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Introduction. Noise as a common physical hazard may lead to noise-induced hearing loss, an irreversible but preventable disorder.
Annual audiometric evaluations help detect changes in hearing status before clinically significant hearing loss develops. This study
was designed to track hearing threshold changes during 2-year follow-up among tile and ceramic workers. Methods. This follow-
up study was conducted on 555 workers (totally 1110 ears). Subjects were divided into four groups according to the level of noise
exposure. Hearing threshold in conventional audiometric frequencies was measured and standard threshold shift was calculated
for each ear. Results. Hearing threshold was increased during 2 years of follow-up. Increased hearing threshold was most frequently
observed at 4000, 6000, and 3000 Hz. Standard threshold shift was observed in 13 (2.34%), 49 (8.83%), 22 (3.96%), and 63 (11.35%)
subjects in the first and second years of follow-up in the right and left ears, respectively. Conclusions. This study has documented a
high incidence of noise-induced hearing loss in tile and ceramic workers that would put stress on the importance of using hearing
protection devices.

1. Introduction

Noise is the most common physical hazard in the industrial
workplaces. A report from theEuropeanUnionmentions that
about 28% of workers are exposed to noise level approxi-
mately between 85 and 90 dBA [1]. The most common health
problem due to exposure to noise is noise-induced hearing
loss (NIHL), an irreversible but preventable disorder [2].
NIHL is the second most common form of acquired hearing
loss, after presbycusis [3, 4], and is a major concern for
workers’ health in different countries [4–6].

In the industrial settings, when noise exceeds permissible
levels, hearing conservation program should be started,
which contains hearing evaluation and some other activities.

In 1996 National Institute of Occupational Safety and
Health (NIOSH) reported that about 30 million workers in

USA are exposed to loud noise which can lead to hearing loss
[7]. It is estimated that 10 million workers suffer from NIHL
in USA [8].

NIHL is typically a bilateral and symmetric hearing loss
with a notch of the audiogram at 3, 4, or 6 kHz and a recovery
at 8 kHz as the first sign [4].This hearing impairment may be
aggravated if exposure to noise is continued [9, 10].

Prevention of deafness and hearing impairment (PDH),
a WHO program, is especially planned for developing coun-
tries due to lack of accurate population-based studies about
the prevalence and causes of deafness and hearing loss [11–
13]. Occupational Safety and Health Administration (OSHA)
requires that all workers exposed to noise more than 85 dBA
be screened for NIHL annually [14].

Standard threshold shift (STS) is defined as a 10 dB or
more change in average hearing threshold at 2000, 3000, and
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4000Hz. So, even if the audiogram is not abnormal, positive
STS is important to find those workers susceptible to haz-
ardous effects of noise on hearing [2, 3, 15].

Annual audiometric evaluations help detect changes in
hearing status before clinically significant hearing loss devel-
ops [16]. Recently, other methods such as extended high-
frequency audiometry and otoacoustic emissions are intro-
duced for early diagnosis of NIHL [17, 18].

Hong found a prevalence of 60% for hearing loss among
construction workers which was directly related to work
experience. They found left ear to be more sensitive to
noise. Workers who used hearing protection devices (HPDs)
showed lower frequency of hearing loss than others.They did
not find a typical notch at 4 or 6 kHz [4].

In a large study inTheNetherlands they assessed the effect
of duration of noise and noise level on the frequency of NIHL
and found that duration of exposure is more important in
NIHL causation than noise level [10]. In another study in a
steel rolling mill they found that 56.8% of workers in their
worse ear and 28.2% in their better ear suffered from hearing
loss and noise level was between 49 and 93 dBA [19].

Other studies in different parts of the world have assessed
occupational hearing loss in different industries (Morata et
al. 1997 in printing industry [20], Bhattacharya et al. 1990 in a
pharmaceutical company [21], and Shaikh 1996 in a polyester
fiber plant [22]).

In the tile and ceramic industry, because of somemachin-
ery, equipment, and tools, hazardous noise is frequently
observed. Tile and ceramic industry is one of themain indus-
tries in Iran, and Yazd, a central province, owns the largest
numbers of tile and ceramic producing factories in which
workers are subject to NIHL. We could not find a study on
NIHL in tile and ceramic industry. So this study was designed
to track hearing threshold changes during 2 years of follow-
up among tile and ceramic workers.

2. Materials and Methods

This was a follow-up study conducted on 594 workers from 5
tile and ceramic factories in Yazd, a central province of Iran.
Factories were selected by simple random sampling from all
tile and ceramic factories in Yazd (𝑛 = 29). In each factory
subjects were selected by simple random sampling from
different jobs. Each factory had 14 different job titles includ-
ing glazing, glaze-making, forming, ball mill, spray drying,
mixing and grinding, packing and loading, mechanic, forklift
driving, warehouse, firing, printing, service, and office.These
14 subgroups were merged to produce 4 major groups
according to noise level. Group 1 (noise level = 75–92 dBA, 8 h
time-weighted average (TWA) = 86.4 dBA) includes glazing,
glaze-making, forming, packing and loading, forklift driving,
firing, printing, and service; group 2 (noise level = 85–
101 dBA, 8 h-TWA= 92.6 dBA) includes mixing and grinding,
ball mill, and spray drying; group 3 (noise level: 65–101 dBA,
8 h-TWA = 82.3 dBA) includes mechanics; and control group
(noise level: lower than 75 dBA) includes warehouse and
office workers.

Those with previous history of acoustic trauma, congeni-
tal hearing loss, and ototoxic drug consumption and agemore

than 50 years were excluded from the study. The workers
irregularly used hearing conservation devices (ear plugs).

Noise level was extracted from the result ofmeasurements
routinely performed in the factories by industrial hygiene
incorporations and was presented as time-weighted average
(TWA) for an eight-hour shift.

Audiometry was performed for the subjects (using clin-
ical audiometer: AC40, Interacoustic, Denmark, headphone:
TDH39) in an acoustic chamber meeting the criteria of ANSI
2004 [23] after at least 16 hours abstinence from noise. The
audiologist who performed the tests (baseline and follow-
up tests) was the same. Hearing threshold in conventional
audiometric frequencies (i.e., 250, 500, 1000, 2000, 3000,
4000, 6000, and 8000Hz) was measured. Frequencies of
3000, 4000, and 6000Hz were considered as the frequencies
with the highest susceptibility to noise so the mean change
(10 dB or more increase in the hearing threshold at these
frequencies) was calculated for each job category. STS was
calculated for each ear as well. Hearing loss at each frequency
was defined as hearing threshold higher than 20 dB. During
follow-up, 39 subjects changed their job so were not available
for follow-up.

Data was analyzed by SPSS (ver. 18) using Student’s 𝑡-test,
chi-square test, and ANOVA. A 𝑃 value of less than 0.05 was
taken as the level of significance. An informed consent was
obtained from each participant. This study was approved by
the ethics committee of Shahid Sadoughi University of Med-
ical Sciences.

3. Results

After considering exclusion criteria and subjects who were
lost from follow-up, 555 tile and ceramic workers entered the
study (totally 1110 ears). Table 1 shows demographic data of
all workers in each job category.

Mean hearing threshold was measured at each audiomet-
ric frequency. Figure 1 compares the mean hearing threshold
at different frequencies in each ear. Table 2 shows the preva-
lence of abnormal threshold (>20 dB) in different frequencies
among different job categories. Mean threshold change at
3000, 4000, and 6000Hz was calculated for each job category
which is presented in Table 3.

Percentage of abnormal threshold in different frequencies
in each ear is shown in Figure 2.

A number of subjects showed STS after first and second
year of follow-up. STS was observed in 13 (2.34%) and 49
(8.83%) subjects in the first and second years of follow-up in
the right ear and in 22 (3.96%) and 63 (11.35%) subjects in the
first and second years of follow-up in the left ear.

4. Discussion

Noise as a common physical exposure in many industrial
workplaces may lead to various health effects, especially
NIHL. In this study we evaluated hearing threshold shift
in a 2-year follow-up among tile and ceramic workers.
The population which we studied was a young population
with exposure to continuous noise during their eight hour
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Table 1: Demographic properties of all workers in each job category.

Group Mean SD 𝑃 value

Age (year)

Control 33.50 7.34

0.7191 33.50 6.70
2 32.66 7.06
3 33.99 6.91

Work experience (year)

Control 7.94 4.46

0.6681 7.91 3.83
2 8.33 3.85
3 8.45 3.68

Height (cm)

Control 172.23 8.81

0.1101 173.55 6.76
2 174.98 5.44
3 175.14 5.47

Weight (Kg)

Control 74.16 11.02

0.1941 76.72 14.09
2 79.08 12.35
3 78.05 12.91
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Figure 1: Trend of hearing threshold change in right and left ears in different years of evaluation among all subjects.

work shift. Most workers in different parts of tile factories
are exposed to noise level higher than ACGIH (American
Conference on Governmental Industrial Hygienists) TLV
(Threshold Limit Value), that is, 85 dBA. The exposure to
noise was not significantly changed during two years of
follow-up. To the best of knowledge, this was the first follow-
up study for finding hearing loss trends in tile workers in our
country. In other countries we could not find similar studies
on tile and ceramic workers.

In the factories which were evaluated in this study,
Hearing Conservation Program (HCP) according to OSHA
is installed but not completely, so annual noise monitoring

and annual audiometric tests are mandatory for the workers,
but hearing conservation devices are not used regularly and
workers are not trained accordingly [24].The use of HPDwas
recorded according to the workers’ self-report which is not
reliable [25–27].

How the workers used HPD is also another important
factor that affects the true exposure to noise which could not
be evaluated in this study [28, 29].

In this study, the workers were categorized according to
the exposure to noise which was evaluated environmentally,
so the real exposure of each worker is probably different from
that of another worker in the same job [30].
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Table 3: Prevalence of mean threshold change at 3000, 4000, and 6000Hz in each job category.

Job category Follow-up year
Threshold change

Negative Positive
Number Percent Number Percent

Control 1st 108 96.43 4 3.57
2nd 110 98.21 2 1.79

1 1st 181 91.88 16 8.12
2nd 148 75.13 49 24.87

2 1st 129 89.58 15 10.42
2nd 93 64.57 51 35.43

3 1st 96 94.12 6 5.88
2nd 87 85.29 15 14.71
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Figure 2: Percentage of abnormal hearing threshold (>20 dB) in different frequencies in right and left ears in different years of follow-up.

In the current study, although the mean hearing thresh-
olds at all frequencies were in the normal range, a con-
siderable number of workers suffered from NIHL, and its
frequency was significantly increased during the follow-
up period (after 2 years). We found that hearing loss was
significantly higher in the workers exposed to noise than in
the control group consistent with the findings of Neitzel et al.
[31] andOloge et al. [19], Leensen et al. [10], Ahmed et al. [32],
Osibogun et al. [33], and Shakhatreh et al. [34]. We found the
highest frequency of threshold change in the workers with
the highest exposure to noise who were working in mixing,
grinding, and ball mill.

Hearing loss was most commonly seen at 4000Hz con-
sistent with many other previous studies [4]. 6000Hz and
3000Hzwere the second and third frequencies affectedwhich
is typical for NIHL to affect frequencies higher than 3000Hz
[4, 10]. So in most cases of NIHL, the affected people are
not aware of their impairment, because low audiometric

frequencies are much more important for daily conversation
[4, 35].

Low audiometric frequencies were affected in a few
subjects. It is known that low audiometric frequencies are less
susceptible to noise and are affected later than high frequen-
cies, and our study subjects were mostly young persons with
work experience less than 15 years.We found that the hearing
thresholdwas clearly increased during follow-up time at these
frequencies and lower frequencies were approximately intact
even after 2 years of follow-up. We found a higher prevalence
of hearing loss in left ear than right ear consistent with Hong
[4], Ross et al. [15], Marvel et al. [36], Pirila et al. [37], and
Simpson et al. [38], although the exact mechanism of higher
involvement of left ear is not understood yet.

We found that about 3% and 10%of subjects suffered from
STS after 1 and 2 years follow-up, respectively. The change
in mean threshold of 3000, 4000, and 6000Hz (frequencies
most affected by noise) was significantly higher than STS
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which is measured by the change in mean threshold of 2000,
3000, and 4000Hz.

One of the typical early signs of NIHL is a V-shaped notch
which ismostly seen at themost sensitive frequencies to noise
(i.e., 3000, 4000, or 6000Hz) [39]. We found this typical
notch in a considerable number of workers but Hong who
evaluated NIHL among construction workers did not find
this sign [4].

This study had some limitations: some workers were
transformed to another job inside the factory during follow-
up period, but we assessed them as the members of the
previous job. The number of female workers was low so we
could not compare the results between males and females.
There were 14 job titles in the factories, but in order to analyze
the data we assessed them in four groups, so the workers
in each group were exposed to a range of noise level. The
workers used HPDs irregularly, so we could not analyze the
data regarding HPDs use.

5. Conclusion

This study showed a high frequency of hearing loss in tile and
ceramic workers in spite of the obligation by health systems
to install hearing conservation program.
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