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UNIT 1: 
 
Introduction 
 

 
Hospital emergency department personnel face many risks and difficult tasks when dealing with 
patients involved in hazardous materials incidents. Therefore, it is essential that all personnel who 
come in contact with patients have a general awareness of the issues and concerns in dealing with 
hazardous materials incidents. This course is designed to prepare hospital personnel to analyze 
hazardous materials situations, take the necessary steps to assure medical provider safety, and 
identify appropriate resources for decontamination and medical care. However, additional training 
is required in order to diagnose and treat patients who have been involved in hazardous materials 
incidents. This course alone does not fulfill all of OSHA’s requirements for hazardous materials 
training at the awareness level. 
 

Course Overview 
 
This self-study course is a prerequisite for the Hospital Emergency Department Management 
of  Hazardous Material Accidents (HMA) Parts One and Two classroom courses. This course 
will provide you with a general understanding of the terms and concepts related to hazardous 
materials and radiation. It also covers some basic principles regarding hospital personnel’s 
response to hazardous materials incidents. 
 
This course, An Orientation to Hazardous Materials for Medical Personnel, contains five 
units, a final examination, and several appendices including a glossary. Words in boldface  are 
defined in the Glossary. 
 
Unit 1: Course Introduction 
 
This unit provides details on how to complete the self-study course and an overview of the course. 
It also describes the medical center or hospital’s involvement in hazardous materials events and 
response efforts, and explains the importance of compliance with federal, state, local, and tribal 
regulations and standards. 
 
Unit 2: Types and Sources of Hazards 
 
This unit describes the Department of Transportation’s hazardous materials classes and identifies 
the sources of potential hazards in the home, workplace and community. It also describes the 
possible mechanisms of harm for hazardous materials classes. 
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Unit 3: Planning for Response 
 
This unit reviews the regulatory requirements regarding medical facilities’ and hospitals’ 
emergency/disaster response plans, discusses the staffing resources required to develop a plan 
and familiarizes you with the basic requirements of a plan. 
 
Unit 4: Responding to Hazards 
 
This unit provides details on how to prepare to receive patients and describes the roles and 
responsibilities of the key team members of an emergency response team. It also provides details 
on how to prepare an emergency area and how to prepare the emergency response team. You 
will also learn about the basic principles regarding hospital emergency department management 
such as patient assessment and triage, treatment of contaminated patients and decontamination 
procedures. Finally, this unit describes sources of information on hazardous materials. 
 
Unit 5: Introduction to Radiation 
 
This chapter identifies sources of radiation and presents data on the frequency of radiation 
accidents. It describes the types of radiation injuries and provides an overview of radiation 
physics. This unit also describes how to measure radioactivity and the types of instruments used to 
measure it, defines basic radiation protection principles, and presents the recommended radiation 
exposure limits. It also covers basic biological effects of ionizing radiation in order to provide a 
foundation for understanding the clinical aspects of radiation injuries. 
 
Appendices 
 
The appendices include “Chemical/Radiation Event Emergency Plan Addendum,” Answer Keys 
to Exercises, “None/Some/Good Table,” a Glossary and a Bibliography. The glossary contains 
definitions of terms related to hazardous materials and radiation.  
 

  Final Examination 
 
The final examination will test the knowledge you have gained from the course. 
 

  Intended Audience 
 
This class is designed for hospital emergency department personnel including physicians, nurses, aides, 
support staff and other emergency medical personnel. 
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Prerequisites 
 
There are no prerequisites for this course, but a basic understanding of physics and biology is 
helpful. 
 

  Course Length 
 
This class will take approximately six to ten hours to complete. You can take the course all at 
once or you can complete the units as time allows. 
 

 
How To Complete This Course 
 
You can gain more from your self-study learning experience by following these study tips. 
 
• You will remember the material best if you do not rush through it. The more you interact with 

the material, the better you will be able to remember it! Take a break at the end of each unit 
and give yourself time to think about the material. 

 
• Do not skip any of the exercises. They are designed to help reinforce your learning and 

understanding of the terms, concepts and principles presented. 
 
• Most of the units have a pretest that you can take before beginning the unit. If you score 85 

percent or higher, you can skip the unit. Each unit is followed by a post-test to check your 
understanding of the materials. We recommend that you review any questions that you miss 
by reviewing the topics related to those questions. 

 
• The important terms are highlighted in bold text. If you encounter a term you do not 

understand, refer to the glossary. 
 
 

Overview 
 
This unit describes the medical center or hospital’s involvement in hazardous materials events and 
response efforts, and explains the importance of compliance with federal, state, local and tribal 
regulations and standards. 
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Objectives 
 
At the conclusion of this unit, you will be able to: 
 
1. Describe the purpose of the course and why it is essential to have the knowledge and skills 

necessary to recognize and assess situations that can impact the facility and hospital staff in 
preparing for and responding to hazardous material emergencies. 

 
2. Describe the ways in which a medical center or hospital can be involved in a hazardous 

material event or response effort. 
 
3. Recognize the importance of compliance with federal, state, local and tribal regulations and 

standards. 
 

 
Hospitals’ Involvement in Hazardous Materials 
Events and Response Efforts 
 
There is an increasing concern on the part of medical facilities throughout the nation on how to 
deal with a hazardous materials response. A hospital’s response to a chemical incident may take 
many forms. Patients, exposed or contaminated, may arrive at the emergency department of the 
medical center or hospital. The facility may find itself in the plume exposure pathway of the 
release and may have to initiate protective actions. In-place protective efforts, followed by 
evacuation of the entire facility, may be required. 
 
Disruptions in the community may cause added burdens on the normal medical support provided to 
the population. As the duration of the threat expands, the complications faced by the medical 
center increase. Finally, there may be long-term medical effects of the release that require 
treatment actions or study. 
 
Often, there may be a combination of chemicals involved in the event, or a chemical product may 
undergo several reactions at the release site creating second or third generation products. 
Hospitals are often faced with having to identify these hazardous materials and to determine the 
best treatment approaches. This task is not easy. Most hospital emergency department workers 
are familiar with dealing with oral poisoning cases. In such events, it may be relatively easy to 
identify the offending product if the pill bottles or containers with labels with clearly defined 
descriptions are available. For the lesser known chemicals, hospital workers should become 
familiar with the Department of Transportation Emergency Response Guide. This guide helps 
you identify the type of substance, but it does not provide treatment solutions. You have to consult 
other reference documents or poison control centers to determine treatment protocols. Unit 2 
contains a listing of resources that you can consult for assistance. 
 
Because the effects of hazardous materials can be devastating and far-reaching, it is important 
that hospitals cooperate with emergency response groups. It is important to establish a good 
working relationship with emergency management teams, first responder groups, paramedics, and 
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other groups or individuals actively involved in managing or responding to hazardous materials 
events. 
 
Patients arriving via EMS may be subject to diversion to a designated hazmat receiving hospital, if 
an agreement exists. Patients may, however, arrive by private means, and thus will not be subject 
to diversion policies.  The presence of hazardous materials may also not become apparent until 
after the patient’s arrival in the department.  Therefore, all emergency departments must be 
familiar with hazmat, not just those designated to receive patients involved in a hazmat incident. 
 

What Are Hazardous Materials?  
 

Hazardous materials are chemical substances which, if released or 
misused, can pose a threat to the environment, life or health. Industry, agriculture, 
medicine, research, and consumer goods use these chemicals. Hazardous materials 
come in the form of explosives, flammable and combustible substances, poisons, 
and radioactive materials. These substances are most often released as a result of 
transportation accidents or chemical accidents in plants. 

 
There are approximately 575,000 existing chemical products, and hundreds of new 
ones are introduced annually. Varying quantities of hazardous materials are 
manufactured, used, or stored at approximately 4.5 million facilities in the United 
States—from major industrial plants to local dry cleaning establishments or 
gardening supply stores. Most victims of chemical accidents are injured at home. 
These incidents usually result from ignorance or carelessness in using flammable 
or combustible materials.  

 
Can Hazardous Materials Cause Harm? 

 
Chemical exposure may cause or contribute to many serious health effects such as 
heart dysfunction, kidney, lung, and brain damage, sterility, cancer, burns and 
rashes. Some chemicals may also be safety hazards and have the potential to 
cause fires and explosions and other serious accidents. According to the U.S. 
Environmental Protection Agency, radioactive material, a hazardous material, may 
also be a carcinogen. In this respect, it is similar to many hazardous chemicals 
found in the environment that can cause cancer.  
 
Sources: Hazardous Materials Backgrounder.1993. Document #15092, FEMA 
Fax Information Line. 
 
Radiation:  Risks and Realities, United States Environmental Protection Agency, 
Air and Radiation, August 1993. 
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Some Examples of Hazardous Materials Incidents 
 
The following are just some examples of hazardous materials incidents. 
 
• In a small Kentucky community, tank cars containing toxic substances derailed and burned. 

The fire caused a column of toxic smoke 3,000 feet high that forced 7,500 area residents to 
evacuate. 

 
• In Florida, vandals broke the valves off several chemical tanks at a local swimming pool 

supply company. The chemicals mixed to form a toxic acid and a poisonous vapor cloud, 
sending 45 persons to the hospital. 

 
• In Louisiana, up to 41,000 pounds of hydrobromic acid fouled part of the Mississippi River 

after two ships collided. 
 
• In Pennsylvania, a garbage truck operator found his load on fire and dumped it in a residential 

driveway. Mixed chemicals, discarded by a high school science department, released cyanide 
vapors that sent 100 persons to hospitals. 

 
• Two New Jersey workers were killed and five were injured by vapors inhaled as they cleaned 

a chemical mixing vat at a local company. 
 
• In 1994, the Department of Transportation reported 16,074 hazardous materials incidents that 

resulted in 11 deaths and 569 injuries. Nearly 80 percent of the injuries resulted from incidents 
involving corrosive materials, flammable and combustible liquids, and poisonous materials.  

 
 
Compliance Issues Regarding Hazardous Materials 
 
There are a number of federal, state, local and tribal regulations and standards that regulate 
hazardous materials. Following is a brief overview of the major pieces of legislation that are of 
concern to hospital personnel. 

 
Federal, State, Local, and Tribal Regulations and 
Standards 
 
Code of Federal Regulations 
 
Part 35 of Title 10 of the Code of Federal Regulations “Medical Use of Byproduct Material” 
regulates certain use of reactor-produced radionuclides used in nuclear medicine and therapeutic 
radiology. This code requires Nuclear Regulatory Commission (NRC) medical licensees to report 
medical misadministration events to NRC. The major concerns with the use of radioactive 
materials in medical applications arise from either a licensee’s failure to effectively control a 
licensed material or from other human errors, such as dispensing a radiopharmaceutical  that 
does not comply with a physician’s prescription. This can result in a patient receiving an 
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unintended consequence or excessive dose or a dose to the wrong treatment site. Occasionally, 
the radiopharmaceutical is administered to the wrong patient. 
 

Superfund Amendments and Reauthorization Act of 1986 
(SARA) 
 
In 1986, Congress enacted SARA. Title III of the Act, the Emergency Planning and Community 
Right-to-Know Act of 1986, makes more than 300 “extremely hazardous substances” subject to 
routine and detailed reporting to designated local, State, and Federal government agencies. It also 
requires local planning committees to use this information (and other data on local hazards) to 
create effective plans for hazardous materials emergencies.  
 

The Occupational Safety and Health Act (OSHA)  
 
The Occupational Safety and Health Administration (OSHA) sets standards for worker exposure 
to hazardous substances and requires that such substances bear warning labels. It also mandates 
that employees receive training and other information on dangers posed by chemicals, and receive 
instruction on how to use these chemicals safely. OSHA has the authority to inspect a workplace 
to determine whether it is in compliance with these regulations.  
 
Under SARA, the Secretary of Labor was directed to issue a final standard to protect the health 
and safety of employees engaged in hazardous waste operations. In 1989, OSHA issued this rule 
on Hazardous Waste Operations and Emergency Response, which represents the first 
comprehensive approach to protecting public and private sector employees involved in the 
dangerous business of handling hazardous waste materials. Many of the workers affected by this 
rule are employees of state and local governments. Twenty-five states and territories have their 
own job safety and health programs. Their standards are required to be at least as stringent as the 
Federal regulation. 
 

The Toxic Substances Control Act (TSCA) 
 
This legislation was passed in 1976 to reduce the threat from new chemicals that “present or will 
present an unreasonable risk of injury to human health or the environment.” As a result, chemical 
producers are required to research the effects of new chemicals and notify EPA before they are 
manufactured. EPA has the authority to ban or restrict chemical uses if there is sufficient 
evidence that the substance poses an "unreasonable risk." 
 

Federal Agency-Issued Regulations, Standards, and 
Guidelines 
 
EPA issues standards and guidance to limit human exposure to radiation. The NRC regulates the 
civilian uses of nuclear materials in the United States by licensing facilities that possess, use, or 
dispose of byproduct and source material. The NRC also establishes standards governing the 
activities of licensees and inspects licensed facilities to ensure compliance with its requirements. 
The Department of Health and Human Services, Food and Drug Administration, Center for 
Devices and Radiological Health establishes standards for x-ray machines and other electronic 
products to ensure the protection of human health. The Department of Energy provides technical 
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assistance to States and the private sector in the management and disposal of low-level 
radioactive waste. The Department of Transportation governs the packaging and transport of 
hazardous materials and regulates carriers of radioactive materials. 
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States 
 
The states have agencies responsible for regulating the use of hazardous materials and radiation 
and for addressing problems and questions. They are the best first source of information about 
issues that affect their constituents. The states regulate the use of x-ray machines. Some are also 
licensed to regulate sources of radiation within their state on behalf of EPA, NRC, or OSHA. 

 
 

  References 
 
FEMA, EPA, DOT. 1993. Hazardous Materials Workshop for Hospital Staff. Emmitsburg, 
MD. 
 
U.S. Environmental Protection Agency. 1993. Radiation:  Risks and Realities. Washington, 
D.C. 
 
U.S. Nuclear Regulatory Commission. 1994. Analysis and Evaluation of Operational Data . 
Washington, D.C. 
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UNIT 1:  POST-TEST 

 
Directions:  Answer each of the following questions. Each item counts 25 points. When you 

finish,  check your answers in Appendix B. If you missed any items, refer to the 
applicable sections before  you proceed. 

 
1. Identify three ways in which hospitals may be involved in hazardous materials incidents. 
 
 
 
 
 
 
 
2. Define hazardous materials. 
 
 
 
 
 
 
3. List four federal, state or local regulations or standards that regulate hazardous materials. 
 
 
 
 
 
 
 
4. Describe some of the health effects associated with hazardous materials. 
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UNIT 2: 
 
Types and Sources of Hazards 
 
 
Overview 
 
In this unit you will learn about the Department of Transportation (DOT) hazardous materials 
classifications and the sources of potentially hazardous materials in your home, work facility and 
community. You will also learn how to identify possible mechanisms of injury for hazardous 
materials classes. 
 

 
Objectives 
 
At the conclusion of this unit, you will be able to: 
 
1. Describe each of the Department of Transportation (DOT) hazardous materials 

classifications. 
 
2. Given a situation, identify a possible mechanism of injury for each hazardous materials class. 
 
3. Identify potential hazardous material sources within the home, work facility and the 

community. 
 
 
Pretest 
 
If you think you have the requisite skills and knowledge for this topic area, take the pretest on the 
next page. If you score within the passing range of 85%, you can skip this unit and proceed to unit 
three. 
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 UNIT 2:  PRETEST 
 
Purpose:  To assess your knowledge of the types and sources of hazards, the Department of 
Transportation hazardous materials classes, and the potential mechanisms of injury from 
hazardous materials. 
 
Directions :  Read each item and answer it. 
 
(If you score within the passing range of 85%, you can skip this unit and proceed to unit 
three. Do not check the Answer Key (Appendix B) until after you have completed the test.) 
 
 
PART I 
 
1. Match the DOT hazardous materials classifications with the correct description. (Each 

answer counts 10 points.) 
 

DOT Hazardous 
Materia ls Classification 

 
Description 

 
 
____1. Corrosive Materials 

 
a.  A chemical that causes a sudden, almost instantaneous 

release of pressure, gas and heat when subjected to 
sudden shock, pressure or high temperatures. 

 
 
 
____2. Radioactive Materials 

 
b.  Solids likely to cause fires through friction or retained heat 

from manufacturing or processing or that are easy to 
ignite, such as matches. 

 
 
____3. Flammable Solids 

 
c.  Materials that readily yield oxygen to support combustion. 
 

 
____4. Oxidizers 

 
d.  Liquids or solids that damage human tissue or steel on 

contact, such as sulfuric acid. 
 

 
____5. Explosives 

 
e.  Substances that emit alpha and beta particles or gamma 

rays spontaneously. 
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 PART II 
 
 2. List four for mechanisms of harm from hazardous materials. (Each answer counts 5 

points.) 
 
 a. 
 b. 
 c. 
 d. 
 
 
 3. List six sources of potential hazardous materials within the home, work facility and 

community.  (Each answer counts 5 points.) 
 
 a. 
 b. 
  c. 
  d. 
  e. 
  f. 
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Department of Transportation (DOT) Hazardous 
Materials Classifications 
 
The United Nations (UN) and the U.S. Department of Transportation (DOT) have devised a way 
to classify hazardous materials based on the chemical and physical properties of the product that is 
referred to as a hazard class. Each of these classes is then broken down into specific subsets. For 
example, gases may be poisonous, flammable, or nonflammable. Oxygen and chlorine are gases 
that have their own individual labels. Each class has a symbol that suggests the primary type of 
hazard it poses. 
 
Each class has a symbol that suggests the primary type of hazard it poses. This DOT system is 
catalogued in The Emergency Response Guidebook , compiled by the Department of 
Transportation, Research and Special Programs Administration, and published by the U.S. 
Government Printing Office and numerous distributors. A current copy should be readily 
accessible in your facility. Can you locate a copy of this guidebook in your hospital? 
  
The hazard class of dangerous goods is indicated either by its class (or division) number or name. 
For a placard corresponding to the primary hazard class of a material, the hazard class or division 
number must be displayed in the lower corner of the placard. However, no hazard class or division 
number may be displayed on a placard representing the subsidiary hazard of a material. For other 
than Class 7 or the OXYGEN placard, text indicating a hazard (for example, "CORROSIVE") is 
not required. Text is shown only in the U.S. The hazard class or division number must appear on 
the shipping document after each shipping name.  
 
The nine DOT Hazard Classes are summarized below. 
 

 

Class 1—Explosives 
 

Division 1.1  Explosives with a mass explosion hazard 
 
Division 1.2  Explosives with a projection hazard 
 
Division 1.3  Explosives with predominantly a fire hazard 
 
Division 1.4  Explosives with no significant blast hazard 
 
Division 1.5  Very insensitive explosives; blasting agents  
 
Division 1.6  Extremely insensitive detonating articles 
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A chemical that causes a sudden, almost instantaneous release of pressure, gas and heat when 
subjected to sudden shock, pressure, or high temperatures. These explosives have thermal and 
mechanical impact potential. 
 
Division 1.1—Explosives that will detonate, burn at 1,250 feet per second, and produce a 
shockwave. Examples: dynamite, blasting caps, and most military explosives. 
 
Division 1.2—Explosives that burn rapidly, but at less than 1,250 feet per second. 
Examples: special fireworks, liquid rocket propellants, and flash powders. 
 
Division 1.3—Explosives that have a fire hazard and either a minor blast hazard or a minor 
projection hazard or both, but not a mass explosion hazard. Examples: most fireworks, small arms 
ammunition, safety fuses, and paper caps. 
 
Division 1.4—Explosives that present a minor explosion hazard, such as ammunition. 
 
Division 1.5—Explosives that have a mass explosion hazard but are so insensitive that there is 
very little probability of irritation, such as ammonium nitrate. 
 
Division 1.6—Extremely insensitive articles that do not have a mass explosion hazard, such as 
fuel oil. 
 
 
 

 

Class 2—Gases 
 
  Division 2.1 Flammable gases  
 
  Division 2.2 Nonflammable, non-toxic* compressed gases 
 
  Division 2.3 Gases toxic* by inhalation 
 
  Division 2.4 Corrosive gases (Canada) 
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Gases are grouped into three types: compressed, liquefied, and cryogenic. Gas can be 
flammable, nonflammable and poisonous. These gases can vaporize, which could cause 
respiratory problems, burn to cause thermal-related injuries, or cause frostbite due to 
exceedingly cold temperatures. 
 
Division 2.1—Flammable gases such as propane, methane, and hydrogen. 
 
Division 2.2—Nonflammable gases, non-toxic compressed gases such as neon, helium, and 
carbon dioxide. Their primary hazard is cylinder failure when stored under pressure. 
 
Division 2.3—Poison gases by inhalation. May be gases that vaporize easily, and that are 
very dangerous to life, even in small amounts. Examples: cyanide, hydrocyanic acid and 
diphosgene. Other gases include oxygen and chlorine. 

 
 

 

 
Class 3—Flammable liquids (and Combustible liquids [U.S.]) 

 
These materials will burn, but will require an ignition source. DOT Flammable liquids have flashpoint 
below 141°F. Examples: gasoline and alcohol. Combustible liquid requires heating, and range 
between 141° – 200°F.  Examples: pine oil, fuel oil, and plastic solvents. 
 

 
 
 

 
Class 4—Flammable solids; Spontaneously 

combustible materials; and Dangerous when wet materials 
 

  Division 4.1 Flammable solids  
 

  Division 4.2 Spontaneously combustible materials 
 
  Division 4.3 Dangerous when wet materials 

 
 



Unit 2:  Types and Sources of Hazards 
 

 
An Orientation to Hazardous Materials for Medical Personnel 2-7 

 
These solids are potentially corrosive, toxic, and thermally unstable. 
 
Division 4.1—Flammable solids: Solids likely to cause fires through friction or retained heat 
from manufacturing or processing or that are easy to ignite. Examples: matches or sulfur. 
 
Division 4.2—Spontaneously combustible materials: A material that ignites spontaneously 
upon exposure to air (or oxygen).  Also called pyrophoric materials (spontaneously ignite at or 
below 130°F). 
 
Division 4.3—Dangerous when wet materials:  Solid materials that, when in contact with 
water or organic substances, may initiate or intensify fires. They can produce significant toxic gas 
when they come in contact with water, or react violently. Examples: potassium, sodium, aluminum, 
or magnesium. 
 
 
 

 
Class 5—Oxidizers and Organic peroxides 

 
   Division 5.1 Oxidizers  
 

 Division 5.2  Organic peroxides 

 
 
 
These materials are potentially toxic. 
 
Division 5.1—Oxidizers : Materials (in the form of gases, liquids, or solids) that readily yield 
oxygen to support combustion. This could include gases such as oxygen, ozone, or chlorine; liquids 
such as bromine, hydrogen peroxide, and nitric acid; and solids such as chlorates, iodine, nitrates, 
and peroxides. 
 
Division 5.2—Organic peroxides: Flammable compounds (liquids, pastes, and solids) which 
contain the double oxygen or perxoy (-O-O-) group, that are subject to explosive decomposition. 
Some examples of organic peroxides are t-butyl hydroperoxide, acetyl peroxide, peroxyacetic acid, 
benzoyl peroxide, and lauroyl peroxide. 
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Class 6—Toxic* materials and Infectious substances 

 
  Division 6.1  Toxic* materials 
 
  Division 6.2  Infectious substances 
 

 
Harm can occur from inhalation, ingestion, or absorption. 
 
Division 6.1—Toxic materials: Poisons that pose a serious health hazard to humans. 
Examples: parathion and potassium arsenate. 
 
Division 6.2—Infectious substances: Living organisms or their toxins that can cause disease in 
humans. Examples: anthrax, botulism and the polio virus. 
 
 
 

 
Class 7—Radioactive materials 

 
Any material that spontaneously emits ionizing radiation and that has specific activity greater 
than 0.002 microcuries per gram. Depending on exposure, can be fatal or cause serious harm 
to internal organs and cause long-term effects that can result in cancer. 
 

 
 
 

 
Class 8—Corrosive materials 

 
Liquids or solids that damage human tissue or steel on contact. Examples: sulfuric acid, nitric acid 
and ammonium hydroxide. 
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Class 9—Miscellaneous dangerous goods  

 
  Division 9.1  Miscellaneous dangerous goods (Canada) 
 
  Division 9.2  Environmentally hazardous substances (Canada) 
 
  Division 9.3  Dangerous wastes (Canada) 
 

 
A material that presents a hazard during transportation, but which does not meet the definition of 
any other hazard class. This class includes any material that has an anesthetic, noxious or other 
similar property that could cause annoyance or discomfort and any materials that meet the 
definitions for an elevated temperature material, a hazardous substance, or a hazardous waste. 
Some materials found in this class include carbon dioxide (dry ice), cotton, lead sulfite, lithium 
batteries, life-saving appliances, and zinc dithionite. Such materials can be toxic or corrosive. 
 
* The words "poison" or "poisonous" are synonymous with the word "toxic." 
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Mechanisms of Injury for Hazardous Materials 
 

Hazardous materials are capable of harming people, property, and the environment. 
 
How Hazardous Materials Harm the Body 
 
Toxic substances can enter our bodies through four routes of entry:  absorption, injection, ingestion 
and inhalation. Each of these four routes is described in the table below. 
 
 

Routes of Entry into the Body for Hazardous Materials 
 

Absorption (through the skin or eye).  Some hazardous materials can be absorbed through 
the skin (epidermal cells, sweat glands, sebaceous glands, or hair follicles). For example, if  you 
walk on contaminated soil, you risk some type of exposure; breaks in the skin or ulcers 
increase the risk because absorption occurs faster. The eyes can also absorb chemicals very 
quickly, either through a direct splash to the eye or through toxic smoke particles in the air or 
absorption of vapors or toxic gases. 

 
 

Injection. Hazardous materials may enter the body accidentally through a puncture wound 
such as when a contaminated glass cuts the skin. Other injections—such as a needle—may be 
deliberate, though not intentionally harmful. With injections, the hazardous material enters the 
bloodstream almost immediately. 

 
 

Ingestion. You can come in contact with hazardous materials through smoking or eating. You 
may accidentally eat food that has been in contact with a harmful substance, or you could 
accidentally eat or drink a harmful substance. Residue from chemicals on food may also be 
ingested. Material may splash, spray, etc. on the mouth or nose. 

 
 

Inhalation. You can breathe toxic substances or gases into your lungs. Highly water-soluble 
gases, such as ammonia, hydrogen chloride, and hydrogen fluoride, are quickly dissolved in the 
mucous membranes of the nose and upper respiratory tract, which can cause irritation. 
Insoluble substances may be deposited in the lungs, causing local toxic ity. 

 
 
 
Regardless of the many things that can happen, the mechanisms of harm fall into seven types of 
causes:  thermal, etiologic, asphyxiant, mechanical, chemical, psychological, and radiological. 
 
Thermal. Thermal refers to those events related to temperature extremes. High temperatures are 
common at fire-related incidents, but we often forget or ignore the potential for injury from 
extreme cold. 
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Etiologic. Etiologic refers to uncontrolled exposure to living, disease-causing microorganisms. 
Diseases commonly associated with etiologic harm include hepatitis, typhoid fever, and a number 
of influenza viruses. Some of the more frightening etiologic agents are associated with germ 
warfare. 
 
Asphyxiant. Many materials can displace oxygen when released in confined environments; 
among them are nitrogen, carbon dioxide, and natural gas. Asphyxiation can occur when 
chemicals interfere with the respiratory process. For example, carbon monoxide reduces the 
oxygen-carrying ability of the blood, and cyanide prevents oxygen from being used by body 
tissues. 
 
Mechanical. Some chemicals produce “mechanical” injury leading to tissue damage and cell 
death. For example, sulfuric acid can cause violent dehydration of cells because of its strong 
attraction to water. Mechanical can also refer to injuries caused by shock waves, impact forces, 
or the scattering of debris such as from shrapnel in an explosion or a blast. This avenue of harm 
must be considered in the light of possible contamination as well as injury. The lacerations or 
punctures to the skin from a mechanical agent can lead to complications if injurious substances 
penetrate the skin. 
 
Chemical. Most hazardous chemicals cause injury by reacting with body tissues to alter the 
structure or function of cells and their components. For example, exposure to a corrosive 
substance such as nitric acid can cause severe and deep tissue burns or permanent eye damage. 
Hydrofluoric acid can cause bone damage, whereas anhydrous ammonia causes internal burns, 
and parathion damages the nervous system. 
 
Psychological. Though not a direct outcome of contact with a hazardous material, psychological 
factors can be a mechanism of harm. Stress is a frequent outcome of responding to such events. 
 
Radiological.  Energy released from radioactive sources such as alpha, beta or gamma 
radiation can do serious harm to the body. Often, these harmful results can be long lasting and can 
lead to death. You will learn more details about radiation in unit 5. 
 
It is important to understand the mechanisms of harm in order to properly diagnose and treat 
individuals who have come in contact with hazardous materials. 
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Exercise:  Identifying Mechanisms of Harm Effects on the 
Body  
 
 Purpose:  To determine which body system can be injured by each mechanism of harm. 
 
 Directions:  Using the matrix below, indicate those mechanisms of harm that could affect 
each of the  eight bodily systems. You can check your answers in Appendix B. 
 
 
 
 
 
      Mechanism of Harm Effects 
Body System  Thermal Etiologic Asphyxiant Mechanical Chemical Psychological Radiological 

Neurological 
 

       

Respiratory 
 

       

Circulatory 
 

       

Reproductive  
 

       

Musculoskeletal 
 

       

Digestive  
 

       

Skin 
 

       

Renal 
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Sources of Hazards 
 
Hazardous materials incidents can occur anytime and anywhere in the United States or your 
community. While we often associate our hazardous materials problems with industry, there are 
numerous sources of hazards. The table below describes the most prevalent sources of hazards. 
 

Sources of Hazards 
 

     Transportation Incidents 
 
Hazardous materials are transported daily in the United States by air, water, road, rail, and 
pipeline. Of the 1.5 billion tons of hazardous materials transported in this country each year, more 
than half move by tankers along the nation’s highways. Hazardous materials may spill, explode, or 
burn due to accidents involving railways, trucks, and ships. Most hazardous materials 
transportation accidents involve  flammable or combustible liquids, such as gasoline and fuel oil. 
The second most frequent type of incident involves corrosives materials. 
 
 
Fixed Facilities and Storage 
 
Fixed installation accidents can occur anywhere hazardous materials are manufactured, 
processed, used, transported, or stored. These accidents may occur due to human error, 
equipment failure, accidental mixing of reactive products, physical damage to containers, or 
exposure to fire, water, or heat. 
 
Hazardous materials are stored before and after they are transported to their intended use. For 
example, service stations store gasoline and diesel fuel in underground tanks; hospitals store 
radioactive isotopes, flammable materials, and other hazardous substances; and manufacturers 
store a variety of chemicals on site. 
 
 
Hazardous Materials Waste Sites 
 
Hazardous waste sites affect many communities across the country. These include abandoned 
dump sites, municipal landfills, industrial ponds, storage piles, military base waste sites, and 
similarly designated areas. There are approximately 22,000 hazardous waste sites identified by 
the Environmental Protection Agency. The most common form of contamination at a landfill 
site is toxic leachate . Formed as rainwater percolates down through a landfill, leachate carries 
soluble toxic and hazardous materials absorbed from the garbage downward through the soil. 
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Medical Procedures 
 
Radiation exposure occurs in diagnostic x-rays and radiopharmaceuticals. 
 

Consumer Products 
 
Toxic chemicals are stored in almost every room of a typical American home: cleansers in the 
kitchen, fresheners in the bathroom, and hobby supplies in the workroom, to name but a few. In 
an average city of 100,000 residents, 23.5 tons of toilet bowl cleaner, 13.5 tons of liquid 
household cleaners, and 3.5 tons of motor oil are discharged into city drains each month, 
according to the Environmental Hazards Management Institute. These figures do not reflect 
the large quantities of household hazardous wastes disposed of in backyards. In addition, 
improper disposal of hazardous waste from these household products can contaminate our land, 
water, and air. 
 

 
Naturally Occurring Toxic Substances 
 
Radiation occurs  naturally through cosmic radiation, from the earth, and from building 
materials. Radon, a source of radiation, is a colorless, odorless gas that comes from the decay 
of uranium found in nearly all soils. There are also trace elements in human tissues. 
 

 

Automobiles 
 
Automobiles emit nitrous oxides (one source of “acid rain”) and several air toxins. 
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Soil 
 
Soil may become contaminated through dumping, spills and other sources. Rainwater leaches 
some contaminants from the soil and carries them to groundwater. Other contaminants remain 
near the surface, where they can affect human health by entering the food chain (ingestion) or 
rubbing onto the skin of children playing in the dirt (dermal absorption). 
 
 
Air 
 
Hazardous chemicals can enter the atmosphere from a point source (such as an industrial 
stack) or from an area source (such as the evaporation of volatile compounds from hazardous 
waste sites). 
 

 

Ground Water and Surface Water 
 
Hazardous materials may spill into the water and contaminate it. Contamination can occur 
when industrial waste and sewage discharges into the water, or when hazardous waste landfills 
leak into the water. 
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Exercise:  Identify Sources of Hazardous Materials in Your 
Community 
 
 
 Purpose:  To become acquainted with the sources of hazards that may pose problems in your 

community. 
 
 Directions:  Seek out information from your facility security or safety officer, the local 

emergency management office, or other resources to identify at least five sources of 
hazardous materials in 

 your community. 
________________________________________________________________________ 
 

1. 
 
2. 
 
3. 
 
4. 
 
5. 
 
6. 
 
7. 
 
8. 
 
9. 
 
10. 
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Unit 2:  POST-TEST 

 
Directions:  Answer each question. Check your answers in Appendix B after you have 
finished the test. If you missed any items, review the applicable sections before you 
proceed. 
 
PART I:  Match the DOT hazardous classes with the appropriate description. Each answer 
counts 10 points. 
 

DOT Hazardous Class Description 
 
____ 1. Flammable Gas 

 
a.  Anthrax, botulism and polio virus. 
 

 
____ 2. Flammable Liquid 

 
b.  Flammable compounds that contain the double oxygen or 

perxoy group that are subject to explosive decomposition. 
 

 
____ 3. Organic Peroxide 

 
c.  Matches or sulfur. 
 

 
____ 4. Etiologic or Infectious Organism 

 
d.  Propane, methane and hydrogen. 
 

 
____ 5. Flammable Solid 

 
e.  Liquids with a flashpoint below 100 degrees F. 
 

 
 
PART II:  Match the potential mechanisms for harm to their causes. Each answer counts 10 
points. 
 

Cause Potential Harm 
 
_____1. Etiologic 
 

 
a. Fireworks explode unexpectedly, causing burns over 30 percent of the body. 

 
_____2. Asphyxiant 
 

 
b. You are exposed to hepatitis on your visit to Malaysia. 

 
_____3. Radiological 
 

 
c. Your basement contains excessive amounts of radon.  

 
_____4. Chemical 
 

 
d. You spill nitric acid and it splashes into your eyes. 

 
_____5. Thermal 
 

 
e. Your gas heater malfunctions and emits dangerous levels of carbon monoxide. 
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UNIT 3: 
 
Planning for Response 
 

 

Overview 
 
This unit reviews the regulatory requirements regarding medical facilities’ and hospitals’ 
emergency/disaster response plans, discusses the staffing resources required to develop a plan and 
familiarizes you with the basic requirements of a plan. 
 
 

Objectives 
 
At the end of this unit, you will be able to: 
 
1. Describe the need for a hospital emergency/disaster response plan. 
 
2. Identify who should be involved in the development, implementation and evaluation of the hospital 

emergency/disaster plan. 
 
3. Locate and review the hospital’s emergency/disaster response plan. 
 
4. Use a sample hospital emergency/disaster response plan to: 
 

a) Identify procedures for facility and personnel contamination control. 
b) Identify the primary and secondary areas for patient reception triage and decontamination 

treatment. 
c) Identify personnel for response duties. 
d) Define roles and responsibilities of personnel. 
e) Identify safety and security precautions. 
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Pretest 
 
If you think you have the requisite skills and knowledge for this topic area, take the pretest below. If you 
score within the passing range of 85%, you can skip this unit and proceed to unit four. 

 
UNIT 3: PRETEST  

 
  
 Purpose:  This pretest will assess your knowledge of hospital emergency/disaster response 
 plans. 
 
 Directions:  Read and answer each item. Each answer counts 20 points. 
 
 (If you score within the passing range of 85%, you can skip this unit and proceed to unit  
 four. Do not check the Answer Key (Appendix B) until after you have completed the pretest.) 
 
 1.  What is the purpose of a hospital emergency/disaster response plan? 
 
 
 
 2.  List five individuals or agencies that should be involved in the development of a hospital’s 

emergency/disaster response plan. 
 a. 
 b. 
 c. 
 d. 
 e. 
 
 3.  List five basic elements that should be included in the hospital’s emergency/disaster response plan. 
 a. 
 b. 
 c. 
 d. 
 e. 
 
 4.  Why is it important to have a hospital emergency/disaster response plan? 
 
 
 
 5.  What is the name or title of the individual who is responsible for the overall development of your 

hospital’s emergency/disaster response plan? 
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The Hospital Emergency/Disaster Response Plan  
 
There is an increasing concern on the part of medical facilities throughout the nation on how to deal with 
hazardous materials response. Proper planning for emergencies is necessary to minimize employee injury 
and property damage. The hospital’s emergency/disaster response plan is a critical document in ensuring 
that the hospital or medical facility is prepared to respond to hazardous materials incidents. The hospital 
emergency/disaster plan describes the policies and guidelines to follow in the event of a hazardous 
materials incident. Hospitals’ emergency/disaster response plans will vary, but there are certain minimum 
requirements that any plan should meet. These requirements are specified, in part, by the following: 
 
• Current Joint Commission for the Accreditation of Healthcare Organizations (JCAHO) Accreditation 

Manual for Hospitals 
• National Fire Codes 
• The community emergency preparedness plan 
• Community fire and sanitation ordinances 
• Applicable state and federal regulations 
 
When developing your plan, you should consult the latest version of the JCAHO Accreditation Manual 
for Hospitals to obtain information on the basic requirements for the emergency preparedness program. 
The table below presents some of the requirements central to any hospital emergency/disaster response 
plan. 
 

Some Basic Requirements for a Hospital Emergency/Disaster Response Plan 
 

• Roles and responsibilities of the hospital and staff 
• Organizational and reporting structure in an emergency 
• Fire plan 
• Guidelines and policies for access to emergency care areas 
• Communications systems alternatives (when main communication system fails) 
• Guidelines to follow when electrical, air conditioning, plumbing, boiler systems, and 

essential life support systems fail 
• Guidelines for patient management (scheduling, modification, discontinuation of 

services, control of patient information, and admission, transfer, and discharge of 
patients) 

• Evacuation plan 
• Special equipment requirements (for hazardous materials incidents) 

 
 
The plan should be updated continuously to ensure that all information is up-to-date and accurate. 
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Basic Components of the Plan 
 
Though the exact format of the disaster/emergency response plan will vary, it will usually consist of the 
following components: 
 
• The basic plan, which is a relatively broad conceptual framework describing the policy and 

approach to emergency operations. 
 
• Supporting annexes that contain information on specific functional responsibilities, tasks, and 

operational actions needed to deal with particular hazards. The focus of an annex is on 
operations—what the function is and how it is carried out. Annexes are action-oriented and 
written for personnel charged with executing the plan. Examples of annexes include warning, 
evacuation, and fire and rescue. Because the requirements of hazardous materials incidents differ 
markedly from those of other emergencies, a separate hazardous materials annex to the generic 
operations plan is needed to address these issues. 

 
• Implementing guidelines—these may be in the form of hazard-specific appendices, standard 

operating guidelines or checklists. They support annexes and contain technical and detailed 
operational information for use by emergency personnel, including such information as lists of 
people to alert under specified conditions and specific "how to" instructions for operating 
departments or individuals to carry out assigned responsibilities. 

 
 
  
 Exercise:  Locate Your Hospital’s Emergency/Disaster Response  

Plan  
 
 Does your hospital have an emergency/disaster response plan? 
 
 Locate a copy of the plan because you will need it later to complete an exercise. 
 

 
 
The Importance of an Emergency/Disaster Response Plan 
 
The effectiveness of response during emergencies depends on the amount of planning and training 
performed. During hazardous materials incidents, many additional burdens may be placed on a medical 
facility. Medical facilities may be receiving potentially contaminated or exposed patients who may require 
immediate actions and perhaps isolation or decontamination. In addition, persons evacuating their homes 
may forget to take the medications they need for chronic conditions. Such patients will often end up in the 
emergency department because they do not have their medication or failed to take it in the required time 
period. The stress effects of hazardous materials incidents can cause an increase in such medical 
conditions as cardiac problems, premature births, traffic accidents, and other stress-related symptoms. 
When all of these incidents are compounded, a facility can be overwhelmed quickly—unless detailed 
procedures for handling such incidents are available and readily accessible. 
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Personnel Involved in Developing, Implementing, and 
Evaluating an Emergency/Disaster Response Plan 
 
Management must show its support for hospital safety programs and emergency planning. It is, therefore, 
management’s responsibility to see that a program is instituted and to ensure that the program is reviewed 
and updated frequently. The input and support of all employees should be obtained to ensure an effective 
program. The primary goal should be to include representatives from all departments that may be involved 
in responding to a hazardous materials incident. Because your response to hazardous materials events may 
involve close coordination with outside officials and organizations, you should also include representatives 
from community organizations and local emergency response agencies. 
 
For example, under the provisions of the Superfund Amendments and Reauthorization Act, Local 
Emergency Planning Committees (LEPCs) have been established to develop a community-wide 
emergency response plan for dealing with a chemical release. The law requires that medical personnel be 
a part of the LEPC membership.  
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The table below lists some of the personnel who should be involved in the development of the plan. 
 

Personnel Involved in Developing an  
Emergency/Disaster Response Plan  

  
Hospital Personnel Other Personnel/Agencies 

 
• Medical staff 
• Nursing administrator 
• Facility engineer 
• Housekeeping services representative 
• Food service administrator 
• Emergency department administrator 
• Security officer 
• Risk management advisor 
• Public affairs representative 
• Communications representative 
• Safety director 
• Senior management representatives 

 
• Field Emergency Medical Service providers 
• Fire and law enforcement officials 
• Representatives of the Local Emergency 

Planning Committee 
• Red Cross and human service agencies 
• Hazardous materials response teams 
• 911 and emergency dispatch centers 
• Poison Control Centers 
• Air ambulance services 
• Other hospital and medical centers 
• Public health agencies 
• Visiting Nurse Associations 
 

 
During the development of the plan, it is important to remember that it is the planning process, not the 
creation of the paper document, that is important. Once the plan is prepared and personnel are trained in 
their respective functions, it is important to exercise the system. The purpose of an effective exercise 
program is to learn where planning and coordination flaws exist so that corrections can be made. 
 
The emergency/disaster response plan should be developed locally and should be comprehensive enough 
to deal with all types of hazardous materials emergencies.  
 
Each hospital should designate one individual with overall responsibility for the hospital emergency/disaster 
response plan. This individual most likely will have dual responsibilities and may have another title, such as 
director of nursing or safety director. 
 
Do you know who has overall responsibility for the hospital emergency/disaster response plan? 
Write his or her name here. 
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Using the Hospital Emergency/Disaster Response Plan  
 
The hospital emergency/disaster response plan can be a complex document; therefore, it is important for 
you to become familiar with the document—before a disaster strikes. The following exercise will help you 
become familiar with your hospital’s plan (or if you do not have one available, the sample plan). 
 
 

Exercise:  Interpreting the Hospital Eme rgency/Disaster 
Response Plan  
 
 Purpose:  To become acquainted with a hospital emergency/disaster response plan. 
 
 Directions: Use your hospital’s emergency/disaster response plan to answer the following questions. 
 If you do not have a plan, use the sample plan in Appendix A. 
______________________________________________________________________________ 
 
 1. Locate the section that identifies the personnel for response duties. 
 
 
 
 2. Locate the section that defines the roles and responsibilities of personnel. 
 
 
 
 3. Locate the section(s) that identifies the primary and secondary areas for patient reception triage 

and decontamination treatment. 
 
 
 
 4. Locate the section(s) that identifies safety and security precautions that should be followed. 
 
 
 
 5. Locate the section(s) that identifies procedures for facility and personnel contamination control. 
 
 
 

The verification code for this document is 806510.
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UNIT 3: POST-TEST 

 

   
  Directions :  Answer each of the questions below. 
 
  (Check your answers in Appendix B. If you missed any items, you should review this unit before 

proceeding). 
 
 
1. Which of the following documents would contain the policies and procedures that you should 

follow in your facility in responding to a hazardous materials incident? 
 

a) JCAHO Accreditation Manual for Hospitals 
b) Your hospital’s emergency/disaster response plan 
c) The state’s code of regulations 
d) The community emergency preparedness plan 

 
2. Which of the following is not a basic component of the hospital’s emergency/disaster response 

plan? 
 

a) Basic plan 
b) Supporting annexes 
c) Implementing guidelines 
d) Community fire and building codes 

 
3. Who should be involved in the development of the hospital’s emergency/disaster response plan? 
 

a) Only management representatives from each department in the hospital 
b) All employees, including management and representatives from every department who 

may be involved in responding to a hazardous materials incident 
c) Just emergency physicians and nurses 
d) Primarily, the hospital administrator and security personnel 

 
4. What is the purpose of the hospital’s emergency/disaster response plan? 
 

a) To provide details on how to control the spread of fires in the event of an emergency 
b) To provide job descriptions for hospital personnel 
c) To describe the policies and guidelines to follow in the event of a hazardous materials 

incident 
d) To identify the community’s fire and sanitation ordinances 


