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ABSTRACT

Introduction: Occupational noise-induced hearing loss (ONIHL) is describeed as an acquired hearing 
deficiency caused by excessive workplace noise exposure. Little is known about cases of SNHL in our 
developing country where excessive noise working areas are more prominent.
 
Objectives: The study aims to assess the prevalence of noise-induced hearing loss among workers in the 
metal and wood manufacturing sector of Gakiriro, Kigali.
 
Methods: This was a cross-sectional and descriptive study conducted on 200 workers including wood and 
metal industrial workers. It’s a The age, the noise intensity levels per each category of occupation, duration 
of exposure, and category of occupation and measurement of hearing loss were correlated.
 
Results: The overall prevalence of hearing induced was 36 % (72/200), and 35, 5 % (71/200) had NIHL. 
The mean age was 31.6 years with predominance of male workers. The age group between 30-39 years was 
more affected compared to other age groups. 99.5% of all participants were not protected during worktime. 
47,7% had worked for 10 years and above with an average working time of 9 hours/day for five consecutive 
days. Noise level average assessed were 99.4dB (range 97-105 in woodworkers and 105.4dB 99-115 in 
metalworkers on regular daily basis for five consecutive days. Metal workers were more affected than wood 
workers. 
 
Conclusion: Working in excessive noise workplaces could be a high risk for developing sensorineural 
hearing loss among young adults active in the wood and metal manufacturing enterprises. Lack of ear 
protection during working time and longer durations of exposure may increase the risk to develop ONIHL. 
Protective measures are needed for workers in these conditions and regular audiometric assessments should 
be conducted.

 

INTRODUCTION
 
Occupational noise-induced hearing loss (ONIHL) is 
described as an acquired hearing loss caused by excessive 
workplace noise exposure. Kurmis et al (2007) reported that 
approximately 37% of hearing loss among adults is attributed 
to excessive noise.  This is an important cause of occupation- 
related morbidity worldwide [1].
 
Noise-induced hearing loss is characterized by high frequency 
hearing loss between 3 and 6 kHz on audiometric assessment. 
With continued exposure, a wider range of frequencies may be 
affected, thereby increasing human hearing impairment [2]. 
Noise-induced hearing loss is a work related disability that has 
a great effect on the employees’ quality of life.  People living 
with Noise Induced Hearing Loss (NIHL) have problems 
with communication, depression, poor performance, fear to 

lose their job, stigmatization and social isolation, to name but 
a few.  Furthermore, this disability may impact employers if 
they are held responsible for the disability.
 
Two characteristics of NIHL have been established through 
various studies. 
Normally, there is increasing hearing impairment with noise 
intensity and duration of exposure, such that more intense 
and longer duration noise exposures cause more severe 
impairment of hearing. Also, a susceptibility of an individual 
to noise-induced hearing loss is varying [3].
 
According to a World Health Organization report, 16% of  
disabling hearing loss in adults is attributable to occupational 
noise exposure. Since the 18th century, it has been recognized 
that NIHL is an occupational disease among copper workers 
who suffered hearing loss as a result of hammering on 
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metal. In the 1800s, Fosbroke mentioned how black smiths 
were suffering from hearing impairment due to  continued 
excessive noise exposure [3,4].
 
In 2000, 4.1 million disability adjusted life years were lost 
due to occupational NIHL [4]. Majority of these cases were 
found  in developing countries. Social and economic burdens 
due to loss of hearing, including reduced earnings, limitations 
in career choice, stigmatization, abuse, and depression, all 
compounded by lack of access to appropriate healthcare 
facilities were also observed [5,6].
 
Occupational risk of NIHL in industries that expose workers 
to continuously high levels of noise is reported in the 
literature. Hong et al, reported that more than 30 million 
U.S workers were exposed to hazardous noise levels and 
nine million others were prone to other ototoxic agents [3]. 
According to Irwin et al, Hearing loss tends to be most rapid 
at 4 kHz during the first 10–15 years of noise exposure before 
spreading to surrounding frequencies.
 
In normal adults, human speech is heard between 0.25 and 
6 kHz, with lower frequencies corresponding to vowels and 
higher frequencies representing consonants. Robinowitz and 
Robinson (2015) reported difficulty with a clarity of speech 
and words discrimination among people with NIHL [7,8].
 
There are wide consequences resulting from such a handicap  
which include  impaired communication, social isolation, 
anxiety, and poorer job performance (9,10). On an audiogram, 
this  is characterized by  a dip or notch between 3 and 6 kHz 
with immediate  recovery at 8 kHz [11]. 
 
METHODS 
 
A cross-sectional and descriptive study of subjects aged 
between 18 and 50 years working in metal and wood 
manufacturing sector of Gakiriro, Kigali. The audiological 
tests were conducted at the audiology center of Rwanda 
Military Hospital. Subjects were enrolled from September 
2014 up to January 2015.

All workers between 18 and 50 years working in the metal 
and wood manufacturing sector of Gakiriro-Kigali were 
recruited.
 
A sound level meter type DT 1350A was used to measure 
noise levels in the wood and metal industries. Also, the 
average of duration of exposure in hours was calculated for 
the five consecutive working days. All participants were 
then surveyed using a questionnaire to collect their socio-
demographic information, duration of exposure, and category 
of occupation.

Otoscopic examination and the initial screening audiometry 
were performed at the site of work in a free field from the 
noise source, using a GSI 18 screening audiometer. Thereafter, 
a diagnostic pure tone audiometry was conducted for bone 
and air conduction audiograms at Rwanda military hospital 
audiology center using a clinical audiometer, type GSI 61, 
with an updated certificate of calibration from H.A.S.S of 
South Africa.

Noise readings were taken from wood industry and metal 
industry, using a sound level meter DT1350 device (Gaotek 
Co., China). 
 
Hearing impairment was defined as subjects having 
threshold levels of 26 dB and above according to World 
Health Organization standards. Participants who had hearing 
impairment at high frequencies: i.e: 3000-6000Hz with a 
specific notch at 4000 Hz were defined as having NIHL as 
per Dobie’s criteria for NIHL.
 
Data entry and statistical analysises were performed using 
SPSS (version 16). Comparisons of variables were performed 
using chi-square test and the limit of significance was 
established at P<0.05.
 
Tools used for hearing assessment were not invasive and 
reassurance was given on  data confidentiality. All participants 
consented for hearing assessment.

RESULTS
 
200 participants were recruited and underwent audiometrical 
screening. 92% of participants were males, reflecting a low 
number of females employed in hazardous noisy workplaces 
in Rwanda. (Table 1).
                                            Table 1. Age Distribution

The mean age was 31.6 years, and was similar in both 
occupational categories; the predominant age group was 
between 30-39 years (65%), and 4% were above 50 years, 
this may be due to superimposed presbyacousis on NIHL.

Table 2. Exposure time (years) and Hearing Status

72(36%) had HI, where 71(35.5%) had NIHL. Among 
participants with NIHL,34.6% were aged between 30-39 
years, This table shows that the progression of hearing loss as 
per increase of years of exposure (Table 2).
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Metal workers were more affected by H.I (62%) compared to 
other occupation categories (P=0.002) (Table 3,4).

                            Table 3. Hearing status per occupation category

                                Table 4. NIHL and occupation category

The wood workshop noise levels ranged between 97-105dB 
on a daily basis for 5 consecutive days, with an average noise 
level of 99.4dB.Noise levels measured in metal workshop 
were 99-115dB on a daily basis for 5 consecutive days and 
the average was 105.4dB.The mean noise level exceeded 
85dB at both workplaces (Table 5).

                         Table 5. Noise levels in wood and metal industries

There was no significant statistical difference (P=0.7). Among 
all participants with high frequency notch at 4000 Hz, 32.6% 
were aged between 30-39 years, showing a high number of  
youth at high risk of NIHL. 

Figure 1. shows that, 99.7% of metalworkers with NIHL and 
97.2% of woodworkers with NIHL had a frequency notch at 
3000-4000 Hz.

Figure 1. Occupation category and HL frequency

Among participants with hearing loss, the degree of severity 
was associated with the duration of exposure (P=0.002) 
(Figure 2).

Figure 2. Degree of hearing loss vs duration of exposure

There is tendency to have more mild hearing impairment in 
woodworkers (57%). Metalworkers with  moderate Hearing 
Loss (34%), severe Hearing Loss(26%) (P=0.009) 
(Figure 3).

Figure 3. Degree of hearing loss occupational category

Metal and wood workers were compared on other possible 
contributing factors (age, duration of years of exposure). The 
only factor showing a statistically significant association with 
hearing impairement was occupational exposure (P=0.002), 
and this is explained by the high intensity of noise in metal 
workers on daily basis (99-115dB, with the average of 
105.4dB).

Participants with 30-39 age group are 54% and 67% in metal 
and woodworkers respectively, but no significant statistical 
difference of age in both groups (P=0.2) (Table 6).

                                   Table 6. Age and Occupation
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There is no significant statistical difference in the duration of 
exposure (years) in both categories of occupation (P=0.36) 
(Table 7).

                        Table 7. Duration of exposure in years and occupation

The table below also shows that 99.5% of workers in both 
wood and metal factories worked without ear protective 
devices.
                   
                                Table 8. Protection during worktime

DISCUSSION

Results from this study showed a high prevalence of HI and 
NIHL in the wood and metal industry workers of Gakiriro- 
Kigali. This is likely due to high noise levels identified 
since the mean sound level was of 99.4dB in woodworkers 
and mean of 105.4 dB in metal workers in the area. These  
findings  showed  similar results with a Kenyan study by C. 
Mburu et al [29] in metalworkers which found 35,2% of the 
workers with H.I from noise levels exposure ranging between 
72.0dB to 113.8dB  with a working time of more than 8hrs 
daily [19].

A review study conducted by David et al, in South Africa, 
showed also similar findings to our study [30].

Male workers were predominant in this study. And this could 
be due to the fact that males commonly tend to be involved in 
hazardous activities. The public health concern in this study 
is that these males were of a younger age group. This could 
be the result of several factors: according to National institute 
of statistics of Rwanda (NISR), majority of the Rwandan 
population is young. (50% of the total population is below 16 
years) [31]. Another explaining factor could be young people  
migrating from rural areas to urban cities looking for jobs, 
mainly in small scale industries, making metal and wood 
factories their likelihood place employment.

Increased duration of exposure (<10 years) in the metal and 
wood industry was also reported by Kamalesh et al. [32]. This 
could also explain our overall HI prevalence in this study. 
Thus the duration of exposure could be a contributing factor 
to hearing impairment. 

In a study conducted by Mburu et al. [19], it was reported that  
97.1%  of workers in metal industry were unprotected.  In this 
study, a 99.5% proportion of all participants were also found 
not wearing ear protection devices.

This study did not find an increasing rate of hearing impairment 
over progressing duration of exposure. This is different to 
the study findings by Kamalesh et al. [32] where increasing 
hearing loss was associated with duration of exposure with 
90% of HI for an increased duration over 10 years, This may 
be due to the fact that workers have gradual progress of years 
of exposure on high intensity noise levels with no protection.

In this study majority of the study population didn’t have HI 
despite being exposed to high noise levels in their workplaces. 
We think this may be due to the susceptibility differences  for 
noise damage on cochlear outer hair cells and the variations 
in acoustic signal transmission  by  the external auditory 
canal [3,4].

In this study, we also found that metal workers were more 
affected with HI. In Nepal, Robinson et al.  found a lower 
prevalence of HI in metal workers. This difference could 
be explained by the difference in duration exposure per 
day in both countries. In our setting, metal workers were 
continuously exposed to high levels of noise (105dB) for an  
average of 9 hours/day, while in Nepal, metal workers had 
scheduled power cuts off that varied between 4 to 6 hours 
with a  noise level exposure of 86.1 to 103 dB [2], offering 
them some time period of noise relief during working time. 
There was also high frequency hearing loss  varying between 
3000-4000 hz in  99.7%  of metal workers and  97.2% of 
wood workers, a study done  by Kumar et al(33), found that 
48% of tractor drivers had high frequency hearing loss (3000-
4000dB) with noise levels of 88-90dB, these disparities are 
likely to be due to high exposure noise levels  in metal and 
wood workers (105.4dB and 99.4dB) .

In this study, 57% of woodworkers had mild hearing 
impairment whereby metal workers had 34% with moderate 
hearing loss and 26% had severe hearing loss. Omokhodion 
et al [33] in his study done in Nigerian mill enterprise found 
49% of workers with mild hearing loss, and Nilson et al. [13]  
found 20.4% of shipbuilders with severe hearing loss. This is  
likely due to prolonged duration of exposure.

According to the WHO disability weighting system, which 
assigns a disability weight to each disease state [27], given 
that the average life expectancy of a Rwandan is 64years, this 
means that the average worker will live with this disability 
for 32.4 years.  For our cohort of 200 workers, this totals 
2,300.4 years of living with NIHL.  The cost to prevent these 
years of disability is $668, which is extremely low.  

Bukuru et al.Rwanda Public Health Bulletin
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The cost to prevent one year of NIHL is $0.29, or 240.7 
Rwandese francs.
This study furthermore demonstrated that the intensity of 
noise levels in both categories of occupation was significantly 
correlated with hearing impairment (P=0.002), this is 
similar to Singh et al’s study done in India, which showed a 
significant correlation (P=0.05) of  hearing impairment with  
a high intensity of noise (34).
 
In conclusion, this study observed a high preverence of HI 
and NIHL among all participants according to the WHO 
acceptable standards within both the wood and metal  
industries. 

However, there may be other unknown factors associated with 
this hearing handicap within our participants not explored in 
this study.

Working for more than 9 hours  without protective measures 
were reported as NIHL main risk factors.

Health policymakers should raise the awareness of workers 
and employers on noise related damages. Employers should  
provide ear protection devices to their workers during 
worktime and ensure that workers have limited hours of 
exposure through working shifts. 

There should be establishment and strengthening of 
legislations for hearing conservation programs. Morever, 
regular audiometric assessment should be also perfomered.
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