring data to determine if employees are exposed to
noise levels that exceed 90 dBA.
• Use hearing protection as required when working around potential noise
sources such as heavy equipment, debris chippers, chainsaws, and
jackhammers. Wear hearing protection when working around potential
noise sources and when noise levels exceed 90 dBA. Here’s a useful rule
of thumb: If you cannot hold a conversation in a normal speaking voice
with a person who is standing at arm’s length (approximately 3 feet), the
noise level may exceed 90 dBA.
• Implement a hearing conservation program when noise levels exceed
permissible levels at the site.
Case Report
Included in numerous health and safety violations given to a Houston company was
a serious citation of $5,000 for subjecting employees to sound levels exceeding
those listed in OSHA’s guidelines. A serious violation is defined as one which could
cause physical harm. “Administrative and/or engineering controls were not utilized
to reduce noise levels,” said John Lawson, OSHA’s area director at the Houston
North Area office. “Employee exposure to high noise levels in the workplace is
preventable.”
http://www.healthandsafety.co.uk/4-25-2003-twoOSHA.html
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Asbestos
Asbestos poses a significant health hazard to workers exposed to it. Heaviest
exposures occur when construction or general contracting jobs call for the
removal of asbestos during renovations or demolitions. In disaster site work it’s
always possible that you might be working around asbestos.
Asbestos is a mineral fiber mined from the earth. It is composed mainly of six
minerals: chrysolite, amosite, crocidolite, anthophyllite, tremolite, and actinolite.
All types of asbestos minerals are known to be highly toxic because of their
tendency to break into tiny fibers, which enter the body by inhalation or ingestion
and can cause a variety of debilitating or fatal conditions. Many uses of asbestos
have been banned in numerous countries since the mid-1980s.
Having a good working knowledge of asbestos risks and the standards that
regulate the handling of asbestos will let you protect yourself and avoid the
negative consequences to your health that can occur from asbestos exposure.
Health Effects
Asbestos is a known carcinogen. When
asbestos fibers are inhaled or ingested, they
become embedded in body tissues and
increase the risk of both lung cancer and
mesothelioma, a cancer of the thin lining
surrounding the lung or abdominal cavity.
Exposure to asbestos can have no immediate
Safe removal of asbestos-containing
negative health effects, but cancer can show
materials.
up years later. Some studies have also
suggested that exposure to asbestos can increase the incidence of cancer of
stomach, intestines, esophagus, pancreas, and kidneys, but this has not been
proven yet. Asbestosis, a scarring of the lungs, develops 7-30 years after exposure
and progresses to disability and death.
Early identification and treatment can extend the survival of an individual and
improve the quality of life, but learning how to reduce the risks of asbestos in
work environments and prevent the development of cancers is the optimal goal of
the OSHA standards and requirements for employers and employees.
Permissible Exposure Limits (PELs)
OSHA has defined two exposure limit provisions for asbestos:
• Employee exposure to asbestos must not exceed 0.1 fiber per cubic
centimeter (f/cc) of air, averaged over an 8-hour work shift.
• Short-term exposure must also be limited to not more than 1 f/cc, averaged
over 30 minutes.
Rotation of employees to achieve compliance with either permissible exposure
limit is prohibited.
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Regulations
In addition to the PELs, OSHA also has a number of specific recommendations
for work that involves handling asbestos. These recommendations are divided into
separate categories and apply at disaster site work the same as at a regular
workplace. Read the following OSHA categories for asbestos work regulations
and some examples of provisions under that category. Were you aware of these
administrative controls for the safe handling of asbestos?
Exposure Monitoring
• Employers must perform initial monitoring for all employees who are
or are expected to be exposed to airborne asbestos at or above the PEL
unless the monitoring results meet all other standards or if the data
demonstrates that asbestos is not capable of being released at that job
in concentrations at or above the PEL. See OSHA guidelines for
specifics.
Medical Surveillance
• The employer must provide medical
surveillance for all employees who are
or will be exposed to concentrations of
asbestos at or above the PEL and/or EL.
All medical exams and procedures must
be performed by a licensed physician.
All exams will be provided at no cost to
the employee. The examinations must
be made available yearly.
• Upon termination of employment, the
employer must provide an ending
medical exam to the employee within
30 days before or after the date of
termination unless the employee has
been examined within the last year.
• The employer must provide the
physician a copy of the OSHA
standard. The physician provides a
written report to the employer, and the
employee receives a copy of the report
within 30 days.
Recordkeeping
• The employer must keep an accurate
record of all exposure measurements
for 30 years.
• The employer must maintain an
accurate record for each employee for
the time of employment plus 30 years.
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Case Report
Cambria Contracting is
facing $484,000 in
potential penalties from
the U.S. Occupational
Safety and Health
Administration for failing to
train and protect workers
in the hazards of asbestos
during a debris cleanup at
the former AM&A’s
warehouse in Buffalo.
The workers, who
allegedly had not been
told that asbestos was
present at the work site,
also lacked proper
respirators and protective
clothing, OSHA charged.
The federal agency also
alleged that the Lockport
contractor failed to
determine the level of
asbestos exposure that its
workers were subjected to
and did not set up a
regulated work area for
handling and removing the
asbestos.
Buffalo News:
http://www.buffalonews.co
m/145/story/878818.html
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Regulated Areas
• A regulated area must be established wherever airborne concentrations
of asbestos exceed the PEL and/or EL. Only authorized personnel are
to be allowed inside the regulated areas, and all authorized personnel
are required to wear an appropriate respirator.
• No smoking, eating, drinking, chewing tobacco or gum, or applying
cosmetics is permitted in a regulated area.
Control
• Use local exhaust ventilation and dust collection systems.
• If local exhaust cannot be used, use personal protective equipment and
NIOSH-approved respiratory protection.
• Work with asbestos in a wet state to prevent the worst fiber exposure.
• Do not remove cement, mortar, grout, plaster, or other materials
containing asbestos from cartons without wetting.
• Communicate all information on the health and safety hazards of
asbestos to workers according to the OSHA hazard communication
standard, 29 CFR 1910.1200.
Work Practices
There are quite a few general work practices covered under the OSHA standard
for working with asbestos in construction. Consider the following
recommendations to ensure a safe work environment for you and your coworkers.
• If your clothing becomes contaminated with asbestos, wash and change
clothes as soon as possible.
• Do not take contaminated clothing home. Family members could be
exposed to asbestos. The employer must provide clean protective clothing
and equipment at least weekly.
• Use a vacuum with a high efficiency particulate air (HEPA) filter or a wet
method to reduce asbestos dust during cleanup.
• Use a respirator in all situations where work practice controls are not yet
sufficient to reduce exposure to or below the PEL and/or EL. This
situation could be very likely early in a disaster response operation.
• Make sure your respirator fits properly and that you have chosen the
proper respirator for your work needs.
• Wear protective clothing, such as coveralls, head coverings, gloves, and
foot coverings. Vented goggles or face shields may also be needed.
• Change rooms and lockers must have separate facilities—one for storing
contaminated clothes and one for your street clothing.
• Shower at the end of the shift and do not leave the work area wearing any
contaminated clothing.
• Keep all surfaces in the work environment as free of asbestos dust or
waste as possible.
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Diesel Exhaust
Diesel exhaust is a
widespread airborne
pollutant in many
industrial workplaces.
At a disaster site
operation you very well
could spend a lot of
time around heavy
equipment that uses
diesel fuel. Emissions
are made up of
thousands of gases,
vapors, and fine
particulate matter.

Heavy equipment releases diesel fumes.

There are currently no standards that deal with diesel exhaust as a separate hazard.
However, there are specific standards for dealing with the various chemical
components of diesel fuel and exhaust. Under OSHA‘s Hazard Communication
standard, diesel fuel manufacturers must include information about the fuel’s
cancer-causing potential on their diesel fuel material safety data sheets (MSDS).
Short-term health effects from diesel fuel include the following:
• Irritations of the eyes, nose, and throat
• Dizziness
• Heartburn
• Wheezing and tightness in the chest
• Headache
• Vomiting
• Tingling in the arms and legs
Irritated eye.

Longer term health effects include:
• Increase in risk for lung cancer and bladder cancer.
• Possible heart problems.
• Increase in respiratory illnesses, such as asthma.
Case Report
A study has shown that the ports of Los Angeles and Long Beach are increasing
the risk of cancer from diesel fumes emitted by harbor industries. The risk extends
not only to the port area, but many miles inland. Lung cancer, usually fatal, was
found to be the primary risk from diesel fumes. An earlier study had shown that
diesel fumes accounted for 71 percent of the cancer risk associated with air
pollution in the Los Angeles area.
http://articles.latimes.com/2005/oct/05/local/me-air4
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Controls and Work Practices
Not all the same control strategies can be used at all worksites, but there are some
control and work practices that you can do to reduce your exposure to diesel
fumes even though you have to work around them:
• Use low-sulfur diesel fuel that reduces irritating sulfur emissions and
engine maintenance costs.
• Add exhaust filtration devices to engines to capture some exhaust before it
enters the workplace. These devices include disposable diesel exhaust
paper filters and particulate ceramic filters.
• Direct the exhaust away from the operator of the vehicle and nearby
workers.
• Install catalytic converters to reduce carbon monoxide, aldehydes, and
hydrocarbons. (Only use these with low-sulfur fuel.)
• Ventilate if using diesel equipment indoors. Use roof vents and fans and
open doors and windows.
• Use HEPA filters to reduce operators’ exposure to diesel fuel.
• Service engines regularly to keep exhaust emissions down.
• Turn off engines when not using the equipment.
• Respirators are only a short-term fix. Primary controls such as ventilation
systems should be implemented.

Dust
Dust is tiny solid particles
carried by the air that is
formed from processes that
grind, crush, or impact the
original material. The effects
of dust depend on the
original material; if the
original material is
hazardous, the dust will be
hazardous. Dusts such as
silica or asbestos are toxic
and can be carcinogenic.
Dust at a hazardous waste site.
However, any dust can
become a health problem if large amounts are inhaled or if smaller amounts are
inhaled over time. Needless to say, dust can be a real problem in disaster site
work.
Nuisance dust is dust that contains less than 1 percent quartz. It has few adverse
health effects, and symptoms are usually reversible.
The size of the dust particle is an important consideration. Some particles are so
large, they settle almost immediately, while others remain in the air indefinitely.
(Dust is measured in micrometers, also known as microns.)
Dust can be classified according to how far it penetrates into the body:
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•

•
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Respirable dust—dust particles small
enough to penetrate the nose, the upper
respiratory system, and deep into the lungs.
These particles stay in the body because
they are too deep to be eliminated by the
body’s natural mechanisms.
Inhalable dust—dust that is trapped in the
nose, throat, and upper respiratory tract.
This dust can be eliminated by the body.
Total dust—all airborne particles,
regardless of size or composition, to
which a worker is exposed.

Dust particles are minute.

Health Effects
Not all dusts produce the same kinds of health hazards. Factors such as dust
composition, concentration, particle size and shape, and worker exposure time
determine how severe the effects will be.
Health effects from dust exposure include:
• Occupational respiratory diseases. The general name for dust-related lung
diseases is pneumoconiosis. Some serious work-related types of
pneumoconiosis include:
o Silicosis—a lung disease caused by exposure to the dust of quartz
and other silicates. This is an irreversible lung disease that
progresses even if you are removed from the silica exposure.
o Black lung—a lung disease caused by exposure to coal dust
particles.
o Asbestosis—a lung disease caused by asbestos fibers. This is also
an irreversible lung disease.
• Irritation to eyes, ears, nose, throat, and skin.
Related health hazards of working with dust on the job include:
• Risk of dust explosions.
• Fire and damage to equipment.
• Impaired visibility.
Controls
Dust control systems reduce adverse health effects, minimize equipment damage,
and increase visibility on the job.
Three major steps to reducing dust are:
1. Prevention. Surely not all dust can be prevented at a disaster site, but
being aware of the need to reduce dust production when possible can go a
long way.
2. Control systems. Dust on a worksite can be controlled by three main
methods:
• Dust collection systems—consist of industrial ventilation systems
to capture airborne dust from the source and transport it to a dust
collector.
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Wet dust suppression systems—keep the material wet to reduce
the tendency to generate dust. Water is usually applied in this
method, but there are also emulsion solutions available that bind to
the material and prevent most of it from becoming airborne.
• Water—can be sprayed on the dust cloud to reduce the amount of
dust in the air. Dust particles stick to the atomized water and
become too heavy to stay in the air. Dust that falls on the ground
can be removed at the end of each shift.
3. Dilution-Isolation. Dilution reduces the dust concentration.
Uncontaminated fresh air is pumped in to dilute the dusty air. This is not
the most effective way to deal with the health hazard but can be used when
other methods do not apply. Isolation does nothing to remove the dust, but
it isolates the worker in an enclosed workplace and pumps in clean,
filtered air.
•

Controlling dust protects workers from adverse health effects and also has other
beneficial effects for the workplace. The possibility of dust explosions and fires is
reduced, worker visibility is increased, accident risks are reduced, and cleanup
and maintenance costs are more manageable.

Lead
Exposure to lead is one of the leading
causes of workplace illness in the
United States. Lead causes irreversible
neurological damage as well as kidney
disease, cardiovascular effects, and
reproductive problems. Blood lead
levels that were once thought to be safe
are now, with new evidence, considered
hazardous. There is no safe threshold for
lead exposure.
Work area warning sign.

Occupational Exposure
Lead overexposures usually occur around plumbing, welding, iron work,
demolition work, heating and air conditioning, carpentry, renovation, and painting
work. Lead is used for roofs, cornices, tank linings, and electrical conduits. You
may do many of those kinds of jobs at a disaster site. Lead has been banned for
many uses because of its toxic health effects. Soft solder for plumbing
applications has been banned, and lead is not allowed in paints used for residential
applications. It is still used for bridges, railroads, ships, and lighthouses because
of its corrosion-resistant property.
The employer is responsible for the development and implementation of a worker
protection program in accordance with 29 CFR 1926.20 and 29 CFR 1926.62(e).
The permissible exposure limit is 50 micrograms per cubic meter of air (µg/m3)
averaged over an eight-hour work shift. In addition, OSHA requires blood testing
to be conducted and the worker removed from the work environment if the blood
lead level exceeds the set amount.
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Case Report
OSHA has cited bridge and water tower painter UCL Inc. in Cincinnati with alleged
willful, egregious and serious violations of federal workplace safety and health
standards for exposing workers to lead. Proposed fines total $321,000.
Hazards identified as willful allege a variety of violations of the federal lead in
construction standard, including a lack of appropriate respirators and protective
clothing, failing to maintain eating areas free of lead contamination and failing to
remove lead dust from equipment before workers entered designated eating
areas. Four of the willful violations, relating to the employer’s failure to provide
clean protective clothing to workers on a daily basis, are also classified as
egregious. Two serious violations address an inadequate lead compliance
program and failing to provide adequate hand washing facilities for employees.
http://hr.cch.com/news/safety/112509a.asp

Health Effects
Lead exposure occurs through inhalation of fumes and dusts or ingestion as a
result of lead-contaminated hands, foods, drinks, tobacco products, or clothing.
Workers can also take lead home on their clothes or in their cars, exposing family
members to negative health effects. Lead poisoning, neurological effects, and
mental retardation have occurred in children of employees who work in
construction occupations. Symptoms of lead poisoning include:
• Headaches and irritability.
• Tiredness and trouble sleeping.
• Stomach problems, constipation, and colic.
• Permanent kidney and brain damage.
• Impotence and infertility.
• Aching, weakness, and tremors in the arms and legs.
• High blood pressure.
• Anemia.
Controls
There are quite a few controls that can be implemented to reduce the risks of lead
hazards at a disaster site operation:
• Exhaust ventilation. Have adequate ventilation systems in place to direct
and collect the lead dust or fumes, and use collection shrouds and highefficiency particulate air filters on tools.
• Isolation. Keep employees not involved in blasting operations as far away
as possible during the blasting work.
• Establish a regulated area. Post hazard warning signs with information
in the work area.
• Conduct ongoing education and training programs. Communicate
information on lead health hazards and review safety procedures.
Work Practices
• Use appropriate personal protective equipment.
• Remove accumulations of lead dust and debris daily.
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Use HEPA filters on vacuuming equipment or wet with water before
sweeping.
Equip cleanup workers with respiratory protection and protective clothing.
Seal lead debris into impermeable bags.
Label waste bags as hazards.
Employees must use washing facilities and clean change areas.
Use separate and non-contaminated areas for eating.
Workers should park their cars where cars will not be contaminated with
lead to reduce the chances of taking lead from the worksite.
Employee street clothes must be stored separately from protective work
clothing; work clothing must not be worn away from the job. Workers
who do not change their clothes before leaving a jobsite may
contaminate their cars and homes and expose family members to
health hazards.
There should be no eating, drinking, smoking, or applying cosmetics in
lead-contaminated areas.
At the end of a work shift, workers should dispose of protective clothing
in a closed container.
Workers should get clean, dry protective work clothing and equipment at
no cost.

Mold
Public awareness about
the health effects of
mold has increased
because of the
widespread damage
caused by natural
disasters such as
Hurricane Katrina and
the numerous tornadoes
that strike the Midwest.
Safe mold remediation
and the demolition of
buildings and homes too
far damaged for
remediation requires that
workers be aware of the
Mold remediation in a flood-damaged home.
health risks concerning
mold and how they can reduce their risks.
Molds are fungi that can be found anywhere—inside or outside—all year round.
They are the most common type of fungi. Molds reproduce by spores. When
spores land on a surface with water and oxygen present, they begin to grow and
will eventually digest the material. Molds can grow especially well on wet
cellulose materials, including paper and paper products, cardboard, ceiling tiles,
wood, and wood products.
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It is impossible to eliminate all
sources of mold in a building or
home. Moisture control is the
best way to reduce indoor mold.
Health Effects
There are no standards or
recommendations for airborne
concentrations of mold, but mold
can cause adverse health effects,
especially if you are allergic to
molds. Allergic reactions include
hay fever-type symptoms such as Applying a biocide to the ceiling. Note the full-face
a runny nose and red, itchy eyes, respirator that protects his face from spray.
or nasal stuffiness. Some people
who are particularly allergic also have throat irritation, coughing or wheezing,
skin irritation, or asthma attacks. People who have chronic lung illness may
develop severe lung disease if exposed to molds.
Controls
When working mold remediation, simply killing the mold with biocide is not
enough. The mold must also be removed. The allergens are still present in dead
mold and can cause adverse health effects.
You may use a variety of methods for mold remediation, and each has
recommendations for avoiding risks from mold.
• Only use a wet vacuum on surfaces that are wet. Using a wet vacuum on
porous surfaces may spew mold and spores into air if insufficient liquid is
present.
• Thoroughly clean all tanks, hoses, and attachments of vacuums so mold
and spores that have stuck to the inside surfaces cannot grow and cause
further problems.
• Carefully follow instructions on all biocides and cleaning solutions.
• Use a HEPA vacuum after materials have been cleaned and dried. Make
sure the vacuum and filters are attached tightly so that all the air passes
through the filter to the vacuum container.
• Dispose of debris in the HEPA vacuum in an impermeable bag.
• Building materials that are contaminated with mold should be sealed while
in the indoor remediation areas. Cover large items with sheeting and seal
with duct tape before disposal.
• If you use a biocide, always ventilate the area. If you use fans, make sure
you do not blow mold or spores to clean areas.
• Never mix chlorine bleach solution with other cleaning solutions that
contain ammonia. Highly toxic fumes may be released.
• Always use proper personal protective equipment when using a biocide or
fungicide.
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Work Practices
Any mold remediation work will cause mold
spores to further contaminate the air.
Breaking apart moldy materials such as
wallboard, tearing out paneling, peeling off
wallpaper, scraping off the mold, and using
fans to dry surfaces and ventilate areas will
spew molds and spores throughout the air.
Using personal protective equipment
PPE protects workers from molds and
prevents the inhalation and ingestion of mold spores.
and prevents mold contact with skin and
eyes. Consider the following PPE for mold remediation or demolition work.
• Wear gloves that extend to the middle of the forearm to protect your skin
from irritating mold allergens and harsh cleaning solutions.
• Select the gloves based on the type of chemical cleaning solution you are
using. For example, if you are using chlorine bleach, use gloves made
from natural rubber, neoprene, polyurethane, or PVC. If you are using a
mild detergent, ordinary rubber gloves are sufficient protection.
• Wear properly fitting goggles or full-face respirator. Do not wear safety
goggles with open vent holes for mold work.
• Choose respiratory protection based on the level of remediation work. A
half mask or full facepiece air-purifying respirator may be used. More
protective respirators may be required if other harmful substances such as
lead or asbestos are discovered during remediation or demolition.
• All respirators for mold
work must be certified by
the National Institute for
Occupational Safety and
Health.
• Employers are required to
provide proper training for
all employees using PPE.
The employer must also
develop a written
respiratory protection
program with complete
worksite procedures.
Worker removes the sheet rock and places it in the
• Personal protective
debris bag. Special cartridges on the respirator remove
clothing may be reusable
fine particulates.
or disposable but should
not be used repeatedly without laundering. Wearing protective clothing
prevents the transfer of molds to street clothing and protects skin from
mold and chemical exposures.
• Do not eat, drink, use tobacco products, or apply cosmetics in mold
remediation environments.
Be aware too that mold and spores can cause health problems even if the spores
are dead or dormant inactive.
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Bloodborne Pathogens and Biosafety
You don’t have to be a healthcare worker or a crime
scene investigator to be at risk from bloodborne
pathogens. Your work at a disaster site can put you at
risk just as much. Pathogens can enter the body
through the mucous membranes of the eyes, mouth,
and nose or through broken skin. Disaster response
might expose you to sewage, landfills, cooling towers
or air conditioning, brush clearing, building
decontamination or demolition, or HAZMAT work.
All of these present potential bloodborne pathogen
hazards.

Exposure to bloodborne
pathogens from an injured
worker.

OSHA standards cover risk identification, employer responsibilities in risk
management, postexposure follow-up procedures, recordkeeping, and strategies
for universal precautions. Knowing what types of jobs put you at risk for
pathogens, what those pathogens are, how to prevent exposure, and what to do if
you are exposed will help you avoid getting one of the diseases discussed in this
section. These pathogens are dangerous. Be sure to follow the OSHA
recommendations for your, your coworkers’, and your family’s safety.
What Are Pathogens?
A pathogen is any organism that causes a disease. These include bacteria, viruses,
parasites, or fungi. The OSHA standard (29 CFR 1910.1030) deals with
pathogens that can be in any infectious bodily fluid or tissue. Here are some
examples of infectious fluids:
• Blood, including blood components and products made from blood
• Semen
• Cerebrospinal fluid
• Pleural (lung) fluid
• Pericardial (heart) fluid
• Peritoneal (abdominal) fluid
• Amniotic fluid
• Saliva
• Any tissue or organ, other than intact skin (living or dead)
Pathogens, Transmission, and Symptoms
It is important that you are familiar with the microorganisms that put you at risk
for disease. If you know how you may come in contact with these pathogens and
can recognize the symptoms of disease, you may be able to avoid becoming
seriously ill.
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This section reviews the
pathogens that may be present at
a variety of workplaces and the
ways in which you may be
exposed.
Hepatitis A—an acute liver
disease caused by the hepatitis A
virus (HAV). The disease lasts
from several weeks to several
months; it does not lead to a
long-lasting (chronic) infection.
A person can become infected
with the hepatitis A virus by
ingestion of food or drinks
contaminated by even microscopic Position of the liver in the body.
amounts of fecal material
containing the virus or by close person-to-person contact.
Symptoms of hepatitis A infections include nausea, vomiting, diarrhea, fever, loss
of appetite, rashes, fatigue, dark-colored urine, and pain in the right side of the
abdomen (in the liver area.)
NOTE: Some people do not have any symptoms at all. These people can still
spread the virus.
There is a vaccine that can prevent hepatitis A.
Hepatitis B—a liver disease caused by the hepatitis B
virus (HBV) that can involve long-term illness
leading to permanent liver damage and liver cancer.
The disease is spread through contact with blood and
other bodily fluids infected with HBV, through
sharing contaminated needles, and through an
infected mother to her newborn.
3-D model of the hepatitis B
virus.

Symptoms of hepatitis B infections include a flu-like
illness, nausea, vomiting, diarrhea, weight loss,
jaundice (yellowish skin), dark-colored urine, liver
cirrhosis, and liver cancer.

It is estimated that approximately 1.25 million people in the United States are
carriers of HBV. They do not know they have the disease, yet they can pass the
disease to other people. If you do not practice safe workplace pathogen practices
and you come into contact with blood, you may become infected with HBV from
a carrier who does not even know he or she has the disease. There are about
150,000 deaths from HBV every year. There is a vaccine that can prevent
hepatitis B.
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Hepatitis C—a liver disease
caused by the hepatitis C virus
(HCV). This infection sometimes
produces an acute illness, but is
most often a long-lasting, chronic
illness that leads to cirrhosis and
liver cancer.
Damaged liver because of cirrhosis.
Hepatitis C is transmitted from
person to person through contact with the blood of an infected person.

Symptoms are similar to the other types of hepatitis and include nausea, vomiting,
diarrhea, loss of appetite, weight loss, jaundice, itchy skin, liver cirrhosis, and
liver cancer. There is no vaccine for hepatitis C.
Human Immunodeficiency Virus (HIV)—a disease that gradually destroys the
body’s immune system and, therefore, its ability
to fight disease and infection. HIV is a chronic
disease whose symptoms can be treated; it
cannot be cured. Today’s new medicines for
HIV can delay the progression for much longer
than in the past, but most people move on to
AIDS (Acquired Immune Deficiency Syndrome)
and death.
Workplace accident with blood.

HIV is spread by contact with blood. Emergency
response workers are at risk for the disease as are any workers who come into
contact with blood from a worksite accident.
Symptoms of HIV may not develop for many years. If there are symptoms, they
are mild and flu-like, and the infected person appears to get better. The person
may not know he or she is HIV-infected, yet he or she can transmit the disease to
other people. The disease progresses and symptoms such as rapid weight loss, a
dry cough, fever, night sweats, profound fatigue, swollen lymph glands, diarrhea
that lasts for more than a week, pneumonia, and memory loss begin. When HIV
destroys the white blood cells that fight infection, AIDS develops. Death usually
occurs because of a secondary infection the body cannot fight.
E. coli—a group of bacteria having different
strains; some strains live normally in your
intestines and cause no disease while others
are pathogenic and cause gastrointestinal
problems.
Symptoms include abdominal pain, bloody
diarrhea, fever, gas, loss of appetite, stomach
cramping, and vomiting.

The rod-shaped E. coli bacteria.

E. coli are in sewage processed by treatment plants. Some treated sewage contains
the disease-producing bacteria. This biosolid produced after treatment is
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sometimes transported by truck to
land applications and applied directly
to the land as a soil conditioner to
stimulate plant growth. Biosolids are
applied to agricultural lands, forests,
and surface mine reclamation sites.
Workers come into direct or indirect
contact with E. coli in the biosolids
during the treatment, transport, or
application process or during any
work that involves the land to which
it was applied. Demolition or
Filthy conditions like this pose health risks.
reconstruction workers, which might
be something you’re assigned at a disaster site, also contact E. coli on sites that
have human sewage present.
Salmonella—a bacteria that causes a variety of diseases. Some kinds of
salmonella cause serious disease, but most cases are food-related illnesses. The
Centers for Disease Control and Prevention (CDC) reports that there are
approximately 1.4 million cases of foodborne illness and more than 500 related
deaths in the United States each year. Salmonella is the most common bacterial
infection caused by contaminated food.
Workers can come into contact with land and water contaminated with feces
containing the salmonella bacteria. Falling into contaminated water at a disaster
site and ingesting some of the water can lead to salmonella infection. Food can
become cross-contaminated (from one food to another) and also from the
unwashed hands of an infected food handler.
Symptoms include diarrhea, abdominal cramps, fever, headache, chills, nausea,
and vomiting.
Shigella—very similar to salmonella in form
and transmission methods, this bacterium also
causes a similar gastrointestinal disease.
Shigellosis is contracted in the same ways as
salmonella.
Symptoms include diarrhea, abdominal
cramps, fever, headache, chills, nausea, and
vomiting.

Rod-shaped Shigella organisms.

Giardiasis—Also known as beaver fever or backpacker’s diarrhea, this disease is
caused by a parasite—Giardia lamblia. The parasite is transmitted through
contaminated water and food and close contact with animals and humans infected
with the parasite. It infects about 200 million people worldwide each year.
If the disaster response takes you outdoors in brush or forest settings, you may
come into contact with the animals and fecal material that may contain the
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parasite. Symptoms include loss of appetite, fever, explosive diarrhea, blood in
the urine, stomach cramps, vomiting, flatulence, and burping. Symptoms usually
appear 1-2 weeks after infection.
Case Study
An industrial laundry in Buffalo, NY, was fined for inadequate safeguards involving 13
alleged repeat and serious violations of the safety and health standards.
Violations for hazards included falls, burns, electrocution, explosions, bloodborne
pathogens with a lack of personal protective equipment, and being caught in
energized driers. There was no bloodborne pathogen training for workers exposed to
contaminated clothing or sharp instruments and no log for recording injuries.
OSHA: http://ohsonline.com/Articles/2008/05/Bloodborne-Pathogens-ExposureAmong-Hazards-Cited-at-NY-Laundry.aspx

Legionnaires’ disease—a respiratory infection
caused by the Legionnella pneumonia
bacterium. The infection has been linked to
water delivery systems and air conditioning
systems.
Symptoms include muscle aches and stiffness,
joint pain, headache, fever, chills, coughing of
blood, shortness of breath, chest pain, and
diarrhea. The death rate for people who get
Legionnaires’ disease who have other risk
factors is 50 percent, especially when antibiotics
are started late. Complications can also include
lung failure.

Workers take precautions with
potentially contaminated air
conditioning units.

Tuberculosis (TB)—Tuberculosis is a
respiratory illness caused by the Mycobacterium
tuberculosis bacteria. Almost one-third of the
world’s population is infected with this bacteria
with 8 million cases developing each year. It
kills approximately 3 million people per year.
In the United States TB cases started to decline
in 1900 because of improved living conditions,
but they have increased recently because of the
rise in HIV infections.
NOTE: OSHA has withdrawn the standard for
tuberculosis. Respiratory protection for TB is
covered under the respiratory standard, 29 CFR
1910.134.
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Electron microscope image of the TB
bacterium.
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Tuberculosis bacteria are passed
from person to person by infected
droplets. When an infected person
coughs, sneezes, or talks, infected
mucus, phlegm, or saliva are inhaled
and enter the mucus membranes of
another person. The bacteria can
move throughout the body over time.

Chest X-ray of a patient with TB. Note the cloudy
areas in the lungs, which are highlighted by the
triangles.

Symptoms for tuberculosis are
cough, fever, night sweats, fatigue,
weight loss, coughing up blood,
coughing up large amounts of frothy
phlegm, chest pain (from coughing),
and breathing difficulty.

Histoplasmosis—Also called Ohio River Valley
Fever or Darling’s Disease, histoplasmosis is
caused by a fungus, Histoplasmosis capsulatum.
In the United States it is most common in the
Southeast, Mid-Atlantic, and Central regions,
particularly in states that border the Ohio River
Valley and the lower Mississippi River. Almost
80 percent of people living in these regions have
positive skin tests for histoplasmosis.

Mouth lesions caused by
Histoplasmosis.

Some people have no symptoms of the disease, while others have tuberculosislike symptoms. The fungus grows in the soil, and soil contaminated with bird or
bat droppings may have an even higher concentration of the fungus. The fungus
has also been found in poultry houses, caves, and bird roosts. Infection occurs
when airborne fungal particles are inhaled.
Symptoms include fever, chills, cough, and chest pain. If the diseases progresses,
other organs are affected, and it can be fatal if not treated.
Coccidiomycosis—also known as Valley Fever, a fungal disease caused by the
fungus, Coccidioides. The fungus is prevalent in desert regions of the Southwest
and is reportable by law in states such as California, New Mexico, Arizona, and
Nevada.
Infections occur when spores of the fungus are inhaled. People working in
construction, agricultural work, or any outside job in regions where the fungus is
prevalent are susceptible to infection.
Most initial infections have no symptoms, and most patients get better without
treatment.
Chronic pulmonary (lung) coccidiomycosis can develop 20 years or more after
the initial infection which may not have been identified or treated at the time.
Symptoms are usually mild, but abscesses can form which burst and release pus
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into the space between the lungs and the ribs. Other symptoms include coughing,
chest pain, fever, chills, headache, muscle stiffness, joint stiffness, painful red
rash on the lower legs, bloody sputum, weight loss, wheezing, and excessive
sweating.
Lyme disease—a disease caused by the bacteria
Borrelia burgdorferi and spread by ticks. Ticks are
infected when they bite deer or mice with the disease,
and you are infected when the tick bites you.

The tick that carries Lyme
disease.

Lyme disease has been
reported in most parts
Common bull’s-eye rash
of the United States.
The tick that carries the pattern of Lyme Disease.
disease is so small it can barely be seen and you
may not realize you have been bitten. Early
symptoms include fever, headache, fatigue,
depression and a characteristic skin rash.

Problems occur in late stages of the disease when
there are problems with joints, the heart, and the nervous system. Lyme disease
can be disabling and difficult to treat in the late stages.
Rabies—a viral disease that is spread when infected saliva enters the body
through a bite or break in the skin. The virus travels to the brain and causes brain
swelling.
Rabies can be transmitted through bites
from any infected animal, but the animals
that usually spread rabies are bats, foxes,
raccoons, skunks, and dogs.
Symptoms include anxiety, stress,
drooling, convulsions, numbness, loss of
muscle function, pain at bite site, and
swallowing difficulty. Death from
respiratory failure usually occurs within
seven days after symptoms appear.

Bats can spread rabies.

Psittacosis—a bacterial infection caused by the bacteria
Chlamydia psittaci and found in bird droppings. Pigeon,
sparrow, duck, and hen droppings can contain the bacteria.
It is a relatively rare disease. Workers in poultry plants are
especially at risk for it.

The bacteria that causes
Psittacosis.

48 HEALTH

Symptoms include fever, chills, muscle aches, headache,
fatigue, cough, shortness of breath, and bloody sputum.
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Cryptococcosis—a fungal infection caused by inhaling the
fungus Cryptococcus neoformans. It is one of the most
common and life-threatening of fungal infections in people
with impaired immune systems. It is found in the soil and
can be inhaled when the soil is disturbed.
Symptoms include abdominal pain, bleeding into the skin,
blurred vision, bone pain, bruises, chest pain, confusion,
fever, headache, nausea, nerve pain, skin rash, sweating,
swollen glands, and coughing.

Worker with a
Cryptococcus
infection.

Hantavirus—a serious viral disease spread by rodent urine and feces. More than
50 percent of people die when they contract Hantavirus pulmonary disease.
Humans are infected when they inhale contaminated dust from the nests or
droppings.
Workers can become infected when
demolishing or cleaning vacated or
condemned buildings or other enclosed
areas.
Symptoms begin with flu-like
conditions, including fever, chills
muscle aches, headache, nausea, and
vomiting, and they progress (after a
short period of feeling better) to
seepage into the lungs and respiratory
failure.

Workers test a rodent for the hantavirus.

West Nile virus—a viral disease spread by a mosquito. First identified in
Uganda, Africa, the West Nile virus has spread throughout the United States. The
disease is spread when a mosquito bites an infected bird and then bites a human.
Most people infected with the virus do
not realize they have been exposed. Flulike symptoms, including fever,
headache, back pain, muscle aches, sore
throat, nausea, and vomiting, last for
about 3-6 days. More severe forms of the
disease result in life threatening West
Nile encephalitis or West Nile meningitis.
As the mosquito feeds on human blood, it
injects the virus into the body.
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Universal Precautions
Universal precautions is an approach to infection control that treats all human
blood and other potentially infectious materials as if they were infectious for HIV,
HBV, or other bloodborne pathogens.
This approach takes the strictest possible perspective on suspicious materials in
order to provide the strictest protection for workers. Under universal precautions
workers use gloves, masks, and gowns if exposure to blood or other potentially
infectious materials is likely. They also use engineering and work practice
controls to limit exposure risks. In addition to universal precautions, workers may
see the term “standard precautions” and body substance isolation (BSI)
precautions.
Workplace Precautions
Safe workplace practices and controls can greatly reduce your risk of getting an
infectious disease. While you may not be able to completely eliminate your risk at
a disaster site, you can make sure you are aware of the hazards and how you can
work safely around them.
Do you and your coworkers practice these workplace controls?
• Thoroughly wash any body part exposed to blood and blood products with
antibacterial soap.
• Use personal protective equipment whenever you are dealing with
potentially infectious materials. This includes gloves, masks, gowns,
aprons, face shields, protective eyewear, mouthpieces, and other
ventilation devices.
• Do not allow potentially infectious materials to contact work clothes,
street clothes, skin, or mucous membranes.
• The type of PPE you choose should depend on the type and degree of
exposure. Make sure you know what kind of hazard you are dealing with
before you set out on the job.
• For pathogens that are spread by insects, tuck your pant legs into boots,
tuck your shirt into your pants, and spray insect repellant containing
DEET on clothes and exposed skin.
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Air Monitoring
Airborne chemicals pose one of the biggest dangers to you at a disaster site. You
can’t see them, but the harm they can do can be deadly. That’s why a thorough air
monitoring program is necessary and required by OSHA as part of the site’s
health and safety plan.
Effective air monitoring tells
you what contaminants are
present at a site and in what
concentration. The site’s air
monitoring program keeps
track of these airborne
hazards on a continual basis
to protect your health and
those of your coworkers. It
starts during the site
characterization process and Workers perform air monitoring at a disaster site.
continues through the length
of the job. If you work at a disaster site or at a site with hazardous chemicals, it’s
important for you to understand the types of monitoring taking place and what
you might need to do as a result.
Here are some more specific reasons to monitor the air:
• Selecting personal protective
Case Report
equipment. If monitoring
For the first time, a large feedlot in
determines that you will breathe
Minnesota has been declared a public
in a contaminant at a site, you
health hazard, state health officials
said Tuesday.
need to know what kind of PPE
you should wear. The more toxic
Excel Dairy, just north of Thief River
or concentrated the contaminant,
Falls, has violated state air quality
the higher the level of protection
standards hundreds of times during
you’ll need. You might have to
the past three months and caused
several nearby families to leave their
wear something as simple as an
homes repeatedly since May.
air purifying respirator or as
highly protective as a selfThe families have complained of
contained breathing apparatus.
headaches, nausea, breathing
problems, and sore throats from foul• Determining where protection
smelling hydrogen sulfide emissions
is needed. Air monitoring takes
from huge manure pits that hold the
place throughout the worksite,
waste of the dairy’s 1,525 cows.
from the perimeter to the core.
It’s quite possible that the level
Minneapolis Star Tribune:
http://www.startribune.com/local/3060
of protection needed at one
2114.html?elr=KArks:DCiUHc3E7_V_
location might be either
nDaycUiD3aPc:_Yyc:aULPQL7PQLa
unnecessary or inadequate at
nchO7DiU
another.
• Analyzing health effects. Being
aware of the contaminants present allows those in charge of site safety and
worker health to know what health hazards each contaminant brings.
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•

•

Determining medical monitoring. When the hazards present are known,
medical personnel can monitor your health specifically for the presence of
those contaminants. For instance, if lead is one of the contaminants, you
can be tested for increased presence of it in your system.
Selecting and maintaining control zones. The jobsite can be segregated
properly according to the airborne hazards present in various locations.
For example, certain areas that feature higher concentrations of
contaminants or more dangerous contaminants might require specific PPE
and more protective respirators, while other areas might require neither.

Monitoring Phases
Workplace or site monitoring is a start to finish process. It begins when the site is
first being analyzed, and it continues through the end of the job. Perhaps the most
important role of monitoring is to gather initial information about a site. Is it safe
to enter? Are contaminants present that are immediately dangerous to life and
health? Do precautions need to be taken?
Site monitoring occurs in two major phases to ensure your safety:
1. Pre-entry testing
2. Periodic testing and continuous monitoring
Pre-entry Testing
The atmosphere is always tested first from outside, or the perimeter of the site.
The pre-entry testing also should be performed in the following order and include
these specific tests:
1. Oxygen level test. Oxygen levels must be at least 19.5 percent by volume
to enter a site without an atmosphere supplying respirator.
2. Explosive atmosphere test. If oxygen levels are higher than normal or the
air is between lower (LEL) or upper explosive limits (UEL), the air may
be more prone to explosions or flammability.
3. Toxic air contaminants test. Different instruments monitor for any toxic
contaminants present.
In confined spaces the monitoring also takes place at different levels, from top to
bottom.
Acutely hazardous concentrations of chemicals may persist in confined and lowlying spaces for long periods of time. Be especially aware of areas where air
movement may be restricted, such as between hills, tall buildings, or tanks.
Monitor these spaces for immediate danger to life and health (IDLH) and other
dangerous conditions.
In open spaces airborne toxins tend to move away from
their source and disperse. That’s a good thing. It means
that acutely hazardous conditions are not likely to exist in
open spaces for very long. There are exceptions, though.
For example, when a very large amount of contaminant is
released over a period of time from a leaking tank car, the
toxins likely will remain in dangerous concentrations, and
people might have to be evacuated.
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Perform air sampling
in areas where the
contaminant is known
or suspected to be
located, in worker
areas, and on
perimeters to ensure
the protection of
workers and the
surrounding public.
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Site monitoring provides the information that safety personnel use to select
engineering controls, work practices, and PPE. For instance, a simple engineering
control might be to add ventilation to keep contaminants at safe levels.
Periodic Testing and Continuous Monitoring
Conditions change at a disaster site. What the monitoring found when the job
started might not be exactly the same once the job is progressing. That’s why the
health and safety plan requires the monitoring to be done on a periodic schedule.
What may be safe to breathe one day might be hazardous to your health later once
contaminants are released.
Here are some typical reasons for performing periodic monitoring:
• Work begins at a different part of the site. Readings at the old site may not
mean much at the new location. New monitoring must take place.
• Different contaminants are being handled. Those new contaminants may
show up in greater concentrations than they did in previous readings. They
might require different engineering controls, work practices, or PPE.
• A different type of operation is started. The new operation might generate
new contaminants.
• Workers are handling leaking drums or working in areas with an obvious
liquid contamination. Those leaking drums or liquid spills might be giving
off toxic contaminants.
• Spills or lagoons are encountered. Monitoring at these sites may turn up
toxins that weren’t present elsewhere at the jobsite.
• An emergency occurs. New contaminants might show up with the changed
conditions.
• The work you are performing may also create a hazardous atmosphere.
Examples include hot work, generator exhaust, release of chemicals, etc.
All of these situations show the importance of periodic monitoring. The
monitoring helps protect worker safety and perhaps the general public as well.
Case Report
A New London, CT, shipyard and repair facility faces $108,000 in proposed OSHA
fines after being cited for 43 alleged serious violations of safety and health
standards.
The cited conditions included not implementing a hearing conservation program
for employees exposed to excess noise levels, an incomplete respiratory
protection program and not providing medical evaluations to all employees who
wear respirators, an incomplete bloodborne pathogen exposure control program,
welding deficiencies, lack of fall protection, improper storage of compressed gas
cylinders, improper dispensing of a flammable liquid, inadequate hazard
communication, and no exposure determination for employees exposed to
hexavalent chromium.
Safety.BLR.com: http://safety.blr.com/news.aspx?id=111401
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Group Discussion Activity
Two of the largest disasters in U.S. history happened in the last decade. The
terrorist attack of Sept. 11, 2001, destroyed the World Trade Center in New York
City and part of the Pentagon in Washington, DC. All told, more than 4,000
people perished.
Mother Nature was at the root of the second disaster. Hurricane Katrina hit the
Gulf Coast in 2005 and destroyed levees in New Orleans, flooding 80 percent of
the city, ruining many neighborhoods, and killing more than 1,800 people,
making it one of the deadliest hurricanes in U.S. history.
Assume that you were called to respond to both of these calamities—perhaps you
were. Discuss and answer the following questions as a group.
1. What were the three biggest health hazards you might have faced in the
immediate disaster cleanup and how would you protect your health against
them?

2. What kind of acute health effects would these hazards have presented?
What kind of chronic health effects would you have been in danger of?

3. Hindsight is 20-20, they say. What, if anything, do you think operating
engineers and other responders would do differently to protect against
health hazards they would face at a disaster of the same magnitude today?
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Review Questions
1. Is the following statement true or false?
Acute health effects involve a one-time high-level exposure to a
contaminant or a small exposure to a highly toxic contaminant and are
usually mild.
2. You worked at a number or disaster cleanup sites over the years and often
were involved in destroying buildings that were known to have asbestos in
them. Years later you begin to suffer from breathing difficulties and asbestosis
is a likely explanation. Is this a description of an acute or chronic effect from
your chemical exposure?

3. Which of the four routes of entry is the most common way for a chemical to
enter your body?

4. Your body can metabolize, store, and/or excrete a chemical that you have
been exposed to. Explain what the body does in each of these processes.

5. List five signs of smoke inhalation.

6. Is the following statement true or false?
You’ll experience flu-like symptoms with metal fume fever, but they
typically go away in a day or two, and you usually can return to work the
next day.
7. What are the three main physical agents that present health hazards when
doing hot work?
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8. List as many work practices as you can that could reduce your risk of heatrelated illnesses.

9. List some work practices for avoiding cold stress injuries.

10. At what level of decibels are you required by OSHA to wear hearing
protection?
11. List as many work practice controls as you can that will reduce your exposure
to asbestos.

12. List at least five workplace controls to reduce the dangers of diesel exhaust
fumes.

13. Describe three ways to reduce dust in the workplace.

14. Why must the mold also be removed after it is killed when doing disaster
cleanup after a hurricane, for example?

15. Is the following statement true or false?
Clearing brush puts you at risk to bloodborne pathogens at a disaster site.

16. What are the two phases of air monitoring that must be done at a disaster site
to ensure your safety?
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Other Resources
NIOSH Pocket Guide to Chemical Hazards
http://www.cdc.gov/niosh/npg/
OSHA—Permissible Exposure Limits
http://www.osha.gov/SLTC/pel/
Office of Hazardous Materials Safety—Emergency Response Guidebook
http://hazmat.dot.gov/pubs/erg/gydebook.htm
OSHA Welding Health Standards
http://www.osha.gov/doc/outreachtraining/htmlfiles/weldhlth.html
OSHA Noise and Hearing Conservation
http://www.osha.gov/dts/osta/otm/noise/standards.html
OSHA: Hazardous Waste and Emergency Response Standard—Monitoring
Subpart H
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDAR
DS&p_id=9765
NIOSH: Guidelines for Air Sampling and Analytical Method Development
and Evaluation
http://www.cdc.gov/niosh/docs/95-117/
OSHA QuickCard: Heat Stress
http://www.osha.gov/Publications/osha3154.pdf
OSHA Cold Stress Card
http://www.ohsonline.com/articles/57254/
OSHA Technical Manual: Heat Stress
http://www.osha.gov/dts/osta/otm/otm_iii/otm_iii_4.html
OSHA Fact Sheet: Asbestos
http://www.osha.gov/OshDoc/data_AsbestosFacts/asbestos-factsheet.pdf
OSHA Fact Sheet: Lead
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=FACT_SHE
ETS&p_id=161
OSHA: Dust and Its Control
http://www.osha.gov/SLTC/silicacrystalline/dust/chapter_1.html
OSHA Fact Sheet: Mold
http://www.osha.gov/OshDoc/data_Hurricane_Facts/mold_fact.pdf
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CBRNE AGENTS
INSTRUCTOR NOTES
Key Concepts
•
•
•
•

Examples of biological, chemical, radiological, and explosive agents
Symptoms of exposure to selected agents
Secondary devices
Warning signs

Presentation and Materials
•
•
•
•
•

Allow 60 minutes to present this chapter.
Use CBRNE PowerPoint® slides.
Try the group discussion activity at the end of the chapter.
Use the questions at the end of the chapter to review.
Use the OSHA 7600 Disaster Site Worker course manual.

Group Discussion Activity
As a group, discuss what you should do in each of these situations.
1. In addition to your regular job, you are a volunteer EMT. While you are
on vacation and about to enter an art museum, a security guard calls out
the door ,”We have a healthcare emergency!” You learn that terrorists
spilled “blue crystals” on the gallery floor and poured “some kind of liquid
on them.” As fumes developed, several people started choking and
collapsing. You note a musty bitter almond odor as soon as you begin to
enter the gallery.
You should leave immediately and call the proper authorities. The
scenario describes warning signs specific to cyanide, a blood agent.
Although you might be tempted to go in and perform CPR on victims
and attempt to rescue survivors, you should leave immediately and call
the proper authorities. Exposure to high concentrations can cause
sudden unconsciousness and death within minutes. You will not help
incident response by becoming a victim yourself.
2. Your work crew will help with the cleanup of an RDD site. How can you
apply some tools that you use regularly to help protect yourself and your
crew from radiation? What are some other strategies you might use to
minimize the radiation dose received by crew members?
Answers will vary but could include ideas that increase distance,
reduce time, or shield your body from radiation. For example, a
worker might use a Bobcat to move contaminated objects rather than
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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moving them by hand. Workers could use equipment to place concrete
barriers to shield a work area from an adjacent high radiation area.
By limiting time, you limit your dose. Strategies to minimize time in a
radiation zone include preplanning the job carefully, having tools
ready before entering the radiation area, using experienced workers,
rotating workers to reduce the doses received by each worker,
performing as much work outside the area as possible.
3. You and your coworkers are staying at a motel while working at a jobsite
away from home. After a long day you and a coworker decide to use the
hot tub at the motel. When you raise the cover off the tub, the vapors seem
to practically hit you in the face. You become short of breath, and your
buddy feels like he is going to vomit.
The symptoms and strong vapor from the hot tub indicate chlorine
poisoning. You should get yourself and your coworker to a wellventilated area with fresh air. If the exposure is inside a building, then
go outside. Quickly moving to an area where fresh air is available is
highly effective in reducing exposure to chlorine. If you think the
chlorine might be on your skin and clothes, follow emergency
decontamination procedures. If your eyes are burning or your vision is
blurred, rinse your eyes with plain water for 10 to 15 minutes. If you
wear contacts, remove them before rinsing your eyes and do not put
the contacts back in your eyes. As quickly as possible, wash your
entire body with large amounts of soap and water. Seek medical help
as soon as possible. Fortunately, long-term complications from
chlorine exposure are not usually found in healthy people who survive
a sudden exposure unless they suffer complications such as
pneumonia.
4. A small pipe bomb went off in a crowded parking lot next to a large
shopping mall. You are part of the HAZMAT team called to monitor the
site for chemical and radiological agents. You are told that a terrorist has
claimed responsibility for an SUV filled with explosives somewhere in the
parking lot.
Is there an incident commander on site? Are people still inside the
mall? Those unknowns are likely to cause answers to vary. Regardless,
the minimum outdoor evacuation distance for an SUV potentially filled
with explosives would be 2,400 feet. The building evacuation distance
would be at least 400 feet. If people are still inside adjacent buildings,
then the buildings might provide enough protection from death or
serious injury; however, glass breakage and building debris may still
cause injuries. Evacuating people inside the mall could put them at
greater risk.

Review Questions
1. What does CBRNE stand for?
ii – CBRNE INST
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Chemical, Biological, Radiological, Nuclear, and Explosive
2. Identify the likely category of chemical agent for each of the following
warning signs and early symptoms of exposure:
a. Complaints of eye and respiratory irritation along with a garlic-like
odor
Blister agent
b. An odor of bitter or burnt almonds
Blood agent
c. SLUDGEM
Nerve agent
d. Burning and itching of the eyes and throat along with a peppery odor
Irritating agent (riot control chemicals)
e. Burning and tearing of the eyes, difficulty breathing, and a swimming
pool or newly mown grass odor
Choking (pulmonary) agents
3. In a biological attack the first victims may have a very high mortality rate, but
chances for survival are likely to improve for later victims. Why?
Symptoms resulting from biological agents can be confused with
naturally occurring outbreaks of disease. Many initial symptoms are also
similar to several other types of disease. These factors complicate
recognition, identification, and treatment. Generally, mortality rates are
higher when treatment is delayed. Once a biological attack has been
identified, healthcare workers will be able to diagnose and treat patients
earlier, improving the chances for treatment success.
4. Rank the following biological agents in order from least likely to be fatal to
most likely to be fatal (if not treated early):
smallpox, cutaneous anthrax, viral hemorrhagic fevers, bubonic plague
cutaneous anthrax, smallpox, bubonic plague, viral hemorrhagic
fevers
5. Is the following statement true or false?
Since alpha radiation is the easiest to shield and can usually be stopped by
a protective layer of intact skin, it is not generally considered a hazard.
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False. Alpha radiation deposits a large amount of energy over the
small distance it travels. It can cause a great deal of damage if it gets
inside your body.
6. List at least four things you should never do in a radiation zone.
Answers may vary but should include at least some of the following: You
should never eat, drink, smoke, or wear jewelry. Do not touch a
contaminated surface or touch your mouth.
7. Name the three primary methods of minimizing radiation exposures.
time, distance, shielding
8. Why are detection and quantification of agents important at a disaster site?
Detection and quantification of hazards are important for:
• Selecting personal protective equipment.
• Determining where protection is needed.
• Analyzing health effects.
• Determining appropriate medical monitoring.
• Delineating and maintaining control zones.
9. List at least five warning signs or safety checks you should keep in mind
before entering the scene of a possible explosive incident.
Although these are not all-inclusive, some suggested safety checks before
entering the scene include:
• Make sure you have the proper safety equipment.
• Check all machinery and equipment you will be using for signs of
tampering.
• Report any suspicious problems immediately to your supervisor.
• Do not attempt to investigate the problem yourself.
• Check with the officer in charge for any safety concerns or threats.
Upon entering the scene:
• Survey the site (do this throughout the operation).
• Report anything suspicious to your supervisor.
• Know where to go for cover in the event of an attack.
• If you find potential evidence, do not disturb it. Contact the officer
in charge.

Standards
•
•

29 CFR 1910.120
29 CFR 1926.65
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KEY CONCEPTS
•

Examples of chemical, biological,
radiological, nuclear, and
explosive agents

•

Symptoms of exposure to
selected agents

•

Secondary devices

•

Warning signs
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CBRNE AGENTS
Lesson Outline
CBRNE Agents and Terrorism
Potential Targets
Specialized Training
Chemical Agents
Routes of Entry
Symptoms and Effects
Emergency Decontamination
Biological Agents
Radiological and Nuclear Agents
Radiation
Contamination vs. Exposure
External and Internal Contamination
Chronic Dose vs. Acute Dose
Radiation Dose vs. Dose Rate
Doses at Which Effects Occur
Protection Action Guidelines
Characteristics of an RDD Incident
Protecting Yourself from Radiation
Time
Distance
Shielding
Safe Work Practices
Methods to Minimize Radioactive Waste
Explosive Agents
Effects
Detection and Quantification
Monitoring from Start to Finish
Direct Reading Instruments vs. Laboratory Analysis
Warning Signs
Nerve Agents
Blister Agents
Blood Agents
Choking Agents
Irritating Agents
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Overview
The use of chemical, biological, radiological, nuclear, and explosive agents
(CBRNE) is not new, but fear of their use as terrorist weapons has been rampant
since the mailings of powdered anthrax that followed the September 11, 2001,
disaster. Terrorist bombings make the news almost nightly, while terrorism
involving chemical and biological agents can range from deadly substances in the
nation’s food supply to nerve gas attacks on subway systems. If you’re called to a
weapon of mass destruction disaster or a localized “dirty bomb” site, you might
encounter various CBRNE agents, any of which can cause death or serious injury.
In this chapter you will learn about the harm that CBRNE agents can cause. You
also will learn the common warning signs indicating the presence of CBRNE
agents so you can protect yourself.

Objectives
After completing this chapter, you should be able to:

Know
•
•
•
•
•
•

List the types of agents included in the CBRNE acronym.
Match warning signs and early symptoms of exposure to the
corresponding chemical agent.
Name the primary methods of and safe work practices for minimizing
radiation exposure.
Understand the significance of secondary devices.
Give examples of warning signs and safety checks for explosive
incidents.
Explain why detection and quantification of agents is important at a
disaster site.

Apply
•

Use common tools and strategies to help reduce exposures.

Analyze
•

Appraise a CBRNE incident scenario and discuss a course of action.
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CBRNE Agents and Terrorism
CBRNE is one acronym you’ll want to fully understand in your
work as an operating or stationary engineer. When you see it,
you must be alert to the dangers it entails. So what do the
letters stand for?
Chemical, Biological, Radiological, Nuclear, and
Explosive

CBRNE involves five
agents.

CBRNE agents have been part of the American workplace for some time. Toxic
and reactive chemicals are manufactured, transported, stored, and used every day
in large quantities. You routinely find conditions capable of causing fire and
explosions on many jobsites. Energy and defense require nuclear materials, and
medicine and research widely use other radiological agents.
Even with that kind of widespread application, CBRNE agents are typically used
in a controlled fashion with no intent of causing harm. However, they become
tools of terrorism when they are used to inflict harm or spread fear through the
threat of their inflicting lethal or incapacitating casualties.
Here are some examples of CBRNE terrorism agents:
• Chemical (sarin gas, mustard gas, ammonia)
• Biological (anthrax, smallpox, botulism toxin)
• Radiological (dirty bombs, tritium gas)
• Nuclear (nuclear bombs or explosion at nuclear power plant)
• Explosive (ammonium nitrate, TNT, dynamite)
The likelihood of CBRNE agents’ being used for terrorism is based on two
factors:
• Availability
• Capacity to impact victims
Terrorists are more likely to use explosives and industrial chemicals as weapons
because they are easier to obtain. However, if a terrorist wants to harm more
people, biological pathogens and nuclear facilities are attractive.
The CBRNE threat we face today is two-pronged: attacks using nonconventional
weapons of mass destruction meant to kill and injure large numbers of people
combined with less lethal attacks, conceived more for their destabilizing
psychological repercussions than killing potential. A limited terrorist attack
involving a relatively small nonconventional chemical, biological, or radiological
weapon might have enormous consequences because of the fear and panic it
might cause. This might fulfill the terrorists’ purpose just as well as a larger
weapon with massive casualties could. With greater awareness and preparedness
we can reduce the impact of potential terrorist attacks.

6 CBRNE
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Potential Targets
Here are the more likely targets for a CBRNE attack:
• Government offices
• Military installations
• Landmark buildings
• Events with high populations
• Abortion clinics
• Post offices
• Power facilities
• Water supplies
• Police stations
Subways are a potential target area
for a CBRNE attack.
• Train terminals
• Bus terminals
• Subways
• Airports
• Bridges
• Fuel depots
• Cruise ships
Specialized Training
Some types of work you’re asked to do are very hazardous. That’s why training is
crucial for keeping you safe and preparing you for terrorist incidents involving
CBRNE agents. OSHA’s HAZWOPER standard (20 CFR 1910.120 and 1926.65)
requires health and safety training for employees involved in emergency
operations on a site and who are or could be exposed to hazardous substances and
health hazards. It also includes provisions for both emergency response operations
(§1910.120(q)) and for postemergency operations, such as cleanup or
decontamination (§1910.120(e)).
Site-specific training is needed for cleanup of many CBRNE agents. Skilled
support personnel are required to have an initial briefing before participating in
the emergency response or cleanup. This briefing must instruct you in what
chemical hazards are involved, what personal protective equipment (PPE) you
should wear, and what duties you will perform.
The cleanup of many CBRNE agents, such as anthrax spores or radioactive
contamination, requires additional training on things such as:
• Specialized detection and monitoring methods.
• Respiratory protection and other PPE.
• Decontamination methods.
• Work practices and other safety precautions.
Detection and monitoring methods are beyond the scope of this course, but this
chapter will provide examples of CBRNE agents you might encounter, their
dangers, and common warning signs indicating their presence.
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Chemical Agents
Thousands of soldiers were killed by chlorine,
phosgene, and mustard gas during World War I.
However, our concern is not limited to chemical
weapons designed for warfare; we also worry
about the deliberate or unintentional release of
toxic industrial chemicals. They’re readily
available in large quantities and some of them
can induce harm equal to chemical warfare
agents, making them a possible WMD. A
successful chemical attack could lead to a large
number of casualties.
Routes of Entry
Chemical agents can be solid, liquid, or gas.
They can enter the body by inhalation,
absorption through the skin or eyes, ingestion
with food or water, or even injection. A gas or
aerosol spray is a likely delivery method.

Chemicals most commonly
involved in industrial
accidents:
1. Ammonia
2. Chlorine
3. Hydrogen fluoride
4. Flammable mixture (like
gasoline)
5. Chlorine dioxide
6. Propane
7. Sulfur dioxide
8. Hydrogen chloride
9. Hydrogen
10. Methane
11. Butane
12. Ethylene oxide
13. Hydrogen sulfide
14. Formaldehyde
15. Isobutane
16. Pentane
17. Titanium tetrachloride
18. Phosgene
19. Nitric acid
20. Ethane
21. Oleum
22. Ethylene
23. Vinyl chloride
24. Trichlorosilane
25. Methyl chloride

Symptoms and Effects
There are numerous chemical agents, each with
different symptoms and effects. Chemical agents
are categorized by the type of harmful effect.
Here are the most common families of chemical
agents:
• Nerve agents attack all parts of the
Source: U.S. EPA. Chemical
nervous system. Most belong to the
accident risks in U.S. industryfamily of chemicals known as
A preliminary analysis of
accident risk data from U.S.
organophospates, and they work like
hazardous chemical facilities.
pesticides. They disable enzymes
responsible for the transmission of
electrical nerve impulses. Examples include VX, sarin, and soman.
• Blister agents, also known as vesicants, attack the skin, resulting in
blisters and burns. They can also damage the respiratory tract, mucous
membranes, and eyes. Mustard gas, lewisite, and phosgene oxime are
common blister agents.
• Blood agents attack tissues in the body,
The blood agent hydrogen
destroying the tissue’s ability to use
cyanide was most infamously
oxygen, causing the victim to suffocate. employed by Nazi Germany in
The term blood agent is actually a
the mid-20th century in
concentration and death camps.
misnomer because the agents do not
Hydrogen cyanide is also the
directly affect the blood. Instead, they
agent used in gas chambers
prevent the unloading of oxygen to the
employed in judicial execution in
blood and vital organs. Blood in the
some U.S. states.
veins of victims will appear bright red
as if taken from an artery rather than
bluish purple. This is because the agent blocks the unloading of oxygen
8 CBRNE
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from the blood to the vital tissues and organs. Cyanide gases and
compounds are the most common
type of blood agents.
Lethality Relative to Chlorine
Cyanogen chloride 2x
Choking (pulmonary) agents
Phosgene
6x
damage the respiratory tract. They
Hydrogen
cyanide
7x
attack the lungs, causing them to fill
Mustard
13x
with fluid. Examples include
Sarin
200x
chlorine gas and phosgene.
VX
600x
Irritants (riot control chemicals)
usually irritate the skin, mucous membranes, eyes, nose, lips, and mouth.
They may cause vomiting or pain. They are not designed to kill or cause
permanent harm, but on occasion they can lead to serious medical
situations, such as seizures or heart attacks. Used alone, their intent is to
temporarily incapacitate the target or force them to evacuate the area.
However, these incapacitating agents could be used in combination with
other agents to force responders to remove their respirators and other
protective equipment in order to expose the responders to lethal doses of
another agent. Examples of irritants are pepper spray, mace, and tear gas.

Emergency Decontamination
Emergency decontamination (within 1-2 minutes) is critical for victims exposed
to nerve, blood, blister, or pulmonary agents. Do not delay!
• Use water from any
uncontaminated source to spray or
douse victims. Do not wait for
soap or to remove clothing.
• Immediately flush and repeatedly
flush the eyes with large amounts
of clean water.
• After dousing victims, have them
discard clothing and then go
through another water spray, using
soap if available.
A line of riot police observing a protest march.
• Move victims and yourself
upwind immediately. Avoid direct contact with the victims or anything
they touched if you are not wearing appropriate gear.
• Isolate the victims and keep them warm and hydrated until standard
decontamination can be performed.
• Chemical weapons have the potential for secondary contamination of
people, vehicles, equipment, hospitals and homes as victims leave the
scene. Proper decontamination of victims is necessary before they leave
the area.
The following tables summarize the route of exposure, rate of action, effects, and
treatment for some of the more common chemical agents.
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Nerve Agents
Name

Rate of Action

Exposure

Effects

Sarin (GB)

• Very rapid
• Incapacitating
effects occur
within 1 to 10
minutes;
lethal effects
occur within 2
to 15 minutes

• Inhalation
• Ingestion
• Absorption
through the
eyes and
skin

Eyes:
• Contraction
of pupils
• Pain, dim, or
blurred
vision

Tabun (GA)

• Very rapid
• Incapacitating
effects occur
within 1 to 10
minutes;
lethal effects
occur within
10 to 15
minutes

Soman (GO)

• Very rapid
• Incapacitating
effects occur
within 1 to 10
minutes;
lethal effects
occur within 1
to 15 minutes

VX

• Rapid
• Incapacitating
effects occur
within 1 to 10
minutes;
lethal effects
occur within 4
to 42 hours

Nose:
• Runny nose

Antidotes/
Treatment
Four steps to
management of
exposure to nerve
agents:
• Decontamination
• Ventilation
• Antidotes
• Supportive
therapy
Therapeutic drug
options:
• Atropine and
pralidoxime
chloride (auto
injectors
packaged
together in kits
provided to
military
personnel)
• Diazepam
(anticonvulsant
drug)
Pretreatment
options for Soman
only:
• Pyridostigmine
(can increase the
lethal dose
threshold
significantly if
ingested before
exposure and if
paired with
traditional
therapeutic
options)

Adapted from O’Connor, T. (2010). Megalinks in Criminal Justice website:
http://www.apsu.edu/oconnort/
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Blister Agents
Name

Rate of Action

Exposure

Effects

Sulfur
mustard (HD)

• Delayed
(tissue
damage
occurs within
minutes of
contact, but
clinical
effects are
not
immediately
evident)
• Effects
manifest 2 to
24 hours after
vapor
exposure

• Absorption
through the
skin
• Inhalation
• Ingestion

Pain is not
immediate

Lewisite (L)

• Rapid pain
and irritation
occur
immediately

Skin:
• Blisters
Airways:
• Coughing
• Lesions, in
rare cases
resulting in
respiratory
failure
Eyes:
• Itchiness
• Burning
sensation
• Possible
cornea
damage

Antidotes/
Treatment
• Thorough
decontamination
using water
• Prevention of
infection using
antibiotics
• Application of
lotions/ointments
to soothe blisters
• Mustard has no
known antidote
• British-AntiLewisite can
mitigate some
systemic effects
of lewisite,
though it can
itself cause some
toxicity

Nausea and
vomiting can
also result
Lewisite:
• Skin
blistering
• Burning/
Watery/
Swollen eyes
• Upper airway
irritation
• Systemic
blood
poisoning
Adapted from O’Connor, T. (2010). Megalinks in Criminal Justice website:
http://www.apsu.edu/oconnort/
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Blood Agents
Name

Rate of Action

Exposure

Effects

Hydrogen
cyanide (AC)

• Rapid
• Exposure to
low
concentration
causes
symptoms in
1 or more
hours
• Exposure to
high
concentration
causes
sudden
unconsciousness

• Inhalation
• Ingestion

Agents inhibit
cell respiration;
heart and
central nervous
system are
susceptible

Cyanogen
chloride (CK)

• Rapid
• Lethal
concentration
produces
effects within
15 seconds
of exposure;
death follows
within 6 to 8
minutes

Cyanogen
chloride also
greatly irritates
eyes and lungs
In moderate
cases:
• Vomiting
• Dizziness
• Deeper,
more rapid
breathing
In severe
cases:
• Convulsions
• Respiratory
failure
• Sudden loss
of consciousness leading
to death

Antidotes/
Treatment
Agents are highly
volatile:
• Flush eyes with
water
• Remove
contaminated
clothing
• Rinse exposed
skin with water
Antidotes:
• Intravenous
administration of
sodium nitrate
and sodium
thiosulfate for
detoxification
purposes (i.e., to
assist body’s
ability to excrete
cyanide from
system)
Pretreatment under
development in the
United Kingdom
Hyperbaric oxygen
therapy in cyanide
poisoning is
inconclusive

Adapted from O’Connor, T. (2010). Megalinks in Criminal Justice website:
http://www.apsu.edu/oconnort/
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Pulmonary Agents
Name

Rate of Action

Exposure

Effects

Phosgene
(CO)

• Delayed
• Asymptomatic period can
last up to 24
hours

• Inhalation
• Absorption
through skin

• Shortness of
breath
• Irritation of
mucous
membranes
• Coughing
• Tightness of
chest
• Culminates
in fluid buildup in lungs,
leading to
fatal choking
• Damage to
any tissues
contacted

Chlorine

• Rapid
• Lethal effects
manifest 30
minutes after
exposure

Antidotes/
Treatment
No antidote once
exposed
Don gas masks and
other protective
gear to prevent
inhalation
Medical responses
include:
• Relocation to
decontaminated
environment
• Enforced rest
• Management of
secretions in
airways
• Oxygen therapy
• Prevention/
Treatment of
pulmonary
edema

Adapted from O’Connor, T. (2010). Megalinks in Criminal Justice website:
http://www.apsu.edu/oconnort/

Biological Agents
The history of biological weapons is nearly as old
as the history of mankind. Animal carcasses were
placed in wells, bodies of plague victims were
catapulted into cities under siege, and smallpoxcontaminated blankets may have intentionally
been given to Native Americans during the
French and Indian War.
Biological agents are living microorganisms that
A lab assistant counting bacteria
produce disease. Types of biological agents
culture on an agar plate.
include bacteria, viruses, and bacterial toxins.
Like chemical agents, biological agents can enter the body through inhalation,
ingestion, skin absorption, and injection. Thankfully, the use of biological agents
by terrorist groups has been limited, but the prospect of biological terrorism is
chilling. Organisms could be obtained from sick or dead people and animals.
Many could be cultured or grown relatively easily. Controls on biological
materials are generally not as strict as those for chemical agents, making it
possible for small quantities of biological agents to be transported without being
detected.
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Expect biological incidents to present themselves in one of two ways:
• Focused response to an incident involving a particular toxin.
• Public health emergency with no single known source of contamination.
Some toxins can be quick to cause harm, with death resulting in minutes or hours;
however, other biological agents that cause disease present a different serious
public health challenge. Because of long incubation periods it’s possible that a
biological attack might not be detected until days or even weeks after it happens.
The ease with which people travel throughout the world today means a person
could become infected in one part of the world and then carry the infection home
before becoming symptomatic. This delay could lead to a public health
emergency with high rates of illness and casualties over a broad geographic area.
Disaster site workers are more likely to play
a role in a focused response to an incident
involving a particular toxin than a public
health emergency. For example, you might
respond to an announced incident of anthrax
contamination resulting from a terrorist
breaking a vial in a crowded venue. You
might be involved in cleaning up the toxin.
For a biological agent with a long incubation
period, the agent is likely to have dissipated
or become nonviable by the time the
incident is recognized—leaving little role
for disaster site workers.

Case Study
The first bioterrorism incident
against a community in the
United States occurred in 1984.
Oregon health authorities closed
down restaurants with salad bars
after nearly 400 people became
infected with Salmonella
typhimurium. A total of 751
people were victims of a scheme
to hold down voter turnout.
Forty-five were hospitalized.
There were no fatalities. The
Rajneeshees, a religious cult
grew their own bacteria and
intentionally contaminated salad
bars. They had hoped to
incapacitate the voting
population of the city so that their
own candidates would win the
Wasco County elections.

The Centers for Disease Control (CDC)
separates biological agents into three
categories (A, B, and C) depending upon
how easily they can be spread and the
severity of illness or death they cause.
Category A agents are considered the
highest risk to national security because they:
• Can be easily disseminated or transmitted from person to person.
• Result in high mortality rates and have the potential for major public
health impact.
• Might cause public panic and social disruption.
• Require special action for public health preparedness.

14 CBRNE
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CDC category A agents include the following:
• Anthrax (Bacillus anthracis)
• Botulism (Clostridium botulinum toxin)
• Plague (Yersinia pestis)
• Smallpox (variola major)
• Tularemia (Francisella tularensis)
• Viral hemorrhagic fevers (filoviruses [e.g., Ebola,
Marburg] and arenaviruses [e.g., Lassa,
Machupo])
Although any of the category A agents can be deadly,
treatment can be effective for most agents if administered
early. Mortality rates are likely to be high for initial cases
of disease (those who get sick before the incident is
identified), but the odds improve greatly for later victims.

Vaccines exist for some of
the category A biological
agents.

Biological agents are more difficult to recognize than chemical agents. Symptoms
can be confused with naturally occurring outbreaks of disease. Many initial
symptoms are also similar to several other types of disease. These factors
complicate recognition, identification, and treatment.

Case Study
Botulism appears to have been Saddam Hussein’s favorite biological weapon.
According to United Nations documents, Iraq produced 19,000 liters of liquid
botulism toxins and 8,500 liters of liquid anthrax. Much of this was loaded into
bombs, and Hussein was apparently fully prepared to use these weapons.
Unfortunately, obtaining the bacterial cultures for production of botulism toxins
was relatively easy for the Iraqis. They got the culture from a supply house in the
United States, selecting the same culture that the United States weaponized back
in the 1940s and early 50s.
CDC Bioterrorism Preparedness and Response Program podcast:

http://www2c.cdc.gov/podcasts/player.asp?f=8

The tables on the following pages summarize the rates of action, transmission,
symptoms, and treatments for Category A agents.
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Biological Agents

Name
Anthrax
(Bacillus
anthracis)
• Inhalation

Rate of
Action
Incubation:
• Usually
less than
1 week;
may be
up to 2
months
Untreated:
• 95%
mortality

• Absorption
(through
skin)

Incubation:
• 1-2 days
Untreated:
• 20%
mortality

• Ingestion

Incubation:
• Usually
1-7 days
Untreated:
• 25-60%
mortality

16 CBRNE

Transmission

Symptoms/
Effects

Treatment/Vaccine

• From the
anthrax
spore itself
• Not
transmitted
man to man
• May be
aerosolized
as a
weapon

• Resembles flu:
fever, fatigue,
headache,
non-productive
cough; often
followed by
improvement,
then abrupt
onset of severe
respiratory
problems;
shock;
pneumonia
and death
within 2 to 3
days

• Treatable If
antibiotics
administered
before onset of
symptoms
• Vaccine available

• Spore
contact
itself.
• Rarely may
be spread
from lesion
of victim to
open sore of
another
person

• Raised itchy
bump at the
site of a cut or
abrasion
resembling an
insect bite
• Develops into
an ulcer within
1-2 days
• Progresses
into black ulcer
with flu-like
symptoms

• Treatable

• Spore
swallowed
in contaminated food
• Not spread
man to man

• Following
consumption of
infected food,
characterized
by an acute
inflammation of
the gut
• Nausea, loss
of appetite,
vomiting, fever
are followed by
abdominal
pain, vomiting
of blood, and
severe
diarrhea

• Treatable
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Name
Smallpox
(Variola virus)

Rate of
Action
Incubation:
• Averages
12 days
Length of
illness:
• Several
weeks
• 30%
mortality

Plague
(Yersinia
pestis)
• Pneumonic

Incubation:
• 2-3 days

• Bubonic

Incubation:
• 2-6 days

Length of
illness:
• 1-6 days
• Usually
fatal
unless
treated in
the first
12-24
hours

Transmission

Time to
effect:
• May be 6
hours to
two
weeks,
usually
12 to 36
hours
• 25%
mortality

Treatment/Vaccine

• Man to man
via infected
droplets
• Coughing
• May be
aerosolized
as a
weapon

• Malaise, fever,
vomiting,
headache
appear first.
followed 2-3
days later by
lesions
• Highly
infectious

• Treatable if
vaccine
administered
early
• Sufficient
quantities of
vaccine available

• Infected
fleas
• Man to man
via infected
droplets
• Coughing

• Fever,
headache,
weakness,
cough which
produces
bloody or
watery sputum
• Pneumonia
progresses
over 2-4 days
• Without early
treatment,
death
• Strict isolation
crucial

• Treatable if
antibiotics
administered
within 24 hours of
onset of
symptoms
• Vaccine available

• Infected
fleas

• Chills, high
fever, rapid
and thready
pulse,
restlessness,
deliriousness
• Enlarged
lymph nodes
(bubo) which
are tender,
painful

• May proceed to
more serious
infection without
treatment

• Usually
foodborne
• May be
aerosolized
for weapon
purposes
• Not spread
man to man

• Weakness,
dizziness, dry
throat and
mouth, blurred
vision,
progressive,
bilateral
weakness of
muscles
• Interruption of
neurotransmission leading to
paralysis
• Abrupt
respiratory
failure may
result in death

• Treatable with
antitoxin, if
administered
early
• Vaccine available

Untreated:
• 60%
mortality

Botulism
(Botulinum
toxin)
• Produced by
Clostridium
botulinum
bacterium

Symptoms/
Effects
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Name
Tularemia
(Pasturella
tuarensis)

Rate of
Action
Incubation:
• 3-5 days
Untreated:
• 30-60%
mortality

Viral
hemorrhagic
fevers
• Arenaviruses
• Filoviruses
• Bunyaviruses
• Flaviviruses

Incubation:
• 4-21
days
• Death
between
7 to 16
days

Transmission

Symptoms/
Effects

Treatment/Vaccine

• Animal
hosts; also
known as
rabbit or
deer fly
fever
• May be
aerosolized
for weapon
use
• Not spread
man to man

• Headache,
chills, nausea
and vomiting,
fever,
weakness,
sweats,
progressing to
pneumonia-like
symptoms,
respiratory
failure, shock,
and death

• Treatable, if
antibiotics
administered
early
• Vaccine available

• Caused by
1 to 10
different
organisms
• Some are
spread man
to man

• Fever, fatigue,
dizziness,
muscle aches,
loss of weight,
exhaustion
progressing to
bleeding under
the skin, in
internal organs

• No cure
• No vaccine,
except for Yellow
fever and
Argentine
hemorrhagic
fever

Adapted from O’Connor, T. (2010). Megalinks in Criminal Justice website:
http://www.apsu.edu/oconnort/

Radiological and Nuclear Agents
It is unlikely that terrorists will have access to a functional nuclear weapon in the
near future, but response and planning agencies cannot rule out the possibility that
terrorists will attempt to steal, transport, and use nuclear devices. It is more likely
that terrorists may attempt to use conventional weapons to attack nuclear power
plants or radioactive waste storage processing facilities. It is much more likely
that they might attempt to disperse radioactive material using a radiological
dispersion device (RDD), or dirty bomb.
Radiation
Any material that contains radioactive (unstable)
Radiation is invisible,
atoms and spontaneously emits radiation is
odorless, and
radioactive. Radioactive materials are everywhere,
tasteless.
but we usually encounter them only in very small
amounts. Radiation released from radioactive material does not have a smell or
taste and cannot be seen. When radiation is strong enough to excite an electron in
common material, it is called ionizing radiation. Ionizing radiation can damage
living tissue—including yours. Ionizing radiation travels from its source at a very
high speed and depending on its type might be able to penetrate easily through
very dense materials. The types of ionizing radiation include the following:
• Alpha (α) particle radiation travels only a few centimeters in the air.
Consisting of two positively charged protons and two neutrons, alpha
particles are relatively large and are easiest to shield. They can usually be
stopped by a protective layer of intact skin. Alpha radiation can cause a
18 CBRNE
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great deal of biological damage if you inhale or ingest it. If it gets into
your body, it can deposit large amounts of energy in a small volume of
your tissue. Sources of alpha radiation include plutonium (238 and 239)
and uranium (238 and 235).
Beta (β) particles can travel 10-20 feet in the air. Beta particles are nearly
8,000 times smaller than alpha particles, so shielding must be denser than
for alpha radiation. A beta particle has only half of the electrical charge as
an alpha particle, making it less effective at ionizing other atoms.
Therefore, it travels farther before giving up all its energy and coming to
rest. Most can be shielded by an appropriate thickness of aluminum,
plastic, glass, and safety glasses. Beta radiation is a hazard to your skin
and eyes. While it can burn your skin, it generally cannot penetrate to deep
tissue such as bone marrow or internal organs. If taken into the body, it
can be a hazard similar to alpha radiation only with less energy. Sources of
beta particles include uranium decay products and the decay of some
radioactive substances, such as tritium.
Gamma (γ) ray radiation, which includes X-rays, are a form of
electromagnetic radiation produced by subatomic particle interactions,
such as radioactive decay. Gamma rays are often produced right alongside
alpha and beta radiation. Gamma rays have a high frequency and high
energy. This high energy content is what causes damage when they are
absorbed by living cells. Gamma radiation has great penetrating power
and can travel many feet in the air. It requires a thick layer of dense
material such as lead or steel for shielding. The higher the energy of the
rays, the thicker the shielding required. Gamma radiation is a hazard to
both the outside and inside of your body. Rather than affecting a small
area of tissue near the radiation source, gamma/X-ray radiation can cause
a dose to the whole body.
Neutron particle radiation does not detach electrons in the same way
that alpha, beta, and gamma radiation do. Instead, neutron absorption
results in a secondary emission from a nucleus. Because neutrons are not
charged, they are potentially most penetrating depending upon the
interaction with other materials. Shielding for neutron particles is often
multilayered. Steel or lead is used to slow down the high energy particles,
and then water, polyethylene plastic, concrete, or some other material with
high hydrogen content is used to absorb the low energy particles. Neutron
radiation is a dangerous, whole body hazard. It is encountered only at
nuclear reactors or after exploded nuclear weapons.

Contamination vs. Exposure
An accident, an event in nature, or an act of terrorism could release radioactive
materials into the environment, expose people, and contaminate their
surroundings and personal property. Radioactive contamination occurs when
radioactive material is deposited on or in an object or a person. A contaminated
person has radioactive materials on or inside their body. If radioactive
contamination gets onto your clothes or intact skin, it can be removed through
decontamination procedures. If radioactive contamination gets into your body
through inhalation (lungs), ingestion (through eating or mucus), or direct contact
(directly into your bloodstream through a cut), it becomes an internal
contamination hazard and may lead to high exposure.
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Radiation exposure is when the particle or wave energy given off by radioactive
materials penetrates your body. The exposed person is not necessarily
contaminated. Exposure can occur when a person or an object is close enough to
radioactive material to be affected by it without touching it. For example, when a
person has an X-ray, he or she is exposed to radiation. For a person to be
contaminated, radioactive material must be on or inside of his or her body.
Contaminated people are exposed to radiation released by the radioactive material
on or inside their bodies. Uncontaminated people can be exposed by being too
close to radioactive material or a contaminated person, place, or thing.

An exposed person is not necessarily contaminated.

External and Internal Contamination
Biological effects can occur from both external sources of radiation and radiation
emitted by internal sources of radiation in the body. External contamination
occurs when a person’s skin, hair, or clothing comes into contact with radioactive
material in the form of dust, powder, or liquid. The contact is external to a
person’s body. People who are externally contaminated can become internally
contaminated if they inhale or swallow radioactive material, or
if the radioactive material enters their
Pharmaceuticals are
bodies through an open wound or is
not a substitute for
absorbed through their skin. Internal
sound hazard
contamination is of special concern
controls.
because the radioactive material can
be difficult to remove. Some types of radioactive materials stay
in the body and are deposited in different body organs. Other
types are eliminated from the body in blood, sweat, urine, and
Potassium iodide is feces. There are some medical treatments available that can be
a pharmaceutical
used before or after you receive a high internal exposure of
treatment given
radiation. However, pharmaceutical treatments are considered
before exposure to
last resort measures. Pharmaceuticals are never a substitute for
radiation.
using good, sound hazard controls to protect yourself from
radiation.
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Radioactive material can contaminate the body from inside, outside, or both.

Chronic Dose vs. Acute Dose
Chronic radiation doses are relatively small amounts of radiation received over
a long period of time. An example of a chronic dose is the dose we receive from
natural background radiation every day of our lives or the dose we receive from
occupational exposure (<5 rem per year). Our bodies are better equipped to
handle a chronic dose than an acute dose. The body has time to repair damage
because a smaller percentage of the cells need repair at any given time. It has time
to replace dead or nonfunctioning cells with new healthy cells. It is only when the
dose of radiation is high and received very rapidly that the cellular repair
mechanisms are overwhelmed, and the cell dies before repair can occur.
Effects of low radiation doses on the body
According to the NRC, in the
generally do not appear immediately.
Three Mile Island accident in
Effects of low doses include an increased
1979, estimates are that the
risk of cancer, cataracts, and life
average dose to about 2 million
expectancy changes. Having an increased
people in the area was only
about 1 millirem. The maximum
risk does not always lead to developing a
dose to a person at the site
disease. Having an increased risk means
boundary would have been less
that the chances of getting a disease are
than 100 millirem. To put this
higher if the exposure had not occurred.
into context, exposure from a full
Increased cancer risk and life expectancy
set of chest X-rays is about 6
millirem
and natural background
changes are generally lower than the
dose
for
the area is about 100expected cancer and mortality risks that are
125 millirem per year.
encountered daily by smokers, residents of
urban areas, and construction workers.
However, professionals in the radiation protection field generally assume that the
chance of a fatal cancer from radiation exposure increases with the magnitude of
the exposure. In other words, it is assumed that no radiation exposure is
completely risk free.
Acute radiation doses are large doses of radiation over a short period of time.
Biological effects are observed more easily when large doses of radiation have
been received. Much of what is known about radiation and human health comes
from studies of people exposed to medical uses of radiation, survivors of the
atomic bombings in Japan, and people exposed to radiation from the Chernobyl
accident. There is the possibility of injury, disability, and death from acute
radiation exposure. A dose of 500 rem could be fatal.
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An acute effect is a physical
reaction because of massive cell
damage caused by a large radiation
dose received in a short period of
time. The body cannot repair or
replace cells fast enough from an
acute dose, and physical effects
such as reduced blood count, a
suppressed immune system, and
hair loss may occur. Organs in the
body respond to radiation
differently. The blood-forming
organs and the digestive system are
the most sensitive; the extremities
and the brain, the least.

Modern ruins in the abandoned city of Pripyat,
about 5 kilometers from the Chernobyl nuclear
station.

Radiation Dose vs. Dose Rate
Often, the terms “dose” and “dose rate” are used. Radiation dose is a cumulative
measurement of the amount of radiation energy deposited in the body. Radiation
dose is often measured in millirem. Dose rate is the rate at which radiation is
deposited in the body. Dose rate is often measured in millirem per hour. For
example, with a dose rate of 50 mrem/hr, after half an hour of exposure, the dose
would be 25 mrem; after an hour, 50 mrem; after two hours, 100 mrem.
Doses at Which Effects Occur
A large acute dose of radiation can result in radiation sickness evidenced by skin
burns, hair loss, gastrointestinal disorders, bacterial infections, hemorrhaging,
anemia, loss of body fluids, and electrolyte imbalance. The chance for survival for
people with acute radiation sickness is smaller the bigger the radiation dose. An
extremely high dose of exposure can result in death within a few hours, days, or
weeks. For survivors recovery can take several weeks up to a couple of years.
<50 rem
100 rem
150 rem
200 rem
300 rem
450 rem
500 rem
1,000 rem

no obvious effects, but blood chemistry changes
minor radiation sickness in about 10 percent of exposed population
minor radiation sickness in about 25 percent of exposed population
radiation sickness in about 50 percent of exposed population
radiation sickness in all exposed; 20 percent death rate within a month
about 50 percent death rate without medical treatment
radiation sickness within four hours; more than 50 percent death rate
radiation sickness within 1-2 hours; 100 percent death rate

University of Rochester, Radiation Safety Unit 2007.

Protective Action Guidelines
Under normal working conditions the maximum permissible dose a radiation
worker is allowed to receive is 5 rem per year (5,000 mrem per year or 1,250 per
quarter). However, for a radiation disaster the Department of Homeland Security
has voluntary guidelines for emergency response workers. These are called protective
action guidelines (PAGs) for RDDs and improvised nuclear devices (INDs). PAGs
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are not defined as “safe” or “unsafe” levels. These are voluntary guidance limits that
were developed based on multiple resources for use in emergencies. At PAG levels
you may experience temporary sterility, nausea, or bone marrow depression.
Here are the EPA/DHS protective action guideline levels:

•
•
•

10 rem/year for protecting valuable property
25 rem/year for lifesaving or protection of large populations
50 rem/year National Council on Radiation Protection and Measurement
(NCRP) maximum limit

Characteristics of an RDD Incident
A radiological dispersal device (RDD), or “dirty
bomb,” is a mix of explosives, such as dynamite,
with radioactive powder or pellets. When the
dynamite or other explosives are set off, the blast
carries radioactive material into the surrounding
area. A primary concern with RDDs is the
possibility of alpha and beta radiation emitted
from inhaled or ingested radioactive contaminated
dust.

A detonated RDD. Image courtesy
of NIEHS.

RDDs are designed to cause damage or injury by disseminating radioactive
material. An RDD is not a nuclear device. A nuclear, or atomic, bomb like those
dropped on Japan during WWII involves the splitting of atoms and a huge release
of energy that produces the atomic mushroom cloud. A dirty bomb works
completely differently and cannot create an atomic blast. An RDD releases a very
small amount of energy compared to a nuclear device. An RDD detonation is
typically equal to about five sticks of dynamite. When a dirty bomb is detonated,
the blast can be strong enough to damage structures and harm nearby people.
RDDs require low technology and cost to create. RDD material could be stolen
from the millions of radioactive sources used worldwide in the radiation industry,
for medical purposes, and in academic applications for research. Relatively lowlevel source materials could even come from consumer waste. Most smoke
detectors, for example, contain a very small amount of the alpha emitter americium241. This isotope is extremely dangerous if inhaled or ingested, but the danger is
minimal if the source is kept sealed. Compared to a nuclear device, an RDD is easy
for a terrorist to make; thus, an RDD incident is more likely to occur.
An RDD incident is a terrorist event. The site
is a crime scene, and evidence preservation is
important. Response workers may even be
trained on evidence preservation. RDD incidents
create a negative economic and psychological
impact. Their cleanup is very expensive, and
they spread fear. RDDs disperse radioactive
contaminated dust into the air and onto surfaces.
They may also disperse larger projectiles of
A dirty bomb.
either bomb fragments or actual pieces of the radioactive material. Devices may
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explode to disperse radioactive materials, destroying or damaging structures.
However, an RDD may also be designed to passively release radioactive materials
into a ventilation system or crop duster (no explosion involved).
What are the main dangers of a dirty bomb? Most
Dirty Bombs
RDDs would not release enough radiation to kill
In November 1995 Chechen
people or cause severe illness—the conventional
Separatists hid a canister of
explosive itself is likely to be more harmful.
Cesium-137 in Moscow’s
Granted, the radioactive dust and smoke could be
Izmaylovsky Park. They
claimed to have seven more
dangerous to your health if it is inhaled, but the
dirty bombs just like it. Dirty
main danger is from the explosion, which can cause
bombs are relatively cheap
serious injuries and property damage. Many of the
and easy to make. The threat
materials used to make a dirty bomb are also heavy
of them spreads panic. The
metals, which are toxic at low levels. Explosions
other seven canisters were
never found.
could also damage nearby chemical storage
containers, potentially releasing other hazardous
chemicals near the detonation site. However, what RDDs primarily do is create
fear, panic, and property contamination, which requires a costly cleanup.
In a densely populated area such as a large city, a relatively small amount of
radioactive material in a dirty bomb could cause many city blocks to exceed EPA
contamination limits for decades. If decontamination could not reduce the danger
of cancer to about 1 in 10,000, the EPA would recommend abandoning
contaminated areas. Some radioactive materials can bind to concrete and asphalt,
while others might lodge in crevices of streets, sidewalks, and buildings. In some
cases demolition may be the only feasible option for decontamination of the area.
Protecting Yourself from Radiation
No exposure is a good exposure so you should make every effort to keep exposure
as low as reasonably achievable (ALARA) to further reduce risks. The ALARA
principle includes reducing both internal and external exposure to ionizing
radiation. Implementation of ALARA is the responsibility of the employer, but
the responsibility for ALARA practices falls on both the employer and you. One
of the most important aspects of the ALARA concept is that personnel working
with or around radiation sources use proper techniques to maintain mimimum
levels of exposure. Three primary methods of minimizing radiation exposures
during disaster response are time, distance, and shielding.
Time
Use strategies to limit the
length of time that you are
exposed to radiation. By
limiting time, you limit
your dose. The maximum
duration of exposure to
radiation that a responder
Reducing time directly reduces radiation dose.
should have is termed stay
time. Stay time is calculated by dividing the total allowable dose by the exposure
rate. (We are making the assumption that 1 Roentgen (R) = 1 rad = 1 rem.)
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DHS limits work to lifesaving and important protective actions at dose rates of
25,000 mR/hr and above. According to NCRP, the total allowed protective action
guidelines dose for lifesaving is 50,000 mrem per year. If you are in an extremely
high-caution radiation zone where the radiation level is 10,000 mR/hr, you would
reach the total allowed amount of radiation for lifesaving activities for the entire
year in five hours. Fortunately, it’s not likely that you will ever be working in an
extreme caution radiation area.
Total Allowable Dose/Exposure Rate = Stay Time
50,000 mrem / 10,000 mR/hr = 5 hours
Here are some strategies to minimize time in a radiation zone:
• Preplan the job carefully.
• Have tools ready before entering the radiation area.
• Consider doing a test run of the job.
• Use experienced workers, if possible, who can get the job done faster and
as safe as possible.
• Use experienced people to train new workers.
• Rotate workers to reduce the doses received by each worker.
• Perform as much work outside the area as possible.
• Do the job right the first time.
Distance
Obviously, the best way to protect yourself is to avoid areas with radioactive
contamination. Avoid unnecessary risk by maximizing the distance between you
and the source. Respect work and radiation zones. If you see a piece of material
that might be a bomb fragment, leave it alone and report it so it can be tested. Do
not handle suspect material.
By increasing the distance
between you and the
radioactive material, you
will reduce your dose rate.
In fact, if you double your
distance from the radiation
source, you will reduce
your dose rate by ¼.
Doubling your distance will reduce dose rate by ¼.

Shielding
If possible, shielding
material should be placed
between the body and the
radiation source to reduce
the exposure to the body.
Examples of shielding are
walls, mobile shields, lead
Shield yourself from the radiation source.
aprons, lead gloves, and
lead-loaded rubber gloves. Wear safety glasses/goggles to protect your eyes from
beta radiation when applicable.
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Safe Work Practices
Here are some work practices that will reduce your potential radiation exposure:
• Avoid hand-to-mouth contact.
• Do not take breaks, eat, drink, or use
tobacco products in radiation-controlled
areas.
• Do not touch a contaminated surface or
allow clothing to do so.
• When possible, use tools and other
equipment dedicated to contamination
work.
• Perform frisking (use a radiationdetecting device to search for
contamination of personnel) properly.
Assume that a worker is contaminated.
Whole body frisking is required when
leaving contaminated areas where
Decontamination often can be done
protective clothing has been worn.
by washing the hands with mild soap
and lukewarm water.
• Be especially careful when removing
protective clothing, especially gloves and shoe covers.
• Do not wear watches, rings, or other jewelry.
• Use appropriate PPE correctly. In
most RDD deployments a properly
fitted full-face HEPA respirator is
the most important part of the PPE
ensemble.
• Personnel decontamination is
normally accomplished using mild
soap and lukewarm water. If more
aggressive decontamination
techniques are required, they would
be outlined in the worksite’s
A full-face HEPA respirator.
radiological protection programs
(RPPs), radiological work permits (RWPs), or decontamination plan.
Methods to Minimize Radioactive Waste
The following methods can help you minimize radioactive waste:
• Minimize the materials used for radiological work.
• Take only the tools and materials needed for the job.
• Unpack tools and other equipment in a clean area.
• Use tools and equipment identified for radiological work.
• Use only the materials required to clean the area. Extra bags, rags, water,
or solvents add to the radioactive waste.
• Protect “clean” materials by covering them when taking them into
contaminated areas.
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Explosive Agents

TNT is a common explosive.

Don’t let the CBRNE acronym fool you. Even
though explosive agents follow chemical,
biological, radiological, and nuclear agents in this
chapter, explosive devices are actually the most
likely type of terrorist weapon. Explosive agents
fall into two major categories: explosive and
incendiary.

Explosive agents are chemical substances
Case Study
that undergo a rapid chemical change,
Fifty-two people were killed and
hundreds more injured in a series
usually with the production of gas, when
of coordinated attacks on London’s
they are either heated or struck. Explosions
transportation system in July 2005.
create a high-pressure blast and can send
The attacks were carried out by
debris flying and lift people off the ground.
four suicide bombers. Authorities
An improvised explosive device (IED) is
had difficulty identifying the
explosive used, but believe it may
a homemade bomb or destructive device
have been triacetone triperoxide
designed to destroy, incapacitate, harass,
(TATP).
or distract. Because they are improvised,
they come in many forms, ranging from a
small pipe bomb to a sophisticated device. Some of these conventional weapons
pack a powerful punch and can bring down large buildings and result in many
deaths. The purpose of a small device might be to attract large numbers of first
responders, who are then subjected to a larger secondary device. Alternatively, a
small explosive device might be used to disperse chemical, biological, or
radioactive agents.
Examples of explosives include:
• Urea nitrate, a fertilizer, was used at
the World Trade Center in 1993.
• Ammonium nitrate, commonly used
for mining and blasting, was used in
the 1995 Oklahoma City bombing.
• Smokeless powder, used as
ammunition, was used in the 1996
Olympic Park bombing.
• Other explosives include lead azide,
mercury fulminate, dynamite, water
gels, and TNT.

Case Study
Homemade bombs are not the
only ways terrorists can deliver
explosives. On September 11,
2001, terrorists used the
airplane to create devastating
explosions and fire. Quantities
of residual, unburned fuel may
remain when an aircraft is used
as the weapon of attack. In
addition to the resultant fire
hazard, aviation gasoline and
jet fuel are hazardous
substances.

Incendiary means causing or capable of causing fire. Incendiary weapons,
devices, or bombs are designed to start fires or destroy sensitive equipment, using
materials such as napalm, thermite, chlorine trifluoride, or white phosphorus.
Incendiary bombs, also known as firebombs, were used effectively as a weapon
during World War II. Firebombs take very high temperatures to ignite, but when
alight, the resulting fire can be intensely hot, even capable of burning through
solid steel. In WWII such devices were employed in incendiary grenades to burn
through heavy armor plate or as a quick welding mechanism to destroy artillery
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and other complex machined weapons. Firebombing seeks to damage a target,
generally an urban area, with fire instead of the blast from large bombs.
Effects
Effects of explosive agents depend on their size, composition, construction, and
placement. Damage may come from heat, shockwave, blast pressure, shrapnel, or
flying debris. The table below predicts the minimum damage radius based on the
volume or weight of explosive (TNT equivalent) and the type of bomb. Vehicle
bombs can carry more explosive material and, therefore, can do more damage. A
larger version of this table can be downloaded from the Department of Homeland
Security at www.dhs.gov/xlibrary/assets/prep_ied_fact_sheet.pdf.

Explosions can damage buildings by blowing out windows, destroying walls, or
shutting down systems such as power, ventilation, water, and fire suppression. In
some buildings the damage could result in secondary hazards, such as the release
of asbestos insulation or radioactive material from medical devices. The explosion
of a bomb could also cause secondary explosions of nearby gasoline, natural gas,
or other flammable materials. Responders should be alert to the potential for
structure collapse as well as secondary explosives in the area.
The number and type of injuries from explosions will vary depending upon:
• Size of the blast.
• Physical environment.
• Amount of structural damage.
• Amount of shielding between the victims and the blast.
• Whether or not there is fire or structural damage.
• Whether the incident happens in a closed space or open area.
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Routes of entry can include the following:
• Trauma from change in pressure
• Injection from shrapnel
• Inhalation from incendiary fires or explosions
• Dermal exposure to incendiary materials causing burns.
Most health effects are immediate, but some that might not be apparent right away
could still cause symptoms and even fatalities months after the event. Injuries
common to explosions include:
• Overpressure damage to the lungs, ears, abdomen, and other pressuresensitive organs. Blast lung injury is the leading cause of illness and death
for initial survivors of an explosion.
• Fragmentation injuries caused by projectiles thrown by the blast:
shrapnel or debris that penetrates the body and causes damage.
• Impact injuries caused when the blast throws a victim into another
object; that is, fractures, amputation, and trauma to the head and neck.
• Thermal injuries caused by burns to the skin, mouth, sinus, and lungs.
• Other injuries, including exposure to toxic substances and aggravation of
preexisting conditions (asthma, heart conditions, etc.).
Secondary devices are a possibility with any
explosion incident. They are bombs or other traps
placed at the scene of an ongoing emergency response.
Terrorists design secondary devices to explode or
function after an initial explosion or emergency call
has attracted responders to the scene. Their intent is to
inflict injury, damage, and fear among responders.
Secondary devices can be designed to deliver a variety
of CBNRE agents. They might deliver explosives,
incendiary mixtures, chemical agents, or biological
agents. They may even deliver other biohazards—a
hepatitis-infected suicide bomber, for example.

Secondary explosions can
injure responders.

Guidelines from the U.S. Fire Administration
• Anticipate a secondary device at any suspicious incident.
• Search for a secondary device before moving into the area.
• Avoid touching or moving anything that may conceal an explosive device.
• Effectively manage the scene with boundaries, exclusion zones, etc.
• Evacuate victims and nonessential personnel as quickly as possible.
• Preserve the scene as much as possible for evidence collection and crime
investigation.
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Secondary devices can be explosive devices, dispersal devices, or
something completely unexpected—botulism toxin in food
distributed to responders, for example. Terrorists are creative and
keep coming up with new ways to harm or cause fear in others.
Keep an eye out for anything that seems out of place, like
abandoned containers or vehicles.
Explosive devices are typically hidden out of view, or they are
camouflaged by being placed in ordinary objects, such as vehicles,
flashlights, briefcases, letters, flowerpots, or garbage cans. In other Explosives can
look like
words, they can be made to look like just about ANYTHING!
ordinary
Blasting caps, timers, booster charges, or strong chemical odors
objects.
are indicators, as are trip wires or other booby traps. Usually the
devices are detonated by a time delay, although they could be radio controlled,
motion controlled, or cell phone activated.
Here are some safety checks to follow before entering the scene:
• Make sure you have the proper safety equipment.
• Check all machinery and equipment you will be using for signs of
tampering.
• Report any suspicious problems immediately to your supervisor.
• Do not attempt to investigate the problem yourself.
• Check with the officer in charge for any safety concerns or threats.
Upon entering the scene:
• Survey the site (do this throughout the operation).
• Report anything suspicious to your supervisor.
• Know where to go for cover in the event of an attack.
• If you find potential evidence, do not disturb it. Contact the officer in
charge.

Detection and Quantification
Disaster site monitoring is important for protecting workers and the general
public. Detection and quantification of hazards is important for:
• Selecting personal protective equipment.
• Determining where protection is needed.
• Analyzing health effects.
• Determining appropriate medical monitoring.
• Delineating and maintaining control zones.
Monitoring from Start to Finish
Monitoring is often a start-to-finish process that begins when the site is first being
analyzed, and it continues through recovery. Initial information is gathered about
a site. Is it safe to enter? Are there agents present that are immediately dangerous
to life and health? Do precautions need to be taken? Since conditions may change
a worksite over time, periodic and continuous monitoring is usually part of the
site health and safety plan. If you are assigned to a job that puts you in close
contact with hazardous materials over an extended period of time, you might be
30 CBRNE

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

required to wear a personal monitoring device to check your exposure and protect
your health. Usually a safety officer or specifically trained technician will manage
detection and quantification activities at the site. However, since you might be
required to wear, observe, or use a monitoring instrument, it’s a good idea for you
to understand a little about how they work, what they’re used for, and what limits
they have.
Direct Reading Instruments vs.
Laboratory Analysis
A variety of monitoring tools
determine which hazardous agents
are present at a disaster site and in
what concentration. Some tools
are direct reading instruments that
allow detection and quantification
to happen in real time. Other
methods may require sending
samples to a laboratory.

Close-up of tubes in an autosampler, a
component of a gas chromotograph-mass
spectrometer in a scientific research laboratory.

Direct reading instruments can serve as early warning devices because they give
you an instant reading. They can swiftly alert you to flammable or explosive
atmospheres, oxygen deficiency, specific gases, vapors, and ionizing radiation.
They can sometimes allow you to make quick decisions about whether an area is
safe or not and what precautions should be taken. However, direct reading
instruments usually only detect and measure specific classes of chemicals within a
limited detection range. They sometimes require constant checks to stay
calibrated, and weather condition can affect their accuracy.
To get a better sense of all the agents at play, you need to collect samples and
perform laboratory analysis. A major disadvantage to
laboratory analysis is speed. It takes time to analyze
samples in the lab. Time is a serious issue if you need
to make quick decisions involving worker safety. By
the time lab results are returned, the hazards at the site
might have changed. Although one might not always
be readily available, mobile laboratories are one way
emergency planners have addressed this challenge. A
mobile laboratory is usually a trailer truck with
equipment such as gas chromatographs,
spectrofluorometers, and infrared spectrophotometers
that can quickly identify the chemicals in a compound
or air sample.
This photoionization detector is
a direct reading instrument used
to detect many organic gases
and vapors as well as a few
inorganic ones.

The instruments used depend largely on the hazards
suspected or being monitored. Some types of CBRNE
agents are easier to detect than others.

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

CBRNE 31

Here are methods used for chemical agents:
• Detection papers
• Colorimetric detector tubes
• Military detection kits
• Pesticide “tickets”
• Electronic meters
• Laboratory analysis
A colorimetric detector tube, for
example, is a glass vial containing a
chemical that reacts with the
contaminant being monitored. It can
measure the concentrations of a wide
variety of compounds. Here’s how it
works. A pump draws a known volume
of air through the detector tube. The
chemical concentration is determined
from the color change in the tube. The
color change is a result of the chemical A variety of colorimetric detector tubes.
reaction between the detector tube’s
chemical and the contaminant. People use detector tubes to screen for specific
organic and inorganic gases and vapors and to detect leaks.
Unfortunately, there are few effective methods available for responders to directly
identify biological agents in the field. Here are some laboratory methods for
detecting biological agents:
• Bioassay
• Mass spectrometers
• Chromatographic analysis
• Culture of living organism
• PCR (polymerase chain reaction) analysis of DNA samples
Although radiological agents cannot be detected by
human sight or smell, they are the easiest to detect
and measure in real time at the disaster site with
electronic instruments such as the following:
• Geiger counters
• Proportional counters
• Scintillation counters
• Dosimeters

A pair of Geiger counters.

Geiger counters usually detect gamma and beta radiation. Some instruments also
detect alpha radiation, but they might require you to practically touch it before
you can detect it. Though there are other types of radiation detectors, Geiger
counters are considered good instruments because of their relative low cost and
high efficiency.
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It is hoped you wouldn’t have to make too many decisions about where you can
and cannot go safely—that would already be done for you. However, if you are
using a detection meter and it shows a reading above background
levels, believe it! If your instrument tells you there is no radiation
present, be cautious. Not all instruments can detect alpha radiation, and
those that do might require you to practically touch it before you can
detect it. Also, some instruments saturate (“peg”) and indicate low or
no readings in a very high radiation field.
Dosimeters and pocket dosimeters estimate radiation you received over
short periods (like a work shift). They are easily read by pointing one
end toward a light source and looking through the other. The hairline
movement across the scale indicates the exposure measured. Pocket
Direct
dosimeters provide immediate readings, but they must be recalibrated
reading
daily and must be read immediately, as the electrical charge bleeds off dosimeter.
and shows less than actual exposure with time. Also, if exposure
exceeds the range, the additional amount of radiation exposure cannot be
determined. Mechanical trauma can change the reading, and they are somewhat
easy to misread.
If you are going to work in a radiation area for
many months, then your employer is likely to
have you wear personnel monitoring equipment,
such as a film badge to measure whole body
irradiation. The film badge is a plastic holder with
a clip on the back to attach to your clothing. It
contains a film holder, a series of filters, and an
unfiltered area in the middle. The unfiltered, open
area in the middle is called a window. The film
Film badges clip to your clothing.
placed inside the badge contains a variety of
metal filters. The film allows for an estimation of the radiation dosage and energy
because the energy level of the radiation interacts differently with each filter. You
wear a film badge for about a month. Then you are given a new film badge while
the used badge is sent away to be read. Film badges are advantageous because
they have been used for many years, are inexpensive, easy to handle, easy to
process, and provide a permanent record of exposure with a wide range of
sensitivity. However, like any other instrument film badges have limitations too.
They fog when exposed to heat, do not provide an
immediate reading, and are accurate only at 10 mrem and
higher.
One of the most important direct reading instruments is
the combustible gas and oxygen indicator (CG/OI). This
instrument has a dual purpose. It detects and measures
areas for combustible gases and oxygen deficiency. They
are particularly useful for confined space work. Many
CG/OIs also monitor for other commonly encountered
toxic gases, such as carbon monoxide and hydrogen
sulfide. The CG/OI has an adjustable combustible gas
and oxygen concentration alarm that you fix to a preset
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A combustible gas and oxygen
indicator.
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value. When the combustible gas or oxygen concentration reaches the preset
alarm point, a horn or bell sounds, and a red alarm light is triggered. The alarm
lets you use the instrument as a continuous air monitor in most work areas.
This type of instrument is designed for use in atmospheres with normal oxygen
concentrations. If oxygen concentrations are significantly lower or higher than
normal air, you might get incorrect readings. It’s also important that a qualified
person interpret the results of monitoring. This person must be trained in the
CG/OI’s operation, limitations, and calibration procedures. In addition to
checking spaces for oxygen deficiency or flammable vapors, CG/OIs can verify
whether purging, inerting, or ventilation operations have worked.
Methods that work for detecting some
explosives include:
• Combustible gas meters.
• Colorimetric detector tubes.
• Bomb-sniffing dogs.

A dog searching for explosives.

Warning Signs
There are many warning indicators
of a CBRNE attack. In all but large
cities detection equipment might
not be readily available, so
responders need to be able to
identify the common warning signs
indicating the presence of CBRNE
agents. This section outlines the
common warning signs for
chemical agents.

Unusual numbers of sick fish, birds, or other animals
can be an indicator of a CBRNE attack.

Nerve Agents
Once released, a nerve agent provides warning signs that are easy to spot. Within
minutes the most significant sign will be rapid onset of similar symptoms in a
large group of people. Dermal exposure (clammy skin) and pinpoint pupils
(miosis) are the best symptomatic indications of nerve agent use. Because nerve
agents are so lethal, mass fatalities without other signs of trauma are common.
Other outward signs of nerve agent release include:
• Hazardous materials or lab equipment that is not relevant to the location
and seems “out of place.”
• Exposed individuals reporting unusual odors or tastes.
• Explosions dispersing liquids, mists, or gases.
• Explosions seeming only to destroy a package or bomb device.
• Unscheduled dissemination of an unusual spray.
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•
•
•
•
•
•

Abandoned spray devices.
SLUDGEM (symptoms and effects of nerve agents):
Numerous dead animals,
Salivation
fish, and birds.
Lacrimation (tearing)
Absence of insect life in a
Urination
warm climate.
Defecation
Mass casualties without
Gastrointestinal (cramping and nausea)
obvious trauma.
Emesis (vomiting)
A distinct pattern of
Miosis (pinpoint pupils)
casualties and common
symptoms.
Civilian panic in potential target areas (government buildings, public
assemblies, subway systems, etc.).

Blister Agents
Outward warning signs will generally be the first clue of a release of blister
agents. Unfortunately, the signs may not appear as quickly they do for nerve
agents. Blisters take hours to days to develop. Complaints of eye and respiratory
irritation along with reports of a garlic-like odor would be the initial signs. Similar
symptoms experienced by a large number of people as well as the following may
indicate a blister agent release:
• Explosions that dispense liquids, mists, or gas.
• Explosions that seem only to destroy a package or bomb device.
• Unscheduled and unusual spray being disseminated.
• Abandoned spray devices.
• Mass casualties without obvious trauma.
• Definite pattern of casualties and common symptoms.
• Civilian panic in potential target areas (government buildings, public
assemblies, subway systems, etc.).
Blood Agents
Outward warning signs for blood agents may include an odor of bitter or burnt
almonds. The bitter almond odor is an important diagnostic clue for cyanide
poisoning. However, the ability to smell this characteristic odor is a genetic trait
that only about half of the general population possesses.
Choking Agents
Outward warning signs of choking agents may include burning and tearing of the
eyes, chest tightness, and difficulty breathing. Victims may report odors such as
chlorine, bleach or swimming pool odors (chlorine), and the odor of newly mown
hay or grass (phosgene).
Irritating Agents
The first clue of an irritating agent release is burning and irritation of the eyes and
throat. In severe exposures or when direct contact with the liquid occurs,
complaints of burning skin as well as abdominal pain may also be present.
Exposure to these agents is accompanied by tearing, coughing, choking, difficulty
breathing, nausea, and vomiting. Additional signs and symptoms may include:
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•
•
•
•
•
•

A characteristic peppery odor in the area of the event or on the clothing of
persons exposed.
Reports of tear gas-like odor from those exposed.
Identification of tear gas munitions used by either military or police.
Identification of discharged personal protection devices.
Brown-colored stains near the site of the suspected release.
Associated odors: hair spray (tear gas), apple blossoms (mace), and pepper
(pepper spray).

Biological Agents
In a biological incident the onset of some symptoms may take days to weeks, and
typically there will be no characteristic signatures because biological agents are
usually odorless and colorless. Because of the delayed onset of symptoms, the
number of victims and the areas affected may be greater due to the migration of
infected individuals. Indicators of a biological event may include:
• Warnings or threats of an attack (rare).
• Unusual numbers of sick or dying people or animals, especially with the
same signs and symptoms.
• Unusual geographic distribution of patients and unusual disease patterns.
• Dissemination of unscheduled and unusual sprays, especially outdoors and
at night.
Evidence of an attack might include:
• A suspicious bomb that does not cause much blast or fire damage.
• Abandoned spray devices with no distinct odors, especially when out of
place for the environment.
• Containers from laboratory or biological supply houses.
Any number of symptoms may occur. Local hospitals will be reporting additional
casualties with similar symptoms. The agent used determines the time during
which the symptoms appear. Casualties may occur within minutes or hours or
may not occur until many days or weeks after the agent was released.
Radiological and Nuclear Agents
Short of an actual detonation of the RDD or nuclear weapon, obvious accidents
involving radiological materials, or people and animals exhibiting radiological
poisoning, the only way to be certain that radiation is present is through
radiological monitoring. Most fire department hazardous materials teams now
carry these monitors routinely. If the fire department does not have ready access
to these instruments, the local or state office of emergency management should be
able to provide them.
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Explosive Agents
Signs of explosive incidents may be obvious, such as large-scale damage to a
building, or may be difficult to detect initially. Blown-out windows and widely
scattered debris also serve as indicators. Victims may exhibit effects of the blast,
such as obvious shrapnel-induced trauma, appearance of shock-like symptoms,
and/or damage to their eardrums.
Warning indicators for bombs or bomb making include:
• Any abandoned container out of place for the surroundings, which can
indicate either a suspicious item or a possible secondary device.
• Obvious devices containing blasting caps, timers, booster charges, or other
bomb-making materials.
• Abandoned vehicles not clearly belonging in the immediate environment.
• Strong chemical odors with no apparent cause or the presence of
incendiaries or precursor chemicals in bulk, such as nitric acid, ammonium
nitrate, sulfuric acid, peroxides, or red phosphorus.
• Unusual or foreign devices attached to pressurized containers, bulk storage
containers or supply pipes.
Remember, when approaching a CBRNE incident, the most critical consideration
is your safety and the safety of other responders. Wear appropriate protective
clothing and use respiratory protection. If you become a victim, not only is your
effectiveness as a responder compromised, but you take resources away from the
incident to care for you.
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Group Discussion Activity
As a group, discuss what you should do in each of these situations.
1. In addition to your regular job, you are a volunteer EMT. While you are
on vacation and about to enter an art museum, a security guard calls out
the door ,”We have a healthcare emergency!” You learn that terrorists
spilled “blue crystals” on the gallery floor and poured “some kind of liquid
on them.” As fumes developed, several people started choking and
collapsing. You note a musty bitter almond odor as soon as you begin to
enter the gallery.

2. Your work crew will help with the cleanup of an RDD site. How can you
apply some tools that you use regularly to help protect yourself and your
crew from radiation? What are some other strategies you might use to
minimize the radiation dose received by crew members?

3. You and your coworkers are staying at a motel while working at a jobsite
away from home. After a long day you and a coworker decide to use the
hot tub at the motel. When you raise the cover off the tub, the vapors seem
to practically hit you in the face. You become short of breath, and your
buddy feels like he is going to vomit.

4. A small pipe bomb went off in a crowded parking lot next to a large
shopping mall. You are part of the HAZMAT team called to monitor the
site for chemical and radiological agents. You are told that a terrorist has
claimed responsibility for an SUV filled with explosives somewhere in the
parking lot.
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Review Questions
1. What does CBRNE stand for?

2. Identify the likely category of chemical agent for each of the following
warning signs and early symptoms of exposure:
a. Complaints of eye and respiratory irritation along with a garlic-like
odor
b. An odor of bitter or burnt almonds
c. SLUDGEM
d. Burning and itching of the eyes and throat along with a peppery odor
e. Burning and tearing of the eyes, difficulty breathing, and a swimming
pool or newly mown grass odor
3. In a biological attack the first victims may have a very high mortality rate, but
chances for survival are likely to improve for later victims. Why?

4. Rank the following biological agents in order from least likely to be fatal to
most likely to be fatal (if not treated early):
smallpox, cutaneous anthrax, viral hemorrhagic fevers, bubonic plague

5. Is the following statement true or false?
Since alpha radiation is the easiest to shield and can usually be stopped by
a protective layer of intact skin, it is not generally considered a hazard.
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6. List at least four things you should never do in a radiation zone.

7. Name the three primary methods of minimizing radiation exposures.

8. Why are detection and quantification of agents important at a disaster site?

9. List at least five warning signs or safety checks you should keep in mind
before entering the scene of a possible explosive incident.
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Other Resources
CDC Emergency Response Cards for Chemical Agents
http://www.bt.cdc.gov/chemical/erc.asp
CDC Emergency Preparedness and Response: Nerve Agents
http://www.bt.cdc.gov/agent/nerve/
CDC Emergency Preparedness and Response: Blister Agents/Vesicants
http://www.bt.cdc.gov/agent/vesicants/
CDC Emergency Preparedness and Response: Riot Control Agents
http://www.bt.cdc.gov/agent/riotcontrol/factsheet.asp
DOT Emergency Response Guidebook
http://phmsa.dot.gov/hazmat/library/erg
NIOSH Emergency Response Resources: Chemical Hazards
http://www.cdc.gov/niosh/topics/emres/chemagent.html
CDC Fact Sheets on Specific Bioterrorism Agents
http://emergency.cdc.gov/bioterrorism/factsheets.asp
CDC Emergency Preparedness and Response: Radiation Emergencies
http://www.bt.cdc.gov/radiation
CDC Radiation Emergencies: Dirty Bombs FAQ
http://www.bt.cdc.gov/radiation/pdf/dirtybombs.pdf
DHS Guidance for Protection and Recovery Following RDD and IND
Incidents
http://hps.org/hsc/documents/DHS-Final_RDDandIND-PAGs.pdf
DHS Bomb Threat Stand-off Chart
www.fbiic.gov/public/2009/june/DHS-BombThreatChart-6-5-09.pdf
DHS Improvised Explosive Devices Fact Sheet
www.dhs.gov/xlibrary/assets/prep_ied_fact_sheet.pdf
Handbook for Responding to a Radiological Dispersal Device (Dirty Bomb)
http://www.crcpd.org/RDD.htm
CDC PPE Guidance for Response to CBRNE Terrorism Incidents
http://www.cdc.gov/niosh/docs/2008-132/pdfs/2008-132.pdf
NFPA Supplement 14: Emergency Response to Incidents Involving Chemical
and Biological Warfare Agents
www.nfpa.org/assets/files/pdf/Sup14.pdf
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TRAUMATIC INCIDENT STRESS
INSTRUCTOR NOTES
Key Concepts
•
•
•

Signs and symptoms of traumatic stress
Stress management
When to seek outside help

Presentation and Materials
•
•
•
•
•
•

Allow 60 minutes to present this chapter.
Use the OSHA 7600 Disaster Site Worker course manual.
Use the Traumatic Incident Stress PowerPoint® slides.
Consider using CDC Podcast, Traumatic Events.mp3
Try the group discussion activity at the end of the chapter.
Use the questions at the end of the chapter to review.

Group Discussion Activity
Only specially trained individuals should initiate a critical incident support
debriefing (CISD). This activity is not intended to train you to conduct a CISD. It
is designed to help you prepare for and feel comfortable with participating in a
formal debriefing should you be summoned to respond to a traumatic incident.
After a traumatic incident there is generally only one day to pull together a CISD
team. Therefore, your supervisor has asked you to help with some preliminary
planning so your organization is better prepared to quickly assemble and deploy a
CISD team if needed.
1. What qualifications are necessary for a CISD facilitator for your
organization and how might you find a qualified facilitator?
Answers will vary, but may include:
• Someone trained in CISM.
• Someone familiar with our type of work.
• Good people skills.
• Able to “read the room” and know how to keep the process
moving forward.
• Someone who has experienced a disaster site.
2. What is the ideal time frame for conducting a CISD?
Answers will vary, but may include:
• After the crisis.
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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•

Usually within one to seven days, optimally within 48 hours.

Effectiveness diminishes the longer the time between the incident
and the CISD. There is minimal effectiveness after a few weeks.
3. What ground rules or guidelines should be established for the CISD?
Answers will vary, but may include:
• Absolute confidentiality.
• No note-taking or recordings.
• No comments or criticisms regarding other’s feelings or
reactions.
• This is not the time to assess performance.
• Atmosphere must be positive and supporting.
• Keep things in first person. In other words, don’t speak for
others (No, “I heard someone say . . .). People must speak for
themselves.
4. Who do you think should (or should not) participate in the debriefing?
Answers will vary, but may include:
• Only people impacted by the traumatic event.
• No managers or supervisory staff. If a supervisor was part of
the traumatic event, consideration should be given to
conducting an individual CISD. In some cases, supervisors
might be included with the group debriefing but that would not
likely be the norm.
5. If the traumatic event were to occur in your local area, identify a few
desirable locations for holding the debriefing.
Answers will vary, but tentative locations should be private,
comfortable, and usually available on short notice since you never
know when an incident might occur.

Review Questions
1. Name at least three physical symptoms of a stress reaction and at least three
emotional symptoms.
Physical: fatigue, headaches, dizziness, sweating, chills, gastrointestinal
problems, unusual thirst, chest pain
Emotional: fear, intense anger, guilt, chronic anxiety, reduced awareness,
numbness, helplessness, hopelessness, irritability
2. Is the following statement true or false?
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Most disaster site workers suffer from post-traumatic stress disorder
(PTSD).
False. Not everyone who lives through a dangerous event gets PTSD.
In fact, most people won’t.
3. Why do some people have an increased risk of post-traumatic stress?
Risk and resilience factors play a part in whether or not a person has an
increased risk of PTSD. Some of these factors are present before the
trauma and others become important during and after a traumatic event.
Risk factors that may increase the risk of PTSD include:
• Living through dangerous events and traumas.
• Having a history of mental illness.
• Getting hurt.
• Seeing people hurt or killed.
• Having little or no social support after the event.
• Dealing with extra stress after the event, such as loss of a loved
one, pain and injury, or loss of a job or home.
• Dealing with extra stress after the event, such as loss of a loved
one, pain and injury, or loss of a job or home.
4. List at least five simple ways you can help prevent yourself from getting
“burned out” while working at a disaster site.
Answers may include:
• Pace yourself. Rescue and recovery efforts at the site may continue
for days or weeks.
• Take frequent rest breaks. Rescue and recovery operations take
place in extremely dangerous work environments. Mental fatigue
over long shifts can place emergency workers at greatly increased
risk for injury.
• Watch out for each other. Coworkers may be intently focused on a
particular task and may not notice a hazard nearby or behind.
• Be conscious of those around you. Responders who are exhausted,
stressed, or temporarily distracted may place themselves and
others at risk.
• Maintain as normal a schedule as possible. Regular eating and
sleeping are crucial. Adhere to the team schedule and rotation.
• Make sure that you drink plenty of fluids, such as water and juices.
• Try to eat a variety of foods and increase your intake of complex
carbohydrates (for example, granola bars or breads and muffins
made with whole grains).
• Whenever possible, take breaks away from the work area.
• Eat and drink in the cleanest area available.
• Recognize and accept what you cannot change—the chain of
command, organizational structure, waiting, equipment failures,
etc.
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•
•
•
•
•

If your employer provides you with formal mental health support,
consider using it.
Talk to people when YOU feel like it. You decide when you want to
discuss your experience. Talking about an event may be reliving it.
Choose your own comfort level.
Give yourself permission to feel rotten. You are in a difficult
situation.
Recurring thoughts, dreams, or flashbacks are normal—do not try
to fight them. These will decrease over time.
Communicate with your loved ones at home as frequently as
possible.

5. Why might a professional therapist who works well for one person not be a
good choice for another?
Selecting a professional is very personal. The therapist and patient need to
be able to interact well with one another. Therapy is a two-way process
that can only work well when the patient and therapist communicate
openly.
6. Last week your coworker responded to a HAZMAT accident in which a truck
driver was killed, leaving behind a wife and two little girls. Your coworker,
who has two little girls of his own, tells you that he has since been having
trouble sleeping and doesn’t have much of an appetite. Does your coworker
need to seek help from a professional? Why or why not?
At this point your coworker probably does not need outside help from a
professional for the behavior symptoms of stress he is experiencing. It has
been less than a week since the accident that seems to have shaken him. It
is a good sign that he is showing up for work, and he seems to be trying to
talk to someone (you) about how he is feeling. However, fatigue is a major
risk factor on the jobsite. If his lack of sleep at night is severe enough to
be a safety hazard, then the fatigue issue needs to be addressed.
7. List at least three ways a parent or caregiver can help children cope following
a disaster.
Answers may include:
• Help children feel more confident and in control by involving them
in preparing a family disaster plan and assembling a disaster
supplies kit. Preparing for disaster can help children (and adults)
accept the fact that disasters do happen and that there is
something they can do about it.
• Encourage your children to talk and listen to their concerns.
Drawing a picture or telling a story of what happened might help if
your child has difficulty expressing his or her thoughts and
feelings.
• If your child asks questions about the disaster, calmly provide
factual information about the disaster and plans for their safety.
iv – STRESS INST
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•
•
•
•

Provide an answer that is age appropriate. In other words,
younger children may not need the same level of elaboration and
detail that an older child may.
Spend extra time with your children.
Reestablish daily routines for work, school, play, meals, and rest.
Monitor and limit your family’s exposure to the media. News
coverage of the disaster can cause fear, confusion, and anxiety.
Build and use social support systems of family, friends, community
organizations, faith-based organizations, or other resources.

Standards
•

29 CFR 1910.120
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KEY CONCEPTS
•

Signs and symptoms of traumatic
stress

•

Stress management

•

When to seek outside help

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

STRESS 1

2 STRESS

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

TRAUMATIC INCIDENT
STRESS
Lesson Outline
Traumatic Stress
Post Traumatic Stress Disorder
Risk and Reliance Factors
Posttraumatic Growth
Managing Stress at the Disaster Site
Critical Incident Stress Management
Returning Home
When to Seek Outside Help
If You Decide to Seek Therapy
Helping Children Cope
Group Discussion Activity
Review Questions
Other Resources
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Overview
A traumatic event can turn your world upside down. Although first responders
can face similar levels of stress, disaster site workers are particularly at risk for
critical incident stress because they may be on the site for long periods of time,
regularly being reminded of tragic human loss. In addition, disaster site workers
are not exposed to this sort of tragedy as routinely as traditional first responders
are. And disaster site workers also are the least likely to seek help because of peer
pressure and machismo. This chapter will help you recognize symptoms of
traumatic incident stress. It also provides information to help you manage stress
not only while you are at the disaster site, but also after returning home.

Objectives
After completing this chapter, you should be able to:

Know
•
•
•
•
•

Give examples of signs and symptoms of a traumatic stress reaction.
Explain risk and resilience factors for post traumatic stress disorder.
List ways you can help prevent yourself from getting “burned out”
while working at a disaster site.
Explain why selecting a psychologist is very personal.
List ways a parent or caregiver can help children cope following a
disaster.

Apply
•
•

4 STRESS

Distinguish between when a stress reaction is a normal reaction that
may pass and signs that extra outside support is needed.
Prepare a preliminary planning outline that would help your
organization be better prepared to assemble and deploy a debriefing
team if needed.
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Traumatic Stress
Anyone who has had their own life threatened—or witnessed the safety of others
being threatened—has experienced a shock. Disaster site workers are likely to see
and experience traumatic, or critical, events that will stretch their ability to
function. Experiencing stress symptoms in response to a traumatic event is normal
and is called a traumatic stress reaction. People may express stress in different
ways. Some workers may react to stress immediately while others may not react
until later. The signs and symptoms of incident stress can be physical, emotional,
cognitive, or behavioral. The list of signs and symptoms below is not exhaustive,
but may help supervisors identify workers who are exhibiting stress reactions.
Physical:
• Fatigue
• Headaches
• Dizziness
• Sweating
• Chills
• Gastrointestinal problems
• Unusual thirst
• Chest pain
Emotional:
• Fear
• Intense anger
• Guilt
• Chronic anxiety
• Reduced awareness
• Numbness
• Helplessness
• Hopelessness
• Irritability

Fatigue, headaches, and anxiety are
common stress symptoms.

Cognitive:
• Uncertainty
• Confusion
• Nightmares
• Poor attention and decision-making ability
• Poor concentration and memory
• Poor problem-solving ability
Behavioral:
• Inability to rest
• Withdrawal
• Antisocial behavior
• Increased alcohol consumption
• Change in communications
• Loss or increase in appetite

Case Study
Researchers from the
University of Sydney
identified fatigue as the
leading risk factor in a
construction environment at
four high-profile
construction projects in
China. Other risk factors,
such as failure of individual
workers to use proper
equipment and follow safety
procedures, are heavily
influenced by fatigue. This
builds on previous findings
showing that fatigue can
cause impairment
equivalent to a blood
alcohol concentration of
0.10%, a level
unacceptable for operating
a crane or dangerous
construction equipment.
University of Sydney:
http://www.usyd.edu.au/ne
ws/84.html?newsstoryid=44
36
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Post Traumatic Stress Disorder
The physical and emotional symptoms that develop as part of a stress response are
normal but can become dangerous if they go on for a long time. Prolonged stress
can sap your energy and make you vulnerable to illness. When signs and
symptoms of stress are severe, last longer than a month, and interfere with normal
life, those signs and symptoms are most likely associated with post traumatic
stress disorder (PTSD). Sufferers may experience intense fear, helplessness, or
horror and then develop intrusive symptoms, such as flashbacks or nightmares.
Risk and Resilience Factors
Not everyone who lives through a dangerous event experiences PTSD. In fact,
most people won’t. Many factors play a part in whether you experience it. Some
of these factors are present before the trauma, and others become important
during and after a traumatic event. Researchers are studying the importance of
various risk and resilience factors. With more study it may be possible someday to
predict who is likely to experience PTSD and prevent it.
Risk factors that may increase the risk of PTSD include:
• Living through dangerous events and traumas.
• Having a history of mental illness.
• Getting hurt.
• Seeing people hurt or killed.
• Having little or no social support after the event.
• Dealing with extra stress after the event, such as loss of a loved one, pain
and injury, or loss of a job or home.
Resilience factors that may reduce the risk of PTSD include:
• Seeking support from other people, such as friends and family.
• Finding a support group after a traumatic event.
• Feeling good about one’s own actions in the face of danger.
• Having a coping strategy, or a way of getting through the bad event and
learning from it.
• Being able to act and respond effectively despite feeling fear.
Posttraumatic Growth
Most people do not end up with PTSD; in fact, many experience post traumatic
growth. This occurs when survivors adapt to the negative circumstances in a
positive way. For example, you might recover having a greater appreciation of
life; a changed sense of priorities; warmer, more intimate relationships; or a
greater sense of personal strength. Optimists may be more able to focus attention
and resources on the most important matters and disengage from problems they
cannot control. Grieving and gradually accepting trauma might also increase the
likelihood of growth as well as having a support system with which to share
stories of trauma and survival. Your confidence level could also play a role in
your ability to grow or, lacking confidence, give up.

6 STRESS
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Managing Stress at the Disaster Site
Before arriving at a disaster site,
prepare yourself for what you are
about to see and do. As you can
imagine, disaster site work is
particularly distressing if your
work involves recovering bodies
of victims who have died.
Remember the larger purpose at
hand: showing care, giving hope,
preventing further disease and
injury, or recovering the bodies
for registrations and respectful
burial.
As you work, try to limit your
exposure to distressing stimuli as
much as possible. Mask odors
with disinfectants, deodorants, or
air fresheners. When a body is
found, have people who did NOT
participate in the search examine
any materials collected for
identification of the body or
intelligence. Remind yourself that
the body is not “the person,” just
the remains. Avoid focusing on
any individual victim.

During the 10 months of response and recovery to
the terrorist attacks of September 11, 2001,
emergency responders, managers and incident
commanders learned to consider psychological
stress and fatigue in order to enhance worker
protection.

Taking care of yourself will help you to stay focused on hazards at the site and to
maintain the constant vigilance you need for your own safety. Often responders
do not recognize the need to take care of themselves and to monitor their own
emotional and physical health, especially when recovery efforts stretch into
several weeks.
The following guidelines contain simple methods for
Regular eating and
helping yourself. Read them while you are at the site and
sleeping are critical!
again after you return home:
• Pace yourself. Rescue and recovery efforts at the site may continue for
days, weeks, or months.
• Take frequent rest breaks. Rescue and recovery operations take place in
extremely dangerous work environments. Mental fatigue over long shifts
can place emergency workers at greatly increased risk for injury.
• Watch out for each other. Coworkers may be intently focused on a
particular task and may not notice a hazard nearby or behind.
• Be conscious of those around you. Responders who are exhausted,
stressed, or temporarily distracted may place themselves and others at risk.
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•
•
•
•
•
•
•
•
•
•
•

Maintain as normal a schedule as possible. Regular eating and sleeping are
crucial. Adhere to the team schedule and rotation.
Make sure that you drink plenty of fluids, such as water and juices.
Try to eat a variety of foods and increase your intake of complex
carbohydrates (for example, granola bars or breads and muffins made with
whole grains).
Whenever possible, take breaks away from the work area.
Eat and drink in the cleanest area available.
Recognize and accept what you cannot change—the chain of command,
organizational structure, waiting, equipment failures, etc.
If your employer provides you with formal mental health support, consider
using it.
Talk to people when YOU feel like it. You decide when you want to
discuss your experience. Talking about an event may be reliving it.
Choose your own comfort level.
Give yourself permission to feel rotten. You are in a difficult situation.
Recurring thoughts, dreams, or flashbacks are normal—do not try to fight
them. These will decrease over time.
Communicate with your loved ones at home as frequently as possible.

If you are a supervisor, control for fatigue and stress- related hazards by providing
adequate sleep, meals, and rest breaks to minimize accidents. Conduct higher
hazard or new activities during daylight hours using well-rested employees.
Simple conversation and observation can help you monitor employees for early
signs of traumatic stress during the emergency phase of response. If you detect
stress during response, consider taking the following steps to help prevent the
stress from developing into a hazardous situation:
• Limit exposure to noise and odors.
• Dictate an immediate 15-minute rest break.
• Provide noncaffeinated fluids to drink.
• Provide low sugar and low fat food.
• Do not rush the stressed worker back to work.
• Give the stressed worker an opportunity to talk about his or her feelings.

8 STRESS
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Critical Incident Stress Management
Most responders already know how to deal with
stress. You do it every day. Usually, “blowing off
steam” with friends is enough to help you cope.
Critical incidents, however, are so sudden and
powerful that they can overwhelm the coping skills of
even well-trained, experienced workers. Traumatic
incidents can leave you unwilling to talk about your
reactions. That is why response organizations sought
better ways to deal with stress. One of the more
popular solutions is critical incident stress
management (CISM), a peer-led approach to crisis
intervention developed specifically for responders.
Sometimes talking with friends

First developed by Jeffrey Mitchell and George
is not enough to ward off
stress.
Everly Jr., CISM is a comprehensive, integrated,
systematic, multicomponent approach to managing
traumatic events. There are seven types of CISM interventions: pre-crisis
preparation, demobilization, defusing, debriefing, individual crisis intervention,
family CISM, and follow-up referral. Pre-crisis preparation and demobilization
interventions are generally event driven, while the other interventions are usually
used only if responders are exhibiting signs of stress. Pre-crisis preparation,
demobilization, defusing, and debriefing are the four tools used with workers in a
group setting.
Pre-crisis preparation may be one of the most important parts of CISM because
it lays the groundwork for future interventions. As its name suggests, pre-crisis
preparation takes place before actual crises. The goals of the preparation are to set
expectations and improve coping and stress management skills. Training focuses
on the common signs and symptoms of stress and practical guidelines for helping
to reduce stress.
Demobilization is a one-time, large group information process. Demobilization
usually takes place at the end of a work shift or at the end of deployment and is
likely to be about a half hour in length. Like pre-crisis preparation, demobilization
is passive. You are generally not asked to talk about your experiences. The goal is
to provide information and allow rest time for decompression. Hearing about
stress signs, symptoms, and management tips a second time helps put those
feelings and reactions in context. Stress is just another potential hazard that you
face, just like dangerous chemicals, falls, or heat stress.
Defusing is usually symptom driven and takes place less than 12 hours after the
traumatic event. Usually the goal is symptom mitigation and to possibly offer
closure. Defusings are shorter, unstructured debriefings that encourage a brief
discussion of the events, which can reduce stress. You participate in small
homogeneous groups. The exercise is loosely guided through three phases. If a
delay beyond 8-12 hours occurs, it may be better to plan for a debriefing instead
of defusing.
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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A debriefing is a facilitated group discussion
concerning the critical incident. The timeline for
debriefings may be days or even weeks following the
disaster. Debriefings follow a carefully designed
structure that includes seven stages and provides
important stress reduction information. Although
participants are not required to speak, you are
encouraged to discuss various aspects of the incident
that distressed you. This early intervention process
provides group support and links disaster site
workers to further counseling and treatment services
if needed. Debriefings last about 2-3 hours.

Seven Phases of
Critical Incident
Stress Debriefing
1. Introduction
2. Fact
3. Thought
4. Reaction
5. Symptom
6. Teaching
7. Reentry

The goal of a debriefing is to help normal people deal with an abnormal situation.
Only specially trained individuals should initiate critical incident stress
debriefing. Untrained people, though well intentioned, could cause more harm
than good if they do not understand the methods and steps involved. Participation
in a critical incident stress debriefing is voluntary. No note-taking or recording
devices are allowed. Debriefings are not the appropriate time or place for
operational critiques or an investigation of events.
Because overuse of debriefings can dilute their effectiveness, they usually are
reserved for events that overwhelm usual coping methods. Debriefings are usually
held days after the crisis for two reasons. First, it takes time to organize a
debriefing. Second, you and other responders are generally too worked up during
the first 24 hours of an incident to be able to deal with an in-depth group
discussion, especially as it relates to your inner feelings.
Although CISM teams include mental health professionals and encourage disaster
site workers to “talk” about their experiences, the teams are not therapists. The
emphasis is on training, and sessions are usually led by other responders serving
as peer counselors. CISM gives you a chance to talk about how the incident
affected you at the scene and at home. Finding out that others feel the same way
doesn’t make the pain go away, but it allows you to accept your own feelings
more quickly.
Unfortunately, not everyone bounces back quickly. During any CISM step team
members will keep an eye out for individuals who might need one-on-one followup or referral for additional support. CISM includes individual crisis intervention,
family interventions, and follow-up meetings with individual workers to see how
they are doing.
Critics argue that CISM does not reduce post traumatic stress disorder in
responders, but supporters argue that treating stress early nips PTSD in the bud.
Some research indicates that CISM programs have measureable reductions in
absenteeism and fewer workers seeking disability leave for PTSD. CISM won’t
solve serious emotional problems, but it does help normally healthy people
bounce back from the shock of abnormal events faster and more completely, and
it finds additional help for those with more serious problems before they become
an issue.
10 STRESS
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Returning Home
Over time your impressions and
understanding of your experience
will change. This process is
different for everyone. No matter
what the event or your reaction to
it, you can follow some basic
steps to help yourself adjust to the
experience:
• Give yourself time to heal.
Anticipate that this will be
a difficult time in your
Your family will experience the disaster along with
life. Allow yourself to
you. You need to support each other.
mourn what you have
experienced. Try to be
patient with changes in your emotions.
• Reach out—people really do care. Ask for support from people who care
about you and who will listen and empathize with your situation, but keep
in mind that your typical support system may be weakened if those who
are close to you have also witnessed the same trauma.
• Reconnect with family, spiritual, and community supports.
• Consider keeping a journal.
• Make as many daily decisions as possible to give yourself a feeling of
control over your life.
• Do not make any big life-changing decisions during this stressful time.
• Refresh and recharge by spending time doing things you enjoy—alone or
with others.
• Be aware that you may feel particularly fearful for your family. This is
normal and will pass in time.
• Remember that getting back to normal takes time. Gradually work back
into your routine. Let others carry more weight for a while at home and at
work.
• Appreciate a sense of humor in yourself and others. It is OK to laugh
again.
• Your family will experience the disaster along with you. You need to
support each other. This is a time for patience, understanding, and
communication.
• Avoid overuse of drugs or alcohol.
• Get plenty of rest and normal exercise.
• Eat well-balanced, regular meals.
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When to Seek Outside Help
Stress can change how you act with your friends and family. It will take time for
you to feel better and for your life to return to normal. Give yourself time to heal.
The following are normal reactions to severe stress; however, if weeks turn into
months and one or more of the signs continue, seek outside help:
• Depression. Signs include changes in sleep pattern, such as difficulty
falling asleep, frequently waking, or continual sleeping; personal care
changes, such as skipping showers or baths; physical or mental changes,
such as overeating or undereating, feeling
If you or someone you know
numb or continually tired, losing the ability
is having trouble coping with
to concentrate, or crying constantly.
tragedy, ask for help. Talk to
• Parenting problems. Inability to cope and
a counselor, your doctor, or
give necessary attention to children.
community organization such
as the National Suicide
• Isolation. Not having anyone with whom
Prevention Lifeline (1-800to talk.
273-TALK). If you need help
• Inability to face reality. Not wanting to
immediately, call 911.
admit how serious the problems really are
or to begin work on them.
A devastating feeling of helplessness is a normal reaction to a disaster. Most
people find their own personal coping mechanisms to bolster their own selfesteem. When those coping methods are not enough, crisis signs may signal a
need for outside help. Many people have been affected by disasters, and no one
has to face these problems alone. Professionals can provide extra support when
needed. Seek help if you:
• Are not able to take care
of yourself or your
children.
• Hit, shove, or kick your
spouse or child.
• Are continually critical or
demeaning to your spouse
or child.
• Think about suicide.
• Are not able to do your
job.
Seek outside help if you are thinking about a marital
• Think or talk of marital
separation.
separation.
• Use alcohol or other drugs to escape your problems.
• Feel sad or depressed for more than two weeks.
• Experience panic attacks where, overcome with fear, you have a high
pulse rate and difficulty breathing.

12 STRESS
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If You Decide to Seek Therapy
Millions of Americans have found relief through professional help via a
psychologist or psychiatrist. Therapy can not only help emotional symptoms such
as depression and anxiety, but can also reduce physical pain and fatigue and
positively affect the body’s immune system. According to the American
Psychological Association, there is convincing evidence that most people with
emotional difficulties who have at least several sessions of therapy are far better
off than those untreated. One study showed that half of patients improved after
eight sessions, while three-quarters improved at the end of six months.
To find a qualified professional for therapy, try the following:
• Talk to family members and friends for recommendations.
• Ask your primary care physician for a referral.
• See if the state psychological association in your state offers referral
services to help put you in touch with licensed providers.
• Inquire at your place of worship.
• Use the APA Help Center Psychologist Locator Service
(http://locator.apa.org/).
Selecting a professional is very
personal. A psychologist or
psychiatrist might work well for
one person but not for another.
Ideally, the resources above will
yield more than one lead. Call a
few therapists and ask by phone or
in person some questions. For
example, you might ask about
their licensure, experience,
approach to therapy, and
Many people have improved their emotional and
physical health by working with a psychologist or
participation in insurance plans
psychiatrist.
and fees. Use these initial
conversations to select a therapist with whom you believe you could work well.
If you choose therapy, there are a few things you can do to gain the most from it.
Therapy is a two-way process that can work well only when you and the therapist
communicate openly. It is a good sign if you feel as though your appointments are
a joint effort and that you and the therapist enjoy a good rapport. The doctor and
you agree early on about what the major problems are and how therapy can help.
Therapy generally works best when you attend all scheduled sessions and think
about what you want to discuss during each session ahead of time. It is common
to feel a wide range of emotions during therapy. Although the idea of discussing
painful experiences might not sound very attractive, it can actually be a positive
sign that you are exploring your thoughts and behaviors. Periodically you should
review your progress (or concerns regarding lack of progress) with your therapist.
Success in reaching your primary goals should be a factor in deciding when your
therapy should end.
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Helping Children Cope
Adults aren’t the only ones affected by a traumatic event. Disasters can frighten
children, causing them to show temporary changes in their behavior. For most
these changes will be mild and short-lived. However, reminders such as scenes
being replayed on television can be distressing, especially for young children. The
following information from the Federal Emergency Management Agency
(FEMA) and the American Red Cross describes common reactions among
children and offers suggestions for helping children cope with disasters.
Children who directly experience the effects of a disaster are more vulnerable.
Certain factors may contribute to that vulnerability:
• Being evacuated.
• Being injured
themselves, or seeing
others injured or dying.
• Having a family member,
close friend, or family pet
get injured or die.
• Temporarily living away
from home.
• Losing contact with
friends and neighbors.
Parents and other caregivers play an important role in
• Losing personal items that helping children cope with the effects of a disaster.
are important to them.
• Seeing parents lose jobs or suffer other financial costs.
Infants may react to disaster by being irritable, crying more than usual, and
wanting to be held more. Preschool and kindergarten children can feel powerless
and frightened about being separated from their caregivers. Older children can
understand the permanence of loss. They may become preoccupied and have
trouble concentrating at school. They may also hear inaccurate information from
other kids. They may be sad, fear that the disaster will happen again, or show
more anger than usual. Some teens may react by taking risks such as driving
recklessly or using alcohol or drugs. Others may be afraid to leave home and may
want to spend more time alone than usual. Teens may feel overwhelmed by
emotions but not be able to talk about them.
Following a disaster, children are generally most afraid that the disaster will
happen again, that someone close to them will be harmed, and they will be left
alone or separated from their family. As a parent or caregiver, there are a number
of ways you can help your children cope. For example, you can:
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•

•

•

•
•
•
•

Help children feel more confident and in control by involving them in
preparing a family disaster plan and assembling a disaster supplies kit.
Preparing for disaster can help children (and adults) accept the fact that
disasters do happen and that there is something they can do about it.
Encourage your children to talk and listen to
their concerns. Drawing a picture or telling a
The way children
react to a disaster
story of what happened might help if your child
depends largely on
has difficulty expressing his or her thoughts
how the adults
and feelings.
around them react.
If your child asks questions about the disaster,
Parents and other
caregivers can be
calmly provide factual information about the
the best source of
disaster and plans for their safety. Provide an
support for their
answer that is age appropriate. In other words,
children when
younger children may not need the same level
parents respond
of elaboration and detail that an older child
calmly and
confidently to the
may.
situation.
Spend extra time with your children.
Reestablish daily routines for work, school,
play, meals, and rest.
Monitor and limit your family’s exposure to the media. News coverage of
the disaster can cause fear, confusion, and anxiety.
Build and use social support systems of family, friends, community
organizations, faith-based organizations, or other resources.

Case Study
When disaster strikes, acute stress disorders, especially among children, may
follow. Yet the need for early psychosocial interventions is often overlooked, if
not ignored. The impact of disasters is especially severe on the children, said
Aloysius Rego, deputy executive director of the Bangkok-based Asian
Disaster Preparedness Center (ADPC).
“They face recurrent images of the severity of the disaster, which continue to
be traumatic for them,” he said. “Psychosocial support will greatly assist
people, especially children, in recovering mental health. This is why we need
to build more effective systems, structures and mechanisms and this requires
long-term support.”
The Indian Ocean tsunami, which struck on Dec. 26, 2004, triggered by a 9.3magnitude earthquake, killed more than 220,000 people in 13 countries
surrounding the ocean, including Sri Lanka, India, Indonesia and Thailand.
Reports say that more than 125,000 people were injured and over 1.6 million
displaced.
In May 2008, Cyclone Nargis struck the southern part of Burma, killing at
least 138,000 people and causing damages estimated at more than 20 billion
U.S. dollars. In September 2009, Typhoon Ketsana inundated parts of the
Philippine capital city of Manila, resulting in landslides and the displacement
of thousands of families.
These and other disasters take a heavy toll on survivors’ psychological
health.
IPS: http://ipsnews.net/news.asp?idnews=50124
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Group Discussion Activity
Only specially trained individuals should initiate a critical incident support
debriefing (CISD). This activity is not intended to train you to conduct a CISD. It
is designed to help you prepare for and feel comfortable with participating in a
formal debriefing should you be summoned to respond to a traumatic incident.
After a traumatic incident there is generally only one day to pull together a CISD
team. Therefore, your supervisor has asked you to help with some preliminary
planning so your organization is better prepared to quickly assemble and deploy a
CISD team if needed.
1. What qualifications are necessary for a CISD facilitator for your
organization and how might you find a qualified facilitator?

2. What is the ideal time frame for conducting a CISD?

3. What ground rules or guidelines should be established for the CISD?

4. Who do you think should (or should not) participate in the debriefing?

5. If the traumatic event were to occur in your local area, identify a few
desirable locations for holding the debriefing.
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Review Questions
1. Name at least three physical symptoms of a stress reaction and at least three
emotional symptoms.

2. Is the following statement true or false?
Most disaster site workers suffer from post-traumatic stress disorder
(PTSD).
3. Why do some people have an increased risk of post-traumatic stress?

4. List at least five simple ways you can help prevent yourself from getting
“burned out” while working at a disaster site.

5. Why might a professional therapist who works well for one person not be a
good choice for another?

6. Last week your coworker responded to a HAZMAT accident in which a truck
driver was killed, leaving behind a wife and two little girls. Your coworker,
who has two little girls of his own, tells you that he has since been having
trouble sleeping and doesn’t have much of an appetite. Does your coworker
need to seek help from a professional? Why or why not?

7. List at least three ways a parent or caregiver can help children cope following
a disaster.
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Other Resources
American Psychological Association Help Center: Disasters and Terrorism
http://www.apa.org/helpcenter/disaster/index.aspx
American Psychological Association Psychologist Locator
http://locator.apa.org/
CDC: Coping with a Traumatic Event
http://www.bt.cdc.gov/masscasualties/copingpub.asp
FEMA: Helping Children Cope with Disaster
http://www.fema.gov/rebuild/recover/cope_child.shtm
International Critical Incident Stress Foundation
http://www.icisf.org/
National Institute of Mental Health: Post-Traumatic Stress Disorder (PTSD)
http://www.nimh.nih.gov/health/topics/post-traumatic-stress-disorderptsd/index.shtml
National Center for Post Traumatic Stress Disorder
http://www.ptsd.va.gov/index.asp
OSHA: Critical Incident Stress
http://www.osha.gov/SLTC/emergencypreparedness/guides/critical.html
SAMHSA Training Manual for Mental Health and Human Service Workers
in Major Disasters
http://mentalhealth.samhsa.gov/publications/allpubs/adm90-538/default.asp
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RESPIRATORY PROTECTION
INSTRUCTOR NOTES
Key Concepts
•
•
•

Respirator types and selection
Fit testing and proper use of respirators
Maintenance and training for respirators

Presentation and Materials
•
•
•

•
•
•

Allow two hours to present this chapter.
Use Respiratory Protection PowerPoint® slides.
Complete the two required group discussion activities at the end of the
chapter; activity 3 is optional. The activities require these materials:
• Half-face and full-face negative pressure respirators and a powered air
purifying respirator (PAPR)
• 5-6 respirators with defective elements
• Complete selection of respirator filters and cartridges for
demonstration
One half-face negative pressure respirator, equipped with triple cartridges, for
every two participants
Use the questions at the end of the chapter to review.
Use the OSHA 7600 Disaster Site Worker course manual.

Group Discussion Activity 1 (Required)
Instructions
1. Demonstrate, practice, coach, and talk through the task as a training exercise;
repeat as needed.
2. Organize trainees into pairs to work together or have them work individually.
3. You can choose one of the two options or both of them. You may also have
some people do Option 1 and others Option 2 if time is a constraint.
Suggested Respirator Cleaning and Sanitation Procedures
The following activity gives you an opportunity to clean a respirator following
procedures recommended by NIOSH.
Decide on the Procedures Needed Based on How Respirators Are Being Used
Option 1: Cleaning for Single Users: The same person uses the same
respirator all the time. NOTE: This option should not be used if respirators are
not marked with user names.
• Use Procedure 1 for basic cleaning of single user respirators.
• If desired or required, add Procedure 2 to sanitize single user
respirators after cleaning.
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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Option 2: Cleaning for Multiple Users: Different persons will be sharing
respirators.
• Use Procedure 3 to clean and sanitize respirators.
• Note that Procedure 3 is equal to combining procedures 1 and 2.
Gather Equipment and Supplies
Procedure 1
• 2 buckets warm water
• Thermometer
• Alcohol-free wipes and/or soft brush and sponge
• Neutral detergent—no lanolins or oils (most dish detergents will work)
• Table or work surface
Procedure 2
• 2 buckets warm water
• Thermometer
• Metric graduated cylinder for measuring small quantities
• Quaternary ammonia disinfectant OR hypochlorite (household bleach)
OR iodine solution OR other commercially available cleansers of
disinfectant quality that are recommended by the respirator
manufacturer
• Table or work surface
Procedure 3
4 buckets warm water and the materials listed above for procedure 1 and 2
Description of Procedures
Procedure 1
This procedure applies to single user cleaning (the same person uses the same
respirator all the time). Cleaning can be done as often as required. Atmosphere
supplying and emergency use respirators should be cleaned and sanitized after
each use. THE RESPIRATOR MUST BE CLEANED AND SANITIZED
BEFORE IT CAN BE TRANSFERRED TO ANOTHER INDIVIDUAL.
• Prepare 2 buckets (2 gal/7.5 L) of fresh warm water; follow sequence
of use as described below.
• Do not use boiling or hot water. Water temperature should be less than
110 degrees F.
• Disassemble respirator, removing cartridges and/or filters and any
external accessories, such as communications, hoods, head harness (if
possible), and eye lens outserts. Do not remove the valves because
they are easy to lose.
• Bucket 1: Clean respirator and associated parts (excluding cartridges
and/or filters) with alcohol-free wipes or by immersing in a warm
water cleaning solution, scrubbing with a soft brush or sponge. Do not
brush eye lenses. Use a neutral detergent cleaning solution that does
not contain lanolin or oils.
ii – RESP INST
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•

•
•
•

Bucket 2: Rinse in fresh, warm water. Running water is better than
immersion if available. Thorough rinsing is important to keep
detergents or disinfectants from drying on the respirator. Running
water (if available) for rinsing is preferred over immersion. [See
OSHA 29 CFR 1910.134, Appendix B-2.]
Replace cleaning solution and rinse water after approximately 20
respirators have been cleaned, or as needed.
Allow the respirator to air dry in a noncontaminated environment. Do
not dry with heaters or in sunlight. Respirators can be reassembled
before or after drying.
Before reusing a respirator, conduct checks as recommended by the
manufacturer’s manual to ensure that the system is ready to be placed
in operation. It is very important to check that the inhalation and
exhalation valves are in place before use.

Procedure 2
This procedure applies if sanitization is desired or required.
• Clean respirator as described in Procedure 1. The final air drying step
is not necessary.
• Prepare 2 buckets (2 gal/7.5L) of fresh warm water; follow sequence
of use as described below.
• Do not use boiling or hot water. Water temperature should be less than
110 degrees F.
• Bucket 1: Disinfect respirator by immersing in a disinfectant water
solution. A quaternary ammonia disinfectant (one packet per 2 gallons
or per manufacturer’s recommendation), or a hypochlorite (1 oz [30
milliliters] household bleach in 2 gal [7.5 L] water) solution, or an
aqueous solution of iodine (50 ppm of iodine, made by adding 0.8
milliliters of tincture of iodine to one liter of water at 110 degrees F)
can be used.
• Bucket 2: Rinse in fresh, warm water. Thorough rinsing is important to
keep detergents or disinfectants from drying on the respirator.
• Replace sanitizing solution and rinse water after approximately 20
respirators have been sanitized, or as needed.
• Allow the respirator to air dry in a noncontaminated environment. Do
not dry with heaters or in sunlight.
• Before reusing a respirator, conduct checks as recommended by the
manufacturer’s manual to ensure that the system is ready to be placed
in operation. It is very important to check that the inhalation and
exhalation valves are in place before use.
Procedure 3
This procedure applies to multiple user cleaning and sanitizing (different
people use the same respirator). Cleaning can be done as often as required.
Atmosphere supplying and emergency use respirators should be cleaned and
sanitized after each use. THE RESPIRATOR MUST BE CLEANED AND
SANITIZED BEFORE IT CAN BE TRANSFERRED TO ANOTHER
INDIVIDUAL.
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•
•
•

•

•

•

•

•

•
•
•

Prepare 4 buckets (2 gal/7.5 L) of fresh warm water; follow sequence
of use as described below.
Do not use boiling or hot water. Water temperature should be less than
110 degrees F.
Disassemble respirator, removing cartridges and/or filters and any
external accessories, such as communications, hoods, head harness (if
possible), and eye lens outserts. Do not remove the valves because
they are easy to lose.
Bucket 1: Clean respirator (excluding cartridges and/or filters) with
alcohol-free wipes or by immersing in a warm water cleaning solution,
scrubbing with a soft brush or sponge. Do not brush eye lenses. Use a
neutral detergent cleaning solution that does not contain lanolin or oils.
Bucket 2: Rinse in fresh, warm water. Running water is better than
immersion if available. Thorough rinsing is important to keep
detergents or disinfectants from drying on the respirator. Running
water (if available) for rinsing is preferred over immersion. [See
OSHA 29 CFR 1910.134, Appendix B-2.]
Bucket 3. Disinfect respirator by immersing in a disinfectant water
solution. A quaternary ammonia disinfectant (one packet per 2 gallons
or per manufacturer’s recommendation), a hypochlorite (1 oz [30 ml]
household bleach in 2 gal [7.5 L] water) solution, or an aqueous
solution of iodine (50 ppm of iodine, made by adding 0.8 ml of
tincture of iodine to one liter of water at 110 degrees F) can be used.
Other commercially available cleansers of equivalent disinfectant
quality when used as directed can be used, if their use is recommended
or approved by the respirator manufacturer. [See 29 CFR 910.134,
Appendix B-2, Para I, D.3.]
Bucket 4. Rinse in fresh, warm water. Running water is better than
immersion if available. Thorough rinsing is important to keep
detergents or disinfectants from drying on the respirator. Running
water for rinsing (if available) is preferred over immersion. [See
OSHA 29 CFR 1910.134, Appendix B-2.]
Replace cleaning solution, sanitizing solution, and rinse water after
approximately 20 respirators have been sanitized, or as needed.
Allow the respirator to air dry in a noncontaminated environment. Do
not dry with heaters or in sunlight Respirators can be reassembled
before or after drying.
Before reusing a respirator, conduct checks as recommended by the
manufacturer’s manual to ensure that the system is ready to be placed
in operation. It is very important to check that the inhalation and
exhalation valves are in place before use.

General Notes
• The process should always include these steps:
1. Cleaning
2. Sanitizing
3. Rinsing
4. Drying
iv – RESP INST
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•
•
•
•

•

5. Reassembly
6. Inspection before use
Respirators can be divided into batches of 20, as water and cleaning fluids
will be changed after 20 respirators are cleaned.
It is better to disassemble and clean one respirator at a time. Group
respirators together by manufacturer if more than one will be disassembled
at a time to avoid getting parts confused.
Different respirator manufacturers market different cleaning and sanitizing
solutions. Contact them for details regarding these products.
Quaternary ammonia is a disinfectant that contains ammonia (NH4) with
additional surfactant (detergent) action. It is used as a disinfectant with
cattle producers and animal health workers. It has a wide germicidal
range, is noncorrosive, and is considered very effective for sanitizing
cleaned surfaces.
Other non-alkaline biodegradable disinfectants have been tested and are
recommended by leading respirator manufacturers as being effective
against HIV-1 (AIDS virus).

Group Discussion Activity 2 (Required)
Equipment and Supplies
• Half-face APRs (one for every two students)
• Triple cartridges (high-efficiency particulate/acid gas/organic vapor)
• Copy of the performance checklist for each trainee
Instructions
1. Demonstrate, practice, coach, and talk through the task as a training exercise;
repeat as needed.
2. Divide trainees into pairs to work together.
3. Require each trainee to take the performance test while the second trainee
observes.
4. Require each trainee to talk through his or her thinking, inspection, and
decision-making process while they complete the performance test.
5. Score each trainee on each task, using the performance checklist. Trainees
will be given two separate scores. One will be for correct performance of the
operations listed (for example, the trainee actually removes the exhalation
valve cover and checks for foreign material), and the second score will be for
making the correct decisions (for example, the trainee explains verbally that
the exhalation valve cover must be removed in order to check for foreign
material).
6. Discuss scores with each trainee. Have the trainee sign and date the checklist,
together with your signature.
7. File checklists for future reference.
8. Retest if a trainee fails to sufficiently pass checklist requirement.
NOTE: Adapted from Performance Checklist developed by Gary Gustafson of
Laborers–AGC.
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Inspecting, Donning, and Doffing Half-face Air Purifying Respirators Checklist
Name:

Date:

Operations Performance Score:

Decision Making Score:

Signature of trainee:
Signature of instructor:
Rating
Task

Performs
Operation
Correctly

Makes
Correct
Decisions

Yes

No

Yes

No

1. Examine the facepiece for:
•

Excessive dirt.









•

Cracks, tears, holes, or distortion from improper
storage.









•

Inflexibility (stretch and massage to restore flexibility).









•

Cracked or broken air-purifying element holder(s),
badly worn threads, or missing gasket(s) (if required).









2. Examine the head strap or harness for:
•

Breaks.









•

Loss of elasticity and twists.









•

Broken or malfunctioning buckles and attachments.









3. Remove exhalation valve cover and examine valve for:
•

Foreign material, such as detergent, residue, dust
particles, or human hair under the valve seat.









•

Cracks, tears, or distortion in the valve material.









•

Improper insertion of the valve body in the facepiece.









•

Cracks, breaks, or chips in the valve body, particularly
in the sealing surface.









•

Missing or defective valve cover.









•

Improper installation of the valve in the valve body.









4. Examine air purifying elements for:

vi – RESP INST
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Rating
Task

Performs
Operation
Correctly

Makes
Correct
Decisions

Yes

No

Yes

No

•

Correct cartridge canister or filter.









•

Correct/Incorrect installation, loose connections,
missing or worn gaskets, or cross-threading in holder.









•

Expired shelf-life date on cartridge or canister.









•

Cracks or dents in outside case of filter, cartridge, or
canister.









•

Evidence of prior use of sorbent cartridge or canister,
indicated by absence of sealing material, tape, foil,
etc., over inlet.









5. Attach neck strap.









6. Place chin in chin cup and pull crown straps or head
harness across head.









7. Adjust straps to correct fit.









8. Perform positive pressure user seal check by placing
palm of hand over exhalation valve cover and exhaling
slightly for a count of 10. Notice any leaks.









9. Perform negative pressure user seal check by placing
palms of hands over filter intakes and inhaling slightly for
count of 10. Notice any leaks.









10. Readjust straps if necessary.









11. Repeat steps 8 and 9 if readjustment occurs.









12. Check for good breathing.









13. Loosen straps from top to bottom. Be gentle so as not to
damage elasticity of straps.









14. Grasp respirator on bottom and remove upward over top
of head.









15. Remove cartridges and dispose of properly.
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Group Discussion Activity 3 (Optional)
Read the following brief scenarios and explain whether an air purifying or
atmosphere supplying respirator would be most appropriate.
1. A train carrying cars filled with liquid nitrogen has derailed. Plumes of
nitrogen gas are leaking from some of the cars as the liquid nitrogen is
being converted to a gas when exposed to the warmer air outside the
tankers. Nitrogen gas can asphyxiate, especially in a confined space.
You’ve been called to operate mobile cranes to right cars.
An atmosphere supplying respirator would be most appropriate
because the nitrogen gas in the environment you will be working in
could asphyxiate you, making the atmosphere an immediate
danger to life and health. Either a supplied air respirator or a selfcontained breathing apparatus could work.
2. A tornado has toppled a tower silo in a small farming community. The
silo contained silage, which is fodder that is harvested green and then
stored and left to ferment to eventually be used to feed livestock or as a
biofuel. The silo is partially intact, so you know it still will contain silo
gas produced from the fermentation process. This gas contains nitric
oxide (NO), which will react with oxygen (O2) in the air to form nitrogen
dioxide (NO2), a common pollutant produced in internal combustion
engines, but which is toxic in high concentrations. You are running an
excavator that will tear open the silo so that the silage, which itself is not
dangerous, can be loaded into a dump truck.
An air purifying respirator should provide proper filtering of
nitrogen dioxide. A gas/vapor removing respirator using a
chemical filter should give you adequate protection because the
nitrogen dioxide will also diffuse somewhat when exposed to the
air.
3. An earthquake has crumbled a three-story concrete office building that
was uninhabited when the quake struck. You are running a dozer and
moving the concrete debris into large piles that eventually will be
removed. The operation causes dust to rise from the concrete when it is
moved.
An air purifying respirator will provide protection from the silica
dust produced when working with the collapsed concrete.
4. You’re a stationary engineer who has been assigned to enter a confined
space with a known immediate danger to life and health atmosphere after
an explosion has rocked a petrochemical plant.
Because you are entering an IDLH atmosphere, you must wear an
atmosphere supplying respirator, either an SCBA or an SAR or
SAR-E.
viii – RESP INST
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Review Questions
1. If oxygen levels are less than 19.5 percent in volume, which type of respirator
can you use?
Atmosphere supplying respirators, like supplied air respirators (SAR) and
self-contained breathing apparatus (SCBA), provide you clean air from a
source other than the surrounding work atmosphere.
2. Identify four factors to consider when selecting the appropriate respiratory
protection for a job.
The assigned protection factor (APF) of the selected respirator will be
based on the exposure limit of a contaminant and the level of contaminant
in the workplace. Then the time, mobility, and air supply rate needed for
the job must all be factored into the decision of which respirator will be
required.
3. While using a gas/vapor respirator, you notice some throat irritation and a
different taste in your mouth. Should you take any actions? If yes, what
should you do?
You are detecting a “breakthrough” when you experience throat irritation
or notice a different taste or odor. You should leave the area and follow
proper decontamination procedures. Get fresh air, notify the safety and
health officer, and replace your cartridge or canister. In addition, if you
experience “breakthrough,” there is a strong likelihood that you may now
have some residual contamination on the inner surfaces of your
respirator. You may want to consider cleaning and conducting another
inspection of your respirator before use.
4. Which type(s) of respirator offers the highest protection against IDLH
(immediately dangerous to life and health) atmospheres?
SCBAs (self-contained breathing apparatus) and SAR-Es offer the highest
protection against IDLH and also against unknown and oxygen deficient
atmospheres.
5. Rank the following types of respirators from the one providing the highest to
the lowest protection:
a)
b)
c)
d)

Powered air purifying respirator (PAPR)
Dust mask
Positive pressure supplied air respirator
Air purifying respirator (APR)
Respirators’ protection ranking from highest to lowest would be c, a,
d, b—positive pressure supplied air respirator, powered air purifying
respirator (PAPR), air purifying respirator (APR), dust mask.
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6. Describe the difference between a qualitative and a quantitative fit test.
Qualitative tests check the quality of the seal using harmless odors or
irritants. These checks depend on the subjectivity of the person wearing
the respirator.
Quantitative checks measure leaks using other equipment, which report a
number or quantity. A person’s response is not required for these types of
tests, thus making them more objective.
7. During your qualitative fit test you still smell the odor. Identify at least three
things that might cause a bad seal.
Conditions that might cause a bad seal include:
• Facial hair crossing the seal surface.
• Skull cap projecting under the facepiece.
• Temple pieces on glasses.
• Absence of dentures.
• Facial scars or deformities.
• Weight gain or loss.
• Extreme high or low temperatures.
8. Is the following statement true or false?
NIOSH does not allow you to wear contacts when you are using a
respirator.
False. NIOSH does not recommend wearing contact lenses, but it does
not forbid it. It depends on the specific policy of the employer at the
worksite.
9. How often do you need to clean a respirator?
Respirators must be cleaned and disinfected as often as necessary to
maintain sanitary conditions. They must be cleaned before and after each
individual use, emergency use, and fit testing and training use.
10. Is the following statement true or false?
Once you have been trained to use respirators, you are trained for life.
False. Retraining is required at least every year or in any situation
that is needed to ensure your safe use of a respirator.

Standards
•

x – RESP INST
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KEY CONCEPTS
•

Respirator types and selection

•

Fit testing and proper use of
respirators

•

Maintenance and training for
respirators
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Overview
Consider it your last line of defense at a disaster site operation. It’s your
respirator, and it can provide you the best insurance to ensure that you walk away
from a hazardous situation with your health intact, now and down the road. The
fact is, a primary way toxins enter your body is by your breathing them in. A
respirator gives you the protection you want. However, a respirator is only a tool,
and like any other tool used on a job, it needs to be used properly for the best and
safest performance. Therefore, the protection offered by any respirator is only as
good as your ability to understand its limitations, its proper use, and how to
maintain this tool in good working order. This chapter will teach you about the
types of respirators and how to wear and care for them effectively.

Objectives
After completing this chapter, you will be able to:

Know
•
•
•

Name the type of respirator for IDLH atmospheres.
Describe qualitative and quantitative fit tests.
State when to clean a respirator.

Apply
•
•

Select the proper type of respirator for a low oxygen atmosphere.
Explain what to do if a breakthrough occurs while using a respirator.

Analyze
•
•

Identify factors to consider when selecting a respirator for a job.
Rank respirators by level of protection.
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Respiratory Protection
Why Wear a Respirator?
When you respond to a disaster,
you often face many kinds of
hazards. They are usually right
in front of you, and with your
tools, equipment, and own
personal protective equipment
(PPE), you probably feel pretty
comfortable in handling them.
However, one of the most
dangerous hazards you face is
one you likely cannot see—
airborne toxins. That’s right—
the air you breathe at a disaster
site might be more dangerous
than some of the much larger
obstacles before your eyes.

Smoke from the rubble of collapsed buildings hangs over a
neighborhood in Haiti after the massive 2010 earthquake in
that Caribbean country.

Your nose and mouth, in fact, provide a major route for toxic substances to enter
your body. Without the proper protection breathing can put you at risk. That is
why respiratory protection is so important.
Respirators are devices that protect you from inhaling harmful substances in the
form of airborne vapors, gases, dust, fog, fumes, mist, smoke, or spray. Some
respirators also protect you from breathing air with dangerously low levels of
oxygen. Your employer is required to provide you with respirators when
conditions warrant them. The Occupational Safety and Health Administration‘s
(OSHA) hierarchy of controls says that the employer first must try to protect you
through engineering control methods, such as enclosure or confinement of the
operation, general and local ventilation, and substitution of less toxic materials. If
those methods aren’t feasible, then you receive a respirator.
Your employer is also responsible for creating and maintaining a respiratory
protection program (29 CFR 1910.134) as part of the personal protective
equipment program. Both are part of the overall health and safety program
required by OSHA.
The assigned protection factor (APF) of a respirator reflects the level of protection
that a properly functioning respirator would be expected to provide to a
population of properly fitted and trained users. For example, an APF of 10 for a
respirator means that a user could expect to inhale no more than one-tenth of the
airborne contaminant present. Using APFs as the basis for respirator selection is
an important component of an effective respiratory protection program.
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Respiratory Types
Respirators fall into two categories, air purifying or atmosphere supplying. The
type you use depends on the situation at the disaster site. No matter which type
you use, it must meet design and manufacturing criteria set by the National
Institute of Occupational Safety and Health (NIOSH).
Air Purifying
Air purifying respirators (APRs) remove contaminants from the air. They use
filters or sorbents to remove harmful substances from the air before you breathe it.
They range from simple disposable masks to sophisticated devices. If the
concentration of particulates in the air is low, you can wear a particulate filter air
purifying respirator for a long time without having to change the filter. It is
important to understand that air purifying respirators DO NOT supply oxygen.
For this reason you CANNOT wear an air purifying respirators when oxygen
levels are below 19.5 percent by volume or when the atmosphere is immediately
dangerous to your life or health (IDLH) (possible death, irreversible adverse
health effects, impaired ability to escape danger).
Atmosphere Supplying
Atmosphere supplying
respirators provide you clean air
from a source other than the
surrounding contaminated work
atmosphere. They include
supplied air respirators (SAR)
and self-contained breathing
apparatus (SCBA).
SARs supply air from a fixed
source, which can be located
some distance away from you
through an air line hose.
Sometimes you’ll hear them
called air line respirators.
SCBAs supply air from a source
you carry. With SARs you don’t
have to worry about
breakthrough times, change
schedules, or end of service life
indicators for airborne toxic
materials. Those are factors you
must consider with air purifying Worker wearing a positive pressure, supplied air
respirators. When the
respirator.
concentration of contaminants in
the air is high, you get better protection from an atmosphere supplying respirator.
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Types of Airflow
Air purifying respirators are further organized by the type of airflow they supply
to the facepiece. There are three types:
• Negative pressure respirators draw
air into the facepiece when you inhale.
Their main disadvantage is that if a
leak develops, you inhale contaminated
air.

Negative pressure respirator.

•

Continuous flow respirators receive a continuous
flow of air through a filter into the facepiece. They
do not guarantee positive pressure at all times, so
there’s a chance you can inhale contaminants
through the mask. Some SARs and all powered air
purifying respirators (PAPR) fall into this category.

Continuous flow
respirator.

•

Positive pressure/Pressure demand
respirators maintain a positive pressure
in the facepiece whether you are inhaling
or exhaling. They have a pressure
regulator and an exhalation valve to
maintain the positive pressure. Even if a
leak develops, the regulator keeps you
from inhaling contaminated air.

Positive pressure respirator.

You also might hear about open or closed circuit respirators. Open circuit
respirators (APRs, SARs, and SCBAs) allow exhaled air to pass to the atmosphere
outside the facepiece. Closed circuits recirculate your exhaled air through a series
of filters and chemicals so you can rebreathe it. Very few closed circuit devices
are used in hazardous waste or disaster site operations; instead, they’re used
mainly for long duration mine rescues.
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Respiratory Selection
The type of respirator you wear depends on a number of factors: toxicity and
concentration of the contaminant and the hazardous material, the amount of
oxygen present, the nature and extent of the hazard, work rate, area to be covered,
mobility, work requirements and conditions, and limitations and characteristics of
the available respirators. The disaster site’s health and safety plan should analyze
these factors.
Your employer will decide which type of respirator is appropriate for you. The
employer will use the assigned protection factors in making the choice based on
the exposure limit of a contaminant and the level of contaminant in the workplace.
The respirator must be NIOSH certified and follow the OSHA respiratory
standards (29 CFR 1910.134). Approval numbers are clearly written on all
approved respiratory equipment. NIOSH periodically publishes its Certified
Equipment List of all approved respirators and components at
http://www.cdc.gov/niosh/npptl/topics/respirators/CEL/.
Assigned Protection Factors
A respirator’s assigned protection factor reflects the level of protection that a
properly functioning respirator would be expected to provide to a population of
properly fitted and trained users. For example, the assigned protection factor for
full-facepiece air purifying respirators is 50. When you wear one of these
respirators, you theoretically should be protected in atmospheres containing
chemicals in concentrations up to 50 times higher than the allowable limit set by
OSHA, provided the maximum use concentration (MUC) is not exceeded. The
MUC is the product of the protection factor of respiratory protection equipment
and the permissible exposure limit. The following table shows the APFs for
certain types of respirators.
Type of Respirator
Air purifying respirator
Powered air purifying
respirator
Supplied air respirator (air
line respirator)
• Demand mode
• Continuous flow mode
• Pressure demand or
other positive
pressure mode
Self-contained breathing
apparatus
• Demand mode
• Pressure demand or
other positive
pressure mode (e.g.,
open/
closed circuit)

Quarter
Mask
5

Half
Mask

Full
Facepiece

Helmet/
Hood

10
50

50
1,000

Loosefitting
Facepiece

25/1,000

25

10
50
50

50
1,000
1,000

25/1,000

25

10

50
10,000

50
10,000
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Other Considerations
Other factors go into choosing the best type of respirator for the job:
• How much time will the job take? Here you need to also include the
time to get into and out of the contaminated area. For example, SCBAs
and air purifying respirators protect you for relatively short periods. If you
need to be on the job for an extended period, then a supplied air respirator
would be a better choice.
• How well can you see, hear, communicate, or move? Your mobility and
ability to use your senses are important to your doing a job safely. If you
are connected to an air line, you might be limited to covering a certain
area, and the hose is vulnerable to puncture if it contacts rough or sharp
surfaces. It also might get caught in machinery. Wearing an SCBA also
has its drawbacks because it’s large and heavy and can restrict your ability
to climb or move in tight places and has a limited supply of air.
• Will the air supply rate be adequate? This is an important factor when
you wear atmosphere supplying respirators such as an SCBA. Because the
air bottle on an SCBA is rated for 30 minutes DOES NOT mean you will
have 30 minutes of air. For example, factors such as a person’s respiration
rate will influence the extent or amount of time the supply of air will last.
On hazardous waste and disaster sites supplied air respirators with escape
(SAR-E) are preferred because of their constant flow of breathable air,
which allows for longer stretches of work while protecting against oxygen
deficiency and airborne contaminants.
Respiratory Protection for Levels of PPE
The following table matches the levels of personal protective equipment with the
type of respiratory protection that’s appropriate.
PPE Level
A

B

C
D
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Summary
Highest level of skin, eye, and respiratory
protection.
Highest level of respiratory protection and
the appropriate level of skin protection. (The
type and concentration of substances have
been identified and require a high level of
respiratory protection but less skin
protection.)
Appropriate atmosphere-supplied respiratory
protection and the appropriate level of skin
protection.
The atmosphere contains no known hazards.

Protection Required
Totally encapsulating
chemical protective clothing
(CPC) suit, SCBA, or SARE
CPC suit, SCBA, or SAR-E

CPC suit, APR, PAPR, or
SAR
No respiratory protection
and minimal skin protection
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Air Purifying Respirators
Air purifying respirators protect you against airborne contaminants, such as dust,
fibers, mist, and fumes. They use either a filter or chemicals to clean the air before
you breathe it. They consist of a facepiece and an air purifying device, which is
either a removable part of the facepiece or an apparatus worn on a body harness
and attached to the facepiece via a hose. They are approved for use in
atmospheres containing specific chemicals up to certain concentrations. They are
not approved for use when the atmosphere is immediately dangerous to your life
or health. Because they do not supply oxygen, they have limited use at hazardous
waste sites.
Particulate Filters
Particulate filter respirators work well for airborne contaminants, but they do not
protect you against gases, vapors, or oxygen deficiency. Their key component is
the filter. A fibrous material in the filter captures contaminants, such as dust,
fumes, and mist.
NIOSH classifies these respirators into nine classes to rate filter efficiency. Those
classes are organized into three filter series based on their ability to remove
particles as a result of oil aerosols in the work environment:
N = Not resistant to oil
R = Resistant to oil
P = oil Proof
Then within each series are three levels of filter
efficiency:
95 percent, designated 95
99 percent, designated 99
99.97 percent, designated 100
That leaves this matrix:
N
100
99
95

R
100
99
95

P
100
99
95

An R95 particulate respirator.

The class of filter is marked on the filter, filter package, or respirator box. Replace
filters when they are damaged, soiled, or cause you to breathe noticeably harder
or when they expire according to the manufacturer.
Approval of respiratory protective devices is covered in 42 CFR 84.
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Gas/Vapor Removing Cartridges and Canisters
Gas/Vapor removing respirators use a chemical filter to purify the air you inhale.
They differ from particulate filter respirators because they use a chemical, or
sorbent, to remove harmful gases and vapors
through a chemical reaction. Unlike particulate
filter respirators they use cartridges or canisters
containing the sorbent. The cartridge or canister
is designed to protect against specific
contaminants; the particulate filter, on the other
hand, is effective to some degree no matter what
This green canister protects
the particle. When selecting a cartridge, if the
against ammonia gas.
package it is in is found open, discard it and don’t
use it.
Cartridges are color coded according to the contaminants they protect against. The
table below shows that code.
Atmospheric Contaminants
to Be Protected Against

Colors Assigned

Acid gases

White

Hydrocyanic acid gas

White with ½-inch green stripe completely
around the canister near the bottom

Chlorine gas

White with ½-inch yellow stripe completely
around the canister near the bottom

Organic vapors

Black

Ammonia gas

Green

Acid gases and ammonia gases

Green with ½-inch white stripe completely
around the canister near the bottom

Carbon monoxide

Blue

Acid gases and organic vapors

Yellow

Hydrocyanic acid gas and chloropicrin
vapor

Yellow with ½-inch blue stripe completely
around the canister near the bottom

Acid gases, organic vapors, and ammonia
gases

Brown (Tan)

Radioactive materials, excepting tritium
and noble gases

Purple (Magenta)

Particulates (dusts, fumes, mists, fogs, or
smokes) in combination with any of the
above gases or vapors

Canister color for contaminant, as
designated above, with ½-inch gray stripe
completely around the canister near the top

All of the above atmospheric contaminants

Red with ½-inch gray stripe completely
around the canister near the top

It’s important to establish a change schedule for gas/vapor removing respirators to
make sure “breakthrough” does not occur. That is when the sorbent loses its
effectiveness and contaminants begin to pass through. Most sorbent canisters have
a manufacturer’s expiration date printed on them. As long as they were not
opened previously, they are good up until that date. Once opened, they should be
12 RESP
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used immediately. Cartridges should be discarded after use but should not be used
for longer than one shift or when breakthrough occurs, whichever comes first.
Breakthrough is not an
acceptable measure for
cartridge change.

You can detect breakthrough by noticing a
different odor, experiencing a different taste, or
having throat irritation. When that happens, leave
the area and head to the decontamination line, get
fresh air, notify the safety and health officer, and replace your cartridge or
canister.
Half-face APRs
Half-face air purifying respirators cover the nose and mouth but leave the rest of
the face exposed. They’re the minimum type of respirator you’ll use when
working with hazardous waste. They work on negative pressure. That means they
draw air into the facepiece when you inhale. They can use one or two filter
cartridges, depending on the design of the APR.
Half-face APRs offer you lots of
mobility compared to other
respirators and are relatively
lightweight, but you can only use
these types of APRs when you
know the type and level of chemical
exposures you’re facing. You
CANNOT use this type of respirator
for unknowns or when you face an
immediate danger to life or health
situation.

Half-face APRs require separate eye
protection.

These APRs have a number of limitations. Their main disadvantage is that if any
leaks develop in the system, you breathe in contaminated air. They also do not
provide protection for your eyes. The cartridges do not last long either, so they are
relatively inefficient. They can make breathing especially difficult when
conditions are hot and humid. This can place added stress on your respiratory
system by making it harder to breathe in and out.

Full-face APR.

Full-face APRs
Similar to a half-mask APR, the full-face APR
offers more protection because it has a better seal
by covering the whole face. It also works on
negative pressure, providing you with filtered air
when you inhale. The full-face APR does not offer
any protection for an immediate danger to life and
health situation. Other than the eye protection it
affords, it has the same limitations as the half-face
respirator: no protection from leaks, limited period
of use for cartridges, difficult to breathe in hot and
humid conditions. In addition, the full-face APR
can fog up, thus reducing your visibility.
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PAPRs
Powered air purifying respirators feature a battery-powered fan that reduces the
restriction of air, making it easier for the user to breathe. However, that alone
does not make them a positive pressure device in which you maintain positive
pressure during either inhalation or exhalation. The fan does not supply oxygen
but simply passes air across the air cleaning element to supply the user with
purified air. The great advantage of the powered air purifying respirator is that it
supplies air at positive pressure (relative to atmospheric) so that any leakage from
the facepiece is outward.
Because they’re battery powered, their use is
limited to the life of the battery. They also can
cause you to breathe rapidly. PAPRs are heavy
and cumbersome too. Nonetheless, they offer you
a higher protection factor than a full-face APR
and less facepiece fogging.
When Not to Use APRs
There are several conditions when APRs should
not be used:
• The atmosphere in the contaminated area
is oxygen deficient.
• There’s an immediate danger to life or
health.
• The contaminant is above the maximum
use level or concentration the APR is
rated for.
• The possibility of unknown contaminants
exists.
• The remaining service life of the APR is
not known, the APR has no end of service
indicator, or the employer has no program
for changing canisters or cartridges.

Powered air purifying respirator.

CBRN APR NIOSH Approved Respirators
NIOSH tests and certifies air purifying
respirators for use in atmospheres that contain
chemical, biological, radiological, and nuclear
(CBRN) respiratory hazards. To determine
whether an APR has been tested and certified
by NIOSH for use by emergency responders in
CBRN environments, check the type of label
used. There are three types of labels included
with a CBRN APR:
• Full canister label located on the
canister.
• Matrix-style canister approval label.
• Matrix-style respirator approval label.
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In response to a CBRN
exposure event, emergency
first responders should use
NIOSH-approved SCBA
respirators when the types of
inhalation hazards and their
concentrations are unknown or
expected to be high. The
CBRN full-facepiece APR
provides a lower level of
protection than the SCBA, and
its use is generally allowed
once conditions are
understood. Don’t use the
CBRN APR when in IDLH or
oxygen-deficient atmospheres.
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The matrix-style approval labels are part of the user instructions or included as an
insert with the packaging. All three labels include TC# and CBRN protection
level in addition to other respirator/canister information.
Full Canister Label
If an APR is CBRN-approved by NIOSH, the full canister label will identify the
CBRN protection level (CBRN Cap 1, CBRN Cap 2, CBRN Cap 3). If the label
doesn’t, it isn’t approved for use by emergency first responders in CBRN
environments. The full canister label will specify its part number and if the
canister has been approved for use for CBRN protection with an approved CBRN
APR facepiece.
The image below shows the full canister label. It specifies the CBRN protection
level (CBRN Cap 1). The color of the label must be olive. The label must be
attached to the canister. If it does not fit on the canister, the portion of the label
below the dashed line may be provided in a form that is removable as long as the
Cautions and Limitations sections are added.

Sample APR full canister label.

Matrix-style Canister and Respirator Approval Labels
The next two pages show matrix-style approval labels for either a canister or
respirator. These labels will be found in the user’s instructions or included in the
packaging. The approval number for an APR approved for CBRN environments
will have a TC-14G prefix (TC-14G-XXXX) and can be found on all three labels.
The user instructions manual must be used with the matrix-style label to defined
the approved configuration. The complete APR assembly and subassemblies must
be composed only of those component parts listed in the row with the CBRN
approval number. Part numbers that are found only in the rows of the non-CBRN
approvals must not be used as part of a CBRN APR assembly.
The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.
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Sample matrix-style APR canister approval label with CBRN Cap 1 protection. This label is part of
the user’s instructions or included in the packaging.
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Sample matrix-style APR respirator approval label with CBRN Cap 1 protection. This label is part
of the user’s instructions or included in the packaging.

Online List of Approved Respirators
NIOSH maintains a searchable list online of respirators it has approved for CBRN
environments. You can set the parameters for your search according to the kind of
respirator you want. The website is as follows:
http://www.cdc.gov/niosh/npptl/topics/respirators/cel/default.html
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Atmosphere Supplying Respirators
Supplied Air Respirators
Supplied air respirators direct air—never pure oxygen, but rather a mix
comparable to normal breathing air—into a facepiece or hood by a supply line
from a fixed source instead of one you carry. They come in positive pressure or
continuous flow modes. They do not rely on filters to provide you clean,
breathable air. The compressor itself is equipped with a filtering system that
filters the air.
There are two types of SARs. Air line respirators receive air from a hose
connected to a large compressed air storage cylinder, or the hose may be
connected to a compressor. Self-contained breathing apparatus receive air from a
smaller compressed air tank or cylinder that you wear.
A regulator reduces the pressure of the air as it comes from the compressor and
controls the flow of air to your facepiece with an SAR. There are two types of
regulators: demand flow and pressure demand.
A demand flow regulator uses the suction force created when you inhale to open
the regulator valve and let air flow into your facepiece. In essence, when you
“demand” the air, you get it. When you exhale, the flow of air into your facepiece
stops. This type of regulator depends on creating negative pressure, which
increases the chance of leakage. That’s a disadvantage in doing hazardous waste
work and is why it’s not recommended for it. That is because it As a result, a
demand flow regulator earns only a 50 protection factor.
Pressure demand regulators also get their airflow mainly when you inhale.
However, there also is a constant flow of air into the mask, which keeps it under
positive pressure, even when you inhale. That approach minimizes leakage, which
makes this type of regulator the choice most often for hazardous waste operations.
SARs have some advantages. They allow you to work longer than an SCBA does.
They are also less bulky and heavy than an SCBA, and they protect against most
airborne contaminants.
The limitations of SARs are numerous: Minimum hose length is 8 feet, the line
itself cannot exceed 300 feet with sections of 25 feet, and the respirator must be
tested and certified (TC). Your air supply may not be in close proximity to where
you are working because of potential chemical or contamination hazards.
Additionally, damage to the air line may occur from rough or sharp surfaces or
being run over by heavy equipment. Also, SARs require you to retrace your steps
when you leave the work area, and the air line also requires supervision. SARs are
not approved for immediate danger to life or health situations or in oxygendeficient areas unless they are also equipped with an escape bottle.
Supplied Air Respirators with Escape (SAR-E)
Supplied air respirators with escape (SAR-E) offer you special protection from
the hazards of a punctured line or loss of air supply. They are the only SAR
approved for IDLH and oxygen-deficient atmospheres.
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The SAR-E is equipped with an escape bottle that
provides 5-15 minutes of air in case of an emergency
or loss of your primary air supply. The escape bottle is
used only in case of an emergency to leave the site. If
you experience a loss of primary air, you disconnect
the supplied air line, immediately leave the site, and
head straight to decontamination.
Some SAR-Es have a dual hookup with at least two
ports on the regulator that connect with separate air
supply sources—a carry out bottle and an air supply
hose located in the work area. You can use the carry
out bottle to gain entry to the site. For example, you
connect the carry out bottle (an SCBA bottle with a
handle) to one of the two regulator ports, breathe that
Supplied air respirator with
escape (SAR-E).
air, and then walk out to the heavy equipment or the
area air station. There you connect the other port to the air source mounted on the
heavy equipment or to the portable air cart in the work area. You then turn off the
supply from the carry out bottle to make sure the new air source is adequate. If it
is, then you disconnect the hose from the carry out bottle. When it’s time to leave
the work area, you reverse the process, connecting again to the carry out bottle.
Escape bottles are required for air line respirators being used in immediate danger
to life and health situations.
Self-contained Breathing Apparatus
With a self-contained breathing apparatus you
wear a cylinder of compressed air that is
connected to a facepiece and regulator.
SCBAs offer you the highest protection
against unknown, IDLH, and oxygendeficient atmospheres. With a NIOSHassigned protection factor of 10,000, SCBAs
are commonly used during the most
hazardous aspects of waste site jobs. You do
not have to worry about air line problems with
them, but it’s very important that you’re
trained in using them correctly.

Self-contained breathing apparatus.

Typically your supply of air is limited to 30-60 minutes with an SCBA. Actual
operating time depends on your training, physical workload, heat and
psychological stress, and past experience using an SCBA. Because SCBAs are
bulky and weigh up to 35 pounds, they increase the likelihood of heat and
physical stress and impaired movement in confined spaces. Other drawbacks are
their limited air supply, which reduces your work time, and the possibility of your
feeling confined when unfamiliar with this type of equipment. On the other hand,
they do provide you the best protection against airborne contaminants and oxygen
deficiency.
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Medical Evaluation and Fit Test
Before your employer asks you to wear a respirator, you must undergo a medical
evaluation to make certain you are physically capable of wearing a respirator.
Then the respirator must be fit tested to make certain you wear a proper facepiece
that fits comfortably and effectively. A physician or other licensed healthcare
profession must perform the medical evaluation using a questionnaire or
examination. Follow-up exams may be necessary. None of this is at any cost to
you; the employer is responsible for the exam, fit testing, and training.
Fit testing must be performed before you are required to use any respirator with a
negative or positive pressure, tight-fitting facepiece, or when a different facepiece
from one you have been fit for is used. Fit testing also must be completed
annually. In addition, if you or the person responsible for the respirator protection
program notices changes in your physical condition that would affect the
respirator fit, such as scarring, dental changes, cosmetic surgery, or an obvious
change in body weight, then fit testing must be completed again.
The employer is required to offer enough respirator models and sizes for you to
choose one with the best fit.
Qualitative Fit Test
A qualitative fit test checks the quality of the respirator’s seal with your face.
First, OSHA requires an odor and taste threshold screening to be conducted to
make certain you can smell or taste the test agent at low concentrations. Then the
tester introduces harmless odors or irritants into your breathing zone. If you
cannot detect the test agent, the respirator fits effectively.
Qualitative fit tests are simple and inexpensive. They help you choose the
respirator you need, determine your comfort level, check the seal, and identify
facial complications (for example, dentures, facial surgery) that affect the fit.
However, their main drawback is their subjectivity. They rely on your reaction to
test materials. As a result, they may be used only on negative pressure APRs, and
they never can receive a protection factor higher than 10.
Quantitative Fit Test
A quantitative fit test measures the actual amount of leakage into the respirator
and requires no response from you. This test uses sophisticated equipment to
measure such things as the concentration of a vapor or dust inside a facepiece
compared to the amount outside.

Proper Respirator Use
With your employer’s guidance, you have determined the proper type of
respirator to use for the situation you face. You have been checked to make sure it
will fit and you’re healthy enough to use it. You have been trained in how to use
it. Now comes the time when you actually don the respirator and go to work.
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As with all the other areas of respirator use, it’s up to the employer to come up
with a proper protocol to follow when donning a respirator. The following
sections are a few of the keys.
Inspecting
Before you put on the respirator, check it thoroughly. Make sure it’s functioning,
the connections are tight, and parts are in good condition, especially making
certain rubber ones maintain their flexibility and have not deteriorated.
Donning
Every time you put on the respirator, you are checking a number of conditions,
mainly to ensure the respirator fits properly and creates a seal to protect you from
the contaminants you face. You must adjust the respirator every time you put it on
to ensure the best possible seal. To do this, conduct a seal check, using one of the
following methods:
•

Positive pressure check
1. Cover the exhalation valve of the
respirator.
2. Exhale gently for about 10 seconds.
Do not exhale too hard or push the
mask into your face because the
check will be inaccurate.
If the respirator fits, a slight pressure
should build up inside the facepiece. If Positive pressure check.
air leaks out, the respirator does not fit properly, and the seal is
inadequate.
To perform this test on an atmosphere supplying respirator, cover the inlet
and exhalation valve with your hands and exhale.

•

Negative pressure check
1. Cover the filter openings with your
hands.
2. Inhale gently and hold your breath
for about 10 seconds. Do not push
the respirator into your face too
hard because the check will be
inaccurate.
Negative pressure check.

If the respirator fits, the facepiece
should collapse inward slightly. If it does not fit, the facepiece will not
collapse, and you will feel an air leak.
To perform this test on an atmosphere supplying respirator, cover the inlet
and with your hand and inhale.
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Your employer is not allowed to permit you to work with a respirator that has an
improper seal or interferes with the valve functions. A variety of conditions can
cause a bad seal:
• Facial hair (stubble beard growth, beard, mustache, sideburns) that crosses
the sealing surface.
• Skull caps that project under the facepiece.
• Temple pieces on eyeglasses.
• Absence of one or both dentures.
• Facial scars or deformities.
• Loss or gain of weight.
• Extreme temperatures high (sweat) or low (ice).
The need for a good seal is the reason facial hair is prohibited for workers who
must wear respirators.
If you wear glasses, OSHA requires at the employer’s expense that you have
available a facepiece that has a fitting to hold your lenses in place. Use of contact
lenses is not forbidden, but NIOSH does not recommend them. It depends on the
specific policy of the employer at the disaster site.
Use
OSHA requires the employer to monitor the site for any changes that might affect
how well your respirator works. If conditions change, the employer must
reevaluate whether the respirator is still effective.
If you have any problems with your respirator, leave the area and fix the problem.
Here are some specific problems that should make you exit:
• To wash your face and respirator to prevent eye or skin irritation.
• If you detect vapor or gas breakthrough.
• If you breathing becomes difficult.
• If you detect a leak in your facepiece seal.
• To replace the respirator or the filter, cartridge, or canister.
Doffing
Remember to remove your respirator only when
you are outside the exclusion zone. Follow any
decontamination procedures as well.

When doffing your
respirator, always pull
down, out, and away so
that any contaminants fall
away from your head, face,
and breathing area.

IDLH Atmospheres
When dealing with immediate danger to life and
health atmospheres, OSHA requires that an
additional standby worker, or workers, be located outside the area. The standby
worker assists those inside the IDLH atmosphere in case of an emergency. The
standby worker must be trained and equipped to provide emergency response and
also must maintain visual, voice, or signal line of communication with those of
you in the IDLH atmosphere.
The employer must ensure that emergency rescue is available before you enter the
IDLH atmosphere. Not only will you be wearing the highest level of respiratory
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protection available in the zone, but the outside workers must be equipped with
positive pressure/pressure demand SCBA or SAR-E along with appropriate
retrieval equipment or other means to rescue you.

Maintenance and Care
To make certain you have the most effective equipment, the employer must have
a proper maintenance and care plan in place for the respirators. The employer
must provide for their cleaning and disinfecting, storage, inspection, and repair.
Cleaning and Disinfecting
The employer must provide you with a respirator that is clean, sanitary, and in
good working order. Respirators must be cleaned and disinfected at the following
intervals:
• As often as necessary to maintain sanitary conditions.
• Before another individual uses it when the same respirator is issued to two
or more workers.
• After each use for emergency respirators.
• After each use for fit testing and training respirators.
• Remember to read the manufacturer’s recommendations of the water
temperature used to clean and disinfect a respirator. Too high or hot of a
temperature could distort rubber pieces or the face sealing portion of the
respirator and not allow for a proper seal.
Inspection
Respirators used in routine situations are to be inspected before each use and
during cleaning. Inspections look for wear and tear. They check the respirator’s
function, tightness of connections, and condition of the various parts. SCBAs
must be inspected monthly, and the air and oxygen cylinders must be maintained
in a fully charged state. When the pressure falls below 90 percent of the
manufacturer’s recommended pressure level, they must be recharged. The
regulators and warning devices also must be checked to ensure they are working.
Any cartridges and canisters for respirators must be replaced as necessary too.
The employer is required to keep inspection records.
Repairs
Respirators that fail an inspection or are found to be defective must be removed
from service and either discarded, repaired, or adjusted. Any repairs must be
performed only by an appropriately trained technician. Only the respirator
manufacturer’s NIOSH-approved parts may be used.
Storage
Respirators must be packed or stored in a way that prevents the facepiece and
exhalation valve from deforming. Emergency respirators must be stored the same
way and kept accessible to the work area in compartments or covers marked as
“emergency respirators.”
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Training
If you are going to use a respirator, OSHA requires that you receive proper
training from your employer. Training must occur before you use the respirator, it
must be understandable to you based on your education level and language
background, it must be comprehensive enough to cover all the items necessary,
and it must be provided annually or more often if necessary. The training should
make clear how to properly use the respirator and ensure a proper fit. It also
should make clear the consequences of improper use or fit, such as chronic
disease or death because of exposure to airborne contaminants. After the training
you should understand the following:
• Why the respirator is necessary and how improper fit, usage, or
maintenance can diminish the respirator’s usefulness.
• Limitations and capabilities of the respirator.
• How to use the respirator in an emergency.
• How to inspect, don, seal check, use, and doff the respirator.
• Procedures for maintaining and storing the respirator.
• How to recognize medical signs and symptoms that may limit or prevent
effective use of the respirator.
Retraining is also required every year to account for changes in the workplace or
type of respirator being used or any other situation that might affect safe
respirator use. The refresher training also addresses employees who might not
retain information from the original training.
Case Study
With mounting evidence that exposure to the toxic smoke and ash at ground zero
during the nine-month cleanup has made many people sick, attention is now focusing
on the role of air-filtering masks, or respirators, that cost less than $50 and could have
shielded workers from some of the toxins.
More than 150,000 such masks were distributed and only 40,000 people worked on
the pile, but most workers either did not have the masks or did not use them. These
respirators are now at the center of a federal lawsuit filed on behalf of more than
8,000 firefighters, police officers, and private workers who say they were exposed to
toxic substances at or near ground zero that have made them sick or may eventually
do so.
Lawyers representing the workers say that there was no central distribution point for
the respirators, no single organization responsible for giving them out, and no one
with the power to make sure the respirators that were distributed got used, and used
properly. By contrast, at the Pentagon, workers not wearing proper protective gear
were escorted off the site.
New York City, which is the principal government defendant, has moved to have the
lawsuit dismissed. It argues that it and the private contractors it hired to help in the
cleanup did their best to provide adequate equipment and to get workers to use it, but
many workers ignored the warnings. Many workers cited reasons for not keeping the
masks on, like the stifling heat and the difficulty of communicating while wearing them.
New York Times:
http://www.nytimes.com/2006/06/05/nyregion/05masks.html?pagewanted=print
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Group Discussion Activity 1 (Required)
Suggested Respirator Cleaning and Sanitation Procedures
The following activity gives you an opportunity to clean a respirator following
procedures recommended by NIOSH.
Decide on the Procedures Needed Based on How Respirators Are Being Used
Option 1: Cleaning for Single Users: The same person uses the same
respirator all the time. NOTE: This option should not be used if respirators are
not marked with user names.
• Use Procedure 1 for basic cleaning of single user respirators.
• If desired or required, add Procedure 2 to sanitize single user
respirators after cleaning.
Option 2: Cleaning for Multiple Users: Different persons will be sharing
respirators.
• Use Procedure 3 to clean and sanitize respirators.
• Note that Procedure 3 is equal to combining procedures 1 and 2.
Gather Equipment and Supplies
Procedure 1
• 2 buckets warm water
• Thermometer
• Alcohol-free wipes and/or soft brush and sponge
• Neutral detergent—no lanolins or oils (most dish detergents will work)
• Table or work surface
Procedure 2
• 2 buckets warm water
• Thermometer
• Metric graduated cylinder for measuring small quantities
• Quaternary ammonia disinfectant OR hypochlorite (household bleach)
OR iodine solution OR other commercially available cleansers of
disinfectant quality that are recommended by the respirator
manufacturer
• Table or work surface
Procedure 3
4 buckets warm water and the materials listed above for procedure 1 and 2
Description of Procedures
Procedure 1
This procedure applies to single user cleaning (the same person uses the same
respirator all the time). Cleaning can be done as often as required. Atmosphere
supplying and emergency use respirators should be cleaned and sanitized after
each use. THE RESPIRATOR MUST BE CLEANED AND SANITIZED
BEFORE IT CAN BE TRANSFERRED TO ANOTHER INDIVIDUAL.
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•
•
•

•

•

•
•
•

Prepare 2 buckets (2 gal/7.5 L) of fresh warm water; follow sequence
of use as described below.
Do not use boiling or hot water. Water temperature should be less than
110 degrees F.
Disassemble respirator, removing cartridges and/or filters and any
external accessories, such as communications, hoods, head harness (if
possible), and eye lens outserts. Do not remove the valves because
they are easy to lose.
Bucket 1: Clean respirator and associated parts (excluding cartridges
and/or filters) with alcohol-free wipes or by immersing in a warm
water cleaning solution, scrubbing with a soft brush or sponge. Do not
brush eye lenses. Use a neutral detergent cleaning solution that does
not contain lanolin or oils.
Bucket 2: Rinse in fresh, warm water. Running water is better than
immersion if available. Thorough rinsing is important to keep
detergents or disinfectants from drying on the respirator. Running
water (if available) for rinsing is preferred over immersion. [See
OSHA 29 CFR 1910.134, Appendix B-2.]
Replace cleaning solution and rinse water after approximately 20
respirators have been cleaned, or as needed.
Allow the respirator to air dry in a noncontaminated environment. Do
not dry with heaters or in sunlight. Respirators can be reassembled
before or after drying.
Before reusing a respirator, conduct checks as recommended by the
manufacturer’s manual to ensure that the system is ready to be placed
in operation. It is very important to check that the inhalation and
exhalation valves are in place before use.

Procedure 2
This procedure applies if sanitization is desired or required.
• Clean respirator as described in Procedure 1. The final air drying step
is not necessary.
• Prepare 2 buckets (2 gal/7.5L) of fresh warm water; follow sequence
of use as described below.
• Do not use boiling or hot water. Water temperature should be less than
110 degrees F.
• Bucket 1: Disinfect respirator by immersing in a disinfectant water
solution. A quaternary ammonia disinfectant (one packet per 2 gallons
or per manufacturer’s recommendation), or a hypochlorite (1 oz [30
milliliters] household bleach in 2 gal [7.5 L] water) solution, or an
aqueous solution of iodine (50 ppm of iodine, made by adding 0.8
milliliters of tincture of iodine to one liter of water at 110 degrees F)
can be used.
• Bucket 2: Rinse in fresh, warm water. Thorough rinsing is important to
keep detergents or disinfectants from drying on the respirator.
• Replace sanitizing solution and rinse water after approximately 20
respirators have been sanitized, or as needed.
• Allow the respirator to air dry in a noncontaminated environment. Do
not dry with heaters or in sunlight.
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•

Before reusing a respirator, conduct checks as recommended by the
manufacturer’s manual to ensure that the system is ready to be placed
in operation. It is very important to check that the inhalation and
exhalation valves are in place before use.

Procedure 3
This procedure applies to multiple user cleaning and sanitizing (different
people use the same respirator). Cleaning can be done as often as required.
Atmosphere supplying and emergency use respirators should be cleaned and
sanitized after each use. THE RESPIRATOR MUST BE CLEANED AND
SANITIZED BEFORE IT CAN BE TRANSFERRED TO ANOTHER
INDIVIDUAL.
• Prepare 4 buckets (2 gal/7.5 L) of fresh warm water; follow sequence
of use as described below.
• Do not use boiling or hot water. Water temperature should be less than
110 degrees F.
• Disassemble respirator, removing cartridges and/or filters and any
external accessories, such as communications, hoods, head harness (if
possible), and eye lens outserts. Do not remove the valves because
they are easy to lose.
• Bucket 1: Clean respirator (excluding cartridges and/or filters) with
alcohol-free wipes or by immersing in a warm water cleaning solution,
scrubbing with a soft brush or sponge. Do not brush eye lenses. Use a
neutral detergent cleaning solution that does not contain lanolin or oils.
• Bucket 2: Rinse in fresh, warm water. Running water is better than
immersion if available. Thorough rinsing is important to keep
detergents or disinfectants from drying on the respirator. Running
water (if available) for rinsing is preferred over immersion. [See
OSHA 29 CFR 1910.134, Appendix B-2.]
• Bucket 3. Disinfect respirator by immersing in a disinfectant water
solution. A quaternary ammonia disinfectant (one packet per 2 gallons
or per manufacturer’s recommendation), a hypochlorite (1 oz [30 ml]
household bleach in 2 gal [7.5 L] water) solution, or an aqueous
solution of iodine (50 ppm of iodine, made by adding 0.8 ml of
tincture of iodine to one liter of water at 110 degrees F) can be used.
• Other commercially available cleansers of equivalent disinfectant
quality when used as directed can be used, if their use is recommended
or approved by the respirator manufacturer. [See 29 CFR 910.134,
Appendix B-2, Para I, D.3.]
• Bucket 4. Rinse in fresh, warm water. Running water is better than
immersion if available. Thorough rinsing is important to keep
detergents or disinfectants from drying on the respirator. Running
water for rinsing (if available) is preferred over immersion. [See
OSHA 29 CFR 1910.134, Appendix B-2.]
• Replace cleaning solution, sanitizing solution, and rinse water after
approximately 20 respirators have been sanitized, or as needed.
• Allow the respirator to air dry in a noncontaminated environment. Do
not dry with heaters or in sunlight Respirators can be reassembled
before or after drying.
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•

Before reusing a respirator, conduct checks as recommended by the
manufacturer’s manual to ensure that the system is ready to be placed
in operation. It is very important to check that the inhalation and
exhalation valves are in place before use.

General Notes
• The process should always include these steps:
1. Cleaning
2. Sanitizing
3. Rinsing
4. Drying
5. Reassembly
6. Inspection before use
• Respirators can be divided into batches of 20, as water and cleaning fluids
will be changed after 20 respirators are cleaned.
• It is better to disassemble and clean one respirator at a time. Group
respirators together by manufacturer if more than one will be disassembled
at a time to avoid getting parts confused.
• Different respirator manufacturers market different cleaning and sanitizing
solutions. Contact them for details regarding these products.
• Quaternary ammonia is a disinfectant that contains ammonia (NH4) with
additional surfactant (detergent) action. It is used as a disinfectant with
cattle producers and animal health workers. It has a wide germicidal
range, is noncorrosive, and is considered very effective for sanitizing
cleaned surfaces.
• Other non-alkaline biodegradable disinfectants have been tested and are
recommended by leading respirator manufacturers as being effective
against HIV-1 (AIDS virus).
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Group Discussion Activity 2 (Required)
Inspecting, Donning, and Doffing Half-face Air Purifying Respirators Checklist
Name:

Date:

Operations Performance Score:

Decision Making Score:

Signature of trainee:
Signature of instructor:
Rating
Task

Performs
Operation
Correctly

Makes
Correct
Decisions

Yes

No

Yes

No

1. Examine the facepiece for:
•

Excessive dirt.









•

Cracks, tears, holes, or distortion from improper
storage.









•

Inflexibility (stretch and massage to restore flexibility).









•

Cracked or broken air-purifying element holder(s),
badly worn threads, or missing gasket(s) (if required).









2. Examine the head strap or harness for:
•

Breaks.









•

Loss of elasticity and twists.









•

Broken or malfunctioning buckles and attachments.









3. Remove exhalation valve cover and examine valve for:
•

Foreign material, such as detergent, residue, dust
particles, or human hair under the valve seat.









•

Cracks, tears, or distortion in the valve material.









•

Improper insertion of the valve body in the facepiece.









•

Cracks, breaks, or chips in the valve body, particularly
in the sealing surface.









•

Missing or defective valve cover.
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Rating
Task

•

Improper installation of the valve in the valve body.

Performs
Operation
Correctly

Makes
Correct
Decisions

Yes

No

Yes

No









4. Examine air purifying elements for:
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•

Correct cartridge canister or filter.









•

Correct/Incorrect installation, loose connections,
missing or worn gaskets, or cross-threading in holder.









•

Expired shelf-life date on cartridge or canister.









•

Cracks or dents in outside case of filter, cartridge, or
canister.









•

Evidence of prior use of sorbent cartridge or canister,
indicated by absence of sealing material, tape, foil,
etc., over inlet.









5. Attach neck strap.









6. Place chin in chin cup and pull crown straps or head
harness across head.









7. Adjust straps to correct fit.









8. Perform positive pressure user seal check by placing
palm of hand over exhalation valve cover and exhaling
slightly for a count of 10. Notice any leaks.









9. Perform negative pressure user seal check by placing
palms of hands over filter intakes and inhaling slightly for
count of 10. Notice any leaks.









10. Readjust straps if necessary.









11. Repeat steps 8 and 9 if readjustment occurs.









12. Check for good breathing.









13. Loosen straps from top to bottom. Be gentle so as not to
damage elasticity of straps.









14. Grasp respirator on bottom and remove upward over top
of head.









15. Remove cartridges and dispose of properly.
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Group Discussion Activity 3 (Optional)
Read the following brief scenarios and explain whether an air purifying or
atmosphere supplying respirator would be most appropriate.
1. A train carrying cars filled with liquid nitrogen has derailed. Plumes of
nitrogen gas are leaking from some of the cars as the liquid nitrogen is
being converted to a gas when exposed to the warmer air outside the
tankers. Nitrogen gas can asphyxiate, especially in a confined space.
You’ve been called to operate mobile cranes to right cars.

2. A tornado has toppled a tower silo in a small farming community. The
silo contained silage, which is fodder that is harvested green and then
stored and left to ferment to eventually be used to feed livestock or as a
biofuel. The silo is partially intact, so you know it still will contain silo
gas produced from the fermentation process. This gas contains nitric
oxide (NO), which will react with oxygen (O2) in the air to form nitrogen
dioxide (NO2), a common pollutant produced in internal combustion
engines, but which is toxic in high concentrations. You are running an
excavator that will tear open the silo so that the silage, which itself is not
dangerous, can be loaded into a dump truck.

3. An earthquake has crumbled a three-story concrete office building that
was uninhabited when the quake struck. You are running a dozer and
moving the concrete debris into large piles that eventually will be
removed. The operation causes dust to rise from the concrete when it is
moved.

4. You’re a stationary engineer who has been assigned to enter a confined
space with a known immediate danger to life and health atmosphere after
an explosion has rocked a petrochemical plant.

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

RESP 31

Review Questions
1. If oxygen levels are less than 19.5 percent in volume, which type of respirator
can you use?

2. Identify four factors to consider when selecting the appropriate respiratory
protection for a job.

3. While using a gas/vapor respirator, you notice some throat irritation and a
different taste in your mouth. Should you take any actions? If yes, what
should you do?

4. Which type(s) of respirator offers the highest protection against IDLH
(immediately dangerous to life and health) atmospheres?

5. Rank the following types of respirators from the one providing the highest to
the lowest protection:
a)
b)
c)
d)

Powered air purifying respirator (PAPR)
Dust mask
Positive pressure supplied air respirator
Air purifying respirator (APR)

6. Describe the difference between a qualitative and a quantitative fit test.

7. During your qualitative fit test you still smell the odor. Identify at least three
things that might cause a bad seal.
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8. Is the following statement true or false?
NIOSH does not allow you to wear contacts when you are using a
respirator.
9. How often do you need to clean a respirator?

10. Is the following statement true or false?
Once you have been trained to use respirators, you are trained for life.
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Other Resources
OSHA Respiratory Protection Standard
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_id=12716&p_tabl
e=STANDARDS
OSHA Respiratory Protection Booklet
http://www.osha.gov/Publications/OSHA3079/osha3079.html
OSHA QUICKCARD: Respirators
http://www.osha.gov/OshDoc/data_Hurricane_Facts/respirators.pdf
OSHA Respiratory Protection eTool
http://www.osha.gov/SLTC/etools/respiratory/index.html
NIOSH: Respirators
http://www.cdc.gov/niosh/npptl/topics/respirators/
NIOSH Guidance on Emergency Responder Personal Protective Equipment
(PPE) for Response to CBRN Terrorism Incidents
http://www.cdc.gov/niosh/programs/ppt/pdfs/PPE_Interim_Guidance_6-1008.pdf
California Department of Health Illustrated Guide to Using Half-mask
Respirators
http://www.dhs.ca.gov/ohb/OLPPP/respirator.pdf
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OTHER PERSONAL PROTECTIVE
EQUIPMENT
INSTRUCTOR NOTES
Key Concepts
•
•
•
•

Chemical protective clothing
Levels of personal protective equipment
Proper PPE use
Heat stress monitoring and prevention

Presentation and Materials
•
•
•
•
•

Allow 60 minutes to present this chapter.
Use Other Personal Protective Equipment PowerPoint® slides.
Try the group discussion activity at the end of the chapter.
Use the questions at the end of the chapter to review.
Use the OSHA 7600 Disaster Site Worker course manual.

Group Discussion Activity
As a group, look at the following images and answer the question for each. Most
photos ask the questions “What PPE safe practices are shown and why were they
selected?” or “What’s wrong with this picture (with regard to PPE)?” Use the
images for a discussion of personal protective equipment requirements, work
conditions that might apply to the chosen PPE, and other examples of safe (or
unsafe) PPE practices.
1. What PPE safe practices
are being shown in this
picture of a worker
applying pesticides?
Long-sleeve shirt,
pants tucked into
boots, goggles, and
rubber boots.
What else might he have
used?
Rubber gloves.
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2. The worker on the left in the
picture is wearing a Level B
protective suit and
respiratory protection.
Describe what hazards would
make these workers choose
this level of protection. Why
wouldn’t they need Level A,
and why wouldn’t Level C
be good enough?
They did not need Level
A protection because the
requirements for Level A
must not have been met
by the work environment.
The presence of a
chemical substance had
not been identified as
needing the highest level
of protection for skin,
eyes, and the respiratory
system, based on either:
• Measured (or potential for) high concentration of atmospheric
vapors, gases, or particulates.
• Substances with a high degree of hazard to the skin were not
suspected to be present.
• Operations were not being conducted in confined, poorly
ventilated areas.
They did not use Level C because atmospheric contaminants, liquid
splashes, or other direct contact present at the worksite were able to
adversely affect exposed skin, and more protection than Level C was
needed.
It could also have been possible that all types of air contaminants were
not yet identified, or concentrations of contaminants were not yet
measured.

ii – PPE INST
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3. What’s wrong with this
picture?
This is not OSHAapproved safe practices
for personal protective
equipment. This worker
is working 12 stories
high on a cantilevered
plank with no harness
and no helmet.
(Obviously, he shouldn’t
be working off the
cantilevered plank even if
he had a harness and
helmet.)

4. What’s wrong with this
picture?
The worker is not wearing
a helmet, he has no
OSHA-approved harness,
the ropes attaching him to
the building do not look
like they were made for
this purpose, the
attachment to the building
is not OSHA-approved,
and the rope is attached
to his belt and not a safety
harness.
5. This worker is mixing pesticides
in a large tank. Discuss his
choice of personal protective
equipment.
The worker is wearing
heavy rubber gloves to
prevent skin absorption. He
also has enclosed safety
glasses to guard against the
chemical being splashed into his eyes. The protective suit also works
well, and the respirator guards against breathing dangerous fumes.
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6. These workers are
performing air monitoring
at a spill accident. What
level protection are they
wearing? List each piece
of PPE.
Level A. Full body,
vapor-tight suit with
full facepiece and air
respirator, highprotection gloves, and shoe protection.
7. These workers
are getting ready
to work in a
confined space.
They are using
ancillary
equipment, such
as the tripods,
winches, and
harnesses. What
personal
protective
equipment are
they using and why?
It appears that air monitoring might have shown that no airborne
hazards are present because the workers have not chosen to wear
respirators of any kind. They are using helmets, gloves, safety
harnesses, and full worksuits to enter the confined space so the
hazards present must be potential contact hazards.
8. Cleanup of hazardous
waste accidents poses
significant threats
from explosions as
well as
contamination.
Discuss precautions
you would take if
faced with this
railroad car
derailment.
Obviously, protection is needed to guard against the extreme heat
from the flames. Because explosions are likely, workers should operate
behind protective shields if possible, and firefighting should occur at a
distance or remotely.
iv – PPE INST
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9. What’s wrong with this picture?
This welder obviously shouldn’t be
shielding his face with a piece of paper or
his eyes with sunglasses.

10. Discuss personal protective equipment
for this injury.
Perhaps safety glasses or a hardhat
could have prevented the
screwdriver from being impaled in
this person’s skull.

Review Questions
1. Cite at least two drawbacks to overprotecting yourself with more PPE than is
needed for the hazard.
Drawbacks may include heat stress, physical and/or psychological stress,
impaired vision, impaired movement, and decreased communication
capabilities.
2. What is the most common route for chemicals to get into your body?
Inhaling is the common way of ingesting a chemical.
3. State a second route of chemical exposure.
Another common exposure route is through your skin.
4. Match the terms permeation, degradation, and penetration with their
definitions for chemical protective clothing purposes.
Permeation is when a chemical dissolves and passes through the
materials.
Degradation is when chemicals break down the fabric so it is less effective
as a barrier.
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Penetration is when a chemical passes through various openings in the
material.
5. What is the difference between Level A and Level B ensembles in the
protection provided?
Levels A and B provide the same level of respiratory protection; however,
Level A provides full skin protection because its fully encapsulating
chemical-resistant suit prevents any exposed skin. Use Level A when the
chemical substance has been identified and requires the highest level of
protection for skin, eyes, and the respiratory system, based on either
measured (or potential for) high concentration of atmospheric vapors,
gases, or particulates, or site operations and work functions involve a
high potential for splash, immersion, or exposure to unexpected vapors,
gases, or particulates of materials that are harmful to skin or capable of
being absorbed through the intact skin. Also use Level A when substances
with a high degree of hazard to the skin are known or suspected to be
present, and skin contact is possible. Level A also is called for when
operations must be conducted in confined, poorly ventilated areas until
the absence of conditions requiring Level A protection is determined.
6. Is the following statement true or false?
The level of PPE you wear is determined by the respiratory protection
needed.
True. The level of PPE needed is established through air monitoring.
The respiratory protection you need is what determines the level of
protection.
7. What is the minimum level of protection you would wear in a situation having
unknown conditions?
If you are facing an unknown situation, at a minimum you will wear Level
B protection.
8. Which ensemble level(s) does not use a respirator?
Only Level D has no respirator.
9. List nine factors that must be considered to ensure the proper use of PPE.
The nine factors include training, work mission duration, personal use, fit
testing, donning, in-use monitoring, doffing, inspection, storage, and
maintenance.
10. Is the following statement true or false?
All workers, even those not wearing protective equipment, should be
monitored for heat stress.
vi – PPE INST
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True. All workers should be monitored for heat stress because the
incidence of heat stress depends on a variety of factors and is one
of the most common illnesses at hazardous waste sites.
11. List three monitoring measurements used to detect heat stress.
Measurements of heart rate, oral temperature, and body water loss can be
used to monitor heat stress.
12. What steps would you include if you were to construct a plan to prevent heat
stress?
Using the hierarchy of hazard controls, you can apply a number of
administrative and PPE controls to prevent heat stress. Some of the ones
covered in this chapter include administrative steps such as adjusting
work schedules, encouraging and providing ways for workers to maintain
proper body fluids, encouraging workers to stay physically fit, and
training workers to recognize and treat heat stress. A PPE control might
be to provide cooling devices for workers in their protective suits.
Engineering controls are more difficult to apply to heat stress, but one
might be to build appropriate shelter areas to escape the heat.

Standards
•

29 CFR 1910.120(g)
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KEY CONCEPTS
•

Chemical protective clothing

•

Levels of personal protective
equipment

•

Proper PPE use

•

Heat stress monitoring and
prevention
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OTHER PERSONAL PROTECTIVE
EQUIPMENT
OSHA: 29 CFR 1910.120(g)
Lesson Outline
Personal Protective Equipment
PPE Program
Who Pays for PPE?
Chemical Protective Clothing and Accessories
Full Body
Head
Eyes and Face
Ears
Hands and Arms
Feet
General
Selection of Chemical Protective Clothing
Permeation, Degradation, and Penetration
Other Considerations in CPC Selection
Selection of Ensembles
Level A
Level B
Level C
Level D
Proper PPE Use
Training
Work Mission Duration
Personal Use Factors
Donning
In-use Monitoring
Doffing
Inspection
Storage
Maintenance and Repair
Heat Stress
Monitoring Heat Stress
Prevention
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Group Discussion Activity
Review Questions
Other Resources

4 PPE
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Overview
Your personal protective equipment (PPE) might be all that stands between you
and exposure to a chemical or other material that could be very hazardous to you.
Knowing how to put on, use, and take off your PPE will ensure that you get the
most out of it. This chapter will teach you how to use and take care of your PPE
and to understand its limits.

Objectives
After completing this chapter, you should be able to:

Know
•
•
•
•
•

Cite problems with using overprotective PPE.
Describe ways chemicals enter your body.
Define permeation, degradation, and penetration in relation to
chemical protective clothing.
State the minimum level of protection needed for working with
unidentified hazards.
Name factors that can cause heat stress and ways to monitor it.

Apply
•
•

Explain considerations used to select chemical protective clothing.
Develop a plan to prevent heat stress.

Analyze
•

Distinguish differences in the protection provided by various levels of
PPE ensembles.
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Personal Protective Equipment
When you enter a disaster site containing hazardous
waste or other potential hazards, protecting your
own health and well-being is your first concern.
That’s why you may need to wear personal
protective equipment and clothing. You want to be
shielded from chemical, physical, or biological
Goggles are one example of
hazards that might be present. PPE is necessary
PPE.
when engineering controls or administrative controls
aren’t feasible or haven’t worked. Sometimes, the immediate response required at
a disaster means that engineering or administrative controls aren’t realistic yet.
Appropriate PPE for the hazards present should protect your respiratory system,
skin, eyes, face, hands, feet, head, body, and hearing. That means you might wear
some combination of respirators, gloves, protective suits, boots, hardhats, safety
glasses, and ear plugs. But it’s important to remember that wearing PPE does not
guarantee protection against all hazards. That’s impossible. However, when
chosen, used, and cared for properly, PPE should offer you the kind of protection
you’ll need.
You might think that the best answer is to overprotect yourself. That has
drawbacks, though. You might want to wear a body suit when one isn’t
warranted. You could needlessly face heat stress, for instance, or physical and
psychological stress, impaired vision and movement, and decreased ability to
communicate. A simple rule of thumb is that the more protection you use, the
more risks you face to yourself. The key is to know what PPE is proper for the
hazard you’ll face.
PPE Program
A written PPE program guides you as an operating engineer to know what PPE is
appropriate for the hazard you face. Once the initial rescue phase at a disaster
ends, the recovery phase should allow for creation of a solid PPE program that
identifies site hazards, provides medical and environmental monitoring, and
training on the selection, use, maintenance, and decontamination of your PPE.
The program fulfills two basic objectives: protect you as the wearer from safety
and health hazards, and protect you from incorrect use or malfunction of the PPE.
The following table shows the OSHA standards for each area of the program.
Type of Protection
General
Eye and Face
Noise Exposure
Respiratory
Head
Foot
Electrical Protective Devices
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Regulation
29 CFR 1910.132
29 CFR 1910.1000
29 CFR 1910.1001-1045
29 CFR 1910.133(a)
29 CFR 1910.95
29 CFR 1910.134
29 CFR 1910.135
29 CFR 1910.136
29 CFR 1910.137
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This poster from Easy Guides Australia shows the importance of
PPE.

The PPE program isn’t
static either. It should be
reviewed periodically or
if questions come up
about whether it’s
working. The review
should include a survey
of each site to ensure
compliance with
regulations, the number
of person-hours that
workers wear PPE,
accident and illness
experience, levels of
exposure, and adequacy
of equipment selection,
operational guidelines,
decontamination,
training, and
recordkeeping. You as an
employee also have a
right to see the results of
the evaluation. The
evaluation should also be
presented to top
management to ensure
changes can be made if
needed.

Who Pays for PPE?
OSHA requires employers to provide and to pay for personal protective
equipment required by the company for workers to do their jobs safely and in
compliance with OSHA standards. Where equipment is very personal in nature
and is usable by workers off the job, the matter of payment may be left to labormanagement negotiations.
Examples of PPE that would not normally be used away from the worksite
include, but are not limited to, welding gloves, wire mesh gloves, respirators,
hardhats, laser or ultraviolet radiation protection glasses, face shields, and
specialty foot protection, such as metatarsal shoes.
Examples of PPE that are personal in nature and often used away from the
worksite include nonspecialty safety glasses, safety shoes, and cold weather
outerwear worn by construction workers. However, shoes or outerwear subject to
contamination by carcinogens or other toxic or hazardous substances and which
cannot be safely worn off site must be paid for by the employer.
Failure of the employer to pay for PPE that is not personal and not used away
from the job is a violation.
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Chemical Protective Clothing and Accessories
The most common route for a chemical to enter
your body is for you to inhale it. You reviewed
respiratory protection in the previous chapter. Here
we look at another common route of exposure—
absorption through the skin, which can be just as
dangerous as breathing in a harmful contaminant.
For instance, some chemicals burn or irritate your
skin. Perhaps even more frightening are the ones
you absorb without any pain or redness to indicate
you’ve been exposed. Some of these chemicals are
Gloves protect against
so dangerous once they’ve been absorbed that they
chemicals being absorbed
can damage vital organs, such as your liver or your
through the skin.
central nervous system. Bad news, indeed. To protect
against that type of exposure, you might wear chemical protective clothing (CPC).
Knowing the concentration and form of the chemical you’re working with is
critical in determining what CPC you should wear. Some materials protect against
a chemical in a low concentration for a long time, yet those same materials might
deteriorate quickly if they are exposed to high concentrations of the chemical.
You also want to know the clothing material type and thickness and
manufacturing method to determine the proper CPC.
No one material can
Because CPC comes in a variety of materials that offer
protect against all
a wide range of protection, the appropriate clothing
chemicals.
material depends on the chemicals present and the
work to be done.
The following tables highlight the types of PPE typically used to protect the
various parts of your body.
Full Body
Type of
Clothing
Fully
encapsulating
suit

Nonencapsulating suit
(splash suit)

8 PPE

Description
One-piece garment.
Boots and gloves may
be integral, attached
and replaceable, or
separate.

Type of Protection
Protects against
splashes, dust, gases,
and vapors.

Jacket, hood, pants, or
bib overalls, and onepiece coveralls.

Protects against
splashes, dust, and
other materials but not
against gases and
vapors. Does not
protect parts of head
or neck.

Use Considerations
• Does not allow body heat to
escape.
• May contribute to heat
stress in wearer,
particularly if worn in
conjunction with a closedcircuit SCBA; a cooling
garment may be needed.
• Impairs worker mobility,
vision, and communication.
• Do not use where gas-tight
or pervasive splashing
protection is required.
• May contribute to heat
stress in wearer.
• Tape-seal connections
between pant cuffs and
boots and between gloves
and sleeves.
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Type of
Clothing
Aprons,
leggings, and
sleeve
protectors

Description
Fully sleeved and
gloved apron.
Separate coverings for
arms and legs.
Commonly worn over
nonencapsulating suit.

Type of Protection
Provide additional
splash protection of
chest, forearms, and
legs.

Firefighters’
protective
clothing

Gloves, helmet,
running or bunker
coat, running or
bunker pants (NFPA
No. 1971, 1972,
1973), and boots.

Proximity
garment
(approach suit)

One- or two-piece
overgarment with boot
covers, gloves, and
hood of aluminized
nylon or cotton fabric.
Normally worn over
other protective
clothing, such as
chemical protective
clothing, firefighters’
bunker gear, or flameretardant coveralls.
Blast and
fragmentation vests
and clothing, bomb
blankets, and bomb
carriers.

Protects against heat,
hot water, and some
particles. Does not
protect against gases
and vapors or
chemical permeation
or degradation. NFPA
Standard No. 1971
specifies that a
garment consist of an
outer shell, an inner
liner, and a vapor
barrier with a minimum
water penetration of
2
2
25 lbs/in (1.8 kg/cm )
to prevent the
passage of hot water.
Protects against brief
exposure to radiant
heat. Does not protect
against chemical
permeation or
degradation. Can be
custom manufactured
to protect against
some chemical
contaminants.

Blast and
fragmentation
suit

Radiation
contamination
protective suit

Various types of
protective clothing
designed to prevent
contamination of the
body by radioactive
particles.

Flame-/Fireretardant
coveralls

Normally worn as an
undergarment.

Provides some
protection against very
small detonations.
Bomb blankets and
baskets can help
redirect a blast.
Protects against alpha
and beta particles.
Does NOT protect
against gamma
radiation.

Provide protection
from flash fires.
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Use Considerations
• Whenever possible, should
be used over a
nonencapsulating suit
(instead of using a fully
encapsulating suit) to
minimize potential for heat
stress.
• Useful for sampling,
labeling, and analysis
operations.
• Should be used only when
there is a low probability of
total body contact with
contaminants.
• Decontamination is difficult.
• Primarily for structural
firefighting.
• Should not be worn in
areas where protection
against gases, vapors,
chemical splashes, or
permeation is required.

• Auxiliary cooling and an
SCBA should be used if the
wearer may be exposed to
a toxic atmosphere or
needs more than two or
three minutes of protection.

• Does not provide hearing
protection.
• Provides limited chemical
protection.
• Designed to prevent skin
contamination.
• If radiation is detected on
site, consult an experienced
radiation expert and
evacuate personnel until
the radiation hazard has
been evaluated.
• Add bulk.
• May exacerbate heat stress
problems.
• Impair mobility.
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Type of
Clothing
Flotation gear

Cooling
garment

Description
Life jackets or work
vests. (Commonly
worn underneath
chemical protective
clothing to prevent
flotation gear
degradation by
chemicals.)
One of three methods:
(1) A pump circulates
cool, dry air
throughout the suit or
portions of it via an air
line. Cooling may be
enhanced by use of a
vortex cooler,
refrigeration coils, or a
heat exchanger.
(2) A jacket or vest
having pockets into
which packets of ice
are inserted.
(3) A pump circulates
chilled water from a
water/ice reservoir and
through circulating
tubes, which cover
part of the body
(generally the upper
torso only).

Type of Protection
Adds 15.5 to 25 lbs (7
to 11.3 kg) of
buoyancy to personnel
working in or around
water.

Use Considerations
• Adds bulk and restricts
mobility.
• Must meet USCG
standards (46 CFR 160).

Removes excess heat
generated by worker
activity, the
equipment, or the
environment.

• Pumps circulating cool air
3
require 10 to 20 ft (0.3 to
3
0.6 m ) of respirable air per
minute, so they are often
uneconomical for use at a
waste site.
• Jackets or vests pose ice
storage and recharge
problems.
• Pumps circulating chilled
water pose ice storage
problems. The pump and
battery add bulk and
weight.

Head
Type of Clothing
Safety helmet
(hardhat)

Description
For example, a hard
plastic or rubber
helmet.

Helmet liner

Hood

Protective hair
covering

10 PPE

Commonly worn with a
helmet.

Type of Protection
Protects the head from
blows. Provides no
chemical protection.
Insulates against cold.
Does not protect
against chemical
splashes.
Protects against
chemical splashes,
particulates, and rain.
Gives thermal
protection.
Protects against
chemical
contamination of hair.
Prevents the
entanglement of hair in
machinery or
equipment. Prevents
hair from interfering
with vision and with
the functioning of
respiratory protective
devices.

Use Considerations
• Helmet shall meet
OSHA standard 29
CFR 1910.135.

• Particularly important
for workers with long
hair.
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Eyes and Face
Type of Clothing
Face shield

Description
Full-face coverage,
eight-inch minimum.

Type of Protection
Protects against
chemical splashes.
Does not protect
adequately against
projectiles.

Splash hood

Protects against
chemical splashes.
Does not protect
adequately against
projectiles.

Safety glasses

Protect eyes against
large particles and
projectiles.

Goggles

Depending on their
construction, goggles
can protect against
vaporized chemicals,
splashes, large
particles, and
projectiles (if
constructed with
impact-resistant
lenses).
Prevent sweat-induced
eye irritation and vision
impairment.

Sweatbands

Use Considerations
• Must be suitably
supported to prevent
them from shifting
and exposing
portions of the face or
obscuring vision.
• Provides limited eye
protection.
• Must be suitably
supported to prevent
it from shifting and
exposing portions of
the face or obscuring
vision.
• Provides limited eye
protection.
• If lasers are used to
survey a site, workers
should wear special
protective lenses.
• Must have side
shields.

Ears
Type of Clothing
Ear plugs and muffs

Description

Type of Protection
Protect against
physiological damage
and psychological
disturbance. Limited to
no chemical
protection.

Headphones

Radio headset with
throat microphone.

Provide some hearing
protection while
enabling
communication.
Limited to no chemical
protection.
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Use Considerations
• Must comply with
OSHA regulation 29
CFR 1910.95.
• Can interfere with
communication.
• Use of ear plugs
should be carefully
reviewed by a health
and safety
professional because
chemical
contaminants could
be introduced into the
ear.
• Highly desirable,
particularly if
emergency
conditions arise.
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Hands and Arms
Type of Clothing
Gloves and sleeves

Description
May be integral,
attached, or separate
from other protective
clothing.

Overgloves

Type of Protection
Protect hands and
arms from chemical
contact.

Provide supplemental
protection to the
wearer and protect
more expensive
undergarments from
abrasions, tears, and
contamination.
Should be used
whenever possible to
reduce
decontamination
needs.

Disposable gloves

Use Considerations
• Wear jacket cuffs
over glove cuffs to
prevent liquid from
entering the glove.
• Tape-seal gloves to
sleeves to provide
additional protection.

Feet
Type of Clothing
Safety boots

Disposable shoe or
boot covers
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Description
Boots constructed of
chemical-resistant
material.
Boots constructed with
some steel materials
(e.g., toes, shanks,
insoles).

Type of Protection
Protect feet from
contact with
chemicals.
Protect feet from
compression,
crushing, or puncture
by falling, moving, or
sharp objects.

Boots constructed from
nonconductive, sparkresistant materials or
coatings.

Protect the wearer
against electrical
hazards and prevent
ignition of combustible
gases or vapors.
Protect safety boots
from contamination.
Protect feet from
contact with
chemicals.

Made of a variety of
materials. Slip over the
shoe or boot.

Use Considerations

• All boots must at
least meet the
specifications
required under OSHA
29 CFR 1910.136.
• Should provide good
traction.

• Covers may be
disposed of after use,
facilitating
decontamination.
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General
Type of Clothing
Knife

Description

Flashlight or lantern

Personal dosimeter

Personal locator
beacon
Two-way radio

Safety belts,
harnesses, and
lifeline

Type of Protection
Allows a person in a
fully encapsulating suit
to cut his or her way
out of the suit in the
event of an emergency
or equipment failure.
Enhances visibility in
buildings, enclosed
spaces, and the dark.

Measures worker
exposure to ionizing
radiation and to certain
chemicals.
Operated by sound,
radio, or light.

Enables emergency
personnel to locate
victim.
Enables field workers
to communicate with
personnel in the
support zone.
Enable personnel to
work in elevated areas
or enter confined
areas and prevent
falls. Belts may be
used to carry tools and
equipment.

Use Considerations
• Should be carried
and used with caution
to avoid puncturing
the suit.
• Must be intrinsically
safe or
explosionproof for
use in combustible
atmospheres
• Sealing the flashlight
in a plastic bag
facilitates
decontamination.
• Only electrical
equipment approved
as intrinsically safe,
or approved for the
class and group of
hazard as defined in
Article 500 of the
National Electrical
Code may be used.
• To estimate actual
body exposure, the
dosimeter should be
placed inside the fully
encapsulating suit.
• Must be intrinsically
safe.
• Must be intrinsically
safe.
• Sealing the radio in a
plastic bag facilitates
decontamination.
• Must be constructed
of spark-free
hardware and
chemical-resistant
materials to provide
proper protection.
• Must meet OSHA
standards in 29 CFR
1926.104.

Selection of Chemical Protective Clothing
Choosing the chemical protective clothing for the job at hand is a complex task.
People with training and experience should be in charge of PPE selection. The
most appropriate clothing material and accessories will depend on the chemicals
you’ll be exposed to and the job you have to accomplish. Regardless, the
employer is responsible under OSHA regulations for ensuring that the PPE
necessary to protect you from injury or illness is adequate and of safe design and
construction for the work you perform, even at a disaster site. As you’ve read,
chemical protective clothing isn’t foolproof, but ideally, the clothing chosen
resists permeation, degradation, and penetration.
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Permeation, Degradation, and Penetration
When a chemical dissolves and passes through material, that’s permeation. The
permeation rate is the time it takes to do this. Although CPC provides a barrier,
some chemicals can eventually work their way through—and sometimes you may
not even be able to detect the permeation by simply looking at the clothing.
When the fabric loses its effectiveness as a barrier because chemicals have broken
it down, that’s degradation. Often you can tell when the material has degraded. It
might be puckered, brittle, or eroded. Chemicals, sunlight, and high temperatures
all cause degradation.
Penetration is when chemicals pass through zippers, stitched seams, pinholes, or
other openings in the material.
Five major factors affect the rate of permeation, degradation, and penetration:
• Contact time
• Concentration
• Temperature
• Size of contaminant materials
• Physical state of the wastes
When mixed, chemicals can work even quicker on your CPC. Even small
amounts of a chemical that are permeating quickly may provide a path that speeds
up the permeation of other chemicals.
Other Considerations in CPC Selection
Besides permeation, degradation, and penetration, several other factors must be
considered in selecting the appropriate CPC. The following factors affect not only
chemical resistance, but your ability to perform the required task:
• Heat transfer. How much heat does the fabric retain? How much does it
interfere with your body’s cooling mechanisms?
• Durability. Can the material withstand the physical stress of the task at
hand? Will it resist tears, punctures, and scrapes? Can it stand up to
repeated contamination and decontamination?
• Flexibility. Does the CPC interfere with your ability to perform assigned
tasks, such as putting on gloves?
• Temperature effects. Will the material maintain its protective and
flexible characteristics in extreme heat or cold?
• Ease of decontamination. Are decontamination procedures available on
site? Will the material pose any decontamination problems? Should you
use disposable clothing? Can you use splash and over-covering suits?
• Compatibility with other equipment. Does the clothing restrict the use
of another necessary piece of protective equipment, such as suits that
restrict hardhat use in an area requiring a hardhat?
• Duration of use. Can you complete the required task before chemical
breakthrough occurs or degradation becomes significant?
• Special conditions. Fire, explosion, heat, and radiation require special
PPE. This equipment might be used with the CPC, or it might protect you
from the chemical adequately itself.
14 PPE
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Selection of Ensembles
You now know about the different kinds of protection you have available to you.
And you know how well they’ll work for what you face. Now it’s time to gear up.
Picking the equipment and clothing you’ll wear to fully protect yourself in
disaster site work is not unlike checking the weather forecast and deciding what
you’ll wear outside work—you want to make certain you’re going to be warm
enough or cool enough, but you don’t want to overdo it one way or the other.
When dealing with hazardous materials, you want to create an ensemble that fully
protects you from the hazards you’ll face while minimizing the drawbacks of the
PPE itself. For example, before you choose to wear a fully encapsulating suit,
which you’ve learned limits your mobility and puts you in danger of heat stress,
make certain the hazards you’ll face call for that level of protection. The level of
PPE needed is established through air monitoring. The respiratory protection you
need is what determines the level of protection.
It’s also important to continually reevaluate your ensemble. As you learn more
about the site you’re working and the hazards you face, you might want to either
upgrade or downgrade your level of protection as long as the site safety officer
and field team leader agree.
Here are some reasons to upgrade your protection or consult the safety officer or
field team leader:
• Known or suspected presence of hazards to the skin.
• Occurrence or likely occurrence of gas or vapor emission.
• Change in work task that will increase your contact or potential contact
with hazardous materials.
• Your own belief that your PPE or CPC is inadequate.
Here are some reasons you might downgrade your protection or consult the safety
officer or field team leader:
• New information shows the situation is not as hazardous as first thought.
• The site conditions change, lessening the hazard.
• Change in work task that will lessen your contact or potential contact with
hazardous materials.
The Environmental Protection Agency (EPA) offers some guidelines for selecting
your ensemble. The EPA lists four levels of protection, ranging from A (the most
protection) to D (the least). The levels are a good starting point, but you have to
tailor your final ensemble according to the situation you face. The illustration and
tables starting on the next page summarize the EPA guidelines.
Typically, your employer will want to avoid Level A protection if it isn’t
necessary because it is very expensive and also difficult on you wearing that kind
of ensemble. If you’re facing an unknown situation, at a minimum you will wear
Level B protection. Most workers like yourself will likely never wear Level A
protection, but you will wear Level B.
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Take special note of the hardhat too in the tables. It’s a big issue if your hardhat
doesn’t fit correctly, and you might have to tape it on. Hardhats can be especially
helpful under Level A protection because the hat helps hold up your hood, making
it easier for you to see. On the other hand, hardhats can be a problem for Level B
and C ensembles because sometimes they don’t fit correctly under some suits.

The four levels of PPE range from Level A, offering the most protection, to Level D, which
offers the least protection.
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Level A
Equipment
RECOMMENDED:
• Pressuredemand, full
facepiece SCBA
or pressuredemand-supplied
air respirator with
escape SCBA.
• Fully
encapsulating,
chemicalresistant suit.
• Inner chemicalresistant gloves.
• Chemicalresistant safety
boots/shoes.
• Two-way radio
communications.
OPTIONAL:
• Cooling unit.
• Coveralls.
• Long cotton
underwear.
• Hardhat.
• Disposable
gloves and boot
covers.

Protection Provided
The highest available
level of respiratory,
skin, and eye
protection.

When to Use
• The chemical substance
has been identified and
requires the highest level
of protection for skin, eyes,
and the respiratory system,
based on either:
− Measured (or potential
for) high concentration
of atmospheric vapors,
gases, or particulates.
− Site operations and work
functions involving a
high potential for splash,
immersion, or exposure
to unexpected vapors,
gases, or particulates of
materials that are
harmful to skin or
capable of being
absorbed through the
intact skin.
• Substances with a high
degree of hazard to the
skin are known or
suspected to be present,
and skin contact is
possible.
• Operations must be
conducted in confined,
poorly ventilated areas
until the absence of
conditions requiring Level
A protection is determined.
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Limits
Fully encapsulating
suit material must be
compatible with the
substances involved.
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Level B
Equipment
RECOMMENDED:
• Pressuredemand, full
facepiece SCBA
or pressuredemand supplied
air respirator with
escape SCBA.
• Chemicalresistant clothing
(overalls and
long-sleeved
jacket; hooded,
one- or twopiece chemical
splash suit;
disposable
chemicalresistant onepiece suit).
• Inner and outer
chemicalresistant gloves.
• Chemicalresistant safety
boots/
shoes.
• Hardhat.
• Two-way radio
communications.

Protection Provided
The same level of
respiratory protection
but less skin
protection than Level
A.
It is the minimum
level recommended
for initial site entries
until the hazards
have been further
identified.

When to Use
• The type and atmospheric
concentration of
substances have been
identified and require a
high level of respiratory
protection, but less skin
protection. This involves
atmospheres:
− With IDLH
concentrations of
specific substances that
do not represent a
severe skin hazard.
− That do not meet the
criteria for use of airpurifying respirators.
• Atmosphere contains less
than 19.5 percent oxygen.
• Presence of incompletely
identified vapors or gases
is indicated by directreading organic vapor
detection instrument, but
vapors and gases are not
suspected of containing
high levels of chemicals
harmful to skim or capable
of being absorbed through
the intact skin.

Limits
Use only when the
vapor or gases
present are not
suspected of
containing high
concentrations of
chemicals that are
harmful to skin or
capable of being
absorbed through the
intact skin.
Use only when it is
highly unlikely that
the work being done
will generate either
high concentrations
of vapors, gases, or
particulates, or
splashes of material
that will affect
exposed skin.

OPTIONAL:
• Coveralls.
• Disposable boot
covers.
• Face shield.
• Long cotton
underwear.
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Level C
Equipment
RECOMMENDED:
• Full-facepiece,
air-purifying,
canisterequipped
respirator.
• Chemicalresistant clothing
(overalls and
long-sleeved
jacket; hooded,
one- or twopiece chemical
splash suit;
disposable
chemicalresistant onepiece suit).
• Inner and outer
chemicalresistant gloves.
• Chemicalresistant safety
boots/shoes.
• Hardhat.
• Two-way radio
communications.

Protection Provided
The same level of
skin protection as
level B, but a lower
level of respiratory
protection.

When to Use
• The atmospheric
contaminants, liquid
splashes, or other direct
contact will not adversely
affect any exposed skin.
• The types of air
contaminants have been
identified, concentrations
measured, and a canister
is available that can
remove the contaminant.
• All criteria for the use of
air-purifying respirators are
met.

Limits
Atmospheric
concentration of
chemicals must not
exceed IDLH levels.

Protection Provided
No respiratory
protection.

When to Use
• The atmosphere contains
no known hazard.
• Work functions preclude
splashes, immersion, or
the potential for
unexpected inhalation of or
contact with hazardous
levels of any chemicals.

Limits
This level should not
be worn in the
exclusion zone.

The atmosphere
must contain at least
19.5 percent oxygen.

OPTIONAL:
• Coveralls.
• Disposable boot
covers.
• Face shield.
• Escape mask.
• Long cotton
underwear.

Level D
Equipment
RECOMMENDED:
• Coveralls.
• Safety boots/
shoes.
• Safety glasses or
chemical splash
goggles.
• Hardhat.

Minimal skin
protection.

The atmosphere
must contain at least
19.5 percent oxygen.

OPTIONAL:
• Gloves.
• Escape mask.
• Face shield.
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Proper PPE Use
A hammer is a great tool for pounding a nail into a
board. Doesn’t work quite as well for sawing that
same board, does it? The same goes for your PPE.
It’s only effective if you use it for the task it was
intended for. Proper use of your personal protective
equipment considers a number of factors: training, work mission duration,
personal use, fit testing, donning, in-use monitoring, doffing, inspection, storage,
and maintenance.
Follow manufacturer’s
instructions regarding
PPE use.

Training
OSHA requires that you receive training in
the PPE you will don. The benefits of training
are numerous:
• You become familiar with your
equipment and CPC in a safe situation.
• You build your confidence in using
PPE.
• You learn the PPE’s capabilities and
limitations.
• You make the overall operations more
efficient when you can work
efficiently in your PPE.
Training for the proper use of PPE.
• Knowing how to use the PPE correctly
can reduce maintenance costs for the PPE.
Training should take place before you use the PPE in a hazardous environment. It
should be repeated annually.
Work Mission Duration
Before starting work in your PPE, determine how long your mission will take.
Several factors play a role in mission length:
• How long will your air supply last given the rate you’ll work at, your
fitness, your body size, and your breathing patterns?
• How much permeation and penetration of your ensemble can be expected
given the hazardous materials you’ll deal with?
• How much will the surrounding temperature affect both you and the
integrity of your ensemble? Extreme heat and cold take more of a toll.
• How long will your supply of coolant last under stressful heat conditions?
Personal Use Factors
Some of your own personal features also play a role in your safety. For instance,
facial hair and long hair can impede a proper fit to a respirator, or they can impair
your vision. If you wear glasses, they might get in the way of a proper fit to your
PPE, or they might fog up. They also can allow excessive contaminant
penetration. It is the same for contact lenses. And of course, you don’t want to
chew gum or tobacco when you’re wearing a respirator.
20 PPE
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Donning
A routine for putting on the different levels of PPE, especially fully encapsulating
suits and self-contained breathing apparatus, should be established and practiced
periodically. Once you have the equipment on, check the fit. If it’s too small, you
might tear something. If it’s too large, you might snag it on something and you
might not be able to move as dexterously. If the fit’s poor, you should be provided
better fitting clothing.
In-use Monitoring
You must understand everything about the CPC and PPE you’re wearing,
especially if it’s a fully encapsulating ensemble, which can lead to suffocation if
misused. If you’re having problems while wearing the ensemble, let your
supervisor know. For instance, you might notice degradation in the ensemble, an
unusual odor, skin irritation, unusual residues, discomfort, rapid pulse, nausea,
chest pain, difficulty breathing, fatigue, interference with your vision or
communication, or restriction in your movement. Don’t take chances of
something developing into a more serious problem. Report your concern.
Doffing
In the same way you do when donning your
During doffing always assume
equipment, you also should establish a
PPE is contaminated. Don’t
routine for taking it off and practice it. Your
do everything right all day and
primary concern is preventing the transfer of
then contaminate yourself
going through the
contaminants from the work area to your
decontamination line!
body, the decontamination assistants, and
others. So, doff your PPE only after you’ve
been through decontamination. Throughout
the doffing procedure both you and any
assistants should avoid any contact with the outside surface of your suit.
Inspection
The personal protective equipment should be inspected at various times to ensure
it’s still effective. A solid PPE inspection program features five different
inspections:
• Inspection and operational testing of equipment received from the factory
or distributor.
• Inspection of equipment as it is issued to workers.
• Inspection after use or training and before maintenance.
• Periodic inspection of stored equipment.
• Periodic inspection when a question arises concerning the appropriateness
of the selected equipment, or when problems with similar equipment arise.
Protective suits usually have a shelf life of 4-5 years. Follow the manufacturer’s
guidelines for the suit.
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Storage
Clothing and respirators can’t be stored just anywhere. They need a place that
limits exposure to dust, moisture, sunlight, damaging chemicals, extreme
temperatures, and impact. Storage procedures must be in place. Often equipment
fails because it hasn’t been stored properly. Here are some guidelines:
• Potentially contaminated clothing should be stored in an area separate
from street clothing.
• Potentially contaminated clothing should be stored in a well-ventilated
area, with good air flow around each item, if possible.
• Different types and materials of clothing and gloves should be stored
separately to prevent issuing the wrong material by mistake.
• Protective clothing should be folded or hung in accordance with
manufacturers’ recommendations.
Maintenance and Repair
Only people properly trained in the manufacturer’s recommended procedures
should handle maintenance and repair of chemical protective clothing or other
PPE.
Case Study
It started as a typical work day for Dan Francis. As a caster at Doe Run Co.’s
Resource Recycling Division in Boss, Mo., Francis was casting molten lead into 1-ton
molds, just like he’d done many times before. But when he put the pouring spout into
the mold and opened a valve, 900-degree molten lead hit the side of the mold and
splashed toward his face.
The searing liquid hit Francis directly on his face shield. Some of the lead went under
the shield, hitting his safety glasses and respirator.
What could have been a disaster on Oct. 10, 1996, resulted in only minor first-degree
burns between his eyebrows and on the bridge of his nose. Francis, whose eyelashes
were matted together and could not see at first, was kept from further harm because
he was wearing personal protective equipment (PPE), including a face shield,
required for the job.
The moral of this real-life story: If a work environment calls for protecting the face,
start with safety glasses or goggles, then add protection as needed. Because Francis
followed that advice, he was awarded the Prevent Blindness America’s 1998 Wise
Owl Award, which recognizes an individual whose sight was saved by wearing
protective eyewear in a serious accident.
“I didn’t even have time to think,” Francis, now 26 years old, said upon receiving the
award. “I know right now I’d probably be blind and have permanent scars on my face if
Doe Run hadn’t required a face shield on this particular job.”
Not all employers, though, have an adequate face protection policy or ensure that
their employees adhere to it. Workers injured in the face who were surveyed in a
Bureau of Labor Statistics (BLS) study indicated that face protection was not normally
used in their line of work, or it was not required for the type of work performed at the
time of the accident.
EHS Today: http://ehstoday.com/ppe/eye-face-head/ehs_imp_33545/
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Heat Stress
Probably the most dangerous consequence of wearing PPE is heat stress. It is one
of the most common (and potentially serious) illnesses at disaster and hazardous
waste sites. You must be aware of it at all times and monitor yourself to make
certain you’re not experiencing it. Heat stress can result in simple fatigue and
progress to serious illness or death.
A number of factors can cause heat stress: environmental conditions, clothing,
workload, and your own individual characteristics. Factors that might predispose
you to heat stress include lack of physical fitness, lack of acclimatization, age,
dehydration, obesity, alcohol and drug use, infection, sunburn, diarrhea, and
chronic disease.
The amount and type of PPE you wear directly affect your chances of heat stress.
PPE adds weight and bulk, severely reduces your body’s access to normal heat
exchange mechanisms (evaporation, convection, and radiation), and makes you
expend more energy. That’s why when selecting PPE you should weigh the
benefit of each item in relation to its potential for increasing the risk of heat stress.
Monitoring Heat Stress
Because the incidence of heat stress depends on a variety of factors, all workers,
even those not wearing protective equipment, should be monitored.
If workers are wearing permeable clothing (e.g., standard cotton or synthetic work
clothes), follow recommendations for monitoring requirements and suggested
work/rest schedules in the current American Conference of Governmental
Industrial Hygienists‘ (ACGIH) Threshold Limit Values for Heat Stress. If the
actual clothing worn differs from the ACGIH standard ensemble in insulation
value and/or wind and vapor permeability, change the monitoring requirements
and work/rest schedules accordingly.
For workers wearing semipermeable or impermeable encapsulating ensembles,
the ACGIH standard cannot be used. For these situations workers should be
monitored when the temperature in the work area is above 70 degrees Fahrenheit.
According to NIOSH, to monitor the worker, measure:
• Heart rate. Count the radial pulse during a 30-second period as early as
possible in the rest period.
o If the heart rate exceeds 110 beats per minute at the beginning of
the rest period, shorten the next work cycle by one-third and keep
the rest period the same.
o If the heart rate still exceeds 110 beats per minute at the next rest
period, shorten the following work cycle by one-third.
• Oral temperature. Use a clinical thermometer (three minutes under the
tongue) or similar device to measure the oral temperature at the end of the
work period (before drinking).
o If oral temperature exceeds 99.6°F (37.6°C), shorten the next work
cycle by one-third without changing the rest period.
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o If oral temperature still exceeds 99.6°F (37.6°C) at the start of the
next rest period, shorten the following work cycle by one-third.
o Do not permit a worker to wear a semipermeable or impermeable
garment when his/her oral temperature exceeds 100.6°F (38.1°C).
Body water loss, if possible. Measure weight on a scale accurate to ±0.25
lb at the beginning and end of each work day to see if enough fluids are
being taken to prevent dehydration. Weights should be taken while the
employee wears similar clothing or, ideally, is nude. The body water loss
should not exceed 1.5 percent total body weight loss in a work day.

Prevention
To avoid heat stress, management should take the following steps:
• Adjust work schedules:
o Modify work/rest schedules according to monitoring requirements.
o Mandate work slowdowns as needed.
o Rotate personnel. Alternate job functions to minimize overstress or
overexertion at one task.
o Add additional personnel to work teams.
o Perform work during cooler hours of the day if possible or at night
if adequate lighting can be provided.
• Provide shelter (air conditioned, if possible) or shaded areas to protect
personnel during rest periods.
• Maintain workers’ body fluids at normal levels. This is necessary to
ensure that the cardiovascular system functions adequately. Daily fluid
intake must approximately equal the amount of water lost in sweat, i.e., 8
fluid ounces (0.23 liters) of water must be ingested for approximately
every 8 ounces (0.23 kg) of weight lost. The normal thirst mechanism is
not sensitive enough to ensure that enough water will be drunk to replace
lost sweat. When heavy sweating occurs, encourage the worker to drink
more. The following strategies may be useful:
o Maintain water temperature at 50° to 60°F (10° to 15.6°C).
o Provide small disposable cups that hold about 4 ounces (0.1 liter).
o Have workers drink 16 ounces (0.5 liters) of fluid (preferably
water or dilute drinks) before beginning work.
o Urge workers to drink a cup or two every 15 to 20 minutes, or at
each monitoring break. A total of 1 to 1.6 gallons (4 to 6 liters) of
fluid per day are recommended, but more may be necessary to
maintain body weight.
o Weigh workers before and after work to determine if fluid
replacement is adequate.
• Encourage workers to maintain an optimal level of physical fitness.
• Provide cooling devices to aid natural body heat exchange during
prolonged work or severe heat exposure. Cooling devices include:
o Field showers or hose-down areas to reduce body temperature
and/or to cool off protective clothing.
o Cooling jackets, vests, or suits.
• Train workers to recognize and treat heat stress.
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Group Discussion Activity
As a group, look at the following images and answer the question for each. Most
photos ask the questions “What PPE safe practices are shown and why were they
selected?” or “What’s wrong with this picture (with regard to PPE)?” Use the
images for a discussion of personal protective equipment requirements, work
conditions that might apply to the chosen PPE, and other examples of safe (or
unsafe) PPE practices.
1. What PPE safe practices
are being shown in this
picture of a worker
applying pesticides?
What else might he have
used?

2.

The worker on the left in the
picture is wearing a Level B
protective suit and respiratory
protection. Describe what
hazards would make these
workers choose this level of
protection. Why wouldn’t they
need Level A, and why
wouldn’t Level C be good
enough?
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3. What’s wrong with this
picture?

4. What’s wrong with this
picture?

5. This worker is mixing
pesticides in a large tank.
Discuss his choice of personal
protective equipment.
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6. These workers are
performing air monitoring
at a spill accident. What
level protection are they
wearing? List each piece of
PPE.

7. These workers
are getting ready
to work in a
confined space.
They are using
ancillary
equipment, such
as the tripods,
winches, and
harnesses. What
personal
protective
equipment are
they using and why?

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

PPE 27

8. Cleanup of hazardous
waste accidents poses
significant threats
from explosions as
well as
contamination.
Discuss precautions
you would take if
faced with this
railroad car
derailment.

9. What’s wrong with this picture?

10. Discuss personal protective
equipment for this injury.
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Review Questions
1. Cite at least two drawbacks to overprotecting yourself with more PPE than is
needed for the hazard.

2. What is the most common route for chemicals to get into your body?

3. State a second route of chemical exposure.

4. Match the following terms to their definitions.
Permeation

When a chemical passes through various openings in the
materials.

Degradation

When a chemical dissolves and passes through the
materials.

Penetration

When chemicals break down the fabric so it is less effective
as a barrier.

5. What is the difference between level A and level B ensembles in the
protection provided?

6. Is the following statement true or false?
The level of PPE you wear is determined by the respiratory protection
needed.
7. What is the minimum level of protection you would wear in a situation having
unknown conditions?
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8. Which ensemble level(s) does not use a respirator?

9. List nine factors that must be considered to ensure the proper use of PPE.

10. Is the following statement true or false?
All workers, even those not wearing protective equipment, should be
monitored for heat stress.
11. List three monitoring measurements used to detect heat stress.

12. What steps would you include if you were to construct a plan to prevent heat
stress?

30 PPE

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

Other Resources
OSHA Fact Sheet: Personal Protective Equipment
http://www.osha.gov/OshDoc/data_General_Facts/ppe-factsheet.pdf
OSHA Personal Protective Equipment
http://www.osha.gov/SLTC/personalprotectiveequipment/index.html
eMedicine Health: Personal Protective Equipment
http://www.emedicinehealth.com/personal_protective_equipment/article_em.htm
NIOSH: Protective Clothing and Ensembles
http://www.cdc.gov/niosh/npptl/topics/protclothing/
OSHA Technical Manual: Chemical Protective Clothing
http://www.osha.gov/dts/osta/otm/otm_viii/otm_viii_1.html
Occupational Health and Safety: ISEA vs. ISO: Apparel Standards
Examined
http://www.ohsonline.com/articles/45044/
Canadian Centre for Occupational Health and Safety: Designing an Effective
PPE Program
http://www.ccohs.ca/oshanswers/prevention/ppe/designin.html
OSHA QuickCard: Heat Stress
http://www.osha.gov/Publications/osha3154.pdf
OSHA Heat Stress
http://www.osha.gov/SLTC/heatstress/index.html
NIOSH Heat Stress
http://www.cdc.gov/niosh/topics/heatstress/
NIOSH Guidance on Emergency Responder Personal Protective Equipment
(PPE) for Response to CBRN Terrorism Incidents
http://www.cdc.gov/niosh/programs/ppt/pdfs/PPE_Interim_Guidance_6-1008.pdf
The Center to Protect Workers’ Rights: Heat Stress in Construction
http://www.cpwr.com/hazpdfs/hazheat.pdf
University of California: Tips for Coping with Heat Stress
http://news.ucanr.org/newsstorymain.cfm?story=691
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DECONTAMINATION
INSTRUCTOR NOTES
Key Concepts
•
•
•

Contamination prevention
Decontamination lines
Zones for hazardous sites

Presentation and Materials
•
•
•
•
•

Allow 60 minutes to present this chapter.
Use Decontamination PowerPoint® slides.
Try the group discussion activity at the end of the chapter.
Use the questions at the end of the chapter to review.
Use the OSHA 7600 Disaster Site Worker course manual.

Group Discussion Activity
Overview
This activity will demonstrate the procedures and problems involved in containing
contamination. You will develop a practical understanding of contamination and
decontamination and how exercising safe work practices can reduce the spread of
contamination.
Objectives
• Solve a problem by devising an effective solution to cleaning up a
contaminated site using limited materials and waste storage.
• Apply safe work practices to prevent the spread of contamination.
Materials Needed
Glow Germ Powder
(http://www.hdd.net/cgi-bin/glogerm/hazel.cgi)
Black light
Paper towels
Cellophane and tape and/or sealable plastic bags
Soap and water
Plastic container(s) labeled as “waste”
Latex or other waterproof gloves

If you don’t have enough time for
the entire activity, consider
sprinkling handouts with the
powder. At the end of the lesson,
use the black light to see how far
the “contamination” spread.

Preparation
• Before students arrive, use the Glow Germ Powder to create a
“contaminated site” for each student or team of students.
• Label the plastic containers for “radioactive” waste.

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

DECON INST - i

•

Have gloves, paper towels, cellophane and tape, sealable plastic bags, and
soap and water available.

Instructions
1. Make sure the class understands that this activity is only a simulation.
2. Direct each team of workers to use the materials provided to devise a way of
packaging the “contaminated” powder for safe shipping and place the
“package” in a labeled waste container.
3. When packaging is complete, direct teams to thoroughly clean up all traces of
“contamination” at their station. Remind them that all materials, solid or
liquid, used in this cleanup must be properly disposed into appropriate waste
containers.
4. When the cleanup is complete, “survey” the work areas and waste containers
using the black light. Include workers’ hands and clothing, the surrounding
table, and floor in the survey. The results should be enlightening.
Activity Reflection and Discussion Questions
1. What was the most effective means of cleanup? What problems or limitations
might be associated with that approach?
This is meant to be an open-ended question. However, the more cleanup
material used, the more contaminated waste generated.
2. What are some safe practices you as workers should exercise to reduce the
spread of contamination to yourselves?
Possibilities may include the following: Do not touch a contaminated
surface or allow clothing to do so. When possible, use tools and other
equipment dedicated to contamination work. Do not take breaks, eat,
drink, or use tobacco products in contaminated areas. Be especially
careful when removing gloves and other protective clothing.

Review Questions
1. Describe an action that would be careless when working around hazardous
materials and explain how that action could cause contamination.
Answers will vary. Possible answers could include the following: Tools do
not get decontaminated, then someone not wearing any protection uses
them; or you drive your car home wearing contaminated clothing,
exposing the next driver to contamination.
2. What is the first and most effective decontamination procedure?
Avoiding contamination is the most effective decontamination procedure.
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3. In general, how are the standard operating procedures for contamination
avoidance different from those for contamination transfer?
To avoid contamination, reduce your contact with hazardous waste. To
keep from transferring contamination, follow all procedures in the
decontamination line.
4. What changes could occur that might alter a decontamination plan?
A decontamination plan might be altered because of a change in site
conditions, a new assessment of the hazard, or a change in PPE.
5. Describe how you would remove contaminants physically.
Scraping, brushing, wiping, rinsing, or evaporating are all examples of
physical decontamination.
6. Describe the three methods of chemical decontamination.
Chemical decontamination can be done by washing with water and
detergent, by washing with water and bleach, or by dry cleaning.
7. Label all zones and lines on this decontamination area diagram.
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8. Put the following exclusion zone decontamination stations in the correct order
from 1 to 6:
Tape removal
Segregated equipment drop
Boot cover and glove wash
Boot cover removal
Outer glove removal
Boot cover and glove rinse
1.
2.
3.
4.
5.
6.

Segregated equipment drop
Boot cover and glove wash
Boot cover and glove rinse
Tape removal
Boot cover removal
Outer glove removal

9. Which decontamination detection methods require lab analysis?
Wipe sampling and permeation testing require lab analysis.
10. Why might a high pressure wash of heavy equipment not be an appropriate
decontamination method in all cases?
High pressure washes might spread contaminants through mist or embed
contaminants into materials or equipment.
11. What situations might require the use of emergency decontamination
procedures?
Physical injuries, heat stress, or unprotected exposure to hazardous
chemicals are situations that might require some level of emergency
decontamination.

Standards
•

29 CFR 1910.120(k)
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KEY CONCEPTS
•

Contamination prevention

•

Decontamination lines

•

Zones for hazardous sites
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DECONTAMINATION
OSHA: 29 CFR 1910.120(k)
Lesson Outline
Importance of Decontamination
Contamination Prevention
Contamination Avoidance
Contamination Transfer
Decontamination Plans
Methods of Decontamination
Physical Removal
Chemical Removal
Decontamination Line
Location
Station Parameters
Full vs. Condensed Decontamination Procedures
Decontamination Line Workers
Decontamination Effectiveness
Equipment Decontamination or Disposal
Emergency Decontamination
Three Typical Emergencies
Group Discussion Activity
Review Questions
Other Resources
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Overview
You’re working at a disaster site containing hazardous materials. In fact, your
work might expose you to them. That’s part of the job, of course. However, you
certainly don’t want to endanger yourself or others by leaving the site when you
could possibly be contaminated by the hazardous materials. And it’s not just you
that might be contaminated—your tools and equipment might have been exposed
as well. This chapter will teach you how to reduce your chances of contamination
and to know what steps to take to decontaminate yourself and your equipment.

Objectives
After completing this chapter, you should be able to:

Know
•
•
•

State the most effective decontamination procedure.
Describe physical and chemical decontamination.
Name decontamination detection that requires lab analysis.

Apply
•
•
•
•

Explain how carelessness can cause unnecessary contamination.
Label the zones and lines on a decontamination diagram.
Arrange a list of decontamination stations in order.
Identify situations requiring the use of emergency decontamination.

Analyze
•
•
•
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Distinguish standard operating procedures for avoiding or transferring
contaminants.
Interpret when decontamination plans might require alterations.
Determine if a high pressure wash of heavy equipment is appropriate.
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Importance of Decontamination
When your work as an operating or stationary engineer brings you to a disaster
site, chances are you may have to work around hazardous materials. And it’s
likely that you, your tools, the heavy equipment you operate, and your personal
protective equipment (PPE) will be contaminated at some point. Consider it part
of the job. Still, with a thorough health and safety plan and proper procedures for
decontamination in place, you can take steps to ensure that you are safe.
Decontamination is the process of
removing or neutralizing
contaminants that have collected
on you or your personal
protective equipment and your
tools and equipment.
Decontamination is vital to
everyone’s health and safety at a
hazardous waste site—including
those in the surrounding
community who don’t want to
see contaminants move from the
site into their area. Without
proper decontamination all kinds
of potential exposure may be
possible:
• You risk direct exposure
Worker undergoing decontamination.
if chemicals saturate your
work clothes, gloves, or other PPE, which could lead to serious skin
exposure.
• You can be exposed to contaminants when you remove your PPE.
• If your tools are contaminated, others who handle and use them without
protection could be exposed to the hazardous material.
• Your loved ones could be exposed too. Let’s say you drive home wearing
contaminated clothing. When someone else drives or rides in your vehicle,
they risk exposure. Or you hug a family member wearing your
contaminated clothes. You might have exposed them to hazardous
chemicals.
• Coworkers might risk exposure if you are sloppy in your safety practices.
Practice the golden rule. Do unto others as you would have them do unto
you.
• Harmful materials could be transferred into clean areas.
• Incompatible chemicals might be mixed, creating a potentially dangerous
situation.
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Contamination Prevention
Contamination occurs when a hazardous material is spread to an unwanted
location. Perhaps it’s obvious, but the most effective decontamination procedure
is to avoid contamination in the first place. By following the procedures in the
health and safety plan, you’ll be taking an important first step.
Contamination Avoidance
By exercising caution and planning ahead when dealing with chemical hazards,
you can effectively prevent contamination. That means establishing standard
operating procedures (SOP) that reduce contact with hazardous waste. It’s
important for everyone to follow these procedures. Here are some general SOPs
for avoiding contamination:
• Use remote sampling
and handling equipment
instead of handling
things on your own.
• Use plastic bags and
sheeting to protect your
tools.
• Wear PPE properly to
receive maximum
protection.
• Wear a layer of
disposable clothing
(such as Tyvek®) on top The clamshell is an example of remote handling
equipment.
of PPE.
• Maintain communication with a buddy or support staff.
• Don’t touch barrels, equipment, or debris unless your job requires you to.
• Don’t sit on potentially contaminated soil, equipment, drums, etc.
• Avoid exposure to liquid or solid chemicals unless you have to to
complete your work task.
• Protect monitoring and sampling instruments by bagging.
• Cover equipment and tools with strippable coating, which can be removed
during decontamination.
• Encase the source of contaminants with protective materials.
Contamination Transfer
Contamination transfer occurs when contamination from an item or person passes
to another item or person. Again, following standard operating procedures offers
you the best protection from transferring contamination. Here are some general
SOPs for preventing transfer:
• Take off your various levels of personal protective equipment with care.
• Remove clothing in the order established for the decontamination
procedure.
• Assume equipment is still contaminated even though it has been washed.
• Avoid touching others on their inner clothing or skin.
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Decontamination Plans
If hazardous chemicals, waste, or materials are at a disaster site, then the site must
have a decontamination plan as part of its overall health and safety plan. That plan
must be in place before you or your equipment enter an area where you might be
exposed to hazardous materials.
The plan lays out the standard operating procedures that help minimize contact
with hazardous materials. It also outlines decontamination procedures once
exposure has taken place. A thorough decontamination plan covers the following:
• The specific hazardous materials at the site.
• Number and layout of decontamination stations.
• Equipment needed.
• Appropriate methods for decontamination.
• Procedures to prevent contamination of clean areas.
• Methods and procedures to reduce your contact with contaminants when
you remove your PPE.
• Methods for disposing of clothing and equipment that aren’t completely
decontaminated.
The plan isn’t a static document. It needs to change whenever site conditions
change, PPE changes, or site hazards are reassessed based on new information.
Staying up to date is important for protecting your safety and that of those around
you.
Case Study
A hazmat team in full protective gear continued digging this evening through
household trash at a transfer station in New Bedford searching for the source of
noxious fumes that left two employees in intensive care and sent more than 100 other
people to local hospitals.
Scores of emergency responders from across Massachusetts descended on ABC
Disposal Inc. at 10:25 a.m. when two employees lost consciousness in a facility where
trash is sorted on a conveyor belt. Employees have not reported hearing an explosion
or other indication of a release of a gas, but soon others began to experience a
burning in the mouth and throat.
According to its website, ABC Disposal Service is the largest waste removal company
in Southern New England, collecting 200,000 tons a year of non-hazardous waste.
At least 11 people were taken to area hospitals by ambulance, according to Joyce
Brennan, spokeswoman for Southcoast Health System. A bus took people to St.
Luke’s Hospital, where a decontamination tent was set up outside the emergency
room.
The majority of the ill were decontaminated and treated and are in “good condition,”
Brennan said. Scores of other people -- including 15 police officers, firefighters, and
paramedics -- also had to be decontaminated.
Boston Globe:
http://www.boston.com/news/local/breaking_news/2009/08/fumes_send_12_t.html
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Methods of Decontamination
There are two main methods for removing contamination: physical and chemical.
Sometimes it takes a combination of both. The method chosen depends on the
material being decontaminated. Like decontamination plans, the methods of
decontamination must be evaluated periodically to make sure they’re still
adequate and appropriate for the hazards they’re decontaminating.
Physical Removal
Physically removing the contaminants sometimes
is a simple but effective solution. For instance,
some contaminants can be easily dislodged by
scraping, brushing, wiping, rinsing, or
evaporation. If those efforts aren’t enough, you
might have to try the chemical approach.

A worker undergoing
decontamination.

Chemical Removal
Certain solvents can act like a dry cleaning fluid
to remove a contaminant by chemical action.
However, this is a hazardous process itself and
requires a professional. Also, an industrial
hygienist or qualified health professional should
recommend this approach before undertaking it.

Chemical removal also requires great care to make certain the chemicals don’t
damage any protective materials you are wearing, which could cause more safety
and health problems.
The three general methods of
chemical decontamination are water
and detergent washing, water and
bleach washing, and dry cleaning.
And remember, dry cleaning is only
an effective option if it’s not going to
damage the protective clothing. Keep
in mind that when you use water, it’s
now contaminated too and must be
collected and disposed of properly.

A decontamination shower.
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Decontamination Line
Think of a decontamination line as a cafeteria line of sorts, except that by the time
you travel to the end, you, your tools, and your equipment should be free from
hazardous contaminants. The line is a sequence of stations, each administering a
specific decontamination procedure.
Organizing a decontamination line is an important part of an effective
decontamination plan. The plan should outline locations, number of stations, their
sequence, personnel involved, and other details to ensure that workers and
equipment are completely decontaminated by the time they exit.
Location
Locating the decontamination line requires knowledge of the zone system. The
first zone is the exclusion zone. That’s where the area of contamination begins.
One end of the decontamination area must start there. It will continue over the hot
line—where contamination possibility is at a higher likelihood—and into the
contamination reduction zone (CRZ), where contamination begins to dissipate.
The other end of the decontamination line—the clean end, or exit, so to speak—
extends past the contamination control line and into the support zone. The exact
sequence and number of stations within the line depends on the contaminants, the
ease of their removal, and the level of personal protective equipment being used.
While the decontamination line infringes on the exclusion zone and support zone,
the decontamination facilities are mainly located in the contamination reduction
zone.
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The decontamination area will have separate lines for personnel, tools, and heavy
equipment. It’s important to note that tools and equipment generally aren’t
decontaminated each time you cross the hot line and move toward the
contamination reduction zone. Instead, tools and equipment are usually left in the
exclusion zone where they can be reused. It’s when tools or equipment will be
moved to a “clean” zone that decontamination takes place.
Station Parameters
A decontamination area can be a busy place, and the decontamination plan should
account for this. First, there has to be enough room for separate lines for
personnel, tools, and heavy equipment. Of course, all of those lines start within
the exclusion zone itself and extend away from it.
Within each line stations must be separated to prevent cross-contamination of
different workers or incompatible chemicals. The stations should be arranged in
order of decreasing contamination, and it’s best if they can be arranged in a
straight line.
Entry and exit areas should be separate as well and clearly marked. Dressing
stations should be separate from redressing areas. Before you enter a clean area,
such as a locker room, you should be completely decontaminated.
In hot weather the decontamination line might require a cooling station, perhaps
located in a shady area in which wind can help to cool you. The station might also
have water hoses, ice packs, wet towels, or whatever else that can help with the
cooling. Depending on the PPE you’re wearing, you might be close to overheated,
so a cooling station is an important addition to the line.
Full vs. Condensed Decontamination Procedures
The decontamination line can involve either full or condensed decontamination
procedures. Each involves a number of steps in the decontamination process, but a
condensed approach combines steps into fewer stations. The primary reason for
using the condensed procedures is to get you out of PPE to avoid heat stress—the
greatest health risk you face when wearing PPE.
The full decontamination procedures follow 19 steps recommended by the
Environmental Protection Agency. The EPA’s full procedures assume a highly
contaminated or toxic situation. The worksite’s decontamination plan outlines the
version to be used. Regardless, being familiar with the full procedures allows you
to better understand the condensed version.
There are three versions of the full decontamination procedure—levels A, B, and
C. The differences between each are relatively slight and have to do with the
clothing you wear and breathing apparatus you use. The illustration on the next
page outlines the procedure for a level B decontamination, and the following
pages briefly describe each step.
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Stations 1-6 occur inside the exclusion zone.
Station 1: Segregated equipment drop
Deposit equipment on plastic drop cloths
or containers lined with plastic.
Equipment might include tools, sampling
devices and containers, monitoring
instruments, radios, and clipboards.
Because each piece of equipment is
contaminated to a different degree, it’s
important to separate types of equipment
to avoid cross-contamination.

Signs in the decontamination line.

Station 2: Boot cover and glove wash
Scrub outer boot covers and gloves with a decontaminant or detergent
solution. This station requires a 20-30 gallon container, such as a children’s
swimming pool; decontaminant or detergent solution; and long-handled scrub
brushes.
Station 3: Boot cover and glove rinse
Rinse off the decontaminant solution from station 2. Use a large amount of
water as long as water usage isn’t a problem. Repeat as often as necessary. If
saving water is important, wipe off the decontaminant solution with
disposable towels. This station requires a 20-30 gallon container, such as a
children’s swimming pool; water; long-handled scrub brushes; and disposable
towels.
Station 4: Tape removal (if required)
Remove the tape from around boots and gloves and deposit it in a lined
container.
Station 5: Boot cover removal
Remove boot covers and deposit them in a lined container. In addition to the
container with a plastic liner, this station should have a bench or stool.
Station 6: Outer glove removal
Remove outer gloves and deposit them in a lined container.
Stations 7-17 occur in the contamination reduction zone (CRZ).
Station 7: Suit and safety boot wash
Thoroughly wash the chemical protective splash suit and boots. Start at the
top of the suit and work down to the boots. Scrub all areas, including the
bottoms of the boots, with long-handled scrub brushes. Use large amounts of a
decontaminant solution or detergent and water if allowed and repeat as much
as needed. This station requires a 20-30 gallon container, such as a children’s
swimming pool; decontaminant or detergent solution; and long-handled scrub
brushes.
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Station 8: Suit and safety boot rinse
Rinse off all decontaminant or detergent and water solution with a large
amount of water as possible. Repeat as often as necessary. This station
requires a 20-30 gallon container, such as a children’s swimming pool, and
water.
Station 9: Tank change and redress boot cover and outer gloves
If you are leaving the work area to return to the support zone, this station is
not required. If you’re returning to the exclusion zone, this is the last step in
the decontamination procedure. Exchange your air cylinder, don new outer
gloves and boot covers, and tape seams if
necessary. This station requires air cylinders, boot
In level C decontamination an air
covers, gloves, and tape.
Station 10: Safety boot removal
Remove safety boots and deposit them in a lined
container. For a level A decontamination in which
you wear a fully encapsulated suit, this station is
not required if the boots are permanently attached
to the suit. In addition to the container with a
plastic liner, this station should have a bench or
stool. A boot jack is optional.

purifying respirator
is worn instead of
an SBCA. Station 9
then switches from
tank change to
canister/filter or
mask change, and
station 11 is
removed, changing
the number of
stations to 18.

Station 11: SCBA backpack removal
If possible, remove the self-contained breathing apparatus (SCBA) backpack
and place it on a table. Disconnect the breathing hose from the regulator and
go to the next station. If you can’t disconnect the hose, carry the backpack
through the next three stations. This station requires a table.
Station 12: Splash suit removal
With the assistance of a helper, remove your
chemical protective splash suit and hardhat if
used. If further decontamination is needed, take
the suit to the proper area. If no more
decontamination is required, hang up the suit
properly or lay it on a drop cloth. This station
requires a bench or stool, rack, and drop cloth.

In level A decontamination a fully
encapsulated suit
is worn, and
stations 11 and 12
are reversed.

Station 13: Inner glove wash
Wash the inner gloves with a decontaminant or detergent solution that won’t
harm the skin. Repeat as many times as needed. This station requires a water
basin or bucket, decontaminant or detergent solution, and a small table.
Station 14: Inner glove rinse
Rinse the inner gloves with water and repeat as many times as necessary. Do
not remove the gloves at this station. This station requires a water basin or
bucket and a small table.
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Station 15: Facepiece removal
Remove the facepiece, or SCBA if you carried it from station 11, and place it
in a lined container or on a table for further decontamination and cleaning.
This station requires a small table or a container with a plastic liner.
Station 16: Inner glove removal
Remove the inner gloves, turning them inside out, and place them in a lined
container. This station requires a container with a plastic liner.
Station 17: Inner clothing removal
Remove the inner clothing and place it in a line container. Inner clothing
should be removed as soon as possible because it might contain small amounts
of contaminants transferred in removing the chemical protective suit. This
station requires a 30-50 gallon container and plastic liners.
Stations 18-19 occur in the support zone.
Station 18: Field wash
If toxic, skin-corrosive, or skin-absorbable materials are present or suspect,
take a shower, especially after a potential exposure. If a shower is not
available, wash hands, face, and arms. This station requires a shower, small
table, basins, water, soap, and towels.
Station 19: Redress
Put on clean clothes. This station requires a dressing facility, tables, chairs,
lockers, and clean clothes.
Decontamination Line Workers
If you’re working in the decontamination line, the level of PPE you don is a
function of your place in the line and the hazards involved. Generally, those at the
beginning of the line require more protection than those at the end. Sometimes
you need the same level of personal protective equipment as the worker in the
exclusion zone. Other times, you can wear one level of protection lower than
those you’re decontaminating.
When you’re working the line, assume that your equipment is contaminated, even
if it’s been washed. Avoid touching or walking in obviously contaminated areas.
Remember too that line workers must be decontaminated as well because their
work on the line has exposed them to contaminants.

14 DECON
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Decontamination Effectiveness
Thanks to the health and safety plan and the decontamination plan in particular,
the disaster site is equipped to protect your safety and that of others from
hazardous materials. The question becomes then, Is the decontamination plan
working? Some decontamination methods work better than others. The key to an
effective decontamination method is to evaluate beforehand to make certain it
works, then check it at various times to ensure it’s still doing its job. The medical
surveillance of workers, like medical evaluations, dose records for radiation, or
blood lead levels, is an important check of the plan’s effectiveness. If the
decontamination plan is not working—for instance, contaminants remain on
clothing, or things show up in the medical surveillance—then it’s time to reassess
your plan and try something else. Here are some ways to detect contamination:
• Visual observation. You might be able to see the hazardous material still
on clothing or equipment. Or you might notice the protective suit is
discolored or has other damage. That’s an indicator of contamination.
• Ultraviolet light. You’ve seen the UV wand on various crime shows. It
works for certain contaminants as well, in particular those that are
fluorescent. Run the black light over them, and they’ll glow.
• Cleaning solution analysis. It’s as simple as a bucket of dirty water. If
your final rinse solution shows an abnormally high level of contaminants,
that’s an indication of contamination. You might have to clean and rinse
some more or change your rinse water more frequently.
• Wipe sampling. A collection swab is wiped over the surface of the
protective clothing. The swab is sent to the lab for analysis. There’s an
obvious disadvantage to wipe sampling—timeliness. Although wipe
sampling is effective, it might take some time to receive the test results.
• Testing for permeation. To find out definitively whether your clothes are
contaminated, this method takes a sample of your clothing and sends it to
a lab for analysis. Again, a timely proposition.

Equipment Decontamination or Disposal
You’re not the only thing that’s possibly
contaminated when working around hazardous
materials at a disaster site. Any equipment or tools
you used in your work or in the decontamination
line need to be either decontaminated themselves
or properly disposed of if they are leaving the
exclusion zone. The option you choose depends
upon the tool or equipment. For example, many
Equipment must also be
wooden tools, leather harnesses, and other articles
decontaminated properly.
that have porous surfaces might absorb chemicals
to the point that decontamination is fruitless. Dispose of them. Also, collect all
buckets, brushes, clothing, tools, and other contaminated equipment. Place them
in containers and label them. Collect all previously used solutions and wash water
and dispose of them properly. And place any clothing that’s not been completely
decontaminated into plastic bags to either decontaminate further or to dispose of.
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Large pieces of equipment
present a serious
decontamination challenge.
Backhoes, bulking chambers,
and trucks, for instance, are
likely contaminated because of
their work with the hazardous
materials. Before they can leave
the site, they must be
decontaminated.
When you’re decontaminating
equipment, the process is
generally the same as
decontaminating a person. It
involves two main steps.
First, wash all equipment with a
decontaminant solution and
brushes. For larger equipment
like trucks and backhoes, use
high pressure steam lines or
water. Think gravity. Start at
the top and work your way
down. You might need to
sandblast shovels, lifts, and
scoops to decontaminate them.

Heavy Equipment Procedures
Here are typical procedures for
decontaminating heavy equipment:
• Set up a decontamination pad with tools,
sprayers, and a containment system to
collect and treat waste.
• Evaluate the types of contamination.
• Remove covers, guards, shields, panels,
and plates.
• Scrape, brush, or shovel to remove any
loose material.
• Collect and contain all hazardous
materials.
• Scrub, wash, and rinse.
• Determine the extent of contamination
remaining.
• Check restricted areas such as frames
and voids.
• Check fluid levels (engine oil, hydraulic oil,
coolant, transmission oil, differential,
winch, fuel, windshield washer fluid, etc.).
• Sample fabrics, paint, tires, rubber
products, and plastics.
• Wipe sample ground-engaging
components, buckets, tracks, etc.
• Remove all appropriate fluids, tires, hoses,
fabrics, insulation, etc.
• Perform final decontamination as required
by results of samples taken.
• Replace any fluids or components
removed for decontamination.

High pressure lines do pose a
couple of problems, though. They might spread contaminants through the mist of
the water droplets, or the pressure of the water might embed contaminants more
deeply into materials or equipment. As an alternative, you can use a low pressure
wash-down line or protective enclosures to contain the spread of contaminants.
The second step in decontamination is to rinse all equipment with water. If the
water is being collected for disposal, use as little as possible. Wipe the equipment
with disposable towels and dispose of properly.
To determine whether the equipment is decontaminated, wipe a piece of gauze or
filter paper across a surface and then analyze it for chemical content.
Keep in mind too that some equipment can be damaged with water, so alternative
decontamination methods must be used. The site safety and health plan should
include procedures for these cases.
Don’t be in a rush when it comes to decontaminating equipment. While
decontaminating a person might take just a few minutes, decontamination might
involve hours for equipment.
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Emergency Decontamination
When someone is injured or falls ill, normal decontamination procedures might
have to wait, especially if someone’s life is in danger. The first priority in an
emergency is to prevent loss of life or severe injury to site personnel. If
immediate medical treatment is required to save a life, decontamination might
need to be delayed until the victim is stabilized. If decontamination can be
performed without interfering with essential lifesaving techniques or first aid, or if
a person has been contaminated with an extremely toxic or corrosive material that
could cause severe injury or loss of life, perform decontamination immediately. If
the illness is heat related, get the victim out of their protective suit as soon as
possible.
Don’t forget the medical personnel treating the injured person either. The
decontamination plan needs to provide ways to remove contaminants from them
and possibly dispose of contaminated clothing and equipment.
Three Typical Emergencies
Generally there are three situations that require emergency decontamination:
• Physical injury. If the injury is minor, you can use normal
decontamination procedures; however, for a critical injury begin medical
treatment immediately. Decontamination can wait.
• Heat stress. Heat stroke is the most serious
heat-related illness. It can kill, so treatment must
Even if the
temperature is only 70
start immediately. Stop the decontamination
degrees, monitor your
procedures and get the person out of their
buddy for signs of heat
protective suit. If the heat stress is not severe,
stress. Heat-related
you can continue normal decontamination
illnesses are the
procedures, but be wary of the person’s
greatest health risk
when wearing PPE.
condition.
• Chemical exposure. When contamination is the
cause of the emergency, decontamination is part of the medical response.
Flood a chemical burn with water, for example. Again, if the chemical
exposure is minor and not threatening severe injury, continue with normal
decontamination.
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Group Discussion Activity
Overview
This activity will demonstrate the procedures and problems involved in containing
contamination. You will develop a practical understanding of contamination and
decontamination and how exercising safe work practices can reduce the spread of
contamination.
Objectives
• Solve a problem by devising an effective solution to cleaning up a
contaminated site using limited materials and waste storage.
• Apply safe work practices to prevent the spread of contamination.
Activity Reflection and Discussion Questions
1. What was the most effective means of cleanup? What problems or limitations
might be associated with that approach?

2. What are some safe practices you as workers should exercise to reduce the
spread of contamination to yourselves?
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Review Questions
1. Describe an action that would be careless when working around hazardous
materials and explain how that action could cause contamination.

2. What is the first and most effective decontamination procedure?

3. In general, how are the standard operating procedures for contamination
avoidance different from those for contamination transfer?

4. What changes could occur that might alter a decontamination plan?

5. Describe how you would remove contaminants physically.

6. Describe the three methods of chemical decontamination.
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7. Label all zones and lines on this decontamination area diagram.

8. Put the following exclusion zone decontamination stations in the correct order
from 1 to 6:
Tape removal
Segregated equipment drop
Boot cover and glove wash
Boot cover removal
Outer glove removal
Boot cover and glove rinse
9. Which decontamination detection methods require lab analysis?

10. Why might a high pressure wash of heavy equipment not be an appropriate
decontamination method in all cases?

11. What situations might require the use of emergency decontamination
procedures?
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Other Resources
OSHA Hazardous Waste Operations and Emergency Response
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDAR
DS&p_id=9765
OSHA QUICKCARD: General Decontamination
http://www.osha.gov/OshDoc/data_Hurricane_Facts/general_decontamination.pdf
The Five Ws of HAZMAT Decontamination
http://www.ohsonline.com/articles/45033/
Department of Energy Transportation Emergency Preparedness Program
Model Procedure for Radioactive Material or Multiple Hazardous Materials
Decontamination
http://www.em.doe.gov/PDFs/transPDFs/Decon_Procedure.pdf
Hazardous Materials: Decontamination Techniques Online, International
Association of Fire Chiefs, National Fire Protection Association, EducExpert
http://www.jbpub.com/catalog/9780763733674/
Decontamination for Hazardous Materials Incidents
http://www.efilmgroup.com/News/Decontamination-for-Hazardous-MaterialsIncidents.html
OSHA QUICKCARD: Heat Stress
http://www.osha.gov/Publications/osha3154.pdf
Hazardous Materials: Hazardous Materials Local Operations 3-hour
Training Class
http://www.firehouse.com/training/drills/2000/hm1.html
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Final Exercise 1—Instructor Notes
Instructions
• Designate groups of 3-5 learners.
• Refer participants to their manual.
Scenario
You are a facility manager for an organization that includes a bulk mail handling
operation. The organization, including the area where bulk mail handling takes
place, has been identified as a potential target for bioterrorism (for example,
weaponized anthrax). As the facility manager, you have a responsibility to help
prepare for such an occurrence. You can use these resources for guidance as you
answer the questions that follow:
• CDC: Anthrax Frequently Asked Questions
www.cdc.gov/ncidod/dbmd/diseaseinfo/anthrax_g.htm
• CDC: Health Advisory (Updated Information About How to Recognize
and Handle a Suspicious Package or Envelope)
http://www2a.cdc.gov/han/ArchiveSys/ViewMsgV.asp?AlertNum=00050
• OSHA: Anthrax eTool
http://www.osha.gov/SLTC/etools/anthrax/index.html
• OSHA: Anthrax Risk Reduction Matrix
http://www.osha.gov/SLTC/etools/anthrax/risk_eval.html#matrix
Anthrax Background
1. What is anthrax?
Anthrax is an acute infectious disease caused by the spore-forming
bacterium Bacillus anthracis.
2. Where is anthrax normally found?
Anthrax is most common in agricultural regions where it occurs in
animals. These regions typically include South and Central America,
Southern and Eastern Europe, Asia, Africa, the Caribbean, and the Middle
East. When anthrax affects people, it is usually due to an occupational
exposure to infected animals or their products.
3. What are three ways anthrax can be transmitted, and what are the symptoms
of each?
•

•

Through absorption via a cut or abrasion on the skin. Begins as a
raised itchy bump that resembles an insect bite. Within 1-2 days it
develops into a painless ulcer (1-3 cm in diameter) with a
characteristic black area in the center. About 20 percent of untreated
cases result in death.
Through inhalation. Initial symptoms may resemble a common cold,
but after several days the symptoms may worsen, resulting in
breathing problems and shock. Inhalation anthrax is usually fatal.
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•

Through ingestion. Initial symptoms may include nausea, loss of
appetite, vomiting, and fever. Secondary symptoms can include
abdominal pain, vomiting blood, and severe diarrhea. Intestinal
anthrax results in death about 25-60 percent of cases.

4. Can anthrax be spread from person to person?
Anthrax is not known to spread from person to person.
Mail Handling Operations
1. What are examples of inappropriate/unusual labeling that employees in the
mailroom should be alert for?
•
•
•
•
•
•
•
•
•

Excessive postage
Handwritten or poorly typed addresses
Misspellings of common words
Strange return address or no return address
Incorrect titles or title without a name
Not addressed to a specific person
Marked with restrictions, such as “Personal,” “Confidential,” or “Do
not X-ray”
Marked with any threatening language
Postmarked from a city or state that does not match the return address

2. What are some other characteristics of packages or envelopes that employees
should be alert for?
•
•
•
•

Powdery substance felt through or appearing on the package or
envelope
Oily stains, discolorations, or odor
Lopsided or uneven envelope
Excessive packaging material, such as masking tape, string, etc.

3. What are good practices for handling suspicious packages?
•
•
•
•
•

2 FINAL EX1 INST

Do not shake or empty the contents of any suspicious package or
envelope.
Do not carry the package or envelope, show it to others, or allow
others to examine it.
Put the package or envelope down on a stable surface; do not sniff,
touch, taste, or look closely at it or at any of the contents that may
have spilled.
Alert others in the area about the suspicious package or envelope.
Leave the area, close any doors, and take actions to prevent others
from entering the area. If possible, shut off the ventilation system.
Wash hands with soap and water to prevent spreading potentially
infectious material to face or skin. Seek additional instructions for
exposed or potentially exposed persons.
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•

If possible, create a list of persons who were in the room or area when
the hazard was recognized and a list of persons who also may have
handled the package or letter.

4. Based on the scenario, what risk zone in the anthrax matrix would the facility
most likely fall under?
Yellow zone.
5. What are some good work practices that should be followed for the identified
risk zone?
•
•
•
•

•
•

Develop strategies to limit the number of persons working at or near
areas where airborne particles may be generated (e.g., mail sorting
machinery, places where mailbags are unloaded or emptied).
Restrict the number of nonessential personnel (e.g., contractors,
visitors, etc.) entering areas where airborne particles may be
generated.
Avoid practices that generate dust, such as dry sweeping, dusting, and
using compressed air to clean machinery.
Wet clean or vacuum areas with an industrial vacuum cleaner
equipped with a high-efficiency particulate air (HEPA) filter.
Conventional home or industrial vacuums should not be used since
these vacuums may further disperse possible anthrax spores.
Instruct people to wash hands regularly with soap and water. At a
minimum, hands should be washed when gloves are removed, before
eating, and at the end of a shift.
Give workers information and training covering:
− Modes of anthrax transmission.
− Signs and symptoms of anthrax infection.
− Emergency procedures to deal with possible contamination.
− Protective clothing to minimize skin exposure.
− Care for abrasions that might provide an infection route.

6. What risk zone are you in if authorities have informed you that contamination
with anthrax spores has been confirmed or strongly suspected, and what
OSHA standard would most likely become involved?
Red zone and the HAZWOPER standard.
Preparation and Emergency Action Plan
1. Employers who choose to evacuate employees during an emergency must
have an OSHA-required emergency action plan (EAP) in accordance with 29
CFR 1910.38. What are the required elements that an EAP must minimally
contain?
[NOTE: Participants should know the basic differences between an EAP
under 1910.38 and an ERP under HAZWOPER as this seems to be a common
source of confusion for people.]
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•
•
•
•
•
•

Procedures for reporting a fire or other emergency.
Procedures for emergency evacuation, including type of evacuation
and exit route assignments.
Procedures to be followed by employees who do not immediately
evacuate in order to perform critical plant operations.
Procedures to account for all employees after evacuation.
Procedures to be followed by employees performing rescue and
medical duties.
Contact list for employees who need more information about the plan
or an explanation of their duties under the plan.

2. What types of initial actions should be followed upon the discovery of a
potential anthrax release?
•
•
•
•
•
•
•
•

Don’t panic.
Isolate contaminated areas.
Minimize exposure to workers.
Turn off local fans or ventilation units and shut down the air handling
system in the building if possible.
Shut down any other moving machinery (e.g., mail sorting equipment).
Keep track of people who may have come into contact with the
anthrax. Provide the list to public health authorities and law
enforcement officials.
Call 911 for local fire and law enforcement assistance.
Notify the National Response Center (NRC) at (800) 424-8802; the
NRC will contact other appropriate response personnel.

3. What types of gloves would be appropriate to protect against anthrax spores?
Impermeable gloves such as nitrile or vinyl.
4. If necessary, what minimum type of respirator should be used?
Properly fitted, NIOSH-certified filtering facepiece (N95 or greater).
Respirators equipped with P-type filters should be used in areas where oil
mist from machinery is present.

4 FINAL EX1 INST
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Scenario
You are a facility manager for an organization that includes a bulk mail handling
operation. The organization, including the area where bulk mail handling takes
place, has been identified as a potential target for bioterrorism (for example,
weaponized anthrax). As the facility manager, you have a responsibility to help
prepare for such an occurrence. You can use these resources for guidance as you
answer the questions that follow:
• CDC: Anthrax Frequently Asked Questions
www.cdc.gov/ncidod/dbmd/diseaseinfo/anthrax_g.htm
• CDC: Health Advisory (Updated Information About How to Recognize
and Handle a Suspicious Package or Envelope)
http://www2a.cdc.gov/han/ArchiveSys/ViewMsgV.asp?AlertNum=00050
• OSHA: Anthrax eTool
http://www.osha.gov/SLTC/etools/anthrax/index.html
• OSHA: Anthrax Risk Reduction Matrix
http://www.osha.gov/SLTC/etools/anthrax/risk_eval.html#matrix
Anthrax Background
1. What is anthrax?

2. Where is anthrax normally found?

3. What are three ways anthrax can be transmitted, and what are the symptoms
of each?

4. Can anthrax be spread from person to person?

Mail Handling Operations
1. What are examples of inappropriate/unusual labeling that employees in the
mailroom should be alert for?

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

FINAL EX 1

2. What are some other characteristics of packages or envelopes that employees
should be alert for?

3. What are good practices for handling suspicious packages?

4. Based on the scenario, what risk zone in the anthrax matrix would the facility
most likely fall under?

5. What are some good work practices that should be followed for the identified
risk zone?

6. What risk zone are you in if authorities have informed you that contamination
with anthrax spores has been confirmed or strongly suspected, and what
OSHA standard would most likely become involved?

Preparation and Emergency Action Plan
1. Employers who choose to evacuate employees during an emergency must
have an OSHA-required emergency action plan (EAP) in accordance with 29
CFR 1910.38. What are the required elements that an EAP must minimally
contain?

2. What types of initial actions should be followed upon the discovery of a
potential anthrax release?

3. What types of gloves would be appropriate to protect against anthrax spores?

4. If necessary, what minimum type of respirator should be used?

2 FINAL EX
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Final Exercise 2—Instructor Notes
Instructions
• Designate groups of 3-5 learners.
• Refer participants to their manual.
Scenario
An outbreak of avian influenza (AI) has killed approximately 200 poultry on a
farm, and sampling performed by the Centers for Disease Control (CDC) has
confirmed that the influenza subtype is the highly pathogenic H5N1. Federal, state,
and local response personnel have secured the area, setting up safe and unsafe
areas. A local construction firm has been contracted to respond immediately to
perform trenching for the purpose of burying AI-infected dead poultry. You can
use these resources for guidance as you answer the questions that follow:
• OSHA Publication 3323 [OSHA Guidance Update on Protecting
Employees from Avian Flu (Avian Influenza) Viruses]
• OSHA standard 29 CFR 1926.651 (Specific Excavation Requirements)
• OSHA standard 29 CFR 1910.120 (Hazardous Waste Operations and
Emergency Response)
Avian Influenza
[Note: Although OSHA Publication 3323 provides answers to most of the
questions below, it is up to you to decide whether or not you want the participants
to use it. For example, you might wish to have the students discuss and come up
with their own answers as topics of discussion.]
1. What is avian influenza and how is it generally different from pandemic
influenza?
Avian (“bird”) influenza is an influenza A virus that occurs in birds and is
rare in humans. The most common route of infection is through direct or
indirect contact with nasal, oral, or fecal secretions from infected poultry.
Human-to-human transmission is extremely rare. Avian influenza,
however, has the potential to mutate, making it pass easily between
humans and those for which the population has little immunity. If such a
virus spreads throughout the world, it can be considered pandemic
influenza.
2. What is seasonal influenza (the flu) that people generally get every year?
Seasonal influenza viruses are also Influenza A viruses; however, people
have built up immunity over time, either naturally or through vaccination.
Seasonal influenza is easily spread from person to person.
3. How are influenza A viruses subdivided (e.g., what does “H5N1” mean)?
Influenza A viruses are subdivided into numerous subtypes, and they are
differentiated by variations in two viral proteins: 1) hemagglutin (H) and
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2) neuraminidase (N). Subtypes are designated by numbering particular
combinations of these proteins (e.g., H5N1).
4. What is the special concern with the H5N1 subtype?
According to the World Health Organization, this subtype killed 292
people worldwide between 2003 and 2010
(http://www.who.int/csr/disease/avian_influenza/country/cases_table_201
0_04_09/en/index.html). Scientists are concerned that this virus will
mutate into a form that can pass readily between humans. Currently, the
virus cannot pass easily between humans.
5. How is AI transmitted to humans?
Avian influenza is spread primarily by direct contact with infected birds or
direct contact with equipment and materials contaminated with feces and
body fluids from infected birds. The virus is present in the feces and
secretions from the nose, mouth, and eyes of infected birds. People can
become infected with avian influenza by having direct contact (eyes, open
wound, mouth, etc.) with body fluids and feces from infected birds.
Humans can also inhale material body fluids and feces from infected
birds.
6. What are important infection control measures for personnel who have
exposure to AI-infected birds?
•
•
•
•
•

Employee training on the importance of strict adherence to hand
hygiene.
Washing hands thoroughly with soap and water for 15-20 seconds.
If hand washing facilities are not available, use other appropriate
hand disinfection procedures.
Availability of appropriate PPE, including training in how to don,
doff, and use the PPE.
No eating, drinking, smoking, or using bathroom facilities during
activities where contact with AI-infected birds or contaminated
surfaces are possible.

7. What types of PPE would be appropriate?
•
•
•
•
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Hand protection (e.g., lightweight nitrile or vinyl disposable gloves or
heavy duty rubber work gloves that can be disinfected).
Body protection (e.g., disposable outer garments with impermeable
apron over them).
Head protection (e.g., hardhats or disposable head or hair cover to
keep hair clean).
Foot protection (e.g., disposable protective shoe covers or rubber
boots that can be disinfected).
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•
•

Eye protection (e.g., safety goggles to protect mucous membranes of
the eyes; eye protection would not be necessary if full-face respirators
are used).
Respiratory protection [e.g., NIOSH-approved disposable particulate
respirators (N-95, N-99, or N-100) are the minimum level of
respiratory protection that should be worn; a powered air purifying
respirator may be more appropriate for personnel with substantial
exposure from infected birds].

8. Are there vaccinations or drugs that employees should get for AI?
CDC currently recommends that unvaccinated employees receive the
current season’s influenza vaccine; more protective (and subtype-specific)
vaccinations will likely be available in the future. CDC currently
recommends that employees having direct contact with AI-infected poultry
or contaminated surfaces should receive a dose of an influenza antiviral
drug daily for the entire time they have exposure – plus one week
following their last exposure.
9. What are general human symptoms of AI that employees should be vigilant
for?
Symptoms range from typical human flu-like symptoms (fever, cough, sore
throat, and muscle aches) to eye infections (conjunctivitis), pneumonia, and other
severe respiratory illnesses. Important to note that the specific symptoms may
vary from subtype to subtype (e.g., an H7N7 outbreak in the Netherlands in 2003
caused conjunctivitis only; the H5N1 subtype has been mostly associated with
fever, cough, and respiratory problems).
Safety and Health Hazards
[Note: Although OSHA standard 29 CFR 1926.651 can be used to answer most of
the excavation questions below, it is up to you to decide whether or not you want
the participants to use it. For example, you might wish to have the participants
discuss and come up with their own answers as topics of discussion.]
1. What are some excavation hazards involved in trenching?
•
•
•
•
•
•
•

Underground installations (e.g., sewer, telephone, fuel, electric,
electric, etc.)
Overhead power lines
Cave-ins
Falling loads
Hazardous atmospheres
Vehicular traffic
Stability of adjacent structures

2. What are some engineering controls and safe procedures for excavation work?

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

FINAL EX2 INST 3

•
•
•

•
•
•
•
•
•
•
•

Identify underground installations before beginning work.
Keep heavy equipment a safe distance away from overhead power
lines (e.g., minimum of 10 feet; distances vary based on kVs).
If an excavation is 5 feet or more in depth, provide necessary cave-in
protection (based on soil classification), such as sloping/benching/
shoring/shielding (e.g., slope at an angle not steeper than one and
one-half horizontal to one vertical, i.e., 34 degrees measured from the
horizontal).
If an excavation is 4 feet or more in depth, an egress (emergency exit
out/device, i.e., ladder) must be provided which may not be the sides of
the excavation.
The distance to the egress must be 25 feet or less.
Keep employees from working underneath loads.
Keep soil and other debris at least 2 feet from trenches.
Keep heavy equipment away from trench edges.
Use air monitoring equipment to test for hazardous atmospheres in
trenches (e.g., oxygen content, toxic gases, flammable gases, etc.).
Regularly inspect trenches (e.g., at least daily, after a rainstorm, etc.).
Employees must be alert to the movement of heavy equipment.

3. What are examples of other health and safety hazards that could be involved
in a burial operation?
•
•
•
•
•
•
•

Other biological hazards (e.g., insects, snakes, spiders, etc.).
Heat stress (e.g., heat exhaustion, heat stroke, etc.).
Noise exposure.
Hazards from power tools and other equipment (e.g., high pressure
washers that could be used in gross decontamination for heavy
equipment).
Mental and physical fatigue resulting from the work.
Electrical hazards.
Confined space hazards (e.g., entering a confined space to clean and
disinfect an area).

Health and Safety Plan (HASP)
[Note: Instruct the class to use OSHA Standard 29 CFR 1910.120 to answer the
following questions. If the class is not already clear on the different sections of
HAZWOPER, you may want to briefly describe the different sections, i.e., 1)
paragraphs (b)-(o) cover cleanup of hazardous waste sites; 2) paragraph (p) covers
treatment, storage, and disposal (TSD) facilities; and 3) paragraph (q) covers
emergency response.]
1. List the elements that you believe should be included in a site-specific health
and safety plan (HASP) for a postemergency burial operation.
•
•
•
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Key personnel
Hazard assessment
Training
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•
•
•
•
•
•
•
•

PPE
Medical surveillance
Exposure monitoring
Site control measures (biosecurity)
Decontamination
Emergency response/Contingency plan
Confined space entry procedures
Spill containment

2. Paragraph (q)(4) of HAZWOPER covers “skilled support personnel (SSP).”
Who are SSP and what is their purpose?
SSP are employees who are skilled in the operation of certain equipment
(e.g., earth moving equipment, cranes, etc.) and who are needed
temporarily to perform immediate emergency support work that cannot
reasonably be performed in a timely fashion by other response personnel.
3. What must SSP be provided before they begin work?
An initial briefing that includes instruction in:
• Wearing of appropriate PPE.
• What chemical hazards are involved.
• What duties must be performed.
• All other applicable safety and health precautions that must be
followed.
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Scenario
An outbreak of avian influenza (AI) has killed approximately 200 poultry on a
farm, and sampling performed by the Centers for Disease Control (CDC) has
confirmed that the influenza subtype is the highly pathogenic H5N1. Federal, state,
and local response personnel have secured the area, setting up safe and unsafe
areas. A local construction firm has been contracted to respond immediately to
perform trenching for the purpose of burying AI-infected dead poultry. You can
use these resources for guidance as you answer the questions that follow:
• OSHA Publication 3323 [OSHA Guidance Update on Protecting
Employees from Avian Flu (Avian Influenza) Viruses]
• OSHA standard 29 CFR 1926.651 (Specific Excavation Requirements)
• OSHA standard 29 CFR 1910.120 (Hazardous Waste Operations and
Emergency Response)
Avian Influenza
1. What is avian influenza and how is it generally different from pandemic
influenza?

2. What is seasonal influenza (the flu) that people generally get every year?

3. How are influenza A viruses subdivided (e.g., what does “H5N1” mean)?

4. What is the special concern with the H5N1 subtype?

5. How is AI transmitted to humans?

6. What are important infection control measures for personnel who have
exposure to AI-infected birds?
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7. What types of PPE would be appropriate?

8. Are there vaccinations or drugs that employees should get for AI?

9. What are general human symptoms of AI that employees should be vigilant
for?

Safety and Health Hazards
1. What are some excavation hazards involved in trenching?
2. What are some engineering controls and safe procedures for excavation work?

3. What are examples of other health and safety hazards that could be involved
in a burial operation?

Health and Safety Plan (HASP)
1. List the elements that you believe should be included in a site-specific health
and safety plan (HASP) for a postemergency burial operation.

2. Paragraph (q)(4) of HAZWOPER covers “skilled support personnel (SSP).”
Who are SSP and what is their purpose?

3. What must SSP be provided before they begin work?
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Final Exercise 3—Instructor Notes
Instructions
• Designate groups of 3-5 learners.
• Refer participants to their manual.
Scenario
A hurricane makes
landfall in the
Northern Gulf
Coast, causing
widespread damage.
Two months later a
construction firm is
contracted to clean
up debris and
stabilize residential
properties similar to
the one shown in the
picture. A
preliminary
Hurricane-damaged home.
assessment shows
that there is no substantial chemical contamination in the area. You can use these
resources for guidance as you answer the questions that follow:
• 2005 HAZWOPER flowchart document
• OSHA’s Hurricane eMatrix
Application of HAZWOPER
1. OSHA’s HAZWOPER standard applies to the cleanup of hazardous waste
sites. When does OSHA consider a worksite a “hazardous waste site covered
by HAZWOPER?”
In general, when it is identified or listed as an uncontrolled hazardous
waste site by a governmental agency (usually by state or federal EPA).
[Note: OSHA does not determine or classify what sites are hazardous
waste sites; OSHA Interpretation letter 3/25/92 provides good supporting
information regarding this issue.]
2. What paragraphs of HAZWOPER apply to the cleanup of a hazardous waste
site?
Paragraphs (b)-(o).
3. Would HAZWOPER typically apply to the stated scenario? Why or why not?
HAZWOPER probably would not apply to this type of cleanup because
chemical contamination would not, in most cases, be a major hazard, and
it would be unlikely that a governmental body would categorize the
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cleanup of residential debris as an uncontrolled hazardous waste site
operation.
Job Tasks
1. What are examples of potential job tasks at the worksite?
•
•
•
•
•
•
•
•

Debris cleanup
Energy isolation
Stabilization of structure before demolition
Heavy equipment operation
Trucking
Demolition
Collection of any potentially hazardous items (e.g., propane cylinders)
for disposal
Exposure monitoring

2. What would be some additional examples of health-/safety-related job tasks if
the structure was being renovated rather than being demolished?
•
•
•
•

Stabilization of structure for renovation
Lead paint assessment/abatement
Asbestos assessment/abatement
Mold abatement

Health and Safety Hazards
1. List potential health hazards associated with the worksite.
•
•
•
•
•
•
•
•

Biological (e.g., insects, snakes, plants, mold, etc.)
Airborne particulates (e.g., dust)
Exposures to lead and asbestos
Other chemical exposures (e.g., hazardous substances from leaking
containers, contaminated flood waters, etc.)
Heat stress
Sunburn
Noise
Fatigue and mental stress

2. List potential safety hazards associated with the worksite.
•
•
•
•
•
•
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Slips, trips, and falls
Structural instability
Contact with downed power lines, live electrical equipment, and other
utilities
Unexpected startup of machines or equipment
Hazards resulting from the use of heavy equipment (e.g., struck by,
caught in/between, falling loads, etc.)
Improper manual lifting of heavy items (e.g., refrigerators, washing
machines, etc.)
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•
•
•

Impact hazards to eyes and face from flying objects
Puncture/Cut/Scrape hazards (e.g., nails, glass, metal, etc.)
Fire/Explosion hazards (e.g., gas and sewer lines)

3. What types of personal protective equipment do you think would be
appropriate for the worksite?
•
•
•
•
•
•
•
•

Respiratory protection based upon the anticipated hazards (e.g., N, R,
or P95 filtering face piece for nuisance levels of dust; N, R, or P100
air purifying respirators for lead and asbestos)
Eye and face protection (e.g., goggles, full-face shields, etc.)
Foot protection (e.g., rubber boots with steel toe protection)
Protective clothing (e.g., coveralls, Tyvek, etc.)
Hand protection (e.g., heavy duty work gloves)
High-visibility apparel
Head protection
Hearing protection

4. List other personal gear that may be helpful to the workers.
•
•
•
•
•
•
•
•
•
•

Rain gear
Changes of clothes
Toiletries
Alcohol-based sanitizer
Flashlight with spare batteries
First aid supplies, including over the counter medications
Emergency kit for those who are allergic to insect stings (e.g., sterile
syringe of epinephrine (EPIPEN), antihistamine tablets, sterile alcohol
swabs, and tourniquet)
Sunscreen
Insect repellent
Sunglasses

5. What are some control measures for working in and around an unstable
structure?
•
•
•
•

Limit access/Set up controlled access zones until the structure’s
stability and integrity are known.
To the extent feasible, conduct all work outside of the structure.
Have a competent person evaluate the structure’s stability before
anyone enters it.
Install temporary structural support (e.g., bracing) to protect those
who may have to enter the structure.

6. What are some good practices for working near downed power lines or other
live electrical equipment?
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•
•
•
•
•
•
•
•

Identify the locations of downed lines or other possibly energized
equipment, and post signs and advise workers of the location, hazards,
and necessary protective measures.
Assume electrical lines are energized until proven otherwise.
Do not approach, drive over, or otherwise come in contact with
downed conductors.
Unless electrical lines are de-energized and visibly grounded,
maintain proper distance from them (at least 10 feet).
De-energize circuits and use locks and/or tags to prevent circuits from
becoming re-energized accidentally.
Guard live parts against accidental contact (e.g., approved cabinet or
enclosure).
Use GFCIs on all outlets that are not part of permanent wiring.
Use extension cords approved for the intended use (e.g., heavy duty
extension cords on the worksite) and take cords that are damaged out
of service.

7. What should be done if a gas leak is detected at the worksite?
•
•
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Do not approach and secure spark-producing equipment (e.g.,
engines, tools, electronic, and communications equipment); evacuate
the area until the leak is secured.
Contact the utility company to shut off or purge the lines that pose a
hazard.
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Scenario
A hurricane makes
landfall in the
Northern Gulf
Coast, causing
widespread damage.
Two months later a
construction firm is
contracted to clean
up debris and
stabilize residential
properties similar to
the one shown in the
picture. A
preliminary
Hurricane-damaged home.
assessment shows
that there is no substantial chemical contamination in the area. You can use these
resources for guidance as you answer the questions that follow:
• 2005 HAZWOPER flowchart document
• OSHA’s Hurricane eMatrix
Application of HAZWOPER
1. OSHA’s HAZWOPER standard applies to the cleanup of hazardous waste
sites. When does OSHA consider a worksite a “hazardous waste site covered
by HAZWOPER?”

2. What paragraphs of HAZWOPER apply to the cleanup of a hazardous waste
site?

3. Would HAZWOPER typically apply to the stated scenario? Why or why not?

Job Tasks
1. What are examples of potential job tasks at the worksite?
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2. What would be some additional examples of health-/safety-related job tasks if
the structure was being renovated rather than being demolished?

Health and Safety Hazards
1. List potential health hazards associated with the worksite.

2. List potential safety hazards associated with the worksite.

3. What types of personal protective equipment do you think would be
appropriate for the worksite?

4. List other personal gear that may be helpful to the workers.

5. What are some control measures for working in and around an unstable
structure?

6. What are some good practices for working near downed power lines or other
live electrical equipment?

7. What should be done if a gas leak is detected at the worksite?
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Final Exercise 4—Instructor Notes
Instructions
• Designate groups of 3-5 learners.
• Refer participants to their manual.
Scenario
Terrorists detonate a dirty bomb (a 3,000 lb. truck bomb containing the
radionuclide Cesium-137 in a downtown business district of a city). The
explosion collapses the front of one building and damages several others (see
picture). Following emergency response operations, the decontamination/cleanup
phase of the work begins and includes activities such as demolition, debris
removal, decontamination, and renovation of contaminated building interiors.
You can use these resources for guidance as you answer the questions that follow:
• OSHA/NIOSH CBRN Matrix
www.osha.gov/SLTC/emergencypreparedness/cbrnmatrix/radiological.ht
ml
• CDC Glossary of Radiation Terms
www.bt.cdc.gov/radiation/glossary.asp
• EPA Radiation Information on Cesium
www.epa.gov/radiation/radionuclides/cesium.htm
Radiological Dispersal Device (RDD)
1. What is an RDD?
An RDD, or “dirty bomb,” is a conventional explosive device that has
been surrounded with or contaminated with some form of radioactive
material. When it explodes, the device spreads the radioactive material
over a wide area.
2. What is generally the purpose of an RDD from the standpoint of a terrorist?
The purpose of an RDD is primarily to frighten people and make buildings
and land unusable until radiation decontamination efforts have been
completed—a process that could take months to years. The actual
radiation hazard to people from an RDD explosion is dependent on
several factors (e.g., radiation source used, distance from explosion, local
weather/winds, etc.); however, in the most likely scenario a low-level
radioactive source would be used and the majority of the contamination
would be dispersed over a few city blocks. It is not likely that enough
radiation would be present to cause severe illness (e.g., acute radiation
poisoning) in the exposed population.
3. In general, what is the difference between an RDD and a nuclear bomb?
An RDD is not a nuclear bomb. An RDD is a conventional explosive (e.g.,
TNT) that simply disperses low-level radiation in and around the blast
area. A nuclear bomb results in a nuclear detonation consisting of a huge
blast, shockwaves, extreme heat, very high levels of radiation, and fallout.
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As a result, nuclear detonations are vastly more destructive and lethal
compared to the effects of an RDD.
Radiation Terms
1. What is ionizing radiation and what are a few examples?
Ionizing radiation is any radiation capable of displacing electrons and
atoms, thereby creating ions. High doses of ionizing radiation may cause
severe skin or tissue damage. Examples of ionizing radiation include
alpha particles, beta particles, gamma rays, neutrons, and X-rays.
[Note: Conversely, non-ionizing radiation is radiation that has lower
energy levels and longer wavelengths than ionizing radiation. It is not
strong enough to affect the structure of atoms it contacts but is strong
enough to heat tissue. Examples include radio waves, microwaves, visible
light, and infrared from a heat lamp.]
2. How are alpha particles, beta particles, and gamma rays generally different
from each other in their effects on the body?
•

•

•

Alpha particles—particles that can be stopped by a thin sheet of paper
and cannot penetrate the outer, dead layer of skin. As a result, they are
not damaging to living tissue when outside the body. However, if
inhaled or swallowed, they are especially damaging because they
transfer relatively large amounts of ionizing energy to living cells
inside the body.
Beta particles—particles that can be stopped by a thin sheet of
aluminum; however, they can penetrate the outer, dead layer of skin
and can potentially cause burns. They can pose an external hazard
and an internal hazard if inhaled or swallowed.
Gamma rays—high-energy electromagnetic radiation that can
penetrate tissue farther than beta and alpha particles, but leave a
lower concentration of ionizing energy in their path to potentially
cause cell damage (gamma rays are similar to X-rays).

3. What does half-life mean?
Half-life is the time required for a quantity of a radioisotope to decay by
half.
4. What is a dosimeter and why is it important to response personnel or anyone
who may be exposed?
A dosimeter is a small, portable instrument (such as a film badge,
thermoluminescent dosimeter [TLD], or pocket dosimeter) that measures
and records the total dose of ionizing radiation a person receives.
Dosimeter measurements will indicate whether a person is being
overexposed to ionizing radiation.
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Cesium-137
1. What is Cesium? What is Cesium-137?
Cesium (Cs) is a metal that may be stable (nonradioactive) or unstable
(radioactive). The most common radioactive form of Cesium is Cesium137.
[Note: You have the option of explaining what “137” means. It is the mass
number, which is the total number of protons and neutrons in the nucleus.
Cesium has 55 protons (called the atomic number), so Cesium-137 has 55
protons and 82 neutrons.]
2. What is Cesium-137 used for?
Cesium-137 is one of the most common radioisotopes used in industry.
Thousands of devices use Cesium-137 and include:
• Moisture density gauges, widely used in the construction industry.
• Leveling gauges, used in industries to detect liquid flow in pipes
and tanks.
• Thickness gauges for measuring thickness of sheet metal, paper,
film, and many other products.
• Well-logging devices in the drilling industry to help characterize
rock strate.
• Hospitals.
• Research laboratories.
• Universities.
[Note: The point of this question is to demonstrate the wide availability of
various radioisotopes including Cesium-137 and why this concerns U.S.
authorities.]
3. What is the half-life of Cesium-137 and what two types of radiation does it
emit?
Half-life is 30 years. Cesium-137 decays into Barium-137, emitting beta
particles and gamma rays.
4. Among others what are two physical characteristics of Cesium-137 that
should be understood before decontamination/cleanup begins?
Solubility and reactivity.
[Note: Cesium-137 is highly soluble in water, making cleanup more
difficult; Cesium-137 is also chemically reactive with a wide variety of
materials.]
5. What minimum personal protective equipment should be used by
decontamination/cleanup personnel to protect against beta particles?
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•
•

Protective clothing to prevent skin contamination.
Full-face air purifying respirator (APR) with a P100 or HEPA filter to
protect against radioactive particulates.

[Note: Because beta particles present both an external and internal
hazard, PPE must protect both the skin and respiratory system.]
[Note: It is recommended that APRs be specifically approved by NIOSH
for CBRN exposures.]
[Note: Typical PPE would not protect against gamma rays.]
Other Safety Hazards and PPE
1. List other health and safety hazards associated with the
decontamination/cleanup.
•
•
•
•
•
•
•
•
•

Slips, trips, and falls
Structural instability
Contact with downed power lines, live electrical equipment, and other
utilities
Unexpected startup of machines or equipment
Hazards resulting from the use of heavy equipment (e.g., struck by,
caught in/between, falling loads, etc.)
Impact hazards to eyes and face from flying objects
Puncture/Cut/Scrape hazards (e.g., nails, glass, metal, etc.)
Fire/Explosion hazards (e.g., gas and sewer lines)
Exposures to other substances, such as PCBs, asbestos, lead, etc.

2. What types of PPE (other than the ones previously listed) should be used to
protect against safety hazards?
•
•
•
•
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Foot protection (e.g., rubber boots with steel toe protection)
High-visibility apparel
Head protection
Hearing protection
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Scenario
Terrorists detonate a dirty bomb (a 3,000 lb. truck bomb containing the
radionuclide Cesium-137 in a downtown business district of a city). The
explosion collapses the front of one building and damages several others (see
picture). Following emergency response operations, the decontamination/cleanup
phase of the work begins and includes activities such as demolition, debris
removal, decontamination, and renovation of contaminated building interiors.
You can use these resources for guidance as you answer the questions that follow:
• OSHA/NIOSH CBRN Matrix
www.osha.gov/SLTC/emergencypreparedness/cbrnmatrix/radiological.ht
ml
• CDC Glossary of Radiation Terms
www.bt.cdc.gov/radiation/glossary.asp
• EPA Radiation Information on Cesium
www.epa.gov/radiation/radionuclides/cesium.htm
Radiological Dispersal Device (RDD)
1. What is an RDD?

2. What is generally the purpose of an RDD from the standpoint of a terrorist?

3. In general, what is the difference between an RDD and a nuclear bomb?

Radiation Terms
1. What is ionizing radiation and what are a few examples?

2. How are alpha particles, beta particles, and gamma rays generally different
from each other in their effects on the body?

3. What does half-life mean?
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4. What is a dosimeter and why is it important to response personnel or anyone
who may be exposed?

Cesium-137
1. What is Cesium? What is Cesium-137?

2. What is Cesium-137 used for?

3. What is the half-life of Cesium-137 and what two types of radiation does it
emit?

4. Among others what are two physical characteristics of Cesium-137 that
should be understood before decontamination/cleanup begins?

5. What minimum personal protective equipment should be used by
decontamination/cleanup personnel to protect against beta particles?

Other Safety Hazards and PPE
1. List other health and safety hazards associated with the
decontamination/cleanup.

2. What types of PPE (other than the ones previously listed) should be used to
protect against safety hazards?
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Instructions
• Designate groups of 3-5 learners.
• Refer participants to their manual.
Scenario
You are the building engineer for a facility that is located near a food processing
facility that uses an ammonia refrigeration system. As part of the system, five tons
(10,000 lbs.) of anhydrous ammonia (ammonia) is stored outside of the facility in
uninsulated storage tanks. As the building engineer, you are responsible for
helping in the planning for a potential release of ammonia from the food
processing facility, whether accidental or as an act of terrorism. You can use these
resources for guidance as you answer the questions that follow:
• OSHA standard 29 CFR 1910.38 (Emergency Action Plans)
• 2005 NIOSH Pocket Guide to Chemical Hazards (online)
• OSHA: Evacuation Plans and Procedures e-Tool
http://www.osha.gov/SLTC/etools/evacuation/index.html
Chemical Information
1. What is the OSHA exposure limit for anhydrous ammonia (ammonia)?
OSHA PEL: TWA 50 ppm.
2. What is the NIOSH exposure limit for ammonia?
NIOSH REL: 25 ppm.
3. What is the IDLH for ammonia?
300 ppm.
4. What is the physical description of ammonia gas?
Colorless gas with a pungent and suffocating odor.
5. What are the symptoms of exposure to ammonia gas?
•
•
•
•
•

Irritation to eyes, nose, throat
Dyspnea (breathing difficulty), wheezing, chest pain
Pulmonary edema (swelling and/or fluid in lungs)
Pink frothy sputum
Skin burns, vesiculation (formation of blisters)

6. What are the target organs of ammonia gas?
•
•
•

Eyes
Skin
Respiratory system
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7. What are the first aid procedures following an exposure?
•
•
•
•

Eye: Irrigate immediately (solution/liquid).
Skin: Water flush immediately (solution/liquid).
Breathing: Respiratory support.
Swallow: Medical attention immediately (solution).

8. What would be an appropriate escape respirator?
Any air-purifying, full-face respirator (gas mask) or any appropriate
escape-type self-contained breathing apparatus (SCBA).
Emergency Preparedness
1. What do local emergency planning committees (LEPCs) do and why are they
a good resource for those responsible for emergency preparedness?
•
•
•
•

LEPCs develop local emergency response plans and review them at
least annually.
LEPCs maintain lists of hazardous chemicals above certain threshold
quantities, and this information is available to the general public.
Facility engineers can get this chemical information for their local
area as part of their emergency planning.
Facility engineers can also become more knowledgeable of their local
communitywide emergency response plans and how they might be
affected.

2. How can facility engineers contact LEPCs?
The EPA maintains an LEPC database:
http://yosemite.epa.gov/oswer/lepcdb.nsf/HomePage?openForm
3. List some other local organizations that could be contacted to assist in facility
emergency planning.
•
•
•

City/County fire departments
Local HAZMAT team—if not part of the fire department
Local hospital/medical clinics

4. Employers who choose to evacuate employees during an emergency must
have an OSHA-required emergency action plan (EAP) in accordance with 29
CFR 1910.38. What are the required elements that an EAP must minimally
contain?
•
•
•
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Procedures for reporting a fire or other emergency.
Procedures for emergency evacuation, including type of evacuation
and exit route assignments.
Procedures to be followed by employees who remain to operate
critical plant operations before they evacuate.
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•
•
•

Procedures to account for all employees after evacuation.
Procedures to be followed by employees performing rescue and
medical duties.
The name or job title of every employee who may be contacted by
employees who need more information about the plan or an
explanation of their duties under the plan.

[Note: Participants should know the difference between an EAP and an
ERP under HAZWOPER as this seems to be a common source of
confusion for people.]
5. List some methods for reporting emergencies both externally and internally.
•
•
•
•

Calling 911
Internal and external phone numbers
Intercoms
Activation of alarm systems

6. What are important criteria for alarm systems?
•
•
•

Alarms should be distinctive and recognized by all employees as a
signal to perform some action (e.g., evacuate, shelter-in-place, etc.).
Alarms should be perceived above ambient noise and/or lighting
levels.
Alarm systems should be perceived by everyone in the facility,
including those who may be blind or deaf.

7. What does sheltering-in-place mean?
Sheltering-in-place means selecting an interior room or rooms within your
facility, or ones with no or few windows, and taking refuge there. In many
cases local authorities will issue advice via TV or radio to shelter-inplace.
8. What are some important considerations/actions in planning for sheltering-inplace?
•
•
•

Select an interior room (or rooms) above the ground floor with the
fewest windows or vents.
Gather essential disaster supplies (e.g., nonperishable food, bottled
water, battery-powered radio, first aid supplies, flashlights, batteries,
duct tape, plastic sheeting, etc.).
Include a hard-wired phone, television, and computer with Internet
access in the room.
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9. What are some important measures to take if necessary during sheltering-inplace?
•
•
•
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Shut windows.
Shut down the building HVAC system and close dampers.
Seal all windows, doors, and vents in the room with plastic sheeting.
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Scenario
You are the building engineer for a facility that is located near a food processing
facility that uses an ammonia refrigeration system. As part of the system, five tons
(10,000 lbs.) of anhydrous ammonia (ammonia) is stored outside of the facility in
uninsulated storage tanks. As the building engineer, you are responsible for
helping in the planning for a potential release of ammonia from the food
processing facility, whether accidental or as an act of terrorism. You can use these
resources for guidance as you answer the questions that follow:
• OSHA standard 29 CFR 1910.38 (Emergency Action Plans)
• 2005 NIOSH Pocket Guide to Chemical Hazards (online)
• OSHA: Evacuation Plans and Procedures e-Tool
http://www.osha.gov/SLTC/etools/evacuation/index.html
Chemical Information
1. What is the OSHA exposure limit for anhydrous ammonia (ammonia)?

2. What is the NIOSH exposure limit for ammonia?

3. What is the IDLH for ammonia?

4. What is the physical description of ammonia gas?

5. What are the symptoms of exposure to ammonia gas?

6. What are the target organs of ammonia gas?

7. What are the first aid procedures following an exposure?
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8. What would be an appropriate escape respirator?

Emergency Preparedness
1. What do local emergency planning committees (LEPCs) do and why are they
a good resource for those responsible for emergency preparedness?

2. How can facility engineers contact LEPCs?

3. List some other local organizations that could be contacted to assist in facility
emergency planning.

4. Employers who choose to evacuate employees during an emergency must
have an OSHA-required emergency action plan (EAP) in accordance with 29
CFR 1910.38. What are the required elements that an EAP must minimally
contain?

5. List some methods for reporting emergencies both externally and internally.

6. What are important criteria for alarm systems?

7. What does sheltering-in-place mean?

8. What are some important considerations/actions in planning for sheltering-inplace?

9. What are some important measures to take if necessary during sheltering-inplace?

10 FINAL EX
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Glossary
absorption—the uptake of substances by a tissue; chemicals can enter the body
through the skin by direct contact.
acclimatization—an adaptation of the body to changes in the climate or
environment, such as temperature.
acute dose—a large dose over a short period of time.
acute effect—an adverse effect with severe symptoms that develop rapidly and
come quickly to a crisis.
acute—a sudden health condition, typically not long-lasting, that is caused by an
exposure that is sudden.
air purifying respirators—respirators that use filters or sorbents to remove
harmful substances from the air before you breathe it.
ALARA—an acronym for As Low As Reasonably Achievable. This is a radiation
safety principle for minimizing radiation doses and releases by employing all
reasonable methods.
alpha radiation—particle form of ionizing radiation that travels only a few
centimeters in the air.
arc flash—explosive release of molten material from equipment caused by highamperage arcs.
asbestos—a mineral fiber mined from the earth composed mainly of six minerals:
chrysolite, amosite, crocidolite, anthophyllite, tremolite, and actinolite.
asbestosis—a scarring of the lungs that can develop 7-30 years after asbestos
exposure and progress to disability and death.
assigned protection factor (APF)—a number that reflects the level of protection
that a properly functioning respirator would be expected to provide to a
population of properly fitted and trained users.
assigned resources—resources currently working on an assignment under the
direction of a supervisor.
atmosphere supplying respirator—a respirator that supplies clean air from a
source other than the surrounding contaminated work atmosphere.
available resources—resources ready for immediate assignment and who have
been issued all required equipment.
AWG—American Wire Gauge, a measure of wire size.
beta radiation—particle form of ionizing radiation that can travel 10-20 feet in
the air.
biocide—any substance that kills organisms such as mold.
blister agent—a category of chemical agents that attack the skin, respiratory
tract, mucus membranes, and eyes resulting in blisters and burns.
blood agent—a category of chemical agents that attack the blood’s ability to
absorb and deliver oxygen to the bloodstream.
bloodborne pathogens—microorganisms that are present in blood and cause
disease.
blood—when used in OSHA documents, blood refers to human blood, human
blood components, and products made from human blood.
body harness—straps that may be secured about the person in a manner that
distributes the fall-arrest forces over at least the thighs, pelvis, waist, chest,
and shoulders with a means for attaching the harness to other components of a
personal fall arrest system.
carcinogen—anything that causes cancer.
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CBRNE agent ● dose rate

CBRNE agent—chemical, biological, radiological, nuclear, or explosive agent.
central nervous system—the brain and spinal cord.
chilblains—ulcers that form from exposure to cold and humidity.
choking agent—category of chemical agents that damage the respiratory tract.
chronic doses—small doses received over a long period of time.
chronic effect—an adverse effect with symptoms that develop slowly over a long
period of time.
chronic—a health condition that develops slowly in response to a low-level
exposure to a toxin over a long period of time; symptoms may not appear for
10-20 years.
circuit—a complete path for the flow of current.
command post—location where on-scene incident command functions are
performed.
condensed decontamination—an approach to decontamination that combines
full decontamination steps into fewer stations.
conductor—material in which an electrical current moves easily.
connector—a device that is used to couple (connect) parts of a personal fall arrest
system or positioning device system together.
contamination reduction zone—the work zone or area where decontamination
occurs; the area between the contaminated exclusion zone and the clean
support zone.
contamination—impurities on an object or person resulting from exposure to a
harmful substance.
continuous flow respirator—a respirator that receives a continuous flow of air
through a filter into the facepiece.
controlled access zone—a work area designated and clearly marked in which
certain types of work (such as overhand bricklaying) may take place without
the use of conventional fall protection systems—guardrail, personal arrest or
safety net—to protect the employees working in the zone.
current—the flow of electrons from a source of voltage through a conductor,
measured in amperes (amps).
decontamination line—a sequence of stations, each administering a specific
decontamination procedure.
decontamination—the process of removing, destroying, or reducing the activity
of toxic chemicals or radioactive contamination.
de-energize—the shutting off of energy sources to circuits and equipment and
depleting any stored energy.
degradation—when a fabric loses its effectiveness as a barrier because chemicals
have broken it down.
demand flow regulator—a device that uses the suction force created when you
inhale to open the regulator valve and let air flow into your facepiece.
disaster—a widespread event affecting either large groups of people or a large
geographical area or both and requiring immediate action by varying
organizations with diverse resources.
doffing—to take off, as in clothing.
donning—to put on, as in clothing.
dose rate—rate at which radiation is deposited in the body.
2 GLOSS
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dosimetry ● hepatitis B virus (HBV)

dosimetry—the calculation of the absorbed dose in matter and tissue resulting
from the exposure to ionizing radiation.
dust—tiny solid particles carried by the air that are formed from processes that
grind, crush, or impact the original material.
electricity—the flow of an atom’s electrons through a conductor. Electrons, the
outer particles of an atom, contain a negative charge. If the electrons flow
from an object through a conductor, the flow is called electric current.
exclusion zone—the contaminated work area where hazardous materials are
present; sometimes called the “hot zone”; it is the innermost of the three zones
and requires appropriate PPE for those entering it.
Federal Emergency Management Agency (FEMA)—agency within the
Department of Homeland Security whose mission is to reduce the loss of life
and property and protect the nation from natural and manmade disasters.
first responder—the first person at the scene of an event requiring immediate
emergency attention; key tasks include surveying the scene and taking action
to save lives and protect property.
frisking—searching for contamination using a handheld contamination monitor.
frostbite—injury after excessive exposure to extreme cold, sometimes
progressing from initial redness to gangrene.
frostnip—a superficial injury of the skin only in response to cold temperatures;
skin appears waxy and white.
full decontamination—decontamination procedures that follow 19 steps
recommended by the Environmental Protection Agency.
gamma radiation—high-penetrating, wave type of ionizing radiation.
GFCI (ground fault circuit interrupter)—a device that detects current leakage
from a circuit and immediately shuts off the current before levels are reached
that could shock a worker.
ground—a conducting connection, whether or not unintentional, between an
electrical circuit or equipment and the earth, or to some conducting body that
serves in place of the earth.
hazardous noise—any sound capable of causing permanent hearing loss.
hazardous waste—all substances to which exposure results or may result in
adverse effects on the health and safety of employees.
health hazard—a chemical for which there is statistically significant evidence
that acute or chronic health effects may occur in exposed workers.
heat cramps—painful muscle spasms that occur in hot working conditions when
one drinks large amounts of water but does not replace body minerals.
heat exhaustion—occurs when a person in a hot environment loses too many
fluids through sweating and does not drink enough to replenish the fluids.
heat stress—any heat illness, such as heat cramps or heat stroke, caused by
exposure to temperatures too high for the body.
heat stroke—a severe condition resulting from prolonged exposure to excessive
heat. It is the most serious heat-related illness for workers in hot environments
and can result in coma and death.
hepatitis B virus (HBV)—a liver disease caused by the hepatitis B virus (HBV)
that can involve long-term illness leading to permanent liver damage and liver
cancer.
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Human Immunodeficiency Virus (HIV) ● neutral

Human Immunodeficiency Virus (HIV)—a disease that gradually destroys the
body’s immune system and, therefore, its ability to fight disease and infection.
hyperthermia—unusually high body temperature.
hypothermia—dangerous medical condition when the body’s temperature drops
below that required for normal body functions.
immediately dangerous to health and life (IDHL)—the maximum
concentration of a toxin in the air from which you could escape within 30
minutes without any escape-impairing symptoms or any irreversible health
effects.
improvised explosive device (IED)—a homemade bomb or destructive device
designed to destroy, incapacitate, harass, or distract.
incendiary—causing or capable of causing fire.
incident action plan (IAP)—a plan that states incident objectives, activities to be
completed, and an operational period.
incident command system (ICS)—on-scene incident management concept that
unifies all responders under a single command hierarchy but also prevents too
many people from reporting to one supervisor.
incident commander (IC)—usually the highest ranking first responder to an
incident.
ingestion—swallowing a chemical through the digestive tract.
inhalation—breathing in a chemical through the respiratory system; the most
common route of entry for a potential toxic chemical.
insulation—material that does not easily conduct electricity.
ionizing radiation—radiation strong enough to pull an electron from an atom.
isotope—one of two or more atoms having the same atomic number but different
mass numbers. In other words, two atoms with the same number of protons
and different numbers of neutrons are said to be isotopes of the same element.
For example, hydrogen has three known isotopes: H-1 (1 proton, 0 neutrons),
H-2 (1 proton, 1 neutron), and H-3 (1 proton, 2 neutrons).
lanyard—a flexible line of rope, wire rope, or strap that generally has a connector
at each end for connecting the body belt or body harness to a deceleration
device, lifeline, or anchorage.
latency period—the length of time from when you were exposed to the harmful
chemical to when symptoms begin to appear.
lockout—applying a physical lock to the energy sources of circuits and
equipment after they have been shut off and de-energized.
mold—a type of fungi that can grow on various materials in the presence of water
and oxygen and causes structural damage, respiratory problems, and foul
odors.
National Incident Management System (NIMS)—a standardized approach to
incident management and response developed by the Department of
Homeland Security that establishes a uniform set of processes and procedures
that emergency responders at all levels of government use to conduct response
operations.
negative pressure respirators—a respirator that draws air into the facepiece
when you inhale; if a leak develops, you inhale contaminated air.
nerve agent—category of lethal chemical agents that attack the nervous system.
neutral—at ground potential (0 volts) because of a connection to ground.
4 GLOSS
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occupational exposure ● protective action guidelines (PAGs)

occupational exposure—an exposure to blood or other potentially infectious
materials in the performance of a worker’s job.
Occupational Safety and Health Administration (OSHA)—federal agency that
establishes and enforces safety and health standards in the workplace; the
primary governing body for hazardous waste work.
other potentially infectious materials—any material that can cause disease.
These include:
• Any unfixed tissue or organ from a living or dead human or other animal.
• Cultures, tissues, or fluids containing HIV or HBV from humans or
animals.
• Human bodily fluids (semen, vaginal secretions, cerebrospinal fluid,
pleural [lung] fluid, pericardial [heart] fluid, peritoneal [abdominal] fluid,
saliva, all bodily fluids contaminated with blood, and bodily fluids where
it is difficult to differentiate between the types of fluids present).
out-of-service resources—resources that are not ready to be assigned because of
maintenance issues or mandatory rest periods.
penetration—the passing of chemicals through zippers, stitched seams, pinholes,
or other openings in the material.
periodic testing and continuous monitoring—ongoing checks of work and
environmental conditions at a job to ensure that proper safety precautions
(PPE, respiratory protection, engineering alternatives) remain current.
permeation rate—the time it takes a chemical to dissolve and pass through a
material.
permissible exposure limit (PEL)—an exposure limit that is published and
enforced by OSHA as a legal standard.
personal fall arrest system—a system including but not limited to an anchorage,
connectors, and a body belt or body harness used to arrest an employee in a
fall from a working level. As of Jan. 1, 1998, the use of a body belt for fall
arrest is prohibited.
personal protective equipment (PPE)—specialized clothing or equipment, such
as masks and headphones, that protect workers from hazards.
physical removal—the removal of contaminants by physical means, such as
scraping, brushing, wiping, rinsing, or evaporation.
pneumoconiosis—the general name for dust-related lung diseases.
polarity—is the flow of electrons in the proper direction (from the source to the
device or negative to the positive through a device).
positive pressure/pressure demand respirator—a respirator that maintains via a
pressure regulator and exhalation valve a positive pressure in the facepiece
whether you are inhaling or exhaling.
powered air purifying respirator (PAPR)—a respirator that has a batterypowered fan that reduces the restriction of air, making it easier for the user to
breathe.
pre-entry testing—the initial testing done to determine whether a site that might
contain hazardous materials is safe to enter or will require personal protective
equipment or respiratory protection.
protective action guidelines (PAGs)—voluntary guidance limits for radiation
emergencies that were developed by government agencies based on multiple
resources.
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qualitative fit test ● support zone

qualitative fit test—a check of the quality of the respirator’s seal with the user’s
face.
quantitative fit test—a measure of the actual amount of leakage into the
respirator.
radiation equivalent man (rem)—the amount of biological damage that may
result from the radiation exposure.
radiation exposure—when radiation penetrates a person’s body.
radiation—excess energy given off by unstable atoms in the form of particles or
rays/waves.
radioactive material—any material that contains unstable atoms and
spontaneously emits radiation.
radiological dispersal device (RDD)—dirty bomb; a mix of explosives, such as
dynamite with radioactive powder or pellets. An RDD is not a nuclear device.
resistance—anything that impedes the flow of electricity through a conductor,
measured in Ohms.
respirator—a device that protects the wearer from inhaling harmful substances in
the form of airborne vapors, dust, fog, fumes, mist, smoke, spray, or
dangerously low levels of oxygen.
second responder—those persons called early on to an incident because of their
special skills, trade, existing agreement of understanding, or assignments to
help in cleanup and recovery.
self-contained breathing apparatus (SCBA)—respiratory protection that
includes a cylinder of compressed air that is connected to a facepiece and
regulator.
serious violation—a condition that exists where there is a substantial possibility
that death or serious physical harm can result.
silicosis—an irreversible lung disease caused by exposure to the dust of quartz
and other silicates.
skilled support personnel—those called to the incident site because of their
special skill or trade, such as rigging, heavy equipment, general construction,
or demolition knowledge.
SLUDGEM—acronym for symptoms and effects of nerve agents: salivation,
lacrimation (tearing), urination, defecation, gastrointestinal, emesis
(vomiting), miosis (pinpoint pupils).
staging area—location where available personnel and equipment are kept while
waiting for tactical assignments.
stay time—the period of time during which an employee may remain in a
restricted area before accumulating some permissible occupational dose.
supplied air respirators (SAR)—a respirator that directs air (never pure oxygen)
into a facepiece or hood by a supply line from a fixed source.
supplied air respirators with escape (SAR-E)—a supplied air respirator that
also offers the user special protection from the hazards of a punctured line or
loss of air supply; these are the only SAR approved for IDLH and oxygendeficient atmospheres.
support resources—resources required to support the incident, such as food,
communications equipment, and supplies.
support zone—the “clean” area on the outermost part of the site. Considered a
non-contaminated zone, all administrative activities occur here.
6 GLOSS
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tactical resources ● work practice controls

tactical resources—personnel and major items of equipment used in incident
response.
tagout—is the applying of a tag that alerts workers that circuits and equipment
have been locked out.
target organs—the organs most affected by toxic substances.
toeboard—a low protective barrier that prevents material and equipment from
falling to lower levels and which protects personnel from falling.
toxic—poisonous.
trench foot—a medical condition caused by prolonged exposure of the feet to
damp, unsanitary, and cold conditions above the freezing point; also called
immersion foot.
unified command—a system that provides guidelines to enable different
agencies to coordinate, plan, and interact effectively as a team.
universal precautions—an approach to infection control that assumes that all
human blood and certain bodily fluids are infectious for HIV, HBV, and other
bloodborne pathogens.
whole body—dose to the whole body, which includes any dose to the whole
body, gonad, active blood-forming organs, head and trunk, or lens of the eye.
wind chill—the temperature felt by the body from a combination of air
temperature and wind speed.
WMD—weapon of mass destruction.
work practice controls—controls performed by workers, which reduce the
likelihood of exposure to bloodborne pathogens by the way they work.
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Acronyms
ALARA—As Low As Reasonably Achievable
ANSI—American National Standards Institute
APF—Assigned Protection Factor
CPC—chemical protective clothing
CRZ—contamination reduction zone
DHS—Department of Homeland Security
DOE—Department of Energy
EPA—Environmental Protection Agency
GFCI—ground fault circuit interrupter
HAZWOPER—hazardous waste operations and emergency response
IC—incident commander
ICS—incident command system
IAP—incident action plan
ICP—incident command post
IDLH—immediate danger to life and health
MUC—maximum use concentration
NCRP—National Council on Radiation Protection and Measurements
NFPA—National Fire Protection Association
NIMS—National Incident Management System
NIOSH—National Institute for Occupational Safety and Health
NRC—Nuclear Regulatory Commission
OSHA—Occupational Safety and Health Administration
PAG—protective action guideline
PAPR—powered air purifying respirator
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PEL—permissible exposure limit
PPE—personal protective equipment
R—roentgen
RDD—radiation dispersal device
REP—radiation exposure permit
RPP—radiological protection program
RWP—radiological work permit
SAR—supplied air respirator
SAR-E—supplied air respirator with escape
SCBA—self-contained breathing apparatus
SLUDGEM—salivation, lacrimation, urination, defecation, gastrointestinal,
emesis, miosis.
SOP—standard operating procedure
SWP—special work permit
TLD—thermoluminescent dosimeter
UCS—unified command system
WMD—weapon of mass destruction

2 ACRON

The IUOE National Training Fund. Phone: (304) 253-8674. E-mail: hazmat@iuoehazmat.org.

