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The IAFF also would like to thank Kevin Roche, Assistant Fire Marshal, Phoenix Fire Department, Mike
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in developing this report.
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INTRODUCTION

It is only in the last quarter-century that a significant portion of the fire service began to realize that the fire
service’s historic role as being one of the most dangerous occupations needed to be addressed. Perhaps no
event in the history of the fire service brought these safety issues to the forefront more than the release of the
first edition of National Fire Protection Association (NFPA) 1500, Standard on Fire Department Occupational Safety and
Health Program in 1987.This document recognized many of the issues that were injuring and killing firefighters
and provided standard methods for correcting them.

As we will detail in Chapter 1 of this document, approximately one-half of all firefighter fatalities and a sig-
nificant percentage of injuries and illnesses are as a result of stress and overexertion on firefighters involved in
emergency scene operations and training exercises.There is no question that despite all the advantages brought
about by modern technology, the delivery of fire department services remains largely a job that requires ardu-
ous manual labor. In many cases, it is labor at the maximum extremes of human physical endurance.

One solution is to ensure that firefighters are in better physical condition prior to responding to the emer-
gency call. In general, improvements to firefighter health, wellness, and fitness have been made in recent
years, particularly in the career fire service. However, there remains considerable work to do in this area. A
proactive injury prevention approach must be implemented to reduce risks in the fire service and improve
personnel resistance to injuries. This proactive injury prevention program shall include the following:

* a comprehensive and effective wellness program;

* a physical fitness program;

* astrong commitment to safety from both labor and management;
* adesignated Safety Officer;

* an ergonomic analysis of all aspects of the workplace to identify potential injury causes and address
unsafe conditions that can be corrected by improved design;

* a program to manage medical and injury rehabilitation to decrease time loss and reduce reinjury rates;
* an educational component that begins in the fire academy and continues throughout the entire career;
* arecognition system for personnel who practice, play, and preach safety;

* arelationship between labor, management, and risk management; and

* an integrated and participatory fire department “near miss” program.

Even if we were able to achieve a high level of fitness and wellness among all firefighters, the issue of exces-
sive stress and overexertion at emergency scenes and training sessions does not go away. Even perfectly con-
ditioned firefighters can be extended beyond the limits of their conditioning. When this occurs, occupational
illness and injuries typically follow.

There are a number of ways that we can reduce the tendency to overexert firefighters at the emergency
scene or training session, regardless of the level of their physical condition. First is to assign an adequate
number of personnel to perform the required tasks safely. In addition, Incident Commanders (ICs) must take
the effort required to perform tasks into consideration prior to assigning them. These same principles must
be extended to training settings. The old militaristic “run them until they drop and then build them up again”
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mentality needs to be eliminated. If there is one thing more tragic than losing a firefighter in an uncontrolled
emergency scene setting, it is losing one in a training setting that should have been totally under control.

Even if reasonable assignments are made, at some point all firefighters will become exhausted and need a
break. This realization was noted in the first edition of NFPA 1500.The standard required fire departments to
develop policies and procedures for emergency incident rehabilitation, simply referred to as “rehab,” opera-
tions at emergency scenes and training exercises. The purpose of rehab operations is to provide rest for fire-
fighters who have been working for extended periods of time. In addition to rest, firefighters receive medical
evaluations or attention as required and are given the opportunity to replace fluids and eat as necessary.

Though NFPA 1500 placed the requirement on fire departments to perform rehab, it provided little in the
way of guidance in how to set up and operate a rehab area. It also did not establish much in the way of criteria
for evaluating firefighters when they enter the rehab area. In fact, even though some organizations had been
performing at least some aspects of a rehab operation for many years, there really was no definitive source
of information on the topic available. Several articles had been written and fire departments shared Standard
Operating Procedures (SOPs), but no single source of comprehensive information was available.

The first significant effort at providing comprehensive information on the topic of rehab occurred in July
1992 when the US. Fire Administration (USFA) released report FA-114, Emergency Incident Rehabilitation. This
document provided basic information on performing rehab operations at emergency scenes and also included
a sample SOP. A more comprehensive text, bearing the same title as the USFA report, was also released in
1997 by Brady and Fire Protection Publications. This was the first, and the only, full-length text dedicated to
the topic of providing rehab services at emergency scenes and training exercises.

This increased level of interest in rehab operations led the NFPA Standards Council to direct the NFPA Fire
Service Occupational Safety and Health technical committee to develop a new document devoted entirely to
rehab operations. The new document, titled NFPA 1584, Recommended Practice on the Rehabilitation of Members Operating
at Incident Scene Operations and Training Exercises, was released in early 2003. At the time this report was being written,
the NFPA was in the process of developing a 2008 edition of NFPA 1584 and was changing the document
from a recommended practice to a formal standard.

The USFA is committed to working with the major national level fire service organizations in reducing fire-
fighter fatalities in the U.S. Numerous programs, research efforts, and other work are being done to support/
reach this goal. As part of the effort, the USFA determined that the 1992 FA-114, Emergency Incident Rehabilitation
report needed to be updated to ensure that the latest information on the care of firefighters engaged in
emergency scene and training operations was made available. In order to facilitate the revision, the USFA
entered into a cooperative agreement with the International Association of Fire Fighters (IAFF), Division of
Occupational Health, Safety and Medicine, to provide this revised report.



CHAPTER 1

THE NEED FOR REHAB OPERATIONS AT
INCIDENTS AND TRAINING EXERCISES

he physical and mental demands associated with firefighting and other emergency operations exceed

those of virtually any other occupation. Unlike many jobs, firefighters cannot pick the time or condi-
tions these jobs must be carried out. Emergencies occur at all times and in every conceivable environmental
condition (Figure 1.1). When you combine the inherent stresses of handling emergency incidents with the
environmental dangers of extreme heat and humidity or extreme cold, you create conditions that can have an
adverse impact on the safety and health of the individual emergency responder. Members who are not pro-
vided adequate rest and rehydration during emergency operations or training exercises are at increased risk
for illness or injury, and may jeopardize the safety of others on the incident scene. When emergency respond-
ers become fatigued, their ability to operate safely is impaired. As a result, their reaction time is reduced and
their ability to make critical decisions diminishes. Rehabilitation is an essential element on the incident scene
to prevent more serious conditions such as heat exhaustion or heat stroke from occurring.

In this chapter we will examine the need for rehab operations at emergency scenes and training exercises.
First we will define the concept of emergency incident rehabilitation and then we will review the historical
pattern of firefighter injuries and deaths associated with the stresses of emergency operations. The latter por-
tions of the chapter will provide some case study information on injuries and deaths to firefighters as a result
of failing to recognize environmental dangers or provide adequate rehabilitation during training sessions and
emergency incident operations. These cases studies are not intended to criticize or embarrass those agencies

Figure 1.1
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and individuals who were involved. Rather, they serve to show that these incidents can occur in all fire depart-
ments and jurisdictions and they happen fast, often without warning. Lastly, we will review the various stan-
dards that place the requirements for conducting rehab operations on the fire service.

Rehab Defined

If one looks up the word “rehabilitation” in the dictionary, numerous variations of definitions will be
noted. However, the variation that is most pertinent to the concept of caring for firefighters and other emer-
gency responders during emergency and training operations reads “to restore or bring to a condition of
health or useful and constructive activity.”

The formal term applied to caring for emergency responders during incident and training activities is
emergency incident rehabilitation. In daily use this is shortened to simply rehab. The term rehab is used to
describe the process of providing rest, rehydration, nourishment, and medical evaluation to responders who
are involved in extended and/or extreme incident scene operations (Figure 1.2).The goal of rehab is to get
firefighters either back into the action or back to the station in a safe and healthy condition. When rehab
operations are implemented properly, they go a long way towards making sure that the physical and mental
conditions of responders operating at the emergency scene do not deteriorate to a point that affects the safety
of any responder or that jeopardizes the safety or effectiveness of incident operations.

STRESS-RELATED INJURIES AND
DEATHS IN THE FIRE SERVICE

The dangers of firefighting and emergency scene operations have long been documented and recognized.
Though firefighters spend a considerable amount of time training to deal with the physical hazards of fire-
fighting operations, such as fire conditions or building construction hazards, in truth, the most credible
hazard that firefighters will face is the stress that their job places upon their own bodies. This fact can be
emphasized by looking at historical data showing the causes of firefighter injuries and deaths.

The latest data on firefighter injuries and deaths that were available at the time this report was written
was for the calendar year 2005. Information on injuries was obtained from U.S. Firefighter Injuries, 2005, by the
National Fire Protection Association (NFPA). Information on firefighter fatalities was obtained from Firefighter
Fatalities in the United States in 2005 (FA-306) by the U.S. Fire Administration (USFA).

Figure 1.2—Courtesy of Ron Jeffers, Union City, NJ.
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Before looking at some of the specific numbers found in these reports, it is important to keep in mind that
the U.S. fire service is not particularly adept at capturing vital statistics and information. This is particularly
true of the injury statistics. The available injury statistics likely represent only a portion of the true total of
firefighter injuries that occurred. These statistics, however, are valuable in terms of comparing various types of
injuries and the settings in which they compare to each other for an overall understanding on the likelihood
in which injuries may occur.

The available statistics on firefighter fatalities are more reliable. This is because there are lesser occurrences
of deaths than there are injuries, these occurrences generally are well-publicized, and numerous agencies
document and report the fatalities.

In reviewing firefighter injuries statistics for 2005, it was noted that were 3,555 reported injures related
to thermal stress (either hot or cold), which accounted for 4.4 percent of the total reported injuries. This was
the fifth highest cause of injuries in the 10 areas that were listed. Table 1.1 shows a breakdown of the activities
the firefighters were engaged in at the time of the thermal injury.

Table 1.1 Duties at the Time of a Thermal Injury - 2005

Duty Number of Injuries Percent of Total
Fireground 2,480 70
Training 380 11
Nonfire Emergency 285 8
Responding/Returning 255
Other Onduty Activity 155 4
TOTAL 3,555 100

Clearly, the most likely place for a thermal injury to occur is on the fireground. This is most likely due to
the heavy protective gear worn by firefighters during these operations, the amount of strenuous activity being
performed while wearing this gear, and the heat generated by the incident itself.

It also should be noted that while reducing the risk of thermal illness is one major objective for rehab
operations, reducing the occurrence and impact of cardiac events is another prime motivator for effective
rehab operations. Firefighters who are overstressed and physically expended are at a greater risk for suffering
a heart attack or stroke. However, when reviewing the injury statistics for firefighters it is noted that in 2005
they accounted for only one percent of all firefighter injuries. Table 1.2 shows a breakdown of the activities
the firefighters were engaged in at the time of the cardiac event.

Table 1.2 Duties at the Time of a Cardiac Event - 2005

Duty Number of Injuries Percent of Total
Fireground 315 41
Other Onduty Activity 185 24
Training 125 16
Nonfire Emergency 85 11
Responding/Returning 55 8

TOTAL 765 100
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Again, it is clear that the fireground is the most likely place for a cardiac event to occur.

The USFA reported that there were 115 firefighters who died in the line of duty in 2005. The manner in
which the USFA categorizes deaths and when they occurred differs from the NFPA injury statistics. The USFA
uses a category called “stress/overexertion” into which it combines deaths caused by heart attacks, strokes,
and thermal exposures. In 2005, 62 firefighters died as a result of stress or overexertion. This represented 55
percent of the total firefighter fatalities. Of these 62 deaths, 55 were as a result of heart attacks, 6 were due
to strokes, and 1 was a result of heat exhaustion. The USFA report does not list what the people who died of
stress/overexertion were doing at the time of their deaths.

The most glaring fact that becomes immediately evident when reviewing both the injury and death sta-
tistics is the severity of heart attacks when they occur. While cardiac events account for only 1 percent of all
firefighter injuries, they account for more than half of all firefighter deaths. Clearly, the best way to minimize
the impact of these events is to prevent them from happening. While much of this has to due with the lifestyle
and conditioning of firefighters prior to operating at an event or in a training exercise, it also shows the need
for, and importance of, proper rehab procedures during incident and training functions.

CASE STUDIES

Much can be learned by looking at past incidents that have affected the well-being of fire service person-
nel. When reviewing the following cases studies, note the varied geographical locations of the incidents and
the range of conditions under which they occurred. This should impress upon the reader that the need for
proper firefighter rehabilitation operations is not limited to areas of the country prone of frequent extreme
weather conditions. Rather, having good policies and procedures for training and emergency scene rehabilita-
tion operations are needed by all fire departments.

The case studies that are provided highlight the important facts that led to the firefighter injury or illness.
Lessons learned from each incident are noted also.The information in each of these studies will then form the
basis for the information that follows throughout the rest of the report. Additional case studies are provided
further back in the report to highlight specific concerns where they are addressed.

Name: Todd David Colton

Age: 25

Rank: Firefighter

Status: Career

Years of Service: 9 months

Date of Incident: September 6, 1990
Time of Incident: 1155 hours

Date of Death: September 6, 1990

Weather: Extremely hot, humid, and windy, temperature of 97 °F (36.1 °C) and wind at 24 miles per
hour (mph), gusting to 35 mph.
On September 6, 1990 just before noon, the Sedgwick County, Kansas Fire Department was dispatched to
a brush fire at the rear of a manufactured home in a wooded section of the county. The fire began when an
occupant of the home set a trash pile on fire and let it get out of control. The occupant tried unsuccessfully to
control the fire with a garden hose for about 20 minutes before calling the fire department.

By the time the first fire units arrived, the fire had spread to adjacent yards and to an auto salvage yard
behind the yard of origin. Sedgwick County Engine 6, staffed by Firefighter Colton and his captain, was the
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first unit to arrive on the scene, at 1155 hours. They maneuvered the engine behind the house and down
an incline close to the fire and began suppression operations. The captain called for additional units and, as
Command, assigned them to adjacent properties to surround and contain the fire’s spread. At about 1220
hours the captain radioed that he and Firefighter Colton needed relief because they were exhausted. He radi-
oed for relief again at 1227 hours and at 1241 hours.

Another Sedgwick County firefighter arrived in a tanker (tender) and saw the captain and Firefighter
Colton some time between 1227 and 1241 hours. That firefighter and a volunteer firefighter on mutual aid
pulled lines from the tanker (tender) and began suppression operations. When the tanker (tender) ran out of
water, the pair left the scene to refill it. When the tanker (tender) returned to the scene, Firefighter Colton and
his captain were no longer with their apparatus.

By this time, a Sedgwick County assistant chief had arrived and assumed Command. He could not see or
locate the Engine 6 crew. After several attempts to explain Engine 6’s location to the chief, the captain decided
to go to the Command Post to accompany the chief into the fire scene. He instructed Firefighter Colton to
remove his personal protective equipment (PPE), get a drink of water, and rest on the rear step of Engine 6
until he returned with firefighters to relieve them.

The chief had established the Command Post on the road in front of the salvage yard. An ambulance was
parked next to the Command Post with emergency medical technicians (EMTs) standing by to treat injuries
or exhaustion. As the captain approached the Command Post, exhaustion overcame him, and the chief ordered
him to the ambulance for rehabilitation. He advised the chief that Firefighter Colton also needed relief. At
approximately 1335 hours, Firefighter Colton was ordered by radio to report to the Command Post and the
receipt of the order anonymously was acknowledged.

At this point, Firefighter Colton and his officer had been working for approximately 90 minutes in full
structural firefighting protective clothing including protective trousers, protective coat, gloves, rubber boots,
and a helmet. Firefighter Colton was not wearing a Personal Alert Safety System (PASS) device.

While the captain was in rehab in the ambulance, a request to assist a downed firefighter came over the
radio. The captain attempted to leave the ambulance, believing that the downed firefighter was Firefighter
Colton, but the medical quality control officer stopped him. The downed firefighter turned out not to be
Firefighter Colton. When the captain left rehab, he inquired about Firefighter Colton’s status and was told that
he had been assigned to drive a tanker (tender). The captain was then assigned as a sector commander and
assumed that role in the suppression operation.

There were conflicting reports that Firefighter Colton visited rehab or was provided with water by other
firefighters some time around 1430 hours.

Just after 1600 hours, a volunteer firefighter discovered Firefighter Colton’s body. Firefighter Colton was
still in his full personal protective clothing in a brush-covered, unburned area which sloped away from the
house of origin. That slope may have prevented other firefighters from seeing him. He was laying supine on a
car wheel and EMS assessment revealed rigor mortis. The Sedgwick County coroner ruled that his death was
caused by heat stroke.

A National Institute of Occupational Safety and Health (NIOSH) investigation of the incident cited several
factors that contributed to Firefighter Colton’s death including lack of a Safety Officer on the incident, lack of
a coordinated system of rehab between fire and EMS agencies on the scene, lack of an onscene accountability
system, understaffing of Firefighter Colton’s engine company, and the lack of a PASS device.

The occupants of the house where the fire started pled guilty to charges of not obtaining a rubbish fire
permit and failure to watch properly over their burning trash pile. They were sentenced to 30 days in jail,
fined, required to do community service, and put on probation for a year.
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Name: Karl K. Kramer, IV

Age: 22

Rank: Firefighter Recruit

Status: Career

Years of Service: Less than a year
Date of Incident: May 19, 2005
Time of Incident: 1600 hours
Date of Death: May 28, 2005
Weather: 79 °F (26.1 °C)

On May 19, 2005, Firefighter Recruit Karl Kramer reported to the Jacksonville, Florida Fire Department’s
training academy at 0630 hours. A second generation firefighter, he was under pressure to be successful in
completing recruit training. At 6 feet 4 inches tall and 305 pounds, he was considered obese, but had been
cleared medically to participate in recruit training.

The day’s training began at 0700 hours and included a high angle rope drill comprised of multiple ascents
and descents from a three-story rappelling tower. Class instructors told recruits to take rest breaks as needed;
a lunch break was scheduled at noon. Firefighter Kramer made no complaints during the day and ate a full
lunch at noon. At 1600 hours, physical training began. Led by an instructor, it included stretching, light aero-
bics, abdominal crunches, and a 2-1/2- to 3-mile run off of the training grounds.

Firefighter Kramer, known as a poor runner, led the run. In previous exercises, he had been forced by
fatigue to walk, and other members of the class were told to run in a circle around him until he could run
again. He exhibited fatigue in this run also and complained of blurred vision to another student but did not
stop until he stumbled and fell about 300 to 500 yards from the training offices. Instructors told fellow stu-
dents to pick him up; he ran a short distance and collapsed again. After this second collapse, he was picked up
and carried inside the gate of the training compound, at approximately 1719 hours.

Inside the training compound, Firefighter Kramer was found to be pale, perspiring profusely and mum-
bling incoherently. One instructor ran to the office and ordered staff to call 9-1-1; he returned in his truck,
into which he and other instructors loaded Firefighter Kramer and took him to the office. Once he was in
the office, they started two IV lines, supplied oxygen via a nonrebreather mask, elevated his extremities, and
removed his clothing as a cooling measure. The ambulance arrived at 1729 hours and Firefighter Kramer was
transported. En route to the hospital, his vital signs were: pulse of 180 beats per minute; breathing rate of 40
per minute; blood pressure 96/41 mmHg. His oxygen saturation was 97 percent (normal), blood sugar was
elevated slightly at 168 (normal is 70 to 110), and a cardiac monitor showed supraventricular tachycardia (an
abnormal heart rhythm). He vomited during the transport and was laid on his side for suction. The ambulance
arrived at the emergency department at 1745 hours.

The emergency department staff found Firefighter Kramer to have a rectal temperature of 108.6 °F. He
was intubated successfully; emergent cooling treatments and vigorous hydration were instituted until he was
transferred to the intensive care unit at 2100 hours with a core body temperature of 98.6 °F. He was hospital-
ized for nine days but never regained consciousness and died on May 28, 2005. The cause of death was listed
as severe heat stroke with multisystem organ failure and sepsis with multiple complications.

A NIOSH Firefighter Fatality Investigation and Prevention Program report was prepared on this incident
(F2005-26).The report made four recommendations to reduce the future incidence of this type of death. The
recommendations were:
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* Formulate and institute a heat stress program.
* Create a training atmosphere that is free from intimidation and conducive for learning.

* Use physical training staff who have fitness training instruction and are knowledgeable about all aspects
of a heat stress program.

* Use trail vehicle and/or equip training instructors with portable radios for offsite runs.

The report is available for review and downloading at the following url:
www.cdc.gov/niosh/ fire/ reports/face20052 6.html

Name: Stephen Joseph Masto

Age: 28

Rank: Firefighter/Paramedic
Status: Career

Years of Service: 8 months

Date of Incident: August 27, 1999
Time of Incident: 1030 hours
Date of Death: August 27, 1999
Weather: 105 °F (40.6 °C)

On August 27, 1999, the Santa Barbara, California Fire Department responded to a call from the U.S. Forest
Service (USES) for EMTs at the scene of a wildland fire. Probationary Firefighter/Paramedic Stephen Masto
was assigned to his first wildland fire, along with a 15-year-veteran ﬁreﬁghter. The two gathered wildland gear
and reported to the base camp in Los Padres National Forest, where 180 acres already had burned in a fire
sparked by lightning. The temperature at 1030 hours was 103 °F (39.4 °C), and ground temperatures were
approximately 120 to 130 °F (48.9 to 54.4 °C).

The two firefighters were instructed to meet up with different crews and the pair were taken several miles
from the base camp. Firefighter Masto was dropped off to begin his uphill hike of about 1-1/2 miles to meet
the division to which he was assigned. The veteran firefighter made sure Masto drank plenty of water before
he started up a well-marked trail. The experienced firefighter also advised Firefighter Masto to alert the divi-
sion supervisor by radio that he was on his way.

At 1330 hours, about an hour after he started up the trail and about halfway to his destination, Firefighter
Masto encountered the division supervisor, who was on his way downbhill. The supervisor directed him to
take a shortcut from the main trail to the fire crew’s new location. Firefighter Masto followed the supervisor’s
directions until he was close to the crew. Then, mysteriously, he turned and began climbing an 80-degree
slope instead of staying on the gradual incline leading up to the ridge where the crew was located.

The supervisor was the last to see Firefighter Masto alive and may have witnessed, but not recognized, the
early stages of heat stress, in that he was not visibly sweating, despite the strenuous climb and being heavily
clothed in full wildland protective equipment. Other firefighters who met Firefighter Masto on the trail before
he encountered the supervisor also failed to recognize any problems.

No one from the base camp, or the fire crew he was headed to, tried to make contact with Firefighter
Masto. The hike from where he was dropped off to the fire crew’s location should have taken 1-1/2 to 2 hours.
The fire crew should have tried to contact him by 1430 hours; investigators speculated that the crew did not
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know he was coming. In fact, no one tried to communicate with him until the veteran firefighter he had gone
out with attempted to at 1800 hours.

Firefighter Masto’s body was found at 0800 hours the next morning, slumped on his knees and one hand
clinging to a clump of brush. His backpack still had two full bottles of water and his radio was operational.
The coroner determined that his death was due to heat stroke.

As a result of his death, his fire department was fined by California Occupational Safety and Health
Administration (OSHA) and the USFS updated its training and operating procedures for EMTs.

Name: Wayne Mitchell

Age: 37

Rank: Firefighter Recruit

Status: Career

Years of Service: 3.5 months

Date of Incident: August 8, 2003

Time of Incident: 1000 hours

Date of Death: August 8, 2003

Weather: 87 °F (30.6 °C), with 80-percent humidity

On August 9, 2003, Miami-Dade, Florida Fire Department Recruit Class 93 was scheduled to participate in
a live-burn exercise at the Resolve Marine Fire School at Port Everglades, Florida.

The facility was a series of shipping containers put together to simulate a ship; it was not certified by the
State Bureau of Fire Standards and Training, nor was it approved for liquefied petroleum gas (LPG) use or
designated to have any type of fire outside the burn box. The facility was being used under a memorandum of
agreement with the local fire department because the Miami-Dade Fire Department did not have an approved
burn facility operational at the time.

The training scenario involved five recruits following a fire hose through two stories of the ship simulator
into a section designated the fire box, where they took turns operating a nozzle in various patterns without
extinguishing the fire. The firefighter recruits were then assigned to follow the fire hose through a series of
three watertight hatches and to “duck walk” across an open-grated floor over the engine room fire, down a
ladder and through the simulated engine room. Each squad of five recruits was accompanied by three instruc-
tors who had walked through and made themselves familiar with the facility. The recruits were not given the
opportunity to walk through the prop prior to the drill, even though this is a requirement of the NFPA 1403,
Standard on Live Fire Training Evolutions.

Firefighter Mitchell was wearing full structural firefighting protective clothing, including a self-contained
breathing apparatus (SCBA). He was in the fourth group of recruits to go through the exercise on an extremely
hot day. When his squad arrived at the burn box, one firefighter recruit accidentally sprayed the fire, causing
the intensity to drop. The instructor waited a couple of minutes to allow the intensity to build again; then he
decided that the squad should have a second rotation at the nozzle. After the first two recruits completed their
second rotation, the incident commander transmitted a 15-minute time stamp, indicating that it was time for
the squad to begin exiting. Because of the incomplete second nozzle rotation, the recruits were out of order
as they turned around and began to exit. The lead instructor exited because he was overheated; the second
instructor already had exited because of problems with his SCBA. In the third compartment, the third instruc-
tor had difficulty in getting the recruits to exit because of confusion over the proper exit order.
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Visibility in compartments one and two was much lower than in compartment three, and the instructor
and recruits did not follow the fire hose but went directly across the compartments to the faint outline of the
exit doors.

Once out, the chief instructor asked the Incident Commander (IC) for a Personnel Accountability Report
(PAR). At that point, the instructors realized that Firefighter Mitchell was missing. The IC alerted staff and
began opening all the doors on the second floor. Instructors from the earlier squads donned their SCBA
and entered the structure. One instructor entered compartment two from compartment one just as another
entered from compartment three. They both saw Firefighter Mitchell lying prone next to the hose. His PASS
device was not sounding.

The IC, who had just opened to exterior door to compartment two, and the first instructor pulled Firefighter
Mitchell to the outside deck and began assessing his condition. They took off his facepiece and noted the
sound of compressed air rushing out. Once his protective clothing was stripped off, Firefighter Mitchell was
found to be unresponsive with no pulse or respirations and hot to the touch. Cardiopulmonary resuscitation
(CPR) was initiated, and cold water and ice rushed to him.

An onduty firefighter from the neighboring fire department saw Firefighter Mitchell being pulled from
the structure and called his station’s engine company and medical rescue unit to the scene. Paramedics with
advanced life support (ALS) equipment arrived and proceeded with intubation, cardiac monitoring, and
intravenous medications. The medical rescue unit arrived at the local hospital’s emergency department at
1030 hours and ALS procedures continued until 1054 hours, when Firefighter Mitchell was pronounced
dead. The autopsy concluded his death was caused by cardiac arrhythmia due to exposure to heat.

A NIOSH Firefighter Fatality Investigation and Prevention Program report was prepared on this incident
(F2003-28). The report made a number of recommendations to reduce the future incidence of this type of
death. The recommendations were

* Ensure the Fire Department’s Occupational Safety and Health Bureau (OSHB) provides oversight on all
Recruit Training Bureau (RTB) safety issues, including live-fire training.

* Provide the Training Division, and specifically the RTB, with adequate resources, personnel, and equip-
ment to accomplish their training mission safely.

* Create a training atmosphere that is free from intimidation and conducive for learning.

* Conduct live-fire training exercises according to the procedures of the most recent edition of NFPA
1403, Standard on Live Fire Training Evolutions.

* Ensure that SOPs specific to live-fire training are developed, followed, and enforced.
* Ensure that team continuity is maintained during training operations.

* Ensure that fire command always maintains close accountability for all personnel operating on the
fireground.

* Ensure coordinated communication between the IC and firefighters.
* Equip all live-fire participants, including recruits, with radios and flashlights.

¢ Establish an onscene rehabilitation unit consistent with NFPA 1584, Recommended Practice on the Rehabilitation
of Members Operating at Incident Scene Operations and Training Exercises.

* Report and record all work-related injuries and illnesses.

The NIOSH report is available for review and downloading at the following url: www.cdc.gov/niosh/fire/
reports/face200328.html


http://www.cdc.gov/niosh/fire/reports/face200328.html
http://www.cdc.gov/niosh/fire/reports/face200328.html
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Name: David Michael Ray

Age: 21

Rank: Firefighter

Status: Career

Years of service: Unknown

Date of Incident: May 29, 1997

Time of Incident: 1430 hours

Date of Death: May 30, 1997

Weather: 98 °F (36.7 °C) with 30-percent relative humidity, calm winds

Just before noon on May 29, 1997, a fire crew from the California Department of Forestry, La Cima Fire
Center, California Conservation Corps was assigned to dig a fire break to help contain a 20-acre brush fire
in the Lakeside Fire Protection District, located in San Diego County. The fire had started at 1030 hours that
morning. The crew was away from the fire, working in a steep canyon with no shade or breeze. They con-
structed 1,300 feet of fire line, gaining approximately 320 feet in elevation.

The crew began work at noon. At 1345 hours, they took a 10- to 15-minute break to rest and hydrate. At
1415 hours, a firefighter fell and injured his shoulder. He received first aid and was walked down the hill and
transported to the hospital. Subsequently, he was diagnosed as suffering from heat exhaustion.

At about 1430 hours, Firefighter Ray wandered off the line, apparently disoriented. Five minutes later he
collapsed, and the fire crew captain came to his location. He was semiconscious and apparently suffering from
acute heat stress symptoms. Fire-break construction ceased as the crew administered first aid by removing
clothing, applying water to his skin, treating for shock, and applying cold packs to neck and armpits. EMTs
arrived at 1450 and paramedics at 1457.They continued treatment and carried Firefighter Ray approximately
510 feet in a scoop stretcher to an ambulance.

Upon his arrival at the hospital, Firefighter Ray was found to have a body temperature of 107 °F with a
pulse of 180 and respirations of 14. Despite treatment in the hospital, Firefighter Ray never regained con-
sciousness and was pronounced dead at 0106 hours on May 30, 1997. The cause of death was listed as
hypoxic encephalopathy secondary to hyperthermia (heat stroke).

Firefighter Ray had been out of work for four days, returning to duty the day before the incident occurred.
He mentioned to other crew members that he was feeling unwell but did not say anything to the crew captain.
There had been a history of recurrent contagious illnesses among crew members. It is possible that a pre-
existing illness contributed to the inability of Firefighter Ray’s body to regulate his body temperature.

Name: Michelle Smith

Age: 23

Rank: Firefighter

Status: Career

Years of service: 3

Date of Incident: June 9, 1996

Time of Incident: 0900 hours

Date of Death: June 9, 1996

Weather: Ambient temperature of 94 °F (34.4 °C) with 11-percent humidity
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On June 9, 1996 at 0915 hours, 16 members of the Globe Interagency Hot Shot crew, a Federal firefighting
team assigned to Tonto National Forest, Arizona, began a training run through Six Shooter Canyon. The tem-
perature in the canyon was 94 °F and the relative humidity was 11 percent. Firefighter Smith lagged behind at
about 1.7 miles into the 3.4 to 4.2 mile run.The other crew members thought she had returned to the station
and, therefor, were not concerned until they arrived back and she was not there.

A search was organized when the crew realized she was missing. Her body was spotted about 1030 hours
on June 10, 1996 by the crews of two news helicopters. She was one-tenth of a mile off the path of the run,
having passed several homes where she could have gotten water or help. The Gila County sheriff noted that it
appeared she sat down and laid back and attempted to get back up. Her body was found supine.

Firefighter Smith was described as being in excellent physical condition and neither her supervisors nor
close relatives knew of her having any medical problems. Her death was determined to have been caused by
heat stroke.

Name: Andrew James Waybright

Age: 23

Rank: Firefighter

Status: Career

Years of service: 3 days

Date of Incident: July 3, 2002

Time of Incident: 0810 hours

Date of Death: July 3, 2002

Weather: Hot, starting at 75 °F (23.9 °C), and humid

July 3, 2002 was the third day for Frederick County, Maryland, Recruit Class 6. The temperature at 0700
hours was 75 °F, with humidity of 94 percent. The temperature climbed throughout the morning. The class
of 12 assembled at 0700 hours and started with physical training.

The physical training instructor, who had a degree in biology and physiology but no certification as a physical
fitness instructor, led the class walking for 1/2-mile, along with an assistant instructor. The class then jogged at
the pace of 10 minutes per mile for about 2.7 miles.The jog ended at a park. The instructor had the class perform
calisthenics, including jumping jacks, pushups, sit ups, squats, leg raises, and crunches, for 15 to 20 minutes.
After the calisthenics, the class ran uphill through the park to return to the park entrance. Three of the recruits,
including Firefighter Waybright, fell out of formation at this point and began lagging behind.

At the park entrance, when the group reassembled, the instructor had the class run two sets of uphill wind
sprints, approximately 300 feet in length. A couple of the recruits experienced dizziness and dry heaves and were
told to sit down and take a break. When the class was done with the sprints, they started back to the academy,
jogging as a group. During this jog, 6 or 7 of the 12 fell out of formation, including Firefighter Waybright, and
lagged behind. Firefighter Waybright remained in the middle rear of the pack. At approximately the 3.5 mile
mark of the jog, Firefighter Waybright stumbled and fell to the ground. He told both instructors he wanted to
finish the run, and the assistant instructor helped him to his feet. Firefighter Waybright then became dizzy and
was told to sit down. He tried to continue by crawling several feet before collapsing on his stomach. The assistant
instructor stated Firefighter Waybright was cold and clammy to the touch when he collapsed.

The physical training instructor left the assistant instructor with Firefighter Waybright and led the rest of
the class back to the academy. The instructor sent two of the academy staff to the assistant instructor to help
him with Firefighter Waybright. Meanwhile, Firefighter Waybright lost consciousness and went into cardiac
arrest. The assistant instructor began CPR and told the staft to call 9-1-1.
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Emergency medical units were dispatched at 0813 hours; the paramedic supervisor arrived at 0817
hours and reported that Firefighter Waybright was in cardiac arrest. ALS procedures were initiated immedi-
ately and continued throughout the transport to the hospital. The ambulance arrived at the hospital at 0840
hours. Firefighter Waybright’s core body temperature was reported to be 107 °F on arrival in the emergency
department.

Resuscitation efforts continued for about 40 minutes, until the attending physician pronounced Firefighter
Waybright dead at 0922 hours. The autopsy listed hyperthermia as the cause of death.

Lessons Learned from These Case Studies

When one reviews the facts surrounding the case studies presented in this section, a number of important
factors become immediately obvious. The first is the age of the seven firefighters who died in these cases. We
normally associate the hazards of high heat situations with the elderly. As emergency medical responders we
do see increased call volumes on elderly heat illness patients when the weather is hot. However, in reviewing
the case studies it is noted that six of the seven fatalities were young people in their twenties. The seventh
victim was 37 years of age. This flies in the face of convention.

Young people in the fire service typically are very enthusiastic about what they are doing and in many cases
have somewhat of a sense of invincibility. These two factors, combined with inexperience in recognizing signs
of danger, are probably instrumental in the likelihood of young firefighters exceeding their own limits in high
heat stress situations.

Another significant factor in the case studies that becomes obvious is that four of the seven deaths occurred
during training exercises. As stated earlier in this chapter, training deaths are perhaps the most unfortunate,
as these are situations that should be totally under our control. There is a fine line between building up the
physical capabilities of firefighters and harming them by taking the exercise too far. In most of these cases,
obvious warning signs were ignored, often multiple times. Instructors must be trained thoroughly in the haz-
ards of heat illnesses and departments should have policies that prohibit or reasonably limit physical activities
in potentially harmful conditions.

Another factor that relates to both the young age of the victims and the training setting of the deaths that
cannot be overlooked is the pressure that these young people often feel to succeed. This comes in the forms
of both peer pressure among the other firefighters and the desire to please their instructors and succeed in
their training. Peer pressure is a powerful thing. Several of the firefighters in the case studies showed remark-
able, and ultimately fatal, perseverance in trying to continue on with their activities after they clearly were
already suffering severe effects of heat illness. Many of these young people probably wanted to be firefighters
their whole lives and feared that buckling to the heat would endanger their opportunity to do that. In reality
it endangered their lives.

Typically young firefighters (or young people in general) are more susceptible to peer pressure than are
more mature individuals. Leaders and instructors must be cognizant of this fact and step in before it is too
late. This is not only true of training setting, but also in emergency scene operations. It would appear that
peer pressure to keep up with the rest of a group was also a factor in a couple of the incident-related case
study fatalities.

PERTINENT LAWS, STANDARDS, AND GUIDELINES

There is no question that taking good care of firefighters is the right thing to do from an ethical standpoint.
Most fire departments do not need any further reason or push to develop and implement policies and proce-
dures that ensure the safety and well-being of their firefighters. However, to ensure that all fire departments
have these procedures in place and that the procedures they develop are reasonable and effective, there are
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a variety of laws, standards, and guidelines that provide information on the need for rehabilitation and give
guidance on how to do it.

However, before getting into a discussion on specific documents that impact the provision of rehab opera-
tions on fire departments, it is important to understand the differences in these documents. Specifically, it is
important to understand the differences between laws and standards and how they may be enforced on fire
departments and other emergency service organizations.

Laws are rules of society that have been adopted formally by some governmental agency, typically referred
to as an “authority having jurisdiction” or AH]J. AHJs are governmental agencies at the Federal, State, county,
and local levels. Adherence to laws is enforced by agents of the government, including law enforcement agen-
cies, district attorney’s offices, and regulatory agencies such as the Department of Labor, health departments,
etc. Criminal penalties apply to individuals or organizations who fail to comply with laws. Criminal penalties
include fines, incarceration, and other forms or punishment.

Standards are consensus positions on some aspects of a particular area or discipline that are developed by
a group of people with a common interest in that area or discipline. Unless formally adopted into law by a
governmental body (AHJ), there is no criminal penalty for failing to obey a standard. This does not mean,
however, that organizations have no reason to follow standards (other than ethical concerns). On the contrary,
fire departments have very valid reasons for adhering to certain standards, particularly those developed by the
NFPA. NFPA standards have been recognized routinely in civil courts as nationally-accepted, consensus-devel-
oped practices. Thus, while failure to establish a rehab area at an emergency scene will not lead to criminal
penalties, failure to follow the standard can lead to civil liability for the department. In a lawsuit situation the
fire department could be forced to pay monetary damages for “failure to meet accepted standards of practice.”
For this reason, fire departments need to follow standards as much as possible.

It is realized that virtually no fire department has the resources or capability to follow every single provi-
sion of every standard that may apply to their operation. However, fire departments should attempt to identify
standards that are pertinent to their operations and attempt to meet as many provisions of those documents
as is realistically possible. As long as they can show a reasonable attempt at meeting the standards, their risk of
liability will be reduced considerably.

OSHA REQUIREMENTS

In response to increasing numbers of occupational injuries and deaths across a wide variety of occupa-
tions, including firefighting, the United States government passed legislation titled the Occupational Safety
and Health Act of 1970. Among the many provisions of this legislation was the creation of the Occupational
Safety and Health Administration (OSHA). Organizationally, OSHA is located within the U.S. Department of
Labor and is responsible for developing and enforcing workplace safety and health regulations.

Provisions within the OSHA legislation allow individual States to develop their own occupational safety
and health programs rather than be bound to the Federal government’s OSHA. To date, 26 States have adopted
their own standards and enforcement policies and have had those programs approved by OSHA. For the most
part, these States adopted standards that are identical to OSHA's, although in some cases each State has its own
requirements and enforcement policies in particular areas. The OSHA regulations require State-approved
programs to have requirements that are at least as restrictive as the Federal OSHA requirements. Both OSHA
regulations and State-regulated programs fall into the category of laws that must be followed to avoid
criminal penalties.

Heat and cold stress hazards are addressed in specific standards for general industry. Section 5(a)(1) of
the OSHA Act, often referred to as the General Duty Clause, requires employers to “furnish to each of his
employees employment and a place of employment which are free from recognized hazards that are causing
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or are likely to cause death or serious physical harm to his employees.” Section 5(a)(2) requires employers to
“comply with occupational safety and health standards promulgated under this Act.”

While there are a wide variety of OSHA regulations that may be applied to fire departments, two in par-
ticular stand out. 29 Code of Federal Regulations (CFR) 1910.156, Fire Brigades, sets forth safety and health
regulations for fire brigades and fire departments. There are no specific requirements in this regulation related
to firefighter rehabilitation. However, requirements to wear certain types of protective clothing and other
requirements do affect the need to provide rehabilitation services at incidents.

The second OSHA regulation that greatly affects fire departments is 29 CFR 1910.120, Hazardous Waste
Operations and Emergency Response. All fire departments that respond to hazardous materials (hazmat)
incidents (and virtually all fire departments do) are bound by the requirements of this section (Figure 1.3).
This document has specific language that requires fire departments to address the issue of rehabilitation.
Requirement 1910.120(g)(5) (x) requires fire department operation plans and procedures to address limita-
tions during temperature extremes, heat stress, and other appropriate medical considerations.

Although it is not in the category of a regulation, fire departments may choose to consult an excellent
document on the topic of heat stress that is provided by OSHA. The OSHA Technical Manual (OTM) is an expansive
document that provides information on a wide variety of occupational safety and health issues. Section III,
Chapter 4 of the OTM is dedicated entirely to heat stress issues. The information in this Chapter includes

* Introduction;

* Heat Disorders and Health Effects;
* Investigation Guidelines;

* Sampling Methods;

* Control;

* Personal Protective Equipment; and
* Bibliography.

Most OSHA requirements and documents can be downloaded from its Web site at www.osha.gov

NIOSH

The National Institute for Occupational Safety and Health (NIOSH) was also created by the Occupational
Safety and Health Act of 1970. Organizationally, NIOSH is located within the Centers for Disease Control and
Prevention (CDC), which is under the U.S. Department of Health and Human Services. Unlike OSHA, NIOSH
is not a regulatory agency. NIOSH was established to help assure safe and healthful working conditions for
working men and women by providing research, information, education, and training in the field of occu-
pational safety and health.

Among the myriad of special programs within NIOSH is the Firefighter Fatality Investigation and Prevention
program. This program conducts investigations of firefighter line-of-duty deaths to formulate recommenda-
tions for preventing future deaths and injuries. The program does not seek to determine fault or place blame
on fire departments or individual firefighters, but to learn from these tragic events and prevent future similar
events. Separate divisions within this program investigate traumatic deaths and cardiovascular deaths. The
results of these inquiries are made available to the public and can be used as the basis for improving programs
and services in the future to avoid further firefighter injuries and deaths. The program also develops informa-
tional bulletins and documents on pertinent safety and health issues. For more information on the program
and to see reports related to rehabilitation issues, go to www.cdc.gov/niosh/fire/


http://www.osha.gov
http://www.cdc.gov/niosh/fire/
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Figure 1.3—Courtesy of IFSTA/Fire Protection Publications.

There are two NIOSH documents related to the topic of this report that should be of particular interest to
firefighters. Criteria for « Recommended Standard: Occupational Exposure to Hot Environments (1986) provides a template for
organizations to use in developing plans and procedures for dealing with working in environmental extremes.
Another useful publication is Protecting Emergency Responders,Volume 3: Safety Management in Disaster and Terrorism Response
(NIOSH Publication 2004-144). This document provides direct information on rehabilitation, work-to-rest
ratios, and other pertinent information when operating at large-scale incidents. These documents also may be
downloaded from the NIOSH Web site.

NFPA 1500

While safety is an aspect that can be tied to virtually any fire service standard that has been promulgated by
the NFPA, certainly no standard has had more of an impact on the safety and health of firefighters than NFPA
1500, Standard on Fire Department Occupational Safety and Health Program (Figure 1.4).The first edition of this standard
was adopted in 1987 and it immediately had a profound effect on the manner in which fire departments
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operated and how they approached safety in the programs and operations. The most recent version of the
standard at the time this report was written had been adopted in June 2006.

NFPA 1500 provides information on safety and health issues in all aspects of fire department operations,
including training, emergency response, station safety, and related safety and wellness programs for mem-
bers of the department. The standard does contain specific requirements for fire departments to provide
rehabilitation services during emergency operations. Section 8.9 of the 2006 edition of NFPA 1500 is titled
“Rehabilitation During Emergency Operations” and it lists a number of requirements for fire departments
to implement.

Section 8.9 requires fire departments to develop a systematic approach to rehab operations and to include
these procedures in the department’s SOPs. It requires the IC to consider the need for rehab at each incident
and to establish rehab operations in compliance with the SOPs when the need is evident. It also requires each
member on the scene to be responsible for monitoring their own need and communicating their need to
rehab when it arises. NFPA 1500 specifies that rehab operations should have a number of fixed components
when it is established at an emergency scene, including rest, hydration, active cooling (when required), basic
life support (BLS) operations, food (when required), and protection from extreme environmental elements.
Fire departments also must establish a plan for replenishing drinking supplies at the incident and wildland
firefighters must be supplied with at least 2 quarts of water.

Within NFPA standard, only the information that is contained or referenced within the actual chapters
of the document is considered requirements of the standard. These documents also provide a considerable
amount of annex (appendix) information, that while not formal requirements of the standard, provide expla-
nation and guidance on implementing the requirements of the chapters of the document. Section 8.9 of NFPA
1500 has a considerable amount of annex information referenced to it to help fire departments develop rehab
SOPs. Included in the annex information are considerations for operations in hot and cold weather, informa-
tion on locating rehab sites, and recommendations for food and water supply at rehab operations.

NFPA 1582 AND 1583

Though not related directly to requirements for reha-
bilitation operations in training and emergency scene
operations, NFPA 1582 and 1583 are important from
the standpoint of firefighter fitness. NFPA 1582, Standard
on Comprehensive Occupational Medical Program for Fire Departments
provides details on the preservice and inservice medi-
cal exams and testing that firefighters should be capable
of passing before being allowed to participate in fire
department operations. Meeting the requirements of this
standard will help ensure that the firefighter is physi-
cally sound to participate in the rigors of emergency
operations and thus is related to rehabbing firefighters
in training and at incidents. Firefighters who are physi-
cally sound will have less of a chance of being impaired
during training and emergency operations and also
will be easier participants in the rehab operation.

NFPA 1583, Standard on Health-Related Fitness Programs
for Fire Fighters, provides guidelines on proper fitness

Figure 1.4
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programs for fire department members (Figure 1.5). Again, members who participate in a properly managed
fitness program will be in better physical condition prior to strenuous activities and will less likely become
incapacitated for extensive periods of time during training and emergency scene operations.

NFPA 1584

Though the requirements for providing rehabilitation operations at emergency scenes contained within
NFPA 1500 were ground breaking and helpful, they were by no means comprehensive or complete enough
to develop a thorough rehabilitation plan for fire departments. The NFPA responded to numerous inquiries
for more detailed information on rehab operations by tasking the NFPA 1500 committee with developing a
complete document that specifically addressed rehab operations more thoroughly. For this purpose the com-
mittee developed NFPA 1584, Recommended Practice on the Rehabilitation of Members Operating at Incident Scene Operations and
Training Exercises in 2003.

Before discussing NFPA 1584, it is important to note that the first edition of that document was developed
as a recommended practice, not a standard. Recommended practices are advisory in nature and do not hold
the same legal weight as a standard. The purpose of a recommended practice is to provide guidance and direc-
tion on an important topic without being regulatory in nature. It should be noted that at the time this report
was being developed, a 2008 edition of NFPA 1584 was in the process of being developed. The draft of the
new document showed the 2008 version to be released as a standard versus a recommended practice. This
will change the level of importance that fire departments will need to place on this document.

NFPA 1584 (2003 ed.) provides comprehensive guidelines on developing rehab SOPs and performing
the duties during emergency operations and training exercises. The major sections of NFPA 1584 (2003
ed.) include

* Chapter 1: Administration;

* Chapter 2: Referenced Publications;

Figure 1.5—Courtesy of IFSTA/Fire Protection Publications.
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* Chapter 3: Definitions;

* Chapter 4: Pre-Incident Response;

* Chapter 5: Rehabilitation Area Characteristics;

* Chapter 6: Incident Scene and Fireground Training Rehabilitation; and
* Chapter 7: Post-Incident.

There is also annex (appendix) information that provides detail on integrating rehab operations into the
department’s accountability system and a list of other sources of information on the topic. Fire departments
must ensure that new or current rehab SOPs are checked against this document to ensure compliance as much
as possible.



CHAPTER 2

HEAT STRESS AND THE FIREFIGHTER

irefighters are exposed to many thermal environments, both hot and cold, in the course of their duties.

The firefighter responds to structural and wildland fires as well as other emergencies including vehi-
cle, industrial, aircraft and marine accidents, hazardous materials (hazmat) incidents, and search and rescue
operations during disasters such as floods, hurricanes, tornados, blizzards, and earthquakes. Exposure to
environmental factors also is experienced during training activities and physical fitness programs. While envi-
ronmental conditions can be considered in scheduling training activities, the critical nature of the firefighters’
job often requires prolonged exposure to extreme thermal conditions during emergency operations. Defining
the firefighters’ environment is an important first step in developing effective work practices and strategies for
protecting them from stress-related illnesses and injuries.

Severity of environmental exposure is related to several factors that influence the amount or rate of heat
lost to, or gained from, the external environment. Though both environmental extremes pose hazards for
firefighters, problems related to heat stress tend to be far more common and severe than those created by
exposure to extreme cold (Figure 2.1). In this chapter we will examine the issue of heat stress on firefighters
and the potential problems it may cause.

Figure 2. 1—Courtesy of Chris Mickal, New Orleans Fire Department.

Emergency Incident Rehabilitation
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HEAT STRESS TERMS AND CONCEPTS

Before we can enter into a detailed discussion on heat stress, it is important to define some important terms
and concepts as they relate to heat stress. In most cases these terms also have application when discussing cold
injuries. This section will focus on their relationship to heat stress situations and also note applications to cold
weather considerations so that this information does not have to be repeated in Chapter 3: Cold Stress and
the Firefighter.

The most obvious factor influencing heat stress is the environmental temperature, which can be defined
as a measure of how hot the material or objects surrounding the body are. This is sometimes also referred
to as the ambient temperature. Environmental temperature is measured in degrees ( °) in reference to stan-
dard temperature scales such as Fahrenheit ( °F) or Celsius ( °C).

Another important factor is thermal radiation, which occurs between objects of unlike temperature
via invisible infrared rays and is related only to the difference in temperature between the objects, such
as firefighters’ protective clothing and a flame front. Measurement of thermal radiation is made of the rate
of heat transferred per unit area per unit time and is expressed in watts per square centimeter (watts/cm?)
or calories per square centimeter per second (cal/cm?/sec), where 1.0 watts/cm’ equals approximately 0.24
cal/cm?/sec. Thermal radiation can transfer heat from hot objects to the body or from the body to cold objects
depending upon object temperatures. Research suggests that thermal radiation is the most important compo-
nent of heat exposure during actual interior structural firefighting (Figure 2.2).

Heat also can be transferred between objects of different temperatures by conduction. Transfer of heat by
conduction requires direct contact between materials. Examples relevant to firefighters include kneeling or
crawling on a hot or cold surface or touching hot or cold objects. It must be noted that the heat transferring
ability of materials can vary greatly. For example, water and steam transfer heat many times faster than air;
metals transfer heat faster than nonmetals.

Figure 2.2—Courtesy of Chris Mickal, New Orleans Fire Department.
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Another component of heat transfer is by convection. If the conducting medium surrounding the body,
such as air or water, is moving, significantly more heat transfer can occur than in still conditions. A com-
monly used example of convective heat transfer is the wind chill Index. The wind chill Index is a system that
attempts to express the cooling effect of air movement on humans exposed to cold temperatures in terms
of equivalent wind chill temperatures. For example, for an environmental temperature of 32 °F (0 °C) with
a wind velocity of 40 miles/hour, the equivalent wind chill temperature is 2 °F (-16.7 °C). This means that
although the skin temperature does not fall below the environmental temperature, the body loses heat at the
same rate as it would at the equivalent wind chill temperature. More information on the wind chill Index is
contained in Chapter 3 of this report.

A similar effect occurs at high environmental temperatures. Above about 100 °F (37.8 °C), air movement
above 10 mph can significantly increase heat transfer to the body. In general this is the concept by which a con-
vection oven operates and is the reason this type of oven cooks food much more quickly than a standard oven.

It should be noted that regardless of the type of heat transfer that is occurring, heat always travels from
the warmer object to the colder object. It is physically impossible to transfer “cold” to a warmer object. The
warmer object always loses heat as it transfers some of its heat to the colder object.

Relative humidity is also a contributory factor because it determines the rate of heat transfer by evapora-
tion. When liquid water changes to steam or water vapor, heat is dissipated. Relevant examples include the
cooling that occurs from the evaporation of sweat and the vaporization of water by thermal radiation from a
fire when a fog nozzle is in service. The higher the relative humidity, the less evaporation can occur to remove
heat. Relative humidity is measured in terms of the amount of humidity contained in the air relative to the
maximum amount that can be contained at that temperature. For example, if the air temperature is 60 °F
(15.6 °C) and the relative humidity is 50 percent, the air contains one-half of the total water vapor that it
can hold at that temperature.

The Steadman Apparent Temperature Index expresses the combined effect of environmental temperature
and humidity, sometimes referred to as the humiture, on the body (Figure 2.3). It should be noted that
exposure to direct sunlight will also increase apparent temperature by about 10 °F (-12.2 °C).The apparent
temperature is determined in a manner similar to wind chill. For example, with an environmental tempera-
ture of 90 °F (32.2 °C) and a relative humidity of 90 percent, the apparent temperature is 122 °F (50 °C).
Thus, the firefighter exposed to these conditions will experience discomfort similar to that associated with
an environmental temperature of 122 °F at low humidity.

SOURCES OF HEAT EXPOSURE

Firefighters are exposed to varying levels of heat in two basic contexts: environmental conditions and fire
exposure conditions. Understanding the role and impact of both of these situations is important.

Environmental Heat Exposure

Environmental heat exposure is related directly to interaction with climatic and seasonal conditions.
Firefighters are subjected to environmental heat conditions during everything they do. Though the U.S. cov-
ers an expansive land area and contains various types of climates, most fire departments operate in locations
that can subject them to at least occasional summer environmental temperatures in excess of 90 °F. Many
locations in the south and southwestern U.S. regularly endure temperatures over 100 °F for extended por-
tions of the year. Unlike sports enthusiasts or industrial workers, the critical nature of emergency operations
does not allow curtailment of environmental exposure during climatic extremes. No matter how hot it is, the
firefighters’ job must be done. Perhaps the only other occupation with similar climatic exposures is the mili-
tary, which has done extensive research into human performance under climatic extremes. The U.S. military
classifies climatic exposure into four categories: Hot-Wet, Hot-Dry, Cold-Wet, and Cold-Dry.
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Tem;:arr);lfuur::) (°F) Relative Humidity ( percent)
68 61 62 63 64 65 66 67 68 69 70 70
70 63 65 66 67 68 69 70 71 72 72 73
72 66 67 68 69 70 71 72 73 74 75 76
74 68 69 70 71 72 73 74 75 76 77 78
76 71 72 73 74 75 76 77 78 79 80 81
78 74 75 76 7 77 78 79 80 81 83 85
80 76 77 78 79 80 81 82 83 85 87 90
82 78 79 80 81 82 83 85 87 89 92 96
84 79 80 81 83 84 86 88 90 93 97 103
86 81 82 83 85 86 89 91 95 99 105 113
88 82 84 85 86 89 91 95 99 105 114
90 84 85 87 89 92 95 99 104 112
92 85 87 89 92 95 99 104 112
94 87 89 91 95 98 103 110 120
96 88 91 94 97 102 108 117
98 90 93 96 100 105 113
100 92 95 98 103 109 119
102 93 96 100 106 114
104 95 98 103 110 120
106 96 100 106 114
108 97 102 109 118
110 99 104 112 122
112 100 106 115
114 102 108 118
114 102

Figure 2.3

* Hot-Wet conditions are characterized by environmental temperatures exceeding 68 °F (20 °C), but
rarely exceeding 100 °F. Relative humidity is in excess of 75 percent and rain is experienced regularly,
especially in the form of thundershowers. Hot-wet conditions are experienced commonly in much of
North America during the summer months.

* Hot-Dry conditions are characterized by environmental temperatures exceeding 68 °F and regularly
exceeding 100 °F. Relative humidity is less than 75 percent, and is commonly less than 25 percent. Long
periods without precipitation are common. Hot-dry conditions are experienced commonly in areas of
the southwestern U.S.

* Cold-Wet conditions are characterized by environmental temperatures of between 14 °F (-10 °C) and
68 °F. Temperatures can change rapidly and daily freeze/thaw cycles can occur. Precipitation in the form
of rain, freezing rain, sleet, or snow can be experienced regularly. Most areas of North America experi-
ence cold-wet conditions at some time during the year. Even tropic, desert, and polar areas regularly
experience conditions of this type.
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* Cold-Dry conditions are characterized by environmental temperatures of less than 14 °F. Below-zero
and windy conditions are often experienced and temperatures of less than -60 °F (-51.1 °C) have been
recorded in many areas. Above-freezing conditions are uncommon. Precipitation is in the form of dry
snow. Areas of North America commonly experiencing cold-dry conditions include the north-central
U.S., portions of the northeastern U.S., central and northern Canada, Alaska, and areas with mountainous
terrain such as the Rockies and Sierras.

It is important to remember that the above descriptions identify climatic conditions, not areas or climate
types. Many areas experience two or more climatic conditions on a regular basis depending on the short-
term weather cycles and the day-night or seasonal variations. Additionally, unusual conditions of weather or
geography can prevail that will cause an area to experience conditions far more severe than normal. Since the
firefighter is required to function efficiently at all times, it is important that equipment and training appropri-
ate for the most severe conditions is provided.

Fire Exposure

The most critical thermal exposure faced by firefighters, fire exposure, occurs during actual fire suppres-
sion and fire rescue activities. Research by the National Bureau of Standards (NBS; they would later change
their name to the National Institute of Standards and Technology or NIST) and the U.S. Fire Administration
(USFA) examined the fire environment both in simulated laboratory fires and by placing thermocouples and
heat-sensitive tape on firefighters while they were engaged in interior structural firefighting. In general, four
conditions are faced by structural firefighters.

Class I conditions occur when a small fire is burning in a room. Environmental temperatures up to
140 °F (60 °C) and thermal radiation up to 0.05 watts/cm’ are encountered for up to 30 minutes
(Figure 2.4).

Class II conditions occur in a room that has been totally involved after the fire has been “knocked down.”
In this case, environmental temperatures from 105 to 203 °F (40.6 °C to 95 °C) and thermal radiation
from 0.050 to 0.100 watts/cm’ are encountered for up to 15 minutes.

Figure 2.4
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Class III conditions exist in a room that is totally involved. Environmental temperatures from 204 to
482 °F (95.6 °C to 250 °C) and thermal radiation from 0.175-4.2 watts/cm’ are encountered for up

to 5 minutes.

Class IV conditions occur during a flash-over or backdraft, where environmental temperatures from 483
to 1,500 °F (250.6 to 815.6 °C) and thermal radiation from 0.175-4.2 watts/cm’ are encountered for
about 10 seconds.

Firefighters face particularly severe exposures during combustible/flammable liquid fuel and chemical fires

(Figure 2.5). Research by the U.S. Air Force found that environmental temperatures of 2,000 °F (1,093.3 °C)
and thermal radiation of 5.0 watts/cm” can be approached.

Figure 2.5—Courtesy of Chris Mickal, New Orleans Fire Department.
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Long-Term Exposure To Heat

For the vast majority of municipal firefighters, exposure to extreme heat situations will occur in limited,
short doses. Career firefighters and many volunteers typically will spend the majority of their time in a climate-
controlled setting, such as the fire station, home, or workplace. There are several exceptions to this, including:

* Career firefighters who have been involved in training exercises or repetitive calls during high tempera-
ture conditions.

* Volunteer firefighters who work outdoor or otherwise hot atmospheric jobs and respond to fire calls
after extended periods exposed to heat.

» Wildland firefighters who operate for long periods of time in high temperature conditions and may not
be able to retreat to climate-controlled facilities during down periods.

Research conducted by the U.S. Army shows that the effects of high heat on personnel are cumulative. The
Army uses the HEAT acronym to outline the concerns of repetitive exposure to heat:

* High heat conditions, especially on several sequential days. For the Army, wet-bulb globe thermometer
(WBGT) ambient temperatures over 75 °F are considered high heat for training and hard work situa-
tions. In the fire service, acceptable temperature levels will vary depending on the location and normal
atmospheric conditions encountered by the firefighters.

* Exertional level of work or training, especially on several sequential days. Continued periods of heavy
work will negatively impact the firefighter’s ability to cool down on subsequent days.

¢ Acclimatization and other individual risk factors. Both of these will be discussed in more detail later in
this chapter.

* Time. The length of heat exposure and amount of recovery time will impact the firefighter’s ability to
recover on subsequent days of exposure to high levels of heat.

The longer the prolonged period of exposure to conditions of elevated temperature, the greater the chance
that personnel will fall victim to heat-related illnesses and injuries. Incident Commanders (ICs) and supervi-
sors must monitor conditions and personnel continuously for the purpose of taking action before injuries
begin to occur. Clusters of minor heat-related problems must be taken as a warning sign of impending seri-
ous injuries and personnel should be rotated out of action or otherwise treated to prevent the situation from
worsening. Even if the heat problems were on a previous day, the cumulative effect of the heat buildup could
increase the chance of serious problem on this new day. Key personnel failed to recognize these signs in sev-
eral of the cases studies discussed in the previous chapter of this manual and this ultimately led to firefighters
suffering fatal heat stress injuries.

EFFECTS OF PERSONAL PROTECTION
EQUIPMENT ON HEAT STRESS

Firefighters wear a variety of protective ensembles that consist of protective clothing and equipment items
to provide protection against a variety of hazards. Typical ensembles include protective garments, helmets,
eye/face protection, hoods, gloves, footwear, and respiratory protective devices. Ensembles are configured dif-
ferently depending on the application—structural or proximity firefighting, wildland firefighting, technical
rescue, hazardous materials operations, and emergency medical services (EMS) all include different materi-
als and components in items designed for specific levels of protection. The clothing and equipment provide
protection by placing materials and components between the person and the hazards in the environment.
For example, for structural firefighting, one of the principal functions of the clothing is to insulate from high
heat. This insulation is accomplished by layered clothing, gloves, and footwear which attenuate the radiant
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and convective fireground heat; additional layers often reinforce the clothing for extended contact with hot
surfaces. Structural firefighting protective clothing also includes barrier layers to prevent firefighter contact
with harmful fireground liquids that can include hot water, certain chemicals, and blood or body fluids.
This same barrier material technology is implemented in garments, gloves, and footwear for other types
of applications, sometimes using higher performing barriers such as in the case of hazardous materials
(hazmat) protective ensembles.

The provision of protection comes at the expense of human factors, particular in placing an additional bur-
den on the firefighter that lead to increased physiological stress. Firefighter protective ensembles significantly
impact the normal mechanisms of body heat loss that occur primarily through conduction and evaporation
of sweat, given the encapsulation or near encapsulation of the firefighter’s body. Simply stated, personal pro-
tective equipment (PPE) inhibits the transfer of heat between the firefighter and the external environment. In
cold atmospheres this works to the firefighter’s advantage, as the PPE keeps the body heat trapped within the
ensemble and helps keep the firefighter warm. However, in high heat, high humidity, or high work activity
conditions, the protective ensembles increase the thermal strain on the wearer’s body exponentially. While
in one sense it is protecting the firefighter from exposure to hazardous chemicals or the extensive heat from
a fire, the thermal strain being placed on the body by inhibiting its natural cooling process can accelerate
the development of heat-related injuries and illnesses. Thus, the decision for wearing protective ensembles
and the specific selection of minimum performance must take into account the balance or tradeoff between
providing protection from the environment and overburdening the firefighter’s capacity to lose heat through
normal heat transfer mechanisms.

Firefighters are required to wear different protective ensembles based on Federal regulations that require
employers (the fire department) to provide PPE that is appropriate for the hazards faced by their employ-
ees (the firefighters). In the case of structural firefighters, there are specific Occupational Safety and Health
Administration (OSHA) regulations provided in Title 29 Code of Federal Regulations (CFR) Part 1910.156,
which require fire brigades to provide suitable protective clothing and equipment. Similar regulations exist
for the provision of hazmat protective ensembles as specified in 29 CFR 1910.120 and PPE to protect against
bloodborne pathogens (29 CFR 1910.1030). For those States that use their own regulations, State criteria
must dictate equal or higher levels of protection. Unfortunately, these regulations are either based on outdated
industry standards or include ambiguous criteria for specification of PPE.

The fire service uses standards developed by the National Fire Protection Association (NFPA) to define the
minimum PPE requirements for design and performance of protective clothing and equipment. NFPA 1971,
Standard on Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting, is the product standard that covers
structural firefighting protective ensembles. Additional NFPA standards directed to the end user specify that
department use PPE that meets these “product” standards. In each product standard, criteria exist that address
specific clothing designs for covering portions of the firefighter’s body combined with performance criteria
that set specific levels for insulation, physical hazard resistance, and hold out of hazardous liquids. For exam-
ple, clothing and gloves used for structural firefighting must meet a minimum thermal insulation requirement
called thermal protective performance (TPP). TPP testing is conducted to ascertain the insulation provided by
the major three layers of the structural firefighting clothing garments and must meet a minimum level that
has been established to allow firefighters to escape emergency fireground conditions (such as occur during
a flashover and backdraft) without injury. Similar requirements address other areas of performance, which
affect the choice of materials and the overall bulk of the clothing and equipment worn by the firefighter. A
typical structural firefighting protective ensemble is shown in Figure 2.6. Other types of protective ensembles
incorporate similar requirements that result in clothing and equipment with varying degrees of body cover-
age and encapsulation.

While these requirements of NFPA product standards are intended to achieve the necessary protective
function for firefighting, the clothing does interfere with heat dissipation during nonfire exposure such as
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Figure 2.6

overhaul, hazmat incidents, and rescue operations. For this reason, later editions of several product standards
have included a new test to help balance clothing stress effects with protective requirements. Total heat loss is
used to measure how well garments allow body heat to escape. The test assesses the loss of heat both by the
evaporation of sweat and the conduction of heat through the garment layers, as these mechanisms are con-
sidered the two primary forms of heat loss while wearing encapsulating clothing. As clothing is made more
insulative to high heat exposures, there is a tradeoff with how well the heat buildup in the firefighter’s body
(that can lead to heat stress) is alleviated. Garments that include nonbreathable moisture barriers or very heavy
thermal barriers prevent or limit the transmission of sweat moisture, which carries much of the heat away
from the body. If this heat is kept inside the ensemble, the firefighter’s core temperature can rise to dangerous
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levels if other efforts are not undertaken (i.e., limiting time on scene, rotating firefighters, providing rehabili-
tation at the scene).

Thus the total heat loss (THL) test has been included in several NFPA standards to provide a balance
between thermal insulation for protection and evaporative cooling insulation for stress reduction. For struc-
tural firefighting protective clothing, the minimum THL requirement was first set of 130 watts per square
meter when it was introduced as part of NFPA 1971 in 2000. The new 2007 edition of NFPA 1971 raised
this requirement to 205 watts per square meter. Less insulative US&R operations, wildland firefighting and
emergency medical garments are subject to a requirement of 450 watts per square meter. Work for setting the
level for structural firefighting was based on a major study of clothing effects on firefighter heat stress that
was conducted by the International Association of Fire Fighters (IAFF). This study showed that using material
composites with higher values of THL create less stress on firefighters and physiological effects of clothing
on the firefighter (namely core temperature rise) could be correlated with the garment material system THL
value. Thus, the study showed how the total heat loss test was able to predict the stress-related effects of cloth-
ing on the firefighter.

The THL requirement in NFPA 1971 provides a tool for examining the tradeoff between thermal insulation
(from heat) and the stress-related aspects of clothing materials. In general, as the material composite thick-
ness increases, higher levels of thermal insulation (measured using TPP testing) are obtained. At the same time,
thicker composites typically create more stress on the firefighter. With the advent of total heat loss testing, fire
departments can now choose to optimize the selection of their composites by balancing composite THL values
with thermal protective performance values (while still meeting the minimum performance for both areas of
performance). Moisture barriers have the greatest impact on THL, but THL also is affected by the choice of outer
shell and thermal barrier. For TPP testing, thermal barriers usually have the greatest impact, but like THL, the TPP
value for a composite is based on the contribution from each layer.

The result of adding the THL requirement to NFPA 1971 in 2000 was to eliminate nonbreathable moisture
barriers such as Neoprene coated polycotton. The THL requirement now mandates only highly breathable
moisture barriers that, nonetheless, can be overwhelmed by very hot conditions, high humidity, and rigorous
work activity. However, material suppliers and manufacturers of turnout clothing have undertaken a number
of clothing material and design improvements that are aimed at minimizing the stress on firefighters. This
work began through the National Aeronautics and Space Administration (NASA) to assist in the development
state of the art protective clothing and equipment for structural firefighting. The resulting effort was called
Project FIRES (Firefighters Integrated Response Equipment System) and its purpose was to design, fabricate,
and laboratory and field test an integrated protective clothing ensemble for firefighters that would address
the known limitations of their available equipment including heat stress, interference with movement, and
adequate protection during flashover or backdrafts. The IAFF and other research efforts have further contrib-
uted to an advancement in lightweight clothing systems with an emphasis on stress reduction without any
penalties in protective performance.

The sections below discuss the state-of-the-art in clothing design and material technology as applied to
firefighter PPE for structural firefighting.

Turnout Clothing

Conventional firefighter protective clothing consists of three layers, in the order of an outer shell, moisture
barrier, and with a thermal barrier, which is next to the wearer’s skin:

1. The outer shell is the exterior layer of the turnout clothing and is intended to offer the primary physical
and flame protection to the wearer. Because it is on the exterior of the clothing, it generally will have
the greatest exposure and take more abuse compared to other parts of the clothing. This means that it is
more likely to be soiled or stained and subject to tears, punctures, cuts, and abrasions even though the
material is the most rugged layer and also is treated with a repellent finish. As a consequence, outer shells
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are heavy, woven fabrics made of intrinsically flame-resistant fibers and treated with finishes to provide
water shedding or repellency of the outer layer.

2. The moisture barrier is typically the middle layer of the three-layer composite. It consists of a film that is
laminated to a substrate fabric or a fabric that has been coated with a rubber material. This layer’s prin-
cipal purpose is to prevent the passage of liquids (hot water, chemicals, blood, and other contaminants)
into the clothing interior. The material must be both flame and heat resistant and maintain its barrier
performance under high heat conditions. As a layer of the overall clothing composite, it provides a small
contribution to the overall clothing insulation. In most clothing configurations, the film or coating faces
towards the interior of the clothing liner to protect it from physical damage. In order to provide con-
tinuous barrier protection throughout the clothing, the sewn moisture barrier seams are covered with
tape that are heat sealed onto the film side of the material. Moisture barrier material also is placed on
the inside of the shell at the front closure for this purpose for complete moisture protection (this use of
moisture barrier is called facings). Both the film/coating and tape must remain intact in order for the
moisture barrier to perform its liquid barrier function.

3. The thermal barrier is the innermost layer of the composite and the primary layer contributing to over-
all clothing thermal insulation. It is essential that this layer remain intact during extreme or emergency
conditions because its loss of thermal integrity will permit faster heat transfer and increase the potential
for burn injury. Most thermal barriers contain lightweight, low-density materials to trap air for increas-
ing the insulation of the overall clothing material composite. Many thermal barriers also consist of two
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parts—a woven face cloth that is next to the wearer’s body and a nonwoven batting or layers that are
oriented towards the moisture barrier. The face cloth is quilted to the batting to provide physical support
for the overall material. In order to maintain their insulative qualities, thermal barriers must retain their
“loft” or fluffiness. Thinning of the thermal barrier will cause greater heat transfer through those parts
of the garment.

Collectively, these three materials are referred to as a “composite.” However, composites may include other
material layers, such as reinforcements, as described below.

Firefighter protective clothing consists of several other important components that function to provide
protection to the firefighter. These include high visibility materials consisting of bands of striping sewn on
the clothing exterior called trim that provide conspicuity of the wearer during daytime and nighttime condi-
tions, various types of hardware that are located throughout the coat and pants primarily in the openings or
closures of garments, hook and loop fastener tape (Velcro) that also is used throughout some turnout clothing
for closure and pocket flaps, knit materials provided in wristlets at the end of the coat sleeves and as a comfort
strip in the collar closure area.

Firefighter protective clothing also is designed with several design features, which may vary among manu-
facturers. For example, reinforcements are used for adding physical or thermal protection to critical areas of
the clothing. Typically reinforcements are placed in the shoulders, upper back (often referred to as the yoke),
and elbows of coats, and knee and seat areas for pants. Other reinforcements may be placed at pant cuffs and
coat sleeve hems (in an area called “water wells” by some manufacturers). Since reinforcements generally
come in contact with the ground more frequently than other parts of the clothing, they tend to experience
relatively higher amounts of soiling and damage compared to other parts of the clothing.

The majority of outer shell materials are composed of meta-aramid (Nomex"), PBI®, Basofil®, and a few
newer inherently flame-resistant fibers. Nearly all shell fabrics include some proportion (5 to 60 percent)
of para-aramids such as Kevlar® for increased strength and thermal stability. The range of weight for shell
materials generally is limited between 6 and 7.5 ounces per square yard. Lighter materials tend not to pro-
vide needed durability (they either abrade or otherwise wear out quickly), while heavier materials are too
stiff leading to increased stress in clothing movement. Also affecting the choice of shell material is the weave
construction. Many shell materials are offered in twill or plain-weave construction (a simple overlap fiber
configuration), or duck weave (heavier fiber construction), while some materials need to be in a rip-stop
construction (using intermittently heavier fibers) to provide adequate strength and durability. Twill fabrics
tend to be more flexible but less durable than duck weave or rip-stop constructions.

Early moisture barriers were flame-resistant fabrics coated with Neoprene or similar flame-resistant poly-
mers. However, owing to their high relative weight and bulk, alternative moisture barriers were developed
based on microporous film technology. Microporous films offer the further benefit of promoting clothing
breathability while maintaining barrier performance. Film products are either based on a form of Teflon
(GoreTex" or Crosstech®) or flame-retardant polyurethanes (Porelle®) or polyester (Sympatex®). Substrate
choices are usually Nomex® or flame-retardant treated fabrics; however, an increasing number of alternative
choices such as Kermel® are offered, especially in Europe. These substrate fabrics can be woven or nonwoven
materials such as Dupont’s E89 Nomex® fabric. Moisture barriers, especially those based on microporous
films, are intended to be a relatively lightweight layer in the composite or component assembly with fabric
weights ranging from 3.5 to 5 grams per square meter.

Lining systems or thermal barriers typically have been multiple layers of fabric to provide bulk and air lay-
ers. Many modern thermal barriers use nonwoven batt materials that entrap air for more effective insulation.
The batting is quilted to a woven face cloth to hold the thermal barrier together. Batting materials include
fibers based on Kevlar®, Nomex®, Kermel®, Basofil® or other flame-resistant materials. Alternative thermal
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barrier or liner fabrics use multiple layers (two or three) of a nonwoven fabric, such as Nomex E89%, quilted
to the face cloth fabric. Face cloths for the thermal barrier provided the inner most surface of the clothing
and tend to be durable, but lightweight woven fabrics consisting of Nomex® or other flame-resistant fiber
materials. Over the past several years, low friction face cloth materials (i.e., fabrics that are very smooth to the
touch) such as low denier (small diameter) filament Nomex" are being used increasingly for easy clothing
donning and wear.

The fire service is likely to see continued development of new fabrics and fibers with a focus on material
systems and whole systems testing, particularly towards stress reduction. Future standards will move towards
more composite and manikin testing making it necessary for the market place to consolidate material offer-
ings but provide better characterized protective clothing. Manufacturers have been investigating new material
technologies such as phase change materials (fabrics that contain polymers that have increased heat storage
capacity) that offer similar performance but at lower weight and bulk, but numerous several developmental
issues first must be addressed. The trend for testing completed garments will shift the emphasis for examin-
ing design improvements to clothing, especially in demonstrating less stress effects on firefighters.

Helmets

Historically helmets have been made of leather, and today, many still prefer the traditional style of leather
helmets, despite the availability of lighter weight, more protective composites. Indeed, leather helmets have
had to incorporate certain changes to reflect the standardized protection needs sought for firefighting. These
helmets must now include impact caps and other devices to absorb the expected top or side impact blows that
can occur to the firefighter’s head. Additional concerns include electrical insulation, overall heat and flame
protection, and how well the helmet stays on the firefighter’s head during impact.

The key components of the firefighter helmet are the shell, energy-absorbing system, and retention system.
The shell is the outer material that forms the main portion of the helmet. Other than leather, lighter weight
materials are now used commonly in helmets such as fiberglass and high performance composites, reinforced
with Kevlar®. The energy-absorbing system is an insulating material inside the shell in combination with
the suspension system (headband and crown strap), and helps to attenuate the energy from an impact. The
sweatband helps to absorb sweat from the firefighter’s head. The retention system consists of the chin strap
and nape device (at the rear of the helmet) for positioning the helmet on the firefighter’s head. Most helmets
use a ratchet on the headband for easily adjusting helmet size.

Other components include fluorescent and retroreflective markings, ear covers, and either a faceshield or
goggles or both. Markings are used for both increased firefighter visibility or for identification. While many
departments use the helmet colors to depict certain roles on the fireground, markings can help, particu-
larly for nighttime operations. Fluorescent markings provide increased daytime contrast while retroreflective
markings make the firefighter more conspicuous at night by reflecting light back to the source. Firefighter
helmets are required to use ear covers. These single or multilayer textile coverings extend down from the sides
(and sometimes back) of the helmet to provide additional protection to the firefighters’ ears and neck, which
may be left unprotected by the garment collar, helmet, or breathing apparatus mask.

Many firefighter helmets are provided with faceshields. This has created considerable controversy. On one
hand, proponents of faceshields contend that additional eye and face protection is needed for situations, like
overhaul, when breathing apparatus facepieces are not used (e.g., during victim extrication in automobile
accidents). Many firefighters also complain that faceshields affixed to the helmet are rendered useless quickly
by melting under high heat exposures. They also contend that faceshields do not provide primary eye pro-
tection since their coverage of the face and eyes is limited. Some of these firefighters prefer to wear goggles
when their breathing apparatus mask is not in use, even though many goggles easily melt and do not use
flame- and heat-resistant components.
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Hoods

Protective hoods are a relatively new item of the structuring firefighting protective ensemble. Intended as
an interface item of protective clothing, separate hoods typically are constructed of knitted material with a
face opening to fit around the breathing apparatus mask and “bib” extensions of the material to remain tucked
under the firefighter’s coat. Per NFPA 1971, protective hoods have a lower thermal insulation requirement
than garments, but still have to meet all of the flame- and heat-resistance requirements typically associated
with garment materials. As a consequence, protective hoods are heavy single-ply or double-ply materials
using Nomex®, PBI*, P84, Basofil”, Kevlar®, and FR rayon fibers.

Owing to their knit constructions, hoods are typically “one size fits all” but must be selected to fit properly
with the other equipment, primarily the breathing apparatus facepiece. Because hoods are stretched repeat-
edly over the facepiece and the wearer’s head, some hoods quickly lose their shape and can fail to properly
protect the firefighter. NFPA 1971 attempted to address this requirement with a test for measuring the hood
face opening size after repeated donnings and doffings of the hood on a manikin headform.

Features for hoods are relatively simple. These usually consist of the type of face opening (some hoods are
designed to accommodate specific respirator facepieces), the length of the sides, front, and back (sometimes
referred to as “bibs”), and ventilation areas. Some heavyweight hood materials use mesh materials in the ear
region to permit easier communication, but this feature also reduced protection. One style of hood in North
America provide a mesh on the top of the hood (sitting underneath the helmet) to provide a means for heat
to escape the hood.

Some of the reluctance to use hoods has included resistance by some firefighters for total encapsulation of
the body. Many more traditional firefighters claim that they use their ears as “early warning” sensors to detect
excessive heat and know when to leave. Unfortunately, the sensitivity of ears to heat also makes them very
vulnerable to high heat and ears are prone to burn readily.

Gloves

Other than hoods, gloves are considered to be the commodity item of the firefighter protective ensemble
and perhaps one of the largest problem areas for providing adequate protection to the firefighter. On a cost
basis, gloves are relatively cheaper than garments, footwear, or helmets, and thus can become a “throw away”
item. Gloves represent a difficult protection problem for the hands because the hands have a very high surface
area to volume ratio (only the ears are higher). This means it is difficult to provide the same level of protec-
tion to the hands in five-fingered gloves as compared to the torso and other parts of the body. Providing
the same level of protection as the garment usually results in relatively bulky, difficult-to-use gloves. In fact,
this practice, standardized under NFPA 1971, has caused a significantly large proportion of firefighters to use
noncompliant gloves or engage in practices that endanger their hands (e.g., removing their gloves to oper-
ate a radio while on the fireground). Nevertheless, failure to adequately protect the hands can be cause for
increased burn and other injuries. The hands are very susceptible to several fire scene hazards.

Most firefighter gloves are leather, using cowhide, goat, elk, moose, or pig hides. While leather provides
a durable and physical hazard-resistant shell for firefighter glove use, it is also prone to shrinkage at high
temperatures, and the thicker leathers required for providing adequate thermal shrinkage resistance, puncture
resistance, and heat insulation, also inhibit hand function (i.e., dexterity and tactility). Leather glove shells
are supplemented with various lining systems, usually a flame-resistant knit or nonwoven material, or wool.
Gloves manufactured in accordance with NFPA 1971 also incorporate a coating or moisture barrier to prevent
water penetration. As the number of layers increase, the level of protection improves at the expense of hand
function. Some relief in diminished hand function is obtained by using alternative materials to leather such
as knit Kevlar® or other high heat composite materials. Other manufacturers have sought various design prac-
tices to optimize the glove material composites while reducing bulk.
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Glove features include the type of materials, the general construction design, the length, and type of glove
end (straight, gauntlet, or knit wristlet). The former two features significantly affect hand function and pro-
tection, while the latter features relate to the issue of interface between gloves and garment sleeves. Glove
materials also relate to hand comfort. For example, breathable glove layers will result in better comfort to the
hand. Some glove manufacturers are also treating glove palm areas with special finished or raised surfaced
for improved grip.

Boots

Structural firefighters have a number of footwear choices available. In general, there are a variety of differ-
ent features for footwear uppers, soles, barriers, and lining packages, but much of this footwear is usually clas-
sified as rubber versus leather footwear. While both types of footwear are required to meet the requirements
of NFPA 1971, the two different types of footwear achieve compliance through different ways attributable to
their materials and designs. For example, rubber footwear by virtue of its overall construction provides integ-
rity against liquid leakage by the exterior rubber coating on its outer surfaces. In contrast, leather boots must
use a barrier layer underneath the leather to provide continuous liquid protection to the foot. The construc-
tion methods used in both types of footwear vary dramatically. While both footwear types are constructed
using a last, a mold or form in the shape of a foot, footwear manufacture differs in how materials are joined
together and the overall steps in preparing finished footwear. Firefighter preferences for footwear take into
account a variety of factors that include overall weight, comfort and fit, styling appeal, protective perfor-
mance, durability, and cost. As with the selection of any firefighter footwear, the determination of the most
important characteristics involves a series of tradeoffs.

The weight of footwear has become a topic to some as the fire service seeks to find ways of reducing the
stress imposed on firefighters. Stress reduction already has been identified as a principal goal in firefighter PPE
selection as consideration is given to products being breathable and lighter. For footwear, the argument is that
items of PPE that are worn farthest from the firefighter’s center of gravity impose the greatest potential stress
to the firefighter in terms of weight and burden. Some research has indicated that a reduction in one pound of
footwear is equivalent to reducing a pound of weight from the firefighter’s back. In general, rugged tall boots
are heavier than boots that are form fitting that are made of lighter materials. In a 1980’s study commissioned
by the IAFF, the University of Delaware found higher energy expenditure by firefighter test subjects wearing
then available rubber footwear compared to leather footwear. Nevertheless, not all field studies have shown
relatively little differences in subjective ratings between leather and rubber footwear. Furthermore, both rub-
ber and leather footwear providers have endeavored to find ways of lightening the relative weight of their
products. For example, certain rubber formulations and the design features on rubber footwear help reduce
weight. In the case of leather footwear, the use of nonleather upper textile materials with lighter weight rein-
forcement has made some footwear products ligh