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Abstract: The activity of the mechanized extraction of wood, carried out by means of self-propelled
forest machines, consists of moving the wood cut inside the forest stand from the planted forests
to the roadside. During displacements, these machines normally travel over forest residues and
stumps, which can demand greater motor power from the engine, in addition to the possible in-
crease in occupational noise levels. In this context, we evaluated whether, when operating different
self-propelled forest machines in the wood extraction of planted Eucalyptus forests, operators are
exposed to different levels of occupational noise, especially to thresholds above those established
for prevention purposes. Occupational noise data were collected during the workday, weighing six
self-propelled forest machine operators who performed the wood-extraction operation, performed by
two forwarders, two self-loading tractors, and two grapple skidders, in three areas with Eucalyptus
plantations located in the southeastern region of Brazil. The sound-pressure level was collected
using two integrative meters following the strategic measurement criterion recommendation for
the whole day in the guidelines of the acoustic determination of occupational noise exposure and
analyzed according to the American Conference of Government Industrial Hygienists. Operators of
forest machines for the mechanized extraction of wood were exposed to occupational noise levels
above the recommended level, which can affect health and well-being; this occupation also required
above-average levels of attention during the execution of work activities.

Keywords: forest operations; planted forests; Eucalyptus; ergonomics; wood harvesting;
occupational noise

1. Introduction

The forest sector stands out worldwide, based on the increase in the demand for wood
from planted forests used as raw material for the production of multi-products. In Brazil, in
the last decade, this sector was boosted by the increase in the level of mechanization of the
operations intrinsic to wood harvesting; optimizing activities; and, above all, improving
the working conditions of workers.

Therefore, the evolution of this operation, that is, from manual and semi-mechanized
to mechanized methods, came from the need to improve the quality of the harvested wood
and, later, the quality of life of the worker [1–4].

In Brazil, among the wood-harvesting systems, the cut-to-length and the full-tree
systems are used, designated according to the purpose of the wood to be harvested. These
systems are evaluated under the most diverse aspects, such as technical, operational,
economic, environmental, and occupational [5–9].

In these systems, the wood-extraction activity is carried out, which consists of moving
the wood cut inside the forest stand to the roadside, intermediate yards, or processing
yards. This activity is carried out using self-propelled forest machines such as forwarders,
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grapple skidders, and self-loading tractors, selected according to the type of harvesting
system adopted by forestry companies [10–13].

Despite the intrinsic particularities of the technical characteristics, these machines are
characterized as sources of occupational noise. Noise is characterized as any unwanted
sound coming from the workplace, which interferes with the operator’s productivity and
health. The emergence of occupational diseases, such as hearing loss; disorders in the brain;
and disorders in the nervous, circulatory, digestive, endocrine, immunological, muscular,
and sexual functions [14–16], is associated with noise.

Noise also acts as an environmental stressor, and the prolonged exposure of operators
to this physical agent causes effects on quality of life, well-being, and cognitive health. In
addition, the stimulation of the autonomic nervous system, which can lead to an increase in
stress hormones, can result in the development of depression and anxiety disorders [12,17].

Operators may suffer from permanent or temporary hearing loss, which can increase the
risk of accidents and injuries in the workplace. As a consequence, hearing loss compromises
communication and the identification of warning signs of productive resources, reaching the
perception of the location of sounds. In addition, it can cause discomfort in the cognitive
system, an increase in stress level, sleep disturbance, and a lack of attention [18–23].

In this context, self-propelled forest machines used in wood extraction can be considered
important sources of occupational noise because they can affect the health of operators.
Thus, we evaluated whether, when operating different self-propelled forest machines in the
wood extraction of planted Eucalyptus forests, operators are exposed to different levels of
occupational noise, especially to thresholds above those established for prevention purposes.

2. Materials and Methods
2.1. Ethical Approval

The research was approved by the Research Ethics Committee of São Paulo State
University (Unesp), Medical School, Botucatu, São Paulo, Brazil, according to ID 3,492,969.
All operators participated voluntarily and received clarification on the methodology and
objectives of the research, becoming aware of the use of data by reading and signing the
Free and Informed Consent Term (FICT).

2.2. Study Overview

Data were collected in three areas with planted Eucalyptus forests located in southeast-
ern Brazil, characterized as follows:

Area 1: first rotation management system, with planting carried out at a spacing of
3.3 m × 1.8 m, age of 11 years, relief with a slope of 10.0 to 15.0% (wavy), and mechanized
extraction with a forwarder;

Area 2: coppice management system, with planting carried out in a spacing of
3.1 m × 1.8 m, age of 7 years, relief with a slope of 5.0 to 8.0% (smooth undulating),
and mechanized extraction with a self-loading tractor;

Area 3: high forest management system, with planting carried out at a spacing of
3.3 m × 1.8 m, age of 9 years, relief with a slope of 5.0 to 8.0% (smooth undulating), and
mechanized extraction with a grapple skidder.

The mean relative humidity in the study area ranged from 66.8% to 69.2%, with
wind speeds from 3 m s−1 to 4.29 m s−1 and mean air temperature from 16 ◦C to 22.2 ◦C,
according to National Institute of Meteorology [24].

2.3. Features of Self-Propelled Forest Machines

Six self-propelled forest machines used for the mechanized extraction of wood were
considered specifically for the activities of forwarding the wood and for the skidding of
wood (Table 1).
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Table 1. Characteristics of self-propelled forest machines used in mechanized wood extraction in
Eucalyptus planted forests.

Brand Model Type Accumulated Hours
of Use (h)

Ponsse
Elephant king Forwarder 1 15,155
Elephant king Forwarder 2 15,880

Valmet
118 Self-loading tractor 1 90,521
128 Self-loading tractor 2 33,215

Tigercat 635 D Grapple skidder 1 12,892
635 E Grapple skidder 2 8359

In the forwarding activity, were evaluated two Ponsse forwarders, with a cabin of
forestry machines (Elephant king models), with a rated power of 205 kW, a load capacity of
20,000 kg, and equipped with a crane with a useful area of 0.36 m2; these systems had tire
wheels and a traction of 8 × 8 and could extract wood 7 m in length that was destined for
the production of cellulose.

In addition to these, were evaluated two Valmet self-loading tractors with a roll-over
protection structure (models 118 and 128, respectively), with a rated power of 118 and
128 kW, tire systems, and 4 × 4 traction. The forestry implements had a load capacity of
6000 kg, equipped with cranes of the TMO brand with 0.25 m2 of useful area; they could
extract wood 2 m in length that was destined for energy purposes.

In the skidding activity, two Tigercat grapple skidders, with a cabin of forestry machines,
models 635D and 635E, were evaluated, both with a rated power of 194 kW, equipped with
grapples of a useful area of 1.95 m2, systems with tire wheels and a traction of 6 × 6, which
could extract wood 25 m in length that was destined for the production of cellulose.

2.4. Operator Characteristics

Six self-propelled forest machine operators were evaluated during the eight-hour
working day (Table 2). The operators had a mean age of 45.3 ± 8.2 years and a mean time
of professional experience of 11.2 ± 7.8 years.

Table 2. Characteristics of self-propelled forest machine operators who performed mechanized
wood-extraction operations.

Operator Age Experience Time
(Years) Type

1 51 20 Forwarder 1
2 50 8 Forwarder 2
3 41 12 Self-loading tractor 1
4 48 23 Self-loading tractor 2
5 29 2 Grapple skidder 1
6 50 4 Grapple skidder 2

2.5. Occupational Noise Analysis Procedure and Criteria

Occupational noise data were collected during the daily workday, considering breaks
taken due to physiological needs; lunch breaks; and mechanical interruptions. Operators wore
personal protective equipment and, during operations, kept the machine’s cabin door closed.

Sound pressure levels were collected using integrator meters for personal use (brand
Instrutherm, models DOS-500 and DOS-600, both calibrated and certified). Measurements
took an average of 7 h and 33 min for each operator, with criteria for assessing occu-
pational noise exposure recommended according to the International Organization for
Standardization [25].
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The sound-pressure level (Equation (1)), responsible for the perception of the noise
level at the auditory threshold, measured in a measurement range of 50 to 130 dB, was
estimated according to Kuehn [26].

SPL = 20 log
(

P
P0

)
(1)

where SPL is the sound-pressure level, P is the sound pressure being measured, and P0 is
the reference sound pressure (standardized at 2 × 10−5 Pascal).

The daily noise dose (Equation (2)), which refers to the amount of actual exposure
relative to the amount of exposure allowed, was calculated following the precepts of the
National Institute for Occupational Safety and Health [27].

D =
C1

T1
+

C2

T2
+

C3

T3
+ . . . +

Cn

Tn
(2)

where D is the daily noise dose, Cn is the total time of exposure at a specified noise level,
and Tn is the exposure duration for which noise at this level becomes hazardous.

The standardized exposure level (Equation (3)), which configures the exposure level to
which the auditory system is exposed during the 8-h working day, was weighted according
to Masioli et al. [28].

SEL = EL + 10 log
(

Dw

480

)
(3)

where SEL is the standardized exposure level, EL is the exposure level, and Dw is the
duration of the workday.

The maximum exposure daily permissible (Equation (4)), which expresses the maxi-
mum time of exposure to noise during the day, was estimated according to the National
Institute for Occupational Safety and Health [27].

MEDP =
480

2(SEL − Al)/q
(4)

where MEDP is the maximum exposure daily permissible, SEL is the standardized exposure
level, Al is the action level, and q is the dose increment factor.

The noise level (Equation (5)) indicates the estimated noise level that the operator’s
ear picked up after the attenuation provided by the correct use of hearing protectors; it was
measured in accordance with Schulz [29].

NL = Lavg − NRRs f (5)

where NL is the estimated noise level that reaches the worker’s ear, Lavg is the average level
of daily exposure to occupational noise, and NRRsf is the noise reduction rate subject fit.

The measurements followed as a strategic criterion for measuring the complete daily
journey, in which the recommendations of the International Organization for Standardiza-
tion [25] were recommended. The integrating meters were configured with an “A” weight
and a dose increment factor of 5, as proposed by the American Standards Institute [30].

The results obtained were compared with an action level of 80 dB(A) and an exposure
limit of 85 dB(A) for an 8-h working day, following the recommendations of the American
Conference of Government Industrial Hygienists [31].

Hearing loss estimation was based on Portuguese Norm N. 1733, Annex N. 6 [32],
considering that exposure to thresholds above 80 dB(A) and professional experience of
more than five years indicate the onset of hearing loss resulting from work activities.

The normality of sound-pressure level data was analyzed using the test of Lilliefors [33]
and the homoscedasticity of variance with the test of Bartlett [34]. The nonparametric test
of Kruskal and Wallis [35] was adopted to establish if the samples originated from the same
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distribution as the adjustment by the test of Dunn [36]. Statistical analyzes were analyzed
at a 5% significance level using the R Development Core Team [37] programming language.

3. Results

When analyzing the hypotheses of normality and the homogeneity of the variances
of sound-pressure levels, the assumptions at a significance level of 5.0% were rejected.
Therefore, submitted to the Kruskal–Wallis test, p-value = 0.00 differed statistically; thus,
through the Dun test, the different behaviors were evidenced (Figure 1) between the sound-
pressure levels collected from the self-propelled forest machines, limiting the equivalence
to Operator 5 and Operator 6.
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In addition to providing the implementation of mitigating measures, the study of
the noise levels emitted by self-propelled forest machines promotes the identification of
the excess threshold between observed emissions and reference values recommended by
norms, laws, and guidelines aimed at the occupational safety of operators. Therefore, based
on the occupational noise analysis variables in a mechanized wood-extraction operations
in southeastern Brazil (Table 3), a comparison was made between the reference values of
the American Conference of Government Industrial Hygienists.

Table 3. Occupational noise analysis variables in mechanized wood-extraction operations in south-
eastern Brazil.

Operator D (%) SEL [dB(A)] MEDP (h) NL [dB(A)]

1 32.0 76.8 24 h 59 min 59.8
2 34.1 77.2 23 h 28 min 60.2
3 212.8 90.4 3 h 45 min 70.4
4 196.1 89.9 4 h 4 min 69.9
5 96.5 84.7 8 h 29 min 67.7
6 102.7 85.2 7 h 47 min 68.2

Where D is the daily noise dose, SEL is the standardized exposure level, MEDP is the maximum exposure daily
permissible, and NL is the estimated noise level that reaches the worker’s ear.
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Operator 1 and Operator 2 were exposed to a daily noise dose of 32.0% and 34.1%,
respectively, with these values being lower than those recommended for the daily working
day. These operators had a standardized exposure level of 0.4% and 3.5% below the action
level, allowing for 313.3% and 293.3% of maximum daily exposure.

Operator 3 was exposed to a dose 112.8% higher than recommended for the daily
working day, with a standardized exposure level 6.0% higher than the recommended
exposure limit. Thus, the maximum permissible daily exposure for this operator was 46.9%.
The daily noise dose to which Operator 4 was exposed exceeded 96.1% of the tolerable,
with 5.5% of the standardized exposure level above the recommended limit, inferring 50.8%
of the maximum permissible daily exposure.

Operator 5 had a daily noise dose exposure of 96.5%, presenting a standardized exposure
level 5.5% above the action level, allowing for 106.0% of maximum daily exposure. Operator 6
was exposed to 2.7% above the daily noise dose, with a standardized exposure level exceeding
0.2% of the exposure limit, reflecting 97.3% of maximum permissible daily exposure.

In the analysis of hearing loss, Operator 1 and Operator 2 had exposures below the
upper threshold; thus, there was no risk of hearing loss in the short term. Operator 3 and
Operator 4, who presented exposure above the upper threshold, had experience in the role
of 12 and 23 years, respectively, with a risk of hearing loss of 11.0% and 115.9%. The risks
of hearing loss for Operator 5 and Operator 6 were 0.7% and 0.9%, with respect to the time
of experience in the role of 3 and 4 years, respectively.

4. Discussion

The sound-pressure levels emitted by self-propelled forest machines in the mechanized
extraction of wood can compromise the health and safety of operators. Hundy et al. [38]
and Patil et al. [39] add that these levels are crucial for the acceptability of the workplace
and for the preservation of workers’ hearing. In cases of inadequacy of the workplace, they
can corroborate in damages caused to the health of the operators.

In this perspective, the workplaces of Operator 3 and Operator 4, who performed the
wood extraction with a self-loading tractor, and Operator 6, who performed the extraction
operation with a grapple skidder, were the only ones to present sound-pressure levels
above 85 dB(A), therefore characterizing the workplace as unhealthy. In addition, they
can result in burnout syndrome; difficulty concentrating; stress; fatigue; or cardiovascular
disease [40–43].

When analyzing the daily noise dose to which Operators 1, 2, and 5 were exposed,
it was found that they did not exceed the limit of 100.0% recommended by the National
Institute for Occupational Safety and Health [27]. Thus, Operators 3, 4, and 6 were exposed
to doses above the stipulated dose for the daily working day. Thus, the adoption of methods
associated with the management of occupational noise, such as hearing conservation
programs, should be implemented, as recommended by Camargo et al. [44] and Moroe and
Khoza-Shangase [45] to decrease the daily dose of noise.

Operators 3, 4, and 6 were exposed to standardized exposure levels above the exposure
limit of 85 dB(A). Thresholds above the pre-established maximum limits highlighted how
exposed these operators were to the compromise of their occupational integrity [8,12,46,47].

It is evident that the self-loading tractors presented unfavorable results of occupational
noise, that is, higher levels than the other self-propelled forest machines. This result can be
attributed to the fact that they are machines adapted for the forestry activity under analysis,
for example, the cabin did not have adequate sealing to mitigate noise levels. Another
factor that can be considered a potentiator of noise generation was the amount of hours
accumulated, exceeding 30,000 h of use.

The total hours accumulated are counted using the machine’s hourmeter; thus, the
useful life of self-propelled forest machines can be estimated. Because the self-loading
tractor is an agricultural machine adapted for forestry operations, the estimated useful
life for an agricultural tractor is considered, which is limited to 16,000 h of use [48]. This
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machine configuration that operates above the hourmeter limit tends to produce higher
noise levels [49].

As for the grapple skidder, the increase in the standardized exposure level can be
explained since the self-propelled forestry machine operated at the limit of the grapple’s
maximum capacity. Visser and Spinelli [50] and Poje et al. [51] point out that, when
performing the activity close to the maximum volume of technical capacity, there is a
greater demand for machine power. Therefore, this indicated an increase in average noise
levels, which could be avoided by the strategic involvement of forest managers, in order to
eliminate cognitive biases in permanent decision-making, as exposed by McLain et al. [52]
and Camargo et al. [44].

During the mechanized extraction of wood performed by forwarders, operators were
exposed to a standardized exposure level close to the action level of 80 dB(A). Due to this
proximity to the action level, the constant monitoring of noise levels must be maintained
in order to prevent values from exceeding recommended levels. However, if these were
exceeded, Oliveira et al. [53] justify the adoption of appropriate control measures.

In the operation performed by the grapple skidder, Operator 5 was exposed to the
standardized exposure level of 4.7 dB(A) above the action level of 80 dB(A). Operators
frequently exposed to noise levels above the action level may experience symptoms of
discomfort, tinnitus, physiological disturbances, noise-induced hearing loss, etc., which
intensify over time [54,55].

Ideally, the extinction of all risky and unhealthy situations in the work routines of self-
propelled forest machine operators is desirable. However, eradicating the possible risks can
be time-consuming or impossible. Associating measurement and quality-management tools
makes it possible for the forest manager to know the sources of noise, reorganize activities,
implement control measures, and check their efficiency in promoting new adjustments.

The continuous improvement routine allows the problem to be decomposed so that
its resolution becomes feasible. As an example of the identification and awareness of the
need to use personal protective equipment such as ear protectors, can, according to Veiga
et al. [56], attenuate up to 20 dB of the occupational noise to which workers may be exposed
on a daily basis.

The monitoring and evaluation of occupational noise levels as part of the work rou-
tine creates opportunities to ensure the well-being of operators during the execution of
mechanized wood-extraction activities. Thus, as protective measures can be adopted, the
stipulation of intervals during long hours of operation against possible damage caused by
excessive noise, in addition to engineering actions to replace damaged parts and seal the
cabins, is necessary.

5. Conclusions

Operators of self-propelled forest machines that work in the mechanized extraction of
Eucalyptus wood are exposed to occupational noise levels above those recommended for
prevention purposes.

Self-loading tractors and grapple skidder self-propelled forest machines stand out for
their non-compliance with values higher than those recommended.

The risk of hearing loss for the operators analyzed represented 33%, as a result of the
average time of experience above 12 years.

Higher levels of occupational noise than those recommended expose operators to risks
and compromise their occupational health, as well as their performance in the operation of
the mechanized extraction of Eucalyptus wood by different self-propelled machines.
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