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Noise; Introduction: Current Brazilian legislation requires that all workers exposed to noise are to be
Noise-induced given an audiogram upon hiring, after 6 months of employment (first periodic test), and annually
hearing loss; after the first periodic test. In other countries, the regulations of hearing conservation programs
Objective do not include the requirement for audiometric testing at 6 months of employment, but only
audiometry; annually. There is no evidence that the periodicity adopted by Brazilian legislation is the most
Hearing loss appropriate.

Objective: The present study aimed to evaluate the first 3 occupational audiometric tests of
workers exposed to noise.

Methods: Historical cohort study with cross-sectional analysis. Participants were all male met-
allurgy workers aged up to 40 years. The first 3 audiograms of each worker were analyzed:
pre-employment audiometric test, periodic audiometric test 1, and periodic audiometric test
2. For each worker, mean frequency thresholds were calculated at 3, 4, and 6 kHz in the left and
right ears for each test. Statistical analysis was performed using the nonparametric Wilcoxon
test.

Results: A total of 988 workers were included. There was a significant difference in auditory
thresholds between the pre-employment test and the 2 subsequent periodic tests for the right
and left ears. There was no significant difference between Test1 and Test2 in either ear.
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Conclusion: Given the lack of difference between the first 2 periodic tests, we believe that they
could be merged into a single test, i.e., first periodic audiometric testing could be performed
at 12 months of employment without compromising workers’ health.

© 2021 Published by Elsevier Editora Ltda. on behalf of Associacao Brasileira de Otorrino-
laringologia e Cirurgia Cérvico-Facial. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Introduction

Exposure to noise is an important cause of hearing loss,"?
with noise-induced hearing loss (NIHL) ranking as the second
most common occupational disease. Hearing conservation
programs developed between 1945 and 1966, focusing on
continuous exposure to high noise levels. In the United
States, with the Occupational Health and Safety Act of 1970,
Congress created a federal regulatory agency within the
Department of Labor, the Occupational Health and Safety
Administration (OSHA). In the same year, the National Insti-
tute for Occupational Safety and Health (NIOSH) was created
to develop safe limits for workplace exposures.>*

In Brazil, in 1978, the Ministry of Labor published the
*Regulatory Standard n® 15’’, which establishes the safe lim-
its for noise exposure — requirements that remain in place
today. In 1998, the National Noise and Hearing Conservation
Committee regulated work-related NIHL.>¢ Current legisla-
tion, through Ordinance n°® 19 of the Ministry of Labor and
Employment, requires that all workers exposed to noise are
given an audiogram upon hiring, after 6 months of employ-
ment (first periodic test), annually after the first periodic
test, and on work termination.>’ In other countries, the reg-
ulations of hearing conservation programs do not include the
requirement for audiometric testing at 6 months of employ-
ment, but only annually.?-"°

There is no evidence that the periodicity adopted by
Brazilian legislation is the most appropriate. The optimal
time interval to perform the first periodic audiometric test
remains unknown.

The present study aimed to evaluate the first 3 occupa-
tional audiometric tests of workers exposed to noise.

Methods

This historical cohort study with cross-sectional analysis
was approved by the Institutional Review Board (protocol
n®0810.0.146.000-11).

Data from audiometric tests performed between January
1998 and January 2018 were obtained from a Brazilian met-
allurgy company that had implemented hearing conservation
programs according to Bulletin n® 6 of the National Noise
and Hearing Conservation Committee.” The variation in the
sound pressure level in each company between exposed
and non-exposed workers was not statistically significant.
Workers exposed to > 85dB sound pressure level for at
least 8h/day, who were provided with hearing protection
devices (earplugs) by the company as required by law, were
recruited for participation in the study.

The first 3 audiograms of each worker were analyzed:
pre-employment audiometric test, periodic audiometric
test 1, and periodic audiometric test 2. Pre-employment
test was defined as the worker’s first audiogram upon hiring
but before starting to work. The periodic tests are hereafter
referred to as Test1 (periodic test 1) and Test2 (periodic test
2).

Inclusion criteria: (1) male; (2) metallurgy workers; (3)
aged up to 40 years, 11 months, and 364 days on the date
of pre-employment audiometric testing; (3) 3 audiometric
tests (pre-employment, Test1 and Test2); (4) 14 h of hearing
rest prior to each test; (5) normal hearing (thresholds <25dB
HL for octave frequencies from 0.25 to 8 kHz) at the time of
pre-employment audiometric testing.

Exclusion criteria: (1) female; (2) workers from other
industrial sectors; (3) workers non-exposed to noise (<80 dB
sound pressure for at least 8 h daily); (4) incomplete audio-
metric data (absence of frequency thresholds at 3, 4 and
6 kHz bilaterally); (5) conductive hearing loss; (6) sen-
sorineural hearing loss; (7) otologic disease (endolymphatic
hydrops, otosclerosis, chronic otitis media); (8) tests per-
formed for change of position, return to work, or work
termination; (9) presence of chronic diseases (hyperten-
sion, diabetes mellitus, autoimmune diseases, infectious
diseases, or immunodeficiencies), (10) complaints of tinni-
tus or dizziness; (11) workers had performed Test1 after 12
months and 364 days or before 5 months and 29 days of the
pre-employment test and, (12) workers had performed Test2
after 24 months and 364 days of the pre-employment test
or before 5 months and 29 days of Test1.

The audiometric tests were performed in specialized
occupational medicine centers. Pure-tone audiometry was
performed at a specialized center with experience in audio-
metric testing procedures for occupational noise exposure.
Prior to audiometry, all ears were examined using a Heine
otoscope. Three audiometers calibrated according to the
International Organization for Standardization (I1SO) 389/64
and American National Standards Institute (ANSI) S3.6/69
standards, were used for the testing procedures: Madsen
Midimate 622 (GN Otometrics, Taastrup, Denmark); Inter-
acoustics AD 29 (Interacoustics, Assens, Denmark); and
LO-250 (Acustica Orlandi, Bauru, SP, Brazil).

All tests were performed in audiometric booths, with
ambient noise levels in accordance with ANSI S3.1-1991,
according to the following parameters’: air conduction at
the frequencies of 0.25, 0.5, 1, 2, 3, 4, 5, 6 and 8 kHz;
bone-conduction threshold testing at 0.5, 1, 2 and 4kHz if
the airway thresholds were altered; and speech recognition
threshold and speech intelligibility index.

For each worker, mean frequency thresholds were cal-
culated at 3, 4 and 6kHz in the left and right ears for
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Table 1 Results for the mean 3, 4 and 6 kHz frequency
threshold in the first 3 audiometric tests, stratified by
laterality.

Test Right ear Left ear

Mean SD Mean SD
Pre-employment 9.03 6.42 9.98 6.73
Test1 10.55 6.31 10.99 6.44
Test2 10.71 5.98 11.08 6.07

SD, standard deviation; Pre-employment, pre-employment
audiometric test; Test1, periodic audiometric test 1; Test2, peri-
odic audiometric test 2.

Table 2 Comparison of audiometric tests according to the
mean results for the 3, 4 and 6 kHz frequencies, stratified by
laterality.

Ear Pre-emp Pre-emp Test1 vs.
vs. Test1 vs. Test2 Test2

Right p=0.008 p=0.000 p=0.064

Left p=0.003 p=0.000 p =0.072

Pre-emp, pre-employment audiometric test; Test1, periodic
audiometric test 1; Test2, periodic audiometric test 2.

each test. The frequencies of 0.25-2kHz and 8 kHz were
not considered in the statistical analysis. Statistical analy-
sis was performed using the nonparametric Wilcoxon test.
Results were considered statistically significant at p <0.05.
Data were analyzed using R software.

Results

A total of 988 workers were included, resulting in 2964 tests
analyzed. Based on the date of pre-employment audiometric
testing, mean age was 23.8 years; 82.3% were aged between
21 and 30 years.

The mean time elapsed between pre-employment test
and Test1 was 7.46 months. Test2 was performed at a mean
of 18.20 months after pre-employment audiometric testing.
On average, 10.74 months elapsed between Test1 and Test2.

Table 1 shows the results for the mean 3, 4 and 6 kHz-
frequency thresholds.

Table 2 shows a comparison of the mean 3, 4 and
6 kHz-frequency thresholds between tests. There was a
significant difference in auditory thresholds between the
pre-employment test and the 2 subsequent periodic tests for
the right and left ears. There was no significant difference
between Test1 and Test2 in either ear.

Discussion

Periodic audiometric testing is considered a good method to
assess hearing conservation measures. Worsening of work-
ers’ audiometric thresholds over time may indicate that
hearing conservation measures adopted by the company
have been ineffective. However, the pathogenesis of NIHL is
still poorly understood. Exposure to noise affects the periph-
eral and central auditory systems, even before changes
are evident on audiometric testing. Changes observed in

the auditory brainstem response of young adults with nor-
mal audiograms exposed to noise suggest that there is
central auditory system demyelination, but not cochlear
synaptopathy. "’

The present study evaluated workers with normal base-
line audiograms in their first 2 years of exposure to noise.
The frequencies of 3-6kHz, which are early affected by
noise,”'>"3 were analyzed in this study. The frequencies of
0.25-2 kHz and 8 kHz, however, were not considered in the
statistical analysis because they are only later affected in
noise-exposed patients.”>'%"5 Authors such as Rabinowitz
et al.,’ Coles et al.,"” and Kirchner et al.”* recommend
that occupational physicians and otolaryngologists should
give special attention to the frequencies of 3, 4 and 6 kHz
in workers exposed to noise.

Aging and comorbidities can worsen hearing thresh-
olds regardless of exposure to noise." For this reason,
we excluded from the study workers aged >40 years on
the date of pre-employment audiometric testing as well
as workers with diabetes, hypertension, and autoimmune
and infectious diseases. Women were not included in
the study because, in the metallurgy industry, they are
mostly employed in the administrative and human resources
departments, where there is no exposure to noise.

Government regulations require the use of hearing
protection devices in noisy environments.* However, the
company under study could not provide statistical data
to confirm proper use of hearing protection by all work-
ers exposed to noise. Despite the evidence of a worsening
of audiometric thresholds between pre-employment audio-
metric testing and the second periodic test, numerically, the
difference was not relevant. Therefore, we can infer that
hearing conservation measures implemented in the company
under study have been effective.

In Brazil, mandatory medical examinations are per-
formed annually in workers exposed to hazards, except
in special situations (Ordinance n® 24, 1994)."7 The legal
requirement for first audiometric testing to occur at 6
months of employment, and then annually thereafter, for
workers exposed to hazardous noise levels (Ordinance n®
19, 1998)'® makes medical examinations no longer coin-
cide with audiometric testing. In most workers evaluated
in the present study, the first periodic audiometric test was
not performed at 6 months of employment, as required by
law.” On average, this test was performed at 7.46 months
of employment. Of 988 workers analyzed, only 401 (40.58%)
underwent the first periodic test at 6 months of employ-
ment. The second periodic test was performed, on average,
at 10.74 months after the first periodic test.

The noise-exposed workers in the present study showed
a statistically significant difference between the results of
pre-employment audiometric testing and those of the first
2 periodic tests. However, there was no significant differ-
ence between the 2 periodic tests. The lack of difference
between the 2 periodic tests may be explained by the pos-
sible triggering of a self-protection mechanism after the
beginning of the exposure, which, due to the use of hearing
protection and engineering measures, was not very intense.
This protective effect is similar to that triggered by a non-
ototoxic dose of aminoglycoside administered before the
ototoxic dose of the same antibiotic.'?
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Table 1 shows asymmetry between the right and left
ears since the pre-employment test, with worsening of the
thresholds in the left ear. Nageris et al.?' and Fernandes
and Fernandes?? showed asymmetry between the ears and,
although in some workers the right ear had higher hear-
ing thresholds than the left ear, in most cases the cause
of asymmetry was the increased thresholds in the left ear.
One possible explanation for the variation in noise suscep-
tibility is a variation in the functional activity of the medial
olivocochlear efferent system. It has been shown that the
medial olivocochlear efferent system is stronger in the right
ear than in the left in humans.? Neuropsychological stud-
ies have demonstrated that speech perception is lateralized
in the central nervous system, with involvement of the left
upper and middle temporal gyri. Temporary changes in hear-
ing thresholds after binaural exposure are greater in the left
ear than in the right ear.*

Hearing is considered to have worsened if there is an
increase of more than 10dB in the mean results for 3 con-
secutive frequencies, such as 3, 4 and 6 kHz, in subsequent
audiograms. In the present study, the difference was on
average less than 10 dB between subsequent tests. Although
it is not possible to state that hearing worsened in the work-
ers, we may assume that initial exposure to noise is probably
causing some hearing damage despite the hearing conserva-
tion measures imposed by current legislation.

Conclusion

Metallurgy workers exposed to noise had a significant wors-
ening of mean audiometric thresholds at 3, 4 and 6kHz
between pre-employment audiometric testing and the first
2 periodic audiometric tests. However, these thresholds did
not differ significantly between the first and second periodic
tests. Therefore, given the lack of difference between the
first 2 periodic tests, we believe that they could be merged
into a single test, i.e., first periodic audiometric testing
could be performed at 12-months of employment, decreas-
ing the companies’ costs, without compromising workers’
health, which is in accordance with worldwide regulations.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Le TN, Straatman LV, Lea J, Westerberg B. Current insights in
noise-induced hearing loss: a literature review of the underly-
ing mechanism, pathophysiology, asymmetry, and management
options. J Otolaryngol Head Neck Surg. 2017;46:41.

2. McBride DI, Williams S. Audiometric notch as a sign of noise
induced hearing loss. Occup Environ Med. 2001;58:46-51.

3. Kerr MJ, Neitzel RL, Hong O, Sataloff RT. Historical review
of efforts to reduce noise-induced hearing loss in the United
States. Am J Ind Med. 2017;60:569-77.

4

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

894

. Silva VAR, Mitre EI, Crespo AN. Is noise-induced hearing loss
still a public health problem after decades of legislation? Braz
J Otorhinolaryngol. 2020;86:665-6.

. Duarte AS, Guimaraes AC, de Carvalho GM, Pinheiro LA, Ng RT,
Sampaio MH, et al. Audiogram comparison of workers from five
professional categories. Biomed Res Int. 2015;2015:201494.

. Gobbato LHFG, Costa EAd, Sampaio MH, Gobbato FM Jr. Estudo
do efeito aprendizagem em exames audiométricos sequenciais
de trabalhadores de indUstria metallrgica e suas implicacoes
nos programas de conservacao auditiva. Braz J Otorhinolaryn-
gol. 2004;70:540-4.

. Trabalho. BMdT-SdSeSn. Diretrizes e parametros minimos para
a avaliacdo e acompanhamento da audicao em trabalhadores
expostos a niveis de pressao sonora elevados. Diario Oficial da
Unido. Brasilia, de 09 de abril de 1998 Portaria n® 191998.

. Frederiksen TW, Ramlau-Hansen CH, Stokholm ZA, Grynderup
MB, Hansen A, Kristiansen J, et al. Noise-induced hearing loss
— a preventable disease? Results of a 10-year longitudinal
study of workers exposed to occupational noise. Noise Health.
2017;19:103-11.

. Verbeek JH, Kateman E, Morata TC, Dreschler WA, Mischke C.

Interventions to prevent occupational noise-induced hearing

loss: a Cochrane systematic review. Int J Audiol. 2014;53 Suppl

2:584-96.

Verbeek J, Ivanov |. Essential occupational safety and health

interventions for low- and middle-income countries: an

overview of the evidence. Saf Health Work. 2013;4:77-83.

Skoe E, Tufts J. Evidence of noise-induced subclinical hearing

loss using auditory brainstem responses and objective measures

of noise exposure in humans. Hear Res. 2018;361:80-91.

Coles RR, Lutman ME, Buffin JT. Guidelines on the diagnosis of

noise-induced hearing loss for medicolegal purposes. Clin Oto-

laryngol Allied Sci. 2000;25:264-73.

Kirchner DB, Evenson E, Dobie RA, Rabinowitz P, Crawford J,

Kopke R, et al. Occupational noise-induced hearing loss: ACOEM

Task Force on Occupational Hearing Loss. J Occup Environ Med.

2012;54:106-8.

Pelegrin AC, Canuet L, Rodriguez A, Morales MP. Predictive

factors of occupational noise-induced hearing loss in Spanish

workers: a prospective study. Noise Health. 2015;17:343-9.

Tikka C, Verbeek JH, Kateman E, Morata TC, Dreschler WA,

Ferrite S. Interventions to prevent occupational noise-induced

hearing loss. Cochrane Database Syst Rev. 2017;7:CD006396.

Rabinowitz PM, Slade M, Dixon-Ernst C, Sircar K, Cullen M.

Impact of OSHA final rule — recording hearing loss: an anal-

ysis of an industrial audiometric dataset. J Occup Environ Med.

2003;45:1274-80.

da BMdT-S, Trabalho SeSn. Norma Regulamentadora n.% 07 -

Programa de Controle Médico de Salde Ocupacional - PCMSO.

1994.

da BMdT-S, Trabalho SeSn. Norma Regulamentadora n® 9 - NR-

9. Programa de Prevencao de Riscos Ambientais. In: Trabalho

MdT-SdSeSn, editor. 1998.

Maudonnet EN, de Oliveira JA, Rossato M, Hyppolito MA.

Gentamicin attenuates gentamicin-induced ototoxicity — self-

protection. Drug Chem Toxicol. 2008;31:11-25.

Oliveira JA, Canedo DM, Rossato M, Andrade MH. Self-protection

against aminoglycoside ototoxicity in guinea pigs. Otolaryngol

Head Neck Surg. 2004;131:271-9.

Nageris Bl, Raveh E, Zilberberg M, Attias J. Asymmetry in noise-

induced hearing loss: relevance of acoustic reflex and left or

right handedness. Otol Neurotol. 2007;28:434-7.


http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0090

Brazilian Journal of Otorhinolaryngology 2022;88(6):891-895

22.

23.

Fernandes SV, Fernandes CM. Medicolegal significance of asym-
metrical hearing loss in cases of industrial noise exposure. J
Laryngol Otol. 2010;124:1051-5.
McFadden D. A speculation about the parallel ear asymmetries
and sex differences in hearing sensitivity and otoacoustic emis-
sions. Hear Res. 1993;68:143-51.

24.

895

Daniell WE, Swan SS, McDaniel MM, Camp JE, Cohen MA,
Stebbins JG. Noise exposure and hearing loss prevention pro-
grammes after 20 years of regulations in the United States.
Occup Environ Med. 2006;63:343-51.


http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00003-3/sbref0105

	Is it necessary to perform occupational audiometric testing at 6-months of employment?
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Conflicts of interest
	References


