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ORIGINAL ARTICLE

Auditory system dysfunction in Brazilian gasoline station workers

Simone Mariotti Roggiaa, Aline Gomes de Françab, Thais C. Moratac, Edward Kriegc and Brian R. Earld

aDepartment of Audiology and Speech Therapy, Federal University of Santa Catarina, Florianopolis, Brazil; bWorkers’ Health Reference Center,
Joinville, Brazil; cNational Institute for Occupational Safety and Heath, Cincinnati, OH, USA; dDepartment of Communication Sciences and
Disorders, University of Cincinnati, Cincinnati, OH, USA

ABSTRACT
Objective: To examine the auditory system of Brazilian gasoline station workers using an extensive
audiological test battery.
Design: This was a cross-sectional study. The audiological evaluation included a questionnaire, pure-tone
audiometry, acoustic immittance tests, transient-evoked otoacoustic emissions (TEOAEs), distortion
product otoacoustic emissions (DPOAEs), auditory brainstem response (ABR) and P300 auditory-
evoked potentials.
Study sample: A total of 77 Brazilian gasoline station workers were evaluated, and their results were
compared with those of 36 participants who were not exposed to chemicals or noise at work. The gas-
oline station employees worked in 18 different gas stations, and the noise area measurements from all
gas stations revealed time-weighted averages below 85 dBA.
Results: Of the 77 gasoline station workers evaluated, 67.5% had audiometric results within the normal
range, but 59.7% reported difficulties in communication in noisy places. Gasoline station workers showed
significantly poorer results than non-exposed control participants in one or more conditions of each of
the audiological tests used, except P300.
Conclusions: The results suggest that the gasoline station workers have both peripheral and central
auditory dysfunctions that could be partly explained by their exposure to gasoline.
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Introduction

In Brazil, there are no self-service gasoline stations. Therefore,
many people work in gas stations, refuelling tanks for customers
for 8 h per day and performing other tasks (Mitri et al. 2015).
During their workday, these professionals are exposed to a var-
iety of occupational risks generated by chemical, physical, bio-
logical and physiological hazards (Cezar-Vaz et al. 2012).

The exposure to high levels of gasoline vapours while fuelling
cars is one of the most significant risks for these workers (Mitri
et al. 2015). Gasoline vapours include benzene, toluene, ethylben-
zene and xylene, which can be absorbed through inhalation,
ingestion and dermal contact (Tunsaringkarn et al. 2012).
Gasoline components such as ethylbenzene, toluene and xylene
can damage the peripheral and/or the central auditory system
(for a review see Johnson and Morata 2010). Central auditory
disorders have been observed in workers who have normal hear-
ing thresholds following exposure to toluene (Abbate et al.
1993); solvents from a paint factory (Fuente and McPherson
2007a); mixture of organic solvents (xylene, toluene, methyl ethyl
ketone) (Fuente and McPherson 2007b) and gasoline vapours
(Quevedo et al. 2012; Quevedo, Tochetto, and Siqueira 2012).

The effects of toluene on the peripheral and central auditory
systems have been observed in several animal studies and among
workers exposed simultaneously to noise (Abbate et al. 1993;
Morata et al. 1993, Morata, Engel et al. 1997; Vrca et al. 1996).

Cochlear effects have been demonstrated in studies in which ani-
mals were exposed to ethylbenzene alone (Gagnaire and Langlais
2005). A higher prevalence of hearing loss, as well as impairment
of neuro-behavioural function were found in a study of petro-
chemical workers exposed to ethylbenzene and noise (Zhang
et al. 2013). Peripheral (Fuente, McPherson, and Hood 2012)
and central auditory system impairments (Fuente, McPherson,
and Cardemil 2013) were found in xylene-exposed workers.

The auditory effects of exposure to jet fuels, which have many
of the same components as gasoline used by cars, have been
investigated in experimental studies with animals (Guthrie et al.
2015; 2016) and workers (Odkvist et al. 1987; Kaufman et al.
2005; Hughes and Hunting 2013). Studies were also conducted
with workers from petroleum refineries (Morata, Engel et al.
1997; Loukzadeh et al. 2014). Evidence of auditory disorders fol-
lowing exposure to fuels was reported by all of these studies,
with the exception of the studies by Hughes and Hunting (2013)
and Loukzadeh et al. (2014), who used only pure-tone audiom-
etry in their evaluation.

A few studies have specifically examined the gasoline station
workers’ auditory system. Tochetto, Quevedo, and Siqueira
(2013) compared audiological findings of 24 gas station workers
with 24 non-exposed persons. Exposed workers had significantly
poorer pure-tone audiometry thresholds at the frequencies of 0.5,
2 and 3 kHz, as well as at the extended high frequency audiom-
etry range of 9 and 10 kHz. In addition, gasoline station workers
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had more cases of abnormal acoustic reflexes (i.e. absent or ele-
vated). Zucki et al. (2017) compared the auditory profile of 21
gasoline station workers with 23 subjects without exposure to
noise or chemical agents. No statistical differences were found
between auditory thresholds nor between acoustic reflex thresh-
olds (ARTs) between the two groups. However, a greater amount
of abnormal acoustic reflexes was observed in the group of gas-
oline attendant workers than in the control group (CG), suggest-
ing the presence of retrocochlear dysfunction. Quevedo et al.
(2012) observed abnormal results on auditory brainstem
responses (ABR) in persons with normal hearing thresholds, sug-
gesting that exposure to fuels can alter central auditory function.
No abnormal results were found on transient-evoked otoacoustic
emissions (TEOAEs) or on the suppression of TEOAEs in gas-
oline station workers (Quevedo, Tochetto, and Siqueira 2012).

The present study used a more extensive audiological test bat-
tery than previous studies to examine the auditory system of
gasoline station workers and identify possible targets of the
chemical exposure in the auditory system.

Materials and methods

Study population

The study group was composed of 77 Brazilian gasoline station
workers (68 male, 9 female), 19 to 67 years of age (mean ¼
37.5 ± SD 12.6). They were divided in 2 groups: Study Group 1
(SG1) was composed of 53 workers with all auditory thresholds
within the normal range (hearing thresholds � 25 dB HL for
0.25-8 kHz). Study Group 2 (SG2) was composed of 24 workers
with hearing loss no greater than 60 dBHL at frequencies from 2
to 4 kHz. The number of subjects who performed each auditory
test varied, mainly due to the difficulties of the subjects to attend
two days of evaluation. Thus, different numbers of subjects were
considered for each auditory test analyzes (see Table 1 for the
characteristics of the study population, and for observe the exact
number of subjects that underwent each auditory test).

Participants worked in 18 different gas stations in the city of
Joinville in southern Brazil (population > 500,000). They were
recruited by the Workers’ Health Reference Centre where the

data collection took place. All of them worked as gas attendants,
with some of them also completing other tasks, such as changing
oil, washing cars or working as cashiers. The duration of
employment ranged from 3months to 33 years (mean ¼
9.27 ± SD 8.71), and the noise area measurements from all gas
stations revealed time-weighted averages (TWA) below 85 dBA
(Brasil 1978).

Of the 18 studied gas stations, only one was located along an
interstate highway; 17 were located on busy city streets.
Eligibility criteria for the study group included working as a gas
attendant, hearing thresholds (bone and air conduction) no
greater than 60 dBHL at frequencies from 2 to 4 kHz, type A
results for tympanometry, absence of pathologic alterations of
the external ear canal, and no history of neurological or meta-
bolic disease.

The comparison group included 36 persons who reported not
being exposed to chemicals or noise at work. As it happened
with study group, the number of subjects that underwent each
auditory test varied (see Table 1 for clarification). Eligibility cri-
teria for the CG included no hearing complaints, normal hearing
(hearing thresholds �25 dB HL for 0.25–8 kHz), type A results
for tympanometry, absence of pathologic alterations of the exter-
nal ear canal and no history of neurological or metabolic disease.
All CG participants were selected from volunteers recruited
through public ads in the Joinville City Hall and on the campus
of the Federal University of Santa Catarina, as well as by word
of mouth.

This study was approved by the Ethics Committee of the
Federal University of Santa Catarina – Brazil, and all participants
gave voluntary informed written consent before participation.

Procedures

A questionnaire was administered face-to-face and included
questions related to clinical and occupational history. All audio-
logical testing was conducted by one audiologist in the Workers’
Health Reference Centre in Joinville. The evaluation included a
questionnaire, visual inspection of the ear canal, pure-tone audi-
ometry (PTA), immittance audiometry, transient-evoked

Table 1. Characterisation of the study population.

Variable Mean age, in years ± SD (range) Mean tenure, in years ± SD (range)
Number of participants who completed

auditory tests

SG1: Gasoline station workers with
audiometric thresholds � 25 dB HL
n¼ 53: 45 males, 8 females

34 ± 10 (19–54) 8 ± 8 (0.25–28) PTA ¼ 53
ART ¼ 53

TEOAEs ¼ 41
DPOAEs ¼ 40
ABR ¼ 38
P300¼ 18

SG2: Gasoline station workers with
audiometric thresholds >25< 60,
n¼ 24: 23 males, 1 female

44 ± 13 (19–67) 11 ± 10 (0.4–33) PTA ¼ 24
ART ¼ 24

TEOAEs ¼ 19
DPOAEs ¼ 18
ABR ¼ 19
P300¼ 7

CG: control group n¼ 36: 26 males,
10 females

32 ± 9 (19–58) N.A. PTA ¼ 36
ART ¼ 36

TEOAEs ¼ 31
DPOAEs ¼ 31
ABR ¼ 36
P300¼ 29

Mean values and range (within parentheses) for age, tenure as gasoline station worker, and auditory tests completed, by exposure group [Study Group 1 (SG1)
includes gasoline station workers with normal hearing; Study Group 2 (SG2) includes gasoline station workers with hearing loss; Control Group (CG) includes individ-
uals not exposed to noise or chemicals].
ABR: auditory brainstem response; ART: acoustic reflex thresholds; DPOAEs: distortion product otoacoustic emissions; PTA: pure-tone audiometry; TEOAEs: transient-
evoked otoacoustic emissions; P300 auditory-evoked potentials; N.A.: not applicable.
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(TEOAEs) and distortion product otoacoustic emissions
(DPOAEs) testing, ABR and P300 auditory-evoked potentials.
The hearing evaluation was performed in two sessions. During
the first session, the workers answered a questionnaire and
underwent visual inspection of ear canal, PTA, acoustic immit-
tance, TEOAEs and DPOAEs. During the second session, the
workers underwent ABR and P300 auditory-evoked potentials.
Each appointment lasted approximately 2 h.

PTA was conducted in a soundproof booth using an
Interacoustics AD 28 audiometer with amplivox audiocups head-
phones. Air conduction pure-tone thresholds for the octave fre-
quencies between 0.25 and 8 kHz were obtained bilaterally for all
subjects evaluated. Bone conduction pure-tone thresholds for
octave frequencies between 0.5 and 4 kHz were obtained when
air conduction pure-tone thresholds were abnormal and/or if
the tympanometric curve was abnormal. Tympanometry and
acoustic reflexes testing were performed bilaterally with an
Interacoustics AZ 26 middle ear analyser. The ARTs were
recorded for both ipsilateral and contralateral conditions for the
octave frequencies from 0.5 to 4 kHz.

TEOAEs were recorded in both ears using Interacoustics
Eclipse equipment. The evoking stimuli were nonlinear clicks
presented at 80 peSPL, and the response time window was set at
3.0–18ms. The signal-to-noise ratio (SNR) was used to quantify
the magnitude of TEOAEs at the following frequency ranges:
0.5–1.5, 1.5–2.5, 2.5–3.5, 3.5–4.5, and 4.5–5.5 kHz. DPOAEs were
recorded in both ears using Interacoustics Eclipse equipment.
For DPOAE recordings, the “DP gram-extended” protocol was
used with L1 and L2 equal to 65 dB and 55 dB SPL, respectively,
and the primary ratio of f2/f1 equal to 1.22. The maximum test
time was set to 2min. The frequencies tested included 1–8 kHz,
and both the distortion product amplitude (DP level) and the
signal-to-noise ratio (SNR) were analysed to quantify the magni-
tude of DPOAEs.

The equipment used for the ABR recordings was a two-
channel Interacoustics Eclipse unit EP25. The ABR recordings
were done by independent monaural stimulation. Four dispos-
able surface electrodes were used with the reference electrodes
placed on the right (A2) and left (A1) ear lobes, the active on
the high forehead (Fz) and the ground on the low forehead to
the right of the midline (according to the international 10–20
system). The acoustic stimuli were presented through insert ear-
phones (ear tone ABR). The ABR recordings were done using
the following protocol: click stimulus at 80 dB nHL, rarefaction
polarity, rate of 27.7 clicks per second, 10ms recording window,
two trials, each trial averaging 2,000 responses for each ear, and
high-pass and low-pass filters set at 100 and 3 kHz, respectively.
During the recordings, the subjects were lying on a stretcher in a
supine position and were instructed to relax and remain as quiet
as possible.

The equipment used for the P300 auditory-evoked potential
recordings was a two-channel Interacoustics Eclipse EP25 unit.
The electrodes used for recording P300 were the same as posi-
tioned for recording ABR, except that the active electrode was
moved to the Cz position, instead of Fz, as it allows for a better
P300 recording. The recordings were completed using the follow-
ing protocol: a 1-kHz tone burst as frequent stimulus, a 2-kHz
tone burst as the rare stimulus, intensity of 80 dB nHL, 20%
probability of the rare stimulus, stimulation rate of 1 per second
and filters of 1.67 to 25 kHz. The P300 was identified as the posi-
tive wave of greatest amplitude following the N1–P2–N2 com-
plex, occurring in the recording of the rare stimulus, between
240 and 700ms. The auditory stimuli were presented through

insert earphones (ear tone ABR). During the P300 recording,
participants were instructed to listen to a series of identical stim-
uli interspersed randomly with a rare stimulus and to keep a
mental count of how many rare stimuli they heard.

Statistical analysis

A linear model was used to analyse the audiometric threshold
data. A separate model was used for each combination of ear
and frequency. The model included classification variables for
the exposure group (control, exposed), gender, previous exposure
to noise at work (no, yes) and previous exposure to gasoline
(yes, no). Age, in years, was included as a continuous variable. F
and t statistics were calculated for each variable.

Mixed linear models were used to analyse the acoustic reflex,
otoacoustic emission (OAE), ABR and P300 data. A mixed
effects model has both random and fixed effects, while a stand-
ard linear regression model has only fixed effects. In the mixed
linear model, data are permitted to exhibit correlated and non-
constant variability. It provides the flexibility of modelling not
only for the data but for their variances and covariances as well.
A mixed effects model can include an average intercept and
slope as fixed effects, and also include a random intercept that
models the possibility of differences between the study partici-
pants. A separate model was used for each combination of meas-
urement variable and frequency, frequency band or response
component (e.g. waves I or III, etc.). The model included classifi-
cation variables for exposure group (control, exposed normal
hearing, exposed with hearing loss), gender, previous exposure to
noise (no, yes), previous exposure to gasoline (no, yes) and ear
(right, left). Age (in years), was included as a continuous vari-
able. The exposure group� ear interaction was included to esti-
mate the effect of exposure for each ear. F and t statistics were
calculated for each effect. An unstructured covariance matrix was
used to model the covariance between ears.

The total duration of exposure to gasoline was calculated by
adding the current and previous duration of exposure to gasoline
in years for each exposed subject. Control subjects were assigned
a value of 0. The linear models for the audiometry data included
classification variables for gender and previous exposure to noise
(no, yes). Total duration of exposure to gasoline and age were
included as continuous variables. The mixed linear models for
the acoustic reflex, OAE, ABR and P300 data included classifica-
tion variables for gender, previous exposure to noise (no, yes),
and ear (right, left). The total duration of age and exposure to
gasoline were included as continuous variables. F and t statistics
were calculated for each effect. An unstructured covariance
matrix was used to model the covariance between ears.

All calculations were done with SASVR (Release 9.3, SAS
Institute, Inc., Cary, NC, USA). The MIXED procedure was used
to estimate the models. The method of estimation was residual
maximum likelihood.

Results

Auditory symptoms and pure-tone audiometry

The most common auditory symptom reported by the gasoline
station workers (n¼ 77) was difficulty communicating in noisy
places (59.7%). Other reported auditory symptoms they have
experienced include difficulties in communication (20.8%), ver-
tigo (11.7%), tinnitus (11.7%), hearing loss (6.5%), ear fullness
(5.2%), sensitivity to loud sounds (1.3%), and earache (1.3%).
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Of the 77 gasoline station workers who participated in this
study, 67.5% had audiometric results within the normal range
(hearing thresholds better than 25 dBHL from 250 to 8 kHz);
11.7% had bilateral sensorineural hearing loss no greater than 60
dBHL in more than one test frequency. The other 20.8% had
hearing loss only at frequencies of 6 and/or 8 kHz.

Figure 1 shows the pure-tone thresholds obtained for all
studied groups, by ear. Gasoline station workers had poorer
mean audiometric thresholds than non-exposed CG, even those
whose thresholds were within the normal range. The hearing
thresholds were significantly different between them and the CG
at 4 kHz (p¼ 0.01) for the right ear, and at 0.25 kHz (p¼ 0.04),
and 6 (p¼ 0.04) for the left ear. Despite 20.8% of the gasoline
attendants’ having thresholds greater than 25 dB HL at 6 and
8 kHz, the thresholds greater than 25 dB HL at 4Hz were signifi-
cantly worse than in the other groups.

Gender was associated with hearing thresholds in the fre-
quency of 0.5 kHz in the right ear (p¼ 0.0536) and 4 kHz
(p¼ 0.0377); males had poorer hearing thresholds than females.
Age was associated with thresholds at 3 kHz (p¼ 0.0423) and
4 kHz (p¼ 0.0381) in the right ear and 3 kHz (p¼ 0.004), 4 kHz
(p¼ 0.0002), 6 kHz (0.0220) and 8 kHz (p¼ 0.0575) (in the left
ear). Being in the group exposed to gasoline with a hearing loss
and duration of exposure was a significant interaction associated
with thresholds in 4 kHz (p¼ 0.0027) and 6 kHz (p¼ 0.0095) in
the right ear, and 2 kHz (p¼ 0.0243) in the left ear (and in
4 kHz, the p value approached significance at 0.0696). No statis-
tically significant differences in hearing thresholds were found
for the variables of previous exposure to noise, previous exposure
to gasoline or ear.

Acoustic reflex thresholds (ART)

Table 2 shows that gasoline station workers had some poorer
ARTs than non-exposed subjects. However, most of the differen-
ces were found between the CG and the gasoline station workers

with hearing loss. The only statistical difference found between
the CG and gasoline station workers with normal hearing was in
the frequency of 2 kHz (right ear), where the gasoline station
workers had significantly poorer (p< 0.05) ARTs than the non-
exposed participants. Gasoline station workers with hearing loss
had significantly poorer (p< 0.05) ARTs than non-exposed con-
trol participants at the following frequencies: 1 kHz (right ear),
2 kHz (right ear) and 4 kHz (right and left ear), in the ipsilateral
condition, and 1 kHz (right and left ear), 2 kHz (right and left
ear) and 4 kHz (right and left ear) in the contralateral condition.
Gasoline station participants with hearing loss also had signifi-
cantly poorer (p< 0.05) ARTs than the gasoline station workers
with no hearing loss in the ipsilateral condition for the frequency
of 4 kHz (left ear).

Absence of reflexes was more common among gasoline sta-
tion workers than among non-exposed participants, and more
common in the contralateral mode than in the ipsilateral one.
The absences were more common even for gasoline station
workers with no hearing loss. The frequency of 4 kHz showed
the highest number of absent reflexes, both contralateral and
ipsilateral. No statistically significant differences in ART were
found for the variables of gender, previous exposure to gasoline,
previous exposure to noise and ear.

Otoacoustic emissions (OAEs)

Figure 2 illustrates that the TEOAEs signal-to-noise ratio (SNR,
in dB) for gasoline station workers (even those with no hearing
loss) were lower than for non-exposed control participants for
most of the frequency bands. The TEOAEs SNR for gasoline sta-
tion workers with normal hearing was significantly lower than
those for the non-exposed in the frequency bands of 3.5–4.5 kHz
in both ears (p¼ 0.04 in the right ear and p¼ 0.003 in the left
ear) and 4.5–5.5 kHz in the right ear (p¼ 0.002). For those work-
ers with hearing loss, the TEOAEs SNR was significantly lower
than those for the CG in the frequency bands of 3.5–4.5 kHz

Figure 1. Mean right and left ear pure-tone thresholds and standard errors for all study groups. ✩$� denote significant differences at the p< 0.05 level between
non-exposed control subjects and gasoline station workers with normal hearing, between non-exposed control subjects and gasoline station workers with hearing
loss, and between gasoline station workers with normal hearing (SG1) and with hearing loss (SG2), respectively.
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(p¼ 0.0004 in the right ear and p< 0.0001 in the left ear) and
4.5–5.5 kHz (p¼ 0.002 in the right ear and p¼ 0.01 in the left
ear) in both ears. The gasoline station workers with hearing loss
also had TEOAEs SNR that were significantly lower than those
with no hearing loss in the frequency bands of 2.5–3.5 kHz in
the right ear (p¼ 0.04) and 3.5–4.5 in both ears (p¼ 0.02 in the
right ear and p¼ 0.003 in the left ear).

A significant negative slope was observed between TEOAE
SNR and the duration of exposure to gasoline in the 3.5–4.5 kHz
frequency band (p¼ 0.0309) in the left ear for gasoline attendants
with hearing loss. That is, as the time of exposure to gasoline
increased, the TEOAE SNR decreased in that frequency band.

Figure 3 shows the means and standard errors for DPOAE
amplitude and SNRs as a function of frequency. Gasoline station

workers had lower DPOAE amplitudes than non-exposed control
participants at most frequencies. Gasoline station workers with
no hearing loss (SG1) showed significantly lower (p< 0.05)
DPOAE amplitudes than non-exposed control participants in
both ears and at all frequencies tested except 8 kHz in the right
ear (p¼ 0.0002 in 1 kHz, p¼ 0.001 in 2 kHz, p¼ 0.003 in 3 kHz,
p¼ 0.002 in 4 kHz and p¼ 0.01 in 6 kHz); and 6 kHz in the left
ear (p< 0.0001 in 1 kHz, p¼ 0.005 in 2 kHz, p¼ 0.002 in 3 kHz,
p¼ 0.003 in 4 kHz, p¼ 0.03 in 8 kHz). Gasoline station workers
with hearing loss (SG2) showed significantly lower (p< 0.05)
DPOAE amplitudes than non-exposed control participants in
both ears and at all frequencies tested except 8 kHz in the right
ear (p¼ 0.0003 in 1 kHz, p< 0.0001 in 2, 3 and 4 kHz, p¼ 0.004
in 6 kHz in the right ear and p¼ 0.001 in 1 kHz, p¼ 0.004

Table 2. Number of absent reflexes for the right and left ears and mean ipsilateral (ipsi) and contralateral (contra) acoustic reflex thresholds (ART) in dB HL with,
standard deviation (SD) in parentheses organised by exposure group and test frequency (0.5, 1, 2 and 4 kHz).

Reflex frequency (kHz) ear

Number of absent reflexes Mean ART and SDa

p valueCG (n¼ 36) SG1 (n¼ 53) SG2 (n¼ 24) CG (n¼ 36) SG1 (n¼ 53) SG2 (n¼ 24)

Ipsi 0.5 kHz Right 0 (0%) 2 (3.8%) 2 (8.3%) 95.7 (7.2) 97.7 (8.3) 98.5 (11.6) CG� SG1
CG� SG2
SG1 � SG2

0.55
0.41
0.66

Left 0 (0%) 3 (5.7%) 1 (4.2%) 94.7 (7.5) 96.8 (9.3) 95.9 (10.1) CG� SG1
CG� SG2
SG1 � SG2

0.53
0.58
0.97

Ipsi 1 kHz Right 0 (0%) 2 (3.8%) 2 (8.3%) 96.5 (5.6) 98.3 (7.6) 100.4 (10) CG� SG1
CG� SG2
SG1 � SG2

0.20
0.03�
0.15

Left 0 (0%) 3 (5.7%) 0 (0%) 96.5 (7.7) 96.9 (8.6) 96.1 (7.5) CG� SG1
CG� SG2
SG1 � SG2

0.52
0.39
0.67

Ipsi 2 kHz Right 0 (0%) 2 (3.8%) 2 (8.3%) 98.5 (5) 100.3 (7.6) 102.7 (9.2) CG� SG1
CG� SG2
SG1 � SG2

0.05
0.01�
0.15

Left 0 (0%) 4 (7.5%) 1 (4.2%) 97.8 (6.1) 100 (9.2) 100.4 (10.4) CG� SG1
CG� SG2
SG1 � SG2

0.05
0.03�
0.50

Ipsi 4 kHz Right 0 (0%) 4 (7.5%) 5 (20.8%) 92.6 (6.8) 95.2 (10.5) 99.8 (14.5) CG� SG1
CG� SG2
SG1 � SG2

0.07
0.00�
0.09

Left 1 (2.8%) 4 (7.5%) 7 (29.2%) 94.6 (8.2) 94.1 (10.9) 102.3 (16.9) CG� SG1
CG� SG2
SG1 � SG2

0.42
0.00�
0.00�

Contra 0.5 kHz Right 0 (0%) 2 (3.8%) 0 (0%) 93.7 (7.1) 96.5 (10.1) 96.1 (10.3) CG� SG1
CG� SG2
SG1 � SG2

0.25
0.27
0.86

Left 0 (0%) 1 (1.8%) 2 (8.3%) 94.3 (7.5) 96.8 (10) 96.9 (13.2) CG� SG1
CG� SG2
SG1 � SG2

0.31
0.36
0.93

Contra 1 kHz Right 0 (0%) 3 (5.7%) 0 (0%) 93.2 (6.2) 96 (9) 97 (10) CG� SG1
CG� SG2
SG1 � SG2

0.14
0.04�
0.29

Left 0 (0%) 1 (1.8%) 2 (8.3%) 92.5 (6.9) 96.5 (9.1) 98.7 (12.6) CG� SG1
CG� SG2
SG1 � SG2

0.06
0.01�
0.21

Contra 2 kHz Right 0 (0%) 3 (5.7%) 0 (0%) 89.9 (6.1) 94.2 (10.3) 94.8 (9.3) CG� SG1
CG� SG2
SG1 � SG2

0.04�
0.03�
0.57

Left 0 (0%) 2 (3.8%) 2 (8.3%) 90.8 (6.3) 95.3 (10.9) 98.5 (13.2) CG� SG1
CG� SG2
SG1 � SG2

0.05
0.01�
0.19

Contra 4 kHz Right 1 (2.8%) 7 (13.2%) 4 (16.7) 96.4 (10.5) 100.5 (13.4) 106.1 (15.6) CG� SG1
CG� SG2
SG1 � SG2

0.16
0.02�
0.14

Left 0 (0%) 9 (16.9%) 6 (25%) 95.8 (10.2) 100.7 (13.9) 106.7 (15.2) CG� SG1
CG� SG2
SG1 � SG2

0.11
0.01�
0.13

a125 dB HL was the level entered for the cases of absent reflexes for the calculation of the ART means thresholds and SD. This level is 5 dB above the maximum
stimulus level available in commonly used clinical equipment. Study Group 1 (SG1) includes station attendants with normal hearing; Study Group 2 (SG2) includes
gas station attendants with hearing loss; Control group (CG) includes individuals not exposed to noise or chemicals.�Significant difference (p< 0.05).
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in 2 kHz, p¼ 0.0003 in 3 kHz, p< 0.0001 in 4 kHz, p¼ 0.02 in
6 kHz, p¼ 0.04 in 8 kHz in the left ear). The gasoline station
workers with hearing loss also had DPOAE amplitudes that were
significantly lower than those with no hearing loss in the fre-
quencies of 2, 3 and 4 kHz in the right ear (p¼ 0.03 in 2 kHz,

p¼ 0.01 in 3 kHz, p¼ 0.03 in 4 kHz), and at 4 kHz in the left
ear (p¼ 0.002).

Both groups of gasoline station also had lower DPOAE SNRs
than non-exposed controls at most frequencies. Gasoline station
workers with no hearing loss showed significantly lower

Figure 2. Means and standard errors for TEOAE signal to noise ratio (SNR) in dB for the right and left ear for both groups of participants. ✩$� Denote significant
differences at the p< 0.05 level between non-exposed control subjects and gasoline station workers with normal hearing, between non-exposed control subjects and
gasoline station workers with hearing loss, and between gasoline station workers with normal hearing and workers with hearing loss, respectively. (Open circle sym-
bols denote gasoline station workers with normal hearing. Filled arrowhead symbols denote gasoline station workers with hearing loss).

Figure 3. Means (± standard errors) for DPOAE amplitude (dB SPL) are shown with the connected symbols and mean DPOAE SNRs are shown numerically for each
frequency for the right and left ears for all participant groups. ✩$� Denote significant differences at the p< 0.05 level between non-exposed control subjects and
gasoline station workers with normal hearing, between non-exposed control subjects and gasoline station workers with hearing loss, and between gasoline station
workers with normal hearing and those with hearing loss, respectively. (Open circle symbols denote gasoline station workers with normal hearing. Filled arrowhead
symbols denote gasoline station workers with hearing loss).
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(p< 0.05) DPOAE SNRs than non-exposed control subjects at
the following frequencies: 3, 4, 6 and 8 kHz in the right ear
(p¼ 0.02 in 3 kHz, p¼ 0.02 in 4 kHz, p¼ 0.01 in 6 kHz and
p¼ 0.01 in 8 kHz), and 4 and 8 kHz in the left ear (p¼ 0.03 in
4 kHz and p¼ 0.003 in 8 kHz). Gasoline station workers with
hearing loss showed significantly lower (p< 0.05) DPOAE SNRs
than non-exposed control subjects at the following frequencies:
2, 3, 4, 6 and 8 kHz in the right ear (p¼ 0.02 in 2 kHz,
p¼ 0.0003 in 3 kHz, p¼ 0.001 in 4 kHz, p¼ 0.001 in 6 kHz
and p¼ 0.003 in 8 kHz), and 3, 4, 6 and 8 kHz in the left ear
(p¼ 0.01 in 3 kHz, p< 0.0001 in 4 kHz, p¼ 0.003 in 6 kHz and
p¼ 0.001 in 8 kHz). The gasoline station workers with hearing
loss had also DPOAE SNRs significantly lower than those with
no hearing loss at 3 kHz in the right ear (p¼ 0.04), and 4, and
6 kHz in the left ear (p¼ 0.001 in 4 kHz, p¼ 0.04 in 6 kHz).

Other than the differences in DPOAE amplitudes described
above, mainly by the participant’s group, no other significant dif-
ferences we observed between the other examined variables (with
the exception of age) at 3 kHz (p¼ 0.0148), 4 kHz (P¼ 0.0122)
and 6 kHz (p¼ 0.0002). Significant differences were observed
between age at 3 (p¼ 0.0056), 4 (p¼ 0.0136) and 6 kHz
(p¼ 0.0009) in both ears. A significant difference was found
between genders for DPOAE SNR at 4 kHz (p¼ 0.00375), with
males having lower SNRs than females. No statistically significant
differences were found in DPOAE for SNRs for previous expos-
ure to gasoline and previous exposure to noise.

Auditory-evoked potentials

Table 3 shows the mean ABR and P300 results and standard
deviations (SD) by ear. Gasoline station workers with normal
hearing thresholds (SG1) showed significantly longer (p< 0.05)
ABR wave V absolute latencies in both ears than non-exposed
CG participants. Gasoline station workers with hearing loss
(SG2) showed significantly longer (p< 0.05) ABR waves I, III
and V absolute latencies in both ears than non-exposed control
participants, and also than gasoline station workers with no
hearing loss (SG1). Moreover, gasoline station workers with
hearing loss (SG2) had significantly greater (p< 0.05) III–V, and
I–V interpeak latencies (IPLs) in both ears than non-exposed
control participants and gasoline station workers with no hearing
loss (SG1). The only statistically significant difference in the
amplitude of ABR waves was for waves III and V in the left ear.
Gasoline station workers with hearing loss (SG2) showed signifi-
cantly smaller wave III amplitudes in the left ear than non-
exposed subjects and gasoline station workers with no hearing
loss (SG1). Furthermore, they showed significantly smaller wave
V amplitudes in the left ear than gasoline station workers with
no hearing loss (SG1).

Significant differences were observed between ears for ABR
wave I absolute latency (p¼ 0.0002, right ear with longer laten-
cies than left ear) as well as for ABR I-III IPL (p¼ 0.0000), and
III-V IPL (p¼ 0.0459) (left ear with longer I–III IPL than the
right ear, and right ear with longer III–V IPL than left ear).
Significant differences were observed also for gender (males with
longer latencies than females) for wave I (p¼ 0.0003), wave III
(p¼ 0.0011) and for wave V (p¼ 0.0001), as well as for ABR I-
III (p¼ 0.0125), III–V (p¼ 0.0072) and I–V (p¼ 0.0001) (males
with longer interpeak latencies than females). A significant posi-
tive slope was observed for the group with hearing loss between
the time of exposure to gasoline and the absolute latencies of
ABR waves III (p¼ 0.0061 in the right ear and p¼ 0.0007 in the
left ear) and V (p¼ 0.035 in the right ear and p¼ 0.032 in the

left ear). A similar slope was observed for the group with hearing
loss between the time of exposure to gasoline for ABR I–III IPL
for the right (p¼ 0.0008) and left ears (p¼ 0.0004), and I–V IPL
in the right ear (p¼ 0.004) and the left ear (p¼ 0.01). As the
time of exposure to gasoline increased, the ABR absolute laten-
cies and IPL also increased for the cited waves. A significant
slope was observed for the duration of employment for the
group of gasoline station attendants with normal hearing for the
amplitude of wave V in the left ear (p¼ 0.01).

No significant differences between groups were found for
P300 latency and amplitude in both ears. P300 results indicated
that males had significantly greater amplitude than females
(p¼ 0.0415), and that age was also significantly associated with
amplitudes (p¼ 0.0435). P300 latency was only associated with
age (p¼ 0.0517).

Discussion

Auditory symptoms and pure-tone audiometry

While 67.5% of the gasoline station workers had audiometric
thresholds within normal range, 59.7% reported having difficul-
ties communicating in noisy places, and 20.8% reported having
difficulties communicating in general. These percentages were
much higher than the 12% of people with normal audiometric
thresholds who reported communication difficulties in a popula-
tion-based study (Tremblay et al. 2015). This discrepancy could
be partly explained by the type of hearing disorders we detected.
Poor hearing in daily life activities was reported earlier among
solvent-exposed workers, complaints that were consistent with
the peripheral and central auditory system disorders we detected
(Fuente, McPherson, and Hormazabal 2013).

Despite not being exposed to excessive levels of noise (i.e. 85
dBA TWA), both groups of gasoline station workers showed
poorer audiometric thresholds than non-exposed control partici-
pants, even those who had all auditory thresholds within the
normal range. Similar results from gasoline station workers were
reported earlier (Tochetto, Quevedo, and Siqueira 2013), as well
as in previous studies with solvent exposed workers (Fuente and
McPherson 2007a, 2007b; Fuente, McPherson, and Hickson
2011; Fuente, McPherson, and Cardemil 2013; Fuente,
McPherson, and Hormazabal 2013; Fuente, McPherson, and
Hickson 2013). On the other hand, Zucki et al. (2017) found no
significant differences in the audiometric thresholds of gasoline
station workers and unexposed controls. The significantly poorer
hearing thresholds in participants exposed to gasoline vapours
could indicate an early peripheral auditory dysfunction.
However, if this had been the only hearing test performed, and
their auditory complaints were not taken into consideration,
many cases of auditory disorders would not have been detected.
These results suggest that while audiometric thresholds could be
useful as part of a surveillance programme for this population,
they may not be sufficient to detect and fully identify the effects
of gasoline on the auditory system.

Regarding audiometric configuration, pure-tone thresholds
were worse at high frequencies than at low and middle frequen-
cies for gasoline station workers, which suggest that gasoline can
affect the basal part of the cochlea. A previous study reported
that gasoline station workers had significantly poorer hearing
thresholds than non-exposed subjects at frequencies of 9 and
10 kHz (Tochetto, Quevedo, and Siqueira 2013), which also sug-
gests a dysfunction in the basal portion of the cochlea.
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Acoustic reflex thresholds (ART)

Gasoline station workers had significantly worse ARTs and a
greater number of absent reflexes than non-exposed participants
(particularly those with hearing loss), which has been reported
previously. Elevated or absent ARTs with ipsilateral and/or
contralateral stimulation despite normal pure tone thresholds at
the corresponding frequencies have also been found in persons
with a history of exposure to gasoline (Tochetto, Quevedo, and
Siqueira 2013) or industrial solvents (Gopal, 2008). No signifi-
cant differences in absence or elevation of ART were noted
among petroleum refinery workers, but the workers from an aro-
matic plant showed a significantly higher percentage of cases of
pathological acoustic reflex decay than the other studied groups
(Morata, Engel et al. 1997). In another study (Zucki et al. 2017),
no statistical difference was found between gasoline station
workers and a CG for ART, however, they reported a greater
occurrence of abnormal acoustic reflexes.

Considering that all gasoline station workers in the present
study had normal hearing or sensorineural hearing loss no
greater than 60 dBHL, and that the mean hearing thresholds for
both studied groups were normal, the ART results suggest a ret-
rocochlear dysfunction. ARTs are expected to be within normal
limits when there is cochlear hearing loss � 60 dBHL (Feeney
and Schairer 2015). Moreover, ARTs are typically elevated or
absent with the stimulus to the affected ear in cases of retroco-
chlear pathologies or eighth cranial nerve lesions (Hunter and
Shahnaz 2014). Zucki et al. (2017) also concluded that the gas-
oline station workers evaluated for them could have retroco-
chlear dysfunction based on the acoustic reflex abnormalities
they found.

As gasoline station workers with no hearing loss presented
acoustic reflexes that were significantly poorer than non-exposed
subjects only in one frequency in one ear, it seems that this
audiological procedure was not sensitive to early detection of
effects of solvents on the auditory system.

Finally, in the present study, there was a greater number of
absent reflexes in the contralateral than in the ipsilateral mode.
A similar result was obtained in a study of aircraft maintenance
workers exposed simultaneously to noise and solvents (Prasher
et al. 2005). This finding may be related to the greater complex-
ity of the contralateral acoustic reflex pathway and the location
of the damage (as explained by Venet et al. 2011).

Otoacoustic emissions (OAEs)

Gasoline station workers with no hearing loss showed signifi-
cantly poorer TEOAE SNR than non-exposed control partici-
pants at the 3.5–4.5 kHz frequency bands in both ears and
4.5–5.5 kHz in the right ear. This is in contrast to a previous
study of gasoline station workers who also had normal hearing
thresholds. The previous study did not find significant differen-
ces for the mean TEOAE SNR between the study and CGs
(Quevedo, Tochetto, and Siqueira 2012). Gasoline station work-
ers with hearing loss showed even more significantly poorer
TEOAE SNR than non-exposed subjects, and they had TEOAE
SNR significantly poorer than gasoline station workers with no
hearing loss. Solvent-exposed subjects have significantly lower
TEOAE SNR than non-exposed control subjects (Fuente,
McPherson, and Hickson 2013). In addition, abnormal results in
TEOAE were found in studies with workers exposed to solvents
(Gopal 2008; Sułkowski et al. 2002; Fuente, McPherson, and
Hood 2012).

Both groups of gasoline station workers also showed signifi-
cantly lower DPOAE amplitudes and DPOAE SNRs than non-
exposed control participants in both ears in most evaluated fre-
quencies. No studies were found with DPOAE in gasoline station
workers. No significant differences for DPOAEs were found
between xylene exposed participants and a CG (Fuente,
McPherson, and Cardemil 2013). However, abnormal results in
DPOAE were found in other studies with workers exposed to
solvents (Sułkowski et al. 2002; Johnson et al. 2006; Gopal 2008).
One study of workers exposed to a mixture of organic solvents
found that the amplitudes of OAEs closely corresponded with
cumulative dose of exposure (i.e. as the dose increased, the
DPOAE and TEOAE amplitudes decreased (Sułkowski
et al. 2002).

Considering that OAEs reflect outer hair cells activity and
that the functional integrity of outer hair cells is essential for
generating OAEs (Dhar and Hall 2012), our results suggest that
the gasoline station workers have a cochlear dysfunction involv-
ing the outer hair cells. This type of dysfunction was also
reported in studies with workers exposed to solvents (Johnson
et al. 2006; Fuente, McPherson, and Hickson 2013). Significant
differences between gasoline station workers and non-exposed
subjects were more common for DPOAEs than for TEOAEs.
This finding is consistent with previous observations that OAEs
testing (particularly DPOAEs) is a highly sensitivity index of
even subtle early changes in outer hair cell function secondary to
the toxic effects of chemical substances (Dhar and Hall 2012).

Auditory-evoked potentials

Gasoline station workers with no hearing loss had significantly
longer wave V absolute latencies in both ears than non-exposed
control participants in ABR. On the other hand, gasoline station
workers with hearing loss showed longer latencies for all ABR
waves, as well as significantly greater III–V, and I–V interpeak
latency intervals in both ears than non-exposed control partici-
pants and gasoline station workers with no hearing loss. The
effects of gasoline on the auditory system seem to have started at
the wave V generator site in the auditory system, progressively
spreading to other regions of the auditory nerve and brainstem
as hearing loss appeared. However, a previous study of gasoline
station workers with no hearing loss reported abnormal results
in the absolute latency of waves I, III and V, as well as for all
IPL when compared with clinical norms (Quevedo et al. 2012).
Abnormal results reported in previous studies including ABR
assessments of workers exposed to solvents included the follow-
ing: delayed waves I, III or V and increased I–III, III–V or I–V
IPL (Kumar and Tandon 1997), delayed wave V latency (Odkvist
et al. 1987), increased I–V IPL (Prasher et al. 2005), and poor
waveform morphology and repeatability (Gopal 2008).

Significantly longer ABR latencies for workers exposed to sol-
vents have been observed (Abbate et al. 1993; Vrca et al. 1996;
Fuente, McPherson, and Cardemil 2013; Ju�arez-P�erez et al. 2014)
but not always for the same waves. The mean latencies of waves
I, III and V (Abbate et al. 1993; Vrca et al. 1996), I–III, III–V
and I–V IPL (Abbate et al. 1993), and III–IV IPL (Vrca et al.
1996) were significantly longer for the exposed group than for
the CG. In other studies, the exposed group showed longer laten-
cies than the CG in all ABR waves and IPL except for wave I
latency (Fuente, McPherson, and Cardemil 2013; Ju�arez-P�erez
et al. 2014), I–III IPL (Fuente, McPherson, and Cardemil 2013)
and III–V IPL (Ju�arez-P�erez et al. 2014).
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ABR waves I, III and V are generated in the distal portion of
the auditory nerve, cochlear nucleus, and in the lateral lemniscus,
respectively (Moller 2013), and that prolonged III–V, or I–V
IPLs are signs of brainstem involvement (Musiek, Shinn, and
Jirsa 2007). Therefore, the ABR findings obtained in the present
study suggest that the workers exposed to gasoline have auditory
nerve dysfunction, as well as central auditory nervous system
dysfunction involving brainstem. Dysfunction involving the audi-
tory pathway in brainstem was also reported in a study of gas-
oline station workers (Quevedo et al. 2012) as well as in workers
exposed to solvents (Abbate et al. 1993; Vrca et al. 1996; Prasher
et al. 2005; Gopal 2008; Ju�arez-P�erez et al. 2014; Fuente,
McPherson and Cardemil 2013).

The significant positive slope observed for association
between the time of exposure to gasoline and the absolute laten-
cies of ABR waves III and V and the IPLs of waves I–III and
I–V, suggest progressive/cumulative neurotoxic effects with con-
tinuous chemical exposure. This was observed only for the group
with hearing loss; suggesting that the auditory dysfunction pro-
gressively spread to other regions of the auditory nerve and
brainstem as hearing loss became detectable. In a study of print-
ing-press workers occupationally exposed to toluene (Vrca et al.
1997), a significant positive correlation was found between all
ABR latencies and the duration of exposure.

Regarding ABR amplitude, gasoline station workers with hear-
ing loss had significantly smaller wave III amplitudes in the left
ear than non-exposed subjects, and smaller wave V amplitudes
in the left ear than gasoline station workers with no hearing loss.
No significant differences between groups were found for wave I
ABR amplitudes. A previous study in which the ABR was eval-
uated in gasoline station workers (Quevedo et al. 2012) did not
measure the ABR wave amplitudes. Deschamps et al. (1993)
studied only the ratio of amplitudes for waves I and V, and the
results did not differ significantly between cases and controls.
Vrca et al. (1996) found that the ABR amplitude of all waves
was significantly smaller in workers exposed to toluene than in
non-exposed subjects. Gopal (2008) studied only the amplitude
growth for wave V, which was normal in all cases studied.

No significant difference was found for ABR wave I ampli-
tude, but a significant difference for ABR wave III amplitude was
found in a study of rats exposed to jet fuel (Guthrie et al. 2015).
The authors concluded that there were no detectable effects on
pre- and postsynaptic peripheral functions; but the exposure to
JP-8 hydrocarbon fuel induced dysfunction within the central
auditory nervous system of the exposed rats. Smaller amplitudes
of wave I of the ABR have been observed in noise-exposed ani-
mals (Kujawa and Liberman 2009; Heeringa and Van Dijk 2014)
and noise-exposed humans (Stamper and Johnson 2015), sug-
gesting cochlear synaptopathy. Considering that this has been
observed in the presence of normal hearing thresholds, this dys-
function has been called hidden hearing loss (Liberman et al.
2016). The present study did not find smaller ABR wave I ampli-
tudes in the study group, so the findings differ from the report
on cochlear synaptopathy from noise exposure. However, caution
is needed to interpret this result, since measuring ABR wave I
amplitude in humans is challenging (Mehraei et al. 2016) and
great variability exists (Plack et al. 2016). In addition, while Vrca
et al. (1996) reported smaller ABR wave I amplitudes in workers
exposed to toluene than in non-exposed subjects, it is likely that
the study participants were also exposed to noise, since they
worked in a printing press. Considering the importance of differ-
entiating the effects of noise from the effects of chemicals on the
auditory system, studies are needed on wave I amplitude and

other methods to evaluate cochlear synaptopathy in workers
exposed to solvents.

In this study, as the duration of exposure to gasoline
increased, the wave V amplitude decreased in the left ear.
Considering that ABR wave V amplitude seems not to be
affected in cases of synaptopathy (Schaette and McAlpine 2011;
Stamper and Johnson 2015; Plack et al. 2016), it is believed that
this ABR finding can also contribute to the differentiation of the
effects of noise from the effects of chemicals on the audi-
tory system.

No significant differences between groups were found for
latency or amplitude in the P300 test for either ear. No previous
study used the P300 test with gasoline station workers. Bernardi
(2007) used P300 to evaluate workers from a printing industry
who were exposed to solvents, including gasoline. The probabil-
ity of P300 abnormalities was almost three times higher for the
group with medium or high exposure to solvents compared with
non-exposed or low-exposed groups. Significantly longer P300
latencies, but no significant differences in P300 amplitudes have
been found in workers exposed to solvents compared with con-
trol subjects (Morrow, Steinhauer, and Hodgson 1992;
Steinhauer et al. 1997). In a study of paint factory workers
(Moen, Riise, and Kyvik 1999), the P300 latency was prolonged
among the exposed workers compared with the control non-
exposed participants before summer vacation. In the exposed
group, it was significantly longer before 3weeks of summer vac-
ation than after. The authors concluded that the prolonged P300
latencies indicate the occurrence of an acute biologic effect in
the nervous system related to organic solvent exposure. In
another study of workers exposed to solvents (Laukli and
Hansen 1995), the authors cited that the P300 was normal in 20
and abnormal in 13 subjects, however they do not mention the
type of abnormality they found. Considering that P300 is gener-
ated by subcortical structures (e.g. the hippocampus and other
centres within the limbic system and the thalamus), auditory
regions in the cortex, and the frontal lobe (Hall 2007), the find-
ings obtained in the current study suggest there is no effect of
chemicals present in gasoline on those portions of the auditory
system. However, further studies are needed to confirm this
observation, as studies with similar ototoxicants reported such
an effect (Morrow, Steinhauer, and Hodgson 1992; Laukli and
Hansen 1995; Steinhauer et al. 1997; Moen, Riise, and Kyvik
1999; Bernardi 2007, Johnson et al. 2006).

The results obtained in this study justify the impetus to evalu-
ate gasoline station workers for auditory disorders. In Brazil and
many other countries, no specific occupational safety and health
legislation requires health surveillance of this worker population,
or for other populations unless their noise permissible exposure
limits are exceeded (Brasil 1998). The importance of monitoring
hearing health among workers who are exposed to chemicals,
regardless of their noise exposure level, has been discussed previ-
ously (Morata, Fiorini et al. 1997; Sliwinska-Kowalska et al. 2007;
Fuente, McPherson, and Hickson 2013).

The results from this study also showed the importance of
using a battery of tests to evaluate the auditory system of gas-
oline station workers. Even if a subgroup of workers had hearing
thresholds within the normal range, each of the audiologic tests
used in this study (with the exception of P300) showed dysfunc-
tion in a specific part of the auditory system, suggesting that the
gasoline station workers are at risk for the peripheral and central
auditory system disorders. The importance of using a battery of
tests to evaluate the auditory system of workers exposed to
chemicals has been emphasised by many authors (Sliwinska-
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Kowalska et al. 2007; Fuente, McPherson, and Hickson 2011;
Warner, Fuente, and Hickson 2015).

Pure tone audiometry remains an important test, especially in
the context of annual monitoring programmes. However, hearing
disorders can take place while pure-tone thresholds remain
within normal limits in workers exposed to chemicals (as was
the case with most participants in this study). Therefore, pure
tone audiometry is not sufficient to evaluate the auditory system
of this kind of workers, unless you have large populations and
detailed exposure information. This has been emphasised by sev-
eral authors (Fuente and McPherson 2007b; Sliwinska-Kowalska
et al. 2007; Johnson and Morata 2010; Fuente, McPherson, and
Hickson 2013; OSHA-NIOSH 2018).

ARTs results suggest the presence of a retrocochlear dysfunc-
tion in the gasoline station workers auditory system, and could
help in differentiating the effects of noise from the effects of sol-
vents. Considering that this audiological test is routine in the
audiology clinic, and a simple and fast procedure, it could be
easily implemented in the audiological evaluation of patients
exposed to chemicals. Some of the studied gasoline station work-
ers had cochlear dysfunctions involving the outer hair cells, as
detected by the OAE testing. These tests could also contribute in
the evaluation of solvent-exposed workers.

Test results indicate the possibility of central auditory dys-
function in some of the gasoline station workers. ABR findings
from this study suggested the presence of central auditory dys-
function even in workers with all hearing thresholds within the
normal range. This dysfunction was also reported in a previous
study in which only gasoline station workers with normal hear-
ing thresholds were included (Quevedo et al. 2012). ABR testing
could detect the neurotoxicity of solvents on the auditory system
before any abnormality is detected with pure-tone audiometry. It
is also possible that measures of wave I, III, and wave V ampli-
tudes could help to differentiate the effects of noise from the
effects of chemicals on the auditory system. However, further
research should be conducted to determine the effects of chemi-
cals on the amplitude of ABR waves I, III and V.

The P300 auditory responses for gasoline station workers in
this study were not significantly different than non-exposed
study participants. Considering that many studies have used
behavioural auditory processing tests and have found evidence
for CAPD in workers exposed to solvents (Fuente and
McPherson 2007a;b; Fuente, McPherson, and Hickson 2011;
Fuente, McPherson, and Hickson 2013), P300 assessments may
not be sensitive for the detection of effects of gasoline vapours
on the auditory system. Thus, it is suggested that in further stud-
ies with gasoline station workers, behavioural central auditory
processing tests be used.

Our results also suggest the need for preventive measures to
avoid the effects of exposure to ototoxicants among gasoline sta-
tion workers. Gas stations in Brazil have not yet adopted a
vapour recovery system to reduce vapour emissions during refu-
elling used in other countries. Studies have shown that these
vapour recovery systems trap vapours within the nozzle, direct
them back into the storage tank, and reduce vapour emission by
approximately 20–25% (Hakkola and Saarinen 2000). In addition,
chemical risks can increase because of certain work practices: (1)
the use of a cotton towel between the nozzle of the fuel pump
and the car to prevent splashing gasoline on cars, (2) sniffing the
fuel tank cover to discover which kind of fuel is inside (gasoline
or ethanol), manually siphoning fuel with a hose and (3)
approaching the face of the gas tank to see if it is full (D’Alascio
et al. 2014). Many customers in Brazil ask the gas attendants to

add more gas to the tank after the automatic shut-off point, and
that usually releases gas into the air that can be inhaled
by attendants.

Fortunately, a recent ordinance by the Ministry of Labour
and Employment of Brazil (Ordinance No. 1.109: Brasil 2016)
establishes minimum occupational safety and health require-
ments for jobs in gas stations and requires the adoption of pre-
ventive measures, both individual (personal protective
equipment) and collective (installing a vapour pick-up system in
fuel pump nozzles), and prohibiting the use of towel, flannel, or
similar fabrics to contain spills and leakages of liquid fuels, etc.).

Limitations of the study

An important limitation of this study is the lack of detailed cur-
rent and previous exposure information of the gasoline station
workers, including data on the individual uptake of solvents.
Although the results obtained in this study indicated that gas-
oline station workers can have a higher risk of peripheral and
central auditory dysfunctions than non-exposed persons, it is not
possible to identify with precision the contribution gasoline
exposure represented to their hearing status. Many factors can
impair the auditory system, several of which were controlled for
in this study. Studies with larger groups and better exposure
information could help shed light on the contribution of differ-
ent risk factors.

Conclusion

Gasoline station workers had significantly poorer performance
than non-exposed subjects in PTA, ARTs, TEOAE, DPOAEs,
and ABR. The results suggest the studied gasoline station work-
ers have both peripheral and central auditory dysfunctions that
may be related to gasoline exposure. These results can guide
audiologists in the selection of tests to include in a battery for
evaluating this population.
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Bernardi, A. P. A. 2007. Exposiç~ao ocupacional a ru�ıdo e solventes e alter-
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