






      

RESPIRATORY EXPOSURE STUDY 
FOR FIRE FIGHTERS  

AND OTHER EMERGENCY RESPONDERS 
 
 
 
 
 

A Report for the  
 

Fire Protection Research Foundation 
One Batterymarch Park 

Quincy, MA USA  02169-7471 
 
 
 

Prepared by: 
 

Casey C. Grant, P.E. 
Fire Protection Research Foundation 

One Batterymarch Park 
Quincy, MA USA  02169-7471 

 
 
 

December 2007 
 
 
 

 
 
 
 



    

 

——   Page  b   —— 
 

 



    

 
EXECUTIVE SUMMARY 

 
 

This study provides information for firefighters and other emergency responders to help 
develop best practice guidance for determining when to use and discontinue use of SCBA and 
other respiratory protective equipment.   The applications of primary focus include 
atmospheres that are possibly hazardous yet tenable, such as during overhaul operations, 
fighting outdoor fires, or limited exposure situations.    
 
The approach used includes a literature review of research on respiratory exposure, a 
summary of field measurement technology currently available, and a summary review of 
selected fire department Standard Operating Procedures (SOPs) and Standard Operating 
Guidelines (SOGs) relating to respiratory exposure.   
 
The results of the literature review provide an extensive compilation of applicable articles, 
reports, and other literature that provides researchers and others with a useful platform to 
better address the multiple facets of this topic deserving further study.  The literature 
collected resulted in a compilation of over 200 citations that provide helpful background 
information on the health effects to fire fighting personnel, characteristics of the environment, 
and the tools that are used for respiratory protection.   
 
The information collection form was distributed to a diverse group of fire departments and the 
results clarify how the fire service approaches certain field practices.  The 130 unique 
departments provide a composite view of how the fire service uses respiratory protective 
equipment and hand held gas monitoring equipment to determine the conditions to remove 
SCBA in an environment that is questionable yet tolerable, such as during overhaul or exterior 
fires.   
 
Among the findings of the literature review is an indication that the atmospheres encountered 
by fire fighters and other emergency responders, both at interior or exterior applications, have 
hazardous components that should be of concern to all who may be exposed to these 
atmospheres.  Further, for certain applications such as those faced by fire investigators or 
wildland fire fighters, additional protective measures should be considered for the on-going 
respiratory hazards they face.  The literature review also indicates that fire fighters have a 
higher rate of long-term adverse health effects, like cancer, than the rest of the general 
population, although the precise cause of these ailments is not clear, and the respiratory 
concerns faced by fire fighters operating at structural fires today appear to be changing from 
similar exposures occurring approximately 1 to 4 decades ago, based on the changing 
characteristics of the materials that are burning in a typical building fire.   
 
The information collection component of this study provides additional helpful data.  Most of 
the responding fire departments have SOPs/SOGs to indicate when to use SCBA, but fewer 
address when to discontinue the use of SCBA.  Most also generally have hand-held portable 
monitoring equipment for carbon monoxide calls and hazardous materials incidents, and 
they're using this equipment to measure hazardous environments elsewhere, such as during 
overhaul.   
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For the fire departments that are measuring airborne contaminants, most of those responding 
to the information collection are measuring carbon monoxide, oxygen, flammable gases, and 
hydrogen sulfide.  In fewer numbers, fire departments are also measuring hydrogen cyanide, 
sulfur dioxide, nitrous oxide and other toxic gases.  A clear indication appears to be lacking of 
what fire departments should optimally be measuring, and guidance is needed for the 
measurement of multiple components of the hazardous environment for fire departments that 
are focusing only on individual airborne contaminants. 
 
The content, opinions and conclusions contained in this report are solely those of the author. 
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GLOSSARY OF TERMS 

 
ACGIH: American Conference for Governmental Industrial Hygienists. 
 
Air-purifying respirator: A respirator with an air-purifying filter, cartridge, or canister that 
removes specific air contaminates by passing ambient air through the air-purifying element. 
(NFPA 1404, Standard for Fire Service Respiratory Protection Training, 2006 Edition) 
 
APR: See “Air-purifying respirator”. 
 
Atmosphere-supplying respirator: A respirator that supplies the respirator user with breathing 
air from a source independent of the ambient atmosphere, which includes self-contained 
breathing apparatus (SCBA) and supplied air respirators (SAR). (NFPA 1852, Standard on 
Selection, Care, and Maintenance of Open-Circuit Self-Contained Breathing Apparatus 
(SCBA), 2002 Edition) 
 
CBRN: An abbreviation for Chemical, Biological, Radiological, and Nuclear. (NFPA 1994, 
Standard on Protective Ensembles for First Responders to CBRN Terrorism Incidents, 2007 
Edition) 
 
CBRN Terrorism Agents: The term used to refer to chemical terrorism agents including both 
chemical warfare agents and toxic industrial chemicals, biological terrorism agents, and 
radiological particulate terrorism agents. (NFPA 1994, Standard on Protective Ensembles for 
First Responders to CBRN Terrorism Incidents, 2007 Edition) 
 
Hazardous Area: The area where members might be exposed to a hazard or hazardous 
atmosphere. A particular substance, device, event, circumstance, or condition that presents a 
danger to members of the fire department. (NFPA 1500, Standard on Fire Department 
Occupational Safety and Health Program, 2007 Edition). 
 
Hazardous Atmosphere: Any atmosphere that is oxygen deficient or that contains a toxic or 
disease-producing contaminant. [NFPA 1404, Standard for Fire Service Respiratory Protection 
Training, 2006 Edition] 
 
IDLH: See “Immediately dangerous to life or health”. 
 
Immediately dangerous to life or health: Any condition that would pose an immediate or 
delayed threat to life, cause irreversible adverse health effects, or interfere with an 
individual's ability to escape unaided from a hazardous environment. (NFPA1670, Standard on 
Operations and Training for Technical Search and Rescue Incidents, 2004 Edition) 
 
NIOSH: National Institute for Occupational Safety and Health, operating within the U.S. 
Center for Disease Control (CDC) 
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Open-Circuit SCBA: An SCBA in which exhalation is vented to the atmosphere and not re-
breathed. There are two types of open-circuit SCBA: negative pressure or demand type and 



    

positive pressure or pressure demand type. NFPA1981, Standard on Open-Circuit Self-
Contained Breathing Apparatus (SCBA) for Emergency Services, 2007 Edition) 
 
OSHA: Occupational Safety and Health Administration, operating within the U.S. Department 
of Labor. 
 
Powered Air-purifying respirator: An air-purifying respirator that uses a power source (usually 
a battery) to operate a blower that passes air across the cleansing element to supply purified 
air to the respiratory inlet. (Plog, B.A., “Fundamentals of Industrial Hygiene”, Fifth Edition, 
National Safety Council, 2002, pg. 682) 
 
PAPR: See “Powered Air-purifying respirator”. 
 
Respiratory Equipment: A positive pressure, self-contained breathing apparatus (SCBA) or 
combination SCBA/supplied-air breathing apparatus certified by the National Institute for 
Occupational Safety and Health (NIOSH) and certified as compliant with NFPA 1981, 
Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire and Emergency 
Services. (NFPA 1991, Standard on Vapor-Protective Ensembles for Hazardous Materials 
Emergencies, 2005 Edition) 
 
Respiratory Hazard: Any exposure to products of combustion, superheated atmospheres, 
toxic gases, vapors, or dust, or potentially explosive or oxygen-deficient atmospheres, or any 
condition that creates a hazard to the respiratory system. (NFPA 1404, Standard for Fire 
Service Respiratory Protection Training, 2006 Edition) 
 
Respiratory Protection: Equipment designed to protect the wearer from the inhalation of 
contaminants. (NFPA 472, Standard for Competence of Responders to Hazardous 
Materials/Weapons of Mass Destruction Incidents, 2008 Edition) 
 
Respiratory Protection Equipment: Devices that are designed to protect the respiratory system 
against exposure to gases, vapors, or particulates. (NFPA 1404, Standard for Fire Service 
Respiratory Protection Training, 2006 Edition) 
 
Respiratory Protection Program: A systematic and comprehensive program of training in the 
use and maintenance of respiratory protection devices and related equipment. (NFPA 1404, 
Standard for Fire Service Respiratory Protection Training, 2006 Edition) 
 
SAR: See “Supplied-Air Respirator”. 
 
SCBA: See “Self-contained breathing apparatus”. 
 
Self-Contained Breathing Apparatus: An atmosphere-supplying respirator that supplies a 
respirable air atmosphere to the user from a breathing air source that is independent of the 
ambient environment and designed to be carried by the user. NFPA 1981, Standard on Open-
Circuit Self-Contained Breathing Apparatus (SCBA) for Emergency Services, 2007 Edition) 
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Supplied-Air Respirator: An atmosphere-supplying respirator for which the source of breathing 
air is not designed to be carried by the user; also known as an airline respirator. NFPA 1981, 
Standard on Open-Circuit Self-Contained Breathing Apparatus (SCBA) for Emergency 
Services, 2007 Edition) 
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1) INTRODUCTION 

 
a) Background 

 
Firefighters and other emergency responders are routinely exposed to hazardous atmospheres 
that contain harmful gases and particulates.  Respiratory protection from these dangerous 
environments is accomplished through the use of self-contained breathing apparatus (SCBA), 
which provides effective respiratory protection for limited periods of time.  
 
However, SCBA have certain practical field limitations, including a finite supply of air and 
various design features (e.g. weight, bulk, facepiece) that restrict a firefighter’s dexterity and 
vision.  It is not practical to expect SCBA to be worn by firefighters for long duration 
activities, and it is generally not used when the hazardous atmosphere can be readily 
tolerated for short term exposure.  Situations when firefighters might not utilize SCBA when 
an adverse yet tolerable atmosphere may be present generally fit into three broad categories: 

1) Overhaul at structural fires, which is the extended operational period after the fire has 
been knocked down and firefighters dig through the rubble to extinguish hot spots;   

2) Outdoor fires (e.g. brush/wildland, automobiles, dumpsters, etc); and 
3) Limited exposure situations to firefighters and other emergency responders (e.g. police, 

emergency medical service personal, utility workers, etc) who are not within the 
immediate hazardous space fighting a structural fire but are still exposed to limited 
quantities of the fire atmosphere (e.g. pump operators, incident commander, etc). 

 
Protecting firefighters and other emergency responders from harmful atmospheres is a 
complex problem.  Previous research has successfully addressed certain scientific and 
technical details of this topic, but has not resulted in the implementation of practical field 
guidance for direct use by the fire service and other emergency responders.  This study will 
attempt to develop best practice guidance for determining when to use and discontinue use of 
SCBA and other respiratory protective equipment when exposed to atmospheres that are 
possibly hazardous yet can be readily tolerated for short term exposure.   
 
b) Purpose and Scope 
 
The purpose of this project is to raise awareness on the need for emergency responder 
respiratory protection, establish a research platform for others who are studying this topic, 
and provide information for firefighters and other emergency responders to help develop best 
practice guidance for determining when to use and cease using SCBA and other respiratory 
protective equipment when exposed to atmospheres that are possibly hazardous yet tenable, 
such as during overhaul operations, fighting outdoor fires, or limited exposure situations.   
 
The scope and tasks of this project are comprised of the following five elements, with an 
emphasis on tasks 1 and 3: 
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1) Perform a literature review of research on respiratory exposure for fire fighters and 
other emergency responders of the available scientific, technical and field-applied 
literature.  



    

2) Generate a summary of field measurement equipment currently available for use by the 
fire service and other emergency responders for field measurement of potentially 
harmful atmospheres.   

3) Implement a collection of information of fire department Standard Operating 
Procedures (SOPs) and other information relating to respiratory exposure, with the 
intent to analyze and summarize the collected information in a useable format to 
recommend fire service respiratory exposure best practice.  (Example: What are the 
criteria to determine when to remove an SCBA on the fire ground?) 

4) Develop awareness material to better engage the fire service and other emergency 
responders on current and proposed respiratory exposure research, and help facilitate 
the transfer of research by medical researchers, industrial hygienists and others into 
best practice guidance for the fire service and other emergency responders.  

5) Clarify further research work that is needed that will ultimately help establish best 
practice guidance for the fire service and other emergency responders on respiratory 
exposure, and provide recommendations on the prioritization of proposed research.  

 
c) Applicable NFPA Projects 
 
This study has been conducted under the auspices of the Fire Protection Research 
Foundation, whose mission is to plan, manage and communicate research in support of the 
NFPA mission.  On this basis, this study is believed to be applicable, either directly or 
indirectly, to the following NFPA Technical Committee Projects and NFPA documents.  While 
arguably this study can be extrapolated to numerous other NFPA projects and documents, 
those discussed here are believed to be the most pertinent at this time. 
 
The affected NFPA Technical Committee Projects whose current scope and responsibilities 
most closely relates to the subject matter addressed in this study are identified as: 

• Technical Committee on Fire Service Occupational Safety and Health (FIX-AAA) 
• TCC on Fire and Emergency Protective Clothing and Equipment (FAE-AAC) 
• Technical Committee on Respiratory Protection Equipment (FAE-RPE) 
• Technical Committee on Fire Service Training (FIY-AAA) 
• Technical Committee on Fire Investigation (FIA-AAA) 
• Technical Committee on Gas Hazards (GAS-AAA) 
• Recently approved TC project on Confined Space Safe Work Practices 

 
The NFPA Documents whose current scope of activities most closely relates to the subject 
matter addressed in this study are identified as: 

• NFPA 306, Standard for the Control of Gas Hazards on Vessels 
• NFPA 921, Guide for Fire and Explosion Investigations 
• NFPA 1403, Standard on Live Fire Training Evolutions 
• NFPA 1404, Standard for Fire Service Respiratory Protection Training 
• NFPA 1500, Standard on Fire Department Occupational Safety and Health Program 
• NFPA 1852, Standard on Selection, Care, and Maintenance of Open-Circuit Self-

Contained Breathing Apparatus (SCBA) 
• NFPA 1981, Standard on Open-Circuit Self Contained Breathing Apparatus for Fire 

and Emergency Services 
• NFPA 1989, Standard on Breathing Air Quality for Fire and Emergency Services 

Respiratory Protection 
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Of particular interest is NFPA 1500, Standard on Fire Department Occupational Safety and 
Health Program, which is administered by the Technical Committee on Fire Service 
Occupational Safety and Health.[1] This document provides model requirements and guidance 
that clarifies the use of SCBA and other respiratory equipment, although the discontinued-use 
of this equipment is not explicitly addressed. The following are applicable excerpts from the 
2007 edition of NFPA 1500, Standard on Fire Department Occupational Safety and Health 
Program, and are summarized here for convenience (with underlines added for emphasis): 
 
 

7.5* Chemical-Protective Clothing for Hazardous Materials Emergency Operations. 
7.5.1* Vapor-Protective Ensembles. 
7.5.1.3  All members who engage in operations during hazardous materials emergencies where there is 
potential for exposure to known chemicals in gaseous or vapor form that pose skin hazards, to chemicals 
that have not been identified, or to chemical environments that are classified as IDLH shall be provided 
with and shall use SCBA that meet the applicable requirements of Section 7.11. 
7.5.1.3.1  Additional outside air supplies shall be permitted to be utilized in conjunction with SCBA, 
provided such systems are positive pressure and have been certified by NIOSH under 42 CFR 84, Approval 
of respiratory protective devices. 

 
Figure 1-1a: NFPA 1500 Excerpt on Respiratory Protection for Vapor-Protective Ensembles. 

 
 
 

7.5.2* Liquid Splash-Protective Ensembles and Clothing. 
7.5.2.3  All members who engage in operations during hazardous materials emergencies that will expose 
them to known chemicals in liquid-splash form shall be provided with and shall use either SCBA that meet 
the applicable requirements of 7.11.1, or other respiratory protective devices that are certified by NIOSH 
under 42 CFR 84 as suitable for the specific chemical environment. 
7.5.2.3.1  Additional outside air supplies shall be permitted to be utilized in conjunction with SCBA, 
provided such systems are positive pressure and have been certified by NIOSH under 42 CFR 84. 
 
Figure 1-1b: NFPA 1500 Excerpt on Respiratory Protection for Liquid Splash-Protective 

Ensembles and Clothing. 
 
 

7.5.3* Protective Ensembles for CBRN Terrorism Incidents. 
7.5.3.3.1  All members who engage in operations for incidents involving CBRN terrorism agents and who 
are required to wear vapor-protective ensembles that meet NFPA 1991 shall be provided with and shall use 
either of the following respiratory protection:  
(1) SCBA that meet the applicable requirements of 7.11.1, provided that the SCBA is fully encapsulated by 
the protective ensemble 
(2) Open-circuit SCBA that are certified by NIOSH as compliant with NIOSH Standard for Chemical, 
Biological, Radiological, and Nuclear (CBRN) Open Circuit Self-Contained Breathing Apparatus (SCBA) 
7.5.3.4.1  All members who engage in operations for incidents involving CBRN terrorism agents and who 
are required to wear NFPA 1994 Class 2 ensembles shall use open-circuit SCBA that are certified by 
NIOSH as compliant with NIOSH Standard for Chemical, Biological, Radiological, and Nuclear (CBRN) Open 
Circuit Self-Contained Breathing Apparatus (SCBA). 
7.5.3.5.1  All members who engage in operations for incidents involving CBRN terrorism agents and who 
are required to wear NFPA 1994 Class 3 ensembles shall use one of the following types of respirators:  
(1) Open-circuit SCBA that are certified by NIOSH as compliant with NIOSH Standard for Chemical, 
Biological, Radiological, and Nuclear (CBRN) Open Circuit Self-Contained Breathing Apparatus (SCBA) 
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(2) Air-purifying respirators (APRs) with a minimum rated service life of at least 30 minutes that are 
certified by NIOSH as compliant with NIOSH Standard for Chemical, Biological, Radiological, and Nuclear 
(CBRN) Full Facepiece Air Purifying Respirator (APR) 

 



    

 
 

7.5.3.6.1  All members who engage in operations during chemical and biological terrorism incidents and 
who are required to wear NFPA 1994 Class 4 ensembles shall use one of the following types of 
respirators:  
(1) Open-circuit SCBA that are certified by NIOSH as compliant with NIOSH Standard for Chemical, 
Biological, Radiological, and Nuclear (CBRN) Open Circuit Self-Contained Breathing Apparatus (SCBA) 
(2) APR with a minimum rated service life of at least 30 minutes that are certified by NIOSH as compliant 
with NIOSH Standard for Chemical, Biological, Radiological, and Nuclear (CBRN) Full Facepiece Air 
Purifying Respirator (APR) 

 
Figure 1-1c: NFPA 1500 Excerpt on Respiratory Protection for Protective Ensembles for CBRN 

Terrorism Incidents. 
 

 
7.8 Protective Ensembles for Technical Rescue Operations. 
7.8.3  Members engaged in technical rescue operations that require respiratory protection shall be provided 
with and shall use respirators that are certified by NIOSH to 42 CFR Part 84. 
7.8.3.1*  Where air-purifying respirators (APRs) and powered air-purifying respirators (PAPRs) are selected 
to provide the respiratory protection, the APRs and PAPRs shall be provided with the chemical or 
particulate filter elements that provide protection against the specific contaminants based upon the 
anticipated level of exposure risk associated with different response situations. 
7.8.3.2*  Where it cannot be determined that an APR or PAPR will provide effective protection against the 
contaminant, or if the identity of the contaminant is not known, SCBA shall be worn until it can be 
determined that other respiratory protection can be used. 

 
Figure 1-1d: NFPA 1500 Excerpt on Respiratory Protection for Protective Ensembles used 

with Technical Rescue Operations. 
 

 
7.9 Respiratory Protection Program. 
7.9.1  The fire department shall adopt and maintain a respiratory protection program that addresses the 
selection, care, maintenance, and use of respiratory protection equipment (RPE), medical surveillance, 
training in respirator use, and the assurance of air quality. 
7.9.7*  When engaged in any operation where they could encounter atmospheres that are IDLH or 
potentially IDLH, or where the atmosphere is unknown, the fire department shall provide and require all 
members to use SCBA that has been certified as being compliant with NFPA 1981, Standard on Open-
Circuit Self-Contained Breathing Apparatus for Fire and Emergency Services. 
A.7.9.7  Hazardous atmospheres requiring SCBA can be found in, but are not limited to, the following 
operations: structural fire fighting, aircraft fire fighting, shipboard fire fighting, confined space rescue, and 
any incident involving hazardous materials. 
7.9.8*  Members using SCBA shall not compromise the protective integrity of the SCBA for any reason 
when operating in IDLH, potentially IDLH, or unknown atmospheres by removing the facepiece or 
disconnecting any portion of the SCBA that would allow the ambient atmosphere to be breathed. 
A.7.9.8  The required use of SCBA means that the user should have the facepiece in place, breathing air 
from the SCBA only. Wearing SCBA without the facepiece in place does not satisfy this requirement and 
should be permitted only under conditions in which the immediate safety of the atmosphere is assured. All 
members working in proximity to areas where SCBA use is required should have SCBA on their backs or 
immediately available for donning. Areas where the atmosphere can rapidly become hazardous could 
include rooftop areas during ventilation operations and areas where an explosion or container rupture could 
be anticipated. 
A hazardous atmosphere would be suspected in overhaul areas and above the fire floor in a building. 
Members working in these areas are required to use their SCBA unless the safety of the atmosphere is 
established by testing and maintained by effective ventilation. With effective ventilation in operation, 
facepieces could be removed under direct supervision, but SCBA should continue to be worn or 
immediately available. 
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Figure 1-1e: NFPA 1500 Excerpts on Requirements for Respiratory Protection Programs. 



    

 
 
8.6 Control Zones. 
8.6.1  Control zones shall be established at emergency incidents. 
8.6.1.1  The perimeters of the control zones shall be designated by the incident commander and 
communicated to all members. 
8.6.1.2  If the perimeters of the control zones change during the course of the incident, these changes 
shall be communicated to all members on the scene. 
8.6.2*  Hazard control zones shall be designated as hot, warm, and cold. 
8.6.2.1  All members shall wear all of the PPE (SCBA, flash hood, etc.) appropriate for the risks that might 
be encountered while in the hot zone. 
8.6.2.2*  All members operating within the hot zone shall have an assigned task. 
8.6.2.3  Where an exclusion zone is designated, no personnel shall enter the exclusion zone due to 
imminent hazard(s) or the need to protect evidence. 

 
Figure 1-1f: NFPA 1500 Excerpt on Respiratory Protection for Control Zones. 
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2) OVERVIEW OF FIRE FIGHTING RESPIRATORY  

EXPOSURE PROTECTION CONCERNS 
 

a) Problem Summary 
 
The fire ground atmosphere encountered by fire fighters and other emergency responders as 
part of their normal work routine is highly variable, changes rapidly with time, is a 
combination of multiple respiratory hazards, and is frequently IDLH.[2]  Respiratory exposure 
protection is an essential part of the portfolio of the equipment used by the fire service. 
 
Respiratory protective equipment is used by a wide range of emergency responders.  This 
study is focused toward fire fighters, but it’s recognized that the same incidents in which 
they are primarily engaged typically also involve other first emergency responders who, at 
times, share these same respiratory protection concerns.  An example is the response of law 
enforcement personnel for crime scene control and evaluation, which may involve equal 
exposures or exposures to lesser hazardous concentrations but for longer periods of time.[3, 4]   
 
Respiratory protection from these dangerous environments on the fire ground is accomplished 
through the use of equipment such as self-contained breathing apparatus (SCBA), which 
provides effective respiratory protection for limited periods of time.  However, SCBA has 
certain practical field limitations, including a finite supply of air and various design features 
(e.g. weight, bulk, facepiece) that restrict a firefighter’s dexterity and vision.  It is not 
practical to expect SCBA to be worn by firefighters for long duration activities, and it is 
generally not used when the hazardous atmosphere can be readily and reasonably tolerated 
for short term exposure.   
 
Aside from non-fire incidents such as those involving hazardous materials, CBRN events, or 
confined space entry, fire ground situations when firefighters might not utilize SCBA when an 
adverse yet tolerable atmosphere may be present generally fit into three broad categories: 

1) Overhaul at structural fires, which is the extended operational period after the fire has 
been knocked down and firefighters dig through the rubble to extinguish hot spots 
and/or investigate the post-extinguishment fire scene;   

2) Outdoor fires (e.g. brush/wildland, automobiles, dumpsters, etc); and 
3) Limited exposure situations to firefighters and other emergency responders (e.g. police, 

emergency medical service personal, utility workers, etc) who are not within the 
immediate hazardous space fighting a structural fire but are still exposed limited 
quantities of the fire atmosphere (e.g. pump operators, incident commander, etc). 

 
Each of these three application categories generally requires full respiratory protection when 
fire fighters are faced with unknown respiratory hazards.  For example, a typical automobile 
fire will generally require full SCBA during the extinguishment phase of the fire since, despite 
being an exterior fire event, the products of combustion in the vicinity where extinguishment 
is occurring are unknown and assumed to be IDLH.  
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During certain phases of fire fighting, such as during overhaul when the atmosphere may still 
be hazardous yet can be tolerated for short term exposures, fire fighters are tempted to shed 
bulky respiratory protection that limits their dexterity and vision.  Overhaul is considered to be 



    

the process of searching and extinguishing any pockets of fire that remain after a fire has 
been brought under control.[5]  It is a physically demanding and time-consuming process that 
is required for almost all types of fires, whether they are structure fires, or non-structure fires 
such as automobile and wildland fires.   
 
Respiratory exposure to harmful environments during overhaul that are obvious following the 
knock-down of structure fires are equally a cause for concern with the overhaul of exterior 
fires such wildfire, brush fires, vegetation, car fires, bulk piles of rubber tires or wood chips, 
etc.  While it is relatively obvious when to use respiratory protective equipment, such as in an 
IDLH or unknown atmosphere, it is less clear when its use can be discontinued.  Certain fire 
fighting applications, such as wildland fire applications, are for very long durations in remote 
areas and full SCBA is not practical.  This study hopes to help further mitigate fire fighter 
respiratory injuries by providing a better understanding of the respiratory hazards faced by fire 
fighters, and the associated long term implications of their exposure. 
 
b) Trends in Fire Service Respiratory Exposure 
 
Among the information provided by the annual U.S. Fire Department Profile Report, there are 
approximately 30,000 fire departments in the U.S. with roughly 1.1 million fire fighters.  Just 
under three-fourths (73%) of the 1.1 million fire fighters are volunteers, and nearly half of 
these volunteers serve in communities with less than 2,500 population.  Only one in 15 fire 
departments is all-career, but 43 percent (or about 2 of every 5) U.S. residents are protected 
by such a department.[6]   
 
One of the more useful documents providing a clear, overall understanding of the magnitude 
of the U.S. fire service is the 2005 Fire Service Needs Assessment Survey.[7]  This is an 
update of a similar needs assessment done in 2001, and it provides a measure of multiple 
facets of fire service activities, equipment and personnel.   
 

Table 2-1: Percentage of U.S. Fire Departments Using SCBA by Size of Jurisdiction 
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The 2005 Fire Service Needs Assessment is based on a stratified random-sample survey sent 
to roughly half the fire departments in the United States.  Of particular interest to the topic of 
respiratory exposure protection is question 28a of the survey, which asked “how many 
emergency responders on-duty on a single shift can be equipped with SCBA”, with possible 
answers of “All”, “Most”, “Some”, or “None”.  The results of this survey question are 
summarized in Table 2-1. 
 
The percentages in Table 2-1 indicate that larger fire departments generally have SCBA for all 
the fire fighters on a shift.  For fire departments that are protecting communities with a 
population of at least 50,000 people, at most 5 percent do not have enough SCBA to equip 
all fire fighters on a shift.  Conversely, roughly three-fourths of all fire departments protecting 
jurisdictions under 2,500 populations do not have SCBA for all fire fighters on a shift.[8]   
Interestingly, since about half of the 1.1 million U.S. fire fighters serve in departments 
protecting populations of 5,000 or less, this suggests that an appreciable number of fire 
departments do not have SCBA for all their fire fighters on a shift. 
 
In addition to the respiratory protective equipment used by the fire service, the other 
applicable piece of fire service equipment for respiratory concerns are portable hand-held gas 
or atmospheric monitoring devices.  Unlike the prior discussion on SCBA, an inventory of 
available equipment for portable hand-held gas or atmospheric monitoring devices is not 
readily available.   
 
The application of portable hand-held gas or atmospheric monitoring equipment is becoming 
more prolific based on its use for hazardous materials incidents and carbon monoxide calls, 
and this is allowing this equipment to be more commonplace on the fire ground and to be 
available for other tasks such as measuring overhaul environments.  Figure 2-1 provides an 
indication of the growth of non-fire carbon monoxide calls that fire departments have 
responded to in recent years.[9]  An increase of 18 percent was seen for the time period from 
2003 to 2005, and this provides an indication that the fire service has a growing need for 
equipment to measure gas atmospheres.  
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Figure 2-1: Non-Fire Carbon Monoxide Incidents Reported  



    

by Responding U.S. Fire Departments from 2003 to 2005 
 
Aside from the equipment assessment of the U.S. fire service, what is the trend for 
respiratory injuries to U.S. fire fighters?  Through the time period of 1981 through 2006, fire 
fighter fire ground injuries due to smoke, gas inhalation or respiratory distress have 
declined.[10]   This decline was more precipitous during the beginning of this time period, and 
during the last decade has stabilized.  It’s noted that this is partly due to the drop in overall 
structure fires during this same time period, as illustrated in Table 2-2 and Figure 2-2.  Fewer 
structure fires notwithstanding, this data suggests that in the last decade the rate of 
respiratory injury per fire incident has remained relatively stable.   
 
The respiratory protective technologies that are in widespread use today have existed since 
the early 1800’s, but did not become mainstream until refinements made them more practical 
and manufacturing mass production made this technology readily available for fire fighters 
following World War II.[11]  Prior to its application and widespread use by the fire service, this 
type of respiratory protection was implemented for use during the late 1800s and throughout 
the 1900s in underground mines, and for high altitude flights during the World War II era. 
Today, the use of SCBA-based technology is common throughout the North American fire 
service as well as in other parts of the developed world.  Overall progress in reducing fire 
fighter respiratory injuries is, however, only partly dependent on advances in technology, and 
another important factor is the attitude and culture of individual fire service users.[12]     
 

Table 2-2: Annual U.S. Fire Fighter Respiratory Related Injuries  
In Relation to Number of Fire Calls 
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One trend that is not clear from the data illustrated in Table 2-2 and Figure 2-2 is the attitude 
and culture of individual U.S. fire fighters toward embracing a more rigorous implementation 



    

of appropriate respiratory equipment.  Prior to the advent of today’s modern respiratory 
protective equipment, fire fighters generally faced challenging hazardous environments with 
little or no respiratory protective equipment.[13]  Traditions, however, do not disappear quickly.  
To an extent, a carryover of the fire service “eating smoke” mindset exists in various forms 
today.  Because fire fighting is a very complex and dynamic process, many of the particular 
risks that are taken on the fire ground can be as much the choice of the individual as they are 
institutional policy.[14]    
 

 
Figure 2-2: Annual U.S. Fire Fighter Respiratory Related Injuries  

In Relation to Number of Fire Calls 
 
Although immediately recognized respiratory exposure injuries do not account for a large 
percentage of overall fire ground injuries to fire fighters (approximately 10 %), the number of 
injuries that occur each year is nevertheless appreciable.  Based on a study of fire fighter 
injuries during the period of 2001 through 2004, approximately 2,000 U.S. fire fighters 
annually suffered fire ground injuries that were related to respiratory exposure.[15]     
 
The statistical information illustrated in Table 2-2 and Figure 2-2 is based on injuries that 
occur on the fire ground that is immediately recognizable for its effect, and this data does not 
directly address the long term health impact of numerous tolerable exposures occurring over a 
long period of time, such as a fire fighter’s career.  A number of projects identified in the 
literature review of this study have addressed this topic (see Annex A), but questions remain 
due to the challenging nature of identifying long term effects and ruling out possible other 
causes of long term health problems.[16, 17, 18, 19, 20, 21]    
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More specifically, a number of previous studies provide an indication that fire fighters have 
higher rates of cancer and other specific health implications as compared to the general 
population.[22]  These studies have been conducted with a diverse geographic focus, and have 
included countries such as Canada, Croatia, France, Japan, New Zealand, Switzerland, 



    

Sweden, and the United States (see literature review documents 145 thru 149, and 151 thru 
170).   
 
While this implies that health hazards are associated with fire fighting, it does not directly link 
the effect with a cause.  For example, one study of San Francisco fire fighters from 1940 to 
1970 indicate a higher occurrence of cirrhosis and other liver diseases, which might be 
related to alcohol consumption as part of a cultural lifestyle choice outside the normal 
expected hazards of fire ground activity.[23]    
 
Further, even with concerns focused on respiratory exposure, questions remain as to the 
cause of various adverse health effects.  For example, one study on Philadelphia fire fighters 
from 1925 to 1986 which raised questions about the exposure to diesel exhaust among the 
other possible respiratory hazards.[24]   Today, just under three-fourths of existing fire stations 
are not equipped for exhaust emission control, raising questions for how this less obvious 
particular respiratory hazard is exposing fire service personnel.[25]   
 
 
c) Airborne Contaminant Hazards 
 
Hazards in the workplace that can cause impaired health, sickness or significant discomfort 
are generally recognized in one of the following hazard classifications: biological, ergonomic, 
chemical, psychological, and physical.[26]     
 
Fire fighters face all of these types of hazards, but this study is primarily concerned with 
respiratory exposure concerns as a result of chemical hazards, and also to a certain extent 
biological hazards.  Chemical hazards are the result of excessive airborne concentrations of 
mists, vapors, gases or solids in the form of dusts or fumes, which are commonly faced by 
fire fighters while fighting fires and during overhaul.  Biological hazards involve any living 
organism or its properties that can cause an adverse health effect in humans.  Fire fighter 
exposure to biological hazards is less common than chemical exposure, but still a 
consideration as a result of CBRN events and fire ground situations where biological hazards 
are present. 
 
The types of airborne contaminants recognized by industrial hygienists are dusts, fumes, 
smoke, aerosols, mists, gases, and vapors.[27]  These terms each have precise meanings and 
are not interchangeable.  Table 2-3 provides a summary explanation of these commonly used 
terms.   
 
How an airborne contaminant affects the human body is dependent on how the substance 
enters the human body.  The three routes of entry are inhalation, absorption through the skin, 
and ingestion.  Inhalation is the primary route of entry in the human body for harmful 
respiratory hazards affecting fire fighters.  Absorption and ingestion are other routes of entry, 
but are outside the scope of this study.  The degree of hazard from exposure to harmful 
airborne contaminants depends on the nature of the energy or material involved, the intensity 
of the exposure, and the exposure duration.[28]  
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There are three basic categories of harmful airborne contaminants that affect the lungs: (1) 
toxic vapors and gases, (2) aerosols, and (3) toxic aerosols or gases that pass through the 
lungs into the bloodstream.[29]  All of these can be found in the atmospheres encountered by 
fire fighters at any particular fire event.  Toxic vapors and gases directly affect the lung 



    

tissue, and in some cases cause chemical burns.  Aerosols, such as silica dust and other 
particulates, can produce local lung tissue damage that is rapid or long-term.  Toxic aerosols 
or gases that pass through the lungs and affect the bloodstream generally do not damage the 
lung itself, and the most common contaminant of this type to fire fighters is carbon 
monoxide. 

 
Table 2-3: Types of Airborne Contaminants 

 
 
The respiratory hazards faced by fire fighters in battling unwanted fires are numerous and 
highly variable.  This study is primarily focused on airborne contaminants and oxygen 
depletion because the hazards most commonly encountered by fire fighters.  However, it is 
highly unlikely that any particular fire environment will be well defined, and thus danger from 
other possible chemical or biological respiratory hazards should always be considered.  
 
The overhaul phase of structure fires is a period of time when the likelihood of respiratory 
exposure to fire fighters and others is arguably more likely to increase since it is a transitional 
phase of fire extinguishment with dangers that are less obvious.  When an uncontrolled fire 
rages at its peak energy output, the buoyant forces of the hot gases in the fire plume 
generally flow upward, and during overhaul this upward buoyancy is not as pronounced 
resulting in a more stagnant hazardous environment due to the less energetic production of 
the fire by-products. Thus, the products of combustion occurring during overhaul, despite 
being generated at a lower rate than the peak fire energy output, can be deceptively 
hazardous due to the loss of a buoyant fire plume sending the products of combustion 
skyward.   
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A number of studies have identified toxic chemicals in fire smoke, [30, 31, 32] and of significance 
for this study, a few have additionally provided classification of the environment during the 
overhaul of the fire scene.[33, 34]  One study clarifies that the atmosphere during overhaul is 



    

deceptively worse than what seems obvious to fire fighters and others exposed to these 
environments, suggesting that need for a higher level of attention for respiratory protective 
equipment for this phase of fire fighting.[35]  
 
Also of interest is the changing nature of the fire ground environment that fire fighters face 
today versus what they faced several decades ago.  Prior to and during the World War II era, 
the materials of construction and interior furnishing involved in a typical structure fire were 
mainly wood and non-synthetic materials.  Today, this has changed considerably with the 
introduction of many synthetic products, such that the airborne contaminants in a fire 
situation are different, more complex and potentially more lethal.  Several studies examine the 
changing nature of airborne contaminants that fire fighters are exposed to today.[36, 37]  
 
Reinforcing this perspective of a new challenge in the airborne contaminants facing fire 
fighters is a specific focus on hydrogen cyanide poisoning.  Several studies have identified 
this as a special threat to the fire service, and especially urban fire fighters engaged with 
fighting structure fires as opposed to wildland events.[38, 39, 40, 41, 42, 43, 44, 45, 46]  In particular, one 
thorough study by the fire department in Providence, RI provides a detailed analysis of three 
fires that resulted in cyanide poisoning to their firefighters, and as a result each firefighter 
carries a separate monitor specifically to monitor HCN levels.[47]  
 
d) Oxygen Content Hazards 
 
Hazards relating to oxygen content occur when the percentage of oxygen being inhaled is at a 
level that causes temporary or long-term health concerns.[48]  Oxygen is a clear, colorless, 
odorless, and tasteless gas and a primary component of Earth’s atmosphere.   Oxygen 
supports combustion and is necessary for plant and animal life. 
 
The hazard to fire fighters involving oxygen content is most commonly an atmosphere that is 
deficient in its percentage of oxygen, which is a typical occurrence during interior fire fighting 
since fires consume oxygen during the combustion process.[49]  The oxygen thresholds 
required for proper fire service operations are similar whether it is at a fire, a confined space 
entry event, or similar activity.  According to OSHA, in situations of confined space entry, 
oxygen levels of less than 19.5 percent should be considered IDLH, and an oxygen level 
greater than 21 percent by volume should alert the competent person to look for the cause of 
the oxygen-enriched atmosphere and correct it prior to entry.[50]    
 
Oxygen content hazards are different from the hazards of airborne contaminants faced by fire 
fighters.  Oxygen is required to sustain human life, and ambient air at sea level is comprised 
of approximately 20.9 percent oxygen.  Variations in this percentage result in physiological 
affects on humans, and a decrease in the percentage of oxygen in air, such as occurs during 
a fire, can drastically affect the ability of a fire fighter to function.  This presents a respiratory 
hazard to fire fighters that is different than the airborne contaminants previously discussed.[51] 
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Table 2-4 provides a summary of the physiological effects of oxygen content for atmospheres 
generally encountered by fire fighters.[52]  The physiological effect of oxygen concentrations 
on the human body is different for each person, and is dependant on multiple factors, 
including presence of lung disease, blood hemoglobin, kinetics of oxygen-hemoglobin bonding, 
cardiac output, local tissue blood flow, and oxygen concentration.  Table 2-4 is based only on 
oxygen concentration for a normal healthy human at sea level, and ignores health differences 
in humans.  For example, one would observe a distinct physiological difference between a 



    

person who has lived their entire life at sea level and a healthy native Sherpa who regularly 
lives and works in the extreme altitudes of the Himalaya Mountains. 
 

Table 2-4: Physiological Effect of Oxygen Content in 
Atmospheres Encountered by Fire Fighters1 
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Oxygen partial pressure is an important parameter when considering the physiological effects 
of oxygen depletion.  The effects of a lower concentration of oxygen can be compensated for 
by a higher partial pressure, such that the human body will still receive the necessary oxygen 
flow in the bloodstream and no obvious ill effect is observable.  Similarly, the effects of a 
lower partial pressure can be compensated for by a higher oxygen concentration. A rapid 
decrease in pressure, in combination with various other factors resulting in less oxygen 



    

reaching the bloodstream, can result in decompression sickness, also know by the slang term 
as “the bends”.  This is a well-recognized danger to aircraft pilots, balloonist, scuba divers 
and anyone who might experience a rapid change in pressure.[53]  For example, aircraft are 
required (by the U.S. Federal Aviation Administration) to use supplemental oxygen if they fly 
above 12,500 feet for 30 minutes or longer, or if they fly at 14,000 feet at any time during 
their flight. 
 
The effective performance time of a person exposed to an oxygen deficient atmosphere is 
dependent on a variety of factors.  The equivalent physiological effect indicated in Table 2-4 
should be considered as a rough estimation, and other factors that will alter the effects 
include pulmonary acclimatization, time exposed to oxygen deficient atmosphere, breathing 
rate, temperature, work rate, health status, and age.  Thus, normal fire fighter characteristics 
such as degree of physical activity at the time of exposure and general pulmonary health can 
cause these effects to significantly vary.[54]     
 
In rare situations, a hazard can also occur with atmospheres that are too rich in oxygen 
content.  Examples of such an incident might be a confined space event at an industrial, 
health care or research occupancy, involving an oxygen leak or occurring in an area utilizing 
an oxygen enriched atmosphere.  In the unusual event that an atmosphere has a 
concentration higher than 21 percent, the hazard for fire fighters is less a respiratory concern 
and more a combustion concern, as the burning characteristic of materials can change 
dramatically and fire fighters should be extremely cautious that intense fire situations do not 
occur.  From a respiratory standpoint, the inhalation of oxygen is appropriate if used properly 
for certain medical emergencies or long-term therapy under the direction of a physician.  
Inappropriately high and long term oxygen concentrations are, however, like any other high 
exposure situation and can have detrimental health effects.  For example, one hundred 
percent oxygen at atmospheric pressure can cause pulmonary edema after 24 hours of 
exposure.[55]  Therefore, any respiratory protective approach based on equipment that utilizes 
oxygen enrichment should be done under the auspices of qualified medical personnel.   
 
 
e) Regulations and Recommendations 
 
Most developed countries have occupational safety and health organizations addressing 
safety in the workplace.  In the United States this role is handled by the U.S. Occupational 
Safety and Health Administration (OSHA), which operates under the Department of Labor.  In 
addition, approximately half of the states also have state OSHA programs that perform a 
similar complementary function.   
 
OSHA came into existence on April 28, 1971 when the Occupational Safety and Health Act 
(OSHAct) went into effect.  This act also established the National Institute for Occupational 
Safety and Health (NIOSH).  NIOSH is housed in the Centers for Disease Control (CDC) under 
the U.S. Public Health Service.  OSHA is empowered to promulgate safety and health 
standards with advice from NIOSH, while NIOSH is the principal federal agency engaged in 
occupational safety and health research.[56]   
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An additional organization aside from OSHA and NIOSH involved with respiratory protection 
and of interest to first emergency responders is the American Conference of Governmental 
Industrial Hygienists (ACGIH).  The ACGIH is a member based organization whose mission is 
to advance occupational and environmental health.[57]   



    

 
Table 2-5: Threshold Concentration Values for 

Certain Hazardous Gases Encountered by Fire Fighters1 
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All three organizations, OSHA, NIOSH and ACGIH, provide detailed information that fire 
fighters can use to measure a hazardous environment such as during overhaul or an exterior 
fire.  During and after a fire, fire fighters will often measure the concentration of different 



    

environmental contaminants and other characteristics using hand-held portable gas monitors 
to clarify which respiratory protective equipment is appropriate.  The first step is to compare 
them with the relevant standards and guidelines.   
 
Table 2-5 provides a summary of the threshold concentrations for certain hazardous gases 
frequently encountered by fire fighters. The gases considered are carbon monoxide, hydrogen 
cyanide, hydrogen sulfide, nitrous oxide and sulfur dioxide, as these were the gases 
addressed in the information collection portion of this study.  It is noted, however, that in 
addition to these airborne contaminants a relatively wide spectrum of respiratory hazards are 
regularly faced by fire fighters, including, for example, acrolein, asbestos, benzene, various 
aldehydes (acetaldehyde, benzaldehyde, formaldehyde, glutaraldehyde, isovaleraldehyde), 
hydrogen chloride, nitrogen dioxide, and respirable particulates.[58]  This is in addition to the 
additional respiratory concern of oxygen depletion.   
 
For the five airborne contaminants addressed in Table 2-5, the legally enforceable maximum 
allowed exposures are the OSHA “Permissible Exposure Limits” (PEL) and are from the Code 
of Federal Regulations, 29 CFR 1910.1000.  Table 2-5 also includes the recommended 
exposure limits provided by NIOSH based on their “Recommended Exposure Limits”, and the 
“Threshold Limit Values” provided by ACGIH.   
 
Interestingly, the threshold values in Table 2-5 are consistent but not precisely the same.  
This is due to several factors, including the date the values were established, when they were 
updated, frequency of update, time span for the exposure, and other similar considerations.[59]   
From the perspective of fire fighters using hand-held gas monitors to measure a fire ground 
atmosphere, attention needs to be given to adhering to OSHA requirements (and any other 
applicable requirements if they exist), and then recognizing the additional guidance that is 
provided by NIOSH, ACGIH and others so that, in addition to the necessary factors of safety, 
they adopt the most appropriate and generally reasonable good field practice.  
 
Table 2-5 also includes a value for each airborne contaminant for the IDLH (immediately 
dangerous to life or health) threshold measurement.   An important concept for fire fighters or 
anyone else in a hazardous environment is that the exposure hazard is time dependent.  In 
general, a human can withstand exposure to a particular airborne contaminant for low 
concentrations over long periods of time, and high concentrations for short periods of time.   
 
A helpful analogy on the fire ground to better understand this concept is that of the 
temperature of a fire, where a fire fighter can generally withstand lower temperatures for long 
periods of time and higher temperatures for short periods of time.  From a respiratory 
exposure standpoint, an important consideration is that the physiological health effects of 
each airborne contaminant are different, including their differences between high-
concentration/short-term exposures versus low-concentration/long-term exposures.  For 
example, the chronic or long-term effects on the human body by carbon monoxide and 
hydrogen cyanide are quite different, and these differences are used for the establishment of 
the IDLH values for each substance.  
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This section has focused on the regulatory requirements and recommendations in the United 
States that directly relate to airborne contaminants as faced by fire fighters and other 
emergency responders.  Additional standardized information from a wide spectrum of 
organizations also relates in a less direct way to this topic, some from other government 
agencies (e.g., U.S. Environmental Protection Agency) and some from non-government 
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sources (e.g., ASHRAE, ASTM, NFPA).  An example would be the regulatory requirements 
from the U.S. Department of Transportation that apply to the pressurized cylinders of air used 
with SCBA.   
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3) REVIEW OF LITERATURE 

 
a) Literature Review Methodology 
 
The literature that has been reviewed and analyzed for this respiratory exposure study is 
summarized in Annex A.  Table A-1 summarizes this information sorted in the order of the 
document identification number (Doc #), and Table A-2 is the same information but sorted by 
relevance and author.     
 
To better assist individuals using the literature summary, several mechanisms have been 
introduced to facilitate the handling and use of this information.  In addition to the general 
citation information, a note field (“notes”) has been included that provides a brief indication of 
what the citation addresses and how it relates to respiratory exposure concerns for first 
emergency responders.  Another field is the “# citations”, which indicates the known number 
of citations to this particular item by other published works. 
 
The literature generally fits into three basic categories of subject matter, and this is illustrated 
in Figure 3-1.  These three realms are: Environment, Personnel, and Tools.  In the literature 
review summaries (Tables A-1 and A-2), these basic realms are represented by the first initial 
of each term, i.e. “E”, “P”, and “T” under “Category”.  For example, if a particular article is 
focused more toward the acute or long term physiological health impact on humans it would 
be designated with “P”.  Similarly, if a citation focuses on measuring airborne contaminants 
or the make-up of smoke it would be designated by “E”.  Finally, citations focusing on 
respiratory protective equipment or devices used for measurement would have a “T” 
designation.   
 

 
Figure 3-1: Literature Review Relevance 

——   Page  21   —— 
 

 



    

Numerous literature citations cover more than one of these three basic categories, and thus 
all three would be included, in order of which is considered most prominent.  An example 
would be “PTE” for an article that has a predominant focus on human health effects but also 
addresses the equipment used and to a lesser extent touches on the composition of the 
environment.  Admittedly this is a subjective characterization, but nevertheless it is offered to 
provide the user of this information with some helpful guidance. 
 
As the literature was collected and reviewed for this study, each citation was also provided 
with a rating as to whether its relationship to the focus of this study was “critical”, “major” 
or “minor”.  In Tables A-1 and A-2 this is referred to as the “Relevance”.  Like the 
aforementioned categories this too is admittedly subjective, but nevertheless deemed to be 
worthy and is included to assist others with processing this information.  In addition to the 
three primary relevance types, two other characteristics are “reference” and “support”.  
These are explained in Table 3-1.   
 

Table 3-1: Definition of Literature Review Characteristics 

 
 

To further clarify the thought process in determining each relevance designation, the 
characteristics of “scope relativity”, “contribution”, “applicability” and “content” were all 
considered as illustrated by the columns in Table 3-1.  “Scope relativity” addresses if the 
citation is directly or indirectly related to the subject of respiratory exposure to first 
emergency responders, while “contribution” considers if the citation is original or repetitious 
of earlier work.   “Applicability” seeks to clarify the age of the publication, i.e. if it is current 
or outdated, and “content” addresses the substance of the published materials as it relates to 
the subject matter of this study.  
 
b) Implementation and Results 
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The literature review includes more than 200 citations for documents that relate in some 
fashion to respiratory protection for fire fighters and other emergency responders.  This 
review has been limited to the practical limits of addressing this subject matter, and it’s 
acknowledged that extensive additional indirectly-related documents are available through 



    

various sources, such as regulatory documents from OSHA or recommended guidelines from 
NIOSH. 
 
Of the three designated categories, the most common is “Personnel” with 136 citations, 
followed by “Environment” with 72 and “Tools” with 21. The primary focus of this literature 
review has been on published literature with a preference toward peer reviewed publications.  
Information such as manufacturer’s literature has not been included. 
 
In recognition that the user of this information may have preference for certain sub-topics, 
Table 3-2 provides a cross summary of the literature review categories by document number.  
This allows a focus toward the subject matter of most interest to the user of this study. 
 

Table 3-2: Cross Summary of Literature Review Categories by Document Number 

 
 
 

There are numerous useful articles in the literature that can assist further study on the subject 
of respiratory protection, depending on the specific sub-topic being pursued.  Several 
observations are offered on this collection.   
 
The literature survey was less robust on the subject of “Tools” than the other two categories.  
The design and implementation of various tools and equipment is well established by various 
manufacturing interests, although some of this information is proprietary or manufacturer 
specific, and thus not necessarily suitable for peer reviewed literature.   
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Several studies in the literature are attractive because of their usefulness and potential field 
adaptability. This includes papers such as “Characterization of Firefighter Exposures During 
Overhaul” that evaluates the overhaul environment and recommends SCBA during overhaul 
for lack of a better respirator, and also indicates that carbon monoxide should not be used to 
predict the presence of other contaminants found in the overhaul environment.[60]  Another 



    

investigation of interest because of its utility and direct fire service application is the “Report 
of the Investigation Committee into the Cyanide Poisoning of Providence Fire Fighters” (Doc-
013) which provides a detailed analysis of the dangers of hydrogen cyanide poisoning from 
today’s typical urban structural fire.  
 
Certain aspects of the literature summarized in this report are often of specific interest to 
certain identified constituent groups.  For example, fire investigators are faced with the 
overhaul and post-overhaul environment, and certain dangers are still readily present, as 
clarified in reports like “ATF Health Hazard Evaluation Report HETA 96-0171-2692”.[61]    
Even though the post-overhaul fire scene tends to have less off-gassing and combustion by-
products than an active fire  or an overhaul  situation, fire investigators frequently remain at 
the site for longer periods of time and face atmospheres where adequate ventilation may be 
compromised.  While many of the studies in the literature review are applicable to post-fire 
(i.e., overhaul) environments and apply equally to fire investigators as well as front-line fire 
fighters, several studies are specifically focused to fire investigators such as: Document #s 
090, 110, 111, and 141. 
 
Another sub-topic of interest to a specific constituent group is that involving wildland or bush 
fires.  These fire events present special challenges because fire fighters can be exposed to 
airborne particulates for relatively long periods of time, and they are often in remote areas 
where respiratory protective equipment used in an urban setting is not practical.  Many of the 
citations indicated in the literature review are applicable to wildland and bush fire fighting 
events.  In particular, the following citations have a specific focus toward wildland and bush 
fire events: Document #s 004, 006, 012, 040, 041, 043, 046, 049, 055, 094, 104, 129, 
130, 136, 137, 197, 206, 207, 208, 210, 211, 212, 219, 220, 221, 222, 225 and 230. 
   
One important question for fire fighters and other first emergency responders is how repeated 
short term exposures to adverse respiratory atmospheres affect their long term health.   A 
number of studies identified in the literature review have addressed this topic, but questions 
remain due to the challenging nature of identifying long term effects and ruling out possible 
other causes of long term health problems.[62, 63, 64, 65, 66, 67]    
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Several previous studies provide an indication that fire fighters have higher rates of cancer 
and other specific health implications as compared to the general population.[68]  These 
studies have been conducted with a diverse geographic focus, and have included countries 
such as Canada, Croatia, France, Japan, New Zealand, Switzerland, Sweden, and the United 
States (see literature review documents 145 thru 149, and 151 thru 170).  While this implies 
that health hazards are associated with fire fighting, it does not directly link the effect with a 
cause.  For example, one study of San Francisco fire fighters from 1940 to 1970 indicate a 
higher occurrence of cirrhosis and other liver diseases, which might be related to alcohol 
consumption as part of a cultural lifestyle choice outside the normal expected hazards of fire 
ground activity.[69]  Further, even with concerns focused on respiratory exposure, questions 
remain as to the cause of various adverse health effects, such as one study on Philadelphia 
fire fighters from 1925 to 1986 which raised questions about the exposure to diesel exhaust 
in the apparatus-bay among the other possible respiratory hazards.[70]  



    

 
4) REVIEW OF EQUIPMENT 

 
a) Hazardous Atmosphere Monitoring Equipment 
 
Portable hand-held gas or atmospheric monitors are available for a wide range of emergency 
response applications.  These are designed for a broad spectrum of performance objectives 
utilizing multiple technologies.[71]  The various technological approaches used each have 
advantages and disadvantages, and the ultimate end-user of the equipment must judge which 
technology is most appropriate based on important considerations such as ease of use, 
ruggedness, maintainability, accuracy, sensitivity, real-time operability, cost, and other factors 
deemed important.[72]    
 
Today, different sensing technological approaches are available, and the decision on what 
may be most appropriate depends on multiple factors.  Manufacturers have made significant 
advances in recent years, and currently the problem is less about applying these technological 
advancements and more about clarifying what the end-user community ultimately desires.[73]   
Table 4-1 provides a summary of different types of gas sensing technologies, and illustrates 
the significant diversity of tools available for this purpose.[74]    
 

Table 4-1: Examples of Gas Sensing Technology 

 
 
 
Certain additional features are important beyond the technology used for the gas sensors 
themselves, and these should also be taken into account when investigating the most 
optimum equipment package.  For example, real-time feedback may be considered a priority 
feature, as has been demonstrated for wildland fire fighters to allow them to take appropriate 
evasive action on the fire ground.[75]  Another example may be the wireless transmission of 
real-time details of a structure fire overhaul environment to a remote location such as incident 
command, which can review and store these readings.[76]  Some of these additional attributes 
can be extremely useful during certain events that require remote monitoring (e.g. haz-mat 
incidents or confined space entry), or to provide documentation for post-event analysis. 
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Fire fighters use gas monitoring equipment to identify the composition of a particular 
environment by taking a sample or set of samples.  How well this sample or set of samples 
represents the actual measured environment depends on the accuracy and precision of the 
measurements.[77]  Accuracy addressees the relationship between a measured value its true 
value, while precision describes the ability to reproduce the same results each time.  It’s 
possible for instruments to have any combination of accuracy, inaccuracy, precision and 
imprecision levels.  Figure 4-1 provides a useful visualization of the concepts of accuracy and 
precision.  This methodology provides a means of determining the confidence of a measured 
sample set of the airborne environment. 
 

 
Figure 4-1: Visualization of the Concepts of Accuracy and Precision 

 
The need for equipment that is accurate and precise is partially addressed by proper 
maintenance and calibration techniques.  The reliable use of portable atmospheric monitoring 
equipment requires that they are calibrated on a regular basis to assure performance within 
acceptable limits.  Calibration procedures vary widely between various types of equipment, 
and the regularity of full calibration tests depends on the type of technology used.  It is 
important to establish the ability of an instrument to respond to the substance it was 
designed to detect, and calibration procedures with standardized concentrations provide this 
clarification.[78]  Some manufacturers address the challenges of calibration with design 
features such as a monitor docking platform to perform routine calibration and other functions 
(e.g. power supply recharging) when the units are not being used. 
 
The respiratory hazards encountered by fire fighters and other emergency responders are 
dynamic and complex.  Every incident is unique and will present different challenges with 
regard to atmospheric measurement.  Table 4-2 illustrates this concept by comparing the 
typical measurement approaches used in the following four fire service applications: structure 
fire, wildland fire, hazardous materials incident, and confined space entry.[79]     
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For any of the incidents indicated in Table 4-2 it’s possible to have any combination of 
hazards present at any time.  The probability of any type of hazard depends on the particular 
event and multiple factors, though some hazards are more likely in certain applications.  For 
example, we would normally expect a radiation hazard to be more probable at a hazardous 
materials incident rather than a wildland fire.  Nevertheless, it is important to recognize that 



    

all of these different atmospheric hazards are possible, and they all require different detection 
methods.   
 

Table 4-2: Comparison of Typical Measurement Characteristics for 
Portable-Hand-Held-Atmospheric-Measurements Used in Selected Fire Service Applications 

 
 
Fire service organizations are often seeking a single airborne contaminant that they can 
conveniently measure in lieu of all others.  However, there is no monitoring technique that 
can detect all airborne hazards, and a typical fire environment is replete with multiple 
respiratory dangers.  For structure fire overhaul environments, some fire service organizations 
are using multi-channel portable meters to measure multiple toxic gases, multiple flammable 
gases, and oxygen concentration.  Simply measuring a single gas, such as carbon monoxide, 
is not adequate, and the more characteristics of the airborne environment that are measured 
the better.[80]  
 
A useful resource for fire service personnel and other first emergency responders to determine 
the most appropriate gas monitoring equipment for their needs is through the “Responder 
Knowledge Base” or “RKB”.[81]  This web-based resource serves the emergency response 
community and provides an integrated listing of both the Authorized Equipment List (AEL) and 
the Standardized Equipment List (SEL).   
 
The Authorized Equipment List is produced by the Department of Homeland Security (DHS), 
and is the generic list of equipment items allowable under certain DHS grant programs.  The 
Standardized Equipment List is produced by the InterAgency Board for Equipment 
Standardization and Interoperability (IAB), and contains minimum equipment recommendations 
for response to Weapons of Mass Destruction (WMD) incidents. 
 
Table 4-3 illustrates a summary of the portable chemical detection equipment recognized by 
the Authorized Equipment List and Standardized Equipment List.  This provides a convenient 
platform to analyze and compare different specific technologies and equipment.  All but one 
of the twenty-one described technologies (the one exception is 07CD-01-NAA) are 
appropriate for use with "Fire Incident Response Support".   In the Responder Knowledge 
Base, "Fire Incident Response Support" is the term used to describe the coordination and 
implementation of fire suppression operations.  This includes, among other activities, search 
and rescue, fire containment and control, overhaul operations, and cause and origin 
investigation.   
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As an example of the usefulness of this information, an individual interested in obtaining a 
multi-sensor gas detection meter for point chemical detection can go to this website and 



    

perform a comparison of the products recognized by the AEL and SEL.  At this time this 
included 40 separate products recognized by the AEL and SEL, which is not an exhaustive 
list.  This allows a comparison of important features and operating considerations, such as 
calibration, shelf life, sensitivity, cost, training, etc… 
 

Table 4-3: Portable Chemical Detection in Combined  
IAB Standardized Equipment List and DHS Authorized Equipment List 

 
 
 
b) Respiratory Protective Equipment 
 
While hazardous atmosphere monitoring equipment is used to detect a dangerous airborne 
environment, protective equipment is still needed to enter or work in atmospheres that 
contain the respiratory hazards.  Foremost among the arsenal of equipment used by today’s 
fire service is self contained breathing apparatus (SCBA).  SCBA are required for all fire 
fighting operations except wildland, and are also used for various special operations such as 
confined space entry, hazardous materials incidents, and urban search and rescue 
activities.[82] 
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The widespread application of SCBA in the United States is due to OSHA requirements for all 
interior fire fighting activities that involve IDLH or unknown atmospheres.  Specifically, OSHA 
requires that approved self-contained breathing apparatus with full-face-piece, or with 



    

approved helmet or hood configuration, be used while working inside buildings or confined 
spaces where toxic products of combustion or an oxygen deficiency may be present.[83]    

SCBA are part of the atmosphere-supplying respirator family that includes supplied air 
respirators (SARs) or airline respirators, which is equipment that uses a continuous air-line 
supply.  Two important classification sets that apply to SCBA are positive pressure versus 
negative pressure, and open circuit versus negative circuit.  These are summarized in Table 4-
4, as defined in NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus 
(SCBA) for Emergency Services.   

Table 4-4: Types of Self Contained Breathing Apparatus (SCBA) Used by the Fire Service 

 

For the SCBA characteristic of positive pressure versus negative pressure, only pressure-
demand or other positive-pressure self-contained breathing apparatus should be worn by fire 
fighters performing interior structural fire fighting (according to OSHA regulation that became 
effective as of 1 July 1983).[84]  The other characteristic of interest is open-circuit versus 
closed circuit.  Open-circuit SCBA is significantly more common since it is less maintenance 
intensive than closed-circuit technology (closed-circuit units are also referred to as re-
breathers).  Some fire service organizations utilize SARs or closed-circuit SCBA in addition to 
their open-circuit SCBA because SARs and closed-circuit SCBA generally have long operability 
time, making them useful for certain specialized confined space applications (e.g., long 
subway tunnels).   
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Wildland fire fighting is the only type of fire fighting activity where respiratory protection is 
not required.[85]  This is partly due to the logistical challenges of using SCBA, which are not 
practical for wildland fire fighters because they typically operate in remote locations for very 
long periods of time.  A perception exists that the respiratory hazards of wildland fires are 
less in a relative sense than the respiratory hazards from urban structure fires, but the 
respiratory hazards nevertheless remain a concern.  As one recent action toward addressing 



    

these concerns, in March 2007 by the NFPA Standards Council approved a request to 
develop a new document to address the respiratory hazards faced by wildland fire fighters, 
and assigned this activity to the project on Fire and Emergency Service Protective Clothing 
and Equipment.[86]   
 
Two other types of respiratory protective equipment sometimes found within the portfolio of 
equipment used by the fire service are air-purifying respirators (APRs) and powered air-
purifying respirators (PAPRs).  An air-purifying respirator is a respirator with an air-purifying 
filter, cartridge, or canister that removes specific air contaminates by passing ambient air 
through the air-purifying element.[87]  A powered air-purifying respirator uses a power source 
to operate a blower that passes air across a cleansing element to supply purified air to the 
respiratory inlet.[88]  Although APRs and PAPRs may offer certain advantages such as 
portability and long operation times, they likewise have certain significant handicaps such as 
ineffectiveness against certain airborne contaminants and inability to deal with oxygen 
deficient atmospheres. 
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5) DATA COLLECTION METHOD 

 
a) Information Collection Methodology 
 
The information collection form used in this study was implemented electronically on-line 
using a designated page on the NFPA website, and was available for completion for an 
approximate a two month period starting in late summer 2007.   
 
This study uses an interpretive qualitative approach as the method for gathering information.  
Qualitative methods can, at times, provide an optimal approach to prevention efforts because 
they provide valuable insight into the antecedents of injury that are needed to design effective 
interventions.[89]  The information collected for this study was openly solicited using a 
structured collection form, and respondents were openly urged to respond through multiple 
media and request mechanisms.  
 
Notification of its availability was forwarded to various fire service related outlets.  Direct 
email requests were sent to all the fire service representatives serving on NFPA Technical 
Committees, and special published notices were provided through multiple NFPA related 
outlets, including NFPA News, and publications and/or business meetings for the NFPA Fire 
Service Section, the International Fire Marshals Association, and the NFPA/IAFC Metro-Chiefs 
Section.   In addition, a multitude of other applicable organizations were made aware of the 
availability of the web-based information collection form, including the International 
Association of Fire Chiefs, International Association of Fire Fighters, the U.S. Branch of the 
Institute of Fire Engineers, the International Association of Arson Investigators, the National 
Association of State Fire Marshals, and the National Volunteer Fire Council. 
 
Although the information collection form is focused and targeted toward the fire service, the 
final information collected and the final analysis is applicable to other emergency responders 
who may occasionally find themselves in similar respiratory exposure situations. 
 
It’s acknowledged that the data collected has certain inherent limitations due to the relatively 
small-scale of this study. Among these limitations is that multiple responses were possible 
from a single organization.  The 9 multiple responses that were received among the 158 total 
responses were tracked and consolidated to reflect a single response from that particular fire 
service organization prior to making the final analysis.  Another limitation is that each 
respondent may or may not have submitted their information as an official spokesperson 
representing their particular organization.   
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The approach used here intends to help provide a better understanding for how the fire 
service is addressing the use and discontinuance of respiratory protective equipment.  The 
results of the information collection are based on responses from 130 unique fire service 
organizations.  This has not been evaluated in the traditional statistical sense, since the pool 
of respondents is not well defined based on the open manner of this internet-based 
information collection.  For example, it could be argued that only fire service organizations 
with an interest in this subject responded, and thus bias may be present in the overall results.  
Nevertheless, the information collected herein is considered to be a useful deliverable to assist 
with developing recommended best practices for using and discontinuing the use of 
respiratory protective equipment. 



    

 
b) Design and Implementation 
 
The information collection form was available to a wide cross section of the fire service 
interests, and therefore it was necessary to gather certain background information on the 
type of the fire department represented by a particular respondent.  Further, in addition to the 
direct information collection form response data, an effort was made to gather Standard 
Operating Procedures (SoPs) and Standards Operating Guidelines (SoGs) currently used by 
various fire departments for additional analysis.   
 
The information collection form is comprised of 9 questions grouped into the following three 
basic sections: (I) primary information; (II) additional screening questions; and (III) other 
applicable information.  The information collection form is illustrated in Figures 5-1a, 5-1b and 
5-1c. 
 

 
Figure 5-1a:  Information Collection Form, page 1 of 3 

 
The design of the questions in the information collection form attempts to take into account 
various baseline hypothetical assumptions, based on preliminary anecdotal feedback. These 
preliminary assumptions helped provide guidance in the construction and design of the 
information collection form, and are:  
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• Almost all fire departments use SCBA equipment in some manner. 



    

• Some fire departments use respiratory protective equipment other than SCBA 
equipment, generally for hazardous materials or confined space entry events.    

• Some fire departments use hand-held gas monitoring equipment, generally for hazardous 
materials or confined space entry events.    

 

 
Figure 5-1b:  Information Collection Form, page 2 of 3 

 
For standard operating procedures (SOPs) or standard operating guidelines (SOGs), the 
baseline assumptions used to help guide the form design are:  

• Many fire departments have SOPs/SOGs addressing some aspects of SCBA purchase, 
care, maintenance, training and use.   

• Few fire departments have SOPs/SOGs addressing use/discontinuance of SCBA or other 
respiratory protective equipment based on specific measured gas values.   

• Some fire departments may use SCBA or other respiratory protective equipment based 
on specific measured gas values, but absent any applicable SOPs/SOGs.   

 
One concept that has been intentionally omitted from the information collection form 
questions is to try and gather correlating information on injuries or fatalities that may have 
occurred from failure to properly use available respiratory protective equipment.  Due to the 
sensitive and delicate nature of questions about fire fighter injury or loss at a particular fire 
department, such a line of inquiry is not included.  
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Figure 5-1c:  Information Collection Form, page 3 of 3 

 
Fire departments with a primary jurisdiction of airports, waterfronts, industrial complexes, 
military bases, remote rural areas or applications that might require specialized fire fighting 
tactics and strategies are not excluded as long as they still address conventional structure 
fires, and it’s assumed that all do to some extent. 
 
The United States and Canada is the primary focus of the information collection form, and a 
balanced geographic representation from across the states and territories of the United States 
and the Canadian Provinces is desirable though not critical.  
 
c) Summary of General Results 
 
The results of the information collected for this study came from 158 total respondents, but 
this has been reduced to 130 overall respondents for the following reasons.  Of these 158, 
18 were duplicates of 2 each from 9 separate responding organizations and these were 
consolidated resulting in 9 separate responses for each organization.  Also, 19 respondents 
submitted Procedures or Guidelines for review but did not complete the information collection 
form.  By eliminating the duplicates and those not completing the information collection form, 
the net number of respondents is 130. 
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Table 5-1a illustrates the populations of the 130 fire departments that responded to the 
request for information.  This is from question 7 on the information collection form.  This 
indicates that a very well-balanced cross-section of responses was received from fire 
departments of all sizes, ranging from very small fire departments to those that are very large.  
Although this is a small fraction of the potential fire departments that could have responded 
(approximate 30,000 fire departments in the U.S. alone), this is an acceptable response for 
the purposes of this study.  
 

Table 5-1a: Population of Jurisdiction Protected by  
Fire Department (Info Collection Form Question 7) 

 
 
Table 5-1b further clarifies the demographics of the respondents by illustrating the size of 
each responding fire department based on the number of fire fighting personnel.  This 
distinguishes between fire fighters that are full-time only (i.e. career or uniform), and fire 
fighters that are part-time only (i.e. call or volunteer).   
 
The preferable target audience for the information collection form is a random yet balanced 
mix of full career departments, volunteer departments, and combination departments. A 
combination fire department is defined as having emergency personnel comprising less than 
85 percent majority of either volunteer or career membership, as defined by 3.3.9 of NFPA 
1720, Standard for the Organization and Deployment of Fire Suppression Operations, 
Emergency Medical Operations, and Special Operations to the Public by Volunteer Fire 
Departments, 2004 edition.  For this study a combination fire department is taken as a mix of 
full-time and part-time personnel in any percentage.  Table 5-1b indicates that the 
respondents came from an even mix of full-time only departments and combination 
departments, with a smaller fraction coming from part-time only fire departments.  For 
purposes of this research study, this is considered an acceptable mix of fire department 
types. 
 

Table 5-1b: Fire Department Size Based on Number of  
Department Personnel (Info Collection Form Question 8) 
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The primary results from the information collection form of most interest are first shown in 
Table 5-2a.  This indicates the fire departments that address certain respiratory exposure 
protection details in their standard operating procedures or guidelines (SOPs/SOGs).  This is 
based on question 1 from the information collection form, and it’s worth emphasizing that 
this is focused on whether or not the particular department has SOPs/SOGs addressing this 
subject and not if they are performing the respective activity absent written SOPs/SOGs.   
 
The results in Table 5-2a indicate that most responding departments, by a ratio of 8 to 1, 
have written SOPs/SOGs on when to use SCBA.  Interestingly, however, the ratio is 
dramatically less, at 2 to 1, for departments that have written SOPs/SOGs indicating when to 
remove SCBA.  This supports one of the underlying premises motivating this study, namely 
that clarity is lacking for when fire fighters determine when to remove SCBA.  Countering this 
is the indication that three-fourths of the responding fire departments with SOPs/SOGs for 
SCBA use also address removal (assuming that none have SOPs/SOGs only for removal). 
 
Table 5-2a also indicates that about the same number of fire departments have SOPs/SOGs 
for using respiratory equipment other than SCBA as those that do not.  Further, Table 5-2a 
indicates the ratio for every fire department that has SOPs/SOGs for hand held atmosphere 
monitoring equipment is 3 to 1, or in other words, for every 4 fire departments 3 can be 
expected to have written procedures for using hand held atmosphere monitoring equipment.   
 
It is noted, however, that a further review of the actual SOPs/SOGs that were submitted to 
support Table 5-2a illustrates a great variety of detail and focus toward addressing these 
particular subjects, addressing the many aspects of this equipment.  As a specific example, 
most address care and maintenance issues, but fewer provide significant detail on when and 
where to use the equipment.  
 

Table 5-2a: Fire Department SOGs/SOPs Addressing  
Respiratory Protection (Info Collection Form Question 1) 

 
 
Table 5-2b reflects the results of question 2 on the information collection form, and this 
clarifies how hand held portable atmosphere monitoring equipment is being used.  The 
predominant use (and recommended use) is for carbon monoxide (CO) calls by a ratio of 
approximately 10 to 1.  This is followed closely by hazardous materials calls where fire 
department are using hand held portable monitoring equipment by a ratio of approximately 8 
to 1.   
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Interestingly, responding fire service organizations indicate, as shown in Table 5-2b, that their 
use of hand-held portable atmosphere monitoring equipment drops considerably for overhaul 
or other activities, where the ratio of use to non use is 2 to 1.  This suggests that most fire 
departments have hand held portable atmosphere monitoring equipment for carbon monoxide 



    

calls and hazardous materials incidents, but a smaller percentage is using this equipment for 
overhaul or other operations. 

 
Table 5-2b: Fire Department Use of Hand-Held Portable  

Atmosphere Monitoring Equipment (Info Collection Form Question 2) 

 
 
Table 5-2c provides significant detail on the type of fire ground activities where different 
respiratory protective equipment is being used.  This is based on question 4 from the 
information collection form, and the rows of Table 5-2c have been shaded to distinguish 
results with common responses.  The results illustrate several observations of interest as 
follows.   
 
First, Table 5-2c indicates that, not surprisingly, virtually all fire departments use SCBA for 
extinguishing operations at interior building or structure fires.  Several departments indicate 
that they use SCBA other than the commonly applied open circuit type required for IDLH 
atmospheres.  It is known that at least one responding fire department uses closed circuit 
SCBA (re-breathers) on their rescue squads for deployment into long tunnels and other 
confined spaces, and it’s possible that the others of this small percentage may do so likewise 
or be the result of confusion by respondents on the different types of SCBA (e.g. open circuit 
versus closed circuit).  In addition to extinguishing operations at interior building or structure 
fires, most fire departments also use open circuit SCBA for the following: roof ventilation, 
overhaul, hazardous materials incidents, automobile fires, and outside dumpster fires. 
 

Table 5-2c: Fire Department Use of Respiratory 
Protective Equipment (Info Collection Form Question 4) 
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One aspect of the results from Table 5-2c of particular interest is the comparison of overhaul 
operations and on-site fire investigations at interior building or structure fires.  It is interesting 



    

that Table 5-2c indicates that most fire departments are using SCBA during overhaul. Out of 
the 130 respondents, 102 indicate they use SCBA during overhaul, while 23 use particulate 
filtering masks and 15 use no protective equipment.  For on-site fire investigations, the 
results indicate an even split among the respondents with the same percentage using either 
SCBA, particulate filtering masks, or no protective equipment whatsoever.  It’s noted that this 
post fire extinguishment period of time involving overhaul and fire investigations is subject to 
some subjective interpretation as to when it begins and ends, and future research may find 
value in better defining the fire and post fire extinguishment phases. 
 
Another point of interest with the results of Table 5-2c is the very low use of SCBA at brush 
or wildland fires (which, it is noted, is a similar result as for incident command at interior 
building or structure fires).  Brush and wildland fires have certain special operating 
characteristics such as very remote access and fire ground operations involving very long 
periods of time that make the use of SCBA understandably impractical.  Nevertheless, it is 
interesting that a relatively small percentage of respondents indicate that they use particulate 
filtering masks (and other) respiratory protective equipment at brush or wildland incidents and 
most fire departments indicates that they use no respiratory protective equipment. 
 
Table 5-2d provides clarification on who makes the decision and how the decision is made to 
use or remove SCBA.  This is from question 5 on the information collection form.  This 
indicates that those who decide when to use SCBA are also the same people who decide 
when to discontinue its use.  Table 5-2d also shows that pre-established guidelines are the 
primary basis for making these operational decisions for use, by a ratio of 3 to 1 as compared 
to the decision to remove SCBA.  The individual on the fire ground to actually implement this 
decision is most likely to be the incident commander, followed by the safety officer and by 
the individual fire fighter wearing the respiratory protective equipment.  This suggests the 
possibility that multiple, and possibly overlapping, decisions may be occurring on the fire 
ground, although it is not clear if this is problematic or not, i.e., the decisions are 
contradictory or complementary for any specific situation.  
 

Table 5-2d: Who Makes Decision and How is Decision Made to 
Use or Remove SCBA (Info Collection Form Question 5) 

 
 
The final direct result from the information collection form is shown in Table 5-2e and is 
based on question 6 from the form.  This clarifies when and what atmosphere components 
fire departments are routinely measuring, and the rows of Table 5-2e have been shaded to 
distinguish results with common responses.  An analysis of this data reveals several 
interesting results. 
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Table 5-2e: Fire Department Routine Atmospheric  
Measurements (Info Collection Form Question 6) 

 
 

First, from an overall standpoint based on the fire department response situations represented 
by the five columns in Table 5-2e, the results indicate that the most common substance being 
measured is carbon monoxide.  This is followed by measurements of either oxygen levels 
and/or flammable gases.  The next most common measurement is hydrogen sulfide.  A 
secondary tier of substances being measured are any of the following airborne contaminants: 
hydrogen cyanide, other toxic gases, sulfur dioxide, and nitrous oxide. 
 
The data in Table 5-2e also reveals helpful information on how fire departments are using this 
equipment at certain types of incidents.  By comparing the individual columns, it can be 
observed that for each type of fire ground situation the fire departments responding to this 
information collection are measuring carbon monoxide more often than other atmospheric 
characteristics.  This observation generally holds true for each type of airborne contaminant 
or substance in the rows of Table 5-2e, regardless of the type of fire ground application, i.e., 
interior building/structure fires, exterior building/structure fires, other exterior fires, or 
hazardous materials incidents. 
 
The information in Table 5-2a through 5-2e provides a helpful illustration for how the fire 
service approaches certain fire ground practices relating to respiratory protection.  However, 
the user of this data should be cautious on how they apply these results and should be 
sensitive to the manner in which the information was collected.  The approach used was to 
gather this information was via an open collection form where any fire service member could 
respond.  The information may therefore not be necessarily representative of the fire service 
in general and may include a bias.  For example, the respondents may have been from 
individuals who already have a particular interest in this topic, or specific responses may have 
been based on individual practice rather than the practice of their fire department.   
Nevertheless, the data obtained in the information collection is useful and should be used 
with an understanding for how it was collected. 
 
d) Threshold Measurement Values 
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This information collection effort requested that fire departments also provide their written 
procedures for further analysis.  Those that were provided were reviewed and the threshold 
measurement values that they are using to measure atmospheres on the fire ground are 
indicated in Table 5-3.  This includes several fire service organizations that provided written 
procedures or guidelines, but did not respond to the information collection form and thus are 
not likewise reflected in the information summarized by Tables 5-1 and 5-2. 



    

Table 5-3:  Selected Fire Department Hazardous  
Atmosphere Threshold Measurement Values 

 
Table 5-3 Footnotes: 

1)  Single value indicates lower limit, and two values indicate lower and upper limit. 
2)  Based on Australian National Occupational Health and Safety Commission Guidelines as follows: 30 

ppm for TWA 8 hour exposure for 40 hr/week; 60 ppm for 60 minute TWA exposure; 100 ppm for 30 
minute TWA exposure; 200 ppm for 15 minute exposure; 1200 ppm for IDLH. 

3)  Unspecified mixture of Volatile Organic Compounds (VOCs) < 0.5 ppm.  Also acid gases (such as 
HCl) < 5 ppm & 50 ppm IDLH, and Formaldehyde < 1 ppm & 20 ppm IDLH. 

4)  For overhaul, CO threshold = 10 ppm.  For CO detector calls or CO leaks, CO threshold = 25 ppm. 
5)  Based on California Dept of Health Services and Cal/OSHA requirements, for exposure limit of 25 ppm 

over 8 hours or 200 ppm at any time. 
6)  Based on multiple CO thresholds of 9 ppm, 24 ppm, or 100 ppm depending on hazard & occupancy. 
7)  Asbestos thresholds based on 0.1 fiber per cubic centimeter for 8 hour TWA. 
8)  Temperature required to be less than 200 ºF. 
9)  Measurement cannot be exceeded over a 10 minute continuous reading. 
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The 32 fire departments indicated in Table 5-3 were those that utilize actual threshold 
measurement to identify a hazardous atmosphere, based on a review of their procedures or 
confirmation of their field practice.  Operating procedures and guidelines were provided by 
other fire departments, but they address other details relating to respiratory exposure such as 
the care and maintenance of equipment, and threshold measurement values.  
 
A helpful background observation is that several procedures refer to the baseline requirements 
provided by U.S. OSHA CFR 1910.120, which provides the following thresholds for a 
hazardous work environment: CO > 35 ppm; H2S > 10 ppm;19.5% < O2 > 23.5%; and 
additionally, flammable concentrations < 10% LEL.[90]  This helps to explain the moderate 
consistency with the data in Table 5-3.  An interesting approach used by some fire 
departments is to simply redefine IDLH within their procedures to indicate the thresholds that 
they consider to be acceptable (e.g., CO @ 35 ppm, H2S @ 10 ppm, O2 @ 19.5% to 
23.5%).  They subsequently will re-emphasize that SCBA shall be used at all times in the 
presence of an IDLH or unknown atmosphere. 
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Aside from the consistency as noted, the variation between these values in Table 5-3 is also 
of interest, and this appears to be caused by different required or recommended values from 
federal OSHA or local OSHA requirements, and different recommended values from NIOSH, 
ACGIH, and other sources.  Despite these variations, all these values appear to be within 
conservative bounds as compared to the application.  Nevertheless, it would be useful for the 
fire service and other first emergency responders to receive clear recommendations from the 
industrial hygiene community as to what substances they should optimally measure in each 
type of emergency application, and establish definitive and uniform indication of the best 
measurement values to determine when to use and discontinue use of SCBA and other 
respiratory protective equipment. 
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6) CONCLUSIONS AND RECOMMENDATIONS 

 
a) Key Findings 
 
The key findings in this study relating to the literature review are: 

1) Existing Information. Significant information exists in the literature relating to the 
general topic of respiratory protective exposure for fire fighters and other emergency 
responders.   

2) Exposure to Hazardous Atmospheres.  The literature provides indication that the 
atmospheres encountered by fire fighters and other emergency responders, both at 
interior or exterior applications, have hazardous components that should be of 
concern to all who may be exposed to these atmospheres.   

3) Stabilized Trend for Fire Service Respiratory Injuries.  A positive trend from a quarter 
of a century ago appears to have stabilized in the last decade for fire ground safety 
from respiratory exposure hazards. 

4) Consideration of Additional Protective Measures.  Certain applications, such as those 
faced by fire investigators or wildland fire fighters, are facing on-going respiratory 
hazards, and additional protective measures should be considered.   

5) Higher Rate of Adverse Long-Term Health Effects.  The literature indicates that fire 
fighters have a higher rate of long-term adverse health effects, like cancer, than the 
rest of the general population, although the precise cause of these ailments is not 
clear. 

6) Changing Character of Fire Related Respiratory Hazards. The respiratory concerns 
faced by fire fighters addressing structural fires today appear to be changing from 
similar exposures occurring approximately 1 to 4 decades ago, as indicated by reports 
focusing on the measurement of hydrogen cyanide poisoning.  This appears to be 
related to the changing characteristics of the materials that are burning in a typical 
building fire today versus a typical building fire in the past.   

7) Recognition of Dynamics of Fire Related Respiratory Hazards.  Respiratory exposure 
concerns that exist in post fire extinguishment phases of fire ground operations, such 
as during overhaul or fire investigations, are different than the atmospheres 
encountered by fire fighters during actual fire extinguishment operations.  However, 
although these atmospheres are typically less hazardous, they can be deceptively 
dangerous due to off-gassing conditions and loss of natural buoyant ventilation flows 
that help remove harmful airborne contaminants. 

 
The key findings in this study relating to the collection of information from fire departments 
are: 

8) Use and Discontinuance of SCBA.  Most fire departments have SOPs/SOGs to indicate 
when to use SCBA, but much fewer address when to discontinue the use of SCBA. 

9) Use of Hand-Held Portable Atmosphere Monitoring Equipment.  Fire departments have 
hand-held portable monitoring equipment for carbon monoxide calls and hazardous 
materials incidents, and they are using this equipment to measure hazardous 
environments elsewhere, such as during overhaul. 
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10) Decision Making Process for SCBA Use and Discontinuance.  Those who decide when 
to use SCBA and other respiratory protective equipment are also making the decision 
when to discontinue its use, and this is most commonly determined by pre-established 
guidelines (written or otherwise).  The individual who actually makes the decision is 



    

generally the incident commander, the safety officer, or the individual fire fighter.  In 
addition, multiple, and possibly overlapping, decisions may be occurring on the fire 
ground, although it is not clear if the decisions are contradictory or complementary for 
any specific situation. 

11) Definition of Phases of Fire Extinguishment.  The various phases of fire extinguishment 
are not well defined, such as when overhaul begins and ends, and when fire 
investigation activities begin and end. 

12) Measurement Profile of Airborne Contaminants.  For the fire departments that are 
measuring airborne contaminants, most are measuring carbon monoxide, oxygen, 
flammable gases, and hydrogen sulfide.  In fewer numbers, fire departments are also 
measuring hydrogen cyanide, sulfur dioxide, nitrous oxide and other toxic gases.  A 
clear indication appears to be lacking of what fire departments should optimally be 
measuring, and guidance is needed for the measurement of multiple components of the 
hazardous environment for fire departments that are focusing only on individual 
airborne contaminants. 

 
A key finding relating to the literature review and confirmed by the collection of information 
from fire departments is: 

13) Transition to Field Practitioners.  It is not clear that the specific results of the research 
provided in the literature are adequately transitioning to the field practitioners that 
need this information for implementation. 

14) Consistency of Airborne Contaminant Threshold Measurements.  For fire departments 
that measure airborne containments and others atmospheric concerns on the fire 
ground, variations exist on the actual measurement thresholds due to the multiple 
requirements and recommendations that are available.  

 
 
b) Future Research 
 
This information points to several topical areas that are worthy of further research.   These 
are summarized in the following list, in no particular order of priority. 

 
1) Establish Fire Fighter Respiratory Exposure Measurement Thresholds 

Currently fire service personnel are using different criteria (primarily from OSHA, 
NIOSH and ACGIH) to define an atmosphere to determine when it is no longer IDLH 
and when they can remove SCBA and use other forms of respiratory equipment.  A 
detailed study is needed specifically for the fire service from an industrial hygiene 
perspective to provide clear direction for which criteria is most appropriate for which 
situation.  The fire service needs clarification as to what airborne contaminants they 
should be measuring and at what threshold values.  The results should be provided in a 
format and style that will facilitate implementation by the fire service. 

2) Determine Best Detection and Monitoring Field Practice for Measuring Fire Ground 
Atmospheres. 
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Every fire ground situation faced by fire fighters is unique.   The fire service would 
benefit from the establishment of an optimum protocol for how to best measure and 
monitor the fire ground environment.   Providing guidance on best field practice to 
measure and monitor a hazardous environment would allow the development of 
training materials for use by the fire service, and assist in minimizing respiratory 
exposure to fire fighters.  This should include the identification and evaluation of new 
technology to facilitate remote data-logging and real-time analysis. 



    

3) Identify and Better Characterize the Fire Environments Faced by Fire Fighters During 
Overhaul at Structural Fires. 

Generate an inventory of respiratory environments faced by urban fire fighters.  
Further research should be focused toward identifying and clarifying common 
environments.  A categorization and inventory of the different environments would 
assist approaches that seek to provide the best respiratory protection.  Include 
timelines that clearly indicate when fire fighters take specific actions depending on 
measured characteristics of the hazardous environment. 

4) Evaluate and Determine the Optimum Respiratory Protective Equipment for  Use by 
Wildland Fire Fighters 

Generate an inventory of respiratory environments faced by wildland fire fighters.  
Further research should be focused toward identifying and clarifying common 
environments.  A categorization and inventory of the different environments would 
assist approaches that seek to provide the best respiratory protection.     

5) Clarify the Causes of Acute and Long-Term Adverse Health Effects in Fire Fighters 
Acute exposure to products of combustion has been shown to results in adverse 

respiratory effects in firefighters including reduction in spirometry and increased lung 
permeability.  In addition, various studies have established that fire fighters have a 
higher rate of adverse health effects (e.g. cancer) than the general population. Over 
half of line-of-duty deaths are cardiovascular in nature and inhalation of particulate 
matter in susceptible individuals among the general population is known to increase 
cardiovascular mortality.  However, in firefighters the cardiovascular effects of acute 
exposure, including heat stress, and the cause of these long-term ailments are not 
clear. Research is needed that would define the possible causes of these adverse 
health effects, and clarify the linkage between certain fire fighting activities and the 
long-term health implications. 

6) Develop a Fire Fighter Respiratory Exposure Tracking System 
Establish and develop a tracking system that would inventory data from firefighters 

as the measurement and collection of data through gas monitoring becomes more 
prevalent.  Certain fire departments are now collecting certain data elements on a 
regular basis, but this is not being coordinated on a large scale that would lend itself to 
future research on this subject. 

7) Evaluate Existing and New Respiratory Exposure Equipment 

——   Page  45   —— 
 

Conduct research in support of existing technologies and new alternative 
technologies for respiratory protective equipment.  An example of research on existing 
technologies might be to evaluate air purifying cartridge effectiveness from exposure 
to certain airborne contaminants.  An example of new alternative technologies might 
be the evaluation of new lightweight closed-circuit re-breather approaches. 
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