All rights reserved

° American Journal of Epidemiology
@E Copyright © 1897 by The Johns Hopkins University School of Hyglene and Public Health

Vol. 145, No. 12
Printed in U.SA.

Fatal Occupational Injuries in a Southern State

Dana P. Loomis,"? David B. Richardson,! Susanne H. Wolf,"2 Caro! W. Runyan,?? and John D. Butts®*

Fatal occupational injuries were studied using data from medical examiners’ reports in North Carolina for the
years 1977-1991. Cases were defined as deaths due to accidents or homicide at the workplace, and
populations at risk were estimated from the 1980 and 1990 US Censusses. Mortality rate ratios and propor-
tionate mortality ratios were used as measures of association, and the population attributable risk percentage
was used as an indicator of the burden of injury. Standard weights for direct age-adjustment of rates were
obtained from the total state workforce. There were 2,524 eligible deaths—83 percent from unintentional
traumatic injuries, 14 percent from homicide, and the remainder from other causes. This report focuses on
unintentional trauma deaths, which were strongly associated with the wood production, fishing, and trans-
portation industries. Elderly, African-American, and self-employed workers had higher fatality rates than
members of other groups. Among male workers, motor vehicle crashes were the principal cause of death on
the job, followed by falling objects, machinery, and falls. The industries contributing the largest proportions of
these deaths were construction, trucking, agricufture, and logging (population attributable risk percentages
were 16.8%, 8.8%, 7.9%, and 6.9%, respectively). The fatality pattemns of female workers were different:
Numbers of deaths from homicide and unintentional trauma were equal, and 27% of the latter deaths occurred
in one catastrophic fire. Decentralized and rural industries were the most hazardous, but many deaths were
outside the current jurisdiction of occupational safety and health agencies. These pattems suggest that greater
scrutiny of such industries, through both research and intervention, is warranted. Am J Epidemiol 1997;145:
1089-99.
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Occupational injuries are a significant public health
problem. According to official statistics collected for
the national Occupational Safety and Health Admin-
istration (OSHA), there are nearly seven million oc-
cupational injuries each year in the United States, of
which three million are serious and 6,500 are fatal (1,
2). These account for approximately one third of all
injuries and one sixth of all deaths among members of
the population aged 20-64 years (3).
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North Carolina’s reported occupational injury rates
are near the national average and have been declining
(4-6). Nevertheless, North Carolina is an important
site for research on the epidemiology of occupational
injuries in the contemporary context. It is a key state of
the “New South” and has the 10th-largest labor force
in the United States. Despite the absence of major
cities in North Carolina, the proportion of workers
employed in manufacturing is the nation’s largest, and
female and minority participation in the labor force is
high (7).

Historically, the South has differed from other re-
gions of the United States with regard to industrial
structure, workforce composition, work processes, and
public policies—all factors which, in combination
with the presence of specific hazards, can shape the
epidemiologic contours of occupational injury. In re-
cent decades, US industry has been adopting a char-
acteristically Southern form of organization based on
geographic mobility, flexibility, low labor costs, min-
imal government regulation, and opposition to labor
unions (8). The epidemiologic character of occupa-
tional injury in North Carolina may thus be indicative
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of the effects these Southern strategies could have on
worker safety if adopted elsewhere, as well as of their
current effects within the region.

Here we report on the epidemiology of fatal injuries
at work in North Carolina between 1977 and 1991,
focusing on unintentional trauma. This paper describes
the occurrence of medical examiner-recognized fatal
occupational injuries and identifies areas for research
and prevention. Medical examiner data can be more
detailed and comprehensive than the data available
from death certificates (9, 10), and occupational infor-
mation from the US Census facilitates the simulta-
neous identification of populations at risk by age, sex,
race, and industry. We emphasize the experience of
female and rural workers, groups that are important in
North Carolina but which historically have received
little attention in occupational safety research.

MATERIALS AND METHODS
Cases

Fatal occupational injury cases were identified
through North Carolina’s statewide medical examiner
system. By state statute, all injury deaths in North
Carolina are under medical examiner jurisdiction. In
such cases, in addition to certifying the death and
completing the medical portion of the death certificate,
the local medical examiner collects information on the
circumstances of the death, including the manner and
means of death and whether the onset of the events
leading to it occurred at work. Medical examiners’
findings are reported to the central Office of the Chief
Medical Examiner, whose staff includes forensic pa-
thologists and data coders and managers. This state-
wide system provides an extensive array of informa-
tion which includes the cause of death, descriptions of
the decedent and the circumstances of death, and med-
ical and toxicologic information. North Carolina’s
statewide reporting, coding, and retrieval system is
considered a model for other jurisdictions and pro-
vides information that is more detailed and better in
quality and comprehensiveness of ascertainment than
data from death certificates (9, 11).

Cases were selected from the Office of the Chief
Medical Examiner’s central computer database. Med-
ical examiner cases with dates of onset between
January 1, 1977, when on-the-job deaths began to be
systematically identified, and December 31, 1991, the
most recent year for which data were available, were
eligible if the computer record indicated that the death
was due to accident or homicide and the fatal injury
occurred while the decedent was at work in North
Carolina. During the study period, the medical exam-
iner system did not have a formal definition of being

“at work,” so this designation reflected the judgement
of the investigating county medical examiner, subject
to review and reevaluation by the central office staff.

Forty-seven deaths that occurred in North Carolina
as a result of injuries sustained in other states were
excluded because the population at risk could not be
enumerated, and 16 other individuals who died at
work but died from nonoccupational poisoning by
therapeutic drugs or beverage alcohol, or by choking
unrelated to work, were also deleted. Another 71 cases
in which the interval between injury and death was
more than 30 days were excluded in order to improve
the homogeneity of the study group.

Records of the medical examiner’s investigation and
the death certificate for deaths that met the study
criteria were reviewed, and additional data were man-
ually abstracted, including information on the dece-
dent’s work at the time of injury (in contrast to the
usual, lifetime occupation reported on the death cer-
tificate) and the estimated time and date of death, if
these were missing from the computer record. Occu-
pation and industry information was coded according
to the 1990 US Census classification system (12) by
coders trained according to National Center for Health
Statistics guidelines. Underlying cause of death was
coded by the Office of the Chief Medical Examiner
according to the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-
CM) (13), using external cause codes for injuries and
poisonings. The manner or means of death (accident,
homicide, or suicide) and the underlying cause of
death were used to form four broad groupings of
work-related deaths: deaths due to unintentional trau-
matic injury; homicides; deaths due to unintentional
industrial poisoning; and deaths due to natural en-
vironmental conditions, such as lightning or heat
(table 1).

Causes of injury could be identified via the coded
underlying cause of death or via the means of death
assigned by the medical examiner using a system of
nosologic categories similar to those in the ICD-9-CM
but particular to the North Carolina medical examiner
system. The means-of-death item contains a unique
code identifying deaths attributed to farm tractors.
Analyses using both ICD-9-CM and means-of-death
categories gave similar results, but the means-of-death
categories were more specific for many occupational
injuries, so for brevity we report only those results
here.

Events with multiple fatalities were identified by
matching cases according to date, county, time, and
means of injury. Two or more deaths that matched for
all four variables were considered to have resulted
from the same event.
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TABLE 1. Definitions of fatal injury categories in a study of
workplace fatalities, North Carolina, 1977-1991

Category Definition
Death from unintentional Manner of death = "accident”
traumatic injury and undertying cause =

E800—E807,* EB10-E838,
E840-E848, EB80-EB888,
E890-£899, E910, E913-
E926, £928.9, E929.0, or
E929.1

Manner of death = homicide

Manner of death = “accident”
and undertying cause =
EB60.1-E860.4, E860.8,
EB860.9, EB61—-E864, E866—
E869, or E929.2

Manner of death = “accident”
and underlying cause =
E900-E909, E927, or
E928

* External cause of death code from the Intemational Classifica-
tion of Diseases, Ninth Revision, Clinical Modification (13).

Homicide
Death from unintentional
industrial polsoning

Death from natural
environmental conditions

Population at risk

To permit the calculation of mortality rates, we
obtained estimates of workforce size stratified simul-
taneously by age, sex, race, occupation, and industry
from a 5 percent sample of the US Census (14, 15).
Data from both the 1980 and 1990 censuses were used,
with occupation and industry recoded to the system
used in the 1990 Census (12). Worker populations in
intercensal years were estimated by a linear model,
and the estimated numbers of workers in each stratum
were then summed over time to obtain an estimate of
person-years at risk. Census data indicate that the
number of North Carolina residents who commute to
work in adjoining states is approximately equal to the
number of workers who commute from those states to
North Carolina; therefore, out-of-state residents were
included in the numerators of the rates if they were
injured and died in North Carolina.

Statistical analysis

For cases, years of potential life lost before age 65
were used to summarize the burden of injury (16).
Cases and population data were used to estimate rates
of injury mortality per 100,000 worker-years. The
Census does not provide occupational information
for persons under age 17, homemakers, volunteers,
students, or others not considered to be in the labor
force. As a result, 35 persons under age 17 designated
as being fatally injured while working were omitted
from the denominators of the mortality rates, and no
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industry-specific mortality rates could be calculated
for the remaining groups.

Age-adjusted mortality rates were computed by di-
rect adjustment, using the composition of the overall
state workforce as the standard, with rate ratios (17)
used as a measure of association. Age-adjusted and
crude mortality measures were usually equivalent, so
in general only the more precise unadjusted rates are
presented.

The population attributable risk (PAR) based on
crude mortality rates was used to assess the relative
contribution of specific industries to the overall burden
of occupational injury mortality (18). The PAR is
positive for industries with mortality rates higher than
the aggregate rate for all industries combined, and is
negative for industries with lower-than-average rates.

To assess the relative importance of various causes
of death within industries, we used a varant of the
proportionate mortality ratio (19):

(d:/T)/(dIT),

where d;/T; is the proportion of deaths due to a specific
cause within an industry and d/T is the proportion due
to that cause in all industries combined. Ninety-five
percent confidence intervals for the proportionate mor-
tality ratio were computed by the test-based method
7).

RESULTS

Medical examiners identified 2,524 eligible deaths
from injuries occurring at work in North Carolina
during the period 1977-1991. These deaths accounted
for 61,801 years of potential life lost before age 65.
The largest number of deaths occurred among Cauca-
sian men. Of the total number of deaths, 2,099 (83
percent) resulted from unintentional traumatic injuries,
358 (14 percent) from homicide, 26 (1 percent) from
unintentional poisoning, and 41 (2 percent) from en-
vironmental and other causes (table 2). The pattern
differed sharply by sex, however. Among women,
deaths were evenly divided between unintentional
trauma and homicide, whereas unintentional trauma
predominated among men (table 2). The ratio of ho-
micides to unintentional traumatic deaths was similar
for all ethnic groups and for most age categories.
However, there were somewhat more homicides
among workers aged 65 years and older, and the
proportion of deaths due to environmental causes was
elevated among African-American workers (table 2).

Relative to all industries combined, the greatest
excesses of deaths from unintentional trauma were
observed in the industry categories of logging (rate
ratio (RR) = 21.6) and fishing (RR = 19.2), with
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TABLE 2. Deaths due to workplace injuries, by cause and demographic group, North Carolina, 1977-1991

Unintentional Natural
Unimtentional I(-iomgcls%e); Industrial emronmental (atoitias
_ n= polsoning conditions
{n=2,099) (n = 26) (n=41) (n=2,524)
No. % No. % No. % No. % No. %
Sex
Men 2,032 97 291 81 25 96 40 98 2,388 95
Women 67 3 67 19 1 4 1 2 136 5
Ethnic group
Caucasian 1,613 77 270 75 19 73 23 56 1,925 76
African-American 456 2 81 23 7 27 17 42 561 22
Other 30 1 7 2 0 0 1 2 38 1
Age (years)
<18 29 1 4 1 1 4 0 0 34 1
1864 1,932 92 314 88 23 89 39 95 2,308 91
=64 137 7 40 11 2 8 2 5 181 7
Mean 39.6 (11-91)* 423 (16-100) 36.9 (17-66) 41.6 (21-75) 40.0 (11-100)
Years of potential life lost
before age 65 52,180 7,964 717 940 61,801

* Numbers In parentheses, range.

smaller but still noteworthy rate ratios in trucking,
sawmilling, and several other industries (table 3). Ho-
micide deaths were overwhelmingly associated with
working in taxi services (RR = 82.4) and grocery
stores (RR = 14.2) (table 3). Poisoning deaths were
most strongly associated with working at gasoline
stations, while deaths related to natural environmental
conditions were primarily associated with outdoor in-
dustries (table 3).

The remainder of this report focuses on uninten-
tional trauma, the most common cause of death at

work. Unintentional trauma deaths were observed for
workers as young as 11 years and as old as 91, with a
mean age of 39.6 (table 2). The mortality rate for men
was approximately 25 times that for female workers.
Although the largest numbers of unintentional trauma
deaths occurred among Caucasian men and workers
aged 25-64 years, the mortality rate was highest for
African-American men (table 4). Age-specific rates
were lowest for workers aged 35-44 years, were mod-
estly higher for younger workers, and increased mark-
edly above age 55 (table 4).

TABLE 3. Ten leading industries ranked according to rate of fatal workplace injuries, by type of Injury, North Carolina,

1977-1991*
Unintentional H ' Industrial Environmental
Ranking trauma ° polsoning conditions
Industry RRt Industry RR Industry RR industry RR
Logging 21.6 Tax services 82.4 Gasolline stations 25.8 Flishing 48.3
2 Flshing 19.2 Grocery stores 14.2 Water and sanitary 1.8 Agriculture 16.1
utilities
3  Trucking 5.7 Security services 78 Primary metat 10.1 Mining 12.6
manutacturing
Sawmilling 4.9 Gasoline stations 7.5 Chemical manufacturing 9.0 Agricultural services 10.0
5  Agriculture 44 Public safety and justice 6.2 Trucking 8.6 Logging 7.2
Tax services 3.8 Lodging services 33 Auto sales and service 72 Water and sanitary 7.2
utllitles
7  Agricultural services 3.8 Eating and drinking places 2.9 Fabricated metal products 4.6 Construction 42
manutacturing
8  Construction 3.5 Fishing 2.9 Business and repalr 4.1 Alr, rall, and water transport 3.4
services
9  Mining 3.3 Warshouslng 2.8 Miscellaneous 4.0 Electric and gas utilities 23
manufacturing
10  Water and sanitary 3.2 Water and sanitary 1.7 Agriculture 3.5 Chemical manufacturing 1.8
utilitles utilites

* Complete data for all industry categories are available from the authors.

1t RR, mortality rate ratio for the specified industry relative to afl industries combined.
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TABLE 4. Numbers of deaths and fatality rates for deaths
from unintentional workplace trauma, by demographic
characteristics and employment status, North Carolina,
1977-1991

No. of Fatality
deaths rate*
All workers 2,099 4.75
Employees of private firms 1,213 3.87
Civilian government employees 120 1.46
Self-employed workers 238 6.29
Otherfunknown 528 —t
All men 2,032 8.30
Caucasian men 1,565 7.90
African-American men 438 10.42
Other men 29 5.98
All women 67 0.33
Caucasian women 48 0.30
African-American women 18 0.45
Other women 1 0.29
Age (years)
10-15 11 —t
16-17 18 —t
18-24 367 4.67
25-34 544 4.31
3544 414 4.16
45-54 326 4.50
55-64 281 6.12
65-74 100 9.02
275 37 19.02

* Mortality rate per 100,000 worker-years.
1 Denominator data unavailable.

Self-employed workers had a higher overall fatality
rate than employees of either private firms or govern-
ment (table 4). The crude fatality rate for the self-
employed was 6.29 per 100,000 worker-years, in con-
trast to 3.87 among private sector employees and 1.46
among civilian government employees.

The principal means of unintentional trauma were
notably different among male and female workers.
Among women, the three leading means—explosion
and fire, motor vehicle crashes, and falls from
heights—contributed 70 percent of deaths (table 5). A
broader range of means categories was observed
among male victims: The five leading categories were
motor vehicles, falling objects, machinery, falls from
heights, and electrocutions. The principal means of
death were essentially the same in all race and age
groups (data not shown).

Sex-specific rates of death from unintentional trauma
at work were examined by industry to identify envi-
ronments that might merit further study or intervention.
Among men, crude fatality rates in the logging and
fishing industries (113.1 and 97.1 per 100,000 worker-
years, respectively) were markedly higher than in any
other industry category (table 6). High crude rates of
approximately 20-30 per 100,000 were observed in ag-

Am J Epidemiol Vol. 145, No. 12, 1997

TABLE 5. Means of death for deaths due to unintentional
workplace trauma, by sex, North Carolina, 1977-1991*

Means of No. of

death deaths *
Men
Motor vehicle 547 269
Falling object 232 1.4
Machinery (excluding farm tractors) 230 1.3
Fall 228 1.2
Electrocution 212 10.4
Farm tractor 158 7.8
Alr transport 122 6.0
Fire or explosion 103 5.1
Other 200 9.8
Women
Fire or explosion 22 32.8
Motor vehicle 19 28.4
Fall 7 10.5
Air transport 4 6.0
Falling object 4 6.0
Machinery (excluding farm tractors) 3 45
Farm tractor 2 3.0
Ralil transport 2 3.0
Other 4 6.0

* Means accounting for 90% of all fatal injuries in each group
listed.

ricultural industries, transportation-related industries, and
sawmilling, while several other industries—including
construction, mining, food processing, the manufacture
of concrete, stone, glass, and clay products, primary
metal manufacturing, premanufactured wooden build-
ings, and electric, gas, and water/sewer utilities—had
death rates below 20 per 100,000 but still above the
overall rate for men (table 6). Adjustment for age sub-
stantially changed the rates in only a few industries.
Among women, the industry categories with the highest
crude fatality rates were food processing, transportation
industries, military services, agriculture, and printing and
publishing; all other rates were 1 per 100,000 worker-
years or less (table 6). Adjustment for age again altered
some rates but did not affect the overall pattern.

PARs were examined to evaluate the burden of
injury associated with particular industries (table 6).
For men, the PARs associated with construction (13.6
percent), trucking (7.9 percent), agriculture (7 per-
cent), and logging (7 percent) were the largest among
all industries, reflecting a combination of moderate-
to-high death rates and large employment. Profes-
sional service industries were notable for a PAR of
—10.0 percent. For women, the food processing in-
dustry made an overwhelming contribution to occupa-
tional fatalities, with a PAR of 29 percent (table 6). In
contrast, professional services, with a low fatality rate
and large female employment, were associated with a
PAR of —33.6 percent, indicating that this industrial
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TABLE 6. Numbers and rates of death due to unintentional workplace trauma, by sex and Iindustry, North Carolina, 1977-1991

Men Women
Crude  Adjusted Crude  Adjusted Total
industry No.of - morality mohr{?my PAR%: MO momalty monaity PARws  PAR%S
rate* rate*, rate* rate*,

Agricutture ) 202 253 20.1 7.0 5 26 2.6 6.9 7.9
Agricuttural services 38 23.8 248 1.2 0 0.0 0.0 -0.3 1.4
Fishing 40 9741 98.2 1.8 0 0.0 0.0 0.0 1.8
Mining 13 175 20.8 0.3 0 0.0 0.0 -0.1 0.4
Construction 456 17.9 18.2 13.6 1 0.4 0.5 0.4 16.8
Food processing 37 102 10.2 0.4 19 9.7 9.8 29.0 1.4
Tobacco manufacturing 9 3.8 4.3 -0.5 1 11 0.8 1.1 -0.3
Textlle manufacturing 53 3.0 3.0 —4.9 3 0.2 0.2 -5.7 -8.2
Paper manufacturing 10 3.9 43 —0.6 0 0.0 1.8 -5.0 -0.3
Printing 5 21 2.1 -0.8 4 21 0.0 5.3 -0.6
Chemical manufacturing 21 5.7 6.1 -0.5 0 0.0 0.0 -1.1 -0.3
Rubber and plastic manufacturing 9 34 3.5 -0.7 ] 0.0 0.0 -0.9 -0.6
Logging 150 11341 110.0 7.0 0 0.0 0.0 -0.1 6.9
Sawmilling 59 28.0 271 2.1 0 0.0 0.0 -0.2 23
Premanufactured housing 6 17.8 18.5 0.2 o] 0.0 0.0 0.0 0.2
Fumiture manufacturing 23 2.6 2.6 -2.6 1 0.2 0.2 -1.2 —2.2
Concrete and related manufacturing 27 13.7 13.8 0.5 0 0.0 0.0 -0.4 0.7
Primary metal manufacturing 12 9.1 10.0 0.1 0 0.0 0.0 -0.2 0.2
Fabricated metal products manufacturing 20 7.0 7.4 -0.2 0 0.0 0.0 -0.5 0.1
Machinery manufacturing 23 3.0 3.0 -2.1 2 0.8 0.6 1.8 -1.2
Computer and electronic manufacturing 7 1.0 11 -2.5 0 0.0 0.0 -2.8 -2.5
Miscellaneous manufacturing 6 25 24 -0.7 0 0.0 0.0 -1.0 -0.7
Alr, rail, and water transport 43 19.2 19.6 1.2 3 3.5 2.4 4.3 1.5
Taxd service 5 221 25.9 0.2 0 0.0 0.0 0.0 0.2
Trucking 213 30.0 29.0 7.9 5 49 46 7.3 8.8
Warehousing 4 4.6 43 0.2 0 0.0 0.0 -0.3 0.1
Communications utilittes 19 6.4 7.3 -0.3 0 0.0 0.0 -1.3 -0.3
Electric and gas utilitles 34 9.6 9.3 0.2 0 0.0 0.0 -0.5 0.6
Water and sewer utllities 22 16.8 17.0 0.6 0 0.0 0.0 -0.1 0.7
Wholesale trade 56 44 44 -2.6 2 0.4 04 0.7 -13
General retail trade 29 22 21 4.3 4 0.3 0.3 -1.6 -5.2
Grocery stores 5 1.0 1.1 -1.8 0 0.0 0.0 -2.2 -1.9
Auto sales and services 30 47 4.6 -1.2 1 1.1 1.2 1.1 -0.2
Gasoline stations 9 5.5 5.5 0.2 0 0.0 0.0 -0.2 0.0
Eating and drinking places 7 1.4 1.8 -1.7 1 0.1 1.2 -3.0 -2.8
Drug stores 1 1.5 1.4 -0.2 0 0.0 0.0 -0.6 -04
Financs, insurance, and real estate 17 21 2.0 -2.8 1 0.1 0.1 5.0 -3.9
Busliness services 28 54 5.5 -0.8 1 0.3 0.3 -0.2 -0.6
Detective and security services 3 5.0 44 -0.1 0 0.0 0.0 -0.1 0.0
Personal services 3 15 1.7 0.7 0 0.0 0.0 -3.7 -2.0
Lodging services 7 6.2 5.1 -0.1 0 0.0 0.0 -1.2 04
Entertainment services 12 6.0 5.5 -0.2 1 0.8 0.8 0.9 -0.1
Professional services 16 0.7 0.6 -10.0 4 0.1 0.1 -33.6 -21.8
Public administration 16 2.0 1.8 -25 0 0.0 0.0 =31 -2.4
Public safety 14 3.5 3.8 -1.0 1 0.8 0.6 0.9 -0.5
Military 131 8.7 9.7 0.3 3 29 1.0 42 2.9
Volunteer or student 7 N/AY N/A N/A 0 N/A N/A N/A N/A
Unknown 48 N/A N/A N/A 1 N/A N/A N/A N/A
Total 2,005 8.3 8.3 100.0 64 0.3 0.3 100.0 100.0

* Per 100,000 worker-years.

1 Directly adjusted for age with the total 1977—1991 North Carolina workforce used as the standard.

1 Sex-specific poputation attributable risk percentage (PAR%) (calculated only for nonzero sex- and industry-specific rates).
§ Population attributable risk percentage for all workers combined.

11 N/A, not avallable.
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