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Abstract: Increased logging mechanization has helped improve logging safety and health, yet
related safety risks and concerns are not well understood. A cross-sectional study was completed
among Virginia loggers. Participants (n = 122) completed a self-administered questionnaire focusing
on aspects of safety and health related to logging equipment. Respondents were at a high risk
of workplace injuries, with reported career and 12-month injury prevalences of 51% and 14%,
respectively. Further, nearly all (98%) respondents reported experiencing musculoskeletal symptoms.
Over half (57.4%) of respondents reported symptoms related to diesel exhaust exposure in their
career. Few (15.6%), however, perceived their jobs to be dangerous. Based on the opinions and
suggestions of respondents, three priority areas were identified for interventions: struck-by/against
hazards, situational awareness (SA) during logging operations, and visibility hazards. To address
these hazards, and to have a broader and more substantial positive impact on safety and health,
we discuss the need for proactive approaches such as incorporating proximity technologies in a
logging machine or personal equipment, and enhancing logging machine design to enhance safety,
ergonomics, and SA.

Keywords: workplace injuries; musculoskeletal disorders; diesel exhaust exposure; mechanized
logging; situational awareness

1. Introduction

Logging is the process of harvesting trees by which workers fell, process, and transport them
for further manufacture. It is an important component of the U.S. economy, in that forest products
account for ~4% of the total manufacturing gross domestic product [1]. Logging is considered as one of
the most dangerous occupations in the U.S., often involving heavy physical demands, nonpermanent
worksites, and challenging work environments such as inclement weather, rough terrain, and being
in remote or isolated locations [2]. An increase in mechanization and logger safety training have
played important roles in improving logging workers’ safety. These advancements have decreased
adverse work-related events and injuries associated with manual tree felling and processing using a
chainsaw [3–6]. However, logging machines themselves pose safety and health threats, and logging
workers remain at high risk of injuries and adverse health problems. In 2015, for example, the fatality
rate in the U.S. logging industry was 132.7 per 100,000 full-time equivalent (FTE) workers, the highest
in any private industry [7]. Similarly, the rate of lost workday injuries was 144.1 per 100,000 FTE
workers, compared to the private industry mean of 93.9 per 100,000 FTEs [8]. Common non-fatal injury
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mechanisms include contact with objects; slips, trips, and falls; and overexertion and bodily reaction,
and which is consistent with processes related to the use of logging machinery. Specifically, machine
operators are frequently injured while performing machine maintenance/repair [4,9,10] and from falls
while mounting/dismounting machinery [4,6,10]. Machine operators and ground logging workers also
can be exposed to contact risks with moving machinery and the risk of machine rollover [6,11]. A few
studies have reported that machine operators have a high prevalence of musculoskeletal disorders
(MSDs), for example, in the neck, shoulder, and lower back regions [12,13], which are attributed to
working postures [13] and psychological demands [14].

The use of logging machinery may have broader safety and health implications beyond
work-related injuries, in that logging workers are likely exposed to machine-related diesel exhaust.
Though little information is available on such exposures in the logging industry, diesel exhaust
is a pervasive airborne contaminant in workplaces where diesel-powered equipment is used [15].
Diesel engine exhaust is a highly complex and variable mixture of gases, vapors, and fine particles.
The amount and composition of the exhaust vary greatly, depending on factors such as fuel type,
maintenance practices, workload, and exhaust system type. Vapor constituents include hydrocarbons
and oxides of carbon, sulfur, and nitrogen, while particulate components consist of liquid droplets and
soot particles bearing organic compounds, sulfates, metals, and other trace contaminants. The organic
fraction is mainly unburned fuel and oil and can contain thousands of compounds; most notably the
polycyclic aromatic hydrocarbons, which are known to be carcinogenic and genotoxic [16].

The International Agency for Research on Cancer (IARC) classifies diesel exhaust as “carcinogenic
to humans (Group 1)” [17]. Large cohort and case-control studies have yielded evidence demonstrating
an association between exposure to unfiltered diesel exhaust and an increased incidence of lung
neoplasm [18–20]. Diesel exhaust also has been shown to be an airway irritant, triggering release
of cytokines, chemokines, immunoglobulins, and oxidants [21]. It may promote expression of the
immunologic response phenotype (Th2) associated with asthma and allergic disease. This immunologic
evidence is consistent with epidemiologic studies associating traffic-related air pollution, and diesel
exhaust, with increased prevalence of respiratory disease.

Related to mechanized logging operations, previous work provided valuable information on
common injury mechanisms as described above [4,9], workers’ perception of logging risks and safe
work practices [22], and concerns that safety regulations and recommendations may have little impact
in practice [23]. However, workplace injuries and illnesses are still an important problem in the
logging industry. We thus believe that there is a current need for more detailed characterization of the
circumstances surrounding loggers’ injury events, their experiences with adverse outcomes related to
logging equipment (e.g., MSDs and diesel exhaust exposure), and their opinions and views regarding
injury prevention approaches in practice. This will enable a better understanding of the complexities of
machine-related injuries and illnesses, and support the development and implementation of effective
interventions that embraces the hierarchy of hazard controls in occupational injury prevention [24].
To this end, a preliminary investigation aimed to assess the prevalence of injury, symptoms related
to diesel exhaust exposures, and MSD symptoms among logging workers—both overall and across
worker and work-related characteristics, and determine loggers’ concerns about and recommendations
to improve on-the-job safety and health.

2. Materials and Methods

A cross-sectional study was conducted during December 2014 to August 2015 through the
assistance of the Virginia Sustainable Harvesting And Research Professional (SHARP) Logger
program. Note that the SHARP Logger program is a market-driven program, as opposed to a legal
requirement, and requires at least one logger per crew to be trained on the principles of sustainable
forestry, environmental protection, and workplace safety (visit sharplogger.vt.edu for more details).
All participants completed an informed consent procedure approved by the Virginia Tech Institutional
Review Board.
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2.1. Participants

We recruited two participant pools via convenience sampling. The first pool was from among
regularly scheduled SHARP logger training classes, and the second from four different logging sites
in the Mountain, Piedmont, and/or Coastal Plain regions of Virginia. For the former, we distributed
a questionnaire to all attendees who indicated they worked on a logging operation during
classroom-based trainings, and they were free to complete it or refuse. Logging operations differ
substantially by physiographic region. However, the vast majority of all logging operations in Virginia
utilize mechanized skidding and loading. In the Mountain region, operations tend to rely primarily
on manual felling utilizing chainsaws while in the Piedmont and Coastal Plain, operations primarily
utilize mechanized felling [25]. Questionnaires were completed at trainings in all three physiographic
regions to allow for a cross-sectional assessment of operations across Virginia; however, the majority
was collected in the Piedmont and Coastal Plain regions, which tend to have more mechanized
operations. A total of 95 attendees completed the questionnaire. For the latter, we contacted select
logging business owners for study solicitation and site visit approval. Four different logging sites
were visited, at which the questionnaire was distributed. A total of 27 logging workers completed the
questionnaire on-site.

2.2. Questionnaire

The self-administered questionnaire was developed based on earlier studies on mechanized
logging operations [9,13], symptoms associated with diesel exhaust exposure [26,27], and existing
validated instruments such as the standardized Nordic questionnaires for musculoskeletal
symptoms [28]. Specifically, the questionnaire consisted of 23 yes/no, categorical, and open-ended
questions covering: (1) personal and job characteristics (i.e., time in the industry, primary job, daily
machine operation time); (2) perceived safety, safety training, and personal protective equipment
(PPE) usage; (3) work-related injuries (e.g., circumstance surrounding injury events, post-injury care,
reporting); (4) symptoms related to diesel exhaust exposure (e.g., eye irritation, wheezing); (5) MSD
symptoms (i.e., pain, stiffness, spasm, aching, burning, tingling, or numbness); and (6) perceived safety
concerns (machine operators and workers on the ground) and recommendations for improved safety
and health. Note that the questionnaire is provided in online Supplemental Material.

2.3. Data Analysis

The distributions of close-ended questionnaire responses were summarized using means and
standard deviations, or proportions, as relevant. Differences in participant characteristics between
physiographic regions in Virginia, USA (i.e., Coastal Plain, Piedmont, Mountains) were examined
using Kruskal-Wallis one-way analyses of variance or Pearson’s Chi-squared tests as appropriate.
Participants’ career and 12-month prevalence of self-reported health outcomes (i.e., work-related
injuries, symptoms related to diesel exhaust exposure, and MSD symptoms) were examined overall and
across employment duration, primary job, daily machine operation, physiographic region, perceived
safety of the job, and attitude toward PPE use. Using log-binomial regression, prevalence ratios and
95% confidence intervals (CIs) were calculated to explore relative differences in career and 12-month
prevalence of the study outcomes across worker and job characteristics. Open-ended question responses
were reviewed and discussed by investigators to identify naturally emerging themes, based on which
the responses were sorted into content categories and sub-categories. The frequency and proportion of
responses within each category are reported. All statistical analyses were performed using R statistical
software [29].
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3. Results

3.1. Characteristics of Questionnaire Respondents

All (n = 122) of the questionnaire respondents were male, and responses are summarized in
Table 1. Participants represented each of the physiographic regions of Virginia (Coastal Plain 48.4%,
Piedmont 34.4%, Mountains 17.2%), and no significant differences between physiographic regions
were observed in demographic and job characteristics, perception of job safety, or PPE use, though the
distribution of primary job categories did differ between regions (p = 0.008). More owners completed
the questionnaire in the Mountains region (Coastal Plain 16.7%, Piedmont 31.4%, Mountains 55.6%).
Overall, participants had an average of 17.3 years of experience in logging and 8 hours of daily machine
operation duration, and half (50.8%) had a primary job operating a machine. Machine types reported
included loader, feller-buncher, skidder, and truck. Relatively few respondents (15.6%) considered
their job to be very/extremely dangerous and 45.9% considered it to be moderately dangerous, while a
majority (68.9%) reported that using PPE is very/extremely important. All respondents received safety
training from multiple sources, with more common sources being SHARP logger classes (48.4%) and
on-the-job/safety training from co-workers, crew foremen, and/or owners (46.0%).

3.2. Prevalence of Work-Related Injury, Symptoms Related to Diesel Exhaust Exposure, and MSD Symptoms

The career prevalence of logging work-related injury among participants was 50.8%, and it
increased with increasing years of experience (Table 1). The 12-month prevalence was 13.9%. Seventeen
respondents experienced injuries in the prior year, and common injury causes were chainsaw use
(41.2%), a slip/fall from a machine (23.5%), or being struck by a tree or machine (17.6%). Commonly
affected body parts were the lower (34.5%) and upper (34.5%) extremities. A total of 10 (58.8%) injuries
in the prior year resulted in missed work (range: 0.5 days to 8 months). A total of 70.1% (n = 12)
of injuries in the prior year required medical care beyond first aid, and 41.2% (n = 7) were reported
as a WC claim. In addition, over half (57.4%) of respondents reported symptoms related to diesel
exhaust exposure in their career, and the symptom prevalence was not associated with the worker or
job characteristics we considered.

Table 1. Career prevalence, prevalence ratios (PR) and 95% confidence intervals (CI) of work-related
injury and symptoms related to diesel exhaust exposure among a sample of loggers in Virginia, USA.

n (%)
Work-Related Injury Symptoms Related to Diesel Exhaust Exposure 1

n Prev PR (95% CI) n Prev PR (95% CI)

Overall 122 (100)
Years worked in logging

<10 41 (33.6) 12 0.29 1.00 24 0.58 1.00
10 to <30 53 (43.4) 29 0.55 1.87 (1.14, 3.38) 33 0.62 1.06 (0.77, 1.51)
≥30 25 (20.5) 20 0.80 2.73 (1.69, 4.86) 12 0.48 0.82 (0.48, 1.30)
Missing 3 (2.5)

Physiographic region
Coastal Plain 59 (48.4) 32 0.54 1.00 31 0.53 1.00
Piedmont 42 (34.4) 19 0.45 0.83 (0.54, 1.24) 25 0.60 1.13 (0.79, 1.61)
Mountain 21 (17.2) 11 0.52 0.97 (0.56, 1.48) 14 0.67 1.27 (0.82, 1.84)

Primary job
Machine operator 62 (50.8) 30 0.48 1.00 38 0.61 1.00
Supervisor/foreman/owner 2 41 (33.6) 22 0.54 1.11 (0.74, 1.62) 21 0.51 0.84 (0.57, 1.18)
Deckhand 3 5 (4.1) 3 0.60 1.24 (0.40, 2.15) 4 0.80 1.31 (0.60, 1.84)
Missing 14 (11.5)

Daily machine operation duration (h)
<4 12 (9.8) 7 0.58 1.11 (0.57, 1.71) 7 0.58 1.00 (0.52, 1.51)
4 to <8 20 (16.4) 7 0.35 0.67 (0.31, 1.15) 9 0.45 0.77 (0.41, 1.20)
≥8 82 (67.2) 43 0.52 1.00 48 0.59 1.00
Missing 8 (6.6)

Perceived safety of job
Not at all/somewhat dangerous 43 (35.2) 22 0.51 1.00 25 0.58 1.00
Moderately dangerous 56 (45.9) 30 0.54 1.05 (0.72, 1.56) 28 0.50 0.86 (0.59, 1.25)
Very/extremely dangerous 19 (15.6) 10 0.53 1.03 (0.57, 1.67) 15 0.79 1.36 (0.93, 1.93)
Missing 4 (3.3)
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Table 1. Cont.

n (%)
Work-Related Injury Symptoms Related to Diesel Exhaust Exposure 1

n Prev PR (95% CI) n Prev PR (95% CI)

Attitude toward using PPE
Not at all important 11 (9.0) 6 0.55 1.15 (0.54, 1.85) 5 0.45 0.75 (0.31, 1.27)
Moderately important 26 (21.3) 16 0.62 1.29 (0.85, 1.84) 14 0.54 0.89 (0.56, 1.26)
Very/extremely important 84 (68.9) 40 0.48 1 51 0.61 1
Missing 1 (0.8)

1 Experience of eye/mouth irritation and/or unpleasant smell when operating a machine or while working near
a machine; 2 All owners reported that they normally or at least occasionally worked in the woods and operated
equipment (i.e., work alongside crew members); 3 Based on our experience and observation, the deckhand helped
with moving trailers on the deck, trimming loads (using a pole saw to cut any branches or vines sticking out of the
side of the load), and with maintenance in addition to operating a machine.

Nearly all (98%) respondents reported experiencing MSD symptoms in at least one body region
in the past 12 months, and 93% had MSD symptoms in more than one body region. The 12-month
prevalence of MSD symptoms in each of nine body regions is summarized in Table 2. The body region
most commonly affected was the lower back (49.2%), followed by the knee (37.7%). About one-fifth
(18.5%) of those with MSD symptoms indicated that they changed their work methods due to their
MSD symptoms. Further, 10 respondents (8.4%) missed work as a result of their MSD symptoms,
and the same number had considered changing jobs.

Table 2. Crude (i.e., unadjusted) 12-month prevalence of MSD symptoms by body region.

n Neck
(%)

Shoulder
(%)

Elbow
(%)

Wrist
(%)

Upper Back
(%)

Lower Back
(%)

Hip
(%)

Knee
(%)

Foot
(%)

All 122 27.9 35.3 17.2 28.7 16.4 49.2 11.5 37.7 21.3
Experience (years)

<10 41 31.7 39.0 22.0 31.7 24.4 51.2 17.1 46.3 31.7
10 to <30 53 26.4 28.3 18.9 28.3 86.8 52.8 7.6 34.0 13.2

≥30 25 28.0 48.0 8.0 24.0 12.0 44.0 12.0 36.0 20.0

Primary job
Machine operator 62 22.6 30.7 14.5 30.7 16.1 40.3 6.5 41.9 16.1

Supervisor/foreman/owner 41 36.6 41.5 19.5 24.4 22.0 58.5 22.0 34.2 24.4
Deckhand 5 20.0 40.0 40.0 40.0 0.0 40.0 20.0 20.0 40.0

Daily machine operation duration (h)
<4 12 8.3 25.0 0.0 16.7 0.0 41.7 16.7 8.3 16.7

4 to <8 20 25.0 35.0 15.0 30.0 80.0 45.0 20.0 30.0 25.0
≥8 82 32.9 37.8 20.7 31.7 81.7 51.2 9.8 46.3 23.2

3.3. Perceived Safety Concerns and Recommendations

About half (48.0%) of participants’ perceived safety risks in logging operations were related to
struck by/against hazards, often related to chainsaw operation and felling/delimbing/topping activities
(Table 3). One fourth (26%) were related to poor situational awareness due to inattention/distraction/work
speed, machine operation, and communication. When asked “when you are a machine operator, what do
you see as the biggest safety risk for workers on ground?”, participants indicated that the biggest safety
risks involve poor situational awareness (40.2%) and visibility hazards (34.5%) (Table 4). To improve safety
on their job sites or in logging operations in general, many suggested a need for improving situational
awareness, more safety training and education, and use of personal protective equipment (PPE) (Table 5).
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Table 3. Summary of responses (total = 77 responses, from 77 individuals who responded to this
open-end question) regarding the biggest safety risks perceived during logging operations. Note that n
in the table is the number of responses obtained.

Category Sub Category Response Examples Freq. (%)

Struck-by/against hazards

Chainsaw operation Cut with a chainsaw
Use of chainsaw 21 (27.3)

Felling, delimbing, or topping

Hit by tree tops
Falling/flying debris
Broken limbs
Fell/delimb trees

13 (16.9)

Moving/rolling logs Logs move around/roll 3 (3.9)

Category total = 37 (48.0)

Poor situational awareness (SA)

Inattention/distraction/work speed

Do not pay attention
Distraction
Know what others do and where they are
Complacency
Get in a hurry
Watch out for ground workers

14 (18.2)

Machine operation
Do not run over or hit deck workers
Too close to machines
Work near machines (in the decking area)

4 (5.2)

Communication Lack of communication 2 (2.6)

Category total = 20 (26.0)

Machine-related hazards

Maintenance
Climb onto the machine to repair
Work on the machine
Slip on the machine

6 (7.8)

Ingress and egress In and out of machine 3 (3.9)

Operation Rollover
Malfunction 2 (2.6)

Category total = 11 (14.3)

Slips, trips, and falls Slips, trips, and falls
Walk on the wood when it is wet 3 (3.9)

Others

Poor judgment
Learning first time
Do not wear personal protective equipment (PPE)
Weather conditions
Presence of non-workers

6 (7.8)

Table 4. Summary of responses (total = 87, responses from 86 individuals who responded to this
open-end question) regarding the biggest safety risks that machine operators perceive for workers on
the ground. Note one participant provided two responses, and that n in the table is the number of
responses obtained.

Category Sub Category Response Examples Freq. (%)

Poor situational awareness (SA)

Inattention/distraction

Do not pay attention
Do not stay focused
Do not watch out for machines
Complacency

17 (19.5)

Proximity to hazards (e.g., machine) Too close to machines
Keep safe distance from machines 15 (17.2)

Communication Do not make an operator see you 3 (3.4)

Category total = 35 (40.2)

Visibility hazards
Visible
Do not stay in the blind spot of an operator
Stay in the sight of an operator

30 (34.5)

Struck-by/against hazards

Felling, delimbing, or topping Falling/flying debris/limbs
Fell trees 14 (16.1)

Machine-related (Operation) Lose control of logs in the log grapple
Knock logs (or other objects) onto ground workers 5 (5.7)

Moving/rolling objects Rolling objects 1 (1.1)

Category total = 20 (23.0)

Others Backup alarms are too quiet
Common sense 2 (2.3)
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Table 5. Summary of suggestions (total = 92 responses, from 81 individuals who responded to
this open-end question) offered for safety improvements. Note that n in the table is the number
of responses obtained.

Category Sub Category Response Examples Freq. (%)

More safety training & education Proper training for all employees
More safety meetings and classes 22 (23.9)

Improved situational awareness (SA)

Attention & comprehension
Pay more attention
Slow down and think
Stay alert

19 (20.7)

Communication & Teamwork skills

Look after each other
Communicate at all times
Signal for warnings
Better communication

12 (13.0)

Category total = 31 (33.7)

Machine-related enhancement

Safety & comfort More comfortable/safe machine 5 (5.4)

Housekeeping Cleaner machine (e.g., no greasy surface in walk paths)
Keep windows clean 2 (2.2)

Knowledge Know the mechanics of your machine
Know how to operate a chainsaw 2 (2.2)

Category total = 9 (9.8)

Use of personal protective equipment (PPE)

Wear all PPE
Wear hard hats all the time
Use proper PPE
More comfortable PPE

13 (14.1)

Improved visibility More visible
High visibility vest/shirt 11 (12.0)

Others

Teach common sense
Put phone in truck
Should be able to tell the rescue squad how to get to the job
Fewer workers

6 (6.5)

4. Discussion

This cross-sectional study examined a sample of Virginia loggers to investigate the prevalence of
workplace injuries, MSD symptoms, and symptoms related to diesel exhaust exposure, and to help
understand their safety concerns and opinions with a particular focus on logging equipment.

4.1. Workplace Injuries and MSDs

Loggers included here were at a high risk of workplace injuries, with reported career and 12-month
prevalences of 51% and 14%, respectively. The latter is, however, lower than earlier reports for forestry
workers, including a 12-month injury prevalence of 34% for all forestry tasks/jobs (e.g., chainsaw
operators, silviculturists) in New Zealand [30] and a 12-month prevalence (including work-related
illnesses) of 30% for the farming, forestry, and fishing industry [31]. This discrepancy may be
due to a focus on more general worker populations (i.e., not limited to loggers in predominantly
mechanized logging operations) in these two earlier studies. We found that work-related injury
prevalence (Table 1), but not MSD symptom prevalence (Table 2), was associated with years of experience.
Nieuwenhuis et al. [9] found no significant association between years of experience and MSD prevalence
for forestry workers in Ireland, and Lynch et al. [13] reported that age was not significantly associated with
back pain but positively associated with neck pains for machine operations in the U.S. Southern region.

Nearly all respondents experienced MSD symptoms in at least one body region over the prior
12 months. A substantial fraction of respondents (18.5%) reported that they had changed their
work practice as a result of MSD symptoms, and ~8% further indicated that they were considering
changing jobs. Interestingly, knee MSD symptoms appeared to have a positive relationship with
daily machine operation duration (Table 2). This may suggest operating a machine also contributes
to knee MSDs, though a previous report noted that many of knee and foot injuries resulted from
being struck by/against an object [6]. Additionally, the body region most commonly affected was
the lower back (49.2%), followed by the knee (37.7%). These values are lower than earlier reports
(12-month prevalence) of 74.3% (lower back pain) for machine operators in the US Southern region [13],
and 84.6% (lower back) and 61.5% (knee) for Greek forestry workers [32]. Such a differential may have
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resulted from the use of a different questionnaire instrument for assessing symptoms in the former
study (vs. the standardized Nordic questionnaires used here), and the fact that the study population
in the latter mainly included workers who performed both manual and mechanized timber-cutting
harvesting in a steep mountain forest terrain.

4.2. Symptoms Related to Diesel Exhaust Exposure

The findings of the questionnaire coupled with those of the fine particulate sampling suggest the
need for additional research on the possible association of diesel exhaust exposure and adverse health
effects among these workers. More than half of the study respondents reported having work-related
eye/mouth irritation and/or unpleasant smells when operating a machine or when working near a
machine. These irritant effects are commonly observed following exposure to diesel exhaust [26,27].
Though not statistically significant, deckhand machine operators exhibited a higher prevalence of such
symptoms [PR = 1.31 (0.60, 1.84)]. Serving as a deckhand means working on the ground, which likely
accounts for the observation that deckhand machine operators experienced a higher prevalence/level
of diesel exhaust exposure symptoms. Working on the ground may increase the likelihood of exposure
to diesel exhaust and other air pollutants.

Earlier studies demonstrated adverse health effects of diesel exhaust, including allergic reaction,
asthma [19], chronic obstructive pulmonary disease [33], and lung cancer [20]. Considering this
evidence, and our findings, there is a need for larger, more systematic investigations to quantify
and characterize exposure to fine particulate (PM2.5) fraction of diesel exhaust as an indicator
of total exhaust exposure during logging equipment use and for different machine/job types
(e.g., feller-buncher, deckhand), and with respect to work and maintenance practices (e.g., closing
cabin windows, replacing air filters). For those working in a logging machine, vehicle cabin air filters
can effectively reduce diesel exhaust particles and the symptoms induced by diesel exhaust, albeit
depending on filter types [26]. However, additional attention is needed to address control of diesel
exhaust exposure for ground workers.

4.3. Safety Concerns and Opinions of Loggers

Based on respondents’ perceptions of the more common safety risks (Tables 4 and 5), as well
as quantitative results regarding work-related injury prevalence, a priority of interventions may be
given to address: (1) struck-by/against hazards; (2) maintaining situational awareness (SA) during
logging operations (especially since such operation often require long work shifts and are quite
repetitive); and (3) visibility hazards. Respondents’ concerns about struck-by/against hazards are
consistent with the fact that these hazards are a major source of nonfatal and fatal work-related
injuries among loggers [7,34–36]. Even on these mechanized operations, participants’ responses
suggest chainsaw operation and felling/delimbing/topping remained frequent concerns on logging
sites. Machine related struck-by events were of concern as well. Given that failures to detect and
recognize hazards can be viewed as a SA problem [37], concerns regarding SA and visibility suggest
a high demand on both machine operators and ground workers to process the information they
perceive, and thereby to identify and prioritize hazards while maintaining good SA of the machine
being operated and their surroundings (e.g., ground worker locations, physical work environments,
movement of nearby machines). In addition to these three priority areas, our results support the need
for efforts to understand and address loggers’ musculoskeletal disorders and symptoms related to
diesel exhaust exposure.

Improved SA, more training and education, and use of PPE were frequently suggested as ways to
address existing logger safety risks (Table 5). With training and experience, workers can develop an
efficient strategy to direct and distribute their attention to detect and recognize important stimuli [38].
However, a minimal level of SA can be determined by the attentional capacity of an individual [38],
and such capacity is affected by many factors such as, for example, workload, time pressure, fatigue,
and sleep deprivation [39,40]. In the case of safety training, though training can positively affect
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worker behaviors, large positive impacts on the incidence of adverse work-related outcomes are not
generally expected from training alone [41,42]. The West Virginia Loggers’ Safety Initiative (LSI)
program evaluated the effectiveness of training over a 4-year period, and found no strong evidence
of injury reduction [43], though loggers had increased safety knowledge [44]. Similar outcomes
were reported for a multi-year video-based safety training intervention program for West Virginia
loggers [45]. Interestingly, Conway et al. [22] reported that one important risk factor is human error,
due to complacency, inattention, and/or underestimation of risks, and suggested that such error
can be partially related to the repetitiveness of logging jobs and individual worker’s motivation to
work safely.

Overall, it appears that there is a need for interventions that are based not just on the behavioral
changes and cognitive performance of an individual worker (e.g., training, experience). Well-designed
alarms/warnings and displays can aid in efficiently allocating attention, potentially facilitating good
SA [38,40]. The safety of logging machines may be intrinsically enhanced by incorporating proactive
proximity warning technologies [46], and evaluating the cab design and human-machine interface of a
machine for visibility and better SA during the development phases [40,47]. Further, and given the
identified machine-related hazards and provided suggestions, logging machine design may benefit
from user-centered and/or simulation-based design methods to enhance the safety and ergonomics,
in order to achieve better operating postures [48,49], enhanced maintainability [50], and easier ingress
and egress [51,52]. Similarly, proactive technologies to mitigate visibility hazards can be used among
ground workers (e.g., a radio-frequency identification tag attached to a hard hat or vest as part
of a proximity detection system [53]), in addition to the respondents’ suggestions such as better
communications (e.g., hand signal, two-way radio) and high-visibility vest use. In addition to efforts to
address hazards unique to mechanized operations, approaches to prevent injuries related to chainsaw
operation and felling/delimbing/topping should remain.

Limitations of the current study should be acknowledged. First, the study had a small sample
size and used a convenience sampling from workers operating a variety of equipment on logging
operations in different physiographic regions of Virginia. It is unknown regarding the extent to
which our results will generalize to other states and countries. Our study, though, was not about
specific logging practices and methods used in the test regions, but instead about logger safety and
health associated with common logging operations. Second, injury and health outcome data were
self-reported, which may be influenced by recall bias. To what extent such bias may have occurred is
difficult to ascertain. In addition, and specific to the questions about diesel exhaust exposure, responses
may have been influenced by smoking status or other preexisting health conditions.

5. Conclusions

In this cross-sectional study, using a sample of Virginia loggers, work-related injuries and MSDs
were found to be quite prevalent among loggers, though many of these workers perceived their jobs
as being only moderately dangerous or less so. Based on the current results, three priority areas
were identified for interventions: struck-by/against hazards, situational awareness during logging
operations, and visibility hazards. Though on-site training/educational materials (e.g., hand signals,
high visibility vest and other PPE use) may be useful to address these hazards, we suggest a current
need for proactive approaches, such as incorporating proactive proximity technologies in a logging
machine or personal equipment, and enhancing logging machine design for better safety, ergonomics,
and SA. We believe that proactive approaches are essential to achieve a broader and more substantial
positive impact on safety and health among both machine operators and ground workers. In addition,
our results are supportive of future efforts to improve awareness of the risk of musculoskeletal and
diesel exhaust exposures and understand such exposures among logging workers.
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