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Abstract: The objective of this study was to evaluate co-exposure to whole-body vibration (WBV), occupational noise, and
perform postural analysis during the coffee harvesting and collection stages. Conducted at Fazenda Sdo Manoel, in
Muzambinho - MG, a TDI self-propelled harvester and a Valtra® tractor coupled to the AWZ collector were used. Six
repetitions were performed for each work set, with different rotations and speeds (2x3), over 100 m per repetition. WBV and
noise levels were quantified using a vibration meter (VIB008) and dosimeter (DOS 1000), in accordance with current
standards NHO 01, NHO 09, and NR 15. Postural analysis was carried out using the OWAS system. The results indicated
that the aren values exceeded the AL (0,5 ms™?) during harvesting in T1, T2, and T3, and the RVDV only during collection
in T3. The occupational noise exposure limit (EL) exceeded 85dB(A) in both stages, and the postural analysis indicated
class 2, suggesting regular postural adjustments. The use of coupled implements can worsen the operators’ condition, as
they need to monitor the rear implements and the front driving of the tractor. It was found that the type of equipment and
implement directly influences WBYV levels, noise, and operators’ posture, with greater noise exposure, especially during the
collection stage. Corrective and preventive measures, additional training, and medical control are necessary.

Keywords: Coffee growing; Ergonomics; Mechanization; Occupational risks.

1. INTRODUCTION

Agriculture in Brazil plays a fundamental role in the country’s growth and development, contributing significantly
to the economy and social well-being (Salimova et al., 2020; Freire et al., 2024). Coffee farming, one of Brazil’s
main agricultural activities, is recognized worldwide for its high production and economic importance, in addition
to being a vital source of resources and a driver of financial movement (Clay et al., 2018; Pham et al., 2019; Turco
et al., 2023).

The harvesting stage represents a substantial part of total costs, and in recent years, coffee farming has faced
challenges related to labor shortages, leading to the increasing adoption of mechanization as a strategy to optimize
processes, increase efficiency, and reduce costs (Anderson et al., 2024; Mishra; Satapathy, 2019).

However, when not accompanied by adequate measures, mechanization can expose workers to significant
occupational risks, including noise, vibrations, and ergonomic factors, both in isolation and simultaneously, a
phenomenon known as multi-exposure or co-exposure (Nguyen et al., 2018; Iftime et al., 2020; Junior et al., 2022).
Therefore, it is of great importance to quantify these risk agents to verify if they are within the limits established
by current legislation (Leite et al., 2020).

However, in Brazilian agriculture, especially in coffee farming, there are not many academic studies that
adequately address the exposure levels resulting from co-exposure to risk agents, noise and vibration, and even
fewer studies that specifically investigate vibration exposure (Nguyen et al., 2018; Saliba, 2019).

It is emphasized that the adverse effects of exposure to these agents result in hearing loss and musculoskeletal
disorders, which can harm workers’ occupational health and may be exacerbated by simultaneous co-exposure
(Nguyen et al., 2018; Iftime et al., 2020).

Additionally, operators of mechanized equipment face ergonomic and safety risks, such as excessive working
hours, repetitive movements, and twisting, which can result in work accidents and inefficiency in performing
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activities (Benos; Tsaopoulos; Bochtis, 2020; Pereira et al., 2021).

The objective of this study was to quantify noise levels, whole-body vibration, and analyze posture during the
coffee harvesting and collection stages in operators of mechanized equipment. The data obtained in the field will
be compared with current standards, taking into account the established exposure limits (EL) and action levels
(AL). With this, it is intended to develop effective prevention, correction, organization, and protection strategies
to safeguard the health of these workers.

2. METHODOLOGY

The research began after approval by the Research Ethics Committee (CEP) of the Federal Institute of Education,
Science and Technology of Southern Minas Gerais (IFSULDEMINAS), under number 44314721.1.0000.8158, as
well as the use of the Informed Consent Form (ICF) with the research participants.

The study was conducted at Fazenda Sdo Manoel, located in the municipality of Muzambinho, in the Southern
region of Minas Gerais (Figure 1), with a total area of 98 hectares, of which 60 hectares are dedicated to coffee
cultivation, resulting in an average productivity of 2,500 bags/ano™.
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Figure 1: Geographical location of Southern Minas Gerais and the municipality of Muzambinho.

Data collection for the quantitative evaluations was carried out during coffee harvesting activities in the plot named
"Café do Curral", with a 10% slope, altitude of 1.030m, occupied with coffee plants (Coffea arabica L.) of the
Catuai Vermelho 144 cultivar, spacing 3,5 X 0,8m, with an average plant height of 2,3m .

2.1 Mechanized Sets

The controlled field experiment was conducted under real operating conditions (ROC), using a mechanized set
consisting of an electron auto TDI self-propelled harvester, model MWM D229-4, cabin-equipped, manufactured
in 2012, 4-cylinder engine, 67 hp, and a tractor-mounted set composed of a Valtra® tractor, model A750F,
manufactured in 2019, 78 hp, open-cab, and an AWZ grasshopper collector, model BB 900, manufactured in 2019.
It is emphasized that the equipment was in good condition, with up-to-date maintenance, and was operated by
experienced operators.

Before starting the evaluations, the front and rear tires of the tractors were characterized, following the
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manufacturers’ guidelines regarding ballast, water quantity, and tire pressure, both rear and front.

For each mechanized set, the following parameters were established: normalized exposure resultant acceleration
(aren) in ms?, resultant vibration dose (VDVR) in ms™-7>, noise level in dB(A).

2.2 Experimental Design

The experimental design used was a completely randomized design (CRD), with the harvester and the tractor-
mounted set operating under 6 different conditions (rotation/speed). For each condition/treatment (Table 1), 6
repetitions were performed, with the collection time being that necessary to travel the 100? m operating strip for
each repetition within the coffee plantation.

Table 1: Treatments used for the coffee harvesting and collection stage.

Automotive harvester TDI Valtra®+ Harvester AWZ
Trt.(1) rpm/speed(2) rpm/speed(2)
T1 1800/0,5 1300/0,6
T2 1800/0,6 1300/0,7
T3 1800/0,7 1300/0,8
T4 1900/0,5 1400/0,8
T5 1900/1,0 1400/0,9
T6 1900/1,1 1400/0,9

Legend: (1) Treatment and (2) Speed in Km hl.
2.3 Whole-Body Vibration Level A (Wbv) and Noise Level

As determined by FUNDACENTRO (2013), the vibration analysis was performed by simultaneously quantifying
the orthogonal "x", "y", and "z" axes using a vibration meter, model VIB 008, brand 01dB?, calibrated with RBC
certificate, meeting the weighting requirements (Wk) for the longitudinal "z" axis and (Wd) for the transverse "x"
and "y" axes, as well as the characteristics specified in the international standards ISO 8041 (2005), ISO 2631-1

(1997), and the occupational hygiene standard NHO 09 (Figure 2A).

The whole-body accelerometer was positioned and fixed on the operator’s seat as established by NHO 09 (Figure
2B).

After conducting the evaluations, the data collected in 1/1 octave were downloaded and processed using
dBMaestro and 01 dB software to assess the WBV. The obtained values were compared with the EL of NR 15,

NA of NR 9, and the judgment criteria and decision-making of NHO 09 (Table 2).

Table 2: Judgment criteria and decision-making.

* kk

arenz VDV}ES Technical Consideration Recommended Action

(m/s?) (m/s'"7)

0a0,5 0a9,1 Acceptable At minimum, maintain the existing condition

>0,5a<0,9 >91a<164 Above the action level At minimum, adopt preventive measures
09al.1 164221 Uncertainty region Adoptlor} of preven'uye and gorrectlve measures
aimed at reducing daily exposure
Above 1.1 Above 21 Above the exposure limit Immediate adoption of corrective measures

Legend: *Normalized exposure resultant acceleration (aren); **Resultant vibration dose value (VDVR).
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Figure 2: VIB0OS Vibration Meter (A), Transducer mounting direction according to the orthogonal "x", "y", and

z" axes and transducer fixation on the operator’s seat (B), and DOS 1000 Noise Meter, Instruthermo

Noise level acquisition was performed using a personal integrating meter (dosimeter), model DOS 1000, brand
Instrutherm®, with an octave band filter, datalogger function, configured with "A" weighting circuit, slow response
circuit, reference criterion 85 dB (A), integration threshold 80 dB (A), and doubling increments q-5 and g-3, to
simultaneously meet the criteria of NR 15 and NHO 01 (Figure 2C).

Evaluations were conducted with the equipment positioned at the operator’s ear zone (=15 cm). The obtained data
were downloaded and processed using Instrutherm’s Dosimeter Management software, version 5.2 v.
Subsequently, the normalized exposure level (NEL) was determined for both NR 15 and NHO 01.

2.4 Postural Analysis
Postural assessment was performed using the Ovako Working Posture Analysing System (OWAS) practical

recording system. This method evaluates work demand based on the positions of the back, arms, legs, and load
lifting (Figure 3) (Brandl; Mertens; Schlick, 2017; Enez; Nalbantoglu, 2019).

44 0T

Inclinado Doz bragos Um braco |  Dois bragos

BRACOS

e
. S

3 Retoetorcido |4 e torcido 1 para baxo 2 para cima | 2 paracima
< Ex.:2151
=
2 iy
2 g N
= T e — S 2
= > > ARCEREER
‘ g’ Inclinado
£ BRACOS 1
- " De-locamento Duas pernaz Dois para baixo
5 ajoeihada & _com pernas 7 __suspenzas
PERNAS =
- 4 — Uma permna
S ajoelhada
<
S
o
‘ CARGA 1
RN |SThRedie | 3 somagetoks Peso até 10 kg

Figure 3: Posture recording system using the Ovako Working Posture Analysing Systems (OWAS) method.
Variations of the back (4 positions), arms (3 positions), and legs (7 positions) were considered, resulting in 84
basic combinations of work postures (lida; Buarque, 2016). It should be noted that no load lifting occurred in the

evaluated positions.

The evaluated postures are those adopted by the harvester and mechanized set operators (Figure 4A and 4B) at the
operation station.
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Figure 4: Typicl positions of operators in the harvester and tractorized assembly used in the mechanized
harvesting of the coffee pot: Harvesting (A) and Harvesting (B).

With the postures recorded for each stage of mechanical coffee harvesting, it was possible to combine them to
perform the classification analysis according to Table 3.

Table 3: Posture classification by combining the Back, Legs, and Arms variables.
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Posture combinations can be classified into 4 (four) distinct classes: Class 1 - normal posture, which requires no
attention except in exceptional cases; Class 2 - posture that should be checked routinely; Class 3 - posture that
should receive short-term attention; Class 4 - posture that should receive immediate attention (Enez; Nalbantoglu,
2019).

2.5 Data Analysis
The dataset, noise, and VCI collected were subjected to analysis of variance using the F-test. In cases where the

F-test value was significant, Tukey’s mean comparison tests were performed at a 5% significance level. For this
purpose, the computational statistical software "Sisvar" (Ferreira, 2011) was used.
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3. RESULTS AND DISCUSSIONS

The results of the VCI and noise levels for each machine/mechanized set used in the coffee harvesting stages are
presented in Table 4. For the two evaluated stages, harvesting and collection, they showed a significant isolated

effect (p<0.05), with no interaction between them.

Table 4: VCI levels (aren and VDVR), noise, and standard deviation (+) for the different treatments of the

mechanized set for the blowing and sweeping stages.

Eta Conjunto Tratamento * aren (ms 2) ** VDVR (ms **k NEN TE %k NEN TE

pa Mecanizado Tl pm | Km/h -173) (NHO 01)dB (A) | (min)(3) | (NR15)dB (A) | (min)(3)
T1 | 1800 | 05 | 055:0,04a | 8,55:0,52a 87.87+1,90 a 240,00 87,23+1,08a | 300,00
T2 | 1800 | 06 | 05120,06a | 7,91£10la 86,47+1,43 a 302,38 86,12+144a | 360,00
| riopENTO | T3 | 1800 | 0,7 | 0,55:0,07a | 8,80+135a 88434343 a 190,48 87,55:247a | 300,00
eo 0OICL T4 | 1900 | 05 0,41£0,02 a 8,00£1,33 a 86,92+1,83 a 302,38 86,37+1,43a | 360,00
Yo | zunowome [ T5 | 1900 | 1,0 | 035x0,02a | 598090 b 88,32+1,37 a 190,48 87,876124a | 300,00
T6 | 1900 | 1,1 0,36:0,02a | 5,86:0,62b 88,1541,47 a 190,48 88,67x1,33a | 270,00

C.V. (%)® 9,57 13,40 232 - 1,80 -
T1 | 1300 | 06 | 029+0,02b | 5,78+2.53b 92,302,132 75,59 91,75t1,58a | 180,00
T2 | 1300 | 07 | 032+0,04ab | 6,16£2.29 ab 93,524341 a 60,00 92,9842,78a | 160,00
onju 138?1%\ T3 | 1300 | 08 | 037:005a | 10,13:423b | 9345t1.48a 60,00 93,20£0,99a | 135,00
guo | T4 | 1400 | 0, | 032+0,03ab | 5,95t136ab 91,93+0,93 a 95,24 91,62+0,80a | 180,00
usly r“’gsl\y/[l{’,sed T5 | 1400 | 0.8 | 032#0,03ab | 4,87+0,82b 91,62+0,96 a 95,24 91,60+0,96 a 180,00
T6 | 1400 | 0.9 | 032+0,04ab | 540+1,67b 94.9543.59 a 47,62 93.9242.82a | 135,00

CV. (%)® 11,28 37,34 2,53 - 2,01 -

Stag Machined Treatment * aren (ms ?) ** VDVR (ms **k NEN TE *** NEN TE

e Assembly | TI | rpm | Kmh -175) (NHO O1)dB (A) | (min)3) | (NR15)dB (A) | (min)3)
T1 | 1800 | 05 | 055:0,04a | 8,55:0,52a 87,87+1,90 a 240,00 87,23+1,08a | 300,00
T2 | 1800 | 06 | 051%0,06a | 7.91%10la 86,47x1,43 a 302,38 86,12x144a | 360,00
| rRioPENTO | T3 | 1800 | 07 | 055:0,07a | 8,80+135a 88,43£3,43 a 190,48 87,55t247a | 300,00
enjo 0OICL T4 | 1900 | 05 041%0,02a | 8,00:133a 86,921,383 a 302,38 86,37+143a | 360,00
YO | zunowome | T5 | 1900 | 1,0 | 035+0,02a | 5984090 b 88,32+1,37 a 190,48 87,87x124a | 300,00
T6 | 1900 | 1.1 036+0,02a | 5,86£0,62b 88155147 a 190,48 88,67+1,33a | 270,00

CV. (%)® 9,57 13,40 2,32 - 1,80 -
T1 | 1300 | 06 | 029%0,02b | 5,78+2,53b 9230+2,13 a 75,59 91.75t1.58a | 180,00
T2 | 1300 | 0, | 0.32£0.04ab | 6.16£2.29 ab 93,5243 .41 a 60,00 92,98+2,78a | 160,00
onju fglslggA T3 | 1300 | 08 | 037:005a | 10,13:423b | 9345t148a 60,00 93,20£099a | 135,00
guo | S T4 | 1400 | 0, | 0.32+0.03ab | 5.95:136ab 91.9340.93 a 95,24 91,62+0,80a | 180,00
usly “"I;I\Y/[l{’,“d T5 | 1400 | 0.8 | 0.32#0.03ab | 4.87+0,82b 91,62+0,96 a 95,24 91,60+0,96 a 180,00
T6 | 1400 | 0.9 | 0.32+0.04ab | 540+1,67b 94.9543.59 a 47,62 93.9242.82a | 135,00

CV. (%)® 11,28 37,34 2,53 - 2,01 -

Legend: *Normalized exposure resultant acceleration; **Resultant vibration dose value; ***Normalized exposure level according to NHO 01;
***Normalized exposure level according to NR 15; (1) Treatments; (2) Coefficient of variation in percentage; (3) Maximum allowed exposure
time in minutes according to NHO 01 and NR 15; means followed by the same letter in the column do not differ by the Tukey Test.

It was observed that the average aren varied between 0.35 m s to 0.55 m s to 0.55 m s in the harvesting stage
and 0,29ms ™2 to 0,37ms 2 in the sweeping stage, as shown in Table 4, with the NA being exceeded in 50% of
the treatments used only with the harvester.

The mean values of VDVR (Table 4) are between 5.86 m s™7 to 8.80 m s™7> and 4.87 m s™7 to 10,13ms %73
for the harvesting and collection stages, respectively. However, according to the data presented in the same table,
for the tractor set used for collection, it was observed that the mean VDVR value in T3 was above the NA
(9,1ms~175) .

Although, as regulated by NR 15, for an 8-hour workday the values found for the HAV did not exceed the EL
(aren 1,1ms~2; VDVR 21ms~75) have reached the NA (aren 0,5ms~2; VDVR 9,1ms~*7%), NHO 9 and NR 9
stipulate that preventive measures must be adopted to avoid conditions that expose workers from reaching the EL,
in order to protect the worker’s health (Fundacentro, 2013; Brasil, 2021)

It should be emphasized that, according to NR 15 for the characterization of unhealthiness due to HAV exposure,
the employer must compulsorily prove the evaluation of the two parameters, aren and VDVR (Brasil, 2021).

The NA for the areca was reached by the harvester at speeds of 0,5kmh~1,0,6kmh™? and 0,7kmh~?, while for
the tractor set used for collection, it was at 0,8kmh ™! for the VDVR, with the NA being reached at a speed above
3,5kmh~! when evaluating vibration and noise at the operating position of a coffee tractor coupled to a turbo
sprayer under different working speeds (Jinior et al., 2022). This may be due to the necessary working conditions
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employed, as well as the type of equipment/machinery set used.

As for occupational noise, it is noted that the average NEN values (Table 4) found range from 86.47 dB(A) to
88.43 dB(A) according to NHO 01 and 86.12 dB(A) to 88.67 dB(A) in relation to NR 15 during the harvesting
stage. For the collection stage, the values found are 91.62 dB(A) to 94.95 dB(A) and 91.60 dB(A) to 93.92 dB(A),
according to the same standards, exceeding the LE (80 dB(A)) for an 8-hour workday (NHO 01 and NR 15). In
the study by (Santos et al., 2014), the authors reported values between 97.4 and 98.2 dB(A) when evaluating noise
and vibration levels in a tractor-sprayer set, also finding levels above the exposure limit of 85 dB(A). The
difference between the values found in the two studies may be related to technical differences between the
machinery sets used and operating rotation.

The average occupational noise values found in the harvesting stage, even with the same equipment, are lower
than those found by Silva et al. (2018) (93.8+1.78), which may be because the harvester had undergone
maintenance and part replacement, as the lack of periodic maintenance and replacement of parts or their
components when necessary, and lack of lubrication can contribute to increased noise and vibration levels (Saliba,
2019; Silva et al., 2021).

Considering the rotations used in each stage of harvesting, observing the requirements for the proper functioning
of each equipment/tractor set, the maximum permitted exposure time according to NHO 01 is 190 minutes and
47.62 minutes for harvesting, and 270 minutes and 135 minutes for the collection stage in relation to NR 15 (Table
4) (Fundacentro, 2001). This may indicate greater protection for the worker by NHO 01 compared to NR 15, as
the former uses g-3 and the latter q-5.

It was observed that the TDI self-propelled harvester generated a lower amount of noise compared to the tractor
set, which may be due to the fact that this equipment is cabs, acting as an acoustic barrier and offering greater
protection to the operator. A similar situation was found by (Martins et al., 2022) when evaluating the occupational
noise level emitted by self-propelled harvesters during mechanical coffee harvesting, comparing the operator in a
cabs operating position and the assistant in an external environment, with the latter being more exposed.

In a study conducted on the level of occupational noise during mechanical coffee harvesting by Silva et al. (2018),
the values for the collection stage were lower than those obtained in the present study. This difference may be
related to the different models used.

With the presented noise level results, they may imply the need to use ear protectors with adequate attenuation
levels, emphasizing the importance of the attenuation being above 70dB (A) and below 80dB (A) to avoid over-
attenuation, which hinders the perception of warning signals, moving vehicles and equipment, among others
(Fundacentro, 2018).

It should be emphasized that exposure to WBV and noise can vary considerably depending on the activity
performed and the equipment attached to the tractor (Brunetti; D’ Ambrogio; Fregolent, 2021).

From Table 4, the behavior of the data in the evaluated stages is presented through Figure 6.

Figure 6 presents the behavior of the data generated for aren, VDVR, and noise by the self-propelled harvester and
the Valtra® mechanized set + collector during the coffee harvesting and collection stages.
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Figure 6: Box-plot of aren (ms™2), VDVR (ms~%7%), and NEN (NHO 01 and NR 15) generated by the
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harvester and the Valtra® mechanized set + collector in the coffee harvesting (A) and collection (B) stages.

It was observed that the harvester contributed the least to noise generation, indicating that the operator of this
mechanized set could perform their functions for a longer period of activity using an ear protector with lower
attenuation.

As for the collection stage, it presented lower aren values and only in one of the treatments (T3) (Table 4) and
Figure 6 (B) shows that the AL was reached by the VDVR, which may be due to the need for the operator to
monitor the set and the direct contact of the attached equipment with the ground, favoring the generation of
vibration peaks. It is recommended to adopt preventive measures, such as informing and guiding workers about
the risks and precautions to be taken, periodic monitoring of exposure, as well as medical control through
examinations and recording of previous exposures, aiming to protect the operator’s health (Fundacentro, 2013).

From the postural assessment of each mechanical harvesting stage, using Figure 4 and applying the data from
Table 3, the result of the postural analysis (OWAS) was generated, which can be observed in Table 5.

Table 5: Postural analysis of the coffee harvesting stages.
Stage Characterization Index Class

Back: inclined Back: 2

1. Harvest Arm: two arms down Arm: 1 2
Leg: two flexed legs Leg: 3

. Back: inclined and twisted; Arm: two arms down* Back: 4 Arm: 1

2. Collection 2

Leg: two flexed legs; Leg: 3

Legend: *Two arms below shoulder level; however, the right arm makes repetitive rotational movements, accompanying the torso, previously
aligning the implement with the hydraulic points using the tractor’s power take-off; Load: No load.

The analyses showed that during harvesting activities, the operator adopted postures with potential long-term
health risks, especially those involving the neck, torso, and arms. Using the OWAS method, under the evaluated
conditions, it was found that workers have an inclined and twisted back, two arms down, or one down and one up,
two flexed legs, and frequent torso rotation to observe the implement attached to the rear of the tractor, as shown
in Table 5.

In contrast, when using the self-propelled harvester, its viewing angle does not require torso twisting or constant
arm movement up and down, indicating a better working posture compared to other stages.

In the collection activity, the operator’s posture is more critical due to the need to constantly check the working
conditions of the implements attached to the rear of the tractor, as described by (lida; Buarque, 2016).

According to Table 5, the classification of the combination of postures adopted (Figure 4) by the operators of the
tractorized equipment/set used resulted in class 2, which suggests routine verification of the operator’s posture.
Thus, improvements in work organizational processes are recommended, such as: ergonomics training,
encouragement of more frequent breaks, stretching of muscle groups, posture changes, and task execution with
more people (Barneo-Alcantara et al., 2021).

Thus, improvements in work organizational processes are recommended, such as: ergonomics training,

encouragement of more frequent breaks, stretching of muscle groups, posture changes, and task execution with
more people (Barneo-Alcantara et al., 2021).

4. CONCLUSION

Under the conditions used for the development of the work, the operator is more exposed to the physical agent
noise in relation to the WBYV, and ergonomic postures should be analyzed routinely.

The RMS levels exceeded the NA during the harvesting stage, while the VDV level only reached the NA at T3
during the collection stage, and noise levels were above the LE in both stages.

The type of equipment used and the attached implement, as well as the activity to be performed and the posture
adopted by the operator, directly influence the level of WBYV and noise generated during the activity.
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Ergonomic risk factors should be monitored frequently, as they can harm the worker’s health during their working
life.

The results suggest that values similar to or higher than those found in the present study are expected under normal
working conditions.
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