Essentials of Fire Fighting, 6th Edition

Firefighter Personal Protective Equipment


Chapter 6
Firefighter Personal 
Protective Equipment
Lesson Goal
After completing this lesson, the student shall be able to properly use and care for personal protective equipment (PPE) as well as describe how it can protect firefighters. Students will understand how the limitations of PPE impact the need to select equipment appropriate for the incident in order to take advantage of this protection. 
Objectives

Upon successful completion of this lesson, the student shall be able to:


1.
Describe the purpose of personal protective equipment. [NFPA® 1001, 5.1.1, 5.3.3]

2.
Describe characteristics of each type of personal protective equipment. [NFPA® 1001, 5.3.2]

3.
Summarize guidelines for the care of personal protective clothing. [NFPA® 1001, 5.1.1, 5.3.3, 5.5.1]

4.
Explain safety considerations for personal protective equipment. [NFPA® 1001, 5.3.1]

5.
Identify respiratory hazards. [NFPA® 1001, 5.3.1]

6.
Identify types of respiratory protection equipment. [NFPA® 1001, 5.3.1]

7.
Describe the limitations of respiratory protection equipment. [NFPA® 1001, 5.3.1]

8.
Explain methods for storing respiratory protection equipment.  [NFPA® 1001, 5.5.1]

9.
Describe general donning and doffing considerations for protective breathing apparatus. [NFPA® 1001, 5.3.1, 5.3.2]

10.
Summarize general considerations for protective breathing apparatus inspections and care. [NFPA® 1001 5.1.1, 5.5.1]

11. 
Summarize safety precautions for refilling SCBA cylinders. [NFPA® 5.5.1]

12.
Explain procedures for replacing SCBA cylinders. [NFPA® 1001 5.3.1]

13.
Explain safety precautions for SCBA use. [NFPA® 1001 5.3.1]

14.
Describe nonemergency and emergency exit indicators. [NFPA® 5.3.1]

15.
Describe nonemergency exit techniques. [NFPA® 1001 5.3.1]

16.
Demonstrate the method for donning structural personal protective clothing for use at an emergency. [NFPA® 1001, 5.1.2, 5.3.1, 5.3.2, 5.3.3, Skill Sheet 6-I-1]

17. 
With structural personal protective clothing in place, demonstrate the over-the-head method of donning an SCBA. [NFPA® 1001 5.3.1, 5.3.2, 5.3.3, Skill Sheet 6-I-2]

18.
With structural personal protective clothing in place, demonstrate the coat method of donning an SCBA. [NFPA® 1001 5.3.1, 5.3.2, 5.3.3, Skill Sheet 6-I-3]

19.
With structural personal protective clothing in place, demonstrate the method for donning an SCBA while seated. [NFPA® 1001 5.3.1, 5.3.2, 5.3.3, Skill Sheet 6-I-4] 


20.
Doff personal protective equipment, including respiratory protection, and prepare for reuse. [NFPA® 1001 5.1.2, 5.3.2, 5.3.3, Skill Sheet 6-I-5]

21.
Demonstrate the steps for inspecting an SCBA. [NFPA® 1001 5.3.2, 5.5.1; Skill Sheet 6-I-6]

22.
Demonstrate the steps for cleaning and sanitizing an SCBA. [NFPA® 1001 5.3.2, 5.5.1; Skill Sheet 6-I-7]

23. 
Demonstrate the method for filling an SCBA cylinder from a cascade system, wearing appropriate PPE, including eye and ear protection. [NFPA® 1001 5.3.1; Skill Sheet 6-I-8]

24.
Demonstrate the method for filling an SCBA cylinder from a compressor/purifier system wearing appropriate PPE, including eye and ear protection. [NFPA® 1001 5.3.1; Skill Sheet 6-I-9]

25.
Demonstrate the one-person method for replacing an SCBA cylinder. [NFPA® 1001 5.3.1; Skill Sheet 6-I-10] 


26.
Demonstrate the two-person method for replacing an SCBA cylinder. [NFPA® 1001 5.3.1; Skill Sheet 6-I-11]
Instructor Information

This is the lesson covering personal protective equipment. This lesson describes basic information about the various types of equipment and how it can protect firefighters. The lesson also covers PPE limitations, selection of PPE based on proposed use, as well as care and maintenance.  
Important instructor information is provided in shaded boxes throughout the lesson plan. Carefully review the instructor information before presenting the lesson.
This lesson includes skill sheet evaluation checklists that assess student ability to perform a variety of skills related to PPE. These checklists will allow students to meet the requirements of learning objectives 16 – 26.  

Methodology

This lesson uses lecture, discussion, and skills practice. The level of learning is application.
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Audiovisuals

· Visuals 6.1 to 6.138 (PowerPoint® Presentation)

Evaluation

· Chapter 6 Quiz 

· Chapter 6 Test

Presentation Tools

Interactive Objects allow instructors to present information a piece at a time by clicking on hot spots in a larger image.
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Each object is labeled in the Lesson Outline and indicated in the PowerPoint® presentation by a RED arrow in the top left corner of the image. This lets instructors know to use the mouse to explore all of the information on the slide.
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After all of the information is displayed a reset arrow will appear in the bottom right corner of the image. Instructors can use this to remove the text and quiz students on content just covered or simply move on to the next slide.
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To move to the slide after an interactive object, select the Click for next slide arrow on the left side of the slide.

Videos are used as discussion starters or to illustrate a concept or process discussed in the chapter. 
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These are labeled in the Lesson Outline and indicated in the PowerPoint® presentation by the Click image to play arrow on the left side of the slide.
Section I:
Personal Protective Equipment
I. personal protective equipment
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Objective 1 — Describe the purpose of personal protective equipment.
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Objective 2 – Describe characteristics of each type of personal protective equipment.

A. Personal Protective Equipment
1. Includes  
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Personal protective clothing (PPC) 

b. Respiratory protection equipment 
c. Personal alert safety system (PASS)
2. Worn during emergency responses 
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Designed to protect from hazards; minimize risk of injury or fatality

4. PPC 

a. Includes

i. Helmets 
ii. Coats

iii. Trousers

iv. Boots

v. Protection – Eye and hearing 
vi. Protective gloves, hoods

b. Use mandated by NFPA® 1500 

c. Equipment must be designed, constructed based on NFPA® standards

i. SCBA design, construction – NFPA® 1981
ii. PASS design, construction – NFPA® 1982

B. Structural Fire Fighting Protective Clothing
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Clothing designed for structural and proximity fire fighting must meet NFPA® 1971
a. Includes – 
i. Helmets 
ii. Coats 
iii. Trousers 
iv. Boots

v. Eye protection 
vi. Protective gloves, hoods 
b. Requires all components include permanent label that shows compliance
2. Compliance label information
a. Manufacturer’s name, identification, or designation

b. Manufacturer’s address

c. Country of manufacture 
d. Manufacturer’s identification, lot, or serial number 
e. Month and year of manufacture 

f. Model name, number, or design

g. Size or size range

h. Principal materials of construction 

i. Footwear size and width (where applicable) 
j. Cleaning precautions 
3. Components must be compatible; only intended to protect from specific hazards
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Never alter protective clothing
a. May void manufacturer’s warranty, affect worker’s compensation benefits, endanger lives
b. Do NOT
i. Remove moisture barrier or liner of coats and trousers 
ii. Sew hooks, loops, or clasps to outer shell
iii. Add combustible decals to helmet
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Ask Students: Why is it important to NEVER alter PPC components?

Discuss why doing so could unknowingly create a dangerous situation during an incident. For example, adding combustible decals to the helmet can endanger both the firefighter wearing the helmet and others who may have to come rescue the firefighter as a result of that danger.
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Design benefits

a. Covers all portions of skin when reaching, bending, moving 

b. Prevents heat transfer from fire to body
6. Design limitations – Prevents heat transfer away from body

a. temperature, core temperature, physiological stress

b. If conditions allow, open PPC to permit air flow during authorized breaks
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Helmets
a. Provide multiple benefits during structural fire fighting

i. Prevent heated or scalding water and embers from reaching ears and neck   
ii. Protect head from impact injuries caused by objects or falls

iii. Provide protection from heat and cold

b. Help identify personnel based on local SOPs
i. Shell color – Rank

ii. Markings – Unit

iii. Removable identification labels – Accountability
c. Must be worn correctly for proper protection
i. Place helmet on head, secure chin strap under chin and tighten

ii. Fold ear flaps down to cover ears and neck – Must fold down even if wearing protective hood

iii. May have ratchet at back of headband to adjust fit

8. [image: image14.png]E&e xrotection devices are required by
NFPA® 1500 and come in many varieties.




Eye protection devices

a. Includes – SCBA facepieces, helmet-mounted faceshields, goggles, safety glasses

b. Helmets must be equipped with faceshields or goggles
c. Faceshields are intended for use in combination with primary form of eye protection

d. NFPA® 1500 requires goggles or other primary eye protection be worn in operations where protection from flying particles or chemical splashes is necessary

e. Primary protection during fire fighting – Use SCBA facepiece

f. Eye protection may be required without respiratory protection – Use safety glasses or goggles
i. Emergency medical responses where exposure to body fluids is possible

ii. Vehicle extrications

iii. Wildland and ground cover fires

iv. Industrial occupancy inspections 

v. Station maintenance

g. Safety glasses or goggles

i. Protect against approximately 85 percent of eye hazards

ii. Prescription safety glass frames and lenses must meet American National Standards Institute (ANSI) Standard Z87.1

h. Be aware of signs posted near power equipment – Always follow department’s safety polices
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Protective hoods

a. Fabric coverings that protect ears, neck, face from exposure to heat, embers, debris
b. Cover areas not protected by SCBA facepiece, helmet, ear flaps, coat collar

c. Face opening has elastic edge that fits tightly to SCBA facepiece, forming seal

d. Typically made of fire-resistant material

e. Available with long or short skirts – Designed to fit inside protective coat; forms continuous layer of protection

f. To wear

i. Pull on before protective coat to keep skirt under coat

ii. Ensure secure seal between hood and SCBA facepiece; secure facepiece first
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Review Question: What is the purpose of personal protective equipment?
See pages 259-261 of the manual for answers.
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Protective coats

a. Three components required by NFPA® 1971

i. Outer shell

ii. Moisture barrier

iii. Thermal barrier

b. Barriers trap insulating air to prevent heat transfer from fire to body
c. Provide limited protection from direct flame contact, hot water, steam, cold temperatures, other environmental hazards

d. Never remove liner or wear only shell – Compromises design; increases likelihood of injuries, voids manufacturer warranty
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WARNING!: All layers of the protective coat must be in place during any fire fighting operation. Failure to wear the entire coat and liner system during a fire may expose you to severe heat resulting in serious injury or death. 
e. [image: image19.png]


Design features required by NFPA® 1971

i. Retroreflective trim — Strips of trim on torso and sleeves make it more visible

ii. Wristlets — Fabric interface between end of sleeve and palm protects wrist from water, embers, other debris; keeps coat sleeves from riding up when reaching

iii. Collars — Protects neck from water, embers, other debris; must be turned up under helmet ear flap

iv. Closure system — Snaps, clips, zippers, or Velcro® fasteners that secure front 

v. Drag Rescue Device (DRD) — Harness and hand loop at back of neck that enables a rescuer to grab and drag a downed firefighter
f. Typically reinforced in high compression areas – Shoulders, areas prone to wear

g. Optional features 

i. Cargo, radio, or SCBA facepiece pockets

ii. Must meet NFPA® standard
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Protective trousers
a. Constructed from same fabric, moisture barrier, thermal layering used in protective coats
b. Reinforced in high compression areas and areas prone to wear

c. May have cargo or patch pockets for gloves, small tools

d. Heavy-duty suspenders used to hold up

e. Same closure system as on protective coat

12. Protective gloves

a. Protect hands, wrists from heat, steam, cold penetration; resist cuts, punctures, liquid absorption

b. Must allow dexterity and tactile feel to perform job effectively

c. Should cover wristlet of protective coat to form complete seal
d. Structural fire fighting gloves must be NFPA® compliant for activity
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Protective footwear

a. Protect foot, ankle, lower leg

i. Puncture wounds to sole caused by nails, broken glass, other sharp objects 

ii. Crushing wounds to toes and instep

iii. Scalding water or contaminated liquids

iv. Burns from embers, debris

b. Have steel inner sole; steel or reinforced toe cap

c. Must be high enough to protect lower leg

d. Outer shell – May be rubber, leather, other weather resistant material

e. Thermal, physical, moisture barriers required inside shell

f. Tops fit inside trouser legs, provide barrier even when kneeling

14. Hearing protection devices

a. Guard against temporary and permanent hearing loss
b. Required by NFPA® 1500, but not NFPA® 1971

i. States departments must protect from effects of harmful noise

ii. Best solution – Eliminating or reducing noise, not always possible

c. Most commonly worn when riding apparatus

i. Noise exceeds maximum noise exposure levels (90 decibels in US; 85 decibels in Canada)

ii. Intercom/ear protection systems most effective – Allow for crew communication; monitor radio

d. Required during operation of power tools, generators, apparatus pump, when testing PASS device

e. May be impractical, dangerous during structural fire fighting –  May prevent communication between firefighters, hearing radio transmissions, changes in fire behavior, calls from trapped victim
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Personal alert safety systems (PASS)

a. Emit loud alarm to alert personnel to firefighter in danger
i. Activated when firefighter is motionless for more than 30 seconds, when firefighter presses emergency button; may be activated when temperature exceeds preset limit

ii. Must be at least 95 decibels; go off continuously for an hour
b. Assist rescuers attempting to locate trapped, unconscious, incapacitated firefighters

c. Useful in total darkness, dense smoke, confined spaces

d. Design varies

i. Stand-alone units manually activated

ii. Integrated units, connected to SCBA regulator, activated when main air supply valve opened – May be manually activated

e. Settings

i. Off

ii. Alarm

iii. Sensing

iv. Prealarm – Activates when motionless for 30 seconds, different tone than full alarm

f. Firefighters must

i. Learn how to turn unit from off to sensing (on); to manually activate alarm

ii. Test, maintain, activate according to department SOP, manufacturer’s instructions, NFPA® 1500, NFPA® 1982
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Wildland Personal Protective Clothing
1. Specifications found in NFPA® 1977
2. Includes

a. Gloves

i. Made of leather or inherently flame-resistant materials  

ii. Protect from sharp or hot objects, temperature extremes, scalding water

b. Goggles 

i. Protect eyes from ash, embers, dust, other particulates 

ii. Must meet ANSI Z87.1

c. Jackets 

i. Made of high-strength, flame-resistant fabric

ii. May have thermal liner for use in cold climates

iii. Cuffs close snugly around the wrists, front of jacket must close completely from hem to neck

d. Trousers

i. Made of same material and design as jackets 

ii. Leg cuffs must close securely around boot tops

e. One-piece jumpsuits — Similar in design to two-piece jacket and trousers

f. Long-sleeve shirts — Protective shirts worn under jackets, are of similar design 

g. Helmet

i. Lightweight with chin straps

ii. Provides impact, penetration, and electrical insulation protection

h. Face/neck shrouds

i. Flame resistant fabric, attaches to helmet

ii. Protects face and neck
i. Footwear 
i. Typically lace-up safety boots with lug or grip-tread soles 
ii. Must be high enough to protect lower leg 
iii. Steel toes in ordinary safety boots absorb and retain heat, not recommended
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Fire shelter

i. Fire resistant aluminized fabric covers; protect the firefighter from convected and radiant heat 
ii. Use required by NFPA® 1500
iii. Design must meet United States Department of Agriculture (USDA) Forest Service Specification 5100-606
k. Load-carrying or load-bearing equipment — Belt and suspender systems that distribute weight of firefighter’s equipment; including tools, water bottles, protective fire shelters
l. [image: image25.png]


Respiratory protection

i. Accepted form of respiratory protection has been cotton bandana or dust mask worn over nose and mouth – Not adequate protection

ii. National Institute for Occupational Safety and Health (NIOSH) certified and NFPA® approved air-purifying respirators (APR) and powered air-purifying respirators (PAPR) will be available 2011
m. Chain saw protection – Chaps, leggings, or protective trousers made of ballistic nylon fibers that protect legs 

3. Will not protect from extreme heat – Do not wear underclothing made of synthetic materials (nylon, polyester); can result in materials melting to skin
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Review Question: Why are there differences in the characteristics of structural firefighter protective clothing and wildland personal protective clothing?
See pages 261-273 of the manual for answers.
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WARNING!: Wildland personal protective clothing is not designed, certified, or intended for interior structural fire fighting.
D. Roadway Operations Clothing
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Roadway operations are extremely dangerous
2. Best protection is to be visible to other motorists, work behind barrier formed by apparatus

3. Wear traffic vests with retroreflective trim to increase visibility

a. Trim reflects headlight beams, providing visibility
b. Required at incidents on federally-funded highways

c. Should be worn over PPE, or as soon as situation stabilized

d. Not commonly worn during fire suppression or hazardous materials activities
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Emergency Medical Protective Clothing
1. Must wear to protect against exposure to infectious bodily fluids and airborne pathogens
2. May be either single- or multiple-use garments

3. Must meet NFPA® 1999

4. Includes

a. Utility gloves 
i. Not used for patient care 

ii. Provide barrier against bodily fluids, disinfectants, cleaning solutions

b. Medical examination gloves —Certified for patient care; provide barrier up to wrist

c. Eye/face protection device —Faceshield, goggles, safety glasses, or hooded visor; provides limited protection for eyes and face

d. Facemask — Full face device that protects eyes, face, nose, mouth

e. Footwear — Safety shoes or boots that protect feet and ankles; may be dual certified station/work shoes

f. Footwear cover — Single-use item worn over footwear to provide limited barrier against bodily fluids 

g. Medical garment 
i. Single- or multiple-use clothing that provides barrier against bodily fluids 

ii. May be sleeves, jackets, trousers, gowns, or coveralls that can be worn over a uniform

h. Medical helmet 
i. Head protection designed to provide impact, penetration, and electrical insulation protection while working with patient in a hazardous area
ii. Must meet ANSI design requirements for Type 1 hardhats 

i. Respiratory protection device — Filter mask that protects from airborne pathogens
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Special Protective Clothing

1. Technical rescue

a. Must protect wearer from physical, thermal, liquid hazards, infectious diseases 

b. Design criteria specified in NFPA® 1951
c. May be dual certified for emergency medical use as defined by NFPA® 1951 and NFPA® 1999 

d. May be chemical, biological, radiological, or nuclear (CBRN) certified

e. Structural personal protective clothing usually too bulky and heavy 

f. Respiratory protection – Consists of air-purifying respirators (APR), SCBAs, or supplied air respirators (SAR)

2. Standing/swift water rescue 

a. Full-body dry suit – Buoyant, thermally-insulated, and abrasion/puncture-resistant

b. Rescue helmet required 

c. U.S. Coast Guard (USCG) approved personal floatation device (PFD) must be worn in rivers, streams, lakes, along shorelines and coastlines
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Ice rescue 

a. Similar to full-body suit used in water rescue, more thermal insulation

b. USCG PFDs are mandatory
c. Some models have water tight hoods, integrated gloves, attachable boots

4. Hazardous materials — Varying types include high-temperature protective clothing and chemical-protective clothing (CPC) that protects against splashes and vapor
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Chemical, biological, radiological, and nuclear (CBRN)

a. Protect against hazard types during accidents and terrorist incidents 

b. Must adhere to NFPA® 1994 

c. NFPA® 1971 establishes optional design requirements for structural and proximity ensembles certified for CBRN incidents
d. Must carry the appropriate CBRN label

6. Proximity fire fighting protective clothing 
a. Similar to structural protective clothing but with aluminized outer shell on coat, trousers, gloves, and helmet shroud 
b. Outer shell designed to reflect high levels of radiant heat and protect against direct flame contact

c. Must be resistant to water, impact from sharp objects, and electrical shock 
d. Proximity PPE may be used in some hazardous materials operations
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Station/Work Uniforms

1. Performs two functions
a. Identify wearer as member of organization

b. Provide layer of protection against direct flame contact

c. Should not wear non-fire resistant synthetic materials under
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Must meet requirements of NFPA® 1975

a. Minimum requirements for functional work wear

i. Will not contribute to injury

ii. Will not reduce effectiveness of outer PPC

b. Garments addressed – Trousers, shirts, jackets, coveralls

i. Underwear not addressed

ii. 100 percent cotton underwear is recommended to prevent burns

3. Must have permanently attached label stating certification

4. Designed to be fire resistant but not to be worn for fire fighting operations

a. Structural fire fighting protective clothing always worn over 

b. Wildland protective clothing may be worn – Depending on design and local protocols

c. May be dual certified as work uniform and wildland protective clothing – Must carry appropriate label

5. Safety shoes or boots may be part
a. Required while conducting inspections; doing work around station

b. Usually have steel toes, puncture-resistant soles; special inserts

c. Should not be worn for station duties if worn during emergency operations – Can cause contamination

6. May be contaminated during emergency response
a. Should not be washed in personal washing machines or at public laundromats
b. Must be laundered at fire station or by contractor
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pp. 277-280
Objective 3 — Summarize guidelines for the care of personal protective clothing.

H. Care of Personal Protective Clothing
1. PPE must be properly maintained 
a. Hydrocarbon contamination reduces fire resistance

b. Chemicals, oils, petroleum products in/on outer shell can ignite when exposed to fire

c. Some contaminates reduce effectiveness of retroreflective trim; soot obscures visibility
d. Hydrocarbons, body fluids, toxins can be inhaled, ingested, absorbed – Causing serious or fatal injury
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Firefighter responsible for inspection, cleaning, condition of assigned PPE

3. Procedures for care

a. Department SOPs

b. Manufacturer’s instructions

c. NFPA® 1851
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Inspecting

1. Frequency

a. Beginning of shift

b. After every use

c. After washing, repair, decontamination

d. Periodic basis – Weekly or monthly

e. Annual inspection – Made by member of department trained in advanced inspection requirements

2. Conditions to look for in routine inspection

a. Soiling 

b. Contamination 

c. Missing or damaged hardware and closure systems

d. Physical damage including rips, tears, and damaged stitching on seams

e. Wear due to friction under arms, in crotch, at knee and elbow joints 

f. Thermal damage – Including charring, melting, discoloration, burn holes

g. Shrinkage

h. Damaged or missing retroreflective trim or reinforcing trim

i. Loss of reflectivity of shell on proximity equipment

j. Cracks, melting, abrasions, or dents in helmet shell 

k. Missing or damaged faceshield or hardware 

l. Missing or damaged earflaps or neck shroud

m. Loss of water-tight integrity in footwear

n. Damage to or faulty installation of drag rescue device (DRD)

3. Findings from inspection

a. Routine cleaning does not require removal from service – Perform yourself

b. Advanced cleaning, decontamination, repairs, replacement must report to supervisor
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Cleaning

1. Four types defined by NFPA® 1851
a. Determined by amount and type of contamination, if equipment must be removed from service

b. Departments may provide spare sets of PPE to replace removed units

2. Routine cleaning – Does not require removal from service
a. At incident – Brush off loose debris with broom or soft bristle brush; rinse off debris and soil with gentle spray of water

b. Remove heavy soil by hand in utility sink in designated area at station

c. Always follow manufacturer’s recommendations

d. Wear appropriate gloves and eye protection

3. Advanced cleaning 

a. Requires trained personnel

b. Use washing machine designed to handle heavy loads – Should be dedicated to cleaning PPC

4. Specialized cleaning 

a. Required when hazardous materials or body fluids that cannot be removed by routine or advanced cleaning present

b. Performed by trained department member or outside contractor

c. Clothing too contaminated to be cleaned must be removed from service, destroyed

5. Contract cleaning
a. Specialized cleaning performed by manufacturer, their representative, certified vendor

b. Removes accumulated grime or contaminants

c. Contractors may provide replacement PPE while cleaning
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WARNING!: Do not wash contaminated protective clothing in washing machines used for other garments or items. Do not take contaminated protective clothing into the living or sleeping quarters of the fire station or your residence. PPE should not be stored where it can come in contact with vehicle exhausts. PPE that is carried in personal vehicles should be placed in closable garment bags intended for that purpose.
K. [image: image40.png]PPC must be repaired immediately
by qualified personnel.




Repairing

1. Damage must be repaired immediately by manufacturer, approved repair facility, or trained department member

2. Damage beyond repair must be removed from service, destroyed

3. May be marked for training only – Used in non-live fire training
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Review Question: What are some basic guidelines for the care of personal protective clothing?
See pages 277-280 of the manual for answers.
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p. 280
Objective 4 — Explain the safety considerations for personal protective equipment.

L. Safety Considerations for Personal Protective Equipment
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PPE designed as barrier between firefighter and work environment
2. Can isolate – Prevent firefighter from being aware of important environmental changes; may make overconfident of safety
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Specific Safety Considerations

1. Always consider design and purpose of protective clothing; be especially aware of garment limitations

2. Moisture in shell and liner material will conduct heat rapidly, resulting in serious steam burns – Ensure garment is dry before wearing into fire

3. PPE insulates from heat of a fire – Will protect, but will also delay awareness of temperature increases

4. Never wear protective clothing that does not fit, provides reduced protection

a. Tight clothing will not close properly, leaving a gap

b. Loose clothing can hinder mobility and dexterity by bunching up at shoulders, elbows, and knees – Can also snag on debris, create tripping hazard, absorb contaminants, reduce thermal protection

5. Make sure that overlap between coat and trousers is a minimum of 2 inches (50 mm) at the waist when you bend over to a 90º angle
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Thermal burns may occur at compression points where garment layers are pressed together – Under SCBA shoulder harness, along sleeves in contact with hoselines, on knees when kneeling on hot debris and embers

7. Radiant heat can rapidly penetrate protective clothing, causing serious burns – If you feel thermal radiant burns developing, withdraw from area immediately

8. Prolonged exposure to hot environments will cause body to sweat  

a. Protective clothing liner will retain moisture produced by sweating, which may cause heat stress or burns
b. Move to a cool, safe area, remove your PPE, and follow established rehabilitation procedures when symptoms of heat exhaustion appear – Weakness, dizziness, rapid pulse, or headache

9. PPE is designed to protect, but it is not designed to protect against extreme fire conditions such as backdraft, flashover, or other extreme fire behavior
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Review Question: What safety considerations do firefighters need to keep in mind when using personal protective equipment?
See page 280 of the manual for answers.

Section II:
Respiratory Protection
II. Respiratory Protection
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Objective 5 — Identify respiratory hazards.

A. Respiratory Protection
1. [image: image48.png]


Wearing appropriate protection is most effective way to protect health
2. Operations that require protection

a. Structural and wildland fires – Produce smoke and other products of combustion

b. Medical responses – May expose you to airborne pathogens

c. Confined space search, rescue, and recovery – May take place in toxic or low oxygen atmospheres

d. Repair work that generates fine particulates – Such as dust, paint, or metal shavings

3. Always wear equipment appropriate for type of hazard – Use equipment properly
B. Respiratory Hazards
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Found in situations that produce immediate, irreversible, debilitating effects on health, may result in death
a. Defined by NFPA® 1500 and OSHA as immediately dangerous to life and health (IDLH)

b. Must don correct level of protective clothing and respiratory protection before entering IDLH area
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Oxygen deficiency

a. Oxygen levels
i. Less than 19.5 percent defined by NFPA® and OSHA as oxygen-deficient

ii. Below 18 percent causes human body to increase respiratory rate

iii. Hypoxia caused by less oxygen reaching body tissues

b. Most commonly caused by combustion

i. Consumes oxygen 

ii. Produces toxic gases – Physically displace oxygen or dilute concentration

c. Can occur in confined spaces – Sewers, chemical storage tanks, grain bins, or underground caverns

d. Also found in rooms, compartments where carbon dioxide total-flooding extinguishing systems discharged
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Elevated temperatures

a. Superheated air can damage respiratory tract – Worse when air is moist
b. Excessive heat inhaled quickly can cause serious decrease in blood pressure, failure of circulatory system

c. Inhaling can cause pulmonary edema which can lead to death from asphyxiation

d. Damage is not immediately reversible – Prompt treatment required
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Particulate contaminants

a. Small particles may be suspended in air
b. Sources – Vehicle exhaust emissions, chemical reactions, heated metals or metal compounds, combustion

c. Exposure causes asthma, lung cancer, cardiovascular disease, premature death

d. Encountered during

i. Wildland fires 
ii. Welding and metal cutting operations 
iii. Operation of fire apparatus and small engines 
iv. Operations following explosion or building collapse 
v. Structural fires

e. Protection provided by air-purifying respirators and powered air-purifying respirators

i. Cartridge type have half or full facepiece units with replaceable filter elements that capture particulates

ii. Approved for wildland fire fighting but do not protect against toxic gases, or in heated or oxygen deficient atmospheres

5. [image: image53.png]Gases and vapor enter the body in
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Gases and vapors

a. Gases exist at standard temperature and pressure
b. Vapors result from temperature or pressure changes that affect solid or liquid

c. Both may be inhaled, ingested, or absorbed into body – Resulting in illnesses and death

d. Exposure may cause – Cancer, cardiovascular disease, thyroid damage, respiratory problems, eye irritation
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Fire gases and vapors created by combustion

i. Carbon monoxide 

ii. Carbon dioxide

iii. Hydrogen cyanide

iv. Hydrogen chloride

v. Hydrogen sulfide

vi. Nitrous gases

vii. Phosgene

viii. Sulfur dioxide

ix. Ammonia

x. Formaldehyde

f. Carbon monoxide (CO) and hydrogen cyanide (HCN) responsible for majority of fire-related fatalities

g. Carbon monoxide

i. Colorless, odorless gas present in every fire, released when organic material burns

ii. CO poisoning – Sometimes lethal condition when CO molecules attach to hemoglobin, decreasing blood’s ability to carry oxygen

h. Hydrogen cyanide

i. Produced by incomplete combustion of nitrogen and carbon containing substances

ii. Released during off-gassing as object heated

iii. Can be inhaled, ingested, absorbed in to body – Targets heart and brain
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Nonfire gases and vapors
i. Can be produced during incidents involving – Industrial, commercial, or warehouse occupancies, spills resulting from transportation accidents, leaks from storage containers or pipelines

ii. Always remain at safe distance until risk analysis completed – SCBAs must be worn until atmosphere determined safe

iii. Also possible at transportation incidents; in storage and manufacturing facilities

iv. Common types produced – Carbon dioxide, ammonia, sulfur dioxide, chlorine, pesticides

v. May also be found in sewers, storm drains, caves, trenches, storage tanks, tank cars, bins, other confined spaces – Search, rescue, recovery in these areas require SCBAs and SARs
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Airborne pathogens

a. Disease-causing microorganisms suspended in air
b. Encountered when assisting during medical responses, vehicle extrications, rescue and recovery operations, terrorist attacks

c. Cause infection after being inhaled or directly contacted

d. Can result in – Meningitis, influenza, methicillin-resistant Staphylococcus aureus (MRSA), pneumonia, tuberculosis (TB), severe acute respiratory syndrome (SARS), measles, chickenpox, smallpox
e. Protection provided by high-efficiency particulate air (HEPA) filters, APR/PAPRs, SCBA/SAR

i. HEPA – Single use masks are certified by NIOSH; designated N95, N99, N100
ii. Designations indicate percentage of particles that the masks remove
f. Surgical masks not approved – May be used on patients to prevent spread of disease by exhaling, sneezing, coughing
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Review Question: What common respiratory hazards do firefighters face?
See page 281 of the manual for answers.
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Objective 6 — Identify types of respiratory protection equipment.

C. Types of Respiratory Protection Equipment
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Two main categories
a. Atmosphere-supplying respirators – Provide breathable air when working in oxygen deficient, toxic, or gas-filled atmospheres

b. Air-purifying respirators – Only filter particulates out of ambient air

2. ASR is primary type used in fire service

D. [image: image60.png]ASRs are divided into further
categories.

Atmosphere-supplying
respirators (ASRS,
G Supplied air

Open-

e DIESTA



Atmosphere-Supplying Respirators (ASRs)
1. Consist of either SCBA or supplied air respirators (SARs)

a. SCBA carry air in cylinder

b. SARs connected to breathing-air compressor or portable air supply

2. [image: image61.png]glled air respirators (SARs) are
use only in specific conditions.




SARs used when firefighter must be in hazardous area for long period of time and there is no danger that fire may damage hose
a. Hazardous materials incidents, confined space rescues, other technical rescue incidents

b. Not used for fire fighting; only used by personnel certified in technical rescue functions

3. [image: image62.png]Open-circuit SCBAs are far more
common than closed-circuit SCBA.




Closed-circuit SCBAs – Use compressed oxygen

a. Exhaled air stays in system; is reused

b. Less common, mainly used in shipboard operations, extended hazardous materials incidents, some rescue operations

4. Open-circuit SCBAs – Use compressed air

a. Exhaled air vented to outside atmosphere
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Backplate and harness assembly

i. Rigid frame with adjustable straps holds breathing air cylinder on backplate

ii. Straps designed to stabilize unit, carry part of weight, provide secure and comfortable fit

c. [image: image64.png]


Air cylinder assembly

i. Cylinder contains breathing air under pressure

ii. May be constructed of steel, aluminum, aluminum wrapped in fiberglass, or KevlarTM/carbon composite

iii. Weight depends on size and construction materials – Significantly increases physical stress during operations

iv. Control valve – threaded stem and/or quick connect fitting – and pressure gauge attached to one end; opened fully when in use

v. High pressure hose attaches to stem, connects cylinder to regulator assembly

vi. Pressure gauge displays estimate of amount of air in cylinder in pounds per square inch (psi)
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Regulator assembly

i. Reduces high pressure of cylinder air to slightly above atmospheric pressure; controls air flow to wearer

ii. Wearer inhales, creating pressure differential; diaphragm moves inward, low-pressure air flows into facepiece

iii. Exhalation moves diaphragm back to closed position

iv. Located on facepiece, shoulder harness, or waist belt harness

v. Control valves – Mainline and bypass

vi. With both valves equipped – Mainline valve locked open during normal operations; bypass closed

vii. Once set in normal operating position valves should not be changed unless emergency bypass function needed
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Facepiece assembly – Provides fresh breathing air while protecting eyes and face from injury

i. Must fit tightly to face

ii. Facepiece frame and lens — Made of clear safety plastic and mounted in flexible rubber facepiece frame; NFPA® 1981 requires all new SCBA facepieces be equipped with heads-up display (HUD)

iii. Head harness and straps — Holds facepiece snugly against face with adjustable straps, net, or other arrangement

iv. Exhalation valve — One-way valve that releases exhaled air without admitting any of contaminated outside atmosphere 

v. Nose cup — Deflects exhalations away from lens, reducing fogging or condensation

vi. Speaking diaphragm — Mechanical diaphragm permits limited communication by wearer; may be replaced by an electronic speaking diaphragm connected to portable radio

vii. Regulator fitting or hose connection — Permits regulator or hose to attach to facepiece frame
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Fit testing

i. Required to ensure perfect seal
ii. Must use same make, model, style, size of facepiece worn during operations

iii. OSHA accepts two types of tests – Qualitative or quantitative

g. Other regulations
i. NFPA® 1500 – Prohibits beards or facial hair that prevent complete seal

ii. Wearing eyeglasses prohibited if side frames pass through seal area – Kits provided with all full facepiece masks
iii. Soft contact lenses allowed by NFPA® 1500 and Code of Federal Regulations if previous long-term use (6 months) is successful
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Additional components

i. Remote pressure gauge displays pressure within cylinder – Must be mounted in visible position
ii. Pressure readings most accurate at or near upper range of gauge – Always assume lowest reading is correct

iii. End-of-service-time indicators (ESTI) – Warns user when system is reaching end of air-supply; typically 20-25% of cylinder capacity
iv. ESTI has both audible alarm and flashing light or physical vibration – Cannot be turned off until air-cylinder valve closed and system bled of pressure

v. New SCBA equipped with rapid intervention crew universal air coupling (RIC UAC) – Located within 4 inches (101 mm) of outlet
vi. RIC UAC allows cylinder to be transfilled from another cylinder – Air supply equalizes between two cylinders when connected
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Air-Purifying Respirators (APRs)
1. Removes contaminants by passing ambient air through filter, canister, cartridge
2. May have full facepieces that provide complete seal to face, protect eyes, nose, mouth; half facepieces provide complete seal to lower part of face, protect nose, mouth

3. Particulate filters

a. Single use items that protect respiratory system from large airborne particulates

b. May be used with half or full facepiece masks, mounted on one or both sides of facepiece – Eye protection required when used with half facepiece

c. Regulated by Code of Federal Regulations, divided into nine classes

i. Three levels of filtration – 95, 99, 99.97 percent

ii. Three categories of filter degradation – N: not resistant to oil, R: resistant to oil, P: Used when oil or non-oil lubricants present
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Used primarily at emergency medical incidents; appropriate for investigations or inspections involving body recovery, when excrement is present, agricultural and industrial accidents, when working with particulate-producing tools
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Limitations
a. Limited life of filters, canisters, cartridges

b. Need for constant monitoring of contaminated atmosphere

c. Need for normal oxygen content of atmosphere before use

5. Usage should be restricted to hazards for which APR is certified

6. Should be inspected regularly, cleaned following each use
7. Filters, canisters, cartridges should be discarded following use; when have passed end of service life date

8. Have visual ESTIs only – Show when air cleanser is totally saturated, no longer providing breathable air
9. Check indicators visually before entering contaminated atmospheres; periodically while wearing – If reaching saturation level, exit area, replace canister or cartridge

10. Clues or symptoms of losing effectiveness

a. Time – Estimate amount of time work will take, compare to manufacturer’s estimated life expectancy; when time approaches exit area

b. Taste and smell – No longer protected if you can smell or taste contaminate

c. Resistance-to-breathing-indicators – When breathing is labored, filter has reached saturation level
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Review Question: How do atmosphere-supplying respirators differ from air-purifying respirators?
See page 287 of the manual for answers.
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Objective 7 — Describe the limitations of respiratory protection equipment.
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Objective 8 — Explain methods for storing respiratory protection equipment.

F. Respiratory Protection Limitations
1. [image: image75.png]Respiratorx protection has both
wearer and equipment limitations.

Wearer limitations

[ ————— (Cont)




Wearer limitations

a. Lack of physical condition — If not in good physical condition or if overweight, you may deplete your air supply rapidly

b. Lack of agility — If not sufficiently agile to begin with, weight and restriction of equipment will make you even less so, making it difficult to accomplish your assigned tasks

c. Inadequate pulmonary capacity – Must have sufficient lung capacity to inhale and exhale sufficient air while wearing respiratory protection equipment

d. Weakened cardiovascular ability – Must have strong enough heart to prevent heart attacks, strokes, or other related problems while performing strenuous activity

e. Psychological limitations – Must be able to overcome stress, fear, and feelings of claustrophobia while wearing respiratory protection equipment

f. Unique facial features – Shape and contour of face can affect ability to get a complete facepiece-to-face seal; weight loss or gain can alter seal

g. Can be offset through constant training, periodic medical evaluations, proper fit testing of facepieces
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Equipment limitations

a. Limited visibility – Full facepiece can reduce peripheral vision, facepiece fogging can reduce overall vision

b. Decreased ability to communicate – Facepiece can seriously hinder voice communication unless it has built-in voice amplification or a microphone connection

c. Decreased endurance – Weight of SCBA units, averaging between 25 and 35 pounds (11 kg and 16 kg), makes you tire more quickly

d. Decreased mobility – Increase in weight and restrictions caused by the harness straps can reduce mobility

e. Poor condition of apparatus – Minor leaks and poor valve and regulator adjustments can result in excess air loss
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Instructor Note: Discuss with students the Safety box “NFPA® Safety Alert Issued for SCBA Facepiece Lenses” on p. 335 of the manual.

Emphasize the information in the NFPA® alert and ask students to consider how this information should be used to increase fire operations safety. While student answers will vary, the discussion should emphasize that students need to be aware of changes in their equipment as conditions change during operations.
f. Low air cylinder pressure – If not filled to capacity, amount of working time reduced proportionately

g. Controlled through frequent and proper inspections, care, maintenance; training
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Review Question: What are some of the limitations of respiratory protection equipment?
See pages 295-296 of the manual for answers.
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Storing Respiratory Protection Equipment

1. Should store so can be quickly and easily donned
2. Be protected from contamination, temperature changes, ultraviolet light

3. May depend on size, available storage compartments on apparatus, manufacturer’s instructions

4. SCBA – Can be mounted in various ways; if in seat mounts should be arranged to allow donning without removing seatbelt
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Review Question: What should respiratory equipment be protected from during storage?
See page 296 of the manual for answers.
Section III: Donning and Doffing Protective Breathing Apparatus
III. Donning and doffing protective breathing apparatus
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Objective 9 — Describe general donning and doffing considerations for protective breathing apparatus.

A. General Donning Considerations
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Checks should be performed at beginning of shifts – If unable to perform daily checks, should perform prior to donning
2. Check air cylinder gauge to make sure full – NFPA® 1852 recommends no less than 90 percent of cylinder capacity

3. Check remote gauge and cylinder gauge to ensure they read within manufacturer’s recommended limits 

4. Check harness assembly and facepiece to ensure all straps are fully extended

5. Operate all valves to ensure they function properly and are left in correct position

6. Test low-pressure alarm

7. Test PASS device to ensure it is working

8. Check all battery-powered functions
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Donning an Unmounted SCBA

1. SCBA stored in cases can be donned using over-the-coat or coat method
2. SCBA must be positioned on ground in front of firefighter with all straps extended

Instructor Note: This information correlates with Skill Sheets 6-I-1, 6-I-2, and 6-I-3 found at the end of this lesson outline.

C. Donning from a Seat Mount

1. Should only be used if firefighter can don without removing apparatus seat belt

2. NFPA® 1901 requires SCBA be held in place by mechanical latching device

3. Facepiece should be stored in drawstring, quick-opening bag, or pouch in protective coat

Instructor Note: This information correlates with Skill Sheet 6-I-4, found at the end of this lesson outline.
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Caution: Never connect the regulator and breathe cylinder air when seated in the apparatus. This activity will deplete your air supply before you arrive at the incident.
4. Air cylinder’s position in seat back should match proper wearing position for firefighter
5. Exit apparatus carefully – Extra weight of SCBA makes slips, falls more likely

D. [image: image85.png]SCBA can be donned in several ways.




Donning From a Side or Rear External Mount

1. Does not permit donning en route, requires more time for donning, reduces chances of slips and falls
2. Faster than donning SCBA stored in carrying case

3. Potential disadvantage – SCBA exposed to weather, physical hazards; can be minimized with waterproof covers
4. When mounted at correct height, can be donned with little effort

5. Running boards or tailboards near mount allows donning while sitting

6. Donning steps similar to seat-mounted SCBA

E. Donning From a Backup Mount

1. When located inside compartment protected from weather; provide same advantages as side- or rear-mounted

2. Compartment doors may interfere with donning – Others may be located too high on apparatus

3. Provides quick access to SCBA

4. Donning procedure similar to seat-mounted method
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Donning the Facepiece

1. Differences
a. Some use rubber harness, others mesh skullcap – Both have adjustable straps

b. Location of regulator – May attach to facepiece or mount on waist belt or shoulder harness; shape and size of lenses may differ
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General considerations

a. All straps fully extended

b. No hair between skin and facepiece sealing surface

c. Chin should be centered in chin cup and harness centered at rear of head

d. Facepiece straps should be tightened by pulling opposing straps evenly and simultaneously to rear 

i. Pulling straps outward, to sides, may damage and prevent proper engagement with adjusting buckles

ii. Tighten lower straps first, then temple straps, and finally top strap
e. Always check that facepiece is completely sealed to face, exhalation valve is functioning, and all connections are secure – Check that donning mode switch is in proper position if present
f. Protective hood must be worn over facepiece harness or straps

i. All exposed skin must be covered and vision must not be obscured 
ii. No portion of hood should be located between facepiece and face 

g. Helmet should be worn with chin strap secured – If equipped with a ratchet adjustment should be adjusted so helmet fits properly
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Doffing Protective Breathing Apparatus
1. Make sure you are out of the contaminated area and SCBA is no longer required

2. Discontinue flow of air from regulator to facepiece

3. Disconnect regulator from facepiece

4. Remove protective hood, or pull down around neck

5. Remove facepiece by loosening straps and lifting from chin

6. Remove backpack assembly while protecting regulator

7. Close cylinder valve

8. Relieve pressure from regulator according to manufacturer’s instructions

9. [image: image89.png]Follow these general considerations
when doffing SCBA facepieces.

I
v Turn off PASS

v Extend straps

v Check pressure
v Clean facepiece
+ Clean other parts

+/ Secure in proper storage




Turn off PASS device

10. Extend all facepiece and harness straps

11. Check air pressure to determine if air cylinder needs refilled or replaced

12. Clean and disinfect facepiece

13. Clean SCBA backplate and harness if necessary

14. Secure complete unit in case, seat bracket, or storage bracket
Instructor Note: This information correlates with Skill Sheet 6-I-5, found at the end of this lesson outline.
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Review Question: What general considerations need to be taken when donning and doffing protective breathing apparatus?
See pages 297-302 of the manual for answers.

Section IV: Inspection and Maintenance of Protective Breathing 
                   Apparatus
IV. Inspection and maintenance of protective breathing apparatus
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Objective 10 — Summarize general considerations for protective breathing apparatus inspections and care.

A. Inspection and Maintenance of Protective Breathing Apparatus
1. [image: image92.png]Several factors determine how
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Inspection frequency established by NFPA® 1852

2. Schedule determined by department – Based on NFPA®, OSHA, manufacturer’s requirements

3. Typically performed daily, weekly, whenever reporting for duty

4. Period between inspections must not exceed one week

5. Qualified SCBA technicians must inspect units annually, after any repairs

B. Protective Breathing Apparatus Inspections and Care
1. Must clean, inspect after each use, at beginning of every duty shift, every week
2. Report repairs needed immediately – May require unit be taken out of service

Instructor Note: This information correlates with Skill Sheet 6-I-6, found at the end of this lesson outline.

3. Care – Daily/weekly inspection
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Facepiece 

i. Inspect frame for deterioration, dirt, cracks, tears, and holes

ii. Inspect head-harness buckles, straps, and webbing for wear, breaks, or loss of elasticity

iii. Inspect lens for scratches, abrasions, holes, cracks, or heat damage

iv. Inspect heads-up display for proper operation

v. Inspect lens for proper seal with facepiece frame

vi. Inspect valve seat of exhalation valve

vii. Inspect springs and covers to ensure cleanliness and ease of operation

viii. Inspect regulator and hose connection points for cleanliness, damage, and proper operation

ix. Inspect speaking diaphragm for cleanliness and damage
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Backplate and harness assembly

i. Inspect harness straps and backplate for abrasions, cuts, tears, or heat or chemical-induced damage

ii. Ensure all buckles, fasteners, and adjustments operate properly

iii. Ensure harness straps are fully extended

iv. Inspect cylinder retention system for proper operation and damage

v. Ensure cylinder is securely attached to backplate
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Breathing air cylinder assembly

i. Ensure cylinder hydrostatic test date is current

ii. Inspect cylinder gauge for cleanliness and damage

iii. Inspect cylinder body for cracks, dents, weakened areas, and heat or chemical-induced damage

iv. Inspect composite cylinders for cuts, gouges, loose fibers, and missing resin material

v. Inspect cylinder valve outlet sealing surface and threads for damage

vi. Check valve hand wheel for damage, proper alignment, serviceability, and secure attachment

vii. Check burst disc outlet area for debris

viii. Check cylinder to ensure that it is full
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Hoses

i. Inspect high and low pressure hoses for abrasions, bubbling, cuts, cracks, and heat and chemical-induced damage

ii. Inspect hose fittings for cleanliness and damage

iii. Visually check high pressure hose to cylinder "O" ring

iv. Test hose connections for tightness

e. Low-pressure alarm

i. Inspect low-pressure alarm and mounting hardware for cleanliness, proper attachment, and damage

ii. Test alarm for proper activation and operation

f. Regulator

i. Inspect regulator controls and pressure relief devices for cleanliness, proper operation, and damage

ii. Inspect housing and components for cleanliness and damage

iii. Check regulator for any unusual sounds during operation, such as whistling, chattering, clicking, or rattling

iv. Check mainline and bypass valve for proper function
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Pressure indicator gauges

i. Inspect remote pressure indicator gauge for cleanliness and damage

ii. Ensure pressure readings on cylinder pressure gauge and remote gauge are within manufacturer’s recommended limits

h. Integrated PASS

i. Inspect PASS device for cleanliness, wear, and damage

ii. Ensure all parts are securely attached to PASS device

iii. Test all operating modes for proper operation

iv. Test low battery warning signal for proper operation

4. Care
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Clean and sanitize after each use – Prevents debris from collecting in exhalation valve and regulator fitting

b. Dirt, debris can cause malfunctions

i. Exhalation valve can malfunction allowing air from tank to escape

ii. Can prevent regulator from fitting securely to facepiece

iii. Soot on facepiece can reduce visibility

c. Wash facepiece thoroughly with warm water containing mild commercial disinfectant – Rinse with clear, warm water

d. Dry facepiece with lint-free cloth or air dry – Do not dry with paper towels

e. Do not submerge regulators and low-pressure hoses
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Sanitize facepiece seal, interior of facepiece

g. May prevent fogging through use of antifogging chemicals applied following cleaning

h. Individual facepieces should be cleaned after each use – Prevents hydrocarbons from contaminating skin
i. When clean, dry store in case, bag, coat pocket – Straps should be fully extended
Instructor Note: This information correlates with Skill Sheet 6-I-7, found at the end of this lesson outline.
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Review Question: What are the general inspection and care considerations for protective breathing apparatus?
See pages 303-307 of the manual for answers.
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Annual Inspection and Maintenance
1. Must be performed by specially trained, factory qualified technicians

2. Technicians may be members of department or employees of certified maintenance contractor
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SCBA Air Cylinder Hydrostatic Testing

1. Must be stamped or labeled with date or manufacture and date of last hydrostatic test
2. Type of material used to construct cylinder determines frequency of hydrostatic testing

a. Steel and aluminum cylinders tested every five years, have indefinite service life until fail hydrostatic test

b. Hoop-wrapped aluminum cylinders tested every three years, have 15-year service life

c. Fully wrapped fiberglass cylinders tested every three years, have 15-year service life

d. Fully wrapped KevlarTM cylinders tested every three years, have 15-year service life 

e. Fully wrapped carbon fiber cylinders tested every five years, have 15-year service life
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pp. 307-311
Objective 11 — Summarize safety precautions for refilling SCBA cylinders.
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Objective 12 — Explain procedures for replacing SCBA cylinders.

E. Refilling SCBA Cylinders
1. [image: image105.png]Three sources can be used to refill
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Three sources used to refill
a. Stationary fill systems

b. Mobile fill systems

c. Firefighter Breathing Air Replenishment Systems (FBARS)

2. Each source must provide Type 1 Grade D quality air
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Safety precautions

a. Check hydrostatic test date of cylinder

b. Visually inspect cylinder for damage

c. Don eye and hearing protection

d. Place cylinder in a shielded fill station

e. Fill cylinder slowly to prevent it from overheating

f. Ensure that cylinder is completely full but not over pressurized

Instructor Note: This information correlates with Skill Sheets 6-I-8 and 6-I-9 found at the end of this lesson outline.
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Filling unshielded cylinders while firefighter is wearing cylinders is prohibited
5. Rapid intervention crew or team (RIC/RIT) rescuing trapped or incapacitated firefighter may be granted exception – Three criteria must be met

a. NIOSH-approved RIC Universal Air Connection (UAC) fill options are used

b. Risk assessment has been conducted to limit safety hazards and ensure necessary equipment is fully operational   

c. There is imminent threat to safety of downed firefighter, and immediate action is required to prevent loss of life or serious injury
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Stationary fill stations

a. Filled from either cascade system or directly from compressor air purification system
i. Must be connected to fill station that holds SCBA cylinders in rupture-proof sleeves during filling process
ii. Filling may be performed by trained members of department or contractors

iii. Filling procedures should be posted on fill station; follow station manufacturer’s recommendations to avoid excessive overheating
b. [image: image109.png]Follow these safety precautions
when using stationary fill stations.

+ Trained personnel only
+ Tnspect before filling

+ Eye/ear PPE

+ Shielded fill station

v Fill slowly to prevent overheating

+ Filled to capacity




Safety precautions

i. Only trained personnel should operate fill equipment

ii. Cylinders must be inspected before filling

iii. Hearing and eye protection must be worn during fill operations

iv. Cylinders must be placed in shielded fill station

v. Cylinders must be filled slowly to prevent overheating

vi. Cylinders must be filled to capacity

vii. Cylinders must not be overfilled

c. Breathing air quality must be tested regularly by third-party testing facility, results documented
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Mobile fill systems

a. Designed to refill at emergency incidents
b. Consist of fill station equipped with breathing-air compressor or cascade fill station; mounted on trailer or apparatus chassis

c. Operation similar to station system

d. May support SAR system or firefighting breathing air replenishment system (FBARS)
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Firefighting breathing air replenishment system (FBARS)

a. Carrying replacement SCBA cylinders to top floors of highrise building is highly inefficient, cause severe strain on personnel
b. Provide endless source of breathing air to any floor within structure from ground level connection

c. Components of system

i. Fire department air connection panel, containing connection fittings, control valves, and gauges, located on exterior of structure

ii. Emergency Air Storage (EAS) system that provides breathing air if mobile system is not available to supply external connection

iii. Remote air fill panels, containing a certified rupture-proof containment fill station, connection and control valves, and gauges, located in protected stairwells on designated floors 

iv. Interconnected piping certified to carry breathing air under pressure throughout system

v. Low air pressure monitoring switches and alarms, used to maintain minimum air pressure and warn of pressure loss or system failure
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Review Question: What kinds of safety precautions should be taken when refilling SCBA cylinders?
See page 307 of the manual for answers.
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Replacing SCBA Cylinders

1. Replace under specific circumstances
a. During daily/weekly inspection, if cylinder contains less than 90 percent of its capacity

b. During training exercises

c. During long-duration emergency operations

d. After any emergency operations

2. Can be a one- or two-person task

Instructor Note: This information correlates with Skill Sheets 6-I-10 and 6-I-11 found at the end of this lesson outline.

3. Empty cylinders should be kept separate from full cylinders that have been serviced, ready for use

4. Damaged cylinders clearly marked, kept separate
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Review Question: What methods can you use to replace an SCBA cylinder?
See page 311 of the manual for answers.

Section V: Using Respiratory Protection Equipment 
V. Using Respiratory Protection Equipment
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pp. 312-315
Objective 13 — Explain safety precautions for SCBA use.
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Objective 14 — Describe nonemergency and emergency exit indicators.
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Objective 15 — Describe nonemergency exit techniques.

A. Safety Precautions for SCBA Use
1. [image: image118.png]Several safety precautions must be
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Only enter IDLH atmosphere if certified to wear and properly fit-tested for facepiece

2. Closely monitor how you feel while wearing – If fatigued, notify supervisor and take rest before returning to work 

3. Remember that air supply duration can vary – Depends on

a. Air cylinder size and beginning pressure

b. Physical conditioning

c. Task being performed

d. Level of training

e. Operational environment

f. Level of stress

4. After entering IDLH atmosphere, keep SCBA on and activated until leaving contaminated area 
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Before removing SCBA, atmosphere must be tested with properly calibrated instruments and found to be safe
6. In IDLH atmosphere, work in teams of two or more – Remain in physical, voice, or visual contact with each other while in hazardous area

7. While in IDLH atmosphere, check air supply status frequently
8. Exit IDLH atmosphere before low air alarm activates to avoid using reserve air supply
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Review Question: What are the safety precautions taken when using an SCBA?
See pages 312-313 of the manual for answers.

B. Exit Indicators and Techniques
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Nonemergency exit procedures – Commonly used at majority of incidents
2. Emergency exit procedures – Used in life threatening situations

3. Exit indicators – Situations or events that signal need for exit

a. [image: image122.png]Nonemergency exit indicators
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Nonemergency

i. Situation is stabilized

ii. Shift in operational strategy

iii. Necessary to replace air cylinder

iv. Incident Commander (IC) orders a nonemergency withdrawal

v. Assignment is completed

b. [image: image123.png]Emergency exit indicators signal life
threatening situations.




Emergency

i. Activation of SCBA low-pressure alarm
ii. SCBA failure 

iii. Withdrawal orders issued by IC or safety officer

iv. Presence of APR/PAPR breakthrough symptoms

v. Activation of APR/PAPR end-of-service-life indicators

vi. Change in concentration of respiratory hazards

vii. Attaining or exceeding permissible exposure limit (PEL) for hazardous material 

viii. Changes in environmental conditions within or around site of incident

ix. Changes in oxygen level

x. Changes in temperature

xi. Indications of new hazards  
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Review Question: What are common emergency and nonemergency exit indicators a firefighter may encounter during an incident?
See pages 313-314 of the manual for answers.

4. IC responsible for constantly monitoring environment – Orders change in level of protection when potential hazard revealed
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Self-monitor oxygen level

a. Oxygen deficiency – 
i. Light-headedness 
ii. Disorientation 
iii. Loss of coordination 
iv. Increased breathing rates 
v. Rapid fatigue

b. Report symptoms by radio, evacuate area immediately
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Nonemergency exit techniques

a. Based on Incident Command System (ICS) and NFPA® 1500

b. Buddy system

i. Work in teams of at least two in hazardous situations

ii. At first sign of exit indicator leave as group or in pairs

iii. Never leave individual in IDLH

iv. If working in confined space – Second team member remains outside area monitoring search line ready to enter if needed

c. Controlled breathing

i. Allows for efficient air use in IDLH

ii. Inhale naturally, forcefully exhale through mouth

iii. Use primarily with SCBA

iv. Practice in training until becomes second nature

d. [image: image127.png]


Egress paths

i. Use same path to exit IDLH as used to enter

ii. Reduces possibility of becoming lost, disoriented

iii. May need to follow hoselines or search lines out of area if original route blocked

iv. Apply situational awareness, look for possible exit points before entering IDLH

e. Accountability systems
i. Required by NFPA® 1500

ii. Check in with accountability officer before entering IDLH – Check out when leaving
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Review Question: What are some nonemergency exit techniques firefighters can use?
See pages 314-315 of the manual for answers.

Section VI: Skill Sheets


VI. Skill Sheets

p. 317
Objective 16 — Demonstrate the method for donning structural personal protective clothing for use at an emergency.
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Skill Sheet 6-I-1

1. For this skill sheet, students will perform the skills to demonstrate the method for donning structural personal protective clothing for use at an emergency

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-1 on the curriculum flash drive

3. This checklist corresponds with the information on p. 317 of the manual

pp. 318-319
Objective 17 — With structural personal protective clothing in place, demonstrate the over-the-head method of donning an SCBA.
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Skill Sheet 6-I-2

1. For this skill sheet, students will perform the skills to, with structural personal protective clothing in place, demonstrate the over-the-head method of donning an SCBA

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-2 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 318-319 of the manual

pp. 320-321
Objective 18 — With structural personal protective clothing in place, demonstrate the coat method of donning an SCBA.
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Skill Sheet 6-I-3

1. For this skill sheet, students will perform the skills to, with structural personal protective clothing in place, demonstrate the coat method of donning an SCBA 

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-3 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 320-321 of the manual

pp. 322-323
Objective 19 — With structural personal protective clothing in place, demonstrate the method for donning an SCBA while seated.
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Skill Sheet 6-I-4

1. For this skill sheet, students will perform the skills to, with structural personal protective clothing in place, demonstrate method for donning an SCBA while seated

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-4 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 322-323 of the manual

pp. 324-325
Objective 20 — Doff personal protective equipment, including respiratory protection, and prepare for reuse.
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Skill Sheet 6-I-5

1. For this skill sheet, students will perform the skills to doff personal protective equipment, including respiratory protection, and prepare for reuse

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-5 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 324-325 of the manual

p. 326
Objective 21 — Demonstrate the steps for inspecting an SCBA.
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Skill Sheet 6-I-6

1. For this skill sheet, students will perform the skills to demonstrate the steps for inspecting an SCBA

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-6 on the curriculum flash drive

3. This checklist corresponds with the information on p. 326 of the manual

p. 327
Objective 22 — Demonstrate the steps for cleaning an SCBA.
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Skill Sheet 6-I-7

1. For this skill sheet, students will perform the skills to demonstrate the steps for cleaning an SCBA

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-7 on the curriculum flash drive

3. This checklist corresponds with the information on p. 327 of the manual

pp. 328-329
Objective 23 — Demonstrate the method for filling an SCBA cylinder from a cascade system.
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Skill Sheet 6-I-8

1. For this skill sheet, students will perform the skills to demonstrate the method for filling an SCBA cylinder from a cascade system

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-8 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 328-329 of the manual

pp. 330-331
Objective 24 — Demonstrate the method for filling an SCBA cylinder from a compressor/purifier system.
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Skill Sheet 6-I-9

1. For this skill sheet, students will perform the skills to demonstrate the method for filling an SCBA cylinder from a compressor/purifier system

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-9 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 330-331 of the manual

pp. 332-333
Objective 25 — Demonstrate the one-person method for replacing an SCBA cylinder.
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Skill Sheet 6-I-10

1. For this skill sheet, students will perform the skills to demonstrate the one-person method for replacing an SCBA cylinder

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-10 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 332-333 of the manual

p. 334
Objective 26 — Demonstrate the two-person method for replacing an SCBA cylinder.
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Skill Sheet 6-I-11

1. For this skill sheet, students will perform the skills to demonstrate the two-person method for replacing an SCBA cylinder

2. This skill sheet can be found in the Skills Evaluation Checklist 6-I-11 on the curriculum flash drive

3. This checklist corresponds with the information on p. 334 of the manual
Section VII: Summary and Review
VII. SUMMARY AND REVIEW

A. Chapter Summary
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Your PPE will protect you from hazards and minimize the risk of injury or fatality if properly worn, cleaned, and maintained.
2. Respiratory equipment can protect you from toxic gases and vapors, particulates, and disease, but only if properly used, inspected, cleaned, and maintained.
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Knowing how to select the type of respiratory equipment that is appropriate, as well as manage your air supply, are also important.
B. Review Questions

1. What is the purpose of personal protective equipment? (259-261)

2. Why are there differences in the characteristics of structural fire fighting protective clothing and wildland personal protective clothing? (261-273)

3. What are some basic guidelines for the care of personal protective clothing? (277-280)

4. What safety considerations do firefighters need to keep in mind when using personal protective equipment? (280)

5. What common respiratory hazards do firefighters face? (281)

6. How do atmosphere-supplying respirators differ from air-purifying respirators? (287)

7. What are some of the limitations of respiratory protection equipment? (295-296)

8. What should respiratory equipment be protected from during storage? (296)
9. What general considerations need to be taken when donning and doffing protective breathing apparatus? (297-302)

10. What are the general inspection and care considerations for protective breathing apparatus? (303-307)
11. What kinds of safety precautions should be taken when refilling SCBA cylinders? (307)
12. What methods can you use to replace an SCBA cylinder? (311)
13. What are the safety precautions taken when using an SCBA? (312-313)
14. What are common emergency and nonemergency exit indicators a firefighter may encounter during an incident? (313-314)
15. What are some nonemergency exit techniques firefighters can use? (314-315)
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