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ARASTIRMA MAKALESI RESEARCH ARTICLE

Noise Exposure Levels in Black Tea Processing Factories and Its Effects on Employees

Siyah Cay Uretim Tesislerinde Giiriiltii Maruziyet Diizeyleri ve Calisanlar Uzerindeki Etkileri

Giyasettin CICEK"", Sarp Korkut SUMER?
Abstract

The aim of this study was to determine the daily noise exposure levels in black tea processing factories and to
evaluate its effects on employees' occupational health and safety. In the study, the sound pressure level dBA values
were measured at the ear levels of the employees in each production unit in three tea factories operating in Artvin
Province. These factories where the measurements were made consist of withering, curling, oxidation, drying
(boiler and stove) and classification units. These units include various systems and mechanisms formed by
conveyors, fans, steam heaters, boilers, reducers, pallets, hoods, screens, gears, and drums. In the measurements
performed considering the ISO 9612:2009 (Acoustics Determination of Occupational Noise Exposure Engineering
Method) standard, a sound pressure level meter in Type-2 class complying with the requirements of the IEC 61672-
1: 2002 was used. A weighted equivalent sound pressure levels were determined using the measured values.
Considering these values and working times, personal daily noise exposure levels were calculated. It was
determined that the equivalent sound pressure levels and daily personal noise exposure levels at the employee ear
level were in the range of 77-87 dBA and 74-83 dBA, respectively. Curling units have the highest equivalent sound
pressure level (86.81 dBA) and daily personal noise exposure level value (83.10 dBA) compared to other units,
while boilers have the lowest equivalent sound pressure level (76.75 dBA) and daily personal noise exposure level
value (73.55 dBA). Considering the regulation on protection of employees from noise related risks, it was
concluded that the daily noise exposure level reached the lower exposure action value (80 dBA) in these factories.
The study showed that the health and work efficiency of the employees could be adversely affected by noise in tea
factories, considering various research results and Regulations on noise.
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Ozet

Bu ¢aligmanin amaci, siyah ¢ay fabrikalarindaki giinliik giiriiltii maruziyet diizeylerini belirlemek ve ¢alisanlarin
is saglig1 ve giivenligi lizerindeki etkilerini degerlendirmektir. Calismada Artvin ilinde faaliyet gosteren {i¢ cay
fabrikasinin her bir iiretim biriminde galisanlarin kulak seviyelerinde ses basing diizeyi dBA degerleri 6l¢iilmiistiir.
Olgiimlerin yapildig1 bu fabrikalar soldurma, kivirma, oksidasyon, kurutma (kazan ve soba) ve simiflandirma
birimlerinden olugmaktadir. Bu {initeler; konveyorler, fanlar, buharli 1siticilar, kazanlar, rediiktorler, paletler,
davlumbazlar, elekler, disliler ve tamburlardan olusan ¢esitli sistem ve mekanizmalari igermektedir. ISO 9612:
2009 (Mesleki Giiriilti Maruziyet Miihendisligi Yontemi) standardi dikkate alinarak yapilan 6lgtimlerde IEC
61672-1: 2002 sartlarma uygun Tip-2 smifinda bir ses basing diizeyi 6lger kullanilmustir. Olgiilen degerler
kullanilarak A agirlikli esdeger ses basinci seviyeleri belirlenmistir. Bu degerler ve caligma siireleri dikkate
almarak kisisel giinliik giiriiltii maruziyet seviyeleri hesaplanmistir. Calisanlarin kulak seviyesindeki esdeger ses
basing seviyeleri ve giinliik kisisel giiriiltii maruziyet seviyelerinin sirastyla 77-87 dBA ve 74-83 dBA araliginda
oldugu belirlenmistir. Olgiim yapilan tiim {initeler igerisinde, kivirma {initelerinin diger iinitelere kiyasla en yiiksek
esdeger ses basing seviyesine (86.81 dBA) ve giinliik kisisel giiriiltii maruziyet seviyesine (83.10 dBA) sahipken,
kazanlarin en diisiik esdeger ses basing seviyesine (76.75 dBA) ve giinliik kisisel giiriiltii maruziyet seviyesi
degerine (73.55 dBA) sahip oldugu tespit edilmistir. Calisanlarin giiriiltiiye bagl risklerden korunmasina iliskin
yonetmelik dikkate alindiginda, bu fabrikalarda giinliik giiriiltii maruziyet seviyesinin en diisiik giinliik kisisel
giiriiltli maruziyet eylem degerine (80 dBA) ulastig1 sonucuna varilmistir. Caligmada elde edilen veriler, ¢esitli
arastirma sonuglar1 ve giiriiltii yonetmeligi dikkate alindiginda, ¢alisanlarin is saglig1 ve giivenliginin yan1 sira is
verimliliginin ¢ay fabrikalarindaki giiriiltiiden olumsuz etkilenebilecegini gostermistir.

Anahtar Kelimeler: Cay iiretimi, Giiriiltii 6l¢iimii, Ses basing diizeyi, Is saglig1, Ergonomi
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1. Introduction

Tea is the most frequently consumed drink worldwide, next to water, and about 75% of the total world tea
production includes black tea (Saptashish and Jolvis, 2016). Tea production is carried out in 45 countries in the
tropics and subtropical climate zones. Countries with the greatest tea cultivation area in the world are China, India,
Sri Lanka, Kenya, Indonesia, Vietnam, and Turkey. Turkey located 197 tea factories, seventh in terms of the width
of tea cultivation area (76 thousand hectares) ranks fifth in dry tea production (243 thousand tons) (FAO 2016). In
dry tea processing, wet tea leaf goes through withering, curling, oxidation, drying (boiler and stove) and
classification processes. Although the machines used in these processes provide advantages such as reducing
workload and decreasing dependence on people, they can also cause some negative working conditions (Crocker,
2007). One of the risk factors causing these conditions is noise. Noise can have negative effects on employee
health in terms of physical, physiological, psychological and performance (Sabanci and Siimer, 2015; Erdogan ve
Yazgan, 2007). The effects of noise in indoor studies have attracted the attention of many researchers and studies
have been carried out to determine noise levels and their effects on people in factories.

Yagmur (2016) conducted a study on the evaluation of the vibration and noise exposures of workers in flour
production and put forward some protective and preventive suggestions. In a study conducted by Goniillii et al.
(2002), the sources that cause noise according to the types of processes at the different indoor industries were
defined and the equivalent sound pressure levels (Leq) were determined. Konuklar (2016) carried out a study to
determine the noise exposures of workers in weaving factories. Daily personal noise exposure levels of the
employees were determined with the task-based measurement strategy. Ege et al. (2003) carried out a study on
determining noise levels and evaluating their effects in textile factories. Ates and Alagdz (2018) measured sound
pressure levels (dBA) in a factory manufacturing agricultural machinery and evaluated their effects on workers
according to the relevant regulations. Ozgiiven (2012) determined the noise levels of some units (mixer, selector
and hammer feed crushing machine) used for post-harvest operations indoor and created noise maps.

In this study, task-defined noise level measurements were made by considering noise sources in tea factories,
daily noise exposure levels of employees were determined according to TS EN ISO 9612 standards, and the results
were evaluated, taking into account the varying activities within the factory. The current regulations and working
conditions were considered in the noise measurements made at the ear level of the employees and in the evaluation
of the results.

2. Material and Method

The study was carried out in three tea factories (F1, F2 and F3) in Artvin province. In the factories where the
measurements are made, all units were the same in terms of working principle. These factories consist of withering,
curling, oxidation, drying (boiler and stove) and classification units. In order to determine the measurement
strategy in the study, all factors (work, production, process, organization, employees, working time) that can
contribute to noise exposure were analyzed. When the daily noise exposure is composed of two or more periods
of noise exposure of different levels, their combined effect should be considered, rather than the individual effect
of each (OSHA, 2020). As a result of the analysis done with this approach, it was determined that the task-based
measurement strategy was suitable for the study and measurements were performed. According to the task-based
measurement strategy, all tasks performed by the employees within a working day were defined, the working time
of each task was determined precisely, and sound pressure level measurements were made for each task separately.

In the measurements, a SPL meter in Type-2 class complying with the requirements of IEC 61672-1: 2002 was
used. (TESTO 816-1). Calibration of sound level meter was performed by using Testo Schall IEC 60942 Class 2
calibrator complying with the of IEC 61672-1: 2002, which defines the SPL as 94 and 114 dBA. The measurements
of A weighted SPL (dBA) for all sub-tasks of the operators in each unit were conducted for about 5 min with three
replications at the ear levels of operators (ISO 9612:20009).

The measurements were performed by recording data every second and 300 values were obtained in each
repetition. Equivalent SPL (LAeq) values were calculated by Equation (1) using the obtained SPLs dBA. Durations
(Tm) for each task were determined by observing operators’ occupational activities in tea factories and
interviewing them.
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1 1 .
Lpseqrm = 10log [> 3 10013 acarmi] (Eq. 1)
where;

Ly aeqrmi - LAeq for task m, dBA

i : Task sample number
I : Total number of task samples
m : Task number

Equation (2) was used to calculate the relative contribution of each task to the daily personal noise exposure
levels of operators according to the task-based measurement strategy specified in the EN ISO 9612 standard, using
the Laeq values determined by Equation (1) and effective duration of each task in the working day.

Lexsnm = Lpaeqrm +10l0g [ 2] (Eq.2)
Where;
Lgx ghm : Laeq for task m contributing to the daily noise exposure level, dB(A)
T, : Effective duration of the working day for task m, h
T, : Reference duration, 8 h

Daily personal noise exposure levels were calculated with Equation (3).

Loy = 10log [Z:ﬂi—*gwﬂ'lxwﬁqm (Eq. 3)
Where;
Lex gn : Daily noise exposure level normalized to nominal 8 h working day, dBA
M : Total number of tasks

In the study, factory and production unit-based comparisons and evaluations were made considering the noise
parameters measured and calculated. The parameters were summarized with charts and graphs, including standard
deviation values. The possible effects of daily noise exposure values on operators were evaluated and discussed by
considering Directive 2003/10/EC of the European Parliament and of the Council (minimum health and safety
requirements regarding the exposure of workers to the risks arising from physical agents).

3. Results and Discussion

In the present study, it was determined that the equivalent continuous sound pressure level (Leq) in factories
ranged from 79.65 to 84.48 dBA and the daily exposure level (LEX) ranged from 75.73 to 79.45 dBA. When the
Leq, Lmax and Lex values determined for three factories are examined, it is seen that the values between factories
are close (Table I). Considering the averages of each unit for three factories, it was determined that the Leq values
in the units of factories varied between 76.75 dBA and 86.81 dBA, and the Lex values varied between 73.55 dBA
and 83.10 dBA (Table 2).

Curling units have the highest Leq (86.81 dBA) and LEX value (83.10 dBA) compared to other units, while
boilers have the lowest Leq (76.75 dBA) and Lex value (73.55 dBA). In the curling units, cleaning process is carried
out with compressed air for duration of 1 hour at randomized times. During the cleaning process, an average of
98.42 dB (A) Leq and 94.62 dB (A) Lex values were determined. These values can be explained as the most
important reason for the high noise parameters in the curling unit. Employees of the boiler unit spend most of their
time in the boiler room, and in case of necessity, they leave to control the boiler. Therefore, the noise parameters
determined for the boiler unit were found to be the lowest (Table 1, Figure I).

285



Cigek & Siimer

Noise Exposure Levels in Black Tea Processing Factories and Its Effects on Employees

Table 1. Leg, Luax and Lex values of units at the 3 factories

Tablo 1. Fabrikalarda tinitelere ait Leq, Lmax ve Lex degerleri

Noise parameters of the factories, dBA

Units F1 F2 F3
Leq Lmax LEX Leq Lmax LEX Leq Lmax LEX

Unloading 80.92+0.37  99.70+6.36 73.53+0.37  84.88+0.31 95.5043.50 79.37+0.31 81.12+6.34  89.97+1.86  74.63+6.34
Withering 70.00+0.98  86.17+5.06 67.59+0.98 87.83+6.56 94.20+3.48 82.39+6.56 78.17+0.57 86.50+420  71.40+0.57
Curling 84.70+2.09  91.47£1.05 86.57+2.09 89.44+0.45 95.47+1.90 83.68+0.45 86.28+0.32 93.03+3.44  79.06+0.32
Oxidation 82.36+0.17  89.40+0.26 77.05+0.17 81.37+2.94 90.03+4.63 76.66+2.94 84.11+0.35 90.27+0.32  79.16+0.35
Boiler 79.23+3.99  92.57+3.06 75.98+3.99  78.04+2.72 93.10+3.47 74.82+2.72 72.98+3.11  95.57+130 = 69.85+3.11
Oven 82.81+022  89.63£1.77 77.49+0.22 85.43+0.90 93.27+2.76 80.04£0.90 84.32+1.64 91.77+1.37  77.56+1.64
Classification 77.51+1.21  92.03+3.07 71.94+1.21 84.40+1.13 91.23+1.00 79.17+1.13 79.37+0.91  86.63+3.31  73.03+0.91
Averaged 79.65+129  91.57+2.95 75.73+129 84.48+2.14 93.26+2.96 79.45+2.14 80.91+1.89  90.39+226  74.96+1.89

Table 2. Averaged Leq, Lex and Lumax levels of factories in production units, dBA
Tablo 2. Unitelerin ortalama Leq, Lmax ve Lex degerleri
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Units Leq LEX Lmax

Unloading 82314234  75.84+£3.10  94.7245.41
Withering 78.67+2.70  73.80£7.69  88.96+4.54
Curling 86.81+0.95  83.10+£3.79  92.51+0.90
Oxidation 82.61+1.15  77.62+1.35  89.90+0.45
Boiler 76.75£3.27  73.55£3.26  93.74+1.60
Oven 84.19+0.92  78.36+1.45  91.56+1.83
Classification 80.43+1.08  74.71£3.90  91.38+4.45
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Sekil 1. Fabrikalarin ortalama Lmax, Leq ve Lex seviyeleri

Figure 1. Averaged Lmax, Leg and Lex levels of the factories
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Classification

Lmax, Leq and Lex parameters are generally determined in the studies conducted on the assessment of noise

levels in the workplace and evaluations are made considering these values. Considering Lmax values in evaluating
the effects of noise on people at workplace will not give realistic results. This value, which expresses the highest
(peak) SPLs among the values recorded during the measurement period, may vary depending on various external
factors (people's shouting, phone conversation, hammer drop, etc.). Even the equivalent SPLs are not sufficient to
evaluate the effects of noise. In order to evaluate the effects of ambient noise on workers, daily personal noise
exposure levels (Lex) calculated using the equivalent SPL and durations exposed should be considered. The
maximum noise level to which employees are permitted to be exposed within a working day (exposure action
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values) specified in the noise regulations refers to the daily personal noise exposure value (Lgx). In other words,
the noise exposure limits have been determined considering the Lex values. When the literature is examined, it is
possible to come across many studies in which the effects of noise on persons are evaluated only by determining
Leq and Limax values. In some of these studies, the equivalent SPLs determined have been incorrectly compared
with the noise exposure limits specified in the regulations. This approach is like comparing apples and pears. In
order to assess whether the employees work in accordance with the noise regulations, it is necessary to determine
the daily personal noise exposure levels of the employees. Thanks to this approach, the effects of measured ambient
noise on employees can be evaluated more accurately and adequate noise control measures can be effectively taken.
In tea factories, operators have 1 to 3 hours breaks within a working day. Approximately 0.5 hour of this period is
used for eating, and the rest is used for resting, toilet, smoking and similar needs (7able 3).

Table 3. Working and resting durations of employees, hour
Tablo 3. Unitelerde ortalama ¢alisma, dinlenme ve yemek siireleri, saat

Working time Resting Lunch
Unloading 4.67 2.83 0.5
Withering 5.67 1.83 0.5
Curling 5 2.5 0.5
Oxidation 5.83 1.67 0.5
Boiler 7.5 - 0.5
Oven 6 1.5 0.5
Classification 5.67 1.83 0.5
Averaged 5.76 1.74 0.5

The Leq values determined in the dining halls of the F1, F2 and F3 coded factories are 68.86 dBA, 83.28 dBA
ve 69.23 dBA, respectively. The fact that the resting areas are close to the working environments and that the
employees cause noise in the resting areas (talking loudly, listening to television loudly, not closing the door, etc.)
may cause changes on these values. A short duration spent in a less noisy ambiance can significantly reduce the
employee's personal daily noise exposure level. For example, at the oven unit of F1 coded factory, the Leq value
was determined as 82.81 dBA, however the Lex value of the operator, who had a 2-hour break, was calculated as
77.49 dBA.

The noise, which is one of the most important detrimental factors affecting the employees’ carelessness,
tiredness, and working capacity, should be reduced to safety limits (Stimer et al., 2006). Therefore, the noise
control measures are of great importance in a workplace to protect the health of employees. The best way to reduce
noise is to completely enclose its source, which is called “engineering control” (Kroemer, 2017). Another way of
effective engineering control to reduce the noise exposure is isolating the operator from the noise source using an
acoustically designed cab or barrier (Siimer et al., 2006). “Management controls” is another effective way to reduce
noise exposure, such as regulating duration and frequency of breaks and limiting worker exposure (Harris, 1991).
The last way, which is an alternative to reduce the noise exposure, is the use of personal protective equipment
(PPE). This way is also called “temporary measure”. The two basic types of hearing protection are the earmuffs
and earplugs. These PPEs can reduce the sound levels by 15-30 dBA. Earmuffs usually provide better hearing
protection than earplugs. Earplugs are also effective, but they may become irritating inside the ear and often are
not inserted correctly, making them ineffective (Wilkinson, 2002). It was observed that none of the tea factories
examined had any noise control to reduce noise.

Noise will continue to adversely affect human health, in physiological, physical and psychological context,
unless necessary precautions are taken. Many acoustic studies report that different noise levels have an impact on
employees, such as cognition, decision making, learning, calculation and hand-eye coordination (Sabanci and
Siimer, 2015; Thatcher and Yeow, 2018). Thus, the noise has negative effects on the employees in terms of
occupational health and safety, and it can also decrease the productivity of employees.

In the hearing loss classification of WHO (World Health Organization); it has been reported that prolonged
exposure at 41-60 dB intervals causes hearing loss, 61-80 dB intervals can cause severe hearing loss. Additionally,
it has been emphasized in the report that people working with loud machinery in industry or road construction
must use PPE. Moreover, many acoustic studies reported that the noise will continue to adversely affect human
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health not only physically, but also in a physiological and psychological context, unless necessary precautions are
taken. Serin and Akay (2008) stated that noise exposures in the range of 66-85 dBA have disturbing psychological
effects in addition to hearing loss. In another study, Sakarya (2016) reported that exposures between 65-90 dBA
caused physiological reactions on workers such as increase in blood pressure, increase in heart rate and breathing,
decreased pressure in brain fluid. Noise exposure has also been identified as a risk factor for cardiovascular disease
(Basner et al., 2014). In humans, several studies have shown that the noise causes mainly blood pressure elevation,
changes in heartbeat and irregularities in breathing (Von Grandjean 1959; Andren et al., 1980). Toprak and Aktiirk
(2004) stated that noise reduces work efficiency for white-collar and blue-collar workers by 60% and 30%,

respectively. Grandjean (1988) informed that the reductions in working performance began in 50-60 dBs
according to laboratory studies. Noisy workplaces can inhibit speech communication, mask warning signals,
reduce mental performance, induce nausea, headaches, and tinnitus (ringing in the ears), cause temporary or
permanent deafness (Corlett and Clark, 2009). Exposure to noise can also lead to annoyance and stress, which can
affect the mental wellbeing of workers and the general population. Studies of occupational stress have found that
that noise exposure can be a contributor to worker stress and annoyance depending on the type of work being
performed (Melamed et al., 1997; Leather et al., 2003).

As can be seen, the effects of noise on employees' health and work efficiency have been revealed by various
studies. However, regulations regarding the limitations of noise in the workplace have been done considering the
physical effects on people. This effect has been emphasized in most scientific studies conducted.

There are many regulations that specify the permissible noise levels in the workplace. Noise in the workplace
in Europe is regulated by the EU Directive 2003/10/EC, and in the United States by OSHA (Occupational Safety
and Health Administration) 29 CFR (Code of Federal Regulations) 1910.95 Hearing Conservation Standard. There
are also countries with stricter national regulations than those specified in EU and OSHA. According to EU
regulations, the noise exposure should not exceed the exposure limit (87 dBA) during the length of a working day
(8 hours) to protect employees from suffering deafness. Employers are required to take certain steps to reduce the
harmful effects of noise on hearing. There are two main action levels that guide these steps: lower exposure action
value (Lex, sn) 80 dBA, upper exposure action value (Lex, sn) 85 dBA. The lower exposure action value is a daily
or weekly average noise exposure level of 80 dBA, at which the employer has to provide information and training
and make hearing protection available. The upper exposure action value is set at a daily or weekly average noise
exposure of 85 dBA, above which the employer is required to take reasonably practicable measures to reduce noise
exposure, such as engineering controls or other technical measures. The use of PPE is also mandatory if the noise
cannot be controlled by these measures (European Parliament and of the Council, 2003).

According to the results of the present study, employees work at noisy conditions below the lower exposure
action value (daily, 8 hours) in all units except the curling unit at the factories. The effects of noise on employees
vary not only depending on SPL but also on the duration of exposure (Sabanci et al., 2012). It has been determined
that tea factories have the potential to adversely affect operators' health and work efficiency, as the works is
performed at long exposure times and high SPLs. In a study conducted by Yildizlar (2018) in a tea production
plant, it was reported that the measured equivalent SPL (Leq) values ranged between 80 and 92 dBA, and 66% of
512 employees suffered hearing loss. However, in this study, the Lex values required for evaluations in
consideration of the regulations were not determined. In the present study, while the equivalent SPLs indoor areas
of factories ranged from 70 to 89 dBA. When considered the Leq values reported by Yildizlar (2018), it is seen that
all employees face a similar risk in the tea factories evaluated.

In the present study, besides the noise in tea factories, it has been observed that the precautions taken for employees'
health and safety are almost nonexistent. In addition, the awareness of employees regarding occupational health and
safety is quite low and they are uneducated in this regard. So, it can be considered as they have performed the works,
with very low risk perception.

4. Conclusion

It was concluded that the health and work efficiency of the employees were adversely affected at the production
activities in the tea factories, considering various research results and EU Regulations on noise. The duration and
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conditions of the breaks in the daily activities of the employees had an impact on the LEX values. The directives on
noise control state that employers are responsible for applying engineering and management controls of noise to
minimize risks and providing employees with PPE if the upper daily noise exposure action level is exceeded. In the
tea factories evaluated, these measures have not been taken, and therefore it is likely that hearing loss will occur in
employees. Moreover, physiological, and psychological effects may cause serious disturbances. Along with the effects
of noise on human health, effects such as preventing speech and masking warning signals will not only decrease the
work efficiency of employees but also increase the risk of accidents. The implementation of engineering controls in
tea factories is not easy, and sometimes impossible, considering the functions of machinery and the continuity of
production. However, the applicability of management controls is high, such as providing a lunchroom isolated from
noise and encouraging employees to eat at this area. In addition, apart from lunch break, periodic breaks can be arranged
in areas with lower SPLs. As for the use of PPE, officials in the factories stated that the communication of employees
with each other was important for process and malfunction checks, and that PPE use could prevent production
continuity by reducing intercommunication and ability to hear sounds associated with malfunction. The use of
Earmuffs with Microphones could be a good option to reduce noise exposures of employees and improve the
communication between them.
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