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Hazardous Materials: Personal Protective Equipment, Scene Safety, and Scene Control
Chapter Overview
Hazardous materials are called hazardous materials because when they are out of their containers they can severely injure or kill people and animals or damage the environment. Responders to hazardous materials incidents need to slow down and determine the proper course of action and the proper protective gear; otherwise they are liable to become victims or be unable to protect the public and the environment. This is counterintuitive for most fire fighters who are action oriented by nature. Fire fighters must be able to identify the specific hazardous materials involved and use a variety of hazardous materials resources to determine potential hazards and effects to select appropriate protective clothing and respiratory protection. In addition, responders must be able to establish control zones to isolate the scene by denying entry to any person who lacks the proper training and equipment and is in proximity to the hazardous materials involved. Failure to adequately control the scene will unnecessarily expose people and property to danger and may cause the release to become much more widespread and difficult to manage than it would have been had the scene been properly controlled.
After students complete this chapter and the related course work, they will be able to describe hazardous materials personal protective equipment (PPE), appropriate respiratory protection in a hazardous materials incident, and the levels of hazardous materials PPE. They will demonstrate how to properly don and doff level A, B, C, and D protective clothing. They will also be able to describe safety precautions, techniques to isolate hazard areas and deny entry, and the importance of the buddy system and back-up personnel.
Objectives and Resources
Fire Fighter I 
Knowledge Objectives
After studying this chapter, you will be able to:
Explain how a hazardous material’s threshold limit value (TLV) determines the level of protection required for responders. (NFPA 472, 5 5.3.3, 6.6.1.1.2, 6.6.3.2, 
p 936)
List the three categories of TLVs. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 936)
List and describe the regulatory measures set by the Occupational Safety and Health Administration (OSHA). (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 936)
List the subcategories of immediately dangerous to life and health (IDLH) atmospheres. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 936)
List and define the three basic types of atmospheres at a hazardous materials incident. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 937)
List the categories of PPE. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 937)
Describe the purpose and components of street clothing and work uniforms. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 937)
Describe the purpose and components of structural firefighting protective clothing. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 938)
Describe the purpose and components of high-temperature protective equipment. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 938)
Describe the purpose and components of chemical protective clothing and equipment. (protective NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 938–939)
Describe the purpose and components of liquid splash protective clothing. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 939)
Describe the purpose and components of vapor-protective clothing. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 939)
Discuss respiratory protection in a hazardous materials incident. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 939–940)
Describe the levels of hazardous materials PPE. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 941–949)
List the ratings of chemical-protective clothing. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 941–949)
Describe the purpose and components of Level A protection. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 941)
Describe the purpose and components of Level B protection. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 941–942)
Describe the purpose and components of Level C protection. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 945–947)
Describe the purpose and components of Level D protection. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 947–949)
Identify the potential skin-contact hazards encountered at hazardous materials incidents. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 950)
Describe the safety precautions to be observed, including those for heat and cold stress, when approaching and working at hazardous materials incidents. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 950–953)
Describe the signs and symptoms of heat cramps. ( NFPA 472, 5.4.4, 6.6.1.1.2, p 950)
Describe the signs and symptoms of heat exhaustion. (NFPA 472, 5.4.4, 6.6.1.1.2, p 950)
Describe how to prevent cold injuries. (NFPA 472, 5.4.4, 6.6.1.1.2, pp 952–953)
Describe the physical capabilities required and limitations of personnel working in PPE. (NFPA 472, 5.4.4, 6.6.1.1.2, p 953)
List the three control zones. (NFPA 472, 5.4.1, 6.6.1.1.2, p 954)
Define hot zone and describe the tasks performed in the zone. (NFPA 472, 5.4.1, 6.6.1.1.2, p 954)
Define warm zone and describe the tasks performed in the zone. (NFPA 472, 5.4.1, 6.6.1.1.2, p 954)
Define cold zone and describe the tasks performed in the zone. (NFPA 472, 5.4.1, 6.6.1.1.2, p 955)
Describe the importance of the buddy system and backup personnel. (NFPA 472, 5.4.4, 6.6.1.1.2, p 955)
Skills Objectives
After studying this chapter, you will be able to perform the following skills:
Don a Level B encapsulated chemical-protective clothing ensemble. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 942–944)
Don a Level B nonencapsulated chemical-protective clothing ensemble. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 942, 944–945)
Doff a Level B encapsulated chemical-protective clothing ensemble. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 945–946)
Doff a Level B nonencapsulated chemical-protective clothing ensemble. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 945, 947)
Don a Level C chemical-protective clothing ensemble. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 946–947, 949)
Doff a Level C chemical-protective clothing ensemble. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 947)
Don a Level D chemical-protective clothing ensemble. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, pp 948–949)
Doff a Level D chemical-protective clothing ensemble. (NFPA 472, 5.3.3, 6.6.1.1.2, 6.6.3.2, p 949)
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.
Additional NFPA Standards:
NFPA 1951, Standard on Protective Ensembles for Technical Rescue Incidents
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus (SCBA) for Emergency Services
NFPA 1991, Standard on Vapor-Protective Ensembles for Hazardous Materials Emergencies
NFPA 1992, Standard on Liquid Splash-Protective Ensembles and Clothing for Hazardous Materials Emergencies
NFPA 1994, Standard on Protective Ensembles for First Responders to CBRN Terrorism Incidents
NFPA 1999, Standard on Protective Clothing for Emergency Medical Operations
National Institute for Occupations Safety and Health (NIOSH) Standard for Chemical, Biological, Radiological, and Nuclear (CBRN) Open-Circuit Self-Contained Breathing Apparatus
NIOSH Standard for Chemical, Biological, Radiological, and Nuclear (CBRN) Full Facepiece Air Purifying Respirator (APR)
NIOSH Standard for Chemical, Biological, Radiological, and Nuclear (CBRN) Air-Purifying Escape Respirator and CBRN Self-Contained Escape Respirator
Reading and Preparation
Review all instructional materials, including Fundamentals of Fire Fighter Skills, Chapter 32, and all related presentation support materials.
Review local firefighting protocols for Chapter 32. 
Review your syllabus to confirm the sequence of this chapter for classroom delivery.
Review local standard operating procedures regarding hazardous materials response.
Familiarize yourself with the guidebooks you have selected for the class. Be sure you understand what information each book contains and what information it leaves out. Double-check the units of measurement used by each book because some books will describe specific properties using different units of measurement.
Familiarize yourself with the properties of the chemical protective suits you have on hand as well as the use of their chemical compatibility charts.
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
Photocopies of sample material safety data sheets (MSDSs)
Copies of latest Emergency Response Guide (ERG), the US Coast Guard’s Chemical Hazard Response Information System Manual, American Association of Railroads Hazardous Materials Guide, and NIOSH Pocket Guide.
Chemical protective ensembles and chemical compatibility charts for each type.
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.
If available, show the students videotapes of news coverage of local hazardous materials incidents.
Teaching Tips and Activities
Initiate a discussion of a local hazardous materials release to make the concepts more tangible. Be sure to talk about the specific products involved, the effects of those products, and the choice of PPE for the given products. Also point out the fire department’s use of control zones and decontamination procedures.
Augment the discussion by including some “What if?” scenarios (eg, “What if it were chemical X instead of chemical Y that was released?” or “What would you do if no hazardous materials team were available to assist you?”)
Let a student try on a fully encapsulating suit with SCBA to demonstrate how hot it can be and how difficult it can be to work in one.
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	5 minutes
	Fire Fighter I 
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	I. Introduction
	Lecture/Discussion
	15 minutes
	Fire Fighter I

	II. Levels of Damage Caused by Chemicals to Humans
	Lecture/Discussion
	13.5 minutes
	Fire Fighter I

	III. Personal Protective Equipment
	Lecture/Discussion
	3 minutes
	Fire Fighter I

	IV. Hazardous Materials—Specific Personal Protective Equipment
	Lecture/Discussion
	22.5 minutes
	Fire Fighter I

	V. Chemical-Protective Clothing Ratings
	Lecture/Discussion/ Demonstration
	6 minutes
	Fire Fighter I

	VI. Skin Contact Hazards
	Lecture/Discussion
	6 minutes
	Fire Fighter I

	VII. Safety Precautions
	Lecture/Discussion
	31.5 minutes
	Fire Fighter I

	VIII. Response Safety Procedures
	Lecture/Discussion
	10.5 minutes
	Fire Fighter I

	IX. Summary
	Lecture/Discussion
	6 minutes
	Fire Fighter I

	Post-Lecture
	
	
	

	I. Wrap-Up Activities
A. Fire Fighter in Action
B. Technology Resources
	Individual Activity/Small Group Activity/ Discussion
	40 minutes
	Fire Fighter I and II

	II. Lesson Review
	Discussion
	15 minutes
	Fire Fighter I

	III. Assignments
	Lecture
	5 minutes
	Fire Fighter I and II




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 ensure rescuer and civilian safety at a hazardous materials incident through scene safety practices and procedures and by access control procedures, including the establishment of operating zones.
Purpose
To allow students an opportunity to explore the significance and concerns associated with maintaining scene safety and control of a hazardous materials incident.
Instructor Directions
Direct students to read the “You Are the Fire Fighter” scenario found in the beginning of Chapter 32.
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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CHAPTER 32
: 
Hazardous Materials: Personal Protective Equipment, Scene Safety, and Scene Control
Chapter Objectives
)Introduction
Time: 15 Minutes
Slides: 1–10
Level: Fire Fighter I
Lecture/Discussion
 (
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Introduction
At a hazardous materials incident, PPE, scene control, site management, and personal accountability are critical issues. 
Safe handling of hazardous materials incident is often determined in the first 5 to 15 minutes
)Overview
The proper use of PPE and proper scene control is important at all emergencies.
At a hazardous materials incident, however, PPE, scene control, site management, and personal accountability are critical issues that have a direct bearing on the life safety of all responders charged. 
The safe handling of hazardous materials incident is often determined in the first 5 to 15 minutes, based on the actions of the fire fighters who are the initial responders.
II. Levels of Damage Caused by Chemicals to Humans
Time: 13.5 Minutes
Slides: 11–19
Level: Fire Fighter I
Lecture/Discussion
 (
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Threshold Limit Value
The point at which the material begins to affect a person
Various definitions indicate the levels of protection that are required.
)Introduction to Levels of Damage Caused by Chemicals
The damage that a hazardous material will inflict on a human depends on the material’s TLV.
The point at which the material begins to affect a person
May be defined in several ways
The various definitions indicate the levels of protection that are required.
 (
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TLV-STEL
Maximum concentration a person can be exposed to in 15-minute intervals, up to four times a day without damage.
Minimum 1-hour rest between exposures
Lower the TLV-STEL
, the more toxic the substance.
)TLV/short-term exposure limit (TLV-STEL)
Maximum concentration that a person can be exposed to in 15-minute intervals, up to four times a day, without experiencing chronic or irreversible tissue damage
There should be a minimum 1-hour rest period between exposures.
The lower the TLV-STEL, the more toxic the substance.
 (
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TLV/Time-Weighted Average  (TLV-TWA)
Maximum concentration a person can be exposed to 8 hours a day, 40 hours a week without damage
The lower the TLV-TWA
, the more toxic the substance.
)TLV/time-weighted average (TLV-TWA)
Maximum concentration that a person could be exposed to 8 hours a day, 40 hours a week, with no ill effects
The lower the TLV-TWA, the more toxic the substance.
 (
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TLV/Ceiling (TLV-C)
Maximum concentration a person can be exposed to, even for an instant.
The lower the TLV-C
, the more toxic the substance.
)TLV/ceiling (TLV-C)
Maximum concentration that a person should not be exposed to, even for an instant
The lower the TLV-C, the more toxic the substance.
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TLV/Skin 
Indicates the concentration at which direct exposure or airborne contact with a material could result in possible and significant exposure by absorption through the skin, mucous membranes, and eyes.
Take appropriate measures to m
inimize contact with the skin. 
)TLV/skin 
Indicates the concentration at which direct or airborne contact with a material could result in a possible and significant exposure by absorption through the skin, mucous membranes, and eyes.
Intended to suggest that appropriate measures be taken to minimize skin absorption so that the TLV-TWA is not exceeded
 (
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Permissible Exposure Limit
Also called the recommended exposure level (REL)
Comparable to the TLV-TWA
Maximum, time-weighted concentration to which 95% of healthy adults can be exposed during a 
40-hour workweek without damage
)Permissible exposure limit 
Also called the recommended exposure level 
Regulatory measure comparable to the TLV-TWA
Maximum, time-weighed concentration to which 95% of healthy adults can be exposed during a 40-hour workweek without suffering adverse effects
Set by OSHA for certain chemicals and are enforceable as federal law as set exposure limits for those chemicals.
 (
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IDLH
An atmospheric concentration of any toxic, corrosive, or asphyxiant that poses an immediate threat to life or could cause irreversible or delayed adverse health effects
)IDLH
An atmospheric concentration of any toxic, corrosive, or asphyxiant that poses an immediate threat to life or could cause irreversible or delayed adverse health effects
 (
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IDLH
Three types of IDLH atmospheres:
Toxic
Flammable
Oxygen deficient
Requires the use of self-contained breathing apparatus (SCBA) or equivalent protection
)Three types of IDLH atmospheres:
Toxic
Flammable
Oxygen deficient
Recommended exposure level set by NIOSH, do not have the force of the law
Individuals exposed to atmosphere concentrations at or above IDLH levels must use positive pressure SCBA or equivalent respiratory protection.
 (
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Determining Atmospheric Safety
Atmospheric monitoring requires specific training and equipment.
Three types of atmospheres at a hazardous materials incident:
Safe
Unsafe
Dangerous
)Measuring atmospheric concentrations of chemicals requires specific training and equipment.
Exposure guidelines are intended to minimize the possibility that responders and the public will be exposed to hazardous materials or atmospheres that will lead to harm.
Three basic atmospheres at a hazardous materials emergency
Safe atmosphere: No hazardous materials effects exist; no specialized PPE is needed.
Unsafe atmosphere: A hazardous material is present and creates an unsafe condition or atmosphere; exposure could result in acute or chronic injury.
Dangerous atmosphere: Exposure to the atmosphere will result in serious, irreversible injury, or death.
III. Personal Protective Equipment
Time: 3 Minutes
Slides: 20–21
Level: Fire Fighter I
Lecture/Discussion
 (
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Selection of Proper PPE
Potentially life-saving decision
The IC should approve the level of PPE to be used on an incident.
Fire fighters should not use PPE they have not been trained to
 use.
)Introduction to PPE
Clothing and protection provided to shield or insulate a person from chemical, physical, and thermal hazards.
Selecting the appropriate PPE for a hazardous materials incident is an important, even potentially life-saving decision.
Without the proper protective clothing and respiratory protection, fire fighters may be injured
Adequate PPE should protect the fire fighter’s respiratory system, as well as the skin, eyes, face, hands, feet, head, body, and hearing.
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Types of PPE
Street clothing and work uniforms
Structural firefighting protective clothing
High-temperature-protective clothing
Chemical-pr
otective clothing and equipment
)When product-specific chemical suits are unavailable, fire fighters must know how much and what kind of protection their regular firefighting clothing provides.
Standard structural firefighting gear may be suitable for support operations at many hazardous materials incidents, but personnel who are involved in decontamination activities may require chemical-protective clothing because of the possibility of cross-contamination issues.
The incident commander has the ultimate authority and responsibility to approve the level of PPE required for a given activity
Fire fighters should operate only at the incident level that matches their knowledge, training, and equipment.
IV. Hazardous Materials—Specific Personal Protective Equipment
Time: 22.5 Minutes
Slides: 22–36
Level: Fire Fighter I
Lecture/Discussion
 (
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Hazardous Materials Protection
Street clothing and work uniforms
Offers no protection from hazardous materials 
Structural firefighting protective clothing
Offers almost no chemical protection 
)Street Clothing and Work Uniforms
Offers the least amount of protection in a hazardous materials emergency
May prevent a noncaustic powder from coming into direct contact with the skin
A one-piece flame-resistant or lightly flame-resistant coverall may enhance protection slightly
Structural Firefighting Protective Clothing
Offers no chemical protection, although it does have some abrasion resistance and prevents direct skin contact.
Easily absorbs materials, breaks down when exposed to chemicals, and does not provide protection from harmful gases, vapors, liquid, or dusts that may be encountered
 (
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Hazardous Materials Protection
High-temperature-protective clothing
Offers protection from high temperatures only 
)High-Temperature-Protective Clothing
Protects the wearer during short-term exposures to high temperatures
It allows the properly trained fire fighter to work in extreme fire conditions but is not designed to protect the fire fighter from hazardous materials.
 (
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Chemical Protective Clothing and Equipment
Designed to prevent chemicals from coming in contact with the body
Have varying degrees of resistance 
Chemical-resistant materials 
Designed to inhibit or resist the passage of chemicals into and through the material by penetration, permeation, and degradation
)Chemical-Protective Clothing and Equipment
Designed to prevent chemicals from coming in contact with the body and may have varying degrees of resistance
Chemical-resistant materials
Designed to inhibit or resist the passage of chemicals into and through the material by the process of penetration, permeation, or degradation
 (
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Penetration 
Flow or movement of a hazardous chemical through closures, seams, porous materials, pinholes, or other imperfections 
Li
quids and solids can penetrate.
)Penetration
The flow or movement of a hazardous chemical through closures, seams, porous materials, pinholes, or other imperfections
Liquids are most likely to penetrate material.
Solids can also penetrate protective clothing materials.
 (
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Permeation 
Process by which a hazardous chemical moves through a material at the molecular level 
Occurs through the material itself, rather than thro
ugh an opening in the material 
)Permeation
The process by which a hazardous chemical moves through a material on the molecular level.
Occurs through the material itself rather than through openings in the material.
 (
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Degradation 
Physical destruction or decomposition of a material due to chemical exposure, general use, or ambient conditions 
Usually evidenced by signs such as charring, shrinking, swelling
, color changes, or dissolving 
)Degradation
The physical destruction or decomposition of a clothing material owing to chemical exposure, general use, or ambient conditions (eg, sunlight).
Evidenced by signs such as charring, shrinking, swelling, color changes, or dissolving
Materials can also be tested for weight changes, loss of fabric tensile strength, and other properties to measure degradation.
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Garment Construction
Single piece
Completely encloses wearer 
Known as an encapsulated suit or acid suit
Multipiece
Works with the wearer’s respiratory protection, an attached or detachable hood, gloves, and boots
)Garment construction
Single piece
Completely encloses wearer
Known as an encapsulated suit or acid suit
Multipiece
Works with the wearer’s respiratory protection, an attached or detachable hood, gloves, and boots to protect against a specific hazard 
 (
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Material Used In Construction
Butyl rubber 
Tyvek 
Saranex 
Polyvinyl chloride
Vitron
)Materials used in construction
Butyl rubber
Tyvek
Saranex
Polyvinyl chloride 
Vitron
Training
Personnel trained to the operations level should not be operating in encapsulated suits
Operational-level personnel can wear some nonencapsulated chemical-protective clothing while providing support for those entering the hazardous materials area.
 (
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Liquid Splash-Protective Clothing
Protects skin and eyes
Does not provide total body protection from
 gases or vapors
)Liquid splash-protective clothing
Protects skin and eyes from chemical splashes
Does not provide total body protection from gases or vapors
Should not be used for incidents involving liquids that emit vapors 
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Vapor-Protective Clothing
Must be used when hazardous vapors are present
Traps heat and perspiration
SCBA o
r air line hoses must be used. 
)Vapor-protective clothing
Must be used when hazardous vapors are present
Traps the fire fighter’s heat, so fire fighters and support personnel must be aware of possible heat-related emergencies
SCBA or air line hoses must also be used for respiratory protection.
 (
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Respiratory Protection Devices
Self-contained breathing apparatus (SCBA)
Supplied air respirator (SAR)
Air-purifying respirator (APR) and powdered ai
r-purifying respirators (PAPRs)
)Respiratory Protection
Positive-pressure SCBA
 (
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SCBA
Prevents exposure through inhalation or ingestion
Should be mandatory for fire service personnel
Fire fighters mu
st know the limitations of SCBA
)Prevents exposure through inhalation or ingestion
Should be mandatory for fire service personnel
Fire fighters should know the limitations of SCBA.
 (
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SAR
A hose connects the user to the air source and provides air to the face piece.
Useful during extended operations
Length of ho
se line may restrict movement. 
)Other respiratory protection
Supplied-air respirators (SARs)
A hose connects the user to the air source and provides air to the face piece
Are useful during extended operations
Length of the hose line may restrict movement
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APRs and PAPRs
Removes particulates and contaminants from the air
Should only be used when:
Type and amount of contaminants known
Atmosphere is not oxygen deficient.
)Air-purifying respirators (APRs) and powdered air-purifying respirators (PAPRs)
Filtering devices that remove particulates and contaminants from the air
Should be worn only in atmospheres where the type and quantity of contaminants are known and where there is sufficient oxygen for breathing
 (
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APRs
Do not have a separate source of air
Ambient atmosphere must contain a minimum of 19.5% oxygen.
Filtering cartridges are contaminant specific.
Atmosphere 
must be continuously monitored.
)APRs and PAPRs do not have a separate source of air.
Ambient atmosphere must contain a minimum of 19.5% oxygen.
Filtering cartridges are contaminant specific.
Continuous atmospheric monitoring is essential for safety.
V. Chemical-Protective Clothing Ratings
Time: 6 Minutes
Slides: 37–40
Level: Fire Fighter I
Lecture/Discussion/Demonstration
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Level A Protection
Heavy encapsulating suit
Highest level of protection
Effective against vapors, gases, mists, and dusts
Requires SCBA or SAR
)Level A 
Heavy, encapsulating suit that envelops both wearer and SCBA
Should be used when the hazardous material identified requires the highest level of protection for skin, eyes, and respiration
b	Effective against vapors, gases, mists, and dusts
Requires respiratory protection using SCBA or SAR
Recommended PPE includes:
SCBA or SAR
Fully encapsulating chemical-resistant suit
Inner chemical-resistant gloves
Chemical-resistant safety boots or shoes
Two-way radio
Hard hat
Optional PPE includes:
Coveralls
Long cotton underwear
Disposable gloves and boot covers
 (
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Level B Protection
Chemical-protective clothing, boots, gloves, and SCBA 
High respiratory protection but le
ss skin protection required
)Level B 
Consists of chemical-protective clothing, boots, gloves, and SCBA
Used when the type and atmospheric concentration of identified substances require a high level of respiratory protection but less skin protection
Type of gloves and boots worn depends on the chemical involved
Wrists and ankles must be properly sealed to prevent splashed liquids from contacting the skin.
Recommended PPE includes:
SCBA or SAR
Chemical-resistant clothing
Inner and outer chemical-resistant gloves
Chemical-resistant safety boots or shoes
Hard hat
Two-way radio
Optional PPE includes:
Coveralls
Long cotton underwear 
Disposable gloves and boot covers 
Donning and doffing procedures will be practiced in Skill Drills 32-1 through 32-4.
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Level C Protection
Standard work clothing plus chemical-protective clothing, chemical-resistant gloves, and a form of respiratory protection
)Level C 
Consists of standard work clothing plus chemical-protective clothing, chemical-resistant gloves, and a form of respiratory protection
Appropriate when the type of airborne substance is known, its concentration is measured, the criteria for using an APR is met, and skin or eye exposure is unlikely
Can be provided with a filter or cartridge mask or an APR
Head protection and goggles are also required
Recommended PPE includes:
Full-face APR
Chemical-resistant clothing
Inner and outer chemical-resistant gloves
Chemical-resistant safety boots or shoes
Two-way radio
Hard hat
Optional PPE includes:
Coveralls
Long cotton underwear 
Disposable gloves and boot covers
Donning and doffing procedures will be practiced in Skill Drills 32-5 and 32-6.
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Level D Protection
Lowest level of protection 
Should be used for nuisance contam
ination only
)Level D 
Level D is the lowest level of protection.
Should be used when the atmosphere contains no known hazard and when work functions preclude splashes, immersion, or the potential for unexpected inhalation of or contact with hazardous levels of chemicals
Level D PPE should be used for nuisance contamination (like dust) only.
Recommended PPE includes:
Coveralls
Safety boots or shoes
Safety glasses or chemical-splash goggles
Hard hat
Gloves
Optional PPE includes:
Face shield
Escape mask
Donning and doffing procedures will be practiced in Skill Drills 32-7 and 32-8.
VI. Skin Contact Hazards
Time: 6 Minutes
Slides: 41–44
Level: Fire Fighter I
Lecture/Discussion
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Skin Contact Hazards
Principal dangers of hazardous materials are toxicity, flammability, and reactivity. 
Hazardous materials can harm the inadequately protected body.
Assume the worst, and leave the 
largest possible safety margin.
)Introduction to Skin Contact Hazards
Principal dangers of hazardous materials are toxicity, flammability, and reactivity.
Hazardous materials can also harm the inadequately protected human body.
Assume the worst and leave the largest possible safety margin, especially when dealing with unknown chemicals.
 (
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Skin Contact Hazards
Skin can absorb harmful toxins without any sensation to the skin itself.
Do not rely on pain or irritation as a warning of absorption.
Some substances are lethal if only a few drops contact the skin.
)The skin can absorb harmful toxins without any sensation to the skin itself.
Do not rely on pain or irritation as a warning sign of absorption.
Some hazardous materials are lethal if only a few drops contact the skin.
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Skin Contact Hazards
Skin absorption is enhanced by abrasions, cuts, heat, and moisture.
Absorption rate depends on body part.
Chemicals are absorbed through the skin on the scalp much faster than through the forearm. 
Eyes have one of the fastest means of exposure.
)Skin absorption is enhanced by abrasions, cuts, heat, and moisture.
The rate of absorption depends on the part of the body contacted.
Chemicals can be absorbed through the skin on the scalp much faster than through the forearm.
High absorbency rate of eyes make them one of the fastest means of exposure.
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Skin Contact Hazards
Corrosives will immediately damage skin or body tissues on contact.
Acids
Have a strong affinity for moisture
Create a clot-like barrier that blocks deep skin penetration
Alkalis
Turns tissue to soapy liquid
)Corrosives will immediately damage skin or body tissues on contact.
Acids have a strong affinity for moisture and can create significant skin and respiratory tract burns.
Acid injuries create a clot-like barrier that blocks deep skin penetration of the chemical.
Alkaline materials dissolve the fats and lipids that make up skin tissue and change solid tissue into a soapy liquid.
Alkali burns are often much deeper and more destructive than acid burns.
VII. Safety Precautions
Time: 31.5 Minutes
Slides: 45–65
Level: Fire Fighter I
Lecture/Discussion
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Safety Precautions
Standard safety precautions for firefighting apply to hazardous materials incidents.
In addition, special attention must be 
paid to temperature and stress.
)Introduction to Safety Precautions
In addition to standard safety precautions of using PPE and respiratory protection, they must guard against the dangers posed by temperature-related conditions and stress.
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Excessive Heat Disorders
Fire fighters operating in protective clothing should be aware of the signs and symptoms of heat rash, heat cramps, heat exhaustion, heat stress, heat stroke, and dehydration.
)Excessive Heat Disorders
Fire fighters operating in protective clothing should be aware of the signs and symptoms of heat rash, heat cramps, heat exhaustion, heat stress, heat stroke, and dehydration.
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Heat Rash
PPE rubbing against skin when hot
Folds or creases in skin where sweat collects
Repeated or prolonged 
outbreaks can lead to infection
)Heat rash
PPE rubbing against the skin when hot
Folds or creases in the skin where sweat can collect and create clear, raised bumps
Repeated or prolonged outbreaks can lead to infection
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Heat Cramps
Painful muscle spasms that can occur during physical exertion in high temperatures
Cause is electrolyte
 imbalance from excess sweating
)Heat cramps
Painful muscle spasms that can occur during physical exertion in high temperatures
Cause is electrolyte imbalance from excess sweating
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Slide 
49
Heat Exhaustion
Mild form of shock caused by overheating when the body cannot dissipate heat
Body’s core temperature rises, causing weakness and profuse sweating followed 
by dizziness or blurred vision.
)Heat exhaustion
A mild form of shock that occurs when the circulatory system begins to fail because the body is unable to dissipate excessive heat and becomes overheated.
The body’s core temperature rises, causing weakness and profuse sweating.
The fire fighter may become weak or dizzy and have episodes of blurred vision.
Other signs and symptoms:
Rapid, shallow breathing
Weak pulse
Cold, clammy skin
Loss of consciousness
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Heat Exhaustion
Emergency action:
Remove victim from the source of heat.
Rehydrate
Provide cooling
)Emergency action:
Remove the victim from the source of the heat.
Rehydrate with electrolyte solutions.
Keep cool.
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Heat Stroke
Life-threatening condition that results from the total failure of the body’s temperature-regulation capacity
Signs and symptoms include:
Reduction or cessation of sweating 
Body temperature at or above 105ºF (40.5°C)
Rapid pulse
)Heat stroke
A severe and potentially fatal condition that results from the total failure of the body’s temperature-regulation capacity
Caused by exposure to the sun or high temperatures
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Heat Stroke
Signs and symptoms (cont’d)
Hot skin
Headache
Confusion
Unconsciousness
This is a true medical emergency that requires immediate transport to a medical facility.
)Signs and symptoms:
Reduction or cessation of sweating
Body temperature at or above 105ºF (40.5°C)
Rapid pulse
Hot skin
Headache
Confusion
Unconsciousness
Possible convulsions
Emergency action:
This is a true medical emergency requiring immediate transport to a medical facility.
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Dehydration
Prehydrate with 8 to 16 oz (240–480 mL) of water before donning PPE.
Rehydrate with 16 oz (480 mL) of
 water for each SCBA tank used.
)Dehydration
Fire fighters should prehydrate by drinking 8 to 16 oz (240-480 mL) of water before donning any chemical-protective clothing.
Fire fighters should rehydrate with 16 oz (480 mL) of water for each SCBA tank used.
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Cooling Technologies
Many response agencies use some form of cooling technology under the garment
Air, ice, and water cooled vests
Phase change cooling technology
Each is designed to reduce the stress on the body
)Cooling techniques
Many response agencies use some form of cooling technique under the garment.
These techniques include air, ice, and water cooled vests, along with phase change cooling.
Each is designed to reduce the effect of heat stress on the human body.
The human body is constantly seeking to reach an acceptable equilibrium with the external environment.
Heat generated by the body’s core is carried through the circulatory system to the skin, where it is wicked off as cooler ambient air is passed over the skin. This process is called convective cooling.
As outside temperature rises, the difference between normal body heat and the surrounding environment narrows, and the normal process of convective cooling is ineffective.
The body switches to evaporative cooling.
Perspiration is generated during this process, and the ensuing evaporation of sweat produces a tremendous cooling effect.
This method is only effective when the surrounding air is dry.
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Cooling Technologies
Forced air-cooling systems
Operate by forcing prechilled air through a system of hoses worn close to the body.
Fluid-chilled systems
Operate by pumping ice-chilled liquids from a reservoir through a series of tubes held within a vest-like garment.
)Forced air-cooling systems
Operate by forcing prechilled air through a system of hoses worn close to the body.
Typically these systems are lightweight and provide long-term cooling benefits.
Mobility is limited because the hose is attached to an external fixed compressor.
Fluid-chilled systems
a	Operate by pumping ice-chilled liquids from a reservoir through a series of tubes held within a vest-like garment.
Mobility may be limited with some varieties of this system because the pump may be located away from the garment.
Some units have a battery-operated unit worn on the hip, but the additional weight may increase the workload, which generates more heat, thereby defeating the purpose of the cooling vest.
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Cooling Technologies
Passive systems (ice or gel packed vests)
Commonly used due to low cost
Designed to be worn around the torso
Phase change cooling technology
Similar to passive systems
Chilled to 60°F (16°C)
Fabric of the vest is designed to wick perspiration away from the body.
)Passive systems (ice or gel packed vests)
Commonly used due to low cost
Designed to be worn around the torso
Bulkier and heavier and may cause discomfort
The cold temperature near the skin may actually fool the body into thinking it is cold instead of hot, thereby retaining more heat.
Phase change cooling 
Similar to passive systems
Chilled to 60°F (16°C) 
Fabric of the vest is designed to wick perspiration away from the body.
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Cold-Temperature Exposures   
Two types of cold exposure:
Materials related
Liquefied gases and cryogenic materials expose fire fighters to the same low-temperature hazards as those created by cold-weather environments.
Weather related
Temperature and wind speed
Still air is a poor conductor.
)Cold-Temperature Exposures
Two types of cold temperatures: materials related and weather related
Liquefied gases and cryogenic materials expose fire fighters to the same low-temperature hazards as those created by cold-weather environments.
Exposure to severe cold for even a short period may cause severe injury to body surfaces, particularly to the ears, nose, hands, and feet.
Two factors in particular influence the development of cold-related injuries: temperature and wind speed.
Still air is a poor conductor.
When low temperatures are combined with faster winds, wind chill occurs.
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Cold-Temperature Exposures  
Despite temperature, fire fighters will sweat. 
Wet clothing extracts heat from the body up to 240 times faster than dry clothing. 
May lead to hypothermia 
)Regardless of the temperature, fire fighters will perspire heavily.
Wet clothing extracts heat from the body up to 240 times faster than dry clothing.
May lead to hypothermia 
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Cold-Temperature Exposures  
Prevention 
Wear appropriate, layered clothing. 
Keep layers next to skin dry. 
Warm shelters should be available.
)Prevention
Wear appropriate, layered clothing. 
Keep layers next to skin dry.
Warm shelters should be available for donning and doffing protective clothing.
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Physical Capability Requirements
Hazardous materials response operations put a great deal of both physiological and psychological stress on responders.
Every emergency response organization should have a health
 and safety management program.
)Physical Capability Requirements
Hazardous materials response operations put a great deal of both physiological and psychological stress on responders.
Personnel may be exposed to both chemical and physical hazards.
May face life-threatening emergencies or develop heat stress
Every emergency response organization should have a health and safety management program.
Components are outlined in OSHA 1910.120, Hazardous Waste Site Operations and Emergency Response.
Components of such a program are medical surveillance, PPE, and site safety practices and procedures
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Medical Surveillance Program 
Cornerstone of the health and safety management system
Two primary objectives:
Determine fitness for duty
Detect changes in body system functions
)A medical surveillance program is the cornerstone of an effective health and safety management system.
The two primary objectives are to determine whether an individual can perform his or her assigned duties, including the use of personal protective clothing and PPE, and to detect any changes in body system functions caused by physical and/or chemical exposures.
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Medical Surveillance Program 
Ongoing, systematic evaluation of response personnel
Fire fighters should be examined by a 
physician at least once a year.
)Medical monitoring is the ongoing, systematic evaluation of response personnel who may experience adverse effects because of exposure to heat, cold, stress, or hazardous materials.
Fire fighters should be examined by a physician at least once a year. The physician may perform a respiratory function test to measure lung capacity and lung function and to evaluate an individual’s fitness for wearing SCBA and other respiratory protection devices.
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Medical Monitoring
Preentry
Vital signs
Skin inspection (rashes or open sores)
Should be completed within the hour before the fire fighter enters the hazardous environment
)Whenever possible and immediately before fire fighters don PPE to enter a hazardous materials environment, they should have their vital signs taken as part of the preentrance medical monitoring.
This should include an inspection of the individual’s skin for rashes and open sores or wounds and an evaluation of the individual’s mental status.
This preentrance medical monitoring should be completed as soon as possible and within the hour before the fire fighter enters the hazardous environment.
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Medical Monitoring
During the incident
Team member exhibits changes in gait, speech, or behavior
Anyone experiencing chest pain, dizziness, shortness of breath, weakness, nausea, or headache
)Hazardous materials PPE puts significant stress on the body, particularly on the cardiovascular system.
If a member of the hazardous materials team exhibits changes in gait, speech, or behavior, he or she should leave the environment for immediate decontamination, doffing of protective equipment, and assessment.
Anyone who experiences chest pain, dizziness, shortness of breath, weakness, nausea, or headache should also undergo immediate decontamination, doffing of protective clothing, and assessment.
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Medical Monitoring
After decontamination
Normal baseline values should be attained within 15 to 20 minutes.
Anyone who does not return to baseline levels should be treated and transported to a definitive care facility.
Vital signs should be checked every 5 to 10 minutes.
)After decontamination the hazardous materials team should once again have their vital signs checked and monitored.
Normal baseline values should be attained within 15 to 20 minutes after a person leaves the environment.
Anyone who does not return to normal baseline entry levels should be treated and transported to a definitive care facility for follow-up monitoring.
Vital signs should be checked every 5 to 10 minutes


VIII. Response Safety Procedures
Time: 10.5 Minutes
Slides: 66–72
Level: Fire Fighter I
Lecture/Discussion
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Response Safety Procedures
Isolate and deny entry.
Eliminate ignition sources.
Operations cannot begin until the area is identifie
d and the perimeter is secured.
)Introduction to Response Safety Procedures
Isolate the area and prevent anyone from entering the scene.
These basic protective actions should be taken immediately.
First responders can gather necessary scene information and identify the materials involved.
Any possible ignition sources should be eliminated
Electrical devices used in the immediate area of the hazard should be certified as safe by recognized organizations
Some flammable vapors are heavier than air and, therefore, may travel along the ground to an ignition source.
The first step in gaining control of a hazardous materials incident is to isolate the problem and keep people away from it.
The IC cannot begin operations until the hazard area is identified and the perimeter is secured.
Fire fighters can help to isolate the area by stretching banner tape across roads to divert traffic away from a spill and by coordinating their efforts with those of police, EMS, and other agencies.
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Control Zones
Designated areas at a hazardous materials incident based on safety and the degree of hazard
Labels:
Hot zone
Warm zone
Cold zone
)Control zones
Control zones are designated areas at a hazardous materials incident based upon safety and the degree of hazard.
Control zones are labeled as hot, warm, or cold, and may be color-coded, such as red, yellow, and blue.
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Hot Zone
Area immediately around the incident site
Contains personnel and equipment needed to control the release
Access is limited. 
Entries and exits are logged.
Technicians only
)Hot zone
The area immediately around and adjacent to the incident site
Should be large enough that adverse effects from the hazardous materials will not affect people outside the zone.
Contains personnel and equipment needed to control release
All personnel and equipment in this zone must be decontaminated when they leave the area.
Access into the hot zone must be limited to only those persons necessary to control the incident.
Individuals must log in at the access control point, recording their entry and exit times.
Only individuals trained to the hazardous materials technician level should be permitted in the hot zone.
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Warm Zone
Staging area for entering and leaving the hot zone
Contains an access corridor and a decontamination corridor
Only essential personnel allowed.
Generally one level bel
ow what is used in the hot zone
)Warm zone
Also referred to as the contamination reduction zone
The area where personnel and equipment are staged before they enter and after they leave the hot zone.
Contains control points for access corridors and decontamination corridor
Designating a warm zone helps to reduce the spread of contamination.
Only the minimal amount of personnel and equipment necessary to perform a task or support those personnel who are operating in the hot zone should be permitted in the warm zone.
Personnel trained to the operations level can work with moderate supervision in the warm zone.
Generally, personnel working in the warm zone can use PPE that is one level below that used in the hot zone.
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Cold Zone
“Safe area” where special protective clothing is not needed
Cold zone operations include:
Personnel staging
Incident command post
Emergency medical service providers
Area for medical treatment
)Cold zone
In this “safe area” personnel do not need to wear any special protective clothing for safe operation.
Personnel staging, the Incident Command Post, emergency medical services (EMS) providers, and an area for medical treatment after decontamination are all located in the cold zone.
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Isolation Techniques
Approach from upwind and uphill.
Resist the urge to rush in.
Keep people away from the scene.
Identify the area verbally over the radio.
Cordon off the area.
)Isolation Techniques
Approach the hazardous materials incident cautiously from upwind and uphill.
Resist the urge to rush in.
Do not attempt to help others until the situation has been assessed; you could become a victim, too.
Keep people away from the scene and outside the safety perimeter.
Only those directly involved in emergency response operations should be permitted in the area, and even they must wait until control has been established and the situation assessed.
There are several ways to isolate the hazard and create the control zone.
The first step that should be taken is to identify the area verbally over the radio.
Cordon off the area using standard traffic cones, police, or fire-line barrier tape to control access.
If the incident takes place inside a structure, the best place to control access is at the normal points of entry.
Once the doors are secured, appropriately trained emergency response crews can begin to isolate areas above and below the hazard.
The same concept applies to outdoor incidents. Secure the entry points and the area around the hazard.
Police officers should assist fire fighters in this operation by diverting traffic at a safe distance outside the hazard area.
They should block off streets, close intersections, or use their vehicles to redirect traffic.
During a long-term incident, the highway department can set up traffic barriers.
Crowd-control devices can also be used to identify the hazard zones and restrict access.
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Buddy System and Backup Personnel 
Backup personnel are used to ensure the safety of emergency crews.
The decontamination team must be in place before anyone enters the hot zone.
No one should enter the hot zone alone.
Team members should always remain within sight,
 sound, or touch of each other.
)The Buddy System and Backup Personnel
The personal alert safety system device and the use of personal accountability and buddy systems are essential for fire fighter safety.
Backup personnel are used to ensure the safety of emergency crews.
They stand by at the scene, ready to remove personnel who are working in the hot zone if an emergency occurs.
All personnel must be fully briefed before they approach the hazard area or enter the hot zone.
The decontamination team must be in place before anyone enters the hot zone.
No one should enter the hot zone alone; at least two members should suit up and enter the hot zone together.
At least two additional team members should suit up and stand by to assist those who entered first.
Team members should always remain within sight, sound, or touch of each other.
Electronic communication devices sometimes fail.
The individual needing rescue may not be physically able to summon assistance.
Radios cannot replace visual or voice contact or be the only way to contact an individual working in the hot zone.


IX. Summary
Time: 6 Minutes
Slides: 73–76
Level: Fire Fighter I
Lecture/Discussion
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Summary
Proper use of PPE and scene control are critical to ensure safety of fire fighters, victims, and bystanders.
There are three levels of TLVs.
OSHA’s two regulatory measures
 are comparable to the TLV-TWA.
)Proper use of PPE and scene control are critical to ensure safety of fire fighters, victims, and bystanders.
There are three levels of TLVs.
OSHA's two regulatory measures are comparable to the TLV-TWA.
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Summary
There are three basic atmospheres of exposure guidelines.
Correct PPE can be life-saving.
PPE type depends on the activities of the fire fighter.
There are four categories of ha
zardous materials-specific PPE.
)There are three basic atmospheres of exposure guidelines.
Correct PPE can be life-saving.
PPE type depends on the activities of the fire fighter.
There are four categories of hazardous materials-specific PPE.
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Summary
There are four respiratory protections available to fire fighters.
There are four levels of chemical-protective clothing.
Temperature-related conditions and stress pose dangers.
Fire fighters should dress
 in layers and try to keep dry.
)There are four respiratory protections available to fire fighters.
There are four levels of chemical-protective protective clothing.
Temperature-related conditions and stress pose dangers.
Fire fighters should dress in layers and try to keep dry.
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Summary
There are three control zones at a hazardous materials incident.
Team members should always remain in sight,
 sound, or touch of each other.
)There are three control zones at a hazardous materials incident.
Team members should always remain in sight, sound, or touch of each other.
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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 hazardous materials incident scene safety and control. 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 32.
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. A
A
D
B
A
D
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 use these resources 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 32.
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 levels of damage that can occur by chemicals that come into contact with humans?
What are the three general IDLH atmospheres?
What are the differences between vapor-protective clothing and splash-protective clothing?
What is degradation?
How is chemical-protective clothing constructed?
What are some different types of respiratory protection available to fire fighters for hazardous materials incidents?
How is chemical-protective clothing rated?
If a chemical comes into contact with the skin and that chemical is unknown, how should it be handled?
What are some of the different heat disorders that can affect fire fighters?
What are the steps necessary to isolate an area?
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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