LESSON 7

SELF-CONTAINED BREATHING APPARATUS

OUTLINE

Objectives

Introduction

Conditions Requiring Respiratory Protection (NFPA 1001: 3-3.1)

Effects of Toxic Gases and Toxic Environments (NFPA 1001: 3-3.1)

Legal Requirements for Self-Contained Breathing Apparatus Use (NFPA 1001: 3-3.1)

Limitations of Self-Contained Breathing Apparatus (NFPA 1001: 3-3.1)

Types of Self-Contained Breathing Apparatus (NFPA 1001: 3-3.1)

Donning and Doffing Self-Contained Breathing Apparatus (NFPA 1001: 3-3.1)

Self-Contained Breathing Apparatus Operation and Emergency Procedures (NFPA 1001: 3-3.1)

Inspection and Maintenance of Self-Contained Breathing Apparatus [NFPA 1001: 3-5.3, 3-5.3(a), 3-5.3(b)]

Lessons Learned

Key Terms

Review Questions

Endnotes

Suggested Readings

CLASS ASSIGNMENT 

Prior to this lesson: 
Read Firefighter's Handbook, Chapter 7, pages 133-170

Length: 

4 hours, 20 minutes

Equipment /Supplies:
Course outline
Transparency masters--Chapter 7
PowerPoint Presentation--Chapter 7
Overhead projector, slide projector, or LCD display
SCBA units
PASS devices
SAR system, if available

OBJECTIVES

After completing this lesson, students should be able to: 

· List two conditions requiring respiratory protection.

· List and explain the effects of oxygen deficiency and toxic gases on the human body.

· List one legal requirement for use of a self-contained breathing apparatus (SCBA).

· List two types of SCBAs.

· List four components of the SCBA used by the authority having jurisdiction.

· Demonstrate two different SCBA donning procedures at 100 percent accuracy in the time limit established by the authority having jurisdiction.

· Demonstrate routine inspection procedures of SCBA in accordance with manufacturers' instructions.

· Demonstrate after-use maintenance and servicing of SCBA in accordance with manufacturers' instructions.

· Demonstrate the servicing of an SCBA cylinder with the air-filling system used by the authority having jurisdiction.

INTRODUCTION

Firefighter's Handbook, pages 135-136 

Time: 15 minutes 


Key Points

· Self-contained breathing apparatus (SCBA) is one of the most important items of personal protective equipment used by firefighters and rescue personnel.

· SCBAs allow firefighters to work in situations involving toxic fumes or oxygen-deficient atmospheres.

· The human body, especially the respiratory system, is vulnerable to injury in oxygen-deficient atmospheres.

· All fire departments must have a respiratory protection policy.

· This policy should require the use of an SCBA in areas where it is immediately dangerous to life and health (IDLH) or where a potential danger may exist. 

· Failure to understand and know how to use an SCBA properly could result in injury or death to a firefighter or victims.

· The lack of protective equipment not only has short-term effects but also causes long-lasting health problems.

· Many changes have occurred regarding the use of SCBAs since the late 1970s. These changes include:

· Decrease in the weight of SCBA cylinders by 40 percent

· Required positive pressure for all SCBAs used or manufactured for the fire service

· Improved design to limit catastrophic failure during operation

· Improved regulator design

· Implementation of SCBA maintenance programs

· Requirement for PASS devices by NFPA 1500

· Development of training programs to increase the firefighter's knowledge and confidence using SCBA

· Increased regulations: OSHA 29 CFR 1910.134, NFPA 1500, and NFPA 1404

· All improvements in technology, regulations, and mandates regarding the use of SCBAs are only as good as an individual's commitment to use an SCBA properly.

CONDITIONS REQUIRING RESPIRATORY PROTECTION

Firefighter's Handbook, pages 136-137

Time: 20 minutes

Key Points

· Four conditions that present respiratory hazards are commonly found at fire scenes or other emergency incidents:

· Oxygen deficiency

· High temperatures

· Smoke or unburned products of combustion

· Toxic environments

Oxygen-Deficient Environments

· Human body and fire are similar in that they both require oxygen to survive. 

· Atmospheres with oxygen concentrations below 19.5 percent are classified as oxygen-deficient atmospheres. Below 17 percent oxygen the body responds by increasing its respiratory rate. 

· The greater the oxygen deficiency, the greater the detrimental effects on the body.

· Oxygen deficiency combined with toxic gases is the cause for most fire deaths for individuals lacking the protection of an SCBA.

Elevated Temperatures

· The human body is very delicate and sensitive to elevated temperatures.

· Inhalation of heated gases will cause an accumulation of fluid in the lungs known as pulmonary edema. 

· Damage caused to the body by inhaling heated air or gases is long term and not reversible by treatment of fresh, cool air.

Smoke

· Smoke is the combination of unburned products of combustion, particles of carbon, tar, and associated gases such as carbon dioxide, sulfur dioxide, and hydrogen cyanide.

· The combination of these materials is extremely irritating to the body and in some cases can be fatal.

· Smoke that is at extremely high temperatures can also cause severe burns to the respiratory system.

EFFECTS OF TOXIC GASES AND TOXIC ENVIRONMENTS

Firefighter's Handbook, pages 137-139

Time: 15 minutes

Key Points

· Toxic gases and irritants produced by combustion have both short-term and long-term effects.

· Many common gases produced in a fire affect the respiratory and other systems.

· Pesticides and herbicides also produce many harmful toxins in a fire that require firefighters to use a higher level of protection.

Carbon Monoxide

· Carbon monoxide is one of the most lethal gases found in a fire.

· Carbon monoxide attaches itself to red blood cells more than 200 times easier than oxygen.

· The body suffers from a lack of oxygen, known as hypoxia, which can lead to death.

· The increased demands on the body and the need for oxygen during firefighting can quickly incapacitate a person who is without the protection of an SCBA and around carbon monoxide.

· Repeated exposure to even low levels of carbon monoxide can have harmful effects on the body.

LEGAL REQUIREMENTS FOR SELF-CONTAINED BREATHING APPARATUS USE

Firefighter's Handbook, page 140

Time: 15 minutes

Key Points

· The Respiratory Protection Standard, Title 29 CFR 1910.134, addresses mandatory requirements concerning the use of SCBAs.

· In addition to this OSHA standard, many other organizations such as NIOSH and NFPA have standards addressing the use of SCBAs.

· Title 29 CFR 1910.134 establishes the standard for all entries into IDLH atmospheres. 

· The standard also establishes requirements for a complete respiratory protection program and regular medical evaluation of employees.

· NFPA standards 1404 and 1981 address safety issues dealing with SCBA use.

LIMITATIONS OF SELF-CONTAINED BREATHING APPARATUS

Firefighter's Handbook, pages 140-143

Time: 30 minutes
Key Points

· Firefighters must be aware of the limitations of an SCBA.

· These limitations are the SCBA unit itself and the physical and physiological condition of the firefighter.

SCBA Design and Size

· An SCBA unit can weigh from 23 to 35 pounds and add 9 to 15 inches to the profile of the firefighter.

· Firefighters must be conditioned to the added weight and bulk of the SCBA in addition to the other personal protective equipment (PPE) they must wear.

· Firefighters must be aware of how long a standard cylinder will last while they are working.

· Firefighters must be aware of the following aspects of SCBA units:

· Visibility while wearing an SCBA is limited.

· The increase in weight and bulk of the SCBA limit mobility and agility of the firefighter.

· The firefighter's voice is muffled and hard to understand while wearing an SCBA.

· The firefighter must know whether the cylinder is fully charged.

· The quantity of air is limited in an SCBA.

Limitations of the SCBA User

· Firefighters must be in good physical condition due to the increase in weight and bulk, which hinders agility and mobility, requiring a high level of strength and endurance.

· Weight loss or a 24-hour growth of facial hair may affect the ability to obtain a good seal on the SCBA face piece.

· The stress of firefighting in elevated temperatures requires additional cardiovascular and respiratory conditioning.

· A lack of self-confidence in the SCBA may cause firefighters anxiety, thus increasing their breathing rates.

· The degree of training or experience users have with SCBA affects their self-confidence and ability to function.

· Increased physical stress may cause anxiety.

· Emotional conditions, such as fear or excitement, may increase the user's breathing rate and air consumption.

TYPES OF SELF-CONTAINED BREATHING APPARATUS

Firefighter's Handbook, pages 143-150

Time: 30 minutes
Key Points

· Two different types of SCBA are in general use in today's fire service: open circuit and closed circuit.

· In an open-circuit SCBA, the exhaled air is vented to the outside atmosphere.

· In a closed-circuit SCBA, the exhaled air stays in the system for filtering, cleaning, and circulation.

· SCBAs for fire service use are designed and built in accordance with NIOSH and NFPA standards.

Open-Circuit Self-Contained Breathing Apparatus

· SCBA has four basic assembly components:

· Backpack and harness

· Cylinder

· Regulator

· Face piece assembly

· The backpack assembly is designed to hold the air cylinder and provide straps for securing the SCBA unit.

· The regulator may be attached to the waist straps.

· Straps are adjustable to the size of the user.


· SCBA cylinders contain the compressed air for breathing by the user.

· SCBA cylinders vary in material and type of manufacturer.

· Materials used for SCBA include steel, aluminum, fiberglass, and Kevlar/carbon composite.

· The rated duration of all SCBA cylinders is based on laboratory testing; however, actual duration will vary significantly with each user.

· The USDOT regulates compressed gas cylinders, including those used in the fire service.

· The quality of the compressed breathing gas used in open-circuit SCBA has a direct effect on the performance of the SCBA.

· The minimum quality of air used for SCBA is Grade D.

· This classification establishes maximum allowable quantities of impurities allowed in breathing air.

· Many fire departments refill their own SCBAs using their own refill system known as a cascade system.

· This system consists of a compressor, purifier, air quality monitor, storage system, booster compressor, control panel, and cylinder fill containers.

· The regulator assembly is attached to the face piece or waist straps.

· The regulator reduces the high-pressure air from the cylinder to low, slightly above atmospheric pressure and controls the flow of air to the face piece.

· The regulator contains a diaphragm that is activated by the breathing action of the user.

· All SCBA units maintain a constant positive pressure airflow to the face piece.

· The exhalation action moves the diaphragm to the closed position and opens the exhalation valves, and the exhaled air is vented outside the face piece.

· During normal operation the main line valve is fully open, allowing maximum air to flow, and the bypass valve is in the fully closed position.

· The regulator may have a pressure gauge that is part of the regulator body or attached to the shoulder straps.

· SCBA units designed for fire service have a low air supply warning alarm.

· The 1997 edition of NFPA 1981 requires SCBA units to be equipped with two different types of low air alarms.

· The face piece assembly provides fresh air to the firefighter wearing an SCBA unit.

· The assembly consists of a flexible rubber or silicon mask with a lens, exhalation valves, and a harness with adjustable straps.

· NFPA 1500 and 29 CFR 1910.134 require an annual fit test to ensure proper sizing of the face piece.

· The exhalation valve is the outlet for exhaled air and prevents toxic gases from entering the face piece.

· The face piece assembly may have several options depending on the manufacturer and style.

Closed-Circuit Self-Contained Breathing Apparatus

· A closed-circuit SCBA is not used for regular firefighting operations.

· These SCBAs are more commonly used for hazardous materials operations and below-grade rescue, which requires an extended air supply.

· Closed-circuit SCBAs contain a cylinder of oxygen, a filter system, a regulator, and valves.

Open-Circuit Supplied Air Respirators

· Open-circuit supplied air respirators (SARs), also called airline respirators, are similar to SCBA units, except that the air supply cylinder is remote from the user.

· They provide the user with a long-duration air supply with mobility and agility.

· These units are also commonly used in hazardous materials operations and confined space rescues.

DONNING AND DOFFING SELF-CONTAINED BREATHING APPARATUS

Firefighter's Handbook, pages 150-158

Time: 30 minutes
Key Points

· Regardless of how the SCBA unit is stored or mounted, always refer to the manufacturers' instructions for specific procedures.

General Considerations

· Before using any SCBA, regardless of manufacturer, model, or donning method, operational safety checklists must be performed.

· Once these checks are complete and the unit operates properly, the SCBA is ready for use.

Storage Case

· Two methods are used to don SCBA units stored in their cases--the "over the head" and the "coat" methods.

Seat-Mounted Apparatus

· With the use of enclosed firefighter riding positions becoming more common, SCBA units are mounted at the seat position.

· A firefighter should never attempt to stand and don the SCBA unit while the apparatus is in motion.

Compartment or Side-Mounted Apparatus

· Some fire departments carry their SCBA units mounted on the side of the apparatus or in compartments.

· The donning methods may be similar to that for a seat-mounted position, except that the firefighter is standing rather than sitting. 

Donning the SCBA Face Piece

· After securing the SCBA, the next step is to don the face piece.

· Most SCBA face pieces are donned in a similar manner, with the difference being the style of head straps and the location of regulators.

· Proper donning of the face piece is essential to protect the user from the effects of toxic gases.

Removing/Doffing the SCBA Unit

· Once you have exited the hazardous atmosphere, the firefighter should remove the SCBA unit.

· If you are waiting for another assignment, remove the face piece.

· Depending on local SOP, once an assignment with SCBAs is finished, firefighters should report to rehabilitation.

ACTIVITIES

Time: 30 minutes

1. Students should demonstrate the proper way to don an SCBA using the "over the head" method.

2. Students should demonstrate the proper way to don an SCBA using the "coat" method.

3. Students should practice donning a self-contained breathing apparatus face piece.

4. Once the students are comfortable with the application of the SCBA, they should practice donning all their PPE including SCBAs.

5. Students should be able to don all their equipment in under two minutes.

6. Students should demonstrate the proper way to don an SCBA from a seat-mounted position.

Instructor's note: Students should be given ample opportunity to get comfortable with this skill. Instructors may have students practice the various ways of donning SCBA at the same time or separately depending on class schedule. Use the skill sheets found in Instructor Resource B of this manual to check off the student's performance.

SELF-CONTAINED BREATHING APPARATUS OPERATION AND EMERGENCY PROCEDURES


Firefighter's Handbook, pages 158-162

Time: 30 minutes
Key Points

· Both OSHA and NFPA require fire departments to establish respiratory protection programs.

· Firefighters must also be proficient in the safe use of SCBA, donning and doffing procedures, individual limitations, and limitations of the SCBA unit.

Safe Use of SCBA

· Safe use of SCBA is essential to firefighter survival during operations requiring its use.

· Firefighters should be aware of the following safety items:

· All firefighters must be certified physically for respirator use.

· Fire departments must establish an accountability system to track personnel.

· Firefighters must work in teams of two as a minimum.

· All fire departments should enforce the "two-in/two-out" rule.

· PASS devices must be activated and checked before entering a hazardous environment.

· Fire departments should establish policies for firefighter rehabilitation during operations requiring SCBA.

· During rehabilitation, firefighters must be monitored and personnel must hydrate to replace body fluid.

· Air consumption will vary for each individual based on physical condition, level of training, task being performed, and environment.

· Never remove the SCBA face piece in a contaminated environment.

· If the low air alarm is activated on one firefighter, all team members must exit together.

Operating in a Hostile Environment

· Firefighters will use SCBA in hostile environments and toxic atmospheres, with limited visibility.

· Remember the following general rules:

· Always check in with the accountability/company officer when entering and exiting an assignment area.

· Always remain low.

· Check the environment; extend a gloved hand above head to determine the heat conditions overhead.

· Never remove a face piece.

· Maintain an awareness of location, floor level, and front or rear of building.

· Ventilate as an advance is made, as long as it will not spread the fire.

· Check outside openings such as windows and doors.

· Always maintain contact with team members.

· Never enter a hostile environment alone.

Restricted Openings

· Areas with restricted openings that a firefighter cannot fit into should be probed with a tool.

· Only remove an SCBA as a last resort under emergency conditions.

· Remember the following rules:

· Never remove the face piece to reduce the profile.

· Loosen straps and rotate the SCBA under the arm along the rib cage as a first step.

· As a last resort, remove the harness assembly and hold the SCBA in front.

· Always maintain contact with the SCBA unit.

· Maintain control of the unit.

· Practice this procedure with an obscured face piece to accomplish by feel.

Emergency Procedures

· SCBA units can be damaged and can malfunction, or the firefighter may become tangled in debris while operating.

· Firefighters must remain calm and rely on their training and knowledge of their SCBA unit.

· In the event of an SCBA malfunction:

· Remain calm; rely on your training.

· Immediately exit the hazardous environment.

· Manually activate the PASS device.

· If a radio is available, announce your emergency and the location.

· In case of regulator failure, breathe using the bypass valve.

· For a face piece failure, use the bypass valve to increase airflow and minimize toxic gas buildup.

· "Buddy breathing" attachments should only be used as a last resort.

INSPECTION AND MAINTENANCE OF 
SELF-CONTAINED BREATHING APPARATUS

Firefighter's Handbook, pages 163-169

Time: 15 minutes
Key Points

· SCBA units must be ready to go on a moment's notice.

Daily, Weekly, and After Each Use Maintenance

· Inspections must be completed on a daily or regular basis.

· When conducting regular equipment inspections, the SCBA should be inspected to ensure proper operation.

· After an SCBA is used at a fire, emergency incident, or training exercise, the unit should be serviced and checked.

Monthly Maintenance

· In addition to the regular checks, a monthly operational check of the unit should be conducted.

Annual and Biannual Maintenance

· NIOSH and SCBA manufacturers require different functional tests on SCBA annually. Only manufacturers' authorized and trained service personnel should perform the tests.

Changing SCBA Cylinders

· SCBA cylinders must be changed after use, according to local protocols.

· A cylinder that is 90 percent full can cost a firefighter 2 to 5 minutes of air supply.

· Every firefighter must be proficient in replacing an SCBA tank.

Servicing SCBA Cylinders

· When the cylinder is below full, it must be serviced.

· The following safety precautions must be followed:

· The air source must be tested and certified meeting OSHA and NFPA requirements.

· All cylinders must have a current hydrostatic test date. 

· All fill stations must have fragmentation containment devices.

· Firefighters must always follow manufacturers' recommendations.

· Fill rate may vary; 300 to 600 psi per minute is considered acceptable.

ACTIVITIES

Time: 30 minutes

Using the skill sheets in Instructor Resource B, have students practice the following skills:

1. Have students practice emergency procedures using an SCBA; this exercise should include operating in a hostile environment and restricted openings.

2. Have students demonstrate a daily inspection of the SCBA.

3. Have students demonstrate the proper cylinder replacement procedure.

4. If the facilities are available, students should demonstrate how to service an SCBA using the cascade system.

5. Answer any questions students may have about these procedures.

WRAP-UP

Time: 10 minutes

Key Points

· SCBA is one of the most important items of PPE that firefighters have available to them.

· An increase in safety regulations and improvements in design and construction of SCBA have greatly increased their safety and reliability.

· An SCBA has limitations, and also increases the limitations and demands on the firefighter's physical conditioning.

· The firefighter must be familiar and comfortable with the use, emergency procedures, and maintenance of an SCBA.

· The firefighter must be proficient in the proper and rapid procedures for donning and doffing SCBA.

