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Abstract: Traditional methods of assessing occupational noise levels (noise survey) cannot prioritize the
management of risks at different manufacturing processes, as it does not take into account the relative risk and
the number of workers exposed. Accordingly, it cannot identify the management priorities of industrial
processes. This study aimed at judging the acceptability and prioritizing of the occupational noise risks at
different industrial processes at a Spinning Factory in Alexandria, Egypt using hazard-based risk assessment.
This study was conducted during 2016-2018. The noise risks, at the seven manufacturing processes were
assessed by three main stages, including hazard identification, risk evaluation and characterization. The first
was performed by walk-through survey. The second stage was conducted  by  continuous  measurement of
A-weighted equivalent noise level (L ) at the work areas at workers’ locations, using sound level meter forAeq

three consecutive days (complete work cycle) according to the standard method of ISO 9612:2009. The relative
risk (RR) of each industrial process was calculated by dividing the L  by the maximum permissible limit (85 dB).Aeq

The total relative risk (TRR) of each process is used as an indicator for  prioritizing  noise  risks.  During  the
third stage, the RR was used to judge  the  acceptability  of  the  risk.  The mean RR   were  higher than ones

(high unacceptable risks) in different industrial processes except carding (1.00 moderate unacceptable risk) and
packaging (0.88 low acceptable risk). The L  at the winding process took the first management priority,Aeq

followed by drawing and roving, spinning, packaging, cleaning and carding. From the present study, we can
conclude that the only accepted low RR is that of packaging. The management priority of the winding process
is the highest followed drawing and roving, spinning, packaging, cleaning and carding.
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INTRODUCTION Spinning factory is one of the industrial activities

Occupational  exposure  to  noise   is   measured  as in the spinning factory are performed based on seven
A-weighted equivalent noise level (L ) in decibels (dB) main stages, including cleaning,  carding,  drawing,Aeq

[1]. It may lead to auditory and non-auditory effects. roving, spinning and packaging. The cleaning process
Auditory  effects  may  be  temporary  or  permanent contains mixing, opening and cleaning, which disposes
noise-induced hearing loss (NIHL) [2]. Non-auditory about 60-80% of impurities. Carding is  an  integrated
health effects, include annoyance [3], sleep disorder, stage with cleaning, where opening of the large tufts to
hypertension [4], cardiovascular [5], immune [6] and very small tuft or individual fibers occurs. Through
biochemical changes [7]. It may also disturb verbal carding, the remaining impurities of leaves, seeds and
communication and mask the audio safety signals; added dusts are removed from cotton fibers. So it is considered
to the mental fatigue that may affect workers’ the last cleaning stage. Drawing machine helps
performances and may develop accidents [8]. production  of  high-quality  ribbons  and  yarn. Roving is

within the textile industry [9, 10]. The industrial processes



Aeq

Aeq

L
RR =

Maximum Permissible Limit of L

Global J. Environ. Res., 13 (2): 33-39, 2019

34

the stage between drawing and spinning. It gradually MATERIALS AND METHODS
reduces the ribbons’ thickness to be suitable for the
spinning machine. Roving has four main steps, including This case study was conducted at a spinning factory
thick, medium, final and fine roving. Spinning is the last in Alexandria, Egypt during 2016- 2018. Just 20 workers
step of staple yarn manufacturing, where yarn structures are employed in the production department. Noise risks,
are set. Winding is the process of wrapping the resulted at seven industrial processes (cleaning, carding, drawing,
yarn and placing it on a suitable bobbin. Packaging is to roving, winding, spinning and packaging), were assessed
enable  transfer  to  the  crane  and to the customer cars according to the hazard-based risk assessment by three
[11, 12]. main stages, including hazard identification, risk

Risk assessment is a systematic tool adopted to evaluation and risk characterization. The first stage was
prioritize and judge the acceptability of a given  risk. It performed by walk-through survey throughout the factory
may  be either  hazard  or health-based. The procedures using a pre-designed form to identify the noisy processes,
of hazard-based risk assessment include: hazard machines and number of susceptible workers [18].
identification, risk evaluation and risk characterization. Risk evaluation stage was conducted by continuous
Hazard identification  is  usually conducted within the measurement  of A-weighted  equivalent  noise  level
field  of   occupational   health  by walk-through  survey (L )   during  the  shift  time  (eight  hours  daily)  for
to recognize different hazards at each manufacturing three consecutive days at each industrial process
process. Noise risk  evaluation  is  the  measurement of (complete work cycle) at 2016 and at 2018, using 1200
A-weighted equivalent noise level at each industrial sound level meter (Quest Technologies. INC.  Wisconsin,
process and calculation  of  the  relative  risks  (RR). U.S.A.). One measurement point was selected at each
During risk characterization, the relative risks are industrial process at the common  location  of  the
classified into three categories, comprising low workers. Hence, there were totally 42 measurement days
acceptable, moderate unacceptable and high unacceptable (7 processes×3 days×2 years). The L  was selected as a
risks [13, 14]. noise parameter in the present  study because it

About 48.1 million of the Americans (20.3%) of ages represents the working sound  pressure  level; in
12 or older suffer from hearing loss from  2001-2008  [15]. addition, the variables were normally distributed [19].
In USA, about 9 million workers are exposed to average Assessment of 8-hour L was according to  the  standard
A-weighted equivalent noise levels of more than 85 dB method ISO 9612:2009 [20]. The six L of each
and about 10 million have NIHL [2].According to measurement points were then averaged. The relative risk
International Labor Organization (ILO) 2009, about 60 (RR) and total RR (TRR) were then calculated [21] using
million workers are employed in  textile  industry equations (1) and (2):
worldwide [16]. Textile industry, including spinning
factory, is of the great origins  of  occupational exposure
to noise in many countries [2, 9].  In  Egypt,  textile (1)
industry employs about 30% of the industrial workforce
(about 1,700,000 workers) [12]. In Egypt 2016, there were TRR = Mean RR × Number of Susceptible Workers in the
totally 7413 spinning, textile and garment factories; about process (2)
11% of which in Alexandria’s governorate, with a total
investment of 46 billion pounds and 500 thousands job where RR is the relative risk, L  is the A-weighted
opportunities [17]. equivalent noise level and TRR is the total relative risk.

Traditional methods of assessing A-weighted During the risk characterization stage, RR less than
equivalent noise levels cannot rank or prioritize the risks integer one was described as low acceptable risk. If the
at different industrial processes, as it does not take into RR was equal one, it was a border line, then, this need
account the relative risk and the number of exposed minimal control measures. RR higher than one was
workers. Accordingly, it cannot  identify  the  processes designated as high non-acceptable risk, which requires
of high management priority. Hence, this study aimed at engineering control to minimize the risk. The stages of risk
judging the acceptability and prioritizing the occupational assessment were summarized in Figure 1. The process
noise risks at different industrial processes in a Spinning management priority was identified according to the value
Factory in Alexandria, Egypt using hazard-based risk of RR. The process of the highest RR was considered
assessment. priority number one.
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For quality assurance, all measurements were is complying with the international research guidelines
conducted using the same sound level meter to ensure and principles of Helsinki declaration (2013). It was
comparability, validity and reliability of data. The sound conformed to the principles of the international code of
level meter was calibrated daily at 114 dB using Quest ethics for occupational health professional 2012.
Calibrator (Quest Technologies.INC.  Wisconsin, U.S.A).
In addition, the instrument was set at workers’ locations RESULTS
of the industrial processes (area measurements), away
from walls and machines by at least 1.5m to avoid the Kolmogorov-Smirnov Test of  normality  revealed
impact of reflection and wall’s absorption of sound and at that A-weighted equivalent noise levels (L ) and noise
about 1.5m height (the height of most Egyptian workers). relative risk (RR)were normally distributed (p=0.972, at

The data (L , RR, number of workers, TRR and C.I.=95%). The A-weighted equivalent noise levels (L ),Aeq

industrial process) were entered  and  statistically in the spinning factory, exceeded the Egyptian and
analyzed using Statistical Package for  Social  Science international limits(85 dB) at different industrial processes
(IBM SPSS-21, IBM Corporation, USA 2012). Numeric except packaging (75.3±3.9 dB). It was the highest
variables (L  and RR)  were  checked  for  normality (91.1±4.1 dB) at the winding process, followed by cleaningAeq

using Kolmogrov-Smirov Test. The significance of (90.1±12.0 dB), drawing (89.4±5.8 dB), roving (89.2±4.0
variation of L  at different industrial processes was dB), spinning (87.8±3.1 dB) and carding (85.4±10.8 dB).Aeq

verified using One-Way ANOVA Test. The significance Stages of risk  assessment  followed  in  the  present
of variation of the RR between 2016 and 2018 was study are shown in Figure 1. Relative risk of a-weighted
determined by independent-sample t-test. equivalent noise levels at the seven industrial processes

Regarding ethical considerations, approval from the of a spinning factory is illustrated in Table 1. One-Way
ethics committee of the Institute of Graduate Studies and ANOVA Test showed non-significant variation (p= 0.411,
Research was attained. Oral permission to conduct the at 95%C.I.) in L  among different industrial  processes.
study was obtained from the director of the factory after A-weighted equivalent noise levels (L ) at different
explanation of the study aims and methods, provided that industrial processes of the spinning factory, Alexandria,
the  name  of  the  company must be concealed. The study Egypt 2016-2018is shown in Figure 2.
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Fig. 1: Stages of risk assessment followed in the present study
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Fig. 2: A-weighted equivalent noise levels (L ) at different industrial processes of the spinning factory, Alexandria,Aeq

Egypt 2016-2018

Table 1: Relative risk of a-weighted equivalent noise levels at the seven industrial processes of a spinning factory.
No of workers Mean Relative Standard Total

Industrial Processes exposed/shift Risk (RR) Deviation (SD) Range Relative Risk* Priority F P-value**
Cleaning 1 1.06 0.14 0.96-1.16 1.06 5
Carding 1 1.00 0.13 0.91-1.09 1.00 6
Drawing 3 1.05 0.07 1.00-1.10 3.15 2
Roving 3 1.05 0.05 1.02-1.08 3.15 2 1.181 0.411
Spinning 3 1.03 0.04 1.01-1.06 3.09 3
Winding 6 1.07 0.05 1.04-1.11 6.42 1
Packing 3 0.88 0.05 0.85 2.64 4
* Total Relative Risk= Mean Relative Risk × Number of workers in the process
**One-Way ANOVA Test

Table 2: The mean relative risk of noise at the seven industrial processes of the spinning factory
Industrial Processes Mean Relative Risk 2016 Mean Relative Risk 2018
Cleaning 1.16 0.96
Card 1.09 0.91
Drawing 1.10 1.00
Roving 1.08 1.02
Spinning 1.06 1.01
Winding 1.11 1.04
Packing 0.92 0.85
Levene's Test for Equality of Variances t(P-value) 0.0197(0.891)
Equal variances are assumed t(P-value)* 2.746(0.018)

Table 3: Origin and year imported of machines at the seven industrial processes in a spinning factory
Industrial Processes Machines Model Origin Year imported Machine Age (years)
Cleaning Cleaning machine Rerter Switzerland 1996 23
Carding Mid-line of the card Rerter C5 Switzerland 1996 23
Drawing Mid-line of the Chinese drawing CTMTC China 2006 13
Roving Mid-line of the Chinese roving CTMTC China 2006 13
Spinning Mid-line of the Chinese spinning CTMTC China 2006 13
Winding Winding machine Schlaf Horst German 1996 23
Packing Manual Packing - - - -
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The mean relative risks (RR) of L  were higher than engineering controls, including substitution, enclosure,Aeq

the integral one (1.03-1.07) in different industrial use of barriers and isolation. The RR of one (carding)
processes  except  carding  (1.00)  and  packaging  (0.88) suggested an unacceptable borderline risk which might
as obvious in Table 1. The total relative risk (TRR) was increase causing a problem. Thus, administrative controls
used for ranking and prioritizing management of are recommended, comprising job rotation, posting
occupational noise. The L at the winding process took instructions, providing suitable personal protectiveAeq

management priority number one, followed by drawing equipment (ear muffs, or ear plugs). The RR of lower than
and roving, spinning, packing, cleaning and carding. one (packaging) proposed an acceptable risk, in which the
Independent-Sample   T    Test    disclosed   significantly uses of PPE and commitment to instructions are
higher  RR during 2016 than  2018  at  the  seven satisfactory [25-28].
industrial  processes. The mean relative risk of noise at Regarding prioritizing the risk using  hazard-based
the seven industrial processes of a spinning factory is risk assessment, winding process had the highest RR,
presented in Table 2. Origin and year imported of number of vulnerable workers and total relative risk
machines at the seven industrial processes of a spinning (TRR); hence it took management priority number one.
factory are shown in Table 3. Drawing and roving had management priority of two,

DISCUSSION [29, 30]. The management priority  using  hazard-based

Risk prioritization is important for the occupational that using  the   traditional   assessment   technique
hygiene point of view. It enables selection of the (TAT). For example, cleaning represents the first priority
process/(es) that need rapid intervention to manage high using TAT and five by HzBRA. Moreover, packaging
risks. The A-weighted equivalent noise levels (L ) of represents the sixth priority  regarding  TAT  and fourthAeq

winding, cleaning, drawing, roving, spinning and carding by  HzBRA.  The  significantly  lower  relative  risks  at
(priority using traditional assessment) exceeded the limits 2018 inspired  that  there  were  better  safety  and
of the Egyptian Environmental Law No 4-1994, amended hygienic conditions during 2018 than 2016 within the
by Law No 9-2009 and its executive regulation number plant. But actually, it is related to lower production,
1095-2011, Annex 7, Table 1 [22]. This might be risky and workforce and income (interview with the production
might lead to occupational disease. The increase above engineer). Levene's test for  equality  of  variances
limits may be attributed to  the  nature  of  the  process revealed  non-significant  difference.  Therefore, the null
and aging (12-22 years) of the machines (Table 3). hypothesis of equal variances was accepted.
Packaging was of the least levels, as  it  was  conducted Accordingly, the independent sample test revealed
manually. Hence,  periodic  maintenances  of  machines significant reduction of noise relative risk during 2018
and substitution of the rickety ones are recommended. than 2016.
Scheduling the workers’ times near the noisy operations
and enforcing the use of personal protective equipment Limitations of the Study: This prioritization study was
(PPE) may be effective in diminishing the workers’ applied on one spinning factory; this greatly limits
exposure. In compliance with this study, an Indian paper generalization of the results.
2006 revealed L greater than 85.0dB at carding andAeq

spinning; and higher than 90.0dB at  winding  processes CONCLUSION
[9, 23]. A study in Thiland  disclosed  that   the   average
8-hours noise levels exceeded 90.0 dB at the spinning and In the spinning factory under study, the only
drawing processes [24]. accepted low relative risk is that of packaging, followed

The mean relative risks of higher than one indicated by the unacceptable borderline risk of carding and the
that the five processes (cleaning, drawing, roving, unacceptable high risk of spinning, drawing and roving,
spinning and winding) constitute  unacceptable  risks. cleaning and winding respectively. The management
This may cause work-related diseases, including priority of occupational noise risks in the winding process
deafness, high blood pressure, cardiovascular and of the spinning factory is the highest subsequently
psychological problems [7]. Therefore, according to the drawing and roving, spinning, packing, cleaning and
hierarchy of control, it is recommended to design for carding.

followed by spinning,  packaging,   cleaning  and  carding

risk assessment  (HzBRA) is completely different from
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Recommendations: For processes with RR higher than 7. Teixeira,   L.R.,   T.M.   Azevedo,  A.  Bortkiewicz,
one (unacceptable high risks), it is recommended to
employ engineering controls, including substitution,
enclosure, use of noise barriers and isolation. For process
with RR of one (unacceptable moderate risk),
administrative controls are recommended, comprising job
rotation, posting instructions and providing suitable
personal protective equipment (ear muffs, or ear plugs).
For process of RR lower than one (low acceptable risk),
the use of PPE and commitment to safety instructions are
highly recommended. It will be valuable to conduct similar
studies in different spinning factories to enable
generalization of the results.
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