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Abstract

Background—This paper describes trends of occupational machine-related fatalities from 1992-
2010. We examine temporal patterns by worker demographics, machine types (e.g., stationary,
mobile), and industries.

Methods—We analyzed fatalities from Census of Fatal Occupational Injuries data provided by
the Bureau of Labor Statistics to the National Institute for Occupational Safety and Health. We
used injury source to identify machine-related incidents and Poisson regression to assess trends
over the 19-year period.

Results—There was an average annual decrease of 2.8% in overall machine-related fatality rates
from 1992 through 2010. Mobile machine-related fatality rates decreased an average of 2.6%
annually and stationary machine-related rates decreased an average of 3.5% annually. Groups that
continued to be at high risk included older workers; self-employed; and workers in agriculture/
forestry/fishing, construction, and mining.

Conclusion—Addressing dangers posed by tractors, excavators, and other mobile machines
needs to continue. High-risk worker groups should receive targeted information on machine
safety.
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INTRODUCTION

Machines are a critical part of our lives. They take various forms and allow people to work
with less effort and improve production efficiency. However, without proper safeguarding
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and controls, physical contact with machines, and powered equipment can result in severe
workplace injuries and deaths.

Since its establishment in 1971, the National Institute for Occupational Safety and Health
(NIOSH) has played a lead role in conducting machine safety research and in identifying the
most hazardous machines affecting the U.S. workforce [Etherton and Myers, 1990].
Etherton and Myers [1990] found that incidents involving tractors and forklifts accounted
for the largest number of occupational machine-related fatalities based on data from 1980-
1985 from the National Traumatic Occupational Fatalities (NTOF) database. More rigorous
analyses of NTOF suggested that machines were the second leading cause of occupational
fatalities in the U.S., accounting for 14% of all work-related deaths from 1980 through 1989
[Pratt et al., 1996], and the second or third cause of occupational fatalities in the U.S. from
1980 through 1998 [NIOSH, 2004].

Workplace and worker safety has improved with advancements in regulations, consensus
standards, and best work practices [CDC, 1999]. The question is whether we have made
improvements in the safety of persons working in or around machines a little over forty
years since the passage of the Occupational Safety and Health (OSH) Act of 1970 (Public
Law 91-596) and the creation of agencies like the Occupational Safety and Health
Administration (OSHA), Mine Safety and Health Administration, and NIOSH. While
overall fatality numbers and rates have generally decreased in recent decades [BLS, 2014],
many workplaces are using machines that potentially introduce new risks [Etherton, 2007],
and statistics suggest that machines (including forklifts and tractors) still account for 13% of
all work-related deaths [BLS, 2014]. To determine if the incidence and circumstances have
changed, we examined occupational machine-related fatalities for 1992—-2010 and describe
these deaths by temporal pattern for worker demographics, machine type (i.e., stationary
versus mobile), and industry sector.

METHODS

Fatality Data

We analyzed occupational fatality data for the years 1992 through 2010 using restricted-
access research files from the Bureau of Labor Statistics (BLS) Census of Fatal
Occupational Injuries (CFOI).1 BLS collects these data through a state and federal
cooperative arrangement from all 50 states and the District of Columbia [BLS, 2012a]. To
identify deaths for CFOI, states obtain information from multiple federal, state, and local
source documents including death certificates, police reports, and Workers’ Compensation
reports [BLS, 2012a]. For a fatal work-related injury to be included in CFOI, the decedent
must have been employed at the time of the event and engaged in a legal work activity or
present at or traveling between work sites as a job requirement. Data are collected for all
public and private sector workers regardless of worker age or establishment size [BLS,
2012a]. These data include volunteers performing the same duties as paid employees (e.g.,

IThe analysis of CFOI was conducted with restricted-access BLS datasets that are provided to the NIOSH Division of Safety
Research under a memorandum of understanding. The views expressed here do not necessarily reflect the views of the BLS.
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volunteer fire fighters). Fatalities occurring during a normal commute to or from work and
deaths related to occupational illnesses (e.g., lung disease) are excluded.

Industry Classification

Since its inception, the BLS has used multiple coding systems to code industry information
in CFOI. The Standard Industrial Classification (SIC) Manual [OMB, 1987] was used for
data years 1992 through 2002, and the North American Industrial Classification System
(NAICS) [OMB, 2002] was used for data years 2003 through 2010. The switch from SIC to
NAICS resulted in profound differences due to several industry sectors being redefined and
establishments being shifted from sector to sector. For example, logging was reclassified
from manufacturing to agriculture/forestry/fishing, certain computer stores were reclassified
from wholesale to retail based on how the stores conduct business, and local trucking
establishments were split and classified as both transportation/warehousing and
administrative and support and waste. Because of these and other significant shifts and since
BLS classified the switch from SIC to NAICS as a break in series [BLS, 2012a], all analyses
by industry for this study were limited to 2003 through 2010 data.

Case Identification and Groupings

The source of injury in CFOI identifies the object, substance, or person that generated the
injury, or that contributed to the incident [BLS, 2012a]. BLS coded source information
based on the BLS-developed Occupational Injury and Iliness Classification System (OIICS)
version 1.01 [BLS, 2007]. We used the OIICS source codes to identify cases for this study
where the primary source of injury was a machine. Machines were categorized into two
separate groups, mobile or stationary, based on the OIICS source of injury (Table I).
Although the OIICS category for machines (OIICS source code = “3”) does not include
forklifts and tractors (OIICS source code = “85”), they were included as machines in this
analysis.

Rate Calculations

Fatality rates were computed using employment estimates derived from the BLS Current
Population Survey (CPS), a monthly household survey that includes data on sex, age,
employment, industry, and other work-related characteristics [BLS, 2012b]. The CPS
provides information on the U.S. civilian, non-institutionalized population aged 15 years old
or older and includes wage and salary workers, self-employed, part-time workers, and
unpaid workers in family-owned businesses (e.g., farms). The CPS collects the number of
hours worked from all respondents including those holding multiple jobs. Thus, total hours
worked reflects hours worked for all jobs held during the survey week. Average annual rates
were calculated as the total number of fatalities divided by total hours worked for all jobs for
each of the characteristics of interest (i.e., sex, age, worker type, and industry) and are
reported as the number of fatal work injuries per 100,000 full-time equivalent (FTE). We
report fatality numbers for all ages, as CFOI includes occupational fatality data for all age
groups, but rates are restricted to workers aged 15 years and older due to availability in CPS.
A review of detailed fatality rates for workers aged 15-24, 25-34, 35-44, and 45-54
indicated that rates for all four age groups were similar. Thus, workers aged 15-54 were
combined and annual rates were calculated for this single group for the purposes of this
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analysis. Finally, because totals for hours worked were not available for self-employed
workers for 1992 through 1993 from the CPS, rates for self-employed are presented for
1994-2010. The number of hours worked for self-employed were only available for primary
job worked.

Trend Analysis

RESULTS

Poisson regression was used to assess trends in machine-related fatality rates. Poisson
regression models were conducted using the SAS GENMOD procedure available from the
SAS Institute (version 9.3) [SAS, 2011]. Average annual changes (in terms of a percentage
decrease/increase from the preceding year) in rates of workplace fatalities with 95%
confidence intervals were produced by exponentiating the parameters from the regressions.
The scale parameter in SAS GENMOD was set to “p” to account for under/overdispersion in
the models [SAS, 2011].

Trend Overview

There were 14,625 occupational fatalities involving machinery from 1992 to 2010, resulting
in an annual average of 770 deaths. The total number of machine-related deaths declined
32% during the 19-year period. The number of deaths from mobile machinery declined 22%
compared to a 56% decline in the number of deaths from stationary machinery (Fig. 1a).

The overall machine-related annual average fatality rate for the 19-year period was 0.6 per
100,000 FTE. There was an average annual decrease of 2.8% (95% confidence interval (Cl):
2.4%, 3.2%) in the overall machine-related fatality rates per 100,000 FTE from 1992
through 2010 (Figure 1b). Similar to the overall machine-related fatality rates, there was an
average annual decrease of 2.6% (95%Cl: 2.1%, 3.0%) in fatality rates per 100,000 FTE
from 1992 through 2010 for mobile machines and an average annual decrease of 3.5%
(95%CI: 2.8%, 4.3%) for stationary machines (Fig. 1b).

By age group, workers 75 years and older had the highest overall annual average fatality rate
(10.5/100,000 FTE) followed by those 65-74 (3.1), 55-64 (0.8), and <55 (0.4) for the 19-
year period. Fatality rates decreased significantly for all four age groups over the 19-year
period (Fig. 2). The largest average annual decreases were seen among workers 75 years and
older (5.7%; 95%Cl: 4.9%, 6.5%) and among workers 65 to 74 years old (5.5%; 95%Cl:
4.5%, 6.5%).

Self-employed workers comprised 33% (4,831) of the total number of machine-related
incidents. From 1994 to 2010, the self-employed had an overall annual average fatality rate
of 1.7/100,000 FTE compared to the average annual fatality rate of 0.4/100,000 for workers
who were not self-employed. There was an average annual decrease of 6.9% (95%Cl: 6.1%,
7.7%) for self-employed workers (Fig. 3). The rate for workers who were not self-employed
had an average annual decrease of 1.9% (95%Cl: 1.1%, 2.7%).

An examination of the data for type of machine found that tractors (4,279 or 29%), forklifts
(1,487 or 10%), excavating machines (1,078 or 7%), loaders (953 or 7%), and cranes (720 or
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5%) were involved in the largest numbers of deaths. Machines with the highest average
annual fatality rates per 100,000 FTE were the same; tractors had the highest rate
(0.17/100,000 FTE), followed by forklifts (0.06), excavating machines (0.04), loaders
(0.04), and cranes (0.03). The fatality rates per 100,000 FTE for these machines all generally
decreased from 1992 through 2010 (Fig. 4). Rates for tractors, however, increased slightly
between 2007 and 2010. Tractors (average annual decrease of 3.5%; 95% ClI: 0.6%, 6.2%),
loaders (average annual decrease of 1.8%; 95%ClI: 1.0%, 2.6%), and cranes (average annual
decrease of 3.7%; 95%CI: 1.6%, 5.8%) all had significant decreasing trends in fatality rates
per 100,000 FTE. The decreases in fatality rates for forklifts (1.2% average annual decrease;
95%Cl: -0.2%, 2.5%) and excavating machines (1.2% average annual decrease; 95%CI:
-0.3%, 2.7%) were not significant.

Trends by Industry Sector

For the years 2003 to 2010, the industry sectors with the largest number of deaths were
agriculture/forestry/fishing (2,063 deaths or 37% of all 5,579 machine-related deaths during
this 8-year period), construction (1,204 or 22%), manufacturing (776 or 14%), and services
(725 or 13%) (Table I1). Industry sectors with the highest machine-related average annual
occupational fatality rates per 100,000 FTE were agriculture/forestry/fishing (10.8), mining
(3.5), and construction (1.4) (Table II). Although each of these three sectors had average
annual machine-related fatality rates that were much higher than the overall 8-year period
annual average rate of 0.5 per 100,000 FTE, the fatality rates generally declined in all
industry sectors from 2003 through 2010 (Fig. 5). The average annual percentage decrease
in trends by industry sector was only significant for construction (5.5%; 95%CI: 3.7%,
7.2%), manufacturing (6.6%; 95%CI: 1.6%, 11.3%), and mining (12.3%; 95%CI: 4.3%,
19.5%).

Fatality rates per 100,000 FTE were explored in greater detail for the three industries with
the largest percentage of fatalities from 2003 through 2010: agriculture/forestry/fishing,
construction, and manufacturing.

In the agriculture/forestry/fishing industry, almost 94% of machine-related fatalities
involved mobile machines (Table I1). The tractor-related fatality rate in this industry
declined from 2003 through 2007, then increased through 2010 (Fig. 6). Tractor-related
fatality rates for workers 75 years and older in agriculture/forestry/fishing (data not shown)
were 4-8 times higher than the overall machine-related fatality rates in this industry, ranging
from a high of 94.7 per 100,000 FTE in 2003 to 54.7 in 2010. The agriculture/forestry/
fishing industry trends shown in Figure 6 were not significant.

Of the total machine-related fatalities in the construction industry, 78% involved mobile
machines. The average annual percentage decrease in trends was significant for both mobile
machine-related fatalities per 100,000 FTE (5.7%; 95%CI: 4.4%, 7.0%) and the overall
machine-related fatalities per 100,000 FTE for the industry (5.5%; 95%Cl: 3.7%, 7.2%)
(Fig. 7). The annual rates per 100,000 FTE for stationary machines were much lower and the
average annual percentage decrease was not significant (4.6%; 95%Cl: —4.1%, 12.6%). A
review of the trends in fatality rates per 100,000 FTE by detailed type of machine found that
the rates fluctuated greatly from 2003 through 2010. The average annual percentage
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decrease in rates for excavating machines was significant (6.6%; 95%Cl: 0.9%, 11.9%);
however, the average annual percentage decrease in rates for road grading and surfacing
machines (7.9%; 95%Cl: —3.5%, 18.0%), cranes (3.4%; 95%CI: —10.7%, 15.7%), and

loaders (6.9%; 95%Cl: —-2.9%, 15.8%) in the construction industry were not significant.

In the manufacturing industry, about 64% of the machine-related fatalities involved
stationary machines in contrast to the agriculture and construction industries where mobile
machinery was predominant (Table I1). The overall average annual percentage decrease in
rates for machine-related fatalities in manufacturing per 100,000 FTE was significant (6.6%;
95%Cl: 1.6%, 11.3%) as were the average annual percentage decreases in rates for
stationary machines (5.8%; 95%Cl: 1.9%, 9.5%) and forklifts (8.2%; 95%CI: 0.8%, 15.1%)
(Fig. 8). The average annual percentage decrease in rates for mobile machines, however,
was not significant (8.0%; 95%CI: —0.07%, 15.4%).

DISCUSSION

In this study, we found that the number of machine-related deaths and the overall machine-
related fatality rates per 100,000 FTE declined from 1992 to 2010. Rates for both mobile
and stationary machines also declined during this period. Workers aged 65 years and older
were at substantially elevated risk for machine-related deaths for the entire period.
Moreover, while the rate of tractor-related deaths declined, tractors consistently had the
highest fatality rate for the entire 19-year period.

Based on our study, agriculture/forestry/fishing sector workers were involved in the largest
number of incidents and had the highest fatality rate per 100,000 FTE compared to other
industry sectors. The fatality rate per 100,000 FTE of tractor-related deaths in the
agriculture/forestry/fishing sector was consistently high from 2003 through 2010. In
addition, workers 75 years and older in the agriculture/forestry/fishing sector had
particularly high fatality rates per 100,000 FTE. Fatality rates from 2003 through 2010 were
generally 4-8 times higher than the overall rates in agriculture/forestry/fishing. Previous
research has consistently shown a pronounced increase in the risk of fatal injury with age in
the agriculture/forestry/fishing industry [Hanford et al., 1982; Hoskin et al., 1988; Myers,
1989, 1990; Kisner and Pratt, 1997; Fiedler et al., 1998; Hard et al., 1999, 2002; Mitchell et
al., 2002; Meyer, 2005]. Previous studies have also suggested that older farmers are more
likely to operate older tractors [Gelberg et al., 1999; Voaklander et al., 1999; Sanderson et
al., 2006] and are not as likely to use protective devices [Wadud et al., 1998; Pickett et al.,
1999; Hwang et al., 2000]. Tractor longevity suggests that older farmers will continue
operating older tractors not equipped with rollover protective structures (ROPS) rather than
purchasing new equipment [Myers et al., 2009]. Until this older equipment is removed from
the workplace or retrofitted with ROPS, the high rates in the agriculture/forestry/fishing
industry will likely remain unchanged.

In this study, we also found that self-employed workers had higher rates of machine-related
incidents than all other workers. Coupled with the high fatality rates found in the agriculture/
forestry/fishing sector, these results reaffirm findings of previous researchers that reported
an increased risk to self-employed workers in agriculture/forestry/fishing [Mirabelli et al.,
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2003; Bunn et al., 2006]. Self-employed workers are disproportionately employed in the
high-risk industries of agriculture and construction [Personick and Windau, 1995]. While
there are many advantages of self-employment, self-employed workers may have less stable
income [Mirabelli et al., 2003] and may be exposed to work hazards for longer hours
[Personick and Windau, 1995]. Self-employed workers may also have less stringent safety
and health practices [Mirabelli et al., 2003] and are not covered by OSHA regulations and
standards (Public Law 91-596). When considering the toll of machines on work-related fatal
injuries and focusing prevention efforts, the disproportionate share of fatal injuries among
the self-employed deserves continued attention.

The decrease in the overall rate of machine-related deaths was 41%. While mobile
machinery accounted for a larger number of deaths during the time period, the decrease in
fatality rates (34%) for mobile machinery was lower than the decrease in stationary
machine-related rates (64%). This substantial decrease in the rates for stationary machine-
related deaths may be due to a shifting workforce from the manufacturing of goods to the
provision of services [Loomis et al., 2004; Lee and Mather, 2008; Morse et al., 2009], but
may also be due to engineering modifications that make stationary machines safer (e.g., new
machine designs and new protective technology) [Herbert and Landrigan, 2000; Stout and
Linn, 2002]. The less substantial decrease in the rates for mobile machine-related fatalities
may be due to the work environment. Industries such as agriculture/forestry/fishing,
construction, and mining utilize a higher proportion of mobile machines compared to
stationary machines. The safety performance of mobile machines in these work settings is
more difficult to control than in assembly-line environments that may be more typical of
stationary machines [Baker et al., 1992; Ringen et al., 1995]. As argued by Baker et al.
[1992], “despite improvements in machinery...further design changes are needed to provide
automatic protection.”

Preventing Machine-Related Fatal Injuries

Each type of machine can present its own dangers. Injury prevention strategies are often
applied at work settings. Accordingly, implementing prevention measures requires an
understanding of the distribution of machine-related fatalities by work setting. Knowing the
distribution of machine-related deaths across industry coupled with understanding the
relative contribution of specific events leading to those deaths provides a foundation for
effectively focusing and prioritizing injury prevention efforts. These results confirm the role
of tractors, forklifts, earthmoving machines (e.g., excavators, graders, and loaders), and
cranes in occupational fatalities. Prevention strategies for each of these machine types are
discussed below.

Tractors have a high center of gravity and are often operated on sloping, uneven terrain,
making them prone to overturns [FSA, 2000; Springfeldt, 1996]. Though ROPS, combined
with seat belt use, are attributed with effectively reducing tractor-related fatal injury rates in
Nordic countries [Thelin, 1990; Springfeldt, 1996; Springfeldt et al., 1998; Thelin, 1998],
multiple studies have suggested why the same has yet to occur in this country. Authors from
those studies have pointed to a lack of consistent ROPS use due to regulatory exclusions
[Karlson and Noren, 1979; Reynolds and Groves, 2000; Wilkins et al., 2003] combined with
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tractor longevity [Kelsey et al., 1996b; Springfeldt, 1996; Reynolds and Groves, 2000;
Wilkins et al., 2003], ROPS retrofitting challenges [Kelsey and Jenkins, 1991; Springfeldt,
1996; Kelsey et al., 1996a; Kelsey et al., 1996b; Reynolds and Groves, 2000; Wilkins et al.,
2003; Jenkins et al., 2012], and ROPS removal by farmers [Kelsey et al., 1994].

Further, the Nordic success in preventing tractor roll over fatalities is attributed to the impact
of an engineering design with effective legislation affecting tractor manufacturers and retail
dealers, rather than relying on educational approaches to “inform tractor owners of the value
of ROPS” [Springfeldt et al., 1998]. The situation in the United States is somewhat different.
In 1985, the American Society of Agricultural Engineers adopted a voluntary standard that
encouraged installation of ROPS and seat belts on all new tractors. Even though all major
manufacturers agreed to adopt this standard a year later [Loringer and Myers, 2008] and
ROPS prevalence has increased since the early 1990s, there are many farms still using
tractors without ROPS [Loringer and Myers, 2008]. Though there is evidence that ROPS
prevalence is approaching the level required to begin significantly reducing fatal injury rates
[Myers and Hendricks, 2010], the United States is still at least a decade from seeing fatality
rate reductions of the magnitude seen in Northern Europe [Loringer and Myers, 2008].

Forklifts are highly maneuverable, narrow machines that can overturn when operated at high
speeds, driven around tight turns, and over uneven surfaces, or when elevated loads become
unbalanced [Janicak and Deal, 1999; Collins et al., 1999a; Lifschultz and Donoghue, 1994;
Horberry et al., 2004]. Forklifts pose additional hazards for pedestrian workers [Born et al.,
1996; Stout-Wiegand, 1987], particularly in manufacturing, freight handling, and
warehousing settings with narrow aisles where pedestrian workers and forklifts share travel
space [Collins et al., 1999a; Horberry et al., 2004; Larsson and Rechnitzer, 1994].
Historically, forklift injury prevention interventions have focused on occupant protection
and operator training [Cohen and Jensen, 1984; Janicak and Deal, 1999; Horberry et al.,
2004], and less attention has been paid to proper facility design [Booth, 1979; Larsson and
Rechnitzer, 1994; Collins et al., 1999a, 1999b]. The application of traffic engineering
principles (e.g., attaining separation of pedestrian workers from forklift movements in space
and/or time) and technology (e.g., installation of load-sensing speed limiters) demonstrated
at manufacturing sites in Australia [Horberry et al., 2004] offers promise for improving
forklift safety. Horberry [2011] provides a framework for designing traffic management
systems that eliminate, or at least minimize, forklift/pedestrian worker conflicts.

Earthmoving machinery is often operated on sloped terrain, is transported on flatbed trucks,
and trailers, and often has limited operator visibility that places pedestrian workers at risk of
being run over [Baker et al., 1992; McCann, 2006; Hinze and Teizer, 2011]. Fatal injury
ratios derived from Mine Safety and Health Administration data suggest that pedestrian
workers around earthmoving machinery are at greater risk of fatal injury than the operators
themselves [Stanevich, 1986]. The risk to workers on foot posed by earthmoving machinery
has been previously noted for the highway and street construction industry [Pratt et al.,
2001], the mining industry [Stanevich, 1986], and the excavation industry [McCann, 2006].
Prevention strategies are similar to those already discussed: using ROPS/seat belt
combinations [McCann, 2006], coordinating the flow of construction equipment on site
[Pratt et al., 2001; Hinze and Teizer, 2011], establishing restricted access zones [McCann,
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2006], using spotters [McCann, 2006; Hinze and Teizer, 2011], and developing proximity
warning systems [McCann, 2006 ].

Cranes and their loads can contact energized overhead power lines and create hazards to
workers below suspended loads [Janicak, 1997; Shepherd et al., 2000]. From a study of
OSHA investigation reports, Beavers et al. [2006] note that “most workers who die from
crane-related events are not crane operators; rather they are specialty trade workers ... who
may not automatically be included in training programs related to crane safety.” Their
contention is supported by others [Hakkinen, 1993; Paques, 1993; Suruda, 1988; Shepherd
et al., 2000; Neitzel et al., 2001; Chi et al., 2009]. As with forklifts, prevention efforts have
historically focused on operator training and safe work practices (e.g., maintaining safe
clearances from electrical lines) [Shepherd et al., 2000]. Deaths can be prevented by either
avoiding the power line contact, or preventing electrical energy transfer to the crane boom,
load line, or load in the event of inadvertent power line contact. Prevention methods include
de-energizing or removing power lines, insulating power lines and boom tips, installing
insulating links on crane lines, and using proximity warning detection [Suruda, 1988;
Shepherd et al., 2000; Neitzel et al., 2001; Homce et al., 2001; Chi et al., 2009]. To support
prevention measures mentioned above, some authors suggest the following administrative
controls: developing site safety and crane safety plans, assigning a competent person to
manage crane lifting operations, and the certifying crane operators and riggers [Beavers et
al., 2006].

Strengths and Limitations

Our study findings are based on a census of all fatal work-related deaths in the U.S.
identified from multiple source records. Dating back to 1992, these data have been collected
using a standard methodology for sufficient time to enable assessment of trends. However,
for a variety of reasons, such trend analyses need to be viewed in the context of certain
limitations. While the basic methodology and structure of the CFOI data have remained
constant, several primary coding systems used to classify the data have changed
substantially over the past two decades. For some code systems, we adjusted the case
definition for our study to reduce the impact of differences (e.g., including selected vehicles,
such as tractors, with machines). For other code schemes (e.g., industry), we constrained
analyses to those years containing data that were coded based on a single coding system.
While information on detailed subindustries and OIICS event and exposure is available from
the CFOI data, analyses by these details were constrained by the number of fatalities relative
to the number of categories for a given variable. The decision to focus on trends over time
further constrained depth of analyses. Targeting prevention measures would benefit from
identifying those industry, machine, and event combinations with the highest annual fatality
rates. However, in most instances the number of annual cases in the industry, machine, and
event combinations do not support such detailed analyses.

Other limitations are related to the fatality rates that are presented in this study. First,
calculating annual fatality rates requires the use of different data systems which create
inconsistencies, compromises, and assumptions. For example, CFOI includes fatalities to
volunteers; however, volunteers are not included in the CPS denominator. Second, an ideal
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exposure measure for calculating rates does not exist, so population-based employment data
are used as a surrogate for exposure. While we may know the number of workers in a given
category (e.g., age group or industry sector), we do not have information on the number of
hours those workers are actually exposed to a given machine, or even the total number of
workers in that category who are exposed to machinery. The assumption is that a greater
number of deaths per full-time equivalent represents a greater risk, though we must
acknowledge that it might really mean a lower risk, but greater exposure to machinery. A
final but related issue is the fact that the rates presented in this study were not adjusted for
age. We recognize the importance of making age adjustments to correct for crude
differences for an outcome resulting from different age distributions, particularly when the
outcome is related to an increased probability of occurrence such as an increased risk of
cancer among older age groups. However, making age adjustments for machinery incidents
requires some type of exposure or prevalence estimates of machine operation by age. Given
that this type of exposure data is not available, the crude rates presented in this study are
likely the most beneficial measure of risk.

CONCLUSIONS

Results presented in this study confirm that the number of occupational fatalities due to
machines declined from 1992 through 2010. However, this study reaffirms that the same
worker groups (working with the same machines in the same types of events) are still at
highest risk of being fatally injured. The most hazardous machines by industry continue to
be tractors in the agriculture/forestry/fishing sector; excavation machines in the construction
industry; and forklifts in multiple industries. These findings present ongoing challenges to
safety professionals and others responsible for developing and implementing injury
prevention strategies. The disproportionate share of machine-related fatalities among the
self-employed suggests a need to improve the distribution of workplace safety and health
information and injury prevention methods to these workers. The slower rate of decline of
incidents involving mobile machinery validates the need to intensify efforts to minimize
dangers posed by tractors, excavators, forklifts, and other mobile machines. While stationary
machines have a long history of “engineering out” hazards, mobile machine safety may still
be too dependent on educating workers to “work safely” on and around equipment.

REFERENCES

Baker, SP.; O’Neill, B.; Ginsburg, MJ.; Li, G. The injury fact book. second. New York, NY: Oxford:
Press; 1992. Occupational injury; p. 114-131.

Beavers JE, Moore JR, Rinehart R, Schriver WR. Crane-related fatalities in the construction industry. J
Const Eng and Mgmt. 2006; 132(9):901-910.

Booth RT. Making factories safe for fork lift truck drivers. Occup Health. 1979 Apr.:193-197.

Born CT, Ross SE, Aron B, Delong WG Jr, lannacone WM. Patterns of disability caused by forklift
trucks. J Trauma. 1996; 40(4):636—639. [PubMed: 8614046]

Bunn T, Costich J, Slavova S. Identification and characterization of Kentucky self-employed
occupational injury fatalities using multiple sources, 1995-1012. Am J Ind Med. 2006; 49:1005—
1012. [PubMed: 17096362]

Bureau of Labor Statistics [BLS]. Occupational injury and illness classification manual. Washington,
DC: U.S. Department of Labor; 2007. Retrieved from http://www.bls.gov/iif/
oiics_manual_2007.pdf

AmJ Ind Med. Author manuscript; available in PMC 2016 January 13.


http://www.bls.gov/iif/oiics_manual_2007.pdf
http://www.bls.gov/iif/oiics_manual_2007.pdf

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Marsh and Fosbroke

Page 11

Bureau of Labor Statistics [BLS]. BLS handbook of methods, chapter 9. Occupational safety and
health statistics. Washington, DC: U.S. Department of Labor; 2012a. Retrieved from http://
www.bls.gov/opub/hom/pdf/homch9.pdf

Bureau of Labor Statistics [BLS]. BLS handbook of methods, chapter 1. Labor force data derived from
the Current Population Survey. Washington, DC: U.S. Department of Labor; 2012b. Retrieved from
www.bls.gov/opub/hom/pdf/homchl.pdf

Bureau of Labor Statistics [BLS]. Census of Fatal Occupational Injuries Charts, 1992-2013
(preliminary data), Number of fatal work injuries, 1992-2013. Washington, DC: U.S. Department
of Labor; 2014. Retrieved from http://www.bls.gov/iif/oshwc/cfoi/cfch0012.pdf

Centers for Disease Control and Prevention [CDC]. Achievements in public health, 1900-1999:
Improvements in workplace safety-United States, 1900-1999. MMWR Morb Mortal Wkly Rep.
1999; 48(22):461-469. [PubMed: 10428100]

Chi CF, Yang CC, Chen ZL. In-depth accident analysis of electrical fatalities in the construction
industry. Int J Ind Ergonomics. 2009; 39:635-644.

Cohen HH, Jensen RC. Measuring the effectiveness of an industrial lift truck safety training program. J
Safety Res. 1984; 15(3):125-135.

Collins JW, Landen DD, Kisner SM, Johnston JJ, Chin SF, Kennedy RD. Fatal occupational injuries
associated with forklifts, United States, 1980-1994. Am J Ind Med. 1999a; 36:504-512. [PubMed:
10506732]

Collins JW, Smith GS, Baker SP, Landsittel DP, Warner M. A case-control study of forklift and other
powered industrial vehicle incidents. Am J Ind Med. 1999b; 36:522-531. [PubMed: 10506734]

Etherton JR. Industrial machine systems risk assessment: A critical review of concepts and methods.
Risk Analysis. 2007; 27:71-82. [PubMed: 17362401]

Etherton JR, Myers ML. Machine safety research at NIOSH and the future directions. Int J Ind
Ergonomics. 1990; 6:163-174.

Farm Safety Association [FSA]. Prevent tractor overturns. Guelph, Ontario, Canada: 2000. Retrieved
from http://www.nasdonline.org/document/52/d001634/prevent-tractor-overturns.html

Fiedler D, Von Essen S, Morgan D, Grisso R, Mueller K, Eberle C. Causes of fatalities in older
farmers vs. perception of risk. J Agromedicine. 1998; 5(3):13-22.

Gelberg KH, Struttmann TW, London MA. A comparison of agricultural injuries between the young
and elderly: New York and Kentucky. J Agric Safeyt Health. 1999; 5(1):73-81.

Hékkinen K. Crane accidents and their prevention revisited. Safety Sci. 1993; 16:267-277.

Hanford, WD.; Burke, JW.; Fletcher, WJ.; Hoskin, AF.; Miller, TA. 1982 Farm accident survey report.
Chicago, IL: National Safety Council; 1982.

Hard DL, Myers JR, Snyder KA, Casini VVJ, Morton LL, Cianfrocco R, Fields J. Identifying work-
related fatalities in the agricultural production sector using two national occupational fatality
surveillance systems, 1990-1995. J Agric Safety Health. 1999; 5(2):155-1609.

Hard DL, Myers JR, Gerberich SG. Traumatic injuries in agriculture. J Agric Safety Health. 2002;
8(1):51-65.

Herbert R, Landrigan PJ. Work-related death: A continuing epidemic. Am J Pub Health. 2000;
90:541-545. [PubMed: 10754967]

Hinze JW, Teizer J. Visibility-related fatalities related to construction equipment. Safety Sci. 2011;
49:709-718.

Homce GT, Cawley JC, Yenchek MR, Sacks HK. An alarm to warn of overhead power line contact by
mobile equipment. Ind Appl Conf, Thirty Sixth IAS Annual Meeting. 2001; 2:1376-1383.

Horberry T. Safe design of mobile equipment traffic management systems. Int J of Ind Ergonomics.
2011; 41:551-560.

Horberry T, Larsson TJ, Johnston I, Lambert J. Forklift safety, traffic engineering and intelligent
transport systems: A case study. Appl Ergonomics. 2004; 35:575-581.

Hoskin, AF.; Miller, TA.; Hanford, WD.; Landes, SR. NIOSH Contract Report No. DSR 87-0942.
Morgantown, WV: ational Institute for Occupational Safety and Health; 1988. Occupational
injuries in agriculture: A 35 state summary.

AmJ Ind Med. Author manuscript; available in PMC 2016 January 13.


http://www.bls.gov/opub/hom/pdf/homch9.pdf
http://www.bls.gov/opub/hom/pdf/homch9.pdf
http://www.bls.gov/opub/hom/pdf/homch1.pdf
http://www.bls.gov/iif/oshwc/cfoi/cfch0012.pdf
http://www.nasdonline.org/document/52/d001634/prevent-tractor-overturns.html

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marsh and Fosbroke

Page 12

Hwang SA, Gomez MI, Stark AD, St John TL, Pantea CI, Hallman EM, May JJ, Scofield SM. Safety
awareness among New York farmers. Am J Ind Med. 2000; 38(1):522-531.

Janicak CA. Occupational fatalities caused by contact with overhead power lines in the construction
industry. J Occup Environ Med. 1997; 39(4):328-332. [PubMed: 9113603]

Janicak CA, Deal GA. Occupational fatalities involving forklifts. J Trauma: Inj Infect Crit Care. 1999;
47(6):1084-1087.

Jenkins PL, Sorensen JS, Yoder A, Myers M, Murphy D, Cook G, Wright F, Bayes B, Mays JJ.
Prominent barriers and motivators to installing ROPS: an analysis of survey responses from
Pennsylvania and Vermont. J Agric Saf Health. 2012; 18(2):103-112. [PubMed: 22655520]

Karlson T, Noren J. Farm tractor fatalities: The failure of voluntary safety standards. Am J Pub Health.
1979; 69(2):146-149. [PubMed: 760571]

Kelsey TW, Dennis JW, Jenkins PL. Dairy barns and roll-over protection on farm tractors: Work
environment impacts on the adoption of roll-over protective structures. Am J Ind Med. 1994;
25:589-592. [PubMed: 8010299]

Kelsey TW, Jenkins PL. Farm tractors and mandatory roll-over protection retrofits: Potential costs of
the policy in New York. Am J Pub Health. 1991; 81(7):921-923. [PubMed: 1905112]

Kelsey TW, Jenkins PL, May JJ. Factors influencing tractor owners’ potential demands for rollover
protective structures on farm tractors. J Agric Safety and Health. 1996a; 2(2):35-42.

Kelsey TW, May JJ, Jenkins PL. Farm tractors, and the use of seat belts and roll-over protective
structures. Am J Ind Med. 1996b; 30:447-451. [PubMed: 8892550]

Kisner SM, Pratt SG. Occupational fatalities among older workers in the United States: 1980-1991. J
Occup Environ Med. 1997; 39(8):715-721. [PubMed: 9273874]

Larsson TJ, Rechnitzer G. Forklift trucks—analysis of severe and fatal occupational injuries, critical
incidents and priorities for prevention. Safety Sci. 1994; 17:275-289.

Lee MA, Mather M. U.S. labor force trends. Population Bulletin. 2008; 63(2):16.

Lifschultz BD, Donoghue ER. Deaths due to forklift truck accidents. Forensic Sci Int. 1994; 65:121—
134. [PubMed: 8206457]

Loomis D, Richardson DB, Bena JF, Bailer AJ. Deindustrialization and long term decline in fatal
occupational injuries. Occup Environ Med. 2004; 61:616—621. [PubMed: 15208378]

Loringer KS, Myers JR. Tracking the prevalence of rollover protective structures on U.S. farm
tractors: 1993, 2001, and 2004. J Safety Res. 2008; 39:509-517. [PubMed: 19010124]

McCann M. Heavy equipment and truck-related deaths on excavation work sites. J Safety Res. 2006;
37:511-517. [PubMed: 17126367]

Meyer S. Fatal occupational injuries to older workers in farming, 1995- 2002. Monthly Lab Rev. 2005;
128(1):38-48.

Mirabelli MC, Loomis D, Richardson DB. Fatal occupational injuries among self-employed workers in
North Carolina. Am J Ind Med. 2003; 44:182-190. [PubMed: 12874851]

Mitchell RJ, Franklin RC, Driscoll TR, Fragar LJ. Farm-related fatal injury of young and older adults
in Australia, 1989-1992. Aust J Rural Health. 2002; 10:209-219. [PubMed: 12121411]

Morse TF, Deloreto A, St Louis T, Meyer JD. Are employment shifts into non-manufacturing
industries partially responsible for the decline in occupational injury rates? Am J Ind Med. 2009;
52:735-741. [PubMed: 19722217]

Myers, JR. National institute for farm safety 1989 summer meeting. Monterey, CA. Columbia, MO:
National Institute for Farm Safety; 1989 Jun. The national traumatic occupational fatalities: A
surveillance tool for agricultural work-related deaths. Paper no. 89-9; p. 18-22.1989

Myers JR. National surveillance of occupational fatalities in agriculture. Am J Ind Med. 1990; 18(2):
163-168. [PubMed: 2169704]

Myers JR, Hendricks KJ. Agricultural tractor overturn deaths: Assessment of trends and risk factors.
Am J Ind Med. 2010; 53:662-672. [PubMed: 19894222]

Myers JR, Layne LA, Marsh SM. Injuries and fatalities to U.S. farmers and farm workers 55 years and
older. Am J Ind Med. 2009; 52:185-185. [PubMed: 19016260]

National Institute for Occupational Safety and Health [NIOSH]. 2004. Worker health chartbook. 2004.
Pub No. 2004-146. Retrieved from http://www.cdc.gov/niosh/docs/2004-146/pdfs/2004-146.pdf

AmJ Ind Med. Author manuscript; available in PMC 2016 January 13.


http://www.cdc.gov/niosh/docs/2004-146/pdfs/2004-146.pdf

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marsh and Fosbroke

Page 13

Neitzel RL, Seixas NS, Ren KK. A review of crane safety in the construction industry. Appl Occ Envir
Health. 2001; 16(12):1106-1117.

Office of Management and Budget [OMB]. Standard industrial classification manual. Washington,
DC: Executive Office of the President; 1987. Retrieved from http://www.osha.gov/pls/imis/
sic_manual.html

Office of Management and Budget [OMB]. North American industry classification system United
States, 2002. Washington, DC: Executive Office of the President; 2002. Retrieved from http://
WwWw.census.gov/cgi-bin/sssd/naics/naicsrch?chart=2002

Paques J. Crane accidents by contact with powerlines. Safety Sci. 1993; 16:129-142.

Personick ME, Windau JA. Self-employed individuals fatally injured at work. Monthly Lab Rev
August. 1995:24-30.

Pickett W, Hartling L, Brison RJ, Guernsey JR. Fatal work-related farm injuries in Canada, 1991-
1995. CanMed Assoc J. 1999; 160(13):1843-1848.

Pratt, SG.; Fosbroke, DE.; Marsh, SM. Building safer work zones: measures to prevent worker injuries
from vehicles and equipment. Cincinnati. OH: DHHS(NIOSH; 2001. Pub. No. 2001-128

Pratt SG, Kisner SM, Helmkamp JC. Machinery-related occupational fatalities in the United States,
1980-1989. J Occup Environ Med. 1996; 38:70-76. [PubMed: 8871334]

Public Law 91-596. Occupational safety and health act of 1970. Washington, D.C: 91st Congress;
1970. p. s2193

Reynolds SJ, Groves W. Effectiveness of roll-over protective structures in reducing farm tractor
fatalities. Am J Prev Med. 2000; 18(4s):63-69. [PubMed: 10793282]

Ringen K, Englund A, Welch L, Weeks JL, Seegal JL. Why construction is different. Occup Med State
of the Art Reviews. 1995; 10(2):255-260.

Sanderson WT, Madsen MD, Rautiainen R, Kelly KM, Zwerling C, Taylor CD, Reynolds SJ,
Stromquist AM, Burmeister LF, Merchant JA. Tractor overturn concerns in lowa: Perspectives
from the Keokuk County Rural Health Study. J Agric Safety Health. 2006; 9(1):71-81.

SAS. SAS Version 9.3. Cary, NC: SAS Institute, Inc; 2011.
Shepherd GW, Kahler RJ, Cross J. Crane fatalities—a taxonomic analysis. Safety Sci. 2000; 36:83-93.
Springfeldt B. Rollover of tractors—international experiences. Safety Sci. 1996; 24(2):95-110.

Springfeldt B, Thorson J, Lee BC. Sweden’s thirty-year experience with tractor rollovers. J Agric
Safety and Health. 1998; 4(3):173-180.

Stanevich RL. A study of earthmoving and highway construction machinery fatalities and injuries.
Ann Am Conf Ind Hyg. 1986; 14:703-710.

Stout-Wiegand N. Characteristics of work-related injuries involving forklift trucks. J Safety Res. 1987;
18(4):179-190.

Stout NA, Linn HI. Occupational injury prevention research: Progress and priorities. Inj Prev. 2002;
8(Suppl 1V) ivo=iv 14.

Suruda A. Electrocution at work. Prof Saf. 1988:27-32.

Thelin A. Epilogue: Agricultural occupational and environmental health policy strategies for the
future. Am J Ind Med. 1990; 18:523-526. [PubMed: 2248258]

Thelin A. Rollover fatalities—Nordic perspectives. J Agric Safety and Health. 1998; 4(3):157-160.

Voaklander DC, Hartling L, Pickett W, Dimich-Ward H, Brison RJ. Work-related mortality among
older farmers in Canada. Can Fam Physician. 1999; 45:2903-2910. [PubMed: 10626056]

Wadud SE, Kreuter MW, Clarkson S. Risk perception, beliefs about prevention, and preventive
behaviors of farmers. J Agric Safety Health. 1998; 4(1):15-24.

Wilkins, Engelhardt JR, Bean HL, Byers TL, Crawford MV. Prevalence of ROPS-equipped tractors
and farm/farmer characteristics. J Agric Safety Health. 2003; 9(2):107-118.

AmJ Ind Med. Author manuscript; available in PMC 2016 January 13.


http://www.osha.gov/pls/imis/sic_manual.html
http://www.osha.gov/pls/imis/sic_manual.html
http://www.census.gov/cgi-bin/sssd/naics/naicsrch?chart=2002
http://www.census.gov/cgi-bin/sssd/naics/naicsrch?chart=2002

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Marsh and Fosbroke Page 14

a)

800

B Mobile Machines B Stationary Machines

* Numbers from CFOI were generated by the authors with restricted access to CFOI data.
bSource of injury based on the BLS Occupational Injury and Iliness Classification Manual V1.01 (BLS, 2007).

1.0

=== All Machines  ==@==Mobile Machines == Stationary Machines
0.9

0.8

07 \/\

4 W

. W
N—

0.4
0.3
e M
01 ———
0.0
o o ) O ~ D ot () o w o ~
8 8 3 8 &8 3 &8 &8 8 83 8 8 83 8 8 5 8 8 =2
a o N a o (=2} a o o o o o o (=3 o o o o o
- - - - - - - -t ~N ~N o~ o~ o~ o~ ~N o~ o~ o~ o~

* Fatal injury rates from CFOI were generated by the authors with restricted access to CFOI data. Hours worked by year were obtained from the BLS Current Population
Survey.
bSource of injury based on the BLS Occupational Injury and lliness Classification Manual V1.01 (BLS, 2007).

FIGURE 1.
a) Number? of occupational machine-related® fatalities per 100,000 full time equivalent

(FTE) by year and machine type, 1992-2010. b) Rate? of occupational machine-related®
fatalities per 100,000 full time equivalent (FTE) by year and machine type, 1992-2010.
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# Fatal injury rates from CFOI were generated by the authors with restricted access to CFOI data. Hours worked by year and age group were obtained from the BLS Current
Population Survey.
PSource of injury based on the BLS Occupational Injury and lliness Classification Manual V1.01 (BLS, 2007).

FIGURE 2.
Rate? of occupational machine-related® fatalities per 100,000 full time equivalent (FTE) by

year and age group, 1992-2010.
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® Fatal injury rates from CFOI were generated by the authors with restricted access to CFOI data. Hours worked by year and worker type were obtained from the BLS
Current Population Survey.

bSource of injury based on the BLS Occupational Injury and lliness Classification Manual V1.01 (BLS, 2007).

“Number of hours worked not available for self-employed workers for 1992 through 1993. Number of hours worked for both self-employed and all other represent
primary job only.

FIGURE 3.
Rate? of occupational machine-related® fatalities per 100,000 full time equivalent (FTE) by

year and worker type, 1994-2010¢,
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* Fatal injury rates from CFOI were generated by the authors with restricted access to CFOI data. Hours worked by year were obtained from the BLS Current Population
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FIGURE 4.
Rate? of occupational machine-related® fatalities per 100,000 full time equivalent (FTE) by

year and machine type, 1992-2010.
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? Fatal injury rates from CFOI were generated by the authors with restricted access to CFOI data. Hours worked by year and industry were obtained from the BLS Current

Population Survey.
bSource of injury based on the BLS Occupational Injury and lliness Classification Manual V1.01 (BLS, 2007).
CIndustry based on the North American Industrial Classification System (OMB, 2002).

FIGURE 5.
Rate? of occupational machine-related® fatalities per 100,000 full time equivalent (FTE) by

year and industry®, 2003-2010.
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2 Fatal injury rates from CFOI were generated by the authors with restricted access to CFOI data. Hours worked by year for the agriculture/forestry/fishing industry were
obtained from the BLS Current Population Survey.

bSource of injury based on the BLS Occupational Injury and Iliness Classification Manual V1.01 (BLS, 2007).

¢ Industry based on the North American Industrial Classification System (OMB, 2002).

4 Machine type categories are not mutually exclusive. The category for mobile machines includes tractors.

FIGURE 6.
Rate? of occupational machine-related® fatalities per 100,000 full time equivalent (FTE) in

agriculture/forestry/fishing® by year and machine typed, 2003-2010.
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? Fatal injury rates from CFOI were generated by the authors with restricted access to CFOI data. Hours worked by year for the construction industry were obtained from

the BLS Current Population Survey.

bSource of injury based on the BLS Occupational Injury and Iliness Classification Manual V1.01 (BLS, 2007).

¢Industry based on the North American Industrial Classification System (OMB, 2002).

¢Machine type categories are not mutually exclusive. The category for mobile machines includes excavating machines, road grading and surfacing machines, cranes, and

loaders.

FIGURE 7.
Rate? of occupational machine-related® fatalities per 100,000 full time equivalent (FTE), in

construction® by year and machine typed 2003-2010.
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¢ Fatal injury rates from CFOI were generated by the authors with restricted access to CFOI data. Hours worked by year for the manufacturing industry were obtained from
the BLS Current Population Survey.

bSource of injury based on the BLS Occupational Injury and Iliness Classification Manual V1.01 (BLS, 2007).

Industry based on the North American Industrial Classification System (OMB, 2002).

9Machine type categories are not mutually exclusive. The category for mobile machines includes forklifts.

FIGURE 8.
Rate? of occupational machine-related® fatalities per 100,000 full time equivalent (FTE) in

manufacturing® by year and machine type? 2003-2010.
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TABLE |

Occupational Injury and IlIness Classification System (OlICS) Source of Injury Codes? Selected for Analysis
by Machine Type

M obile machines Stationary machines

Agriculture and garden machinery (source code = “31”)  Agriculture and garden machinery, not elsewhere classified (source code = “319”)

Construction, logging, and mining machinery (*“32”) Mineral sorters, separators, and concentrators (“3242”)

Mobile cranes (“3434”) Heating, cooling, and cleaning machinery and appliances (“33”)
Bucket, or basket hoist-truck mounted (“3461”) Material handling machinery except mobile cranes (“34”)
Forklifts and tractors (“85™) Metal woodworking, and special material machinery (“35”)

Office and business machinery (“36”)
Special process machinery (“37”)

Miscellaneous machinery (“39”)

aSource of injury based on the BLS Occupational Injury and Iliness Classification Manual VV1.01 [BLS, 2007].
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