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Evaluation of the hearing protector in a real
work situation using the field-microphone-
in-real-ear method

Avaliacao do protetor auditivo em situacao real
de trabalho pelo método field
Microphone-in-real-ear

ABSTRACT

Purpose: To evaluate the effectiveness of the attenuation of a hearing protector (HP) in a real work situation
using the field-microphone-in-real-ear method (f-MIRE). Methods: Eighteen individuals of both genders (mean
age of 47.1748 years) participated in this study. In the workplace, the personal attenuation level of the HP was
assessed using the f-MIRE method, followed by orientation about the importance of using the HP, cleaning and
storing the device, and training for effective placement. Results: The analyses showed a significant statistic
attenuation for all of the collected data (total noise, by frequency band and dose) when the noise levels in
the lapel microphone and the probe microphone were compared. In the comparison of the attenuation values
provided by the manufacturer and those found in this study, we observed higher values for the manufacturer
in all frequency bands. No difference was observed for the noise levels in the different activities and times
evaluated. Conclusion: The findings of this study enabled us to know the personal level of attenuation of
the HP during a real work situation, which was within the limits of tolerance. It was also possible to collect
information about the environmental noise to which these workers are exposed. We noticed situations where
this level exceeded the safety values, and therefore it is recommended the use of the HP. It is important that
more studies are conducted using the f-MIRE method, because it may be an ally to assess the effectiveness of
the HP attenuation in the workplace.

RESUMO

Objetivo: Avaliar a eficacia da atenuac@o de um protetor auditivo em uma situagdo real de trabalho utilizando o
método f~-Microphone-in-real-ear (f-MIRE). Métodos: Participaram 18 individuos, de ambos os géneros (média
de idade 47,17+8 anos). No local de trabalho, foi realizada a avaliagdo do nivel pessoal de atenuag@o do Protetor
Auditivo (PA) pelo método Field Microphone-in-Real-Ear (f-MIRE), seguido por orientagdes sobre a importancia
do uso do PA, higienizag@o, armazenamento e treinamento para sua colocagao efetiva. Resultados: As analises
mostraram que houve atenuagdo estatisticamente significante para todos os dados coletados (ruido total, por
banda de frequéncia e dose) quando comparados os niveis de ruido no microfone lapela e no microfone sonda.
Na comparagao entre os valores de atenuagao fornecidos pelo fabricante e os encontrados neste estudo, observou-
se valores maiores para o fabricante em todas as bandas de frequéncia. Nao houve diferenca para os niveis de
ruido nas diferentes atividades e horarios avaliados. Coneclusdo: Os achados do presente estudo possibilitaram
conhecer o nivel pessoal de atenuacgdo do protetor auditivo durante uma situagao real de trabalho, que estava
dentro dos limites de tolerancia. Também foi possivel coletar informagdes sobre o ruido do ambiente em que
esses trabalhadores estdo expostos, onde observamos situagdes nas quais esse nivel ultrapassava os valores de
seguranga, sendo assim recomendavel o uso do PA. E importante que mais estudos sejam realizados utilizando
o método f~MIRE, pois pode ser um aliado para avaliar a eficacia da atenuac@o do PA no local de trabalho.
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INTRODUCTION

The exposure to noise can cause several health problems,
such as hearing loss, tinnitus, alterations in the sleep and in the
cardiovascular function, damage to the work, among others".
Noise induced hearing loss (NIHL) is the second occupational
illness most reported by workers®, and the second most important
cause of sensorineural hearing loss after presbycusis®.

To avoid the damage caused by noise exposure, companies
should develop hearing loss prevention programs (HLPP)® that,
according to the legislation of Brazil and developed countries,
must include, among other aspects, noise monitoring, training
and education of the workers, use of hearing protector (HP), and
audiometric monitoring®®. For the HLPP to succeed, the workers
must be well informed about the reasons and objectives of the
program, besides being trained about how to insert the HP7®,

However, the efficacy of the HP insertion is usually not
evaluated within the HLPP, which contributes to the lack of
knowledge about the effectiveness of the actions developed
in the programs. For this reason, methods that evaluate the
insertion of the HP are key to verify if the protection provided
is adequate for a particular individual.

Previous studies have been conducted to quantify the attenuation
provided by the HPs for each individual, in conditions closer
to real situations®. However, there was no correspondence
between the attenuation provided by the HP on the field with
the values obtained in the laboratory, and the latter exceeded
the attenuation values verified on the field'%!?.

Because of the discrepancies in values between the field and
the laboratory, some authors suggested that individual assessments
of the HPs should be routinely performed, as a way to ensure
the efficacy of these devices in preventing hearing loss!2),

Among the available methods of individual evaluation
of the HP insertion, there is the field-microphone-in-real-ear
(f-MIRE) approach, an objective method in which the measuring
is performed with two microphones, one placed inside the
external auditory meatus (EAM) and another on the lapel, close
to the auricular pavilion (Figure 1). Besides the objectivity of
this method, the brevity of the measuring is its main advantage
as two microphones pick up, simultaneously, both the external
and the internal sound pressure levels to the HP(!319,

Another advantage of this method is the possibility to
conduct the study in the work environment, which generates
more reliable data about the attenuation of the HP!!? and
provides information closer to reality about HP attenuation for
employees and employers.

In addition, the evaluation method can be incorporated into
the training of the user for proper insertion of the HP; the process
of selecting plug-type HPs, enabling us to consider factors
such as comfort and convenience; the process of assessing the
effectiveness of the HLPP, among others®'!.

Thus, to evaluate the attenuation of the HP in real work
situations is of paramount importance for health and security
professionals, as it can provide a variety of information about
the efficacy of the HP, to assist in promoting the proper use of
this device and monitoring the protection routinely offered.
Information as those previously presented can resolve some
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Figure 1. Position of the microphones. (A) position of the probe
microphone (PM) and the lapel microphone (LM); (B) position of the
probe microphone (PM)

doubts involving workers exposed to noise, who use “adequately”
and “routinely” the HP, but that still show onset or worsening of
unilateral or bilateral sensorineural hearing loss, without other
factors to justify these alterations.

The objective was to evaluate the effectiveness of the
attenuation of an HP in a real work situation using the f-MIRE
method.

METHODS

This study was conceived as descriptive cross-sectional.
The participants were 18 individuals (mean age of 47.17+8 years),
with five men (mean age of 40.8+3.49 years, minimum 36,
maximum 45) and 13 women (mean age of 49.83+7.91 years,
minimum 39, maximum 64), who were part of the staff of a
hospital nutrition and dietetic service (NDS), in a convenience
sample.

All the employees had the same job (kitchen assistant) and
performed the same activities, divided into morning (7h-13h),
afternoon (13h-19h) and night (19h-7h) shifts. The working
day of the employees was 6 hours, including also an on-call of
12 hours for the morning and afternoon shifts, and of 12-36 hours
for the night shift employees.

Regarding the work environment and the activities performed,
in which there is exposure to noise, the employee basically
remains in front of a ramp where dishes and trays are deposited.
This ramp has a connection with the dish washer. The employee
pulls the support with the dishes and trays from the ramp toward
the machine and waits on the other side to remove the clean
dishes and trays, then storing them in the carts. It is noteworthy
that both ears have similar levels of noise exposure.

Because of the work of the medical residents in the research
area of occupational health of the Multidisciplinary Residency
Program in NDS with the workers of this sector, as well as to
improve the HLPP, in partnership with the Specialized Service
in Safety and Occupational Medicine (SESMT), we decided to
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choose this location to carry out this study. It should also be
noted that, according to the latest environmental risk prevention
program (PPRA) conducted for the mentioned sector, the noise
level reaches 85 dBA.

Individuals were asked to take part voluntarily. If accepted,
they would sign the informed consent, approved by the Research
Ethics Committee of the institution, under the process number
858/08.

All the participants underwent hearing assessment before
the study, as part of the annual monitoring of the HLPP. When
necessary, they were referred to an otorhinolaryngologist.
It is noteworthy that six individuals had hearing loss with
characteristics consistent with NIHL.

Before the beginning of the measuring with the f-MIRE
method, a meatoscopy was performed to ensure that there was
no excess cerumen that could interfere with the other results.

The attenuation levels of the HP were evaluated at the
workplace of the participants during their activities with exposure
to noise. They were evaluated at breakfast, lunch, and dinner
activities, at hours considered typical and with no alteration in
the routine. Nine employees from the morning shift, five from
the afternoon shift, and four from the night shift attended.

It is important to mention that the Occupational Hygiene
Standard (NHO-01)"® suggests that the set of performed noise
measurements should be representative of the actual and usual
conditions of occupational exposure of the studied group of
workers. Thus, the sampling period should be properly chosen
(within usual activities) and, if it cannot cover the whole working
day, the stipulated dose for the measured period should be
projected for the actual daily working hours.

In view of this, as it was not possible to measure with the
dosimeter throughout the working day, within this period of
usual activity, one 15-minute break for measuring was chosen
for each employee, and 16 individuals participated in two
collections on different days, and two individuals participated
in only one collection (for organizational reasons of the sector).

To evaluate the level of attenuation of the HP, the noise
dosimeter SV-102®, of the Svantek® brand, was used.
This equipment has two microphones, one probe microphone
(PM) and one lapel microphone (LM), which are connected to
the unit of information processing and storage.

The PM consists of a plastic holder attached to the frame of
the safety glasses, ensuring the smallest possible displacement.
At one end, the microphone is connected to the silicone probe,
which is 58 mm long. Nevertheless, only 28 mm was inserted
into the EAM of the participants, value adopted by the geometric
method, thereby ensuring that the probe would not be
obstructed by the HP, which was 25 mm long. To assist with
inserting the probe on the EAM, an otoscope and a pre-molding
flashlight were used.

The probe also has a red mark that enables us to standardize
the length to be inserted into the EAM. In the study, this mark
was positioned toward the antitragus to guarantee its insertion
in the same depth of the EAM in different individuals. We stress
that, before each collection, this marking on the probe was
measured to check the length (28 mm).
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The SV-102® provides various information, such as the
sound pressure level (SPL), equivalent noise level ’,,) dose
(D), projected dose (D, ), statistical levels of prevalence of
noise and exposure by frequency bands. The equipment has a
microcomputer, programmed to do all settings and technical
corrections automatically.

The equipment was configured following the manufacturer’s
technical specification, the Regulatory Standard 15 (NR-15)
@9 and the NHO-01"®. For continuous noise, these parameters
define that the weighting circuit must be “A,” with slow response,
benchmark of 85 dB(A) for the NR-15 and of 80 dB(A) for the
NHO-01, doubling rate of five for NR-15 and three for NHO-01,
and measurement range up to 115 dB. Before each collection,
the microphones were calibrated.

The PM was always inserted in the EAM of the right ear,
arbitrarily chosen to perform the measurements, to assess the
present level of noise in the ear with the HP (Figure 2). We used
a 25-mm-long foam plug HP.

The LM was placed on the shoulder, near the auricular
pavilion, to check the level of noise in the workplace, following
the recommendations of NHO-011%, Thus, it is possible to have
control of the level of environmental noise to determine whether
it was similar in all sample collections, or had variations. It was
also used to calculate the attenuation value of the HP, with the
subtraction of the PM value from the LM value.

During the procedure, the participants used the HP provided
by the researcher in both ears. To reduce the variations, the
researcher inserted the HP in the EAM of all participants at all
data collection periods.

After the collections, the employees received guidelines
of how to use, sanitize, and properly store the HP, as well
as information about the importance of using protectors and
information about hearing care, such as use of flexible cotton
stems and headphones, as well as the importance of monitoring
the hearing through exams.

For the analysis of the evaluation of the HP attenuation
level, the parametric test of simple variance analysis, with 5%
significance level, was used. To confirm the hypothesis that the

Figure 2. Position of the hearing protector with the probe microphone
(PM) in an EAM model
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HP was effective, the analysis of simple paired variance was
used, comparing the findings of LM and PM. To confirm the
hypothesis that the noise level was not altered by activity, the
analysis of simple unpaired variance was used.

RESULTS

In all the analyses, the values obtained by the LM were
higher than those of the PM, with statistically significant
differences (Table 1).

The calculation of the exposure dose during 15 minutes of
collection on the LM was 2.89% with a standard deviation (SD)
of 1.14%, higher than the PM, which recorded dose of 0.51%
with SD 0f 0.39% (DF: 1, F: 156.32; p<0.001). When the D,
was calculated for shifts, we obtained the value of 84.42% with
SD of 35.71% for the LM and that of 16.11% with SD of 11.29%
for the PM (DF: 1; F: 127.86; p<0.001). The data showed that,
comparing the two microphones, the PM presented values less
than those of the LM, with a statistically significant difference.

Regarding the noise levels present in 10%, 50%, and 90% of
the measuring periods, we observed that, most of the time (90%),
the noise was around 72.22 dB(A) at the LM and 56.71 dB(A)
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at the PM. In 10% of the time, the noise was of 8§7.04 dB(A) at
the LM and of 74.14 dB(A) at the PM.

In the evaluation by frequency bands, lower values at the PM
were also observed when compared to the LM, with a statistically
significant difference in all frequencies, as shown in Table 2.

Comparing the attenuation values provided by the manufacturer
and those found in this study, we observed higher values for the
manufacturer with a statistically significant difference (Table 3).

When comparing the shifts and activities, no differences were
observed in noise levels at the LM, which shows that the noise
remained constant during different sample collections (Table 4).

DISCUSSION

This study aimed to evaluate the effectiveness of the
attenuation of an HP in a real work situation, using an objective
method (f-MIRE). The results of the study showed that the HP
was effective in all situations, as the values measured by the PM
were lower than those of the LM, with statistically significant
differences for all the analyses (Tables 1 and 2).

The L values obtained at the PM showed that the mean
noise was of 72.61+4.11 dB(A) and the dose of 0.51+£0.39%

Table 1. Values obtained in the objective assessment for Leq, SPL, Max, Min, and PEAK in dBA (n = 34)

- SPL MAX MIN PEAK
LM PM LM PM LM PM LM PM LM PM
X 85.28 72.61 83.22 69.58 99.23 87.11 67.38 54.68 128.79 110.3
SD 2.89 4.11 6.47 8.93 5.65 6.23 4.97 4.51 6.74 7.41
F 290.76 171.91 212.21 319.57 144.34
DF 1 1 1 1 1
p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Caption: Leq = equivalent noise level; SPL = sound pressure level; Max = maximum level of noise; Min = minimum level of noise; PEAK = noise peak; N = number of
samples; X = mean; SD = standard deviation; F = Fisher’s value; DF = degree of freedom; p =p-value

Table 2. Comparison of the noise by frequency bands in dBA (n = 34)

125 Hz 250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz 8,000 Hz
LM PM LM PM LM PM LM PM LM PM LM PM LM PM
X 60.28 51.07 67.82 6057 7578 62.18 79.07 60.89 79.58 67.32 79.61 65.1 73.62  56.49
SD 1.75 7.39 1.65 8.43 2.19 7.93 2.91 5.23 3.37 4.45 3.17 4.02 3.25 4.53
F 49 24.76 99.73 393.32 219.04 482.06 498.43
DF 1 1 1 1 1 1 1
p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Caption: Hz = hertz; LM =
of freedom; p = p-value

lapel microphone; PM =probe microphone; N = number of samples; X = mean; SD = standard deviation; F = Fisher’s value; DF = degree

Table 3. Comparison of the attenuation values provided by the manufacturer (M) and the values obtained in this study (S) (dBA)

125 Hz 250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz 8,000 Hz NRRsfL
M S M S M S M S M S M S M S M S
n 20 34 20 34 20 34 20 34 20 34 20 34 20 34 20 34
X 16.8 8.95 177 6.2 202 13.15 212 178 282 1195 338 1395 338 17.2 16 12.25
SD 6 7.67 5.3 8.49 6.6 7.94 4.1 5.35 5.7 4.83 6.5 3.85 8 4.47 6.02 4.36
F 15.36 29.73 11.19 5.98 124.65 199.71 96.21 6.99
DF 1 1 1 1 1 1 1 1
P <0.0001 <0.0001 0.001 0.017 <0.0001 <0.0001 <0.0001 0.010

Caption: NRRsf = subject-fit noise reduction rating; L, = equivalent noise level; M =values provided by the HP manufacturer; S = values obtained in the study;
N = number of samples; X = mean; SD = standard deviation; F = Fisher’s value; DF = degree of freedom; p = p-value
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Table 4. Equivalent noise level and sound pressure level by activities (L., in dB(A) and SPL in dB SPL)
L,-LM L.~ PM SPL - LM SPL-PM
B L D B L D B L D B L D
n 11 14 9 11 14 9 10 13 9 10 13 9
X 84.77 85.4 85.71 73.05 73.53 70.65 83.22 83.36 83.02 70.09 70.2 68.11
SD 3.31 2.65 2.96 4.25 4.21 3.48 8.17 5.63 6.3 9.27 9.41 8.75
F 0.27 1.47 0.007 0.161
DF 2 2 2 2
p 0.765 0.243 0.993 0.852

Caption: Leq = equivalent noise level; SPL = sound pressure level; LM = lapel microphone; PM = probe microphone; B = breakfast; L = lunch; D =dinner; N = number
of participants; X = mean; SD = standard deviation; F = Fisher’s value; DF = degree of freedom; p = p-value

for 15 minutes. When the projected dose for work shift was
calculated, the value was found to be 16.11+11.29%. These values
showed that the noise to which the employee is exposed when
using the HP properly is within the limits recommended by the
NHO-01" and also within the tolerance limits regulated by
the NR-15%9, ensuring a safe work regarding the noise effects.

In the analysis by frequency bands (Table 2), it can be
noted that the frequencies of 500, 1000, 2000, and 4000 Hz
showed higher values at the LM, which may indicate that the
predominant noise in the working environment is within these
frequency bands. Regarding the intensities verified by the PM
at each of the frequencies (Table 2), we should mention that the
depth of the probe insertion can interfere with the results due
to the presence of the standing waves, particularly for higher
frequencies'”, which could change the level of sound pressure
measured in real-ear measurements®".

A previous study®? stressed that, using the method of constant
insertion (similar to the one applied in this study), the probe
would be located next to the tympanic membrane and there
would be no significant variation in the sound pressure levels
measured for the majority of individuals, particularly regarding
low and medium frequencies; only for a few individuals with
long auditory canals and for higher frequencies (3—6 kHz),
there might be some variability in the measurements. However,
the depth of the probe insertion was controlled in this study,
as described earlier in method, and, thus, we believe that this
variable did not interfere significantly in the results for the
difference observed between the values measured in the PM
along the frequencies.

Other studies have also mentioned that anatomical and
physiological conditions of the external and/or middle ear, such
as the volume of the auditory canal and the age of the participant,
could have an influence on the resonance of EAM®@** and in
the real-ear measurements.

Furthermore, observing Tables 2 and 3, we can verify that
the attenuation for frequency band provided by the HP reached
highest values between 1000 and 8000Hz, data similar to those
obtained in another study®®.

This difference between the attenuation values of the HP
for each frequency was expected, as the conventional hearing
protectors do not have linear attenuation characteristics.
An insertion-type HP of nonlinear attenuation normally includes
a sound path with an acoustic impedance according to the
velocity of the particle. This impedance is linked to its viscous

resistance, which has a nonlinear component proportional to
the velocity of the particle®®.

The characteristics involved in the HP resistance are
determined mainly by the following variables: the mass of
the HP, the characteristics of its material (density, rigidity,
dampening, among others), and the interface between the HP
and the auditory canal®. These variables will determine the
greater or lesser degree of attenuation in certain frequency bands.

It should be noted that the different findings displayed in
some studies in the literature concerning the attenuation of
hearing protectors can be linked exactly to the features and
materials of the different types of HPs used in various studies,
as these may determine different acoustic characteristics®”, as
mentioned earlier. We must also consider the different equipment
available, used in the studies, which have different correction
factors for each type of probe and evaluated HP.

Other important data observed in this study are that the
standard deviations of the LM measurements were low for all
the frequencies, unlike the PM, which showed higher standard
deviations, especially for the frequencies of 125,250, and 500 Hz,
and relatively lower for other frequencies. Probably this difference
is indicative of interference caused by individuals talking during
data collections; the resonance of the EAM; the position of the
probe in the EAM, which can vary between individuals (although
the mean length of insertion has been controlled); and a possible
displacement of the HP during data collections. These variables
should be further investigated in the future because in situations
where there is a predominance of low-frequency noise, the
attenuation values for these frequencies can be lower and thus
there may be greater risk of underprotection, if these factors
are not controlled day by day.

When we compared the HP attenuation values by bands
and of the L, verified in the study with the values provided by
the manufacturer (Table 3), we found a statistically significant
difference, with higher attenuation values provided by the
manufacturer. It is important to stress that the methodology
for the certification of the HPs is different, using a subjective
method and carried out in the laboratory®®.

However, the differences between the values provided by
the manufacturer and those obtained in real work situations
should be taken into consideration when the HPs are selected for
environments with noise, as the attenuation values provided by
the manufacturer will not always be consistent with the workers’
needs, with the possibility of exposure to a significant risk to

CoDAS 2016;28(2):99-105
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health and safety. In the case of the participants in this study,
because the level of noise to which they are exposed is close
to the tolerance limits regulated by the NR-15@%, the selection
of an effective HP is simpler, but in environments with higher
noise, this question is more problematic, and the difference
between the values provided by the manufacturer and the actual
attenuation of the HP should be very well thought out.

Regarding the noise level measured in the different activities,
Table 4 shows that there was no significant difference in the level
of noise between them. However, it was possible to perceive
that, in the activity of lunch, the noise level reached higher
levels, possibly due to the greater quantity of tableware, as
this is a period with a greater flow of people in the restaurant.

It is important to mention that there are few studies that
used the f-MIRE method in the workplace, as there are still
technical difficulties to adapt the probe of the dosimeter to the
HP. In addition to this difficulty, one must have caution during
the measuring, because the worker’s movement and conversation
can alter the result of the measurements, especially the value of
the PEAK. Some studies have found that the personal dosimeter
can provide higher values, with a difference, on average, of
2.5 dB(A) when these workers were very close to the sound
source or made many movements®?,

However, the mentioned method adopted to evaluate the
HP has proven reliable in this study, as the measurement values
(in the PM) showed small variations, with relatively small
standard deviations, especially when compared to previous
studies®®. It is worth mentioning that some authors have cited
the benefit of using the f-MIRE method to evaluate the use of
the HP, mainly for the training of workers for its insertion®®.

In addition, the f-MIRE method can be incorporated into
the HLPP, improving efforts to prevent hearing loss in various
situations, such as showing the user the difference between the
correct and incorrect insertion of the HP; supporting the selection
of plug-type HPs, considering the comfort and attenuation
provided by various devices; determining the sufficiency of
protection or the existence of overprotection; recording the
procedures that assisted in the selection of HPs; recording the
activities involved in training workers for the insertion of the
HP (to meet regulatory standards); and gathering evidence to
evaluate the effectiveness of the HLPP, among others®'"12).

As limitations of this study, there is the small sample of
workers, as well as the use of the methodology in only one
work environment and the use of a single HP model. Thus, we
suggest that future studies are designed with a larger number
of individuals, comparing different occupational environments
(and different noise levels), as well as comparing different HPs
for each individual, which would enable the visualization of
which type/model is more adequate for every person and every
activity and/or work environment.

CONCLUSION

The findings of this study enabled us to know the personal
level of attenuation of the HP during a real work situation and
to collect information about the level of workplace noise to
which these workers are exposed.

CoDAS 2016;28(2):99-105
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We concluded that the level of noise to which these employees
were exposed during the study is within the limits recommended
by the NR-15 and NHO-01, favoring the use and adaptation
of the HP. However, situations have been observed in which
this level exceeded the safety values; therefore, the use of the
HP is recommended. Regarding the attenuation level of the
tested HP, it proved effective as it attenuated the noise in all
the studied situations.

Finally, it is important that more studies be carried out using
the f-MIRE method, because it was efficient to evaluate the
attenuation level of the HP in the workplace.
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