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ABSTRACT: The textile industry is characterized by the use of complicated machinery in mass production
methods in order to meet increased consumption demands. This situation brings with it some issues for the
employees. Many of the machines used in the textile industry are operating at high noise levels. In this study, noise
measurements taken from dyeing/finishing and weaving divisions in an integrated textile plant in Malatya city,
Turkey were evaluated. Frequency distribution of dominant noise is also examined. Workers in the weaving
division were exposed to higher levels of noise than those in dyeing/finishing. Accordingly, the noise level in
weaving ranged from 99.2 to 101.1 dBA, while that in dyeing/finishing ranged from 77.1 to 79.3 dBA. It is also
outside the 4000 Hz frequency zone, where the dominant frequencies of the maximum noise levels exposed by
those working in the measured divisions fall in the middle frequency range to which the ear is most sensitive.
Considering the frequency distribution, noise levels in the 4000 Hz region are calculated to be between 84.2 and
86.8 dBA in the weaving division and 60.0 to 61.9 dBA in the dyeing/finishing division. A noise histogram showed
that noise in the weaving division had spread over a wider range than the dyeing/finishing division.

Keywords: Noise exposure, %5 octave band frequency, spectral analysis, frequency-noise relationship, textile
plant.

1. INTRODUCTION

A negative working environment can lead to physical and mental health problems. Today,
despite technological achievements, noise in the workplace stands up before us as a health
problem. The textile industry is one of the most important locomotives of employment and
foreign trade in Turkey. Production in the textile sector is based largely on human power.
Workers employed in this sector may be exposed to significant noise in their workplaces.

Health is defined by the World Health Organization (WHOQO) "a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity " The purpose
of occupational health is that of employees; maximizing and maintaining physical, mental, and
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social well-being situations, placing them in jobs appropriate to their characteristics and risk
factors in the workplace environment, ensuring protection from the risk factors harmful to
health caused by working conditions and work environment. The working time of the employee
in the workplace, the wage he received, the ways of paying wages, leave, etc. matters constitute
the working conditions. The factors that are the sources of physical, chemical, biological,
ergonomic and psychosocial factors that affect the health of the employee directly or indirectly,
instantly or after a certain period in the production process constitute the working environment.

Sound can be measured and is an objective concept whose existence does not change depending
on the person. Noise is a subjective concept. Noise can be defined as “unpleasant, unwanted,
disturbing sound” [1]. Not every vibration in the ear is perceived as sound. Sound levels a
human ear can detect are between 20 Hz and 20 kHz frequency limits [2, 3]. The human ear is
not equally sensitive to all sound frequencies in this range, but is generally more sensitive to
high frequency sound than low frequency sound. This sensitivity is greatest for sound
frequencies between 2000 Hz - 5000 Hz. The frequency of sound to which the ear is most
sensitive is 4000 Hz [4, 5].

A normal conversation is in the frequency range of 200 Hz - 10000 Hz. As can be seen, the
frequency range to be examined is very wide and the use of fixed width bands is quite time-
consuming in many cases. For this reason, the frequency range that should be examined in
sound analysis is divided into sections called octave bands. 1/1 octave range is sufficient for
analysis [6, 7]. There are different approaches in the literature to define the frequency ranges
that the human ear can hear as low, medium and high. Frequencies below 200 Hz are low
frequency sound, frequencies from 200 Hz to 2000 Hz are medium frequency sound and >2000
Hz frequency, high frequency sound [8]. Some researchers called sounds less than 200 Hz as
low frequency sound [9-11]. Effective in personal protection, the noise intensity of the
headphones; 30 dBA at low frequencies and 50 dBA at high frequencies. Similarly,
polyurethane plugs placed in the outer ear canal are known to reduce by 25 dBA at low
frequencies and 40 dBA at high frequencies [12].

Noise may cause hearing loss, nervous system and circulatory system disorders and disturbed
hormonal balance. Another common negative effect of noise is sleep loss. It has also been stated
that if one is exposed to noise for a prolonged time, it causes changes (dilatation) in heartbeat,
blood pressure and respiration and it affects uric acid and lipid levels in the blood [13]. The
potential negative effects of noise on human health are listed in Table 1.

Table 1. Noise levels and disturbances caused [14, 15]

Noise level Sound pressure Effects on human health
(dBA)
1 30-65 Discomfort, anger, passion, sleep disturbance and concentration

disorder, feeling of boredom
Physiological reactions; increased blood pressure, blood circulation

2 65-90 disturbance, increased heart rate and breathing, decreased pressure
in brain fluid, sudden reflexes, stress

3 90-120 Physiological reactions and headaches

4 120-140 Continuous damage to the inner ear, disruption of balance

5 >140 Serious brain damage, burst eardrum

The Occupational Safety and Health Administration of the USA (OSHA) sets the permissible
exposure limit (PEL) of 90 dBA for all workers for an 8-hour day. But, where workers are
exposed to a time-weighted average noise level of 85 dBA or higher over an 8-hour work shift,
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OSHA mandates employers to implement a hearing conservation program in order to protect
all workers in general industry. The “Directive 2003/10/EC of the European Parliament and of
the Council on the Minimum Health and Safety Requirements Regarding the Exposure of
Workers to the Risks Arising from Physical Agents (Noise)” [16] and the “Regulation on the
Protection of Workers from Risks Related to Noise” issued by the Ministry of Labor and Social
Security (MoLSS) both set the legal limits on noise exposure in the workplace, as follows [17].
It should be noted that the values are based on a worker's time-weighted average over an 8-hour
day.
a) Lower exposure action values: (Lex.gn) = 80 dBA or (Ppeak) = 112 Pa (135 dBC in
relation to 20 uPa).
b) Higher exposure action values: (Lex,sh) = 85 dBA or (Preak) = 140 Pa (137 dBC in
relation to 20 uPa).
c) Exposure limit values: (Lex,gn) = 87 dBA or (Ppeak) = 200 Pa (140 dBC in relation to 20

uPa)

In a study conducted to determine the noise level of the weaving and yarn divisions in three
textile factories in the Cukurova Region, the relationships between noise and frequency were
examined. It is stated that the sound pressure level emitted by weaving machines is 78.3 to
100.8 dB, and 74.7 to 90.3 for spinning machines. It was also stated that the sound pressure
level emitted by weaving machines ranged from 87.7 to 98.1 dB at the frequency of 4000 Hz,
which the human ear was most sensitive, and 81.2 to 88.8 dB in spinning machines. It was
stated that while the equivalent noise levels emitted by weaving machines ranged from 97.1 to
105.5 dBA, these values were between 89.7 and 93.9 dBA for spinning machines [18]. In
another study, the sound level in the environment where the looms were located varied between
86 - 96 dBA indicating to high noise levels. It was commented that 35 % of the employees
working for 20 years in the current 96 dBA sound environment would be deaf, unless necessary
and correct measures were taken [19].

The study of Talukdar where one-minute exposure to sound levels above 100 dBA was
emphasized, provided supportive results. It was concluded that noise exposure could cause
permanent hearing loss. Besides, it was emphasized that textile workers, particularly weavers,
suffered from occupational hearing loss [20]. In another study, it was stated that with the
technological development, the noise level in the textile industry became a serious issue and an
important occupational hazard. In some textile factories the maximum noise level has increased
up to 95 dB, and the noise level has increased by an additional 5 dB with the combination of
many machines. In another study the noise level inside the coating facility of a textile factory
was measured experimentally and a noise emission model was developed [21]. Noise
measurements were taken by 1SO 9612 standard from various units in a textile plant and
isobaric noise curves were drawn in the SURFER package.

The sound pressure level in the cotton beating unit was 79 dBA to 87 dBA, the average sound
pressure level of the carding machines was 86 dBA at the frequency of 1000 Hz. It was also
stated that the highest sound pressure level and dominant frequency in mixing were between 80
dBA and 250 Hz, and 86 dBA to 95 dBA in the cotton spinning unit, respectively [22]. Noise
level was measured and analyzed with the MATLAB package at a textile factory in Ethiopia. It
was concluded that spinning and weaving divisions were potential sources of noise [23]. In a
textile company operating in the city of Usak, noise measurements were taken and a
questionnaire was applied to the employees. After examining the data the noise level was
determined as 97.08 dBA. Supported with the survey results it was concluded that high noise
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level reached could lead to permanent hearing losses, poor performance and low productivity
in the workplace [24].

This study aimed to evaluate the noise exposure of workers in a textile plant in Malatya City.
For this purpose, noise measurements were taken at different divisions and 5 octave frequency
analysis was performed. The study also entails corrective measure suggestions in the case of
excessive personal exposure to noise.

2. MATERIAL AND METHODS

In the textile plant, noise measurements were carried out following TS EN 1SO 9612-2009
“Acoustics - Determination of acoustic-occupational noise exposure - Engineering method”
and TS 2607 ISO 1999 “Acoustics - Determination of occupational noise exposure and
estimation of noise-induced hearing impairment”. However, following the permit agreement
with the workplace management upon taking noise measurements, the physical details of the
workplace layout can only be given in a simple sketch (Figure 1). In the layout of the plant, the
weaving division and the dyeing/finishing division were separated into insulated sections. Thus,
the noise generated in each unit did not affect the other division.

TEXTILE PLANT

Weaving division — i > Dyeing/Finishing division

Figure 1. The textile plant layout.

The daily exposure level of employees (Lex-sn) was calculated based on noise measurements
taken in accordance with these standards. The root mean square (RMS) of the frequency-
weighted sound pressure values was defined. The frequency-noise relationship was derived.

Noise measurements were carried out using a high-precision noise level measuring device
suitable for all noise measurements included in the “Regulation on the Assessment and
Management of Environmental Noise” by the Ministry of Environment and Urbanization [25].
The noise meter also meets the requirements stipulated in the IEC 61672-1: 2002 Standard and
has an internal 5 octave band filter for frequency analysis (Figure 2). Noise measurements were
made with A, C and Z (linear) frequency weighting by defining three different profiles.

Figure 2. Noise level measuring device used in studies [25].
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3. RESULTS AND DISCUSSION

Noise measurements were taken in the dyeing/finishing division and weaving division of a
textile plant, located in Malatya City. The sound pressure employees were exposed to was
measured using A, C (peak) and Z-weighted filters. The noise parameters measured and
calculated in accordance with the relevant standards are given in Table 2. The equivalent
continuous sound level (Laeq) and the daily personal noise exposure (Ler,d, LEx,shr) are given in
Figure 3, where the minimum and maximum exposure action values and the exposure limit
value are indicated. Evaluation of noise data has shown the following results.

a)
b)
c)

d)
e)

f)

9)
h)

)
K)

A-weighted, C-weighted and Z-weighted Lex,sn in weaving division ranged from 99.2
dBAt0 101.1 dBA, 100.4 dBC to 102.8 dBC and 100.6 dBZ to 103.1 dBZ, respectively.
Lex,sn in the weaving division is above the 85 dBA of the highest exposure action value
specified in the relevant regulation.

There is a maximum of 1 dB difference between A-weighted, C-weighted and Z-
weighted noise levels in the weaving division.

The dominant frequency of noise generated in the weaving division is around 1000 Hz.
There is a potential for workers in the weaving department to experience increased
physiological reactions and headaches as a result of noise exposure.

A-weighted, C-weighted and Z-weighted Lex,sn in dyeing/finishing division ranged
from 77.1 dBA to 79.3 dBA, 82.4 dBC to 84.6 dBC and 83.1 dBZ to 85.2 dBZ,
respectively. Figure 3 illustrates noise levels during operations in various divisions of
the textile plant.

Lex,sn in dyeing/finishing division is below the 85 dBA of the highest exposure action
value specified in the relevant regulation.

Considering the Lex,sn in dyeing/finishing division, the sound pressure difference
between A-weighted, C-weighted and Z-weighted exposures is 5 dB at maximum, while
the difference between C-weighted and Z-weighted exposures is around 1 dB.

The Lex,sn in dyeing/finishing division is approximately 20 dBA higher than that in the
weaving division.

The dominant frequency of noise generated in the dyeing/finishing division ranges
between 400 Hz and 1200 Hz.

There is a potential for workers in the dyeing/finishing division to experience
exaggeration of reflexes (hyperreflexia), physiological reactions, increased blood
pressure, increased heart rate, increased breathing and low cerebrospinal fluid (CSF)
pressure as a result of noise exposure.

Weaving division and dyeing/finishing division and noise histograms are given in
Figure 4a and Figure 4b. The noise range in the dyeing/finishing division area is wider
than the weaving division.

m) Considering the frequency-noise relationship given in Figure 5, it is revealed that the

dominant noise levels are in the middle frequency range. Therefore, the noise levels in
the 4000 Hz frequency region, where the human ear is most sensitive, range between
84.2 dBA to 86.8 dBA in the weaving division and 60.0 dBA to 61.9 dBA in the
dyeing/finishing division.
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4. CONCLUSIONS

In this study, noise measurements taken from the weaving division and dyeing/finishing
division in a textile plant were evaluated. In the light of the evaluations, the following
conclusions were reached.

a)
b)

c)

d)

f)

The noise levels ranged from 99.2 dBA to 101.1 dBA in the weaving division, while in
the dying/finishing division it ranged from 77.1 dBA to 79.3 dBA.

Personnel working in the dyeing/finishing division are not required to use personal
protective equipment.

Personnel working in the weaving division, on the other hand, can only work for a
maximum of 12 minutes without ear protectors in accordance with the relevant
regulation. After this period, they should wear hearing protectors.

The dominant frequencies of noise to which the staff working in the textile plant are
exposed to are lower than 4000 Hz, which the ear is the most sensitive.

Every effort should be made to reduce the noise level at its source in the weaving
division. But, all ways to separate people from potentially damaging causes of noise are
exhausted, workers must be provided with the correct personal hearing protectors. It
must be noted that this equipment can be used as a temporary measure or the last resort.
The noise level in the weaving division is higher than 85 dBA, which is the highest
exposure action value specified in the relevant regulation. Employees may experience
hearing loss, hearing-related health problems and loss of productivity at work.
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Table 2. Noise parameters for the textile plant

Division Round of Average Filter Lpeak  Lmax Lmin  SPL Leg SEL Lo Lso Leo Lexsn Working Dominant
measurement  time mm:ss detector (dB) (dB) (dB) (dB) (dB) (dB) (dBA) (dBA) (dBA) (dBA) time (h) frequency range (Hz)
A Fast 1022 884 772 792 795 1044 814 78.5 77.6 79.3
1 05:04 C,Fast 103.0 915 826 84.0 849 109.7 86.3 84.4 83.2 846 <24.0
Z,Fast 1028 916 832 846 854 110.3 86.8 85.0 839 852
=2 A, Fast 103.5 92.4 73.5 75.5 774 1025 79.5 75.6 74.2 77.1
= 2 05:27 C,Fast 1062 945 79.6 818 827 107.8 84.1 81.8 805 824 <24.0
:é Z,Fast 1069 947 803 823 834 1085 84.7 82.7 813 831 400-1250
5 A, Fast 99.3 867 748 768 775 1023 79.4 76.6 75.4 77.3
£ 3 05:06 C,Fast 1029 90.6 809 83.0 834 1083 84.8 83.1 820 832 <24.0
S Z Fast 1040 911 817 839 843 109.2 85.7 84.0 828 841
A Fast 106.0 933 748 767 775 1023 78.2 76.9 76.0 77.2
4 05:04 C,Fast 1080 949 809 83.0 830 1078 83.9 82.7 816 827 <24.0
Z,Fast 1080 950 816 843 840 10838 85.2 83.7 824 837
A Fast 1147 1003 985 995 995 1243 99.9 99.5 99.0 99.2
1 05:.05 C,Fast 1153 1016 99.8 100.7 100.7 1255 1014 100.6 100.0 100.4 0.3
Z,Fast 1157 101.8 100.0 100.9 1009 1258 101.7 100.8 100.1 100.6
2 A Fast 1147 1013 99.6 100.8 1004 1253 1009 1004 100.0 100.1
= 2 05:.06 C,Fast 1157 1028 100.6 102.0 101.7 126.6 1025 101.6 101.0 1014 0.2 1000
g Z Fast 1161 103.0 100.8 102.2 1019 1268 1027 101.8 1011 101.6
A, Fast 1169 1028 100.0 101.1 1014 1263 1022 1014 1005 1011
3 05:.04 C,Fast 117.7 1050 1014 102.6 103.1 1279 1039 103.1 1021 102.8 0.2
Z Fast 1184 1052 101.7 1029 1034 1282 1043 1034 1023 103.1
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NOMENCLATURE

dB : A relative unit of measure widely used in acoustics, electronics and
communications.

dBA : A voice evaluation unit in which the human ear is particularly sensitive to medium
and high frequencies.

dBC : A voice evaluation unit that correlates better with the human response to high noise
levels.

dBZ : A voice evaluation unit implying no weighting (zero-frequency weighting) across

the audio spectrum.
Lex,sh : The sound exposure averaged over 8 hours (Lep,q)

Lmax : Maximum sound level

L min : Minimum sound level

Lpeak : Peak sound pressure

SPL  : Sound pressure level

Leq . Equivalent sound level

SEL : Sound exposure level

Lo . The noise level just exceeded for 10% of the measurement period
Lso . The noise level just exceeded for 50% of the measurement period
Loo . The noise level just exceeded for 90% of the measurement period
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