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The National Traumatic Occupational Fatalities surveillance system 
recorded 1518 fire- and flame-related occupational fatalities among the 
civilian workforce in the United States between 1980 and 1994. The 
fatalities resulted from 1221 separate incidents, of which 122 involved 
more than one victim and accounted for 419 of 1518 deaths. Nearly 4 
of 10 fatalities resulting from a multiple-victim fire were workers in the 
manufacturing industry. Similarly, the highest frequency of fatalities in 
single-victim events, over one fourth, were in manufacturing. For one 
fourth of the fatalities within each event category, the usual occupation 
of the deceased was a precision production, craft, and repair worker. 
Although this study sheds light on selected characteristics of these 
fatalities, additional research on the causal factors associated with 
single- and multiple-victim events is needed to present specific recom­
mendations for prevention efforts. 
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n these days of more exotic hazards, 
such as worker exposure to cancer­
causing chemicals and crippling er­
gonomic diseases, such as carpal tun­
nel syndrome, it is too easy for 
employers and employees to over­
look the equally dangerous hazards 
of fire." Gerard F. Scannell, then 
administrator of the Occupational 
Safety and Health Administration 
(OSHA), continued by urging "na­
tional employer organizations, em­
ployee trade unions, and insurance 
companies to place greater emphasis 
on fire safety." 1 

According to the United States 
Fire Administration, every year fires 
kill more Americans than all natural 
disasters combined, producing one of 
the highest fire-death rates per capita 
in the industrialized world. 2 Nearly 
20% of ' these deaths occur in the 
workplace. Between 1980 and 1994, 
fires claimed the lives of over 1500 
workers, according to the National 
Institute for Occupational Safety and 
Health (NIOSH) National Traumatic 
Occupational Fatalities (NTOF) sur­
veillance system. 

Nationally, the human and eco­
nomic toll associated with these fire­
and flame-related deaths is enor­
mous. In 1997, the National Safety 
Council estimated that direct prop­
erty damage from fires exceeded 10 
billion dollars, of which nearly one 
third was attributed to workplace 
losses. Lost wages and direct ex­
penses accounted for an additional 
estimated 89 million dollars.3 These 
estimates do not include the pain and 
suffering of the victim prior to death, 
which can easily be described as 
agony rather than mere pain. How-
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ever, the human toll does not stop 
here. Family, friends, and coworkers 
can experience emotional, physical, 
and psychological trauma that cannot 
easily be translated into dollars. 

This study uses a national surveil­
lance system covering a 15-year pe­
riod to examine occupational fire­
and flame-related fatalities. The cir­
cumstances of each fire are unique, 
and costs can vary widely for physi­
cal damage inflicted and by the num­
ber of lives lost in each event. Be­
cause of these wide variations, this 
study examined two categories of 
fire- and flame-related events. The 
first category includes single-victim 
events; the second includes events in 
which more than one worker was 
killed. This research presents demo­
graphic and employment characteris­
tics of the decedent and identifies 
circumstances of the fatality for both 
single- and multiple-victim events. 
General recommendations for pre­
vention efforts to eliminate large­
scale death and destruction were pre­
sented for these characteristics. 
However, developing specific rec­
ommendations for multiple-victim 
events requires additional research. 

Methods 
Cases in this analysis were taken 

from the NTOF surveillance system 
for the years 1980 through 1994. 
This system has been described pre­
viously4 and consists of all US death 
certificates in which the "Injury at 
Work" box was marked "Yes." 
These records are collected for work­
ers 16 years of age or older for whom 
an external cause of death was an 
injury according to the International 
Classification of Diseases, 9th Revi­
sion (ICD-9), codes E800-E999.5 Al­
though NTOF includes military per­
sonnel, data used in this study were 
for the civilian population only. This 
census maintained by NIOSH col­
lects death certificates from the vital­
statistics-reporting units in the 50 
states, New York City, and the Dis­
trict of Columbia on an annual basis. 

Limitations of death certificates 
used to ascertain work-related fatal-

ity information have been described 
elsewhere.4·6- 9 Among the limita­
tions most relevant to this study is a 
lack of specificity in employment 
information on the death certifi­
cate.4·6 A further limitation for part 
of the study period is the absence of 
national guidelines for completion of 
the "Injury at Work?" item on the 
death certificate. 6·7 Operational 
guidelines for the determination of 
work injuries were implemented na­
tionwide in 1993. Despite these lim­
itations, death certificates have been 
shown to identify, on average, 80% 
of work-related fatalities nationally, 
more than any other single source.6·9 

The data presented here should be 
viewed as the minimum number of 
fire- and flame-related fatalities that 
occurred during the study period. 

For this analysis, cases were se­
lected from NTOF only if the iden­
tified external cause of death was 
"Accidents Caused by Fire and 
Flames," ICD-9 codes E890-E899. 
This classification includes asphyxia 
or poisoning due to conflagration or 
ignition, burning by fire, and second­
ary fires resulting from explosions. 
Fires in private dwellings, buildings, 
or structures; forest or brush fires; 
and fires caused by ignition of cloth­
ing or highly flammable material, are 
included in these E-codes, whereas 
fire in or on operating machinery, 
fire in or on non-stationary transport 
vehicles, and arson are excluded. 

On the death certificate, industry 
and occupation are defined as the 
"usual" industry and occupation of 
the victim. Industry was grouped into 
11 division-level categories as de­
fined by the 1987 Standard Industrial 
Classification system (Office of 
Management and Budget). 10 Occu­
pation was categorized into 11 major 
divisions according to the 1980 and 
1990 Bureau of the Census Occupa­
tional Classification System. 11 It 
should be noted that by collecting 
usual rather than current occupation 
or industry, certain occupations and 
industries (such as emergency ser­
vices and firefighters) identified in 
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this study might be underrepre­
sented. 

For this study, a multiple-victim 
event was defined as a single inci­
dent involving two or more fatalities. 
A multi-step process was used to 
determine if the incident involved 
multiple victims. Death certificates 
from the same state were subset by 
the victim' s date of injury. The event 
was deemed as a multiple-victim 
event if these certificates displayed 
the identical date of injury, hour of 
incident, and, when identified, firm 
name or address. The remaining cer­
tificates within the initial subset were 
evaluated on the basis of all available 
information to ascertain whether the 
victim was killed in a multiple­
victim event. 

Average annual employment data 
used to calculate occupational fatal­
ity rates were obtained from Employ­
ment and Earnings. 12 Employment 
data from this Bureau of Labor Sta­
tistics publication are based on the 
Current Population Survey, a 
monthly household survey of the ci­
vilian non-institutional population 
aged 16 years and older conducted 
by the Bureau of the Census. 

Results 
Over the 15-year period from 1980 

to 1994, 1518 workers lost their lives 
by "Accidents Caused by Fire and 
Flames." Of these, well over one half 
of the victims perished on the same 
day of injury, whereas nearly two 
thirds died before the end of the 
following day. An additional one 
fourth of the fatalities occurred 
within 30 days of the incident, 
whereas 11 victims survived be­
tween 4 to 18 months beyond the day 
of injury. 

Nearly one third of these deaths 
occurred in three of the earlier years 
of the study-I 980, 1984, and 1985. 
Although the number . and rate of 
deaths per 100,000 workers varied 
substantially from year to year, over­
all there was a decline from a high of 
160 deaths in 1980 to a low of 46 
deaths in 1993 (Fig. 1). 
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Over 650 of the 1518 fatalities 
were caused by fires in buildings 
other than private dwellings, such as 
churches, schools, stores, and facto­
ries. Ignition of highly flammable 
materials accounted for the second 
largest number of deaths, just over 
200. The only other ICD-9 external 
cause code that accounted for more 
than 10% of the total fire- and flame­
related fatalities was fires occurring 
in private dwellings (Fig. 2). 

Four states (California, Illinois, 
Pennsylvania, and Texas) accounted 
for almost one third of the fire­
related deaths during this 15-year 
period. However, when rates per 
100,000 workers were calculated, the 
highest rates were found in the Dis­
trict of Columbia, Louisiana, Ne­
vada, and Utah. Furthermore, the 
rates of these three states and the 
District of Columbia were nearly 
double the rates of those states that 
experienced the highest frequencies. 

Male workers were far more likely 
than female workers to be victims of 
fire- and flame-related occupational 
fatalities. Male workers accounted 
for 9 of 10 deaths and experienced a 
fatality rate eight times higher than 
the rate for female workers. Al­
though white workers accounted for 
nearly 80% of these fatalities and 
black workers accounted for just un­
der 15%, the rate for black workers 
was 11/2 times greater than that for 
white workers. 

The number of deaths peaked in 
the 25- to 34- year-old age group, 
then declined with age. Conversely, 
the risk of fatality tended to increase 
with age. Less than one tenth of the 
victims were 65 or over; however, 
this age group exhibited a fatality 
rate nearly three times higher than 
any other age group. The youngest 
workers-age 19 and under-had 
the lowest risk as well as the fewest 
number of fatalities from an incident 
caused by fire and flames (Fig. 3). 

Over one fourth of the victims 
were employed in the manufacturing 
industry, with an additional one 
fourth employed in either the con­
struction or services industries (Fig. 
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Fig. 1. Number and rate of occupational fatalities due to fire and flames by year, 1980 through 
1994. 
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Fig. 2. Number of occupational fatalities for single-and multiple-victim events by cause of 
death, 1980 through 1994. 

4). The finance, insurance, and real 
estate industry employed the fewest 
number of victims and concurrently 
experienced the lowest fatality rates 
(Fig. 5). By far the highest fatality 
rate was sustained by the mining 
industry-more than three times 
higher than any other industry divi­
sion. 

One fourth of the victims were 
reported as working in the precision 
production, craft, and repair occupa­
tions, which includes mechanics, re­
pairers, and construction trade work­
ers (Fig. 6). The highest fatality rate 
occurred for individuals usually em­
ployed as laborers (Fig. 7). Notewor-

thy is that 5 of the 11 occupational 
divisions individually show fatality 
rates that are much higher (nearly 
l 1/2 times greater) than any one of the 
remaining individual divisions. 

Multiple-Victim Incidents 
Ten percent of all occupational 

incidents caused by fire and flames 
involved two or more fatalities. Of 

· these 122 multiple-victim incidents, 
just over one of eight took five or 
more lives and six of those events 
involved 10 or more fatalities. Over 
one fourth of the multiple-victim in­
cidents caused by fire and flames 
occurred in four states-California, 
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Fig. 3. Number and rate of occupational fatalities due to fire and flames by age group, 1980 
through 1994. 

Ag/For/Fish 

Mining 

Construction 

Manufacturing 

Trans/Comm/PU 

Wholesale Trade 

Retail Trade 

Fin/Ins/RE 

Services 

Public admin 

•Fatalities from single-victim event 

•Fatalities from multiple-victim event 

0 100 200 

Fatalities 

300 400 

Fig. 4. Number of occupational fatalities for single- and multiple-victim events by industry 
division, 1980 through 1994. 

Louisiana, Texas, and Illinois. By 
contrast, no multiple-victim event 
occurred in 16 states over this 15-
year period. Because of the close 
proximity of many occupations 
within the same work environment, a 
single incident could involve numer­
ous occupations. Similarly, each in­
cident does not necessarily have de­
cedents from the same industry 
division. For example, a fire in a 
manufacturing facility could be re­
sponsible for the deaths of the ma­
chine operators working in the man­
ufacturing industry as well as sales 
workers from the wholesale-trade in­
dustry who were conducting busi-

ness at the facility. Therefore, anal­
ysis by industry and occupation 
within these multiple-victim inci­
dents was not conducted. However, 
the industry and occupation of each 
victim was examined. 

Just over 400 of 1518 fire-related 
fatalities occurred in a multiple­
fatality incident. Of the 419 multi­
ple-victim fatalities, nearly 40% 
listed the state of death as one of 
five states-California, Colorado, 
Louisiana, North Carolina, or Utah. 
Three of these states not only ex­
perienced the highest frequency of 
fatalities, but also had the highest 
fatality rates. 
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The majority, approximately two 
thirds, of these multiple-victim event 
fatalities were caused by fires in 
buildings other than private dwell­
ings, as compared with one third in 
single-victim-incident fatalities. 
Fires not in a building or structure, 
such as forest or grass fires, ac­
counted for the second largest num­
ber of multiple-victim incident 
deaths-60 fatalities, or 14% of the 
total. In contrast, for single-victim 
events, this category ranked fourth 
after ignition of highly inflammable 
material and private dwelling fires 
(Fig. 2). 

Nearly 4 of 10 of the 419 fatalities 
resulting from a multiple-victim fire 
were in the manufacturing indus­
try-almost 3 V2 times greater than 
any other single industry division 
(Fig. 4). Public administration, min­
ing, services, and construction indus­
tries each accounted for an additional 
10% of multiple-victim fatalities . As 
was the case for single-victim inci­
dent fatalities, the mining industry 
experienced the highest fatality rate 
per 100,000 workers, a rate nearly 6 
times greater than any other industry 
division (Fig. 5). Public administra­
tion and manufacturing exhibited the 
second and third highest fatality rates 
for multiple-victim events, whereas 
agriculture- forestry-fishing and con­
struction occupied those rank orders 
for single-victim events. 

Forty-three percent of the fire and 
flame victims who were employed in 
the mining industry were part of a 
multiple-victim event. Similarly, 
within the manufacturing industry, 
41 % of the fire- and flame-related 
fatalities resulted from a multiple­
victim event. At the other end of the 
scale, only 15% of the victims who 
were employed in the agriculture, 
forestry, and fishing industry were 
part of a multiple-victim event. 

One fourth of the multiple-victim 
event fatalities listed precision pro­
duction, craft, and repair as the usual 
occupation of the deceased (Fig. 6). 
Three other occupation divisions­
service; machine operators, assem­
blers, and inspectors; and handlers, 
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Fig. 5. Occupational fatality rate per 100,000 workers for single- and multiple-victim events 
by industry division, 1980 through 1994. 
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Fig. 6. Number of occupational fatalities for single- and multiple-victim events by occupation 
group, 1980 through 1994. 

equipment cleaners, helpers, and la­
borers-each contributed about 15% 
of the total number of multiple­
victim event fatalities. Although the 
proportions differed, the order by 
frequency of these occupation divi­
sions remained the same as those 
within single-victim event fatalities. 
Additional differences can be seen in 
fanning, forestry, and fishing, which 
represented a substantially larger 
proportion of the fatalities within 
single-victim events, 9% compared 
with 3%. 

The highest multiple-victim fatality 
rate was found in occupations involv-

ing handlers, equipment cleaners, 
helpers, and laborers (Fig. 7). The rate 
of these occupations was approxi­
mately 20 times higher than the lowest 
rate, which was found in administra­
tive support, including clerical, occu­
pations. Occupations with the greatest 
disparity between incidence rates of 
single-victim and multiple-victim 
events were farming, forestry, and 
fishing. The rate for single-victim 
events was nearly 9 times that of mul­
tiple-victim incidents. 

Of the multiple-victim-incident fa­
talities, 83% involved male workers 
and 17% involved female workers. 

In single-victim-incident fatalities, 
94% involved male workers and 6% 
involved female workers. The distri­
bution by race was comparable be­
tween single- and multiple-victim in­
cidents: 78% white and 14% black. 
The fatality rate for blacks was 1 V2 
times greater than the corresponding 
rates for whites in both single- and 
multiple-victim event fatalities. 

The largest numbers of victims 
involved in multiple-victim incidents 
were found in the middle age groups. 
Nearly 6 of 10 were between 25 and 
44 years old, in contrast to the 45% 
of victims in this age group who 
were in single-victim events. The 
mean age of the victim in a multiple­
victim event was 36 as compared 
with the mean age of 43 for a single­
victim event. Unlike the single­
victim incidents, for which the high­
est fatality rate was for the 65 + age 
group, the highest rates for multiple­
victim fatalities were for the 25 to 34 
age group. These rates were well 
over l V2 times higher than that of the 
65 + age group in this subset. 

Analysis 
Findings from this descriptive 

study refined our understanding of 
injury-at-work fire- and flame­
related deaths by including an anal­
ysis of single- and multiple-victim 
events. This analysis focused on the 
demographic and employment char­
acteristics of the decedent as well as 
circumstances surrounding the event. 

During the 15-year period studied, 
just over 1500 workers lost their 
lives in fire- and flame-related inci­
dents, of which 419 were lost in 
multiple-victim events. Over this pe­
riod , the number of fatalities and the 
number of incidents decreased sub­
stantially. Previous work has pointed 
to the decline in the number of 
deaths being attributed in part to 
improved care of bum patients over 
the past 20 years. 13 Simultaneously, 
increased sophistication and use of 
suppression and detection devices 
have contributed to this downward 
trend. Functional smoke detectors 
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Fig. 7. Occupational fatality rate per 100,000 workers for single- and multiple-victim events 
by occupation group, 1980 through 1994. 

alone can reduce the number of fa­
talities by nearly 50%. 14 

Overall, the characteristics of the 
event and the victim involved in a 
multiple- and single-victim incident 
were markedly similar. There are 
two ways to evaluate the impact of 
incidents-by frequency of occur­
rence and by rate of occurrence. 
Frequency measures the number of 
fatalities within each subgroup, 
whereas rate of occurrence illustrates 
the relative level, or risk, of fatalities 
among different subgroups. Ana­
lyzed by frequency, the profile of the 
decedent for a single- and a multiple­
victim-workplace fire was identical. 
Typically, the decedent was a white 
man between the age of 25 and 34 
who worked in a precision produc­
tion, craft, and repair occupation and 
worked within the manufacturing in­
dustry. 

The nature of the work performed 
and the work processes within these 
industries contributed to their higher 
number of fire and flame fatalities. 
Manufacturing industries tend to 
have more conditions that may be 
hazardous, such as flammable mate­
rials, scrap wood and metal chips, 
oily rags, and other potential ignition 
sources. Nearly one half of all indus­
trial fires in the United States occur 
in the manufacturing industry. Many 

of the prec1s1on, production, and 
craft and repair occupations also tend 
to work with more hazardous sub­
stances and are commonly found in 
the manufacturing industry. 

The large proportion of white 
workers, ranging from 85% to 90% 
of the employed civilian workforce, 
can explain the distribution of fatal­
ities by race. Explaining the higher 
frequency of male fatalities is some­
what more difficult. Although male 
workers represent just over one half 
of the civilian workforce, manufac­
turing and precision, production, and 
craft and repair occupations are 
male-dominated sectors, with 70% 
and 90% of the workforce being 
male, respectively. 12 

When examining profiles on the 
basis of rate of occurrence, one dif­
ference between fatalities of multi­
ple- and single-victim incidents 
came to light-age. The typical fa­
tality from a single-victim industrial 
fire, by level of risk, involved a black 
man 65 years of age or older working 
in the handlers, equipment cleaners, 
helpers, and laborers occupation 
group and working in the mining 
industry. Except that the decedent 
was between the age of 25 and 34, 
the profile of a fatality from a mul­
tiple-victim incident remained the 
same. 

435 

The much higher fatality rate 
found in the 65 + age group for 
single-victim incidents can be partly 
attributed to their inability to make a 
rapid successful escape from the fire 
scene, as documented in a study by 
Berl and Halpin. 15 This study also 
suggested that as the age of a worker 
increases, the mishandling of com­
mon workplace ignition sources, 
such as welding, heating, and cook­
ing devices, may increase. This 
group also has a decreased tolerance 
to toxic combustion products, prob­
ably owing to a weaker cardiopulmo­
nary system. 15 

The influence of cultural roles has 
been presented as a possible ratio­
nale for the higher rate of male fatal­
ities associated with fires. The Na­
tional Fire Protection Association 
reported that, during a fire, men 
more frequently conduct investiga­
tion and firefighting activities than 
do women. Women more commonly 
engage in warning and evacuation 
activities. 16 

The higher risk of those employed 
in the mining industry may result 
from limited means of egress, ex­
tended travel distance required to 
reach safety, and dimly lighted exit 
routes. Escape can also be hindered 
by poor visibility caused by dense 
smoke and associated poor air qual­
ity that results in breathing difficul­
ties.17 A large number of fatalities 
were found in the oil and gas extrac­
tion industries. The sheer magnitude 
of the explosions from volatile ma­
terials found in this industry may 
contribute to the increased number of 
fatalities. However, additional re­
search to determine more precise 
causal factors is needed. 

Discussion 
This study examined the charac­

teristics of single- and multiple­
victim fire- and flame-related events 
with the intent to make recommen­
dations specific to each category of 
event. Results from this study did not 
reveal differences between these two 
event categories substantial enough 
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to warrant other than general recom­
mendations. Defining specific pre­
vention efforts can be accomplished 
by conducting similar studies using 
other data sources and variables. Po­
tential data sources include the 
NIOSH Fire Fighter Fatality Investi­
gation and Prevention Program, the 
International Association of Fire 
Fighters, and OSHA. Suggested vari­
ables include source of ignition, de­
tection and suppression systems em­
ployed, medical cause of death, and 
type of work or work process asso­
ciated with the firm. Behavioral vari­
ables such as usual worker activity 
versus activity at the time of inci­
dent, human behavior responses and 
actions in fire incidents, and the finn's 
commitment to fire safety through pol­
icy and practice may provide data to 
support the development of more fo­
cused prevention strategies. 

General recommendations to re­
duce the risk of fatality examined in 
this study fall into three broad cate­
gories: prevention, detection and 
suppression, and amelioration. The 
fact that almost two thirds of the 
multiple-victim and one third of the 
single-victim deaths resulted from 
fires in buildings points to building 
safety as a key issue in prevention 
efforts. Employers can eliminate and 
prepare for job-related fires, includ­
ing those in buildings, by writing and 
implementing fire prevention plans 
as described in Title 29 Code of 
Federal of Regulations Part 1910.38. 
A fire prevention plan is designed to 
avert losses associated with fire, such 
as loss of life, property, and produc­
tion. A comprehensive plan must 
address the following elements: fire 
hazards, housekeeping, training, and 
maintenance. 18 

Detection and suppression include 
measures undertaken and equipment 
used to detect, confine, and extin­
guish a fire. Many of the multiple­
victim events occur in facilities with 
inadequate detection or suppression 
systems.19 Smoke and heat detection 
devices are relatively inexpensive 
and provide an invaluable service 
during a fire emergency. Title 29 
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Code of Federal Regulations 
l 910. l 64(t) suggests that an ade­
quate number of these devices is 
necessary to provide early warnings 
throughout the facility; Suppression 
equipment is equally as important as 
detection devices and should not be 
overlooked when developing a fire 
plan. The fact that automatic sprin­
klers often are the first line of de­
fense against the spread of poten­
tially fatal fires illustrates this 
point. 18 

Amelioration efforts are imple­
mented to minimize the extent of the 
injury attributable to a fire. As a 
complement to a fire prevention 
plan, an emergency evacuation plan 
should be developed and practiced. 18 

Prompt evacuation from the pre­
mises and notification of the fire 
department could have prevented 
many of the multiple-victim events 
from occurring. In a 1991 study by 
Miller and Tremblay, the absence of 
operating smoke detectors and sprin­
klers, delays in fire department noti­
fication, and blocked or illegally 
locked exits were cited as contribu­
tors to most multiple-victim 
events. 20 Many of the victims in 
these incidents died making their at­
tempted escape through the primary 
route of exit. Fatalities could have 
been avoided if workers had used 
alternative routes of exit. 

Many sources provide guidance 
for developing strategies to prevent 
fire- and flame-related deaths in the 
workplace. For instance, the Na­
tional Fire Protection Association, 
organized in 1896, promotes and im­
proves methods of fire protection 
and prevention by establishing 
codes, standards, and recommended 
practices and guides within the Life 
Safety Code (NFPA 101).21 OSHA, 
a regulatory agency established un­
der the Occupational Safety and 
Health Act of 1970, stipulates the 
employer-based legal requirements 
for means of egress and fire safety 
plans in Title 29 Code of Federal 
Regulations 1910.18 To foster a safer 
work environment for every Ameri-

can worker, employers should be 
thoroughly familiar with these codes 
and standards. "Fire protection and 
fire prevention are two vital respon­
sibilities for safety professionals. "22 
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