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Abstract: Teachers in workshops of vocational education training (VET) schools are at risk of exposure
to occupational hazards, as are the rest of the teaching staff. However, due to the characteristics
of these workshops, these teachers are exposed to a greater extent to other types of risks, such as
noise or vibrations. Exposure to these risks for vocational training teachers has been little studied
compared to other risks, such as voice disorders. In this study, exposure to noise and vibration was
evaluated for teachers in a vocational training center in Cordoba (Spain), working in body shops. The
values obtained from the measurements taken for different tasks and machine tools showed that the
exposure limit values specified in the corresponding regulations were reached and even exceeded.
This implies that these types of risks must be taken into consideration for these types of teachers, and
that measures must be taken to mitigate their effects.
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1. Introduction

In Spain, Law 31/1995, of 8 November 1995, on the prevention of occupational risks,
establishes the guarantees and responsibilities necessary to establish an adequate level of
protection for the health of workers against the risks derived from working conditions.
This law is applicable to all workers, including teachers at all educational levels.

Not all teachers at different levels of education are subject to the same occupational
risks during their work. Many of the occupational hazards are common to all teachers,
such as the continuous use of their voice in teaching, regardless of the level of education to
which they belong.

The published literature on the risks affecting the teaching community reveals widely
known factors related to voice disorders and vocal cord nodules, the only occupational
disease recognized for teachers at all levels of education in Spain [1]. The risks related to
voice disorders have been widely studied and analyzed, both their causes and consequences
and how to prevent them [2-6].

However, there are specific risks to which some teachers are exposed, depending on
the subjects they teach and the educational level at which they work. Thus, for example, in
vocational education training (VET), specific subjects or training modules are taught whose
curriculum means that teachers are exposed to a greater number and types of risks than in
infant or primary education. Therefore, specific and more relevant risks can be found in
secondary and higher education depending on the specialty of the teaching staff.

In the case of noise, there are specialties in which exposure to noise is greater than in
others. According to research conducted by Sachova et al. in 2009 [7], teachers belonging to
a specialty with high noise exposure had twice as many hearing losses as those belonging
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to a specialty characterized by a lower noise level. In this sense, exposure to noise has until
recently been considered a negligible risk for teachers [8,9], although it has been widely
demonstrated that a high level of noise in classrooms causes teachers to strain their voices,
which can lead to the development of chronic voice disorders when this strain is sustained
over time [10] and with the level of stress suffered by teachers [11].

Research has been carried out in which noise-induced hearing loss has been considered
as the main risk factor to consider in the development of occupational hearing loss for
this group, a conclusion reached by Martins et al. in 2007 [12]. This risk has also been
studied for performing arts teachers, mainly music and singing teachers, according to
the work performed by Isaac et al. in 2017 [13], who concluded that hearing loss among
singing teachers is severe and frequent. In the research conducted by Behar et al. in
2004 [14], equivalent continuous noise levels (Leqs) above the 85 dBA limit were measured
for 78% of music teachers who participated in the research, and 39% of them worked
with a noise exposure level (Lex), calculated for 8 h, also higher than 85 dBA; therefore,
recommendations were proposed to limit and reduce noise exposure. The risk of noise-
induced hearing loss was studied for physical education teachers by Maffei et al. in
2009 [15], Sa et al. in 2014 [16] and Strasse et al. in 2015 [17]. Their research concluded that
teachers in this specialty could be affected by exposure to noise levels above acceptable
limits due, among other factors, to poor acoustic conditions in gymnasiums and noisy
sports activities carried out with large groups of students. Similarly, research has been
conducted on the effect of noise on early childhood teachers on the development of hearing-
related symptoms, such as hearing loss, tinnitus, difficulty perceiving speech, hyperacusis
and induced auditory fatigue, such as that conducted by Fredriksson et al. in 2019 [18],
who concluded that working as a preschool teacher increased the risk of self-reported
hearing-related symptoms.

However, few studies have considered the risk of deafness among teachers working
in vocational training workshops. In this line, there is the work carried out in 1975 by
Rozema [19], who measured noise levels in carpentry workshops, obtaining values between
85 and 90 dBA during the working day. This study concluded that many conditions in
workshops should be improved to minimize the risk of hearing damage. Additionally,
noteworthy is the research work conducted by Summan et al. in 2020 [20], who analyzed
the working conditions of teachers in carpentry, metalworking and automotive workshops
in secondary schools in British Columbia (Canada), concluding that more than half of the
teachers participating in the study were exposed to unacceptable levels of noise during
teaching.

Exposure to hand—arm vibration is common in many industries where workers use
vibrating tools. The association between vibration exposure and hand-arm vibration
symptoms in a Swedish mechanical industry has been studied by Vilhborg et al. [21].
Additionally, hand—arm vibration syndrome in Swedish car mechanics has been studied by
Barregard et al. [22]. However, to the authors” knowledge, there are no known studies that
address the vibration exposure of VET teachers.

In this context, there is little research on the specific occupational risks derived from
the professional activity of VET teachers. Therefore, the objective of this research was to
carry out a study to analyze whether the noise and vibration levels, to which teachers
working in bodywork workshops of a vocational training center in Cordoba (Spain) are
exposed, reached or exceeded the recommended limit values.

2. Materials and Methods
2.1. Context

The Spanish education system is divided into different levels or stages, from early
childhood education (ECI) to university. The intermediate levels include compulsory
secondary education (CSE), as well as the vocational education and training stages. Vo-
cational education is organized into professional families, among which are the so-called
intermediate-level training cycles and higher-level training cycles. Vocational education
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develops the sets of knowledge, skills, practical training, and attitudes that prepare students
for the qualified exercise of various professions.

This study was carried out in a VET center located in Cordoba (Spain). The educational
center has more than 1500 students. In this center, it is possible to study, among others,
the training cycles of the professional families of mechanical manufacturing, installations
and maintenance, and transport and the maintenance of vehicles. Within the latter is the
bodywork cycle, the workshops and laboratories of which this study was carried out in.
The department responsible for teaching in these workshops was composed of 10 teachers.
These teachers taught the different practical modules in blocks of 2 or 3 h per day, with
2 teachers working on each module. The maximum number of teaching hours of the
teaching staff was 5 h per day of their total teaching hours, which in the worst case was 18 h
per week. Homogeneous groups were considered as the teachers present in the workshop
during the same hour, in which activities corresponding to two different professional
modules could be carried out simultaneously, so that up to 4 teachers could be present in a
workshop or laboratory during the same class.

To determine whether the teachers of the bodywork cycle of this VET center were
exposed to noise and vibration levels that posed a health risk, the sound pressure level,
loudness and vibration were measured. The measurements were carried out in the work-
shops of the VET center in 2019.

2.2. Legislation

In Spain, the purpose of Law 31/1995, of 8 November 1995, on occupational risk
prevention, is to determine the guarantees and responsibilities necessary to establish an
adequate level of protection for the health of workers against risks arising from working
conditions. Its scope of application includes both workers linked by an employment
relationship in a strict sense and public employees in the public administration service. It
includes teachers at all educational levels, including vocational training teachers.

According to UNE-EN-ISO 9612:2009 [23], three different strategies were proposed
to assess the occupational daily noise exposure, including the task-based measurement
(TBM), the job-based measurement (JBM) and the full-day measurement (FDM). For this
case study, the TBM strategy was followed. In this context, the tasks that according to the
teachers had the highest noise levels were identified.

Regarding noise exposure, the Spanish Royal Decree 286/2006 [24] on the protection
of the health and safety of workers against risks related to noise exposure sets the daily
equivalent exposure limit value at 87 dB(A) and the limit value for action at 85 dB(A).

The measurement and evaluation of human exposure to hand-transmitted vibration
is regulated in UNE-EN-ISO 5349 [25]. Part 2 of ISO 5349 includes practical guidance for
measurement at the workplace, which was followed in this study.

In relation to vibration exposure limit values, the Spanish Royal Decree 1311 /2005 [26]
on the protection of the health and safety of workers from the risks arising or likely to arise
from exposure to mechanical vibration sets the normalized daily exposure limit value for
an 8 h period to 5 m/s? and the limit value for action to 2.5 m/s?.

2.3. Tasks

The main tasks performed in the body shop included the removal of dents from
vehicle bodywork, bodywork shaping with stretching equipment and tools (hammer—
dolly), bodywork fixing, surface preparation for dimensional equalization, repair of steel
and aluminum elements using appropriate techniques and procedures (reworking welding
spots), sanding of sheet metal filler coatings, bodywork painting, fixing of removable
elements, replacement of elements of the suspension and steering systems, cooling system
and intake and exhaust system, etc. Of all these tasks, the ones with the highest noise or
vibration levels perceived by the teachers were selected for measurements, and these were
detailed in the Sections 2.4 and 2.5.
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2.4. Noise Measurements

For the noise measurements, a multichannel data acquisition system LMS SCADA
mobile, a 36-microphones array model TL-AHW 16.1 and Siemens LMS TestLab software
v 180.2018.520.0 release 18 were used.

The microphones were placed 0.4 m from the entrance of the external auditory canal,
on the side of the most exposed ear, and at a height of 1.5 m from the floor, with the worker
performing the task standing up in all cases, in accordance with UNE-EN-ISO 9612 [23].

The sound pressure level (SPL) shows how loud a sound is expressed in numerical
terms. This is the pressure level of a sound, and its unit is decibels (dB). The one third
octave band was used to provide information about the noise spectrum into approximately
10 frequency bands called one-third octave bands. This parameter has been used to select
the correct personal protective equipment (PPE) adapted to the most damaging bands for
the ear.

Decibel values show the amplitude of a sound; however, it is not possible to know the
perceived loudness of a sound. In fact, there is a sound quality metric called loudness, for
which the unit is sone, which provides the correct human hearing equivalent sound percep-
tion. Loudness is related to annoyance. Taking into consideration accessible methodologies,
only the one provided by Zwicker and Fastl [27] is effective when it comes to broadband
excitation. Subsequently, this technique was selected, as it fulfilled the ISO 532B [28], DIN
45631 [29] and ISO/R 131 [30] requirements. The stationary loudness spectrum, called
specific loudness, is useful in locating the frequency ranges that contribute the most to
the perceived loudness of a sound. To calculate the specific loudness, a decomposition
into its frequencies using a discrete Fourier transformation had to be performed. These
frequencies were bundled according to the nonlinear critical-band rate scale (bark). Then,
spectral masking effects were applied before the decibel values were calculated. The deci-
bel values were transformed to equal loudness levels (phon) and, finally, from these, the
specific loudness sensation was calculated (sone). The time windows to reduce the leakage
problems used were Hanning and the block size was 2048. The algorithm for transforming
a time-domain signal into a frequency-domain signal was internal to the measurement
equipment’s software itself. The subsequent transformation into one-third octave bands
followed a standardized UNE-EN-ISO 266:1998 [31] norm, which specifies the complete
procedure, including the calculation of the frequency bands.

For this study, both SPL and loudness were measured. The measurements were
taken in the work area of painting (paint booth) and in the workshop. The workshop
was divided into different areas, such as the vehicle service and maintenance area, the
structural recovery area, the welding area and the sheet metal forming and repair area. The
measurements were taken during a 5 h working day of several of the practical modules
taught in the body shop.

The main sources of noise present in the body shop occurred during the removal of
dents from sheet metal using the multifunction tool, in the shaping of bodywork with the
hammer-dolly, in the repair of metallic steel elements after welding operations, in which
the welding points must be reworked so that the finish is uniform, the sanding operations
of sheet metal fillers and the painting operations of vehicles or removable elements of these,
carried out in a paint booth.

A task-based strategy was used for the noise study, in accordance with the UNE-EN-
ISO 9612 standard. Following the TBM strategy, the tasks were classified as continuous
noise tasks, when they had similar characteristics in terms of working conditions and noise
exposure, and variable noise tasks, which were grouped by the average daily exposure
time. The most important within the first group were vehicle painting tasks. During the
working day, noise was measured in the paint booth during vehicle painting operations,
when the extraction system and the compressor that sprayed the paint were in operation.

The tasks classified as variable noise were carried out in the vehicle repair, assembly
and maintenance work area. Noise exposure was measured for the following tasks: sheet
metal repair work with a hammer—-dolly and a multifunction tool—pneumatic hammer;
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sheet metal cutting work with electric saw, spot welding reworking, sheet metal finishing
work with an orbital sander, as well as repair work on plastic parts with a pneumatic
sander.

The tasks whose noise level could increase because of the operation of the extraction
system were the sheet metal sanding operations, so special attention was paid to the noise
level of these tasks. Firstly, one noise measurement was carried out to the sanding machine
without dust extraction. After this, the dust extraction was turned on and another noise
measurement was obtained. The duration of the measurement was 30 s.

According to Spanish NTP 270 [32], noise is considered continuous noise when the
difference between the maximum and minimum values of the A-weighted sound pressure
level is less than 5 dB. Noise is considered to be a random variable when the difference
between the maximum and minimum values of the A-weighted sound pressure level is
greater than 5 dB.

As indicated in the UNE-EN-ISO 9612 standard, for tasks lasting more than 5 min,
the duration of each measurement should be at least 5 min. However, the duration of
each measurement could be reduced if the level was constant or repetitive, or if the noise
produced by the task was considered as a minor contributor to the total noise exposure.
For the noise measurement of the vehicle painting task, whose noise level was considered
a minor contributor to the teacher’s noise exposure, 5 measurements of 2 min durations each
were performed. The duration of the measurements could be even shorter for the case of
stable noise, according to NTP 270, which established a minimum of 5 measurements with
a minimum duration of 15 s each to obtain the A-weighted equivalent continuous sound
pressure level (L4e; 7). To determine the noise level of the rest of the tasks performed in
the body shop, classified within the random variable noise group, different measurements
were obtained, with a minimum of 3 and a duration of 5 min each, randomly during the
time interval considered for each task, as detailed in the UNE-EN-ISO 9612 standard.

For all measurements of the different tasks, the A-weighted equivalent continuous
sound pressure level (Lae;r) and peak sound pressure levels were obtained. The mean
equivalent continuous sound pressure level from n measurements of a given task was
obtained using Equation (1).

LAeq/T/m]-

1
L aeqrm =10 log— Yy o 10w 1)

where Le, 1 is the A-weighted equivalent continuous sound pressure level of a task m,
Laeq,T,m; is the A-weighted equivalent continuous sound pressure level of each sample, i is
the number of a sample of task m and # is the total number of samples for task m.

The contribution of each task to the daily noise exposure level was obtained by using
Equation (2).

T,
LAeq,D, m = LAeq,T,m +10 log (8111> (2)

where L p,m is the daily noise exposure level of task 11, Lae, 1, is the daily noise exposure
level of task m and T}, is the duration of task m.

Equation (3) was used to obtain the daily noise exposure level, considering all the
tasks carried out throughout the day.

T,
LAeq,D, T = 10 ZOg [Zf_l (Sm) ]_OO'lXLAeq,T,m:| (3)

where Lae,p,r is the daily noise exposure level of all tasks, L1 is the A-weighted
equivalent continuous sound pressure level of a task m, T}, is the duration of task m, m is
the task number and M is the total number of tasks.

The standard uncertainty of the noise level due to sampling for each of the tasks, the
sensitivity coefficients and the combined standard uncertainty were calculated using the
spreadsheet included in UNE-EN-ISO 9612 [23].
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To determine the most damaging frequency bands for the hearing of teachers exposed
to the most dangerous noise tasks in the body shop, the noise spectrum was obtained at
one-third octave frequencies.

2.5. Vibration Measurements

In the vehicle repair process, there are many tasks in which workers are exposed to
vibrations of the hand—arm system because of the use of machine tools necessary to carry
out their work. These vibrations pose risks to the health and safety of workers, mainly
vascular, bone, joint, nerve or muscular problems.

For the hand-arm vibration study, a SVANTEK type I vibrometer was used, specifically,
the SVAN 948 model with reference number 9889, together with a triaxial accelerometer for
measuring hand—-arm vibrations, the latter located in the center of the gripping area with
the tool by means of an auxiliary grip support.

There are different methods for attaching accelerometers to vibrating surfaces. In this
case, a mounting adhesive adapted to the worker’s hands was used. To keep the adapter
in a correct position between the work surface and the hand, an adhesive tape was used,
following the indications of Annex D of the UNE-EN-ISO 5349-2 standard.

The measurements were taken in the work area of the structural recovery area, the
welding area and the sheet metal forming and repair area.

Among the tasks carried out by the teachers, both in the repair of sheet metal and in its
finishing, the ones with the highest level of vibrations were sanding sheet metal, reducing
dents with the multifunction tool and reworking welding points with the radial saw. The
task of polishing and cutting the car’s sheet metal using a disc grinder was also studied, as
well as the removal of dents from the sheet metal using a dent puller.

To determine the vibration exposure of the teaching staff, the methodology described
in the UNE-EN-ISO 5349-2 standard was followed, considering the magnitude of the vibra-
tions (total vibration value) and the duration of daily exposure. The standard establishes
four strategies for organizing the measurements. Of these, due to the nature of the tasks to
be studied, the strategy of long-duration measurements of intermittent tool operations was
employed for spot welding reworking tasks and for sanding tasks, using the roto-orbital
sander and the flat sander. On the other hand, the strategy of fixed-duration measurements
of single or multiple tool operation pulses or shocks was followed to obtain the vibra-
tion value when the multifunction tool was used for the task of removing dents from the
sheet metal.

According to UNE-EN-ISO 5349, the minimum acceptable duration of measurements
depends on the signal, instrumentation and characteristics of the operation. The total
measurement time (number of samples multiplied by the duration for each measurement)
had to be at least 1 min and, for each operation, at least 3 samples had to be taken.

Measurements were conducted for a time duration of 30 min for dent removal tasks
with the multifunction spot welding reworking with the radial sander and for sanding
operations using both the roto-orbital sander and the flat sander. For the long-duration mea-
surements of intermittent tool operations, spot welding reworking and sanding operations,
3 measurements of 2 min durations each were performed. For the case of fixed-duration
measurements of tool operation pulses or single or multiple shocks, when the worker used
the multifunction tool, 10 measurements of 10 s durations each were performed during the
task evaluation time.

The rms value of the frequency-weighted acceleration during the development of each
of the tasks studied was obtained by means of Equation (4).

Tex p
To

A(8) = apy 4)

where A(8) is the daily vibration exposure (total equivalent vibration energy value for 8 h)
in m/s?, aj, is the rms value of the frequency-weighted acceleration of hand-transmitted
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vibrations in m/s?, Texp is the total daily duration of vibration exposure and T is the
reference duration of 8 h (28,800 s).

For the case of the dent removal task with the multifunction tool, the exposure time
(Texp) was determined by means of Equation (5).

No. pulses per session X tyyise duration
3600

Texp = (5)

Since, in this case, the work in the body shop was such that the total daily vibration
exposure consisted of several operations with different magnitudes of vibrations, the daily
vibration exposure A(8) was obtained by applying Equation (6).

1
Tp -

1

n
A(8) = ar T (6)
=1
where ay,,,; is the total vibration value for operation i, n is the number of individual vibration
exposures and T; is the duration of operation i.

To determine the total vibration exposure to which teachers who performed these
tasks on a daily basis during their workday were exposed, the weighted acceleration value
for each task was taken into account and averaged to obtain a measure that was the most
representative of the exposure.

3. Results
3.1. Noise Measurements

The results of the different measurements carried out in the workshop at the center
were divided into continuous noise measurements and variable noise measurements,
according to the classification discussed in the Section 2. These are shown in Tables 1-3.

Table 1. Noise measurements carried out in the paint booth for continuous noise.

Continuous Noise

A-Weighted Equivalent Continuous

Task Measurement Duration Sound Pressure Level (L e, 1) Peak Levels
1 2 min 74.2 dBA 108 dBC
2 2 min 75.1 dBA 109 dBC
Sheet metal painting -

tasks in the paint booth 3 2 min 75.4 dBA 110 dBC
4 2 min 76.0 dBA 112 dBC
5 2 min 76.5 dBA 115 dBC

Average sound pressure level 75.5 dBA

Equivalent daily level ! 66.5 dBA

! Calculation obtained if the worker spent a total of 1 h per day inside the paint booth.

The results of the measurements showed that the machines and tasks carried out in
this workshop generated noise levels ranging from 75.5 to 94.1 dBA. The lowest levels were
obtained during sheet metal painting tasks in the paint booth (75.5 dBA), while the highest
noise values were obtained during manual sheet metal dent repair tasks (hammer—dolly),
which depended on the force with which the worker struck (94.1 dBA). Teachers with
five hours in the workshop were exposed to a noise level of 89.1 dBA, with an associated
uncertainty of 1.6 dBA for a one-sided coverage probability of 95% (K = 1.65).
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Table 2. Noise measurements carried out in the body shop for variable noise.

Variable Noise

Task Number of Measurement Task Duration Average Sound Equivalent
Measurements Duration Pressure Level Daily Level
Sheet metal repair work 4 5 min 1h/day 94.1 dBA 85.07 dBA
(hammer-dolly)
Sheet metal repair work
(multifunction tool—pneumatic 4 5 min 1h/day 90.8 dBA 81.8 dBA
hammer)
Sheet metal cutting work 3 5 min 0.5h/day 93.41 dBA 81.36 dBA
(electric saw)
Spot welding reworking 3 5 min 0.5h/day 93.84 dBA 81.8 dBA
Sheet metal finishing works 3 5 min 0.5h/day 86.8 dBA 74.75 dBA
(roto-orbital)
Repair work on plastic parts 3 5 min 0.5h/day 87.2 dBA 75.15 dBA
(pneumatic sander)
Average sound pressure level ! 92.1dBA
Equivalent daily level 2 89.08 dBA

! Calculation obtained considering the duration of the tasks studied in the body shop. 2 Calculation of the noise
level of the 4 h of workshop at daily equivalent (8 h).

Table 3. Total noise exposure.

Total Noise

Type of Task Average Sound Pressure Level Equivalent Daily Level
Continuous ! 75.5 dBA 66.5 dBA
Variable 23 92.1 dBA 89.08 dBA
Total values
Total noise exposure on a day on which all measured tasks were performed 91.15dBA
Noise dose in a 5 h training day (4 h workshop + 1 h painting) 89.1 dBA
Associated expanded uncertainty +1.6 dBA

! Calculation obtained if the worker spent a total of 1 h per day inside the paint booth. 2 Calculation obtained
considering the duration of the tasks studied in the body shop. 3 Calculation of the noise level of the 4 h of
workshop at daily equivalent (8 h).

The Spanish Royal Decree 286/2006 [24] sets the daily equivalent exposure limit value
at 87 dB(A) and the limit value for action at 85 dB(A). From the results obtained, it was
possible to observe that the variable noise measurements exceeded the limit value in all
cases, except in the case of sheet metal finishing tasks with an orbital sander, which was
very close to the limit value, so there was a hygiene risk and the company had to take
immediate measures to reduce exposure below the limit values, as well as determine the
reasons for overexposure.

The workshops of this VET center did not have noise control measures at the source
level for machines, nor did they have acoustic treatment of walls and ceilings. The teachers
present in the workshops did not use any hearing protection system during the working
day, a necessary condition to perform noise measurements based on the UNE-EN-ISO
9612 standard.

To determine the noise level for the most dangerous frequency bands of the different
tasks, the two nonmanual tasks of sheet metal cutting and spot welding with the radial
saw, whose noise level depends on the operation of a machine and not on the force with
which the operator hits the sheet metal, stood out. For both tasks, which had an average
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sound pressure level of more than 93 dBA, the noise spectrum was obtained for the one-
third octave frequency. Figure 1 shows the one-third octave noise spectrum of the most
hazardous tasks.

90.00

B Spot welding with radial saw

80.00 A

O Sheet metal cutting

70.00 s g ;

60.00

50.00

dBA

40.00

30.00

Equivalent noise level

20.00
10.00

0.00

Octave 1/3
Hz

Figure 1. One-third octave noise spectrum of some of the most hazardous tasks in terms of average
noise level.

In Figure 1, the highest equivalent noise level was found in the 2000 Hz frequency
band, very close to 85 dBA, the upper exposure value according to the Spanish Royal
Decree 286/2006 [24].

The noise level to which workers were exposed during sanding operations, with
and without the operation of the dust extraction system, was also measured. Figure 2
shows the one-third octave bands of frequency. It was possible to see that the total sound
pressure level (A) was almost 85 dBA. Moreover, the effect of the dust extraction could be
appreciated as the SPL rose, specially at medium and high frequencies.
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Figure 2. One-third octave band of frequency, where A is the sum of the data values with the standard

acoustic filtering and L is the sum of the linear unweighted data values in all octave bands.
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The stationary loudness spectrum called specific loudness was useful in locating the
frequency ranges that contributed the most to the perceived loudness of a sound. Loudness
is related to annoyance, with higher values implying a higher level of annoyance.

Figure 3 shows the specific loudness for the sanding machine with and without the
dust extraction. The maximum pick was reached between four and six critical band of
frequency, this having almost the same value for the other mid-high bark of frequency. The
specific loudness graph over the critical band shown in Figure 3 clearly identified critical
band five as the most annoying in terms of perceived noise level.

4.50

— sanding machine with dust extraction
—— sanding machine without dust extraction |_

£
@ 2
o al’
=
£
&<
0.00 A s O T [
0.00 Linear 24.00
Bark

CriticalBandBark

Figure 3. Specific loudness for sanding machine with and without dust extraction.

From Figure 4, it was possible to observe that the sanding machine, disc grinder and
dent puller had a similar specific loudness for the low bark of frequency.

9.00

= dent puller
| |— disc grinder

¥3

a@ 2

© 5

=

s &

0.00 ; ; ;
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Figure 4. Specific loudness for sanding machine, disc grinder and dent puller.
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For the purposes of specific loudness with all three machines running, the disc grinder
was the most annoying, as it had the highest levels for all frequency bands than the rest
of the machines. It could also be seen for this machine that high frequencies were more
annoying than low frequencies.

For the sanding machine and dent puller, both seemed to have similar tendencies as
far as specific loudness was concerned. The most annoying band was 2 for the sanding
machine and 15 and 17 bands for the dent puller.

3.2. Vibration Measurements

The results obtained for the vibration measurement of the analyzed tasks were as
shown in Table 4.

Table 4. Vibration measurements.

Task Frequency-Weighted

Acceleration
Dent Removal with teﬁ‘szzgsrzfntits o =30 m/S
if . .
Multifunction Tool a‘é\i:%}rjfi sx\f;zziel A1(8) =9 m/s2
Spot Welding with the Radial thrgiif:u(;fei:nts o =579 m/s
Welding Machine Weighted average

_ 2
acceleration value ! 42(8)=14.37m/s

Sanding of Sheet Metal in the
Finishing Process

Average of the

— 2
three measurements Oy =17.05 m/s

Flat sander
Weighted average

_ 2
acceleration value ! A3(8)=4.26m/s

Average of the

_ 2
three measurements Oy = 1093 m/s

Roto-orbital sander
Weighted average

_ 2
acceleration value ! 44(8)=2.73m/s

Daily weighted acceleration value A(8) =17.69 m/s?

! Thirty-minute session.

The hand—-arm vibrations were evaluated for the disc grinder and dent puller. The
disc grinder was used to polish and cut the sheet metal of the car. The dent of the sheet was
removed using a dent puller. In the case of the dent puller, the sheet had a huge impact.
This was measured with an accelerometer placed in the hand of the user. Figure 5 shows
the acceleration level measured at the tool without a ponderation frequency given in the
UNE-EN-ISO 5349 [25]. The impact of the disc grinder was three times higher than the dent
puller. Applying the frequency ponderation stablished in UNE-EN-ISO 5349, the hand—arm
vibration was 30.4 m/s? for the disc grinder and 11.3 m/s? for the dent puller.

The results showed that the normalized daily exposure limit value for an 8 h pe-
riod was exceeded, which was 5 m/s?, according to article three of the Spanish Royal
Decree 1311/05 [26]; therefore, preventive measures should be taken immediately to reduce
these levels.
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Figure 5. Hand-arm vibration for disc grinder and dent puller.

4. Discussion

The exposure of teachers to noise and vibrations was measured in a VET school in
Cordoba. This exposure was measured for various tasks and tools. The results obtained for
the noise measurements in the VET school body shops exceeded the values that could be
obtained in normal classrooms [9].

The results indicated that the highest noise exposure levels were found when using the
disc grinder. The teachers could be involved in noisy tasks most of time in the laboratory
and workshops and, on average, at levels higher than the action level. Moreover, they
used different tools, like those that were described, including a sanding machine, disc
grinder and dent puller, among others. The dust extraction system noise levels range
almost reached 85 dB, that is according to values obtained by Summan et al. [20]. The
average noise exposure level for teachers was approximately 89 dBA for a working day
with 5 h of workshop, being this level higher than the maximum level stablished by the
Spanish Royal Decree 286/2006 [24].

Few published studies were found that assessed the noise exposure of teachers in
VET schools and centers. Among these, the study conducted in public TVET institutes in
Malaysia stood out [33]. The results obtained in the Cordoba case study (ranging from
75.5 t0 94.01 dBA, daily equivalent noise level) were in accordance with those obtained by
Rahim et al. [33] in Malaysia, which ranged from 75.3 to 95 dB. These results exceeded the
noise exposure levels allowed by legislation.

Regarding vibration exposure, Vihlborg et al. [21] studied the association between
vibration exposure and hand-arm vibration symptoms in a Swedish mechanical industry.
The association between occupational exposure to hand—arm vibration and hearing loss
was reviewed by Weier in 2020 [34]. Barregard et al. [22] studied the occurrence of hand-
arm vibration syndrome (HAVS) in Swedish car mechanics. The intensity of the vibrations
estimated from a large survey on 286 nut-runners used at 26 garages in Sweden showed an
average weighted acceleration level of 3.5 m/s?. Measurements taken in Cordoba showed
even higher values than these.

The Spanish law on occupational risk prevention applies to all sectors, including
vocational training teachers. However, it was observed that the VET center in this case
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study did not apply protective measures against the risks studied. The teachers present in
the workshops did not use any hearing protection system during the working day, neither
when carrying out the tasks nor when supervising the correct performance of the students.
This agreed with what Summan et al. [20] observed in the technology educational shops in
Canada that they analyzed. Therefore, further measures should be taken in this regard.

Recommendations

All the studies found suggested the need to adopt measures to mitigate the effects of
exposure to both noise and vibrations to prevent the appearance of occupational diseases.
Considering the results obtained for this case study in a VET center, these prevention
measures should have also been applied to the teaching staff. The most suitable measures
include the daily monitoring of the noise level of machines, equipment and tools in the
workshops of the professional families whose workers are most exposed to this physical
agent, the correct maintenance of machines and equipment, the use of personal protective
equipment suitable for the tasks carried out in the workshops and specific and regular
health surveillance for exposed workers.

5. Conclusions

Exposure of workers to noise or vibration has been extensively studied for multiple
sectors. In fact, because exposure to high noise levels in classrooms can cause voice
disorders in teachers in general, this has also been extensively studied. However, in
vocational schools, where teachers work in laboratories and workshops, there are also risks
related to high levels of noise and vibrations caused by the machines and tools used there.
There is a lack of studies analyzing the exposure of teachers in VET centers and schools to
these risks.

Therefore, this study analyzed the exposure to noise and vibrations of a VET bodywork
training cycle teaching staff. The results of the noise measurements showed that the
machines and tasks carried out in this workshop generated noise levels ranging from
75.5t0 94.1 dBA. Regarding hand-arm vibrations, a daily weighted acceleration value of
17.69 m/s? was obtained. Measurements for both hazards showed that the limit values
allowed by legislation were reached or exceeded.

The results obtained in this study contribute towards showing the existence of specific
risks for VET teachers that have not been widely studied and that should lead to the adop-
tion of measures that try to minimize their consequences to teachers’ health. This highlights
the need for further studies in this sector of teaching staff, as well as for measures to mini-
mize the consequences of such exposure, which can lead to occupational diseases. These
measures include the provision of sufficient personal protective equipment appropriate
to the tasks they carry out and regular medical examinations of the hearing function and
audiometric monitoring of teachers working in these workshops.
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