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Abstract

Occupational noise exposure is a serious physical risk factor leading to occupational diseases
including hearing loss. In this study, occupational noise measurements taken at seven natural
stone processing plants operating in Sivas, Turkey and its environs are evaluated in accordance
with the task-based assessment method given in TS EN ISO 9612-2009 standard. Though the
processes in natural stone processing plants are similar, significant differences were observed
in the noise levels, which are often above the limits specified in the relevant regulation. The
highest noise levels to which workers were exposed are S/T, bridge cutting, sizing/honing,
head/side cutting machines while the lowest noise levels were from narrow polishing machine
and gang saw machines. In plants B, F and G the S/T block cutting machines, in plants B and
D the head/side cutting machines, in plants C and E the sizing/honing machines and in plant
D the bridged cutting and narrow polishing machines exposed workers to noise levels above
the lowest exposure action value of 80 dBA. The bridge cutting machine in plant D exposed
the workers to noise levels above the highest exposure action value of 85 dBA. High noise
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emitting machines were proposed to be isolated in separate compartments.

1. Introduction

Noise or unwanted noise is one of the most common
pollutants that penetrate many aspects of our lives.
People exposed to noise in and/or outside the
workplace are adversely affected by both their health
and work efficiency [1, 2].

Research has shown that hearing loss is one of the most
common physical risk factors in the United States after
high blood pressure and joint disorders. It is also
reported that around 22 million workers (17%) are
threatened with hazardous noise levels (> 85 dBA) in
this country, and 19% of those exposed to noise have
hearing impairment. Hammer et al stated that in the
US, workers under the threat of hearing loss mostly
work in the mining, construction and manufacturing
sectors [3]. As far as the mining industry is concerned,
noise levels are higher than other sectors. Therefore,
noise exposure and noise-related hearing loss are
common in workers in this sector [4-7]. When the
occupational disease statistics between 2015 and 2019
are examined in Turkey, the ratio of the insured male
and female workers who had occupational diseases due
to noise exposure varied between 1.1% to 6.6% and 0%
to 7.5% of the total number of occupational diseases,

respectively [8].

Following the extraction and processing stages, natural
stones are used in various fields such as construction,
coating, flooring, sculpture, tombstone construction,
stone chips, porcelain, glass/optical industry and
ornaments. The world's richest deposits of natural
stone found in the Alpine zone is located in Turkey
with a total estimated reserve of 5.2 billion cubic
meters (13.9 billion tons). This corresponds to
approximately 33% of world’s total reserves [9, 10].
With its 335 million m? natural stone reserves, Sivas
has approximately 6.5% of the total reserve in Turkey.
Furthermore, travertine, which is by far the most
produced natural stone in the region, has a share of
18% in Turkey's potential [11, 12]. In 2019, Turkey's
natural stone exports amounted to 1.86 billion USD,
accounting for about 43% of national total mineral
exports [13].

Natural stone industry seeks the maximum use of labor
and technology in both quarries and processing plants.
Thus, due to the high number of machinery and
equipment used in this sector, safety measures to be
taken have also increased [14].
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Natural stone extraction and processing is based on
intensive manpower in Turkey and there are many
quarries and processing plants scattered throughout the
country. A typical operation starts with transportation
of natural stone blocks with various physical, textural
and mechanical properties to the plant. Large blocks of
uniform dimensions are cut into slabs using multi-wire
cutters, which comprise diamond wires that can cut the
block in a vertical direction. Similarly, irregular blocks
are cut into strips with block cutters that are equipped
with a large diameter diamond saw blade to cut blocks
in a vertical direction. Strips are further processed to
reduce the product into desired dimensions. Following
the main cutting and size reduction operations, natural
stone slabs or tiles are treated in various processes to
remove cutting marks and to give an appearance
suitable for the intended use. These include polishing,
honing, ageing, sanding and bush hammering. All
these processes are carried out simultaneously in a
space-restricted environment where workers indoors
can be exposed to high levels of noise [15].

Studies in natural stone processing plants revealed that
noise emission by equipment may pose a risk in terms
of safety and health of employees [16-22]. Fisne noted
that noise exposure can cause significant physiological
reactions on employees such as increased blood
pressure, acceleration in heart rate and respiration, low
cerebrospinal fluid pressure, sudden reflexes and
headache [23]. Kumari ef a/ conducted hearing tests on
employees in 30 marble factories in Rajasthan, India.
20% of the employees had mild hearing loss, 16.67%
had moderate hearing loss, 36.67% had moderate and
severe hearing loss and 26.66% had severe hearing loss
[24]. Rutilo et al investigated workers’ noise exposure
in two marble quarries in Brazil where noise levels
varied between 95.0 dBA and 103.3 dBA [16]. In the
study where the main sources of noise were identified
as marble cutting and polishing machines, it was
suggested that workers use personal protective
equipment. In a natural stone processing plant, Aritan
and Timer recorded a noise emission level of 86.9
dBA during the operation of the diamond wire cutting
machine stating that given the noise level, health of
employees would be at risk and the possibility of
occupational diseases may increase by prolonged
exposure to loud noise [19].

Noise _Measurement _Strategy TS proposes three
different measurement strategies for the determination
of noise in workplaces [25]. These are

Task-based noise measurement: This is the noise
measurement method used in cases where the work
performed in shifts is analyzed and divided into sub-
tasks, the duration of each task can be determined
precisely, a small amount of change is observed in the
sound level (stable noise) and many workers do similar
work in the same noise environment. In this method,
each measurement time must be long enough to
represent the average equivalent continuous sound
pressure level for the actual task. Each task requires
three measurements each at least five minutes. If the
task takes less than five minutes, the duration of the
measurement shall be equal to the duty time. For longer
tasks, the duration of each measurement should be at
least five minutes. However, if the noise level is
determined to be constant or reproducible or if the
noise in the task is considered to be a minor
contribution to total noise exposure, the duration of
each measurement can be reduced [25-27].

Job-based noise measurement: When it is difficult to
allocate tasks to a specific job or if the duration of the
tasks varies greatly then this noise measurement
method is applicable. In this method, homogeneous
noise exposure groups are determined per job title,
duties, working areas or occupations of the employees.
Employees in the group consist of people who do the
same job and are expected to be exposed to similar
noise during one working day. A random sound
pressure level is measured from the group and is
considered to represent the entire group [25-27].

Full-time noise measurement: This method is used in
cases where detailed job analysis is difficult to perform
or when it is difficult or it cannot be determined to
define the work done and working time or noise
exposure of the employees is complex and cannot be
estimated. In this method, sound pressure level is
continuously measured during full working days [25-
27]. Choice of the measurement strategy usually
depends on a number of factors such as type of work,
complexity of the work situation, number of
employees, duration of work and the appropriate time
for measurement and analysis. Noise measurement
strategies are given in Table 1 [25].
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Table 1. Basic measurement strategy selection [25]

Type or order of work 1. Strategy 2. Strategy 3. Strategy
Task-based Job-based Full-day

measurement  measurement  measurement

Stationary place O+ ) )

- Simple or single task

Stationary workplace

- Complex or multitasking O © ©

Employee on Wheels

- Predictable work-few tasks O © ©

Employee on Wheels © © O+

- Predictable work-multiple tasks or complex work order

Employee on Wheels ) © O+

- Unpredictable work order

Fixed or roaming employee i o+ ©

- Multiple tasks with indefinite duty duration

Fixed or roaming employee i O+ ©

- Multiple tasks with indefinite duty duration

© Strategy can be used.
* Recommended strategy

2. Materials and Methods

In this study, noise exposure of workers in natural
stone processing plants has been evaluated in
accordance with the task-based measurement method
of TS EN ISO 9612-2009 standard. Field
measurements were carried out using a high-precision
sound level meter capable of 5 octave real-time
frequency analysis. The instrument is suitable for all
noise measurements stated in the Regulation of
“Assessment and Management of Environmental
Noise” issued by the Ministry of Environment and
Urbanization of Turkey (Figure 1). The sound level
meter was calibrated with an acoustic calibrator before
and after each measurement round.

Article 5 of the Regulation on the “Protection of
Employees from Noise-Related Risks” has specified
three threshold levels for 8-hour time-weighted

i
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average noise level (Lgx, sn) for a worker’s noise
exposure; the lowest exposure action value of 80 dBA,
the highest exposure action value of 85 dBA and the
exposure limit value of 87 dBA [28]. Hereafter, these
threshold values will be called as EAV., EAVy and
ELV, respectively.

Noise measurements were taken from seven natural
stone processing plants operating in Sivas and its
environs. Measurements were taken when the
personnel were wearing personal protective equipment
in the form of earplugs, corded earplugs and to a lesser
degree helmet mounted earmuffs. In accordance with
the agreements made with the management of natural
stone processing plants, the company names are coded
from A to G throughout the text in order to avoid any
misunderstanding. Each plant operated some or all of
the machinery given in Table 2.

Figure 1. Sound level meter [29]
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Table 2. Distribution of noise generating machines

Machine name Representative image Quantity
Gang saw =1 Plant A > 1
PlantB > 1
Used for cutting natural stone blocks into plates PlantC > 1
of certain thickness. PlantD > 1
PlantE > 1
Total 5
Bridge cutting machine Plant A > 1
PlantB > 1
Used for cutting natural stone plates to PlantC > 1
appropriate sizes. PlantD > 1
Total 4
S/T machine Plant A 2> 1
PlantB > 1
Used for cutting natural stone blocks to a certain PlantC > 1
thickness. PlantD > 1
PlantE > 1
PlantF > 1
Plant G > 1
Total 7
Head/side cutting machine Plant A > 1
PlantB > 1
Used for cutting and straightening the ends of PlantC > 1
natural stone plates. PlantD > 1
PlantF 2> 1
Plant G > 1
Total 6
Sizing/honing machine Plant A > 1
PlantB > 1
Used to cut natural stone plates with proper PlantC > 1
precision and to remove surface roughness. PlantE > 1
Plant G > 1
Total 5
Narrow polishing machine Plant A > 1
PlantB > 1
Used for grinding and polishing natural stone PlantC > 1
plates of certain sizes (30 cm - 45 cm). PlantD > 1
Plant G > 1
Total 5

3. Results and Discussion

Noise exposure of workers in natural stone processing
plants were recorded and evaluated in accordance with
TS ENISO 9612-2009 standard. It should be noted that
the following machines in all natural stone processing
plants were evaluated individually: gang saw, bridge
cutting machine, S/T machine, head cutting machine,
side cutting machine, sizing/honing machine and
narrow polishing machine. Thus, the sound pressure
level recorded by the noise level meter reflected the
noise emission of a specific machine at a particular
moment on which other machinery were accepted not

in operation. Table 3 summarizes the continuous sound
level in dBA equivalent to the total sound energy
measured over the sampling period (Lpaeqr,m), daily
noise exposure for a nominal 8-hour working day
(Lex snm), noise level (Lepon) equivalent for a specific
working time (h, hours) based on equations 1 and 2 and
time to reach EAVy, EAVy and ELV for a specific Laeg
[25]. For Plant A with an equivalent continuous sound
pressure of 88.8 dBA, a worker would reach the lowest
exposure action value of 80 dBA, the highest exposure
action value of 85 dBA and the exposure limit value of
87 dBA after working 66 minutes, 198 minutes and 318
minutes on the gang saw, respectively.
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1 . .
Lpaeqrm = 10 -log (221, 109 racarmi) dB (1)

T
Lix.shm = Lpgcqrm + 10 - log (E) dB (2)

Where

Lp,A,eqT,mi

Lex.snm

i : the number of task sample m

T : the arithmetic average duration of task m
1 : the total number of task samples m

To : the reference duration, To =8 h.

: the A-weighted equivalent continuous sound pressure level during a task of duration 7m
: the noise contribution from task m to the daily A-weighted noise exposure level

Table 3. Calculated noise parameters in natural stone processing plants

Machine Plant code Working time
Laeq  Lexsn  Lepsn Lep an Lepon Leposn  EAVL  EAVyw  ELV
(dBA) (dBA) (dBA) (dBA) (dBA)  (dBA)  (min)  (min)  (min)
A 88.8 88.5 87.6 85.8 82.8 76.8 66 198 318
Gang B 88.6 88.3 87.4 85.6 82.6 76.6 66 210 330
saw C 94.7 94.4 93.5 91.7 88.7 82.7 16 51 84
D 89.3 89.0 88.1 86.3 83.3 77.3 57 180 282
E 84.5 84.2 83.3 81.5 78.5 72.5 174 540 846
Bridge A 92.8 92.5 91.6 89.8 86.8 80.8 25 84 126
cutting B 95.9 95.6 94.7 92.9 89.9 83.9 13 39 60
machine C 87.8 87.5 86.6 84.8 81.8 75.8 80 252 402
D 103.5 103.2 102.3 100.5 97.5 91.5 - - 11
A 96.1 95.8 94.9 93.1 90.1 84.1 12 37 59
B 101.1  100.8 99.9 98.1 95.1 89.1 - 12 19
ST C 98.8 98.5 97.6 95.8 92.8 86.8 6 20 32
machine D 96.8 96.5 95.6 93.8 90.8 84.8 10 32 51
E 94.6 94.3 93.4 91.6 88.6 82.6 17 54 84
F 100.0  99.7 98.8 97.0 94.0 88.0 - 16 24
G 98.5 98.2 97.3 95.5 92.5 86.5 - 22 34
A 96.7 96.4 95.5 93.7 90.7 84.7 10 32 52
Head/side B 99.3 99.0 98.1 96.3 93.3 87.3 - 18 28
cutting C 93.3 93.0 92.1 90.3 87.3 81.3 22 70 113
machine D 99.9 99.6 98.7 96.9 93.9 87.9 - 16 25
F 91.7 91.4 90.5 88.7 85.7 79.7 32 102 162
G 95.3 95.0 94.1 92.3 89.3 83.3 14 45 72
A 93.6 93.3 92.4 90.6 87.6 81.6 21 66 105
Sizing/honing B 95.9 95.6 94.7 92.9 89.9 83.9 12 39 61
machine C 100.3 100.0 99.1 97.3 94.3 88.3 - 14 22
E 100.1 99.8 98.9 97.1 94.1 88.1 - 15 23
G 93.0 92.7 91.8 90.0 87.0 81.0 24 76 120
A 89.1 88.8 87.9 86.1 83.1 77.1 59 186 294
Narrow B 94.9 94.6 93.7 91.9 88.9 82.9 16 49 78
polishing C 86.5 86.2 85.3 83.5 80.5 74.5 108 336 540
machine D 97.2 96.9 96.0 94.2 91.2 85.2 - 29 46
G 92.7 92.4 91.5 89.7 86.7 80.7 26 82 129

Among the gang saw machines, the equivalent noise
level (Lacq) varied between 84.5 dBA in Plant E and
94.7 dBA in Plant C, averaging 94.0 dBA. This result
is consistent with the literature where Cinar and
Sensogiit measured 87.51 dBA in the sheet machine
[17]. Considering the legal limitations, daily noise

exposure of workers in all plants except Plant E is
higher than EAVy and ELV. If the situation is
examined from another perspective, the following
conclusions are reached. The workers operating the
machines in Plants A, B, C, D and E reach the EAVL
after 66, 66, 16, 57 and 174 minutes of work,
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respectively. Similarly, Plants A, B, C and D reach the
ELV before the end of a typical shift while Plant E
remains in the lowest exposure action zone. The daily
equivalent noise exposures of the workers on the gang
saw machines among processing plants calculated
using Equation 1 and 2 are given in Figure 2.

Among the bridge cutting machines the equivalent
noise level (Lacq) varied between 87.8 dBA in Plant C
and 103.5 dBA in Plant D, averaging 102.90 dBA. A
difference of 15.7 dBA reveals the fact that the highest
equivalent sound pressure recorded on bridge cutting

95

machines was 6.1 times the lowest one. When the
limits specified in the relevant Regulation are taken
into account, the daily equivalent noise exposure of
employees working on bridge cutting machines
exceeds the EAVy and ELV before the end of the shift.
The workers operating the machines in Plants A, B and
C reach the EAV after 25, 13 and 80 minutes of work,
respectively. However, the machine in Plant D
immediately exposes its operator to the EAVi, EAVy
and ELV after two, ten and eleven minutes,
respectively.

Equivalent sound pressure (dBA)

65

0,2 0,5 1,0 2,0 3,0 4,0

5,0 6,0 7,0 75 8,0

Operating time (hours)

Plant A
Plant E

e Plant B

= == Lowest exposure action value

Plant C

Highest exposure action value= -

Plant D

- Exposure limit value

Figure 2. Time-dependent equivalent noise exposure of workers on gang saw machines

The noisiest machines in natural stone processing
plants are S/T machines. The equivalent noise level
(LAeq) varied between 94.6 dBA in Plant E and 101.1
dBA in Plant B, averaging 100.29 dBA. Measurement
results are compatible with previous studies where
Lindawati et al recorded a noise level of 94 dBA and
96 dBA when the S/T machine was idle at a marble
factory in South Aceh, Indonesia [22]. A difference of
6.5 dBA gives a 2.1 times higher sound pressure level
between the highest and the lowest equivalent sound
pressure. The daily equivalent noise exposure of
employees working on S/T machines exceeds the ELV
before the end of the shift. The workers operating the
machines in Plants A through G reach the ELV after
59, 19, 32, 51, 84, 24 and 34 minutes of work,
respectively.

The difference between the equivalent noise level
(Laeq) measured on the head/side cutting machines is
8.2 dBA. The processing plant of the highest noise
level is Plant D with 99.9 dBA and that of the lowest
noise level is Plant F with 91.7 dBA, averaging 99.22
dBA. A similar result supporting this study was
reported by Engin et al on the head/side cutting
machine with 90 dBA when in operation and 82 dBA
when idle [21]. The Lgxsn calculated on head/side
cutting machines in all natural stone processing plants
exceeded the EAVy and EAVy as well as the ELV
specified in the relevant regulation. The workers
operating the machines in Plants A, B, C, D, F and G
reach the ELV after 52, 28, 113, 25, 162 and 72
minutes of work, respectively.
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The equivalent noise level (Lacq) measured in
sizing/honing machines ranged between 93.0 dBA at
Plant G and 100.3 dBA at Plant C, averaging 99.81
dBA. The 7.3 dBA difference between the lowest and
highest measured values corresponds to a 2.3-fold ratio
between equivalent pressure levels. In a similar study,
Cmar and Sensogiit presented the noise level of a
sizing machine in a marble processing plant as 96.74
dBA [17]. The Lgxgsn calculated on sizing/honing
machines in all natural stone processing plants
exceeded the EAVy and EAVy as well as the ELV
specified in the relevant regulation. The workers
operating the machines in Plants A, B, C, E and G
reach the ELV after 105, 61, 22, 23 and 120 minutes of
work, respectively.

The difference between equivalent noise levels (Lacq)
measured in narrow polishing machines in natural
stone processing plants is 10.7 dBA corresponding to a
3.4-fold ratio between the lowest equivalent pressure
level of 86.5 dBA at Plant C and the highest equivalent
pressure level of 97.2 dBA at Plant D, averaging 96.50
dBA. The workers operating the machines in Plants A,
B, C and G reach the EAVL after 59, 16, 108 and 26
minutes of work, respectively. Similarly, Plants A, B,
D and G reach the ELV before the end of a typical shift
while Plant C remains in the highest exposure action
zone.

When the evaluations are made on the plant basis, the
following conclusions are reached when the daily
equivalent noise exposure is regarded. At Plant A, the
highest noise exposure is caused by the head/side
cutting machine with 96.4 dBA and the lowest
exposure by the gang saw with 88.5 dBA, giving a
2.48-fold ratio in terms of sound pressure. Time-
dependent equivalent noise exposure of workers in
Plant A is depicted in Figure 3. At Plant B, the highest
noise is emitted by the S/T machine with 100.8 dBA
while the lowest by the gang saw with 88.3 dBA,
giving a 4.22-fold ratio in terms of sound pressure. At
Plant C, the sizing/honing machine was the noisiest
unit with 100.0 dBA while the narrow polishing
machine was the quietest with a daily equivalent sound
pressure level of 86.2 dBA. These values correspond
to a 4.90-fold difference in terms of daily equivalent
sound pressure. At Plant D, the highest noise level was
sourced from the bridge cutting machine with 103.2
dBA and the lowest noise level from the gang saw with
89.0 dBA, giving a 5.13-fold ratio in terms of sound
pressure. At Plant E, the sizing/honing machine was
the noisiest unit with 99.8 dBA while the gang saw was
the quietest with a daily equivalent sound pressure
level of 84.5 dBA, corresponding to a 5.82-fold
difference in terms of daily equivalent sound pressure.
At Plant F, the highest noise sourced from the S/T

machine with 99.7 dBA while the lowest by the
head/side cutting machine with 91.4 dBA, giving a
2.60-fold ratio in terms of sound pressure. At Plant G,
the S/T machine was the noisiest unit with 98.2 dBA
while the narrow polishing machine was the quietest
with a daily equivalent sound pressure level of 92.4
dBA, corresponding to a 1.95-fold difference in terms
of daily equivalent sound pressure.

Among the seven natural stone processing plants
where the noise exposure measurements were taken the
S/T machine, the sizing/honing machine, the bridge
cutting machine and the head/side cutting machine had
the highest noise level at three, two, one and one plant,
respectively. On the other hand the gang saw, the
narrow polishing machine and the head/side cutting
machine had the lowest noise level at four, two and one
plant, respectively. According to these results, the S/T
machine has the highest noise level and the gang saw
has the lowest noise level.

4. Conclusions

Within the scope of this study, a total of 96 noise
measurements were taken on six different machine
groups encompassing gang saw, bridge cutting, S/T,
head/side cutting, sizing/honing and narrow polishing
machines in seven natural stone processing plants in
Sivas, Turkey. Measurements were evaluated in
accordance with task-based measurement method
given in TS EN ISO 9612 (2009) ‘“Acoustic-
Occupational Noise Exposure  Determination-
Engineering Method” standard.

Evaluation of the measurements indicated a large
difference between the noise levels produced by the
same type of machines operated in different processing
plants. The machines with the highest noise level are
bridge cutting, S/T, sizing/honing and head/side
cutting machines. Compared to these machinery,
narrow polishing machines and gang saws produce less
noise. In this context, the maximum daily equivalent
noise level (Lgx,sn) is generated by the bridge cutting
machine at 103.2 dBA operating in Plant D while the
minimum level by the gang saw at 84.2 dBA in Plant
E.

Considering daily equivalent noise levels, noise
generated by all natural stone processing machines is
above the minimum and maximum exposure action
values and exposure limit values specified in the
relevant Regulation. Therefore, workers must be
protected against hearing-related occupational diseases
with appropriate measures including but not limited to
isolating high-noise emitting machines in separate
compartments, placing barriers between the noise
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source and employees, maintaining stone-processing and finally, using hearing protectors suitable for high-
machinery, operating noisy machines during shifts frequency noise.
when fewer people are exposed, shortening the shift

100

Equivalent sound pressure level (dBA)

70

0.2 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 7.5 8.0
Operating time (hours)

Gang saw ——Bridge cutting machine —— S/T machine

Head cutting machine Sizing/honing machine

Narrow polishing machine
= = Lowest exposure action value Highest exposure action value === Exposure limit value

Figure 3. Time-dependent equivalent noise exposure of workers in Plant A
Acknowledgement

This paper is supported by the Scientific Research

Project Fund of Sivas Cumhuriyet University under the

project number M-713.

Conflicts of interest

The authors have stated that they have no conflicts of
interest.

1002



Duran et al. / Cumhuriyet Sci. J., 41(4) (2020) 995-1004

References

[1] Mihailovic A., Grujic S.D., Kiurski J., Krstic J.,
Oros 1., Kovacevic 1., Occupational Noise In
Printing Companies, Environmental Monitoring
and Assessment, 181 (1-4), (2011) 111-122.

[2] Mandal P., Prakash M., Bassin J. K., Impact of
Diwali celebrations on urban air and noise quality
in Delhi City, India, Environmental Monitoring
and Assessment, 184, (2012) 209-215.

[3] Hammer M.S., Swinburn T.K., Neitzel R.L.,
Environmental noise pollution in the United
States: developing an effective public health

response, Environmental Health Perspectives,
122 (2), (2014) 115-119.

[4] McBride D.I., Noise-induced hearing loss and
hearing conservation in mining, Occupational
Medicine, 54 (5), (2004) 290-296.

[5] Ritzel D.O., McCrary-Quarles A.R., Hearing loss
prevention and noise control, Umwelt und
Gesundheit, (1), (2008) 22-29.

[6] Onder M., Onder S., Mutlu A., Determination of
noise induced hearing loss in mining: an
application of hierarchical loglinear modelling,

Environmental Monitoring and Assessment, 184
(4), (2012) 2443-2451.

[7] Moroe N.F., Khoza-Shangase K., Research into
occupational noise induced hearing loss in South

African large-scale mines, A4S Open Research,
1(4), (2018) 2-20.

[8] SSI statistical yearbooks, Republic of Turkey
Social Security Institution, Ankara (2020).

[9] Bilim N., Diindar S., Keke¢ B., General view of
our natural stone production and its importance
for our country (In Turkish), Proceedings of 2nd

Int. Symp. on Innovative Approaches in Scientific
Studies, ISAS 2018-Winter, (2018) 117-120.

[10] MT, Natural stones, The Ministry of Trade of
Turkey, Ankara, (2019) 9.

[11] Gencer L., Natural stone (marble) mining and its
status in Sivas (In Turkish), Proceedings of 2nd
Mining City Sivas-1I Congress, Sivas, (2012) 186-
192.

[12] Ayaz M Emrah., Important mines deposits
developing based on the complex geological
structure of Sivas region and new findings of
MTA in Sivas region, MTA Natural Resources
and Economy Bulletin 16, Ankara, (2013) 71.

[13] IMIB, 2019 Mineral export report, Istanbul
Mineral Exporters Association, Istanbul (2020).

[14] Eleren A., Ersoy M., Application of failure modes
and effects analysis method on comparing work
safety of diamond wire and chain saw cutting
methods in marble quarries (In Turkish), Journal
of TUBAV Science, 4(1), (2011) 9-19.

[15] Ugur 1., Giindiiz L., The evaluation of polishing
characteristics for narrow polishing-wider
polishing and rough polishing cycles in marble
processing factories (In Turkish), Proceedings of
4th Turkish Marble Symposium (MERSEM),
Afyon, (2003) 99-116.

[16] Rutilo P, Melo Neto., Emilia R, Kohlman
Rabbani., Bedac Barkokébas Junior., Eliane M.
G, Lago., and Jonathas B de A Freitas.,
Quantitative noise analysis at two marble
finishing plants in Olinda, Pernambuco, Brazil,
Work, (41), IOS Press, (2012) 5850-5852.

[17] Cmar 1., Sensdgiit C., Determination of exposure
value of noise on workers in marble processing
plant, Proceedings of the Symposium on
Occupational Health and Safety in Mining,
Adana, (2015) 335-344.

[18] Tastan H.T., Assessment of noise exposure in
granite  factories (In  Turkish),  Thesis
Occupational Health and Safety Expertise,
Ministry of Labor and Social Security, Directorate
General of Occupational Health and Safety,
Ankara, (2016) 151.

[19] Aritan A E., Timer M., Investigation of
environmental conditions in a natural stone
factory using monolamella machine (In Turkish),
Cukurova University Journal of the Faculty of
Engineering and Architecture, 32(4), (2017) 185-
192.

[20] Jain A., Gupta N., Bafna G., Mehta B., Impact of
noise exposure on hearing acuity of marble
factory workers, Indian Journal of Physiology
and Pharmacology, 61(3), (2017) 295-301.

[21] Engin C.I., Ozkan E., Cetin S., Determination of
risky areas at the marble workshops in terms of
noise, Acoustics Australia, (47), (2018) 79-90.

[22] Lindawati L., Fitriadi N., Afdhal M.I., Analysis of
noise level generated by stone cutter machine - A
case study in marble production unit, South Aceh,

Jurnal Inovasi Teknologi dan Rekayasa, 3(1),
(2018) 53-58.

1003



Duran et al. / Cumhuriyet Sci. J., 41(4) (2020) 995-1004

[23] Fisne A., Investigation of noise conditions,
statistical analysis of noise exposure levels and
risk assessment in Turkish Hard Coal Enterprise
(In Turkish), Doctorate thesis, Istanbul Technical
University Graduate School of Natural and
Applied Sciences, Istanbul, (2008) 194.

[24] Kumari S., Bafna G., Singh Y., The effect of noise
pollution on hearing in marble factory workers of
Ajmer, Rajasthan: A case study, International

Journal of Clinical and Biomedical Research,
1(4), (2015) 34-38.

[25] TS EN ISO 9612, Acoustics - Determination of
occupational mnoise exposure - Engineering
method, Turkish Standards Institution, (2009)

[26] Ozmen A., An explanation with examples and
field applications on provisions of the regulation
about protection of workers from risks associated
with the noise (In Turkish), Thesis Occupational
Health and Safety Expertise, Ministry of Labor
and Social Security, Directorate General of
Occupational Health and Safety, Ankara, (2014)
151.

[27] Liguori C., Ruggiero A., Russo D., Sommella P.,
Task-based measurements for estimating the
workers' exposure to acoustic noise, Proceedings
of 2018 IEEE International Instrumentation and
Measurement Technology Conference (I2ZMTC),
(2018) 1-6.

[28] MLSS, Regulation on the protection of employees
from noise-related risks (In Turkish), The
Ministry of Labor and Social Security of Turkey,
Ankara (2013)

[29] Svantek SVAN 971 pocket-size sound level
meter&analyser, user manual. SVANTEK Sp. z
0.0., Warsaw, Poland (2012)

1004



