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ABSTRACT
Background: Noise is one of the most important hazardous factors in industrial
environments. It can damage auditory, visual, neurological, psychological and
hormonal systems, and can deteriorate physiological and cognitive functions. This
study aimed to examine the effect of continuous noise on blood cortisol level in
textile industry workers.
Subjects and Method: This was cross-sectional study conducted at PT. Iskandar
Indah Printing Textile, Surakarta, Central Java. A sample of 75 workers in weaving
section was selected for this study by purposive sampling. The sample was ≥20
years of age and had work ≥ 1 year. The dependent variable was blood cortisol
level. The independent variable was continuous noise. Blood cortisol level was
measured by ELISA method. Noise exposure was measured by Sanfix GM1356
sound level meter. Noise exposure was categorized in 3 groups (≥85 dBA, 70 to
<85 dBA, <70 dBA). The data were analyzed by chi square test with odds ratio as
the measure of effect.
Results: Workers with noise exposure ≥ 85 dBA were more likely to have an increased blood cortisol level than counterparts with noise exposure 70 to <85 dBA
(OR= 5.76; CI 95%= 1.36 to 24.36; p= 0.012). Workers with noise exposure ≥85
dBA were more likely to have an increased blood cortisol level than counterparts
with noise exposure <70 dBA (OR= 7.94; CI 95% 1.88 to 33.49; p= 0.002).
Workers with noise exposure 70 to <85 dBA were more likely to have an increased
blood cortisol level than counterparts with noise exposure <70 dBA (OR= 1.62; CI
95%= 0.45 to 4.20; p= 0.321).
Conclusion: Noise exposure is associated with an increased risk of high blood
cortisol level among textile industry workers.
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Background
Noise is defined as unwanted sound, is one of the danger stressors in the work
environment of the physical class. In the textile industry work environment, noise is one of
the stressors of physical factors that can cause hearing and non-hearing disorders. Noise
disturbances to non-hearing can be in the form of stress and emotions which have an impact
on psychosomatic disorders. The emergence of stress due to noise is due to exposure to
noise as a stressor that was responded to by the hypothalamus-pituitary-adrenal (HPAaxis), causing the levels of the hormone cortisol and aldosterone to increase. Increased
levels of cortisol hormones are a common indicator of stress reactions (Lang, 2000).
According to Hammersen et al. (2016), noise is considered one of the most influential and
dangerous physical work environment hazards in the workplace. In the United States, an
estimated 30 million workers are exposed to harmful noise and are thought to cause hearing
loss, physical and psychological stress, and reduce productivity (Occupational Safety and
Health Administration, 2013).
The work environment with continuous noise intensity exceeding the allowable limit
is the textile industry. The textile industry in various countries is a very important type of
industry and generally has a lot of labor (Azadboni et al., 2018). The rapid growth of the
textile industry at present provides a risk to health hazards to the physical and psychological
health of workers (Burns et al., 2016). The source of noise in the textile industry comes from
the rotation of high-speed machine components such as weaving machines (Ashraf et al.,
2009). Shakhatreh et al. (2000) stated that textile industry workers are exposed to noise at
high intensity (around 95 dBA) in weaving space. Another study, Talukdar (2001), stated
that noise intensity in the textile industry varied with the lowest value of 80 dBA in the
blowing room to the highest 99 dBA in the weaving room.
Some research results on the impact of noise include Taban et al. (2017), who
conducted experiments on adult male rats, found that noise exposure with an intensity of
90 dBA 8 hours per day for 30 days could significantly increase blood serum cortisol levels
by 2 µg/dL (p = 0.002); Wallas et al. (2018) also said that individual perceptions of traffic
noise disturbances caused increased salivary cortisol in adolescents in the community; Ising
and Michalak (2004) found that traffic noise is a negative environmental factor in people
who live around the road, because it can interfere with human activities such as
communication and concentration which can then cause stress; and Stansfeld and
Matheson (2003) state that cortisol levels in the blood can be used to diagnose stress at
work.
Thus changes in cortisol levels are indicators of the impact of noise in the workplace.
Taban et al. (2017) conducted on limited time noise exposure to adult male rats, Wallas et
al. (2018) and also Ising and Michalak (2004) conducted research on intermittent types of
noise. The difference between this study and previous research is that noise exposure lasts
long, is carried out on industrial workers, and the type of continuous noise; therefore the
purpose of this study was to analyze the effect of continuous noise on blood cortisol levels
in textile industry workers.
Subjects and Methods
This study used observational analytic with the cross-sectional design. The research
was conducted at PT. Iskandar Indah Printing Textile Surakarta on April 25 to 28 2018. The
target population was Toyoda machine operators in the weaving section totaling 220 people.
Samples were taken using purposive random sampling. Subject criteria are a minimum age
of 20 years, a minimum work period of 1 year. Research subjects were used as many as 75
people. The subjects of each study were groups exposed to noise of more than 85 dBA
(workers in the weaving section), groups exposed to noise more than 70 to 85 dBA (workers
in the reaching section), and groups exposed to less than or equal to 70 dBA (workers at
part of the office). Characteristics of the research subjects studied were male and female sex,
age between 24 to 55 years, and the working period between 2 to 24 years.
The independent variable is continuous noise, and the dependent variable is blood
cortisol levels. The continuous noise was measured using a GM1356 Sanfix type sound level
meter. The height of the sound level meter at the time of measurement is 1.25 meters,
carried out at 08.30, 11.30 and 14.30 in each section, which then calculated the equivalent
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Level (Leq) for exposure to 8 working hours. Blood cortisol levels were measured using the
enzyme-linked immunosorbent assay (ELISA) method in units of µg/dL. Blood sampling
was carried out by competent officers from the Sarana Medika Surakarta Clinical
Laboratory at 7:00 a.m. to 8:00 p.m., then blood cortisol levels were measured at the Sarana
Medika Surakarta Clinical Laboratory with a business license number: 449/001 / LAB /
2017.
Variable noise data scale and blood cortisol levels are categorical data. Data analysis
using the Chi Square test. Statistical calculations using SPSS version 23 software. Ethical
clearance were published by the Health Research Ethics Commission of the Faculty of
Medicine of Sebelas Maret University, number: 62 / UN27.6 / KEPK / 2018 dated April 24,
2018.
Results
Description of the results of noise intensity measurements in the three noise exposure
groups, namely exposure to noise of more than 85 dBA, exposure to more than 70 to 85 dBA
noise, and exposure to noise of more than 70 to 85 dBA is presented in Table 1.
Table 1. Results of measurements of noise intensity
Group
Location
Lowest
Highest
(dBA)
(dBA)
> 85 dBA
weaving
88
99
> 70 to 85 dBA
reaching
71
85
< 70 dBA
warehouse
65
70

Leq
(dBA)
93.6
79.7
68.1

Length of exposure
(hours per day)
8
8
8

Statistical description of research subjects based on gender is presented in table 2, a
description of statistical data on age and tenure as presented in table 3, and a statistical
description of the effect of noise on cortisol levels presented in table 4.
Table 2. Description of gender statistics (n = 75)
Cortisol levels n % Lowest Highest Average Standard deviation t
p
(µg/dL) (µg/dL) (µg/dL)
(µg/dL)
Men
18 24
3.0
20.1
10.99
4.92
0.693 0.490
Women
57 76
3.2
24.8
11.93
5.01
Table 3. Description of statistics on age and years of service (n = 75)
Demographic characteristics
Age based on noise category
> 85 dBA
> 70 to 85 dBA
< 70 dBA
Working period based on noise
category
> 85 dBA
> 70 to 85 dBA
< 70 dBA

Lowest Highest Average Standard deviation
(year) (year)
(year)
(year)

F

p

24
29
25

55
54
55

41.84
44.96
43.48

7.49
5.97
5.87

0.394 0.676

2
2
2

24
22
24

12.60
12.08
11.40

5.69
6.34
8.21

0.192 0.826

Table 4. Statistical description of the effect of noise on cortisol levels (n = 75)
Kadar kortisol
Noise exposure > average < average Number
X2
p
CI95%
category (dBA)
n
%
n
%
N
%
> 85
22 88.0 3 12.0 25 100 6.349 0.012
5.76
> 70 to 85
14 56.0 11 44.0 25 100
(1.36 to 24.36)
> 85
22 88.0 3 12.0 25 100 9.191 0.002
7.94
< 70
12 48.0 13 52.0 25 100
(1.88 to 33.49
> 70 to 85
14 56.0 11 44.0 25 100 0.321 0.571
1.38
< 70
12 48.0 13 52.0 25 100
(0.45 to 4.19)
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Discussion
The results of this study showed that cortisol hormone levels in groups of workers
exposed to noise above 85 dBA with exposure time of 8 hours per day were significantly
higher than those of workers with exposure of more than 70 to 85 dBA (p = 0.012; OR =
5.76) and also groups of workers with noise exposure less than or equal to 70 dBA (p =
0.002; OR = 7.94). However, in groups of exposure to noise of more than 70 to 85 dBA and
groups of workers with exposure to noise less than or equal to 70 dBA, there was no
significant difference in cortisol hormone levels (p = 0.571; OR = 1.38). The results of this
study indicate that noise above 85 dBA for 8 hours per day exposure time has an impact on
the increase in the hormone cortisol which is an indicator of the occurrence of stress.
The results of this study show that the noise intensity above 85 dBA (Leq = 93.6 dBA)
can have an impact on increasing cortisol levels, in line with research conducted by Ahmed
and Awadalkarim (2015) in Sudan, which informs that when the noise level exceeds the
allowable limit (85 dBA), noise can be a health threat in the work environment which can
have an adverse health effect and discomfort, where the effect depends on the intensity,
frequency, duration of exposure, and individual sensitivity.
The results of previous studies which also showed that noise had an effect on cortisol
hormone levels, among others by Monsefi et al. (2006) who stated that environmental noise
exposure can increase plasma cortisol levels. The study was conducted in adult male Wistar
rats. On exposure to 4 hours per day there was no significant difference (p> 0.05) between
before (1.8 ± 1.6 µg/dL) and after (3.3 ± 3.1 µg/dL), there were significant differences in the
exposure of 8 hours per day (p < 0.05) between before (2.4 ± 0.8 µg/dL) and after (5.4 ±
3.2 µg/dL), and at 12 hours per day exposure there was a significant difference (p <0.05)
between before (2.2 ± 1.5 µg/dL) and after (4.9 ± 1.8 µg/dL). Risdiana et al. (2016), also
conveyed the results of his research which showed that there were differences in cortisol
levels in the blood before work and after working in the weaving section.
Research Risdiana Risdiana et al. (2016) conducted in the textile industry in the group
exposed to noise intensity above 85 dBA (between 94.6 to 98.2 dBA) and the group exposed
to noise below or equal to 85 dBA (between 66.2 to 71.2 dBA). Statistical test results showed
that there were significant differences in blood cortisol levels (p = 0.021) in the group of
workers exposed to noise exceeding 85 dBA between before exposure (mean cortisol level
10.61 µg/dL) and after exposure (mean cortisol level 14.25 µg/dL). Whereas in the group of
workers exposed to less than or equal to 85 dBA, the results were not significant (p = 0.354)
between before exposure (mean cortisol level 11.96 µg/dL) and after exposure (mean
cortisol level 12.68 µg/dL).
Likewise with the results of Green et al. (2015) which states that significant cortisol
changes occurred in small-scale gold miners after exposure to noise between 56.9 to 92 dBA
with a long day of exposure (24 hours per day), indicating that noise was positively
correlated with increased cortisol levels (ρ = 0.683 ; p = 0.004). In the study of Green et al.
(2015), it was also stated that a 1 dBA increase in Leq would increase 0.25 nmol / L or 0.025
µg/dL of cortisol levels between morning and evening (95% CI 0.08 to 0.42).
The results of this study and the results of previous studies have further strengthened
the evidence that exposure to noise of more than 85 dBA per day can increase cortisol levels
which indicate the stress level of workers is increasing. Workers exposed to continuous
noise exceeding 85 dBA per 8 hours per day, can experience a significant increase in blood
cortisol levels. In this study, the average working period of workers exposed to noise
exceeding 85 dBA was 12.6 years at risk of experiencing higher job stress compared to
workers with a mean service life of 12.08 years on exposure to noise of more than 70 to 85
dBA, and the average working period of 11.4 years with exposure noise intensity is less than
or equal to 70 dBA.
Gender variables in the study showed that female cortisol levels (11.93 µg/dL) were
higher than those of men (10.99 µg/dL), but this difference was not statistically significant
(t = 0.693; p = 0.490). This shows that the stress caused by noise exposure has the same
effect on male and female workers.
Judging from age and working period, in this study it can be seen that the average of
each group of workers exposed to noise has the same average age (F = 0.394; p = 0.676) and
the mean working period is the same (F = 0.192; p = 0.826) between groups exposed to
noise of more than 85 dBA, more than 70 to 85 dBA, and less than or equal to 70 dBA. This
shows that in this study the variables of age and working period have been controlled.
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Limitations in this study have not included the variable hearing protection equipment
as protection against noise impacts in the work environment because of the company PT.
Iskandar Indah Printing Textile Surakarta has not applied the obligation for workers to use
ear protection equipment according to workplace safety standards. The conclusion of this
study is that continuous noise exceeding 85 dBA with an exposure of 8 hours per day can
increase cortisol levels which is an indicator of work stress in the workforce. The higher
exposure to continuous noise intensity, the higher the risk of increasing levels of blood
cortisol.
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