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Abstract

Physical agent noise can be considered one of the main disturbances that compromise the 
occupational health of self-propelled forest machine operators. We evaluated whether 
occupational noise levels emitted by self-propelled forest machines employed in the full tree 
system are in accordance with both the National Institute for Occupational Safety and Health 
and ISO 1999:2013 standards, while also proposing mitigating measures aimed at protecting 
the operators hearing. Seventeen operators, who performed wood harvesting operations in 
Eucalyptus forests in Brazil, were analyzed. Noise levels were collected in a daily shift of eight 
hours as recommended by the Acoustics – Determination of occupational noise exposure - 
Engineering method for full-day measurements (ISO 9612:2009). The standards adopted for 
the evaluation were the exposure action value of 80 dBA and the exposure limit of 85 dBA 
based on the National Institute for Occupational Safety and Health – NIOSH and on Acoustics 
– Estimation of noise-induced hearing loss (ISO 1999:2013) Directive 2003/10/EC. The 
operators were arranged in homogeneous groups according to the Acoustics recommendation 
– Determination of occupational noise exposure – Engineering method for full-day 
measurements (ISO 9612:2009), classified by the operations of felling, skidding of tree bundles 
and bucking. The results showed that 17 self-propelled forest machines exceeded the exposure 
action value of 80 dBA, of which 10 machines exceeded the exposure limit of 85 dBA. It was 
concluded that the levels of occupational noise emitted by self-propelled forest machines used 
in the full tree system are higher than those recommended by both standards, National Institute 
for Occupational Safety and Health and ISO 1999:2013. Therefore, the allocation of self-
propelled forest machines to homogeneous groups allows inferring mitigation actions that 
protect operators’ hearing. The correct use of hearing protectors during the daily workday 
provides hearing protection for operators in mechanized wood harvesting. Adoption of actions 
such as maintenance of cabin seals and mechanical components, breaks for fatigue relief, 
reduction of daily working hours and rotation of operators in different self-propelled forest 
machines can mitigate the damage to the occupational health of operators.
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1. Introduction
Wood harvesting in the Eucalyptus forest planted 

in Brazil, in areas that allow mechanization, replaced 
operations that required physical overload for opera-
tors. However, the choice of mechanized wood-har-
vesting systems, composed of different self-propelled 
forest machines, resulted in other damages to the oc-
cupational health of operators, consequently impact-
ing the effective productivity of forestry operations.

It should be noted that the mechanized harvesting 
of wood systems was developed and became part of 
the routine of forestry sector companies (Ajani 2011, 
Kärhä et al. 2018, Malinovski et al. 2015, Mologni et al. 
2018, Norihiro et al. 2018, Tolosana et al. 2014). Given 
this, the selection of self-propelled forest machines 
must be guided by the edaphoclimatic characteristics 
of the planted forest, the efficiency and optimization 
of ecologically sustainable and socially acceptable op-
erations and, above all, provision of working  



D.A. Camargo et al.	 Exposure to Occupational Noise: Machine Operators of Full Tree System in Brazil (391–402)

392	 Croat. j. for. eng. 43(2022)2

conditions favorable to operators (Lindroos et al. 2017, 
Marčeta et al. 2020, Mederski et al. 2021, Miyajima et 
al. 2020, Pandur et al. 2021, Spinelli and Marchi 2021).

Among the mechanized wood harvesting systems, 
the full tree system stands out. It is usually composed 
of the feller-buncher, grapple skidder and grapple 
processor (Gerasimov and Sokolov 2014, Jodłowski 
and Kalinowski 2018, Tolosana et al. 2018). This sys-
tem aims to make the felling of trees and remove them 
to the margins of forest roads or intermediate yards, 
for later timber processing (Malinovski et al. 2008, 
Proto et al. 2020).

From the ergonomic point of view, the full tree sys-
tem can be understood in a working environment with 
the presence of physical agents, such as occupational 
noise and, according to Yovi and Yamada (2019), char-
acterized as an unhealthy working environment. Ac-
cording to Brown and Kamp (2017) and Guski et al. 
(2017), when operators are exposed to occupational 
noise for long periods at work, fatigue, decreased pro-
ductivity, mood swings, lack of motivation and focus 
and sleep dysfunction occur. Besides that, Oishi and 
Schachat (2011), Guo et al. (2018) and Nyarubeli et al. 
(2018) point out that exposure to occupational noise 
results in temporary to permanent disturbances, such 
as noise-induced hearing loss, which causes acoustic 
trauma and inflammation of the ear canals.

From this standpoint, Landekić et al. (2019) and 
Routa et al. (2020) suggest the adoption of mechanisms 
to reduce the exposure of operators to the emitted 
noise levels, aiming to protect the health and safety of 

operators through decision making (Spinelli et al. 
2020). The elimination, control of noise levels and 
implementation of preventive and predictive mea-
sures, are decisions that can be implemented based on 
analysis of data obtained in the field. (Naskrent et al. 
2020, Potočnik and Poje 2017, Potočnik et al. 2009).

Albizu et al. (2013), Prell et al. (2020) and Soylemez 
and Mujdeci (2020) emphasize that the perception of 
risk is of vital importance for operators, as they do not 
perceive, in the short term, the consequences of expo-
sure to occupational noise and therefore it is an impor-
tant element in the detection and implementation of 
mitigation actions. Thus, noise levels emitted by self-
propelled forest machines can expose operators to 
unhealthy conditions, justifying constant monitoring.

Due to this, it was evaluated whether the occupa-
tional noise levels emitted by self-propelled forest 
machines employed in the full tree system are in ac-
cordance with both the National Institute for Occupa-
tional Safety and Health and ISO 1999:2013 standards, 
while also proposing mitigation measures aimed at 
protecting the operators hearing.

2. Materials and Methods

2.1 Study Overview
The research and the respective informed consent 

form were previously approved by the Research Ethics 
Committee of Universidade Estadual Paulista »Júlio de 

Table 1 Characterization of the forest site

Species Study area
Distribution of diameter classes 

cm
Mean individual tree volume 

m3
Cutting age 

year
Terrain slope 

%
Classification of 
slope classes

Eucalyptus saligna

1 12–12.9 0.639 12 27 to 30 Severely undulated

2 12–12.9 0.639 12 5 to 8 Mildly undulated

3 7–7.9 0.360 8 10 to 15 Undulated

4 12–12.9 0.608 13 5 to 8 Mildly undulated

5 6–6.9 0.359 6 5 to 8 Mildly undulated

Eucalyptus grandis

6 6–6.9 0.373 7 5 to 8 Mildly undulated 

7 8–8.9 0.409 8 10 to 15 Undulated

8 12–12.9 0.622 12 5 to 8 Mildly undulated

9 8–8.9 0.425 8 5 to 8 Mildly undulated

10 6–6.9 0.336 6 5 to 8 Mildly undulated

11 5–5.9 0.342 6 5 to 8 Mildly undulated
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Mesquita Filho« – Medical School – Botucatu Campus, 
according to the Opinion No. 3.492.969.

The data were collected under real operating condi-
tions in forests planted with two species of Eucalyptus, 
located in Brazil. E. saligna’s average planting age was 
of 10.2 years ±2.68, with mean individual tree volume 
(MIV) of 0.52 ±0.13 m³ and spacing of 3.30 x 1.80 m. As 
for the planting of E. grandis, the average age was 8 
years ±2.13 with MIV of 0.41±0.10 m³ and spacing of 
3.30 x 1.80 m. The classification of slope classes was 
performed (Table 1) according to Viel et al. (2020).

2.2 Mechanized Harvesting of Wood
The felling of trees was performed by feller-bunch-

ers, which performed the felling of trees and accumu-
lation of bundles for subsequent allocation on the soil. 
That said, four Tigercat feller-bunchers and one John 
Deere feller-buncher were considered, all with rigid 
track wheels and auger felling head. (Table 2).

As for the skidding of tree bundles, grapple skid-
ders were used to perform the skidding of tree bundles 

from the interior of the stand to the margins of the 
forest road. Thus, four Tigercat grapple skidders with 
6x6 pneumatic wheel systems were evaluated.

Finally, the log twisting comprised pruning and 
twisting the trees together and was performed by five 
John Deere grapple processors with a rigid track sys-
tem, in addition to three grapple saws with a John 
Deere rigid treadmill track system.

Thus, 17 operators of self-propelled forest ma-
chines were considered, that is, one operator for each 
machine. The feller-buncher operators had an average 
age of 31.8±5.2 years, with an average professional ex-
perience in the felling of trees of 4.7±2.5 years. As for 
the grapple skidder operators, they had an average 
age of 41±8.9 years, with an average time of profes-
sional experience in the skidding of tree bundles of 
4.9±4.3 years. In the log bucking, the grapple processor 
operators had an average age of 34±3.7 years and an 
average professional experience of 4.2±0.6 years. In the 
bucking of trees with the use of a grapple saw, the 
operators had an average age of 39.7±4.5 years and an 
average professional experience of 3.9±2.2 years.

2.3 Dosimetry Procedure
Daily journey of forestry operations was of eight 

hours. Due to the time spent on physiological needs 
and mechanical interruptions, dosimetry was paused. 
However, it took more than six hours for the daily 
individual collection.

Noise levels were collected through two integrating 
meters for personal use of the Instrutherm brand, 
models DOS-500 and DOS-600, which were attached 
to the operators’ clothing, and the microphone was 
fixed at shoulder height as recommended by the 
Acoustics – Determination of occupational noise 
exposure – Engineering method (ISO 9612:2009).

Sound pressure level was measured in decibels 
(dB), every 60 seconds, with the adjustment of curve 
A to compensate for the decibel level. The range be-
tween 70 and 140 dBA was considered as a measuring 
range; in addition, noise levels above 115 dBA were 
also considered. The response circuit adopted was 
slow, given its employability in situations that cause 
oscillations of sound pressure level.

Noise levels were analyzed according to the 
guidelines established by the National Institute for 
Occupational Safety and Health – NIOSH purposes 
that deal with Occupational Noise Exposure (NIOSH 
1998) and Acoustics – Estimation of noise-induced 
hearing loss (ISO 1999:2013). The reference criterion 
adopted as an exposure limit for a daily workload of 
eight hours was 85 dBA.

Table 2 Self-propelled forest machines and accumulated number 
of hours of use

Self-propelled 
forest machines

Identification Brand Model
Accumulated 

hours of use, h

Feller-buncher

FB1 Tigercat L 870 C 10,071

FB2 Tigercat L 870 C 18,647

FB3 Tigercat L 870 C 9644

FB4 Tigercat L 870 C 21,189

FB5 John Deere 953 MH 342

Grapple skidder

GSk1 Tigercat 635 D 13,631

GSk2 Tigercat 636 D 12,892

GSk3 Tigercat 637 D 14,152

GSk4 Tigercat 635 E 8359

Grapple 
processor

GPR1 John Deere 351 G 21,303

GPR2 John Deere 352 G 21,333

GPR3 John Deere 903 k 8927

GPR4 John Deere 903 k 8875

GPR5 John Deere 953 MH 801

Grapple saw

GS1 John Deere 350 G 13,644

GS2 John Deere 909 k 11,502

GS3 John Deere 909 k 7767
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As for the exposure action value, which establishes 
the occupational noise exposure limit for preventive 
actions, half the dose was adopted as the exposure 
action value for the physical agent noise, defined as 
exposure to sound levels less than 80 dBA, according 
to Directive 2003/10/EC (EU 2003) and ISO 1999:2013. 
Based on Regulatory Standard N. 1733 – Annex N. 6 
(Portugal 1981), the risk of hearing loss during work 
activity was estimated, considering the length of pro-
fessional experience, aiming to protect operators’ 
hearing.

The sound pressure level, which represents an ap-
proximation of the noise captured through the human 
ear, was expressed through Eq. 1.

	 SPL = 20 log
2

2
0

P
P

 
 
 

		  (1)

Where:
SPL	� sound pressure level
P	� mean square root of variations in instantaneous 

values of sound pressure
P0	 �reference sound pressure that corresponds to au-

dibility threshold.
Due to the hearing damage produced by noise 

variation over time, the average levels of daily expo-
sure to occupational noise (Eq. 2) were calculated in 
accordance with Wallas et al. (2019), for the dose incre-
ment factor of 5.

	 Lavg = 16.61 × log
100

D Tc
TM

 ×
  ×

 + LC	 (2)

Where:
Lavg	� average levels of daily exposure to occupational 

noise
D	 daily noise dose projected for 8 hours
TC	 base level period of evaluation criteria (8 hours)
TM	 measurement time
LC	 base level of the criterion, equal to 85 dBA.

It was possible to determine the maximum allow-
able daily exposure according to the average levels of 
daily exposure to occupational noise, according to Eq. 
3.

	 MADE = 
avg av( )/

16

2 L E Dif−
	 (3)

Where:
MADE	� maximum allowable daily exposure
EAV	 �exposure action value, equal to 80 dBA
Dif	� dose increment factor, adopted as 5.

The mitigation levels of hearing protection devices 
were determined according to the Noise Reduction 
Rate Subject Fit using Eq. 4 according to Schulz (2011).

	 LHP = Lavg – NRRSF		 (4)

Where:
LHP	� estimated noise level that reaches worker’s ear 

in dBA
NRRSF	�noise reduction rate subject fit.

2.4 Criterion for Defining Homogeneous Groups
Homogeneous groups were defined with the op-

erators of self-propelled forest machines, which were 
exposed to occupational noise, as recommended by 
ISO 9612:2009. Homogeneous groups consist of the 
arrangement of more than one operator, grouped ac-
cording to the function performed, characterized as:

Homogeneous Group 1 (HG1): composed of five 
self-propelled forest machines, therefore five opera-
tors operating feller-buncher;

Homogeneous Group 2 (HG2): formed by four self-
propelled forest machines, consequently four opera-
tors operating grapple skidder;

Homogeneous Group 3 (HG3): established by five 
self-propelled forest machines, therefore five grapple 
processor operators;

Homogeneous Group 4 (HG4): consisting of three 
self-propelled forest machines, therefore three grapple 
saw operators.

Exposure to noise level for a daily journey of eight 
hours was dimensioned using the full-day measure-
ment strategy, according to the guidelines of ISO 
9612:2009.

The daily occupational noise exposure level, with 
an effective working day duration, depended on the 
average levels of daily exposure to occupational noise 
(Eq. 5).

	 Lp,A,wqTe = 10log p,A,eqT,nN 0,1

n 1

1 10 L

N
×

=

 
  ∑ dB	 (5)

Where:
Lp,A,eqTe	 �A-weighted equivalent continuous sound 

pressure level for Te

Lp,A,eqT,n	� A-weighted equivalent continuous sound 
pressure level of sample n

N	� total number of job samples.
The achievement of the daily occupational noise 

exposure level was estimated using Eq. 6.

	 LEX,8h = Lp,A,eqTe + 10log e

0

T
T
 
  

	 (6)
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Where:
LEX,8h	�A-weighted noise exposure level normalized to a 

nominal 8 h working day
Te	 �effective duration of working day
T0	 reference duration, (T0=8 h).

Therefore, to calculate the uncertainty of the aver-
age levels of daily exposure to occupational noise of 
the measured values, Eq. 7 was used.

	
N2 2

p,A,eqT1 p,A,weT,nn 1

1 ( )
1

u L L
N =

 = − −  ∑ 	 (7)

Where:
u1	� standard uncertainty of the average energy of 

several measurements of A-weighted equivalent 
continuous sound pressure level

p,A,eqTL 	�arithmetic average of N job samples of A- 
-weighted continuous equivalent sound pres-
sure level

The combined standard uncertainty for the level of 
exposure to noise weighted in the daily working day 
was calculated using Eq. 8.

	 2 2 2 2 2 2
EX,8h 1 1 2 2 3( ) ( )u L c u c u u= = + + 	 (8)

Where:
u	 combined standard uncertainty
c1	 �sensitivity coefficient associated with job noise 

level sampling
c2	 �sensitivity coefficient associated with measure-

ment instrumentation
u2	 standard uncertainty due to instrumentation
u3	 standard uncertainty due to microphone position

Finally, to determine the (U) expanded uncertain-
ty, Eq. 9 was applied.

	 U = 1,65 × u		  (9)

2.5 Statistical Analysis
We sought to infer about each constituent element, 

derived from observation between homogeneous 
groups, considering the condition of statistical equal-
ity. In such manner, the conditions assumed in the 
arrangement of homogeneous groups were analyzed 
according to the hypothesis of equivalence of occupa-
tional noise levels emitted.

The assumptions of normality and homoscedasticity 
of the data were verified using the Lilliefors (Lilliefors 
1969) and Bartlett tests (Bartlett 1937). As for the 
comparison of the Sound Pressure Level (SPL) 
response, the Friedman non-parametric ranks test 

(Friedman 1937) was applied, followed by post hoc 
analyses using the Nemenyi multiple comparison test 
(Nemenyi 1963), between the homogeneous groups 
and within each homogeneous group.

Statistical analyses were discussed at a 5% signifi-
cance level and performed using software R version 
3.5.2 (R development core team 2021).

3. Results

3.1 Occupational Noise Assessment
When analyzing the average levels of daily expo-

sure to occupational noise for operators of self-pro-
pelled forest machines, it was found that two HG1 
operators were exposed to the exposure limit of  
85 dBA recommended by NIOSH (1998) and ISO 
1999:2013 described in Table 3. 

The FB1 operator was exposed to an average level 
of daily exposure to occupational noise of 4.4 dBA 
above the exposure limit, and for the computed max-
imum allowable daily exposure level, it would be 4 
hours and 21 minutes. As for the FB2 operator, the 
average level of daily exposure to occupational noise 
was 1.9 dBA higher than the exposure limit, so the 
maximum allowable daily exposure for the assessed 
level would be 6 hours and 25 minutes.

Regarding HG2, the average level of daily expo-
sure to occupational noise for the GSK1 operator was 
4.5 dBA higher than the exposure limit and for the 
weighted level, the maximum allowable daily expo-
sure would be 4 hours and 19 minutes. Regarding the 
GSK2 operator, the average level of daily exposure to 
occupational noise was 1.5 dBA above the exposure 
limit, with 6 hours and 30 minutes of maximum allow-
able daily exposure.

The GSK3 operator was exposed to an average 
level of daily exposure to occupational noise of 2.2 dBA 
above the one recommended by NIOSH (1998) and ISO 
1999:2013, with 5 hours and 54 minutes of maximum 
allowable daily exposure. As for the GSK4 operator, he 
was exposed to 1.5 dBA above the average daily level 
of exposure to occupational noise, with a maximum 
allowable daily exposure of 6 hours and 30 minutes.

As to HG3, the GPR1 operator was exposed to the 
average levels of daily exposure to occupational noise 
plus 0.1 dBA, as recommended by NIOSH (1998) and 
ISO 1999:2013 for labor purposes, with 7 hours and 52 
minutes of maximum allowable daily exposure for a 
daily journey. The GPR4 operator was exposed to  
0.1 dBA above the exposure limit, with 7 hours and 52 
minutes of maximum allowable daily exposure. As for 
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the GPR5 operator, it presented an average level of 
daily exposure to occupational noise of 2.0 dBA above 
the exposure limit and 6 hours and 4 minutes of max-
imum allowable daily exposure.

In HG4, the GS2 operator presented an average 
level of daily exposure to occupational noise of 0.3 dBA 
above the exposure limit and 7 hours and 43 minutes of 
maximum allowable daily exposure. Therefore, the risk 
of hearing loss for coverage was estimated, according 
to Portuguese Standard number 1733 (1981), and deter
mined based on the professional experience of the op-
erators, when it was equal to or greater than 60 months. 
Only two operators had professional experience longer 
than the recommended period: GSK3 and GPR1.

3.2 Comparison between Homogeneous Groups
In the homogeneous group HG1, operators were 

subject to a daily occupational noise exposure level of 
86.5 dBA, with a minimum of 84.6 dBA and a maxi-
mum of 89.4 dBA and expanded uncertainty of  
4.0 dBA, for a 95% unilateral confidence interval.

HG2 operators were exposed to a daily occupa-
tional noise exposure level of 87.6 dBA, with a mini-
mum of 86.5 dBA and a maximum of 86.5 dBA, with 
an expanded uncertainty of 3.2 dBA, for a 95% unilat-
eral confidence interval.

HG3 operators were exposed to a daily occupa-
tional noise exposure level of 85.2 dBA, with a mini-
mum of 84.0 dBA and a maximum of 87.0 dBA, with 
an expanded uncertainty of 3.1 dBA, for a 95% unilat-
eral confidence interval. In HG4, operators had a dai-
ly occupational noise exposure level of 84.9 dBA, with 
a minimum of 84.4 dBA and a maximum of 85.3 dBA, 
expanded uncertainty of 3.0 dBA, for a 95% unilateral 
confidence interval.

In this scenario, given the non-parametric spec-
trum of the data, the Friedman ranks test was applied, 
through which it was found that there was no evi-
dence to reject the null hypothesis (p-value = 0.73), that 
is, there is no evidence that the medians of the sound 
pressure level are different between the homogeneous 
groups (Table 4).

3.3 Comparison of Constituents of Each  
Homogeneous Group

The conditions of normality of the data and homo-
geneity of the variances were not satisfied at the sig-
nificance level of 5%, resulting from the applications 
of the Lilliefors and Bartlett tests. With the application 
of the Friedman test, it was possible to verify the dif-
ferences that did not agree with the arrangement.

In view of the above, for HG1 and HG2, it was 
found that there was no evidence to reject the null 
hypothesis (p-value = 0.22 and p-value = 0.70, respec-
tively), that is, it was not possible to demonstrate that 
sound pressure levels differed statistically between 
feller-bunchers (Fig. 1a) and grapple skidders (Fig. 1b). 
Similarly, the sound pressure level emitted by the 
grapple processor (Fig. 1c) did not show statistical dif-
ferences (p-value = 0.05); in like manner, the grapple 
saw (Fig. 1d) did not show evidence that would lead 
to accepting the test hypothesis (p-value = 0.95).

4. Discussion
The occupational risks to the health of operators of 

self-propelled forest machines are a problem in the 
forestry sectors according to Souza et al. (2003),  
Suchomel et al. (2011) and Araújo et al. (2018). Noise 

Table 3 Average levels of daily exposure to occupational noise, 
maximum allowable daily exposure and protection level

Homogeneous 
groups Identification Lavg, dBA MADE, h LHP, dBA

HG1

FB1 89.4 4h 21 72.4

FB2 86.9 6h 09 69.9

FB3 84.6 8h 29 67.6

FB4 84.8 8h 14 67.8

FB5 84.7 8h 23 67.7

HG2

GSK1 89.5 4h 19 72.5

GSK2 86.5 6h 30 69.5

GSK3 87.2 5h 54 70.2

GSK4 86.5 6h 30 69.5

HG3

GPR1 85.1 7h 52 68.1

GPR2 84.0 9h 11 67.0

GPR3 84.1 9h 02 67.1

GPR4 85.1 7h 52 68.1

GPR5 87.0 6h 04 70.0

HG4

GS1 84.8 8h 19 67.8

GS2 85.3 7h 43 68.3

GS3 84.4 8h 40 67.4

Table 4 Comparative analysis between homogeneous groups of 
self-propelled forest machines

Homogeneous groups Median, dBA Amplitude, dBA

HG1 80.19 12.80

HG2 83.95 16.95

HG3 78.04 10.36

HG4 76.63 13.43
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analysis in mechanized harvesting of wood in the full 
tree system resulted in values higher than the expo-
sure action value, that is, all operators were exposed 
to occupational noise levels above 80 dBA, according 
to Prince et al. (1997), Health and Safety Executive 
(2012) and Regulatory Standard No. 9 (Brasil 1978).

In this perspective, it is necessary to adopt person-
al protective equipment, since the 17 self-propelled 
forest machines presented average levels of daily ex-
posure to occupational noise higher than the exposure 
action value. The correct use of the hearing protection 
insert allows attenuating up to 17 dB or up to 20 dB 
when using the circum-auricular. Furthermore, ac-

cording to Aalmo et al. (2016), interruptions during the 
daily workday can therefore help mitigate the damage 
to the operators’ health.

In the tree felling, among the five feller-bunchers 
evaluated, the FB1 and FB2 had occupational noise 
levels higher than recommended by NIOSH (1998) 
and ISO 1999:2013. FB1 performed the operation in 
study area 2 (5 to 8%) with mildly undulated slope 
class and FB2 in study area 3 and 7 with undulated 
slope class (10 to 15%).

These two feller-bunchers operated on terrain with 
slopes above 5%, which according to Obi and Visser 
(2018) can impact the emission of noise levels. In  

Fig. 1 Comparative analysis of sound pressure level within homogeneous groups
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addition, the felling effects exerted by these two ma-
chines were in the perpendicular direction, differing 
from the other three that operated in the horizontal 
direction. According to Souza et al. (2004), in slope 
situations, the machine’s motor requires greater pow-
er. Therefore, according to Poje et al. (2015), the high-
er the power required by the engine, the higher the 
noise levels emitted.

The accumulated hours of use of FB1 showed an 
average difference of 1908 hours when compared to 
the other feller-bunchers, while for FB2 this difference 
was 6668 hours. In line with Iftime et al. (2020), when 
the useful life of the self-propelled forest machines ap-
proaches the limit, there is the occurrence of wear and 
tear of the mechanical constituents that, without car-
rying out periodic maintenance, result in variations in 
noise levels.

In the skidding of tree bundles by grapple skidders, 
the GSK1 (study area 1) was the only one that operated 
in severely undulated slope class (27 to 30%), while the 
GSK2 (study area 1), GSK3 (study area 1) and GSK4 
(study area 1) operated in a condition of mildly undu-
lated slope class (5 to 8%). However, even with the 
displacements in different slope conditions, all grapple 
skidders presented average levels of daily exposure to 
occupational noise with values higher than the expo-
sure limit, corroborated by Poje et al. (2016).

As for the log bucking by grapple processor, the 
GPR1, GPR4 and GPR5 showed values above 85 dBA. 
GPR1 and GPR4 showed an average difference of 9055 
and 8875 hours, respectively, when compared to the 
other grapple processors. According to Poje et al. 
(2015), it was observed that machine life is one of the 
limiting factors for the beneficial use of self-propelled 
machines for operators, when evaluating exposure to 
occupational noise. According to Bassoli et al. (2020), 
the economic life of the self-propelled forest machines 
that make up the full tree system is 4 years, approxi-
mately 34,000 accumulated hours of use, therefore, 
these grapple processors have approximately 26.5% of 
the total service life.

The GPR5 had the least amount of accumulated 
hours of use among the five grapple processors, but it 
was the only one that needed to move from the main 
road margin to the interior of the stand, which result-
ed in noise levels above the exposure limit. This fact 
can be corroborated by Poje et al. (2019) since, when 
there is a displacement of self-propelled forest ma-
chines in a planted forest, noise levels increase.

There was also no compliance in the bucking of 
trees by grapple saw, and GS2 presented a higher 
noise level than the recommended by NIOSH (1998) 

and ISO 1999:2013. The three grapple saws were from 
the same brand, but of different models, the GS2 
showed an average difference of 531 accumulated 
hours. The operator performed the operation at the 
limit of the number of tree bundles, therefore, due to 
the grip area and, consequently, the number of trees 
per cycle, which according to Miyajima et al. (2020) 
causes the intensification of the mechanical force in the 
hydraulic arm of the machine, raised the noise levels 
emitted, in line with Borz et al. (2019), who points out 
that noise levels can increase depending on the rate of 
engine use.

In view of this, 58.88% of the operators evaluated, 
that is, the operators of FB1 and FB2 of HG1, the four 
operators of HG2, the operators of GPR1, GPR4 and 
GPR5 of HG3, in addition to the GS2 operator of HG4, 
were exposed to higher average levels of daily expo-
sure to occupational noise than the exposure limit, and 
consequently the use of personal protective equip-
ment to mitigate the occupational noise to which they 
were exposed is mandatory. When operators are ex-
posed to periods greater than the maximum allowable 
daily exposure, without the use of personal protective 
equipment, a variety of disorders can occur, thus de-
creasing performance and, consequently, resulting in 
health impairment (Gallis 2013).

The mandatory use of personal protective equip-
ment, according to Almeida-Agurto et al. (2011), al-
lows the mitigation of occupational noise levels pro-
vided by hearing protectors. The adoption of the Noise 
Reduction Rate Subject Fit criterion allows the fulfill-
ment of the eight-hour workday, without compromis-
ing the physical integrity of the operators (Dastpaak 
et al. 2019).

When operators are exposed to noise levels higher 
than the exposure limit recommended by NIOSH 
(1998) and ISO 1999:2013, with professional practice 
exceeding five years, their physical integrity may be 
affected (Portugal 1981). The risk of hearing loss for 
GSK3 conversation, for example, was 3%, resulting 
from the 144 month occupational exposure time, while 
the risk for GPR1 was 1% due to 60 months of expo-
sure. Hearing impairment due to this type of exposure 
constitutes irreversible damage to the health of opera-
tors, which, according to Hayes et al. (2019), results in 
hearing loss, and suppresses the formation of nerve 
tissue, in addition to memory loss.

Supported by the individual analysis of the ma-
chines, also in the grouping of operators of self-pro-
pelled forest machines in homogeneous groups, the 
average levels of daily exposure to occupational noise 
were higher than recommended by NIOSH (1998) and 
ISO 1999:2013.
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There were uncertainties resulting from sampling 
errors, instrumentation and false sources of emission 
in the four homogeneous groups (ISO 9612:2009). 
However, the HG1 uncertainty was 4.0 dBA, which is 
higher than that of the other homogeneous groups, 
which, therefore, was lower than that obtained by Poje 
et al. (2019) in a study with self-propelled forest ma-
chines, which determined an uncertainty of 5.3 dBA.

When establishing the comparison between the 
functions arranged in homogeneous groups, it was 
observed that they did not differ statistically, that is, 
no evidence was found that could contradict the as-
sumption of equality of the sound pressure level emit-
ted in the felling, dragging and bucking of logs.

It was found that, within each of the homogeneous 
groups HG1, HG2, HG3 and HG4, there were no sta-
tistical differences between the self-propelled forest 
machines. These results indicate the need for the im-
plementation of mitigation actions, since through 
knowledge and anticipation of the behavior of sound 
emission sources in mechanized harvesting of wood 
systems, the performance of the forest manager puts 
health integrity and the well-being of all system op-
erators in a beneficial perspective.

In view of the harmful potential of occupational 
noise to self-propelled forest machine operators, 
protection and control measures should be applied 
(Al-arja and Awadallah 2020, Straker and Mathiassen 
2009) in accordance with the recommendations of the 
National Institute for Occupational Safety and Health 
– NIOSH (1998), aiming at health protection and 
integrity of operators.

5. Conclusions
For the analyzed conditions, the occupational noise 

levels emitted by self-propelled machines that make 
up the full tree system for harvesting planted forests 
are higher than the recommended by both the National 
Institute for Occupational Safety and Health and ISO 
1999:2013 standards. The use of insert or circum-
auricular hearing protectors lessens the damage 
caused to the operators’ hearing.

The correct use of hearing protectors during the 
daily workday provides hearing protection for opera-
tors in mechanized wood harvesting.

Adoption of actions such as maintenance of cabin 
seals and mechanical components, breaks for fatigue 
relief, reduction of daily working hours and rotation 
of operators in the different self-propelled forest ma-
chines can contribute to mitigating the damage to the 
occupational health of operators.

Analysis of noise levels based on the allocation of 
self-propelled forest machines in homogeneous 
groups provides the inference of mitigation actions 
that protect the operators’ hearing.
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