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ABSTRACT

Background: Workers in iron and steel factories in Tanzania are exposed to noise levels
above recommended limit values, without using hearing protection devices. Exposure to
noise levels above 85 dB(A) is associated with temporary threshold shifts (TTS) of human
hearing. Nevertheless, there are few studies of noise and hearing from African countries.

Objective: To determine whether the normal hearing workers in Tanzania experiences TTS
after full-shift occupational noise exposure of 85 dB(A) and above.

Methods: A total of 55 workers were included. Full-shift personal noise measurements
were conducted. Pre- and post-shifts pure-tone audiometry were conducted for each
worker. TTS was defined as a 10 dB or greater change at 1000, 2000, 3000 or 4000 Hz in
either ear.

Results: We found that 85.5% of the workers developed TTS across the work shift. There
was significant increase in mean hearing thresholds across shift at 1000, 2000, 3000 and
4000 Hz among the workers exposed to an average personal noise exposure (L, ) of
90.4 dB(A) (SD = 2.7). The difference in mean hearing thresholds was higher at 4000 Hz
[Arithmetic Mean (AM) = 10 dB SD = 4 dB] compared to that of 1000 Hz (AM = 4 dB SD =
3 dB), 2000 Hz (AM = 4 dB SD = 4 dB), and 3000 Hz (AM =9 dB SD = 6 dB), respectively.

Conclusions: Interventions to reduce occupational personal noise exposure are warranted
to reduce the high risk of developing a permanent threshold shift with persistent high
noise exposure. An intervention study is planned for this group of workers.
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INTRODUCTION

Noise-induced hearing loss (NIHL) is a slowly progressive, sensorineural hearing decrement,
which typically occurs at higher frequencies (3-6 kHz) as a result of prolonged exposure to high
intensity sound levels [1]. It is one of the most commonly reported occupational-related problems
in industrial workplaces [2, 3]. It is estimated that 466 million people live with disabling hearing
loss globally, one-third of which is attributed, at least in part, to noise exposure [4, 5]. Industries
affected by this problem are, for instance, manufacturing industries in different parts of the world,
including Sub-Saharan Africa (SSA) [2]. Identifying workers-at-risk offers a great opportunity for
targeted interventions that may benefit workers from developing NIHL [6], and ultimately society.

High noise levels and increased NIHL prevalence have been reported for workers in many industries
in Tanzania, for instance among textile production workers (>90 dB with 40% hearing loss) [7],
workers in small scale metal industrial areas (87-117 dB[A]) [8], workers in gas-fired electric plants
(LAeq,ghr of 98 SD = 9.7 with 53.8% subjective hearing loss) [9], and among cement factory workers
(LAeq of 70-104 dB[A]) where the subjective hearing loss was 54% [10]. In addition, a recent study
among iron and steel workers also found high noise exposure levels (L =92 dB[A]) [11],and a
high prevalence of NIHL (48%) [12, 13].

Aeq,8h

Temporary threshold shift (TTS), which is the reversible hearing loss that occurs immediately after
exposure to intense sound levels, and which recovers over a period of several hours or days after
exposure, is considered an important indicator for the early development of irreversible hearing
loss [14]. Thus, monitoring TTS after noise exposure among workers is an alternative and promising
approach to facilitate the prevention of hearing loss [15]. To quantify TTS, several methods and
definitions have been used including different combinations of frequencies and threshold shifts.
Recent studies in human subjects have used the definition of a shift of 10 dB or greater change
at 1, 2, 3 or 4 kHz in either ear between two consecutive audiometric measurements [16], for
instance between pre- and post-shift, among noise exposed workers.

Few field studies have been conducted in humans on TTS and none among the iron and steel
workers in Tanzania. These studies show increased hearing thresholds, and a high prevalence
of TTS among noise-exposed workers. For example, a study in the United States involving male,
hockey officials found a TTS of 86.2% at an equivalent noise exposure of 93 dB(A) ranging from
88-97 dB(A) [17]. ATTS prevalence of 77% was reported among bartenders in Poland exposed to
an average noise level of 95 dB(A) [18]. Similarly, an experimental study showed an increase in
hearing threshold of 6.3 (SD = 3.9) among digital music players exposed to noise levels of 93-102
dB(A) for a duration of four hours [19]. All together, these studies suggest a relationship between
high noise exposure and the risk of TTS.

Although the Tanzanian Occupational Safety and Health Act (OSHA) requires the employer to
provide and maintain effective personal protective equipment (including Hearing Protection
Devices [HPDs]) for use by employees who are exposed to hazardous levels of noise [20], a recent
study found that no worker in the iron and steel factories in Tanzania used HPDs [11]. It seems
vital to introduce HPDs as a first intervention step to protect these workers from the adverse effect
of noise on hearing.

In this study, we assumed that the iron and steel workers exposed to 92 dB(A)would develop TTS
[13], and that this could have been prevented by the proper use of HPD, following instructions on
how to use the devices correctly. However, the protective effect of this intervention is dependent
on the actual noise attenuation and the sustainability of HPD use among the workers. To our
knowledge, no such published data are available from Tanzania or any other Sub-Saharan African
countries. Furthermore, despite the knowledge about the long-term effect of prolonged exposure
to hazardous noise on hearing, the impact of daily (full shift) personal noise exposure of hearing
sensitivity (threshold) is poorly documented. An intervention study was therefore planned to be
the starting point for a hearing conservation programme where workers will be provided with
HPDs. TTS will be used as an indirect effect measure of the noise attenuation. The advantages of
using TTS as an indicator is that the measurements require short time for completion, are not too
costly and have low potential for participants attrition [19]. This study presents the results of an
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initial, pre-intervention assessment of TTS among iron and steel factory workers in Tanzania. The
purpose was to determine whether or not workers with normal hearing, experience TTS during
full-shift occupational noise exposures of 85 dB(A) and above. This pre- intervention assessment
was undertaken a week before implementation of the full intervention, and therefore resolving the
ethical dilemma of involving people at work in this project [14, 21].

MATERIALS AND METHODS
STUDY POPULATION

This study involved male production workers in one iron and steel factory in Dar es Salaam,
Tanzania. No women were working on the production line. The factory has a total of 200 workers
on the production line and its production capacity is about 20,000 tons of rebars per year. The
factory is among four iron and steel factories in Tanzania that have been previously studied for
workers’ exposure to noise in the production area and their respective NIHL [12, 13]. The workers
did not use HPDs while working in the noisy environment [11].

STUDY PARTICIPANTS

The factory administration allowed us to perform the study at their site. From a recent list of
workers provided by the factory administration in 2020 together with the information available
from the previous study, i.e. job titles, work sections, shift pattern, description of tasks and work
environment [12]. We invited workers from the production area in the factory with noise levels
above 85 dB(A) [22], i.e. working in rolling mills and furnace sections, to participate in our study.
We explained the purpose and activities of the study and asked for the informed consent of each
participating worker. Initially, the required sample size for this study was estimated to be 47 workers
[23]. To be selected into this study, the inclusion criteria were those workers with otologically
normal hearing, i.e., workers with air conduction average hearing thresholds (measured through
Pure Tone Audiometry [PTA]) better than 25 dB for the sound frequencies 0.25-8 kHz and having
no signs of any other ear disease [19, 24]. In this process, we screened 66 participants out of
which 10 were ineligible, as six had hearing loss (HTL > 25 dB), two had a perforated tympanic
membrane and two had ear infections. In addition, one worker declined to participate. Thus, the
study recruited 55 eligible workers. We collected baseline characteristics for the study participants
by a short interview asking for their age (years), duration of work (years), educational level, current
smoking (yes/no), use of earphones/headphones for listening to music (yes/no), being on long
term medication (yes/no) and living in areas with high noise sources such as industry, high music,
workshop (yes/no).

PERSONAL NOISE MEASUREMENT

We conducted full-shift personal noise measurements using personal noise dosimeters (Briel
and Kjaer type 4448, DK-2850 Naerum, Denimark) following the ISO standard 9612:2009 [25].
The dosimeters had a measurement range from 50-140 dB (A - weighted noise level [L_,]), and
were set up at a 3-dB exchange rate. The dosimeters logged noise data each minute during the
measurement period. We calibrated the dosimeters before and after each sampling period. During
the measurement period, we attached the dosimeters to the workers’ shoulders approximately
10-15 cm from the ear and instructed the participants to handle the dosimeters carefully while
working, by not touching, tampering, or shouting into the dosimeter’s microphone. In addition,
we conducted several follow-ups during the measurement period to check for any dosimeter
mishaps. After each measurement day, we recorded the start- and end-time of the sampling
period, the A-weighted equivalent noise level for the duration of the measurement (L, ;) and
the C-weighted peak noise level (L, ). The data were normalized to daily noise exposure levels

(Leygn) Dy Noise exposure groups (job groups) and working sections, using the following formula:

Lexgn = Lpaeqre + 10log"™'™
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Where; L, ..r. is the A-weighted equivalent continuous sound pressure level from dosimeter, Te
is the measurement period and T0, is the reference duration, equal to eight hours. This was done
to see if there was any variability in personal noise exposure with the previous personal noise
exposure profile [13].

AUDIOMETRY

The PTA for each study participant was conducted in a mobile soundproof booth between February
and March 2020 along with other personal noise measurements. The same technical personnel
conducted all audiometric tests using a standardized protocol. Background noise in the test booth
was monitored by a calibrated hand-held Sound Level Meter (Briel and Kjzer, type 2250), and the
test environment conformed with the requirement of ISO 8253-1:2010 standard [26]. Pre-shift PTA
were measured in the morning before workers started their working shift and post-shift PTA were
conducted immediately after the workers finished the daily working-shift. The day shift started at
07:00 a.m. in the morning and ended at 17.00 p.m. in the evening. Measurements were assumed
to be consistent at both times of measurement as any diurnal variability in hearing threshold is
not likely to occur [27, 28]. PTA was conducted using an Interacoustics AD226 (Interacoustics,
DK-5500 Middelfart, Denimark) with Amplivox Audiocup earphones having lower test limit of -10
dB. The equipment was pre-calibrated. Test frequencies were 250 - 8000 Hz in the order starting
with 1000, 2000, 3000, 4000, 6000, 8000, 500, 250 and finishing at 1000 Hz [26]. A manual test
procedure was used in compliance with ISO 8253-1:2010 [26, 29, 30]. Temporary threshold shift
(TTS) was defined as a 10 dB or greater change in hearing threshold between pre-shift and post-
shift.at 1000, 2000, 3000 or 4000 Hz in either ear [16].

ETHICAL CLEARANCE

We obtained ethical clearance from two ethical boards namely, The Regional Committee of Medical
and Health Research Ethics (REK-VEST) in Norway and from The Muhimbili University of Health
and Allied Sciences (MUHAS) Ethics Committee in Tanzania. We held meeting with the factory
administration where we presented the purpose of the project and asked for a project permit. We
were provided with a list of existing 200 workers. Workers were informed of the purpose of the
project and those who agreed to participate, provided written consent. The information collected
was treated with confidentiality and was not accessible to anyone other than the researchers
involved in examining the workers.

DATA ANALYSIS
We present descriptive statistics as mean and standard deviation or percentage.

Paired samples t-test were used to compare the participant’s mean hearing thresholds between
pre- and post- shifts audiometry at 1000, 2000, 3000, and 4000 Hz, respectively. An average
personal noise exposure (L ) was consolidated and computed using Microsoft Excel (from MS
office 365).

Aeq,8h

An overall TTS (yes, no) was computed. Potential determinants for hearing threshold shifts
including age and duration of work variables were categorized into three groups (tertiles), while
other variables were dichotomized; Current smoking (yes/no), being on long term medication (yes/
no) and the use of earphones/headphones for listening to music/radio at work or home (yes/no).
No one had experienced any activities and or machines that generated noise at or just close to
their home, and only one participant reported being on long term medication. This entry was
left out in the analysis because the participant did not remember the type of medicine nor the
duration for which he had taken the medication.

Correlations between participant’s age and duration of work as well as between noise peaks and
average personal noise exposure were tested using the Pearson correlation test.

The IBM SPSS Statistics for Windows, version 25 (IBM corp., Armok, N.Y., USA) was used for the data
analysis and a parameter of p < 0.05 was set as indicating statistical significance.
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RESULTS

The study participants’ mean age was 31 (SD = 7; range: 20-47) years. The mean work-duration
was 6 (SD = 5; range: 1-20) years. Workers were exposed to an average personal noise (LEq,Sh)
of 90.4 (SD = 2.7, ranging from 85.0-95.5 dB [A]). The average C-weighted peak noise level (Lp,
Cpeak) was 134.1 (SD = 6.1; range 107.8-143.5) dB(C). The mean number of noise peaks >130
dBC was 12 dB(C) peaks per personal noise measurement (SD = 9.7, ranging from 1-52) dB(C).
Thirteen percent of the workers were current smokers and the same percentage used earphones/
headphones for listening to music/radio at work or at home (Table 1).

In this study, there was a statistically significant increase in the mean hearing threshold shifts
from pre- to post-shifts (Paired samples t-tests, two tailed; P < 0.001) at audiometric frequencies
of 1000, 2000, 3000, and 4000 (Figure 1). The difference in mean hearing thresholds was higher
at 4000 Hz [Arithmetic Mean (AM) =10 dB SD = 4 dB] compared to that of 1000 Hz (AM = 4 dB SD
=3 dB), 2000 Hz (AM = 4 dB SD = 4 dB), and 3000 Hz (AM =9 dB SD = 6 dB), respectively (Figure 1).
Also, the largest proportion of hearing threshold shifts >10 dB was recorded at 4000 Hz (about
71%, of the PTA measurements) compared to about 54%, 13% and 18% at 3000, 2000 and 1000
Hz respectively (not shown in the Table).

DESCRIPTIVE VARIABLE TEMPORAL THRESHOLD
SHIFT, DEFINED AS HEARING
THRESHOLD SHIFTS DB >10 DB AT
1000, 2000, 3000 OR 4000 HZ

YES NO

(N, %) (N, %)
Personal noise exposure, LAeq
85.0-89.0 32(29.1) 29 (90.6) 3(9.4)
89.1-92.4 52 (47.3) 45 (86.5) 7(13.5)
92.5-95.5 26 (23.6) 20 (76.9) 6(23.1)
All 110 (100.0) 94 (85.5) 16 (14.5)
Age-group (years)
20-27 41 (37.3) 35 (85.4) 6 (14.6)
28-35 34 (30.9) 31(91.2) 3(8.8)
36-47 35(31.8) 28 (80.0) 7(20.0)
Duration of work (years)
0-3.0 41 (37.3) 33(80.5) 8(19.5)
3.1-7.0 35(31.8) 32 (91.4) 3(8.6)
7.1-20 34 (30.9) 29 (85.3) 5(14.7)
Current smoking
No 96 (87.3) 82 (85.4) 14 (14.6)
Yes 14 (12.7) 12 (85.7) 2 (14.3)
Use of earphones/headphones
No 96 (87.3) 81 (84.4) 15 (15.6)
Yes 14 (12.7) 13(92.9) 1(7.1)

MEAN (SD)  MEAN (SD) MEAN (SD)
Personal noise exposure, dB(A) 90.4 (2.7) 90.2 (2.6) 91.1 (2.6)

Number of noise peaks >130, dB(C) 12 (9.7) 10 (9) 16 (12)

Nyarubeli et al.
Annals of Global Health
DOI: 10.5334/a0gh.3193

Table 1 Characteristics of the
study participants and their
relationship with Temporal
threshold shift (TTS) among
iron and steel workers.
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Overall, 85.5% of workers had a TTS defined as a 10 dB or greater change at 1000, 2000, 3000
or 4000 Hz (Table 1). There was no statistically significant association between TTS and personal
equivalent noise exposure, number of noise peaks >130 dB (C), age, work duration, current
smoking and use of earphones/headphones (Table 1). The participant’s age and duration of work
were strongly correlated (r = 0.6, P < 0.001). Likewise, the number of noise peaks was significantly
correlated to personal noise exposure (Pearson correlation r = 0.5, p < 0.001).

Furthermore, the individual PTA measurements showed that the hearing threshold shifts varied
between workers, and generally increased from 1000 Hz to 4000 Hz (Figure 2). The largest recorded
difference in hearing threshold in individual audiometry were 30 dB at 3000 Hz and 4000 Hz
followed by several others of 20 - 25 dBs, many of which were recorded at 4000 Hz (Figure 2).

N 35 50
[=] 45 ‘:‘.‘
g % 540 i
= 2 S 35 i
< (=3 HR
= 20 & 30 A it s 2
S <25 [ e Wil
g 15 Z 20 AN
2 10 Z 15 d
on = 10
g 5 = s
s on o
g o g0
1 4 7 10131619222528313437404346495255 % 1 4 710131619222528313437404346495255
1000 Hz Pre-shift  Study participants 2000 Hz Pre-shift Study participant
"""" 1000 Hz Post-shift -----=- 2000 Hz Post-shift
60
60
. ;
50 0 R i
40 40 [} :: ":

AN N
A AWANLT

30 |-~/ NSNSV
\ha

Ve

[ W
(=] (=]

— [
o o
.
$
§
H
]
.

o
o

Hearing threshold at 4000 Hz

Hearing threshold at 3000 Hz

o
o

1 4 71013161922252831343740434A4957 55
Study participant

1 4 710131619222528313437404346495255
Study participant

3000 PRE = ======-- 3000 POST —— 4000 PRE ------- 4000 POST

DISCUSSION

In our study, the prevalence of TTS among the iron and steel workers exposed to a full- shift noise
level of 85-95.5 dB(A) was 85.5%. There was a significant increase in mean hearing thresholds
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Figure 1 The mean hearing
thresholds (dB) at pre- (open
boxes) and post- (dotted
boxes) shift audiometries with
respective standard deviations
for 1000, 2000, 3000 and 4000
Hz (N = 55). The difference
between the pre- and post-
shift hearing thresholds was
statistically significant for all
frequencies (paired samples
t-test, p <0.001).

Figure 2 Pre-shift hearing
threshold (solid lines) and post-
shift hearing threshold (dotted
lines) for the frequencies

1000, 2000, 3000 and 4000 Hz
among noise-exposed workers
(N=55).



across the work shift at all measured noise frequencies. The largest increase in hearing threshold
was found at 4000 Hz, suggesting that this audiometric frequency was more sensitive than the
lower frequencies to noise exposure. To the best of our understanding, this study is the first to
be conducted among iron and steel workers in Tanzania and indicates that registration of TTS
might be a useful tool to validate the effect of the planned intervention to reduce occupational
noise exposure among workers. If successful, the intervention might reduce the prevalence of TTS,
and thereby indicate that the risk of permanent threshold shift (PTS) due to repeated high noise
exposures among the workers will be reduced.

Although we could not find any analogous studies from industrial work environments, our study
shows a comparable prevalence of TTS as reported among male hockey officials in the U.S i.e,,
86.2% [17]. This supports the findings that exposure to high sound levels has an impact on TTS
in humans [31-33]. Despite the similarities between these two studies regarding the prevalence
of TTS, the equivalent and the peak noise exposure (134.1 vs. 134 dBC), the two studies differ
in duration of noise exposure since the hockey game officials had a noise exposed period of
about three hours, and probably also in sound frequency and temporal patterns [16, 34]. On the
contrary, studies among bartenders in Poland yielded somewhat lower estimate of TTS (77%) at
an average personal noise exposure of 95dB(A) than that of our study. However, the study had
relatively few participants, yet results clearly suggest the likelihood of a relationship between the
recorded personal noise exposure and the TTS.

In the present study the prevalence of TTS did not increase with an increase in noise exposure.
This is in agreement with a study that found no significant correlation between occupational noise
exposure of 85 to 90 dB(A) and TTS among iron workers in Norway [35]. These findings are not
comparable to the results in Alcoa workers in US [36], which indicated an association between
increasing noise exposure and acute hearing loss [6]. However, in this study hearing assessment
was performed by subjective self-reports that are likely to be influenced by age, gender, race,
education level [37], and/or psychological factors related to the way the question was asked or
the question wording itself [31]. One possible explanation of this lack of relationship between
increasing noise level and TTS might be attributed to a healthy worker effect. This effect means
that healthy workers, with good hearing status, are likely to remain in noisy work, while workers
who develop problems with their hearing will likely leave the job or change to a work section with
lower noise levels. This is a speculation, and difficult to show in the present study, but this type of
selection of workers is well known phenomena in working life [38]. We did not track the workers
movement and placement over their previous years of employment and thus it is difficult to make
accurate conclusions about this issue and more detailed studies and analyses may be required.

We found a significant increase in hearing threshold across work shift, which was more pronounced
at 4000 Hz than at the lower audiometric frequencies. This is analogous with several studies
involving human subjects in different sectors, although the magnitude of threshold change varies
in different studies. However, what seems to be common to the different studies is the significant
role of the noise exposure to observed results and that the higher audiometric frequencies,
especially at 4000 Hz, indicates a noise effect on hearing [39, 40]. For instance, while we found a
mean change in the threshold shift of 10 (SD = 4) dB at 4000 Hz, other studies done among young
adult volunteers (aged 18-27 years) in the U.S and Japan (age 18-30 years) exposed to average
noise levels of 92-102 dB(A) for 51 minutes and 103.5 - 111.3 dB(A) for four hours, respectively
found anincreased mean hearing threshold shift of 6.3 (SD =3.9) dB and 5.2 (SD = 6.9) at 4000 Hz.

There was a large individual variability in cross-shift change in hearing threshold among the iron
and steel factory workers which conforms to the already available body of knowledge on the
individual variations in susceptibility to noise in various studies [6, 19, 41]. Different factors have
been suggested to explain the variability such as the interactions between noise exposure and
other agents such as, ototoxic drugs, carbon monoxide and solvents; non-auditory factors (eye
color, age, smoking, diet); and auditory system-related factors (differences in acoustic reflex
functioning, the role of the efferent system, and history of noise exposure) [16, 27, 42].
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The strengths of the present study include the use of standard methods and devices in data
collection, i.e., the use of calibrated noise dosimeter and audiometer for collecting information
in the field while adhering to the ISO standard 9612:2009 and ISO 8253-1:2010 as well. All the
audiometric tests were all done in a background noise controlled mobile booth located within the
factory during measurement, using similar standard protocol for validity of the results. Potential
determinants for TTS were identified and their relationship with TTS was analyzed. In addition, only
workers with normal hearing were included. It might have been a strength if we had been able to
conduct a follow-up audiometry after 48 hours or more to confirm the presence or absence of TTS
and establish a complete recovery to baseline threshold level. However, this was not possible in
our setting as workers were obliged to continue working on daily basis afterwards.

The TTS studies are, in some cases, quite complex. One challenge is the availability of standard
definitions across studies. Some researchers use the higher noise sensitive frequencies of 3000
- 6000 Hz and others focus on lower audiometry frequencies both as average and or single
frequency metrics [17, 19, 43]. However, in most cases, there is an agreement that the noise
sensitive frequencies especially at 4000 Hz should be included. In this study, we have used the
definition of a shift of 10 dB or greater change at 1000, 2000, 3000 or 4000 Hz in either ear
between two consecutive audiometries [16].

To our knowledge, this is the first study in Tanzania exploring the relationship between occupational
noise exposure and TTS among iron and steel workers. However, our results are most likely to be
representative for the workers in the same kind of working environments with the same kinds of
noise characteristics. Our results seem to agree with findings from similar studies in other parts
of the world and seem to be related to the noise levels and not to geography or type of industry.
However, it is important to underline that the results are only representative for workers without
any protective hearing equipment.

CONCLUSION

The findings of our current study were from screened iron and steel workers with normal hearing
(with PTA better than 25 dB Hearing Level) who were exposed at an average personal noise
exposure of 90.4 dB(A) and above. We found 85.5% of workers had TTS after completing a work
shift. Interventions to reduce the occupational personal noise exposure among workers are
warranted to reduce the high risk of developing permanent threshold shift with persistent high
noise exposure.
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