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Abstract. Noise is one of the major physical risk factors for workers in the heavy industrial sector. Within the
context of this study, the environments in which employees are located in a gypsum plant were determined,
noise measurements were made according to the work they performed, the results were evaluated and
frequency-noise relationships were revealed. According to this, while the highest noise was found in the crusher
unit, administrative building personnel were exposed to the lowest level of noise. The regions exceeding the
exposure limit value are packaging and stone crushing units. In the measured areas, the maximum noise levels
exposed by the workers correspond to the medium frequency range and the minimum noise levels correspond
to the low and high frequency ranges. The maximum noise level to which workers in all branches are exposed
is in the frequency range of 250 Hz and 2500 Hz. The noise levels generated by the machines are in the wide
frequency range, and the maximum sounds from the noise sources in the factory are defined as thin sound. As
a result of the measurements made, it was calculated that the maximum noise levels, which are mostly exposed
by the factory staff, are outside the frequency range where the human ear is most sensitive.

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

Alg1 Fabrikasinda Giiriiltii Maruziyetinin Is Giivenligi Acisindan
Degerlendirilmesi

Ozet. Giiriiltii Agir sanayi sektoriinde ¢alisanlarin maruz kaldig 6nemli fiziksel risk etkenlerinden birisidir. Bu
calisma kapsaminda bir alg1 fabrikasinda ¢alisanlarin bulundugu ortamlar belirlenmis, yaptiklari igse gore ayri
ayr1 olgtimler yapilip, sonuglar1 degerlendirilmis ve frekans giiriiltii iligkileri ortaya ¢ikarilmigtir. Buna gore en
yiiksek giiriiltii tag kirma {initesinde meydana gelirken idari bina personeli en diisiik diizeyde giiriiltilye maruz
kalmiglardir. Maruziyet sinir degerini asan bolgeler paketleme ve tas kirma iiniteleridir. Ayrica 6l¢iim yapilan
bolgelerde calisanlarin maruz kaldigr maksimum giiriiltii diizeyleri orta frekans araligma, minimum giirtiltii
diizeyleri ise diisiik ve yiiksek frekans araliklarina denk gelmektedir. Tiim subelerde ¢alisanlarin maruz kaldigi
maksimum giiriiltii diizeyi 250 Hz ve 2500 Hz frekans araligindadir. Makinelerin olusturdugu giiriiltii diizeyleri
genis frekans araliginda olup, fabrikadaki giiriiltii kaynaklarmin ¢ikardigi maksimum sesler ince ses olarak
tanimlanmaktadir. Yapilan 6l¢iimler sonucunda fabrikadaki personelin ¢gogunlukla maruz kaldigr maksimum
giiriiltii diizeyleri insan kulaginin en hassas oldugu frekans bélgesinin disinda oldugu hesaplanmustir.

Anahtar Kelimeler: Giiriiltii maruziyeti, %5 oktav bant frekansi, spektral analiz, frekans-giiriiltii iligkisi, al¢t
fabrikasi.
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1. INTRODUCTION

While most people can hear sounds in the range of
20 Hz to 20000 Hz frequency, the human ear is not
equally sensitive to all frequencies [1]. There are
several approaches in the literature to describe the
frequency ranges that the human ear can handle as
low, medium and high frequency. Sounds lower
than 250 Hz are called low frequency sounds,
sounds between 250 Hz and 2000 Hz as medium-
frequency sounds and those higher than 2000 Hz
frequency are called high frequency sounds [2-4].
On the other hand, Brolin et al. [5] and Alves et al
[6] described sound lower than 200 Hz as low
frequency sounds.

High frequency sounds cause more hearing loss on
workers than low frequency sounds [7, 8]. On the
other hand, low frequency sounds create fatigue
and lead to concentration disorders [9]. It is stated
that the sounds in this frequency range may lead to
serious problems such as loss of balance, pressure,
high blood pressure, temporary memory loss,
pressure on the ears, effects on the entire body,
impaired cardiac rhythm and sleep disturbance [10-
12]. High frequency sounds are expressed to have
effects of high blood pressure, fatigue and hearing
loss [13].

The primary noise-induced damage to the human
health is temporary and permanent hearing loss.
Persons exposed to high noise may experience a
temporary hearing loss if the necessary precautions
are not taken. Temporary hearing loss can be
converted to permanent hearing loss if the period
of stay in a noisy environment is prolonged for
several years. The most sensitive hearing
frequency range the ear has is about 4000 Hz [14,
15]. Therefore, even if the person gets away from
the noisy environment and is unable to recover
from hearing deficiency, the situation can result a
long-term permanent hearing loss. This can
indicate a permanent occupational disease [16].
Temporary or permanent hearing loss and the
degree of loss are dependent on the level of
exposure being affected, the frequency content, and
the duration of the effect as well as the personal
sensitivity.

Ear protectors, which are active in personal
protection, are known to reduce noise intensity as
much as 30 dB(A) in low frequency and 50 dB(A)
in high frequency while polyurethane plugs placed
in the outer ear path reduce noise intensity as much
as 25dB(A) in low frequency and 40 dB(A) in high
frequency [7].

Since the frequencies of the sound sources are
different, they will not steer properly if the sound
waves are blocked by noise curtains. Low
frequencies (long wavelengths) are more distorted
when high frequencies (shorter wavelengths) are
less distorted. Therefore, noise curtains are
generally more effective in reducing high
frequency sounds [1, 17]. Low frequency sounds
are more difficult to block with barriers as they can
pass directly through the obstacle and can be
steered with relative ease. For this reason, thicker
sound-absorbing materials are required to reduce
the intensity of low frequency sounds compared to
high frequency sounds [18]. It is also difficult and
expensive to control low frequency sounds
technically. Sound insulation in buildings is not
practical, especially since it affects the design of
modern buildings. Closing the noise source is a
better option and will provide a more
comprehensive solution. The noise levels in the
machines producing low frequency sound can be
reduced by using vibration absorbing fasteners
[19]. Alptekin [20] suggests that the insulation type
and wall thickness have no positive effect on sound
absorption in high frequency sounds, that
insulation material and wall thickness are effective
on sound absorption in the frequency range of 200-
600 Hz, and that frequency values of city noise are
measured and insulation material be selected
accordingly.

The highest exposure action value (Lex, 8h) that
workers are exposed to according to A-frequency
weighting is 85 dB(A) and over [21-23].

2. FIELD WORK
2.1 Material and Method

In this study, noise exposure measurements were
conducted in accordance with the following
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standards; TS EN 1SO 9612-2009 “Acoustics -
Determination of occupational noise exposure -
Engineering method” and TS 2607 ISO 1999
“Acoustics - Determination of occupational noise
exposure and estimation of noise-induced hearing
impairment”. In order to evaluate noise exposure,
in both standards, based on the sound exposure
averaged over 8 hours (Lex-sh), the square root of
the arithmetic mean of the squares of the sound
pressure values (RMS) was defined. Besides, the
frequency-noise relation for assessing noise
exposure has also been studied.

Measurements were conducted with a high
sensitivity Class-1 Sound Level Meter and analyzer
that complies with the Environmental Hazard
Assessment and Management Regulation issued by
the Ministry of Environment and Urbanization
[24]. The sound meter meets the requirements
stipulated in IEC 61672-1: 2002 standard and has
an integral ¥ octave band filter for frequency
analysis. Noise measurements were performed

Table 1. Noise measurement results in gypsum plant.

with A, C and Z (linear) frequency weighting by
defining three separate profiles.

2.2 Noise Measurements

Noise measurements were made in a gypsum plant
in Sivas. The measurements were analyzed by
means of a packet program [25] used for noise-
vibration analysis and the results are given in Table
1. The units and processes that are measured in the
factory are given below: PLC room, administrative
building, quality control laboratory, shift
supervisor room, mechanical maintenance-repair
workshop, mixer laboratory, mixer additive area,
packing unit, packing bag control band, packing
bag stacking operator, building chemicals packing
unit, building chemicals mixer, stockroom and
finished product loading area, forklift operator,
stone crushing unit, stone crushing unit control
room, wheel loader, mill and packing unit cleaning
staff.

Measurement  Average  Filter, Dominant

place time defector  Lpek Liwx  Lawin  SPL Leq SEL Lia Lsa Lsa Loy Lexsn o frequency

mm:ss (dB) (dB) (dB) (dB) (dB) (dB) (dBA) (dBA) (dBA) (dBA) (iBA) (dBA) rance (Hz)
A Fast 1094 845 361 613 665 936 701 0.5 313 362 6.2 21

1 08:36 C.Fast 1094 994 690 757 775 1046 787 747 3 693 72 20 400-630
Z Fast 1148 1070 726 793 845 1116 833 780 755 73.0 842 20
A Fast 990 819 365 45% 626 907 4.5 456 39.6 33 623 24

1 10:47  C, Fast 990 857 516 646 692 973 722 4.0 61.0 B8 639 20 400-630
Z, Fast 900 %66 642 TI1  TRT 1008 4.8 70.8 61.8 652 724 20
AFat 1116 922 493 654 744 1023 768 625 520 502 741 23

3 10:24 C.Fast 1116 1020 718 767 BLS 1093 842 712 46 723 812 20 400-630
Z,Fast 1204 1127 792 830 877 1156 878 838 818 798 874 20
A Fast 96 711 603 623 638 919 65.1 627 613 0.3 435 20

4 10:37  C, Fast 946 831 TR 734 739 1020 750 735 721 10 736 20 250-400
Z, Fast 988 901 732 T 7T 1057 796 768 74.8 732 774 20
AFat 1066 937 770 803 811 1091 836 796 780 713 810 20

5 10:11 C Fast 1066 965 842 871 877 1155 04 871 835 843 874 20 400-800
L, Fast 1092 999 854 886 891 117.0 910 88.6 86.9 856 888 20
A Fast 1020 795 1 86 622 903 642 387 36.6 4.7 a1.8 20

6 10:45 C.Fast 1020 937 710 769 8LY 1097 858 783 74.3 718 814 20 315-630
Z,Fast 1112 1041 783 861 897 1177 925 884 831 788 894 20
A Fat 1120 972 749 780 803 1081 837 782 76.8 756 801 20

7 10:04 C Fast 1120 988 847 894 892 1170 908 8892 872 859 890 20 630-1000
Z,Fast 1136 1004 880 931 929 120.7 950 926 91 882 927 20
A Fast 1154 1003 823 874 886 1164 9.1 873 852 834 883 20

e 10:04 C Fast 1154 1011 903 939 937 1113 95.1 934 9.0 907 934 20 630-1600
Z,Fast 1160 1028 926 963 963 1M1 980 96.1 942 927 96.1 20
A Fat 1114 965 755 819 811 1101 [T 804 782 76.8 844 20

9 1040 C Fast 1114 984 827 846 870 1151 889 863 846 833 893 20 500-800
Z Fast 1118 990 g84% 898 895 1176 916 880 8.7 851 918 20
AFast 1089 967 725 815 820 1099 848 798 76.0 733 818 20

10 10:03 C Fast 1089 983 802 80 8.2 1140 885 849 827 813 859 20 630-1600
Z,Fast 1105 993 830 886 800 1168 909 885 8.1 840 887 20
AFat 1171 993 699 78E% 844 1124 883 788 742 10 841 21

11 10:30 C,Fast 1171 1079 762 828 885 1165 912 839 801 714 883 20 630-800
Z Fast 1178 10901 784 843 894 1174 916 855 820 797 892 20
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Maasurement  Average Filter, Domimant
place time detector  Lpea Luse  Luwn SPL Lo SEL L Luw La L Lexwss o frequency
mrm:ss () (dB) (iB) (dB) (dB) (dB) (dBA) (dBA) (dBA) (dBA) (dBA} (dBA) range(Hz)
A Fast 1104 43 e43 718 TIE 1033 801 758 68.1 66.8 713 21
12 10:15 C Fast 1104 1007 736 793 B24 1103 843 8L0 T3 47 824 20 630-1600
ZFast 1138 1056 760 818 854 1133 867 B33 803 0 851 20
A Fast 1132 089 623 740 2B 1108 B6.8 76.7 68.0 64.1 823 21
13 10:20 o Fast 1132 bos 713 81T 834 1133 B0 22 6.7 79 851 20 1250 -1600
ZFast 1135 1000 729 833 865 1144 900 B33 787 49 863 20
A Fast 1280 1071 630 824 837 1118 Bi6 82 4 658 B34 21
14 1047 C Fast 1280 1193 778 876 934 1237 8.0 a2 852 807 053 21 1250-2500
Z,Fast 1358 1372 790 883 1004 1387 1021 5.0 BR2 833 1043 21
A Fast 1280 1105 763 919 924 1204 943 80,0 B64 845 923 20
15 10:05 C,Fast 1289 1163 871 0876 988 1267 100.0 o960 938 914 986 20 315-1000
ZFart 1203 1165 386 093 998 1376 1011 982 948 2.7 983 20
A Fast 1110 267 333 621 63l 5] 6.3 04 513 56.0 4.9 20
16 10:00 ¢ Fast 1110 1010 708% 782 BR0O 1078 818 782 44 70 787 20 500-1250
ZFast 1141 1058 740 833 842 1120 856 B1B T8 5.1 839 240
A Fast 1083 232 93 638 614 038 7079 64.1 61.5 [T 673 20
17 10:34 C.Fast 1088 1000 767 848 B34 1116 859 811 85 Tl 854 20 250-500
ZFast 1136 1071 784 000 838 1168 90.9 843 BO.B 42 8835 21
A Fast 1103 035 773 848 BL7 1093 827 809 783 781 B4 20
18 10:06 ¢ Fast 1108 1008 862 911 904 1182 913 821 B8 865 901 20 500-2500
Z,Fast 1114 1016 381 931 925 1303 93.8 15 B8 883 922 20
A Fast 1070 o3s 714 783 79s 1077 817 783 6.5 FET FEX] 240
19 10:04 € Fast 1079 953 806 872 874 1132 839 872 852 823 872 20 630-2500
£, Fast  109.6 086 836 913 915 1193 93.8 10 B2 833 912 20
1 FLC reom 6 mixer laboratory 11 building chemicals packing unit 14 stone crushing unit contrel room
2 administrative building 7 mixer additive area 12 building chemicals mixer 17 wheel loader
3 quality control laboratory 3 packing unit 13 stockroom and finizhed product loading area 18 mill
4 shift supervisor room 9 packing bag control band 14 forklift operator 19 mill and packing unit cleaning staff
5 mechanical maintenance-repair workshop 10 packing bag stacking operator 15 stone crushing unit

The noise leel generated in the work areas in the
factory is collectively shown in Figure 1. The
following results were obtained by evaluating the
data.

a)

b)

Administrative  building  personnel  was
exposed to the lowest level of noise while the
highest noise was found in the stone crushing
unit.

Except for the staff in the PLC room,
administrative  building, quality control
laboratory, shift supervisor room, mixer
laboratory, building chemicals mixer, stone

d)

crushing unit control room, wheel loader, mill
and packing unit cleaning, the other staff
members in the study area were exposed to
noise levels higher than the minimum
exposure action value of 80 dB(A).

Except for the cleaning staff, the staff in other
studied areas were exposed to noise levels
higher than the minimum exposure action
value of 80 dB(A).

Areas exceeding the exposure limit value are
packaging and crushing units.
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Figure 1. Noise levels during operations on all branches of the gypsum plant.

3.

FINDINGS AND DISCUSSION

Within the scope of the study, !5 octave frequency-
noise relations of the measurements performed in
all branches were determined. The frequency-noise
relationship in all operations is shown in Figure 2.
The following results were obtained by evaluating
the data.

a)

b)

The dominant frequency ranges to which
employees are exposed in all branches are
varying (Table 1). Accordingly, there is no
working area where the dominant frequency
range is within the low frequency range. The
predominant frequency ranges correspond to
the medium frequency range and the
minimum noise levels correspond to the low
and high frequency ranges.

The noise levels of the forklift operator and
the packaging unit cleaning personnel are
close to the frequency range that the human
ear is sensitive to.

9)

h)

The noise values in all the branches that are
measured are in the wide frequency range.

Employees at the gypsum plant cannot hear
noise levels below about 40 Hz.

The effective noise level ranges exposed by
employees in all the branches that are
measured correspond to the frequency ranges
of the audiogram-hearing test analyzes.

Sounds from noise sources at the gypsum
plant can be described as subtle sound.

Since the dominant frequency ranges of noise
sources in the plant are not in the low
frequency ranges, it is easy to reduce the noise
intensity that workers are exposed to.

The peak frequency of the crushing unit is 800
Hz and the LEX,8h is 92.3 dB(A) while the
maximum noise level at the control room
(gypsum plastered brick wall) in the same
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place is 1250 Hz and the LEX,8h is 64.9
dB(A).

The peak frequency of vibrations at the mixer
doping zone is measured at 630-1000 Hz and
LEX,8h is 80.1 dB(A), while the maximum
noise level at the same control room (PVC-
coated wall) is measured as 315-630 Hz and
the LEX,8h is 61.9 dB(A).

The peak frequency of vibrations at the
mechanical maintenance-repair workshop is
measured at 630 Hz and LEX,8h is 81 dB(A),
while the maximum noise level at the PLC

K)

control room (PVC-coated wall) is measured
as 500 Hz and the LEX,8h is 66.2 dB(A).

The noise sources in the factory show different
behavior. Noise in the shift supervisor room,
the mechanical maintenance-repair shop, the
mixer doping area, the packaging unit, the
packaging control band, the mill and the
packaging cleaning personnel concentrates in
the narrow gap while noise exposed to in other
branches concentrate in the wider gap. An
exemplary sound pressure histogram is given
in Fig. 3 and Fig. 4.
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Figure 2. Frequency distribution of noise levels during operations on all branches of the gypsum plant.
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Figure 3. Forklift noise histogram.
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Figure 4. Shift supervisor room noise histogram.
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4. CONCLUSIONS

A total of 57 noise measurements were made for 19
different processes in all branches of the gypsum
plant. The measurements were evaluated using an
analysis package program. The branches where
noise measurement recordings were done are PLC
room, administrative building, quality control
laboratory, shift supervisor room, mechanical
maintenance-repair workshop, mixer laboratory,
mixer additive area, packing unit, packing bag
control band, packing bag stacking operator,
building chemicals packing unit, building
chemicals mixer, stockroom and finished product
loading area, forklift operator, stone crushing unit,
stone crushing unit control room, wheel loader,
mill and packing unit cleaning staff. According to
this, while the highest noise was found in the stone
crushing unit, administrative building personnel
were exposed to the lowest level of noise. Except
for the staff in the PLC room, administrative
building, quality control laboratory, shift
supervisor room, mixer laboratory, building
chemicals mixer, stone crushing unit control room,
wheel loader, mill and packing unit cleaning, the
other staff members in the study area were exposed
to noise levels higher than the minimum exposure
action value of 80 dB(A). Areas exceeding the
exposure limit value are packaging and crushing
units. The maximum noise levels exposed by the
employees in all the branches that are measured
corresponding to the medium frequency range and
the minimum noise levels correspond to the low
and high frequency ranges.

NOMENCLATURE

dB A relative unit of measurement
widely used in acoustics, electronics

and communications.

dB(A) A voice evaluation unit in which the
human ear is particularly sensitive to
medium and high frequencies.

Lex, sh The sound exposure averaged over 8
hours (Lep,q)

Lmax Maximum sound level

Lmin Minimum sound level

L peak Peak sound pressure

SPL Sound pressure level

Leg Equivalent sound level

SEL Sound exposure level

Lio The noise level just exceeded for 10%
of the measurement period

Lso The noise level just exceeded for 50%
of the measurement period

Lo The noise level just exceeded for 90%
of the measurement period

Lo The noise level just exceeded for 99%
of the measurement period

c Measurement uncertainty
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