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Introduction

Noise-induced hearing loss
(NIHL) is one of the most com-
mon occupational diseases. The
principal characteristics of NIHL
are as follows1,2:

1) The disease progresses gradu-
ally over several years of expo-
sure to noise levels of variable
intensity.

2) It is always sensorineural.
3) There is nearly always bilateral

and symmetric loss.
4) Profound loss is rare.
5) The 4 kHz frequency is the

most severely affected and the
higher frequencies (3-6 kHz)
are more affected than the lower
frequencies (500 Hz-2 kHz).

6) The maximum loss typically
occurs after 10-15 years of
chronic exposure.

However, a synergistic effect
between toxic solvents and mod-

erate noise exposure that is realis-
tic in terms of human exposure
has recently been reported as a
factor in the pathology of damage
to inner-ear hair cells in NIHL in
an animal model.3 The diversity of
chemicals makes it difficult to
characterise each individual
chemical mechanism in damage to
cochlear hair cells. Nonetheless,
increasing evidence supports a
free-radical-mediated mechanism
of injury to the cochlea hair cells
as a result of oxidative stress.3,4

Car paints contain several
agents with a range of toxic
effects. Moreover, chemicals in
paint have been reported to
increase the incidence of DNA
damage.5-13 However, a literature
review indicates that most of the
upper airway effects induced by
paint chemicals in occupational
diseases are associated with occu-
pational rhinobronchitis14-25 and
there is no single report demon-

strating a clinical effect in occupa-
tional NIHL in humans.

In the current study, a 160 pure
tone audiometric test in factory
workers in two different factories
was prospectively performed and
analysed. The aim was to investi-
gate whether there is a correlation
between toxic paint solvents and
the intensity of noise exposure in
inducing NIHL, and to compare
the pattern of the hearing loss, if
present, with the known character-
istics of NIHL. 

It is shown that workers exposed
to moderate noise intensity below
85 dB and working in an environ-
ment of toxic paint solvents had a
NIHL pattern indistinguishable
from workers only exposed to high
noises in the 92.5-107 dB range.

Materials and Methods

The study was performed in
two different factories. In one of
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them the workers were exposed to
loud noise only without exposure
to paint solvents; in the other fac-
tory some of the workers were
exposed to moderate noise only
and others to moderate noise and
paint solvents simultaneously.
Workers in the latter factory were
exposed to exactly the same con-
stant noise conditions during the
working day: level and duration.
All workers included in this study
were asked to fill in a question-
naire with specific questions about
any hearing loss, tinnitus, dizzi-
ness, upper or lower respiratory
tract symptoms, previous ear
pathology or surgery and the dura-
tion of noise exposure. All patients
underwent a full ENT examination
as well as a pure tone audiometry
test for air conduction. Bone con-
duction and masking were per-
formed as required. The workers
were divided into three groups;
group 1 included workers exposed
to a moderate noise intensity of
81.5 to 85 dB in the presence of
paint solvents, group 2 included
workers exposed only to a noise
level of 81.5-85 dB and group 3
included workers exposed to only
to a noise level of 92.5-107 dB.

All reference PTAs were per-
formed by the same author in a
soundproof room using a Madsen
audiometer. The audiometer was
calibrated in accordance with the
manufacturer’s recommendations.
The noise intensity in each station
had already been measured prior
to the study by the factory for the
purposes of occupational health
guidelines. The dB used in this
study is dBA.

Patients with previous ear
pathology or surgery and medical
illness, as identified by the ques-
tionnaire and physical examina-
tion, were excluded from the
study. 

Statistical analysis

Statistical analysis was performed
using a paired t-test. P value
< 0.05 was considered significant.

Results

Pure tone audiometry (PTA) in
workers exposed to 81.5-85 dB
noise and car paint solvents

Figure 1 shows the PTA results for
50 workers exposed to 81.5-85 dB
for seven hours a day, six days a
week, during a period of five to
fifteen years and working with car
paint solvents, compared to refer-
ence PTA results from an age-
matched group.26,27 As can be seen,
there is a significant reduction in
hearing acuity between the work-
ers’ PTA and the normal PTA ref-
erence 90th percentile. The fre-
quencies most affected were 4 and
8 kHz. 

Pure tone audiometry (PTA) in
workers exposed only to 81.5-
85 dB noise

Figure 2 shows the PTA of
50 workers exposed to 81.5-85 dB
for seven hours a day, six days a
week, without simultaneous expo-
sure to car paint solvents, during a
period of five to fifteen years com-
pared to reference PTA results
from an age-matched group.26,27 As
can be seen, there is no significant
difference between the workers’
PTA and the normal PTA refer-
ence, in which all tested frequen-
cies were below the 90th per-
centile. 

Pure tone audiometry (PTA) in
workers only exposed to 92.5-
107 dB noise

Figure 3 shows the PTA for
60 workers exposed to 92.5-107
dB for seven hours a day, six days

a week, during a period of five to
fifteen years without simultaneous
exposure to car paint solvents,
compared to reference PTA results
from an age-matched group.26,27 As
can be seen, there is a significant
reduction in hearing acuity
between the workers’ PTA and the
normal PTA reference, in which
all the tested frequencies were
above the 90th percentile, with the
4 and 8 kHz frequencies being the
most affected.

Comparison of PTA at 4 and
8 kHz between workers in groups
1, 2 and 3

Figure 4 shows the comparison of
PTA at 4 and 8 kHz in both ears of
workers in groups 1, 2 and 3. As
can be seen, there is a significant
difference (p < 0.05) between
hearing thresholds of workers
exposed to moderate noise and
paint solvent (group 1) and those
exposed to moderate noise alone
(group 2). However, there is no
significant difference (p > 0.05)
between the hearing threshold of
workers in group 1 and those
exposed to high noises only
(group 3). 

Associated symptoms in workers
with NIHL

Ten out of fifty (20%) workers in
group one reported associated tin-
nitus, three (6%) reported associ-
ated spells of dizziness and five
(10%) reported associated occu-
pational asthma, while 15 out of
60 (25%) workers in group three
reported associated tinnitus, with
five (8.3%) reporting associated
spells of dizziness. 

Discussion

Regulations regarding risks from
exposure to noise at work entail
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protective action at levels of 85 dB
and above, with increased risk of
significant hearing impairment at
chronic exposure to noise levels of
90 dB and above.28 NIHL is a pre-
ventable occupational disease that
requires strict and judicious adher-

ence to protective guidelines relat-
ing to the use of ear defenders.
Nevertheless, the effects of associ-
ated environmental factors and
noise exposure on the human ear
are poorly characterised. The cur-
rent study shows that chemical

solvents may prime the cochlear
hair cells to an exaggerated stress-
ful response to chronic moderate
noise exposure of less than 85 dB,
resulting into NIHL similar to that
caused by chronic exposure to
loud noises of more than 92.5 dB.

Figure 1
Hearing thresholds of workers exposed to 81.5-85 dB and car-
paint solvents. Results represent the mean of air conduction
hearing thresholds in both ears at various frequencies com-
pared to the 90th percentile of the control age group: A) 21-
30 years old, B) 31-40 years old, C) 41-50 years old and D) 51-
60 years old. N = 50.

Figure 2
Hearing thresholds of workers only exposed to 81.5-85 dB.
Results represent the mean of air conduction hearing
thresholds in both ears at various frequencies compared to the
90th perecentile of the control age group: A) 21-30 years old,
B) 31-40 years old, C) 41-50 years old and D) 51-60 years old.
N = 50.
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This is likely to be the result of
chemically-induced anti-oxidants
since some chemical solvents in
paints such as acrylonitrile and
cyanide disrupt the intrinsic reac-
tive-oxygen-species buffering sys-
tem.4

Although all workers wear ear
defenders, the majority started to
follow this approach strictly only
several years after starting work in
the factory. Moreover, many of the
workers worked in private work-
shops before moving to their cur-
rent factories. This makes it diffi-
cult to draw conclusions about the

length of time involved in the syn-
ergistic effect of paint solvents
and chronic moderate noise in
NIHL.

This study suggests that paint
solvents inhaled by the workers
either reach the ear through the
Eustachian tube after quick
absorption by the nasal mucosa or
are diffused into the micro-
cochlear circulation, where they
reduce the anti-oxidant capacity of
the cochlear hair cells, rendering
them primed to damage by chron-
ic exposure to moderate noises. It
is also possible that an immuno-

logical reaction to car paint sol-
vents takes place in the cochlea in
a process analogous to that in the
bronchi, since tinnitus and spells
of dizziness were common associ-
ated symptoms in all workers with
NIHL (groups 1 and 3), with a sig-
nificant correlation with asthma in
workers with NIHL exposed to
car-paint solvents (group 1). If so,
further protective guidelines in
addition to ear defenders are
required for workers using paint
solvents and exposed to chronic
moderate noises. These may
include wearing special gowns

Figure 3
Hearing thresholds of workers only exposed to 92.5-107 dB.
Results represent the mean of air conduction hearing
thresholds in both ears at various frequencies compared to the
90th percentile of the control age group: A) 31-40 years old,
B) 41-50 years old and C) 51-60 years old. N = 60.

Figure 4
Comparison between hearing thresholds at 4 (A) and 8 (B) kHz
in both ears in workers of group 1 (exposed to noises of < 85 dB
and paint solvents), group 2 (exposed to noises of < 85 dB
alone) and group 3 (exposed to noises 92.5-107 dB alone).
Asterisks = P < 0.05 by paired t-test. NS = non-significant
(P > 0.05) by paired t-test.
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and air-filtered masks to reduce
exposure and prevent NIHL.

Nonetheless, further studies are
needed to characterise the exact
biochemical injurious mechanism
in cochlear hair cells resulting
from the synergistic effect of paint
solvents and chronic moderate
noise exposure.

In conclusion, the results of the
current study suggest an increased
risk of occupational NIHL in indi-
viduals exposed to the simultane-
ous effects of car-paint solvents
and chronic moderate noise expo-
sure. This opens up avenues for the
further investigation of the exact
biochemical mechanism leading to
cochlear hair cell damage.
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