




182  FIRE ENGINEERING’S HANDBOOK FOR FIREFIGHTER I & II 

Apparatus (SCBA) for Emergency Services. These 
standards require firefighters to be trained in accordance 
with NFPA 1404, Standard for Fire Service Respiratory
Protection Training. 

OVERVIEW 
Fire departments provide firefighters with many types of 
respiratory protection so firefighters can operate safely in 
all kinds of hazardous environments. Respiratory protec-
tion can include various levels of protection, from the 
paper dust filter-style mask to the SCBA. This chapter 
focuses on the SCBA as the tool of choice for respiratory 
protection while performing duties at a structural fire. It 
also provides a brief introduction to three types of respi-
ratory protection for special applications ranging from 
fire investigation to confined space entry. 

RESPIRATORY PROTECTION  
FOR NONFIRE APPLICATIONS  
Fire departments often have air purifying respirators 
(APRs) for use by fire ser vice personnel, like those worn 
by fire investigators (fig. 10–1). APRs have particulate 
or chemical filters that must be matched to the specific 
situation in which they are to be used. APRs have partic-
ulate filters, chemical filters, or combination filters to 
clean the air breathed by the user. Although APRs do 
not supply breathing air from a known source, they filter 
the ambient air surrounding the user. For this reason 
they cannot be used in oxygen-deficient atmospheres 
(less than 19% oxygen). 

Fire departments may also use the powered air purifying 
respirator (PAPR), which has the same limitations as the 
APR (fig. 10–2). The primary advantage of the PAPR 
over the APR is that the PAPR unit provides a blower that 
supplies air to the user. This supplied air reduces the effort 
needed by the user to breathe, thereby reducing overall 
fatigue and increasing the work time of the user. Neither 
the APR nor the PAPR is approved for use by structural 
firefighters while operating at the scene of a working fire. 

The supplied air respirator (SAR) is another type of 
respiratory protection that is available for fire depart-
ment operations (fig. 10–3). The SAR provides breath-
able air to the user from a remote source through an air 
supply line. Fire departments use the SAR primarily for 
confined space operations. The SAR can be used safely 

and effectively by trained personnel in known and 
properly controlled operational environments. The SAR , 
when used in fire department operations, includes some 
type of escape cylinder that is carried by the user in case 
of failure of the air supply line or the need for the user to 
immediately exit the space without time to manage the 
air supply line during exit. The SAR is not approved for 
structural firefighting and requires additional training. 

Fig. 10 –1. Sample of an APR often used during fire 

investigations. (Courtesy of Mine Safety Appliances) 

Fig. 10 –2. A PAPR with the battery pack attached. (Courtesy 

of Mine Safety Appliances) 





184  FIRE ENGINEERING’S HANDBOOK FOR FIREFIGHTER I & II 

Fig. 10 – 6. Before SCBA were readily available, firefighters 

were exposed to toxic gases while operating on the roof of 

the fire building. Firefighters from this era were at elevated 

risk for cancer because of their exposure. There is no 

excuse for this type of behavior on the modern fireground. 

(Courtesy of Seattle Firefighters Local 27) 

Firefighters often underestimate the long-term damage 
produced by small exposures to toxic gases. There is 
often a cultural bias in favor of using the mask as little 
as possible. The reality of the modern smoke environ-
ment requires the firefighter to use the SCBA whenever 
any smoke is present. If you want a long and healthy 
career followed by a long and healthy retirement, do not 
breathe smoke. 

The following is a brief description of a few fire gases and 
their effect.1 

The deadly duo: polyvinyl chloride and 
hydrogen cyanide 
Two of the least recognized components of the modern 
smoke environment are polyvinyl chloride (PVC) and 
hydrogen cyanide (HCN). The former is a product 
present in large quantities at most fires today, whereas 
the latter is a deadly by-product that is the silent killer of 
the fireground. 

PVC, a type of plastic similar to that used in plumbing 
piping , is likely to be found in more abundance than 
any other product in today’s homes. It is devastating to 
the firefighter no matter where they are in the smoke as 

its deadly fumes are emanating from materials at every 
level of structure. Its “emissions during fires of benzene, 
chlorinated dioxins, and dibenzofurans, known carcino-
gens, appears to explain the high frequencies of leukemia, 
laryngeal and colon cancer, and of rare soft tissue cancers 
found in many firefighters at relatively young ages.”2 

PVC fires also include the presence of the highly acidic 
gas hydrogen chloride and other gases that impact respi-
ratory and circulatory health. 

Hydrogen cyanide is a colorless, odorless gas that 
emanates from both natural and synthetic sources 
(fig. 10–7). Unlike carbon monoxide, a common cause 
of death in firefighters, hydrogen cyanide is relatively 
unknown; but it is steadily assuming a more prominent 
place in the hierarchy of the causes of death at fires. It was 
the gas of choice for Hitler’s death camps (Zyklon B) and 
the method the terrorists of the Aum Shynrikio religious 
cult attempted to use in their attack on the Shinjuku 
Station in Tokyo (May 5, 1995). 

Fig. 10 –7. Hydrogen cyanide molecule 

A more comprehensive list of chemicals can be seen in 
table 10–1. Firefighters should understand that these 
gases are present at every fire. These gases can cause 
short- and long-term health problems. Furthermore, 
they can cause the immediate death of a firefighter from 
a single breath. Firefighters should not breathe smoke. 
The correct tool to prevent the exposure of firefighters 
is the SCBA. There is no better way to protect the 
health of the firefighter than a well-maintained, properly 
worn, SCBA. 
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Fig. 10 – 8. Firefighters conducting overhaul operations 

without SCBA are exposed to toxic and cancer-causing 

gases. Firefighters should always wear respiratory 

protection in the postfire environment. (Cour tesy of Seattle 

Firefighters Local 27) 

The postfire environment, while not necessarily an 
IDLH environment, is a time when firefighters without 
SCBA are exposed to chemicals that are known to 
cause cancer. There is no reason to knowingly expose 
firefighters to these dangerous gases and chemicals 
when the SCBA can provide excellent protection. The 
SCBA provides protection for the user’s respiratory tract 
(fig. 10–9) from toxic and superheated gases. The SCBA 
also provides a significant level of protection to the user’s 
face and eyes. However, the SCBA does not protect the 
user from exposure to chemicals absorbed through the 
skin. 

Many SCBA are approved by the National Institute for 
Occupational Safety and Health (NIOSH) to provide 
respiratory protection in chemical, biological, radio-
logical, and nuclear (CBRN) environments. NIOSH 
performs extensive testing of SCBA assemblies for 
compliance with a variety of federal standards. As those 

standards apply to firefighter and CBRN qualification, 
here is what NIOSH reads about their testing : 

To Protect Emergency Responders Against 
CBRN Agents in Terrorist Attacks 

The U.S. Centers for Disease Control and Preven-
tion’s (CDC) National Institute for Occupational 
Safety and Health (NIOSH) has a program to 
approve self-contained breathing apparatus (SCBA) 
for use by fire fighters and other first responders 
to terrorist attacks. NIOSH approval under the 
program signifies that an SCBA is expected to 
provide needed protection to first responders in situa-
tions where an act of terror has released harmful 
chemicals, pathogens, or radioactive materials into 
the air. Approvals are based on positive results from 
rigorous tests on sample units submitted to NIOSH 
by manufacturers, and from stringent evaluation of 
manufacturers’ quality-control practices, technical 
specifications, and other documentation. 

To ensure protection in CBRN environments, the 
firefighter should look for a CBRN-NIOSH Agent 
Approval label on the SCBA assembly. If there is no 
CBRN Agent Approval label, or it has been removed 
or destroyed, the SCBA is not approved for use by 
firefighters in the environment. 

Fig. 10 –9. Respiratory tract 
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properly, it is ultimately the responsibility of individual should be thoroughly trained on every type of SCBA 
firefighters to operate safely. that they may be expected to use (fig. 10–19). 

Fig. 10 –15. Examples of Level 1, Level 2, and Level 3 damage 

Air is provided to the user through the regulator 
assembly (fig. 10–18). First-stage regulators reduce the 
high pressure (4,500 psi [31,500 kPa]) from the cylinder 
to approximately 100 psi (700 kPa), whereas second-
stage regulators reduce it to just above atmospheric 
pressure. Air is provided to the facepiece at slightly more 
than atmospheric pressure to provide a positive pressure 
inside the facepiece. This ensures that the firefighter is 
not exposed to products of combustion in case of a 
facepiece malfunction or inadequate seal against the face. 
One style regulator is belt mounted with a low-pressure 
tube connecting the regulator to the facepiece. The other 
style is a mask-mounted regulator (MMR), where the 
regulator connects directly to the facepiece. Firefighters 

Fig. 10 –16. Here you can see the high-pressure hose 

connection to the neck of the cylinder. The low-pressure 

alarm and the rapid intervention connection (RIC) 

are also visible. 

Fig. 10 –17. This firefighter does not have all of his SCBA 

straps properly connected. 

Both types of regulator assemblies have main line and 
bypass valves attached. The main line valve allows air 
to flow into the regulator at a high pressure, which the 
regulator then reduces to just above atmospheric pressure, 
providing positive pressure in the facepiece. Main line 
valves on belt-mounted regulators are generally manually 
operated, while on MMRs the valve automatically opens 
when the regulator is placed inside the facepiece and the 
user inhales (fig. 10–20). 
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of SCBA, some failure considerations are identified in 
the following text and a basic procedure for a cracked 
facepiece can be found in fig. 10–30. 

One category of problems can be attributed to operating 
the SCBA in low temperature situations. Firefighters 
should be aware that low temperatures can cause freezing 
and icing problems. Icing can occur on the cylinder. 
The release of compressed air from the cylinder causes 
the remaining air to cool. The cooling properties of 
expanding air can also cause icing to occur on the hoses 
connecting the cylinder to the regulator assembly. In 
some SCBA, this icing can negatively affect the low-air 
warning alarm and cause a partial or complete malfunc-
tion. Such a malfunction can cause a firefighter who is 
not practicing air management to run completely out of 
air in the hazard area and may lead to significant injury 

or death. Mechanical failure like this is another reason 
firefighters must manage their air. 

Low-temperature situations can also cause fogging or 
icing of the facepiece. The design of the positive-pressure 
facepiece directs the incoming air across the front of 
the glass lens to minimize internal fogging. The cold 
air causes the glass to become cold, which can increase 
the tendency for moisture to condensate on the outside 
of the facepiece obscuring the vision of the firefighter. 
Fogging of this type can be easily dealt with by wiping 
the facepiece with the gloved hand. Firefighters should 
be aware that this may scratch the glass or deposit debris 
on the lens. Anti-fogging compounds can be used to 
minimize the effect of internal or external fogging within 
manufacturers’ specifications. 

MINOR CRACK OR LEAK IN FACEPIECE 
 Don’t PANIC. The benefits of remaining calm cannot be emphasized enough when dealing with an emergency procedure. 

 Leave facepiece on. The facepiece continues to provide protection to the lungs, eyes, nose, mouth, and skin. With a minor leak, 

leaving the facepiece on provides the best option. 

 Place hand on facepiece/regulator and press against face. A leak from the facepiece from a minor crack will act similar to an 

inadequate fit of the facepiece seal. Due to the positive pressure of the system, excess air will leak out from within the facepiece. 

Pressing the facepiece against the face helps to alleviate the option that air is leaking between the skin and the seal. It helps to 

ensure that a leak is coming through the facepiece itself. 

 Conserve air by covering crack with hand. The air coming out of the regulator is slightly above the atmospheric pressure outside 

of the facepiece. This helps to ensure that there is a positive pressure within the facepiece and thereby neglecting contaminated 

air from entering through a small hole or crack.  However, if the crack/hole is not covered, the air in the cylinder is depleted at a 

faster rate. 

 Notify officer and leave with another member. Consider your department’s policy on accountability and Federal or State OSHA laws, 

when a member enters or leaves an IDLH. 

MAJOR CRACK OR LEAK IN FACEPIECE 
 Continue to cover damaged area. 

 Press the manual shutoff after each breath. If air still seems to be leaking out, excess air is being lost while a hand covers the 

crack/hole. Engage the manual shutoff after each breath. This will thereby limit the amount of air from the cylinder that will be lost 

due to the positive pressure of the system. 

 If manual shutoff will not release on inhalation, control air flow using purge or bypass valve. If a gloved hand over the leak does not 

cover enough of the crack/hole, the inhalation may not be strong enough to activate the flow of air out of the regulator. Therefore, 

continue to have the manual shutoff engaged and utilize the purge or bypass valve to allow enough air to enter the facepiece. 

A partial opening of the purge or bypass valve may be enough for a breath, then close the valve after each breath. SCBA manufac-

tures have their purge or bypass valves on different sides. Check yours to ensure what hand will cover the leak and what hand will 

operate the valve. 

 Notify officer and leave area immediately with a partner.  Consider your department’s policy on the urgency of these two emergen-

cies in the use of your PASS and the necessity of a Mayday radio transmission. 

Fig. 10 – 30. Cracked facepiece emergency procedure (Jarod Blake, FDNY, FDIC 2007 instructor) 












