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chapter 29
Hazardous Materials: Properties and Effects
Chapter Overview
Once an emergency is recognized as a hazardous materials incident, a plan must be formulated to ensure the safety of the responders and the public in the affected area. This plan is formed by gathering information and dispersing that information to the proper agencies. It is important to be accurate in that information because the smallest error could have disastrous results. Until a plan is put together, no action that involves direct contact with the material should be attempted. Establishing a response plan and accessing resources will help resolve the incident effectively and ensure the safety of all involved.
After students complete this chapter and the related course work, they will be able to describe how to contact proper authorities, plan an initial response, estimate the size and scope of the incident, plan for secondary attacks, and identify a resource for determining the size of an endangered area. Students will also be able to initiate an incident command system (ICS) for a hazardous materials incident.
Objectives and Resources
Fire Fighter I
Knowledge Objectives
After studying this chapter, you will be able to:
Describe how to identify a substance’s state of matter. (NFPA 472, 5.2.3, 6.6.1.1.2, p 880)
Describe the process of chemical change. (NFPA 472, 5.2.3, 6.6.1.1.2, p 881)
Describe the process of physical change. (NFPA 472, 5.2.3, 6.6.1.1.2, p 881)
Define boiling point and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, p 881)
Define flash point and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, p 881–882)
Define fire point and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, p 882)
Define ignition temperature and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, p 882)
Define flammable range and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, p 882)
Define vapor density and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, p 883)
Define vapor pressure and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, pp 883–884)
Define specific gravity and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, p 884)
Define water miscibility and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, pp 884–885)
Define corrosivity and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, p 885)
Define pH and explain how this principle affects hazardous materials. (NFPA 472, 5.2.3, 6.6.1.1.2, p 885)
Describe how to determine a substance’s pH in the field. 
Describe the physical hazards posed by the toxic products of
combustion. (NFPA 472, 5.2.3, 6.6.1.1.2, p 885)
Describe the differences between nonionizing and ionizing radiation. (NFPA 472, 5.2.3, 6.6.1.1.2, pp 886–887)
Describe how radiation is detected in the field. (p 886)
Define alpha particles and describe how to avoid exposure. (NFPA 472, 5.2.2, 5.2.3, 5.2.4, 6.6.1.1.2, p 887)
Define beta particles and describe their potential effects on the human body. (NFPA 472, 5.2.3, 6.6.1.1.2, p 887)
Define gamma radiation. (NFPA 472, 5.2.3, 6.6.1.1.2, p 887)
Describe the differences between contamination and secondary contamination. (NFPA 472, 5.2.3, 6.6.1.1.2, p 888)
List the types of weapons of mass destruction. (NFPA 472, 5.2.3, 6.6.1.1.2, p 888)
Describe how nerve agents damage the human body. (NFPA 472, 5.2.3, 6.6.1.1.2, pp 888–889)
List the signs and symptoms of nerve agent exposure. (NFPA 472, 5.2.3, 6.6.1.1.2, pp 888–889)
Describe how blister agents damage the human body. (NFPA 472, 5.2.3, 6.6.1.1.2, p 889)
List the signs and symptoms of blister agent exposure. (NFPA 472, 5.2.3, 6.6.1.1.2, p 889)
Explain the route of exposure for cyanide. (NFPA 472, 5.2.3, 6.6.1.1.2, p 889)
List the signs and symptoms of cyanide exposure. (NFPA 472, 5.2.3, 6.6.1.1.2, p 889)
Describe how choking agents damage the human body. (NFPA 472, 5.2.3, 6.6.1.1.2, p 889)
Describe how irritants damage the human body. (NFPA 472, 5.2.3, 6.6.1.1.2, p 889)
List convulsant chemicals and describe how they damage the human body. (NFPA 472, 5.2.3, 6.6.1.1.2, pp 889–890)
List the four ways chemicals can enter the human body. (NFPA 472, 5.2.3, 6.6.1.1.2, pp 890–894)
Describe the precautions fire fighters take to avoid chemical exposure through inhalation. (NFPA 472, 6.6.1.1.2, p 891)
Describe the precautions fire fighters take to avoid chemical exposure through absorption. (NFPA 472, 6.6.1.1.2, p 892)
Explain the differences between chronic and acute health effects. (NFPA 472, 5.2.3, 6.6.1.1.2, p 894)
[bookmark: _GoBack]List the four major sections of the Emergency Response Guidebook (ERG). (NFPA 472, 5.2.3, 6.6.1.1.2, p 894)
Skills Objectives
After studying this chapter, you will be able to perform the following skill:
Demonstrate the ability to properly use the current edition of the ERG (p 894).
Fire Fighter II
Knowledge Objectives
There are no knowledge objectives for Fire Fighter II candidates. NFPA 1001 contains no Fire Fighter II Job Performance Requirements for this chapter.
Skills Objectives
There are no skill objectives for Fire Fighter II candidates. NFPA 1001 contains no Fire Fighter II Job Performance Requirements for this chapter.
Reading and Preparation
Review all instructional materials, including Fundamentals of Fire Fighter Skills, Chapter 29, and all related presentation support materials.
Review local firefighting protocols for Chapter 29.
Support Materials
Dry erase board and markers or chalkboard and chalk
LCD projector, slide projector, overhead projector, and projection screen
PowerPoint presentation, overhead transparencies, or slides
Enhancements
Direct the students to visit the Internet at www.FireFighter.jbpub.com for online activities.
Direct the students to relevant sections in the Student Workbook for application of the content introduced in this chapter.
Direct the students to take practice/final examinations in the Navigate Test Prep to prepare for examinations.
Teaching Tips and Activities
Stress fire fighter safety as the number one priority.
Attempt to use examples of hazardous materials and scenarios that would be common to the locale of instruction.
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Pre-Lecture
I. You Are the Fire Fighter
Time: 5 Minutes
Level: Fire Fighter I
Small Group Activity/Discussion
Use this activity to motivate students to learn the knowledge and skills needed to identify the nature, properties, and possible effects of a hazardous material or combination of materials.
Purpose
To allow students an opportunity to explore the significance and concerns associated with the properties and effects of hazardous materials.
Instructor Directions
Direct students to read the “You Are the Fire Fighter” scenario found in the beginning of Chapter 29.
You may assign students to a partner or a group. Direct them to review the discussion questions at the end of the scenario and prepare a response to each question. Facilitate a class dialogue centered on the discussion questions.
You may also assign this as an individual activity and ask students to turn in their comments on a separate piece of paper.
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I. IntroductionSlide 1–9
CHAPTER 29: Hazardous Materials:  Properties and Effects
Chapter Objectives

Time: 18 Minutes
Slides: 1–12
Level: Fire Fighter I
Lecture/Discussion
Introduction to Characteristics of Hazardous MaterialsSlide 10
Introduction
Understanding the chemical and physical properties of a hazardous material is required to understand hazardous materials incidents.

To understand hazardous materials incidents, fire fighters must understand the chemical and physical properties of the materials and substances involved.
Chemical and physical properties are the characteristics of a substance that are measurable (vapor density, flammability, corrosivity, and water reactivity).Slide 11
Introduction
Chemical and physical properties
The measurable characteristics of a chemical
Vapor density
Flammability
Corrosivity
Water reactivity

The basis for interpreting the visual clues lies in having a solid grasp of some basic hazardous materials concepts.
The first step in understanding the hazard posed by a material is identifying its state of matter.Slide 12
Introduction
Identify the hazard as:
Solid
Liquid
Gas

Solid 
Liquid 
Gas
If you know the state of matter and physical properties of the chemical, you can predict what the chemical will do if it escapes from its container.
It is vital to know whether a released gas is heavier or lighter than air or whether it is flammable, is toxic, or could potentially displace oxygen. 
II. Characteristics of Hazardous Materials
Time: 31.5 Minutes
Slides: 13-33
Level: Fire Fighter I
Lecture/Discussion
Physical and Chemical ChangesSlide 13
Physical and Chemical Change
Physical change
Due to changes to outside influences, such as heat, cold, or pressure
Propane changes from liquid to a gas based on how it is stored
Expansion ratio is a description of the volume increase when a liquid changes into a gas.

Chemicals exist in three physical states: solid, liquid, or gas.
Depends on the environment they are in or how they are stored
Chemicals can undergo a physical change when subjected to outside influences, such as heat, cold, and pressure.
Propane gas has the potential to undergo physical change based on how it is stored inside a vessel.
Expansion ration is a description of the volume increase that occurs when a liquid material changes to a gas.


Chemical change describes the ability of a chemical to undergo a change in its chemical make-up, usually with a release of some form of energy.Slide 14
Physical and Chemical Change
Chemical change
Due to a chemical reaction or the application of heat
Usually accompanied by a release of energy
When the chemical reaction is complete, the substance is no longer the same as it was.

Actual chemical nature of the substance changes.
When the chemical reaction is complete, the substance is no longer the same as it was.
Steel rusting
Wood burning
Boiling PointSlide 15
Boiling Point
Temperature at which a liquid will continually give off vapors in sustained amounts
Boiling point of water is 212°F (100°C).
Flammable liquids with low boiling points can produce large volumes of flammable vapor at relatively low temperatures.

The temperature at which a liquid will continually give off vapors in sustained amounts and, if held at that temperature long enough, will eventually turn completely into a gas.
The boiling point of water is 212°F (100°C).
At this temperature molecules have enough kinetic energy to break free from the liquid and overcome the force of the surrounding atmospheric pressure (14.7 psi [33.9 kPA] at sea level).
Flammable liquids with low boiling points are dangerous because they can produce large volumes of flammable vapor at relatively low temperatures.
Flash point, fire point, ignition (autoignition) temperature, and flammable rangeSlide 16
Flash Point
Temperature at which a liquid will give off enough vapor to ignite if subjected to an ignition source
Fire point is the temperature at which sustained combustion will occur.

Flash point is an expression of the temperature at which a liquid will give off sufficient vapor that, when an ignition source is present, will result in a flash fire.
Will go out once the vapor is consumed
Flash point of gasoline is −43°F (−6.1°C)
Diesel fuel has a much higher flash point, approximately 120°F (48.9°C) .
The fire point is the temperature at which sustained combustion will occur.
Ignition (autoignition) temperature is the point at which an external ignition source is not needed to cause a heated liquid’s vapors to combust.Slide 17
Ignition Temperature
Autoignition
Temperature at which an external ignition source is not needed to cause vapors to combust

The flammable range is range of mixtures of a fuel and air at which combustion can occur if the mixture is subjected to an ignition source.Slide 18
Flammable Range
Range of mixtures of fuel and air at which combustion will occur if subjected to an ignition source
Lower flammable limit (LFL)
Upper flammable limit (UFL)

Upper flammable limit is the maximum amount of vapor that can be present to permit a fire to keep burning.
Lower flammable limit (LFL) is the minimum amount of vapor needed to cause ignition.
A mixture above the LFL is said to be “too rich.”
A mixture below the LFL is said to be “too lean.”
In either case, optimal combustion is not achieved.
The wider the range, the more dangerous the material.
Vapor DensitySlide 19
Vapor Density
Weight of an airborne concentration compared with an equal volume of dry air
Vapor density of air at sea level is 1.
HA HA MICEN

Vapor density is the weight of an airborne concentration (a vapor or gas) compared with an equal volume of dry air.
Compares the “weight” of a given vapor with the “weight” of air
What will the gas or vapor due when it is released into the air?
To find a chemical’s vapor density, consult a reference source (material safety data sheet [MSDS])
Will be expressed in numerical fashion
The vapor density of air at sea level is 1.
Use the mnemonic HA HA MICEN to remember common lighter-than-air gases:
Hydrogen
Ammonia
Helium
Acetylene
Methane
Illuminating gas (neon and hydrogen cyanide)
Carbon monoxide
Ethylene
Nitrogen
Although this list is not all-inclusive, most materials not on this list will be heavier than air.


Vapor PressureSlide 20
Vapor Pressure
Pressure exerted by vapor until the liquid and vapor are in equilibrium
Directly related to temperature
Directly relates to evaporation rate when released

For the fire fighter’s purposes, the definition of vapor pressure can be assumed to pertain to liquids.
When liquids are held in a closed container, pressure will develop inside that container.
All liquids will develop a certain amount of pressure in the airspace between the top of the liquid and the container.
The vapors released from the surface of the liquid must be contained if they are to exert any pressure.
The liquid inside the container will vaporize until the molecules given off by the liquid reach equilibrium with the liquid itself.
The vapor pressure of a liquid is the pressure exerted by its vapor until the liquid and vapor are in equilibrium.
Vapor pressure is directly related to temperature.
As temperature increases, vapor pressure increases.
As temperature decreases, vapor pressure decreases.
Vapor pressure directly relates to the speed at which a material will evaporate once it is released from its container.
Specific GravitySlide 21
Specific Gravity
Ratio of a substance’s density to that of water
Specific gravity of water is 1.0.
Substance will sink if specific gravity is greater than water.
If less, substance will float.

Specific gravity is to liquids what vapor density is to gases and vapors.
It is a comparison value between the weight of a liquid and the weight of water.
The specific gravity of water is defined as 1.0.
Substances with a specific gravity greater than that of water will sink, whereas substances with a specific gravity of less than that of water will float.
Most flammable liquids have a specific gravity of less than 1.0 and will float on water.
Water MiscibilitySlide 22
Water Miscibility
Whether a chemical will mix with water
Not all chemicals mix well with water.
Some substances react violently with water.

Determine whether a chemical will mix with water.
Always remember that when dealing with chemical emergencies, water may not always be the best and safest choice to mitigate the situation.
It is a tremendously aggressive solvent and has the ability to react violently with certain other chemicals.
Concentrated sulfuric acid, metallic sodium, and magnesium are just a few examples of substances that will adversely react with water.
Fog streams may knock down vapor clouds.
It is important to carefully consider the application of water in all cases involving spilled or released chemicals.
Corrosivity (pH)Slide 23
Corrosivity
The ability of a material to cause damage to skin, eyes, or other parts on the body 
Measured in pH
Acids: 0 to 6.9 (<2.5 = strong acid)
Neutral: 7
Bases: 7.1 to 14 (>12.5 = strong base)

The ability of a material to cause damage (on contact) to skin, eyes, or other parts on the body.
The technical definition includes the following language: “destruction or irreversible damage to living tissue at the site of contact.”
Often also damaging to clothing, rescue equipment, and other physical objects
Complex group of chemicals that should not be taken lightly
Further categorized into two classes: acid and base
Corrosivity is measured in terms of pH.
Expression of the concentration of hydrogen ions in a given substance.
Serves as a measurement of corrosive strength or degree of hazard
pH Scale
Acids have a pH value less than 7.
Bases have a pH value of greater than 7.
The middle of the scale is 7 and is neutral (ie, neither acid nor base)
pH values below 2.5 or above 12.5 are considered to be “strong.”
They will react more aggressively with metallic substances, such as steel and iron.
They will cause extensive tissue damage in living beings.
They will react more adversely when contacting other chemicals.
They may react violently with water.
pH is determined through testing with special pH test paper.
pH can also be determined by looking at the MSDS or other reference.
Toxic Products of CombustionSlide 24
Toxic Products of Combustion
Hazardous chemical compounds released when a material decomposes under heat 
Many of the substances found in fire smoke are toxic. 
Carbon monoxide
Formaldehyde
Cyanide compounds

Hazardous chemical compounds released when a material decomposes under heat.
“Garbage in, garbage out”: Whatever serves as fuel for the fire will make up whatever is given off as a by-product of the reaction.
A piece of Douglass fir gives off more than 70 harmful chemical compounds.
Many of the substances found in fire smoke are toxic:
Soot
Carbon monoxide
Carbon dioxide
Water vapor
Formaldehyde
Cyanide compounds
Oxides of nitrogen
Most of these substances are toxic to humans in small doses,
Carbon monoxide affects the ability of the human body to transport oxygen.
Cyanide compounds also affect oxygen uptake and are a prevalent cause of civilian death in structure fires.
RadiationSlide 25
Radiation
Energy transmitted through space in the form of electromagnetic waves or energetic particles
Ionizing or nonionizing
Health hazards depend on:
Amount of radiation absorbed 
Amount of exposure time

Energy transmitted through space in the form of electromagnetic waves or energetic particles
Can be described as either ionizing or nonionizing
Ionizing radiation consists of energetic particles or waves that have the potential to ionize an atom or molecule through atomic interactions.
Ionization is a function of the energy of the individual particles or waves, rather than a function of the number of particles or waves present.
Noniodizing radiation refers to any type of electromagnetic radiation that does not carry enough energy to ionize atoms or molecules.
Microwaves and radio waves are examples of noniodizing radiation.
No one can completely escape radiation; it is all around us.
The health hazards posed by radiation are dependent on:
Amount of radiation absorbed by the body
Amount of exposure time
Elements are made up of atoms.Slide 26
Radiation
Elements are made up of atoms.
Some elements have variations in the number of neutrons in the nucleus.
A radioactive isotope has an unstable configuration of protons and neutrons in the nucleus of the atom.

Protons (+) and neutrons exist in the nucleus of the atom.
Orbiting the nucleus are electrons (−).
All atoms of an element have the same number of protons in the nucleus.
Some elements have variations in the number of neutrons in the nucleus.
A radioactive isotope has an unstable configuration of protons and neutrons in the nucleus of the atom.
Radioactivity is a natural and spontaneous process by which unstable atoms of an element decay to a different state and emit or radiate excess energy in the form of particles or waves.Slide 27
Radiation
Radioactivity is a natural and spontaneous process by which unstable atoms of an element decay to a different state and emit or radiate excess energy in the form of particles or waves.

Small radiation detectors can be worn on turnout gear.Slide 28
Radiation
Small radiation detectors can be worn on turnout gear. 
Detectors alert the fire fighter to leave the scene and call for more specialized assistance. 

These detectors alert the fire fighter to leave the scene and call for more specialized assistance.
If the presence of radiation is suspected, steps must be taken to identify the type of radiation being emitted.
Forms of energy given off by radioactive isotopes:Slide 29
Types of Radiation
Alpha
Beta
Gamma
Neutron

Alpha
Beta
Gamma 


Alpha particlesSlide 30
Alpha Particles
Electrically charged particles given off by the nucleus of an unstable atom 
Cannot travel very far; easily stopped 
Fire fighters can be protected by staying several feet away and wearing either high efficiency particulate air (HEPA) filter or self-contained breathing apparatus (SCBA). 

Occur when an electrically charged particle is given off by the nucleus of an unstable atom
Have weight and mass
Cannot travel very far and are easily stopped (eg, a piece of paper or skin)
Can be inhaled
Fire fighters can be protected by staying several feet away and wearing either a high efficiency particulate air (HEPA) filter or self-contained breathing apparatus (SCBA).
Beta particlesSlide 31
Beta Particles
Greater health hazard than alpha particles 
Considered ionizing radiation
Can redden or burn skin and be inhaled 
Most solid objects stop beta particles. 

More energetic than alpha particles
Greater health hazard
Can travel several feet in open air
Can break chemical bonds at the molecular level and cause damage to living tissue
Considered ionizing radiation and has the capability to cause changes in human cells
Can redden and burn skin and be inhaled
Most solid object stop beta particles, so personal protective equipment (PPE) and SCBA provide adequate protection.
Gamma rays and neutronsSlide 32
Gamma Rays
Most energetic radiation 
Can pass through solid objects and living organisms without difficulty 
Can be deadly 
Structural firefighting gear with SCBA will not offer protection.

The most energetic radiation fire fighters will encounter
Not a particle but rather pure electromagnetic energy
Has no mass and no electrical charge
Travels at the speed of light
Can pass through thick solid objects very easily
Gamma radiation is ionizing radiation and can be deadly.
Structural firefighting gear with SCBA will not protect fire fighters from gamma rays.
Neutrons are penetrating particles found in the nucleus of the atom.Slide 33
Neutrons
Are not radioactive
Exposure to neutrons can create radiation

Neutrons are not radioactive.
Exposure to neutrons can create radiation.
III. Hazard Exposure and Contamination
Time: 4.5 Minutes
Slides: 34-36
Level: Fire Fighter I
Lecture/Discussion
Hazard and ExposureSlide 34
Hazard and Exposure
Hazard
Material capable of posing an unreasonable risk to health, safety, or the environment or capable of causing harm
Exposure
Process by which people, animals, the environment, and equipment are subjected to or come in contact with a hazardous material

A hazard is a material capable of posing an unreasonable risk to health, safety, or the environment or capable of causing harm.
An exposure is the process by which people, animals, the environment, and equipment are subjected to or come into contact with a hazardous material.
For fire fighters’ purposes, the two definitions are intertwined.
Determine the risk so that fire personnel can reduce their potential for exposure.
ContaminationSlide 35
Contamination
Residue of a chemical that has been released, intentionally or unintentionally, and contacts people, the environment, animals, tools, etc.

The residue of a chemical that has been released, intentionally or unintentionally, and contacts people, the environment, animals, tools, or other items.
When a chemical gets out of its container, it is possible that fire fighters will need to organize a system to safely and efficiently remove it or reduce its hazard.


Secondary ContaminationSlide 36
Secondary Contamination
Occurs when a person or object transfers the contamination or the source of contamination to another person or object by direct contact
The cleaner fire fighters stay during the response, the less decontamination fire fighters have to do later.

Occurs when a person or object transfers the contamination or the source of contamination to another person or object by direct contact
The cleaner fire fighters stay during the response, the less decontamination fire fighters have to do later.
PPE, including specialized chemical protective gear, is worn to protect fire fighters in the event that they cannot avoid product contact.
IV. Types of Hazardous Materials: Weapons of Mass Destruction
Time: 18 Minutes
Slides: 37-48
Level: Fire Fighter I
Lecture/Discussion
Introduction to Weapons of Mass Destruction (WMDs)Slide 37
Weapons of Mass Destruction (WMDs)
Highly relevant to fire fighters
Represent a real threat in the United States, and each fire fighter should have a basic knowledge of the potential threats.

In recent years, WMDs have become a highly relevant topic for fire fighters.
WMDs represent a real threat in the United States, and each fire fighter should have a basic knowledge of those potential threats.
WMD events can be complex, and the harm inflicted may be the result of several factors.
The harm caused by a terrorism attack or any hazardous materials incident can be broadly broken down into seven categories, best remembered by the mnemonic TRACEMP.Slide 38
TRACEMP
Thermal
Radiological
Asphyxiation
Chemical
Etiological
Mechanical
Psychogenic

Thermal
Heat created from intentional explosions or fires or cold generated by cryogenic liquids
Radiological
Radioactive contamination from dirty bombs; alpha, beta, and gamma radiation
Asphyxiation
Oxygen deprivation caused by materials, such as nitrogen; tissue asphyxiation from blood agents
Chemical
Injury and death caused by the intentional release of toxic industrial chemicals, nerve agents, vesicants, poisons, or other chemicals
Etiological
Illness and death resulting from biohazards, such as anthrax, plague, and smallpox; hazards posed by blood-borne pathogens
Mechanical
Property damage and injury caused by explosion, falling debris, shrapnel, firearms, and slips, trips, and falls
Psychogenic
The mental harm from being potentially exposed to, contaminated by, and even just being near an incident of this nature.
Nerve Agents
Able to enter the body through the lungs or skin
Systemically affects the functions of the human body 
Disrupt the central nervous system, possibly causing death or serious impairment
When a nerve agent gets into the body, it affects the ability of the body to transact nerve impulses.Slide 39
Nerve Agents
Enter the body through the lungs or skin
Disrupt the central nervous system
Victims are unable to control motor functions. 
Recognition of the signs and symptoms of nerve exposure is vital.

Critical areas will not function properly, and bodily functions are affected.
Recognition of the signs and symptoms of a nerve agent exposure is vital in determining the presence of such a threat.


Common signs and symptoms of nerve agent exposure can be remembered by the mnemonic SLUDGEM:Slide 40
Nerve Agents
S—Salivation
L—Lacrimation (tearing)
U—Urination
D—Defecation
G—Gastric disturbances
E—Emesis (vomiting)
M—Miosis (constriction of the pupil)

Salivation
Lachrymation (tearing)
Urination
Defecation
Gastric disturbances
Emesis (vomiting)
Miosis (constriction of the pupil)
Many times nerve agents are incorrectly referred to as nerve gas.Slide 41
Nerve Agents
Nerve agents are liquids not gases.
Nerve agents include:
Sarin
VX
Soman
Tabun

Nerve agents are liquids not gases.
Each evaporate at different rates.
Nerve agents include:
Sarin
VX
Soman
Tabun
Blister AgentsSlide 42
Blister Agents
Cause the skin to blister and burn
Include:
Sulfur mustard
Lewisite

Blister agents, or vesicants, cause the skin to blister and burn.
Common blister agents include sulfur mustard and Lewisite.
Sulfur mustardSlide 43
Sulfur Mustard
First used in World War I
Injures skin and lungs
Can be fatal
Redness and blistering may not appear for 2 to 24 hours after exposure.
Once blistering occurs, decontamination will not help.

First used as a weapon in World War I
Victims suffered injuries to skin and lungs, and some exposures were fatal.
Commonly called mustard gas, but it is found in a liquid state.
Exposures may not be immediately apparent.
Redness and blistering may not appear for 2 to 24 hours after exposure.
Once blistering occurs, decontamination will not reduce the effects.
If exposure is suspected, early skin decontamination may reduce the effects of exposure.
LewisiteSlide 44
Lewisite
Shares many characteristics of sulfur mustard
Contains arsenic
Can cause vomiting and low blood pressure
Exposure will cause immediate pain.
Decontamination is required.

Has many of the same characteristics of sulfur mustard
Contains arsenic
Can cause vomiting and low blood pressure
Exposure will produce immediate pain.
If exposure is suspected, immediate and aggressive skin decontamination is required.
CyanideSlide 45
Cyanide
Prevents body from using oxygen
Main route of exposure: through the lungs
Hydrogen cyanide has bitter almond odor.
High concentrations can lead to convulsions, inability to breathe, loss of consciousness, and death.

Cyanide compounds prevent body from using oxygen.
Main route of exposure is through the lungs.
Can be absorbed through the skin
Hydrogen cyanide has a bitter almond odor.
Cyanogen chloride has a more irritating and pungent odor due to chlorine atom.
Typical signs and symptoms
Vomiting
Dizziness
Watery eyes
Deep and rapid breathing
High concentrations lead to convulsions, inability to breathe, loss of consciousness, and death.


Choking AgentsSlide 46
Choking Agents
Designed to incapacitate rather than kill
Death and serious injury are possible.
Strong odors alert victims.
Inhalation can cause trauma to lungs.
May result in pulmonary edema

Designed to incapacitate rather than kill
Death and serious injury are possible.
Have strong odors that alert victims of their presence
Choking agents include:
Chlorine smells like a swimming pool.
Phosgene smells like freshly mown grass or hay.
Chloropicrin smells like freshly mown grass or hay.
Inhalation of choking agents can cause trauma to the lungs and respiratory passages.
May result in pulmonary edema (build-up of fluid in the lungs)
Irritants (Riot Control Agents)Slide 47
Irritants
Generally used as riot-control agents
Cause pain and burning in exposed skin, eyes, and mucous membranes
Symptoms occur within seconds.
Last from minutes to hours
Usually no lasting effects

Irritants cause pain and burning in exposed skin, eyes, and mucous membranes.
Onset of symptoms occurs within seconds after contact.
Last for several minutes to several hours
Usually no lasting effects
Irritants pose the least amount of danger in terms of toxicity. 
Exposed patients can generally be decontaminated with water.
ConvulsantsSlide 48
Convulsants
Cause convulsions or seizures
Interfere with the central nervous system
Pesticides
Parathion
Aldicarb
Diazinon
Fonofos

Cause convulsions or seizures when absorbed by the body
Chemicals that fall into this classification include nerve agents, such as sarin, soman, tabun, and VX, and the organophosphate and carbamate classes of pesticides.
Interfere with the central nervous system and disrupt normal transmission of neuromuscular impulses throughout the body
Pesticides capable of functioning as convulsants include:
Parathion
Aldicarb
Diazinon
Fonofos
V. Harmful Substances’ Routes of Entry Into the Human Body
Time: 7.5 Minutes
Slides:49-53
Level: Fire Fighter I
Lecture/Discussion
Introduction to Routes of EntrySlide 49
How Harmful Substances Enter the Human Body
Four routes of entry:
Inhalation
Absorption
Ingestion
Injection 

For a chemical or harmful substance to hurt you, it must first get into your body.
There are four routes of entry into the human body:
Inhalation: Through the lungs
Absorption: Permeating the skin
Ingestion: Via the gastrointestinal tract
Injection: Through cuts or other breaches in the skin
Toxicology is the study of the adverse effects of chemical or physical agents on living organisms.
InhalationSlide 50
Inhalation
Harmful substances are brought into the body through respiratory system.
SCBA and other respiration protection devices
Size of the particles inhaled

Occurs when harmful substances are brought into the body through the respiratory system
The lungs are a direct point of access to the bloodstream.
Can quickly transfer an airborne substance into the bloodstream
Entire respiratory system is vulnerable to attack from most WMDs.


The best protection against inhalation hazards is the use of positive-pressure, open-circuit SCBA.
Full and half-face air-purifying respirators and battery-powered air-purifying respirators offer a degree of protection if hazard is known and appropriate filter is used.
Respiratory protection devices other than SCBA offer no protection against oxygen-deficient atmospheres.
Determining the appropriate type of respiratory protection must be accomplished by looking at the overall situation, including the nature of the contaminant.
The size of the particles inhaled determines where the likely internal contamination will result.
Bigger particles will be captured in the nose and upper airway.
The smaller the particle, the more deeply into the respiratory system the particle will probably go.
AbsorptionSlide 51
Absorption
Process by which hazardous materials travel through body tissues until they reach the bloodstream 
Skin functions as a shield, but that shield can be pierced by some chemicals. 
Turnout gear may not provide proper protection.

Process by which hazardous materials travel through body tissues until they reach the bloodstream
The eyes, nose, mouth, and, to a certain degree, the intestinal tract all play a role in absorption.
The eyes will absorb a high amount of liquid and vapor that come into contact with the sensitive tissues.
Skin functions as a shield, but that shield can be pierced by some chemicals.
Methylene chloride (a by-product of metabolization is carbon monoxide, a cellular asphyxiant).
Hydrocarbon-based substances can be absorbed through the skin and ultimately enter the bloodstream.
Consists of carbon and hydrogen atoms
Gasoline, diesel fuel, benzene, and other solvents
Hydrofluoric acid
Binds with calcium
Can cause muscular pain and potentially lethal cardiac arrhythmias
Because of the danger of absorbing hazardous materials, fire fighters are cautioned that structural firefighting turnout gear may not provide sufficient protection against many hazardous materials.
The use of SCBA and proper protective firefighting gear can reduce many of the standard routes of exposure.
IngestionSlide 52
Ingestion
Exposure to hazardous material by swallowing 
Contaminants can be ingested if the fire fighter does not wash thoroughly before eating or drinking after a fire or hazardous materials incident.

Exposure to hazardous material by being brought into the body through the gastrointestinal tract
Contaminants can be ingested if the fire fighter does not wash thoroughly before eating or drinking after a fire or hazardous materials incident.
InjectionSlide 53
Injection
Hazardous materials entering cuts or abrasions 
Any cuts or open wounds should be addressed before reporting for duty. 
Open wounds are a direct portal to the bloodstream.

Hazardous materials entering open cuts and abrasions
Any cuts or open wounds should be addressed before reporting for duty.
Open wounds are a direct portal to the bloodstream and subsequently to muscles, organs, and other body systems.
VI. Chronic Versus Acute Health Effects
Time: 4.5 Minutes
Slides: 54-56
Level: Fire Fighter I
Lecture/Discussion
Chronic Health Hazard Slide 54
Chronic Versus Acute
Chronic health hazard
Adverse effect occurring after a long-term exposure to a substance
May result in cancer, loss of lung function, or rashes 

An adverse health effect occurring gradually
Occur after long-term exposures or after multiple short exposures in a shorter period 
May result in cancer, loss of lung function, or rashes


Acute health effect Slide 55
Chronic Versus Acute
Acute health effects
Occurs after relatively short exposure periods, including one-time exposures
Observable conditions
Eye irritation
Coughing
Dizziness
Skin burns

Occurs after relatively short exposure periods, including one-time exposures
Produce some observable condition, such as eye irritation, coughing, dizziness, or skin burns
Skin irritation and burning after a dermal exposure to sulfuric acid would be an acute health effect.
Formaldehyde is a sensitizerSlide 56
Sensitizer
A chemical that causes a substantial proportion of exposed people or animals to develop an allergic reaction in normal tissue after repeated exposure to the chemical 

A chemical that causes a substantial proportion of exposed people or animals to develop an allergic reaction in normal tissue after repeated exposure to the chemical
VII. Using the Emergency Response Guidebook
Time: 1.5 Minutes
Slide: 57
Level: Fire Fighter I
Lecture/Discussion/Demonstration
One of the most frequently used hazardous materials references is the ERG.Slide 57
Using the ERG
Divided into four major sections:
Yellow section: Lists materials in numerical order by the chemical identification number.
Blue section: Lists the hazardous materials in alphabetical order.
Orange section: Guides for each type of product.
White pages: Lists reference resources

Jointly developed by the Department of Transportation, Transport Canada, the Secretariat of Transport and Communications of Mexico, and CIQUIME of Argentina
Designed to provide basic information to keep both responders and the general public safe during the initial stages of a hazardous materials incident
Divided into four major sections:
Yellow section: Lists hazardous materials in numerical order by the chemical identification number.
Blue section: Lists the hazardous materials in alphabetical order.
Orange section: Guides for each type of product with information on potential hazards, public safety, and emergency response suggestions.
White pages: Lists reference resources.
Using the Department of Transportation ERG will be practiced in Skill Drill 29-1.
VIII. Summary
Time: 10.5 Minutes
Slides: 58-64
Level: Fire Fighter I
Lecture/Discussion
Identify a hazard's state of matter.Slide 58
Summary
Identify a hazard’s state of matter.
Physical changes occur when a substance is subjected to outside influences.
The boiling point is the temperature at which a liquid turns to gas.
There are three aspects to consider when evaluating a fire: flash point, ignition temperature, and flammable range.

Physical changes occur when a substance is subjected to outside influences.
The boiling point is the temperature at which a liquid turns to gas.
There are three aspects to consider when evaluating a fire: flash point, ignition temperature, and flammable range.
Always err on the side of safety.Slide 59
Summary
Always err on the side of safety.
Fire fighters must determine vapor density.
Fire fighters can use the mnemonic HA HA MICEN to remember a number of lighter-than-air gases.
Vapors released from the surface of a liquid must be contained if they are to exert pressure.

Fire fighters must determine vapor density.
Fire fighters can use the mnemonic HA HA MICEN to remember a number of lighter-than-air gases.
Vapors released from the surface of a liquid must be contained if they are to exert pressure.


When dealing with chemical emergencies, water might not be the best and safest choice to mitigate the situation.Slide 60
Summary
When dealing with chemical emergencies, water might not be the best and safest choice to mitigate the situation.
Corrosivity is the ability to cause damage to the body on contact.
Radiation is the energy transmitted though space in the form of electromagnetic waves or energetic particles.

Corrosivity is the ability to cause damage to the body on contact.
Radiation is the energy transmitted though space in the form of electromagnetic waves or energetic particles.
Fire fighters can protect themselves from alpha particle exposure by wearing HEPA filters.Slide 61
Summary
Fire fighters can protect themselves from alpha particle exposure by wearing HEPA filters.
Residue from a chemical is contamination.
The seven categories of WMDs are: thermal, radiological, asphyxiation, chemical, etiological, mechanical, and psychogenic.

Residue from a chemical is contamination.
The seven categories of WMD are thermal, radiological, asphyxiation, chemical, etiological, mechanical, and psychogenic.
Nerve agents attack the body's central nervous system.Slide 62
Summary
Nerve agents attack the body’s central nervous system.
Signs and symptoms of nerve agent exposure can be recalled using the mnemonic SLUDGEM.
Immediate skin decontamination is required from blister agents.

Signs and symptoms of nerve agent exposure can be recalled using the mnemonic SLUDGEM.
Immediate skin decontamination is required from blister agents.
Cyanide compounds prevent the body from using oxygen.Slide 63
Summary
Cyanide compounds prevent the body from using oxygen.
Choking agents are designed to incapacitate rather than kill.
Convulsants are capable of causing seizures.

Choking agents are designed to incapacitate rather than kill.
Convulsants are capable of causing seizures.
Chemicals can enter the body four ways: inhalation, absorption, ingestion, and injection.Slide 64
Summary
Chemicals can enter the body four ways: inhalation, absorption, ingestion, and injection.
Chronic health hazards are adverse heath effects occurring gradually over time. Acute health effects occur after short exposure.
The Emergency Response Guidebook (ERG) is commonly referenced.

Chronic health hazards are adverse heath effects occurring gradually over time. Acute health effects occur after short exposure.
The ERG is commonly referenced by emergency response agencies.
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Post-Lecture
I. Wrap-Up Activities
Time: 40 Minutes
Level: Fire Fighter I and II
Small Group Activity/Individual Activity/Discussion
Fire Fighter in Action and/or Fire Fighter II in Action
This activity is designed to assist the student in gaining a further understanding of the properties and effects of hazardous materials. The activity incorporates both critical thinking and the application of fire fighter knowledge.
Purpose
This activity allows students an opportunity to analyze a firefighting scenario and develop responses to critical thinking questions.
Instructor Directions
1. Direct students to read the “Fire Fighter in Action”  and/or “Fire Fighter II in Action” scenario located in the Wrap-Up section at the end of Chapter 29.
Direct students to read and individually answer the quiz questions at the end of the scenario. Allow approximately 10 minutes for this part of the activity. Facilitate a class review and dialogue of the answers, allowing students to correct responses as needed.  Use the answers noted below to assist in building this review. Allow approximately 10 minutes for this part of the activity.
You may also assign these as individual activities and ask students to turn in their comments on a separate piece of paper.
Answers to Multiple Choice Questions
1. C
A
D
C
D
D
A
Technology Resources
This activity requires students to have access to the Internet. This may be accomplished through personal access, employer access, or a local educational institution. Some community colleges, universities, or adult education centers may have classrooms with Internet capability that will allow for this activity to be completed in class. Check out local access points and encourage students to complete this activity as part of their ongoing reinforcement of firefighting knowledge and skills.
Purpose
To provide students an opportunity to reinforce chapter material through use of online Internet activities.
Instructor Directions
1. Use the Internet and go to www.FireFighter.jbpub.com. Follow the directions on the Web site to access the exercises for Chapter 29.
Review the chapter activities and take note of desired or correct student responses.
As time allows, conduct an in-class review of the Internet activities and provide feedback to students as needed.
Be sure to check the Web site before assigning these activities because specific chapter-related activities may change from time to time.
II. Lesson Review
Time: 15 Minutes
Level: Fire Fighter I
Discussion
Note: Facilitate the review of this lesson’s major topics using the review questions as direct questions or overhead transparencies.
Answers are found throughout this lesson plan.
Fire Fighter I
What are the three states of matter and how do they pertain to hazardous materials?
What is an expansion ratio?
What is the difference between flash point and ignition temperature?
What is the flammable range of natural gas, gasoline, and propane?
What is vapor density, and how does this affect hazardous material operations?
Describe specific gravity and how it affects hazardous material operations.
What are the different types of radiation, and how can you protect yourself from them?
What is the difference between an exposure and a hazard?
What is the difference between contamination and secondary contamination?
What is TRACEMP?
How do substances enter the body?
III. Assignments
Time: 5 Minutes
Level: Fire Fighter I and II
Lecture
Advise students to review materials for a quiz (determine date/time)
Direct students to read the next chapter in Fundamentals of Fire Fighter Skills as listed in your syllabus (or reading assignment sheet) to prepare for the next class session.
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