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Noise level and annoyance of Industrial factories in Duhok city
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Abstract: Noise pollution is considered as more important environmental problem, especially in the
industrialized and developed countries. Industrial noise is an important source of noise pollution, which annoys
and disrupts the daily activities of workers. This study focuses on the industrial noise and its effects on workers.
Thirteen different industries chosen randomly in Duhok city, in Kurdistan region, North of Irag. To cover this
study an instrument for measurement the sound level was used, in addition to a questionnaire contains (38)
questions to study all the possible reported effects of noise on humans, (90) workers of different industries were
chosen, the questionnaires were analysis to determine how much employees were affected by high noise levels in
the workplace.

During the survey, it has been specified that all industries noise levels measurement are much above
the maximum (OSHA) exposure limits. 81.11% of workers are annoyed from the noise in their workplaces. To
determine whether the effects of noise were statistically significant or not, a Chi-Square test was used. At a level
of significance, p<0.05, a relationship between duration of employment years and feeling annoyed are
statistically significant. It was found that the physiological and psychological effects of noise i.e. headache,
disturbs their peace of mind, nervousness, stressful, speech interference and insomnia are statistically
significant. However, dizziness is statistically not significant. 65.56% of respondents in these industries are
suffering from hearing problems, 34.44% of them have complaints about ringing in ears and only 10% of
workers were used EPE.
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I.  Introduction

The sound is a mechanical wave that results from variations, or oscillations, in elastic medium like
water, air and solids and “Noise” generally can be defined as unpleasant and disturbing sounds which disturb the
human being physically and physiologically and cause environmental pollution by destroying environmental
properties [1,2,3,4,5] and it is one of the physical environmental factors affecting our health in today’s world
and harmful to people. Noise can be measured by determining the pressure created by the sound waves in the
human ear and is measured in (dB), which is used as an international measure of the intensity of sound.

Due to the rapid growth and development in technology which is occurred in the developing countries,
noise pollution has become one of the major threats that face the environment and the cost of reducing it in
future years is expected to be insurmountable [6] and it is considered to be the commonest reason of annoyance
and permanent hearing loss [1].

One of the important problems of noise sources is industrial noise. The general effect of industrial
noise on the health of workers has been a topic of debate among scientists for a number of years [7,8,9]. The
large, medium and small scale hand tool manufacturers of developing countries are lagging far behind in
implementing hearing conservation, noise control programs, occupational health and safety programs. These

industries have a plenty of devices and machines that considered as a source of noise such as: rotors, cutting
machines, motors, compressors, electrical machines, internal combustion engines, drilling, crushing, fans and
transportation resources. The noise level generated depends mainly on the type of the noise source such as the
kinds of machines, distance from the source to the employee or receiver and the nature of the working
environment. Consequently the workers of hand tool industrial are exposed to the noise levels overstep the

permissible limits. High noise exposure in industries not only affects the communication among the workers,
but also leads to the other psychological and physiological effects on the workers.

At the recent past ten year the overall loudness of environmental noise is doubled, so that serious
attention must be given to control this growing problem [10]. Hence scientists attempt to discuss and study
occupational noise exposure in different fields and the effects of noise pollution on human’s health. Several
noise surveys treating the problem of noise pollution in many countries throughout the world have been
conducted [11,12,13,14,15,16,17,18,19]. Most of these researches have been concentrated with the effect of
noise on the auditory system, such as temporary or permanent hearing loss [20,21,22], and it is now well
established that exposure to noise levels of relatively high degrees can lead to direct hearing loss and / or
hearing impairment [23]. However, more recent researches have concentrated on the relationship between noise
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and non-auditory impacts [24]. Social survey data has shown that annoyance, speech interference, sleep
disturbance or insomnia and cardiovascular problems are considered to be the most important environmental
noise effects [25,26].

The aim of the present study was to carry out measurements to evaluate industrial noise levels, to see
that if these levels exceeded the permissible levels set by the Occupational Safety and Health Administration
(OSHA) that protect public health of workers, and to assess the noise pollution and its effects on the
psychological and physiological reactions and annoyance response of workers.

The material and method adopted for this study are described. Results and discussion are highlighted,
and the important points of this study are mention in conclusion.

Il.  Materials and Methods
This study includes the measurement of noise and a questionnaire based survey.
Industrial samples
This study has been carried out in thirteen different size industries spread through Duhok city. The
industries have been classified into seven groups based on products such as: metal or mourning, joiner or
carpenter, aluminum, auto mechanic, washing carpet, printing house and tailor (Table 1). This study was
conducted between September and November 2013.

Workers samples

The current study was conducted on a group of workers who worked in thirteen various types of
factories distributed in several locations in Duhok city. The samples of this study were ninety workers,
distributed in these different factories or industries (Table 1). Daily working hours are between (4-12h/d),
workers are given (1h) lunch break excluding the work time of (8-12h/d). The sample’s ages were between (14-
55) years.

Questionnaire or social survey

Employee surveys were distributed to thirteen industrial sites. The questionnaire for the survey
comprised of (38) question contained questions about gender, age, education level, knowledge of noise
exposure, knowledge of hearing protection, knowledge of protection them self, physiological and psychological
effects, maximum daily and year exposure duration. Physiological and psychological equations are about
annoyance, headache, dizziness, disturbs their peace of mind, nervousness, stressful, speech interference,
insomnia, ringing in ears and pain or harm in the ears. Each question was provided with five choices of
responses, i.e. always, often, sometime, seldom and never. The other questions were having yes or no response.

Measurement of sound pressure levels in industries

The measurement of industrial noise was carried out by author at investigation areas. The chosen
locations represented all types of industrial work place. The measurement time interval was adjusted for
(15min)[27] each time on each work section. A sound pressure level meter measuring instrument Model SL-200
(VOLTCRAFT) was used in these measurements, it is designed to approximate the loudness level sensitivity of
the human ear. Measurements results have been recorded by holding the instrument at a height equal to the ear
level of the workers and sound pressure level was recorded at least five times in different locations where the
workers actually work or movement of the workers was most frequent in order to determine the noise levels to
which the workers are exposed. Measurements were carried out for every kind of industries for all hours of
working.

Statistical analysis

All questionnaires and collected data were recorded as Microsoft Excel 2010. Statistical Package for
Social Scientists (SPSS) and Chi-square was used for analysis to determine whether the effects of noise on
workers are significant or not.

www.iosrjournals.org 2 | Page



Noise level and annoyance of Industrial factories in Duhok city

I11.  Results and Discussion
3.1 Noise levels measurements
The number of industries, the results of the noise level ranges measurements during all working hours
in all kinds of industries and the number of workers who responded to the survey from each industry are shown
in (Table 1). This table also shows the percentage of respondent from each factory and mean value of noise
level.

Table 1: Industrial noise measurement results in dB(A) and number of workers.

T e (O Number of | Name of | Number of peSriI:rﬂiege Noise level M:PI:] (\)‘i::leue
Industrial Industrial workers (%) rang dB(A) level dB(A)
Metal or 1 M; 3 3:33 94.8-104 99.21
Mouming 2 M, 8 8.89 90.5-102 97.25
1 I - 4.44 89.1-95.1 92.88
Joiner 2 1 5 5.56 95.6-110 101.35
3 I3 20 2222 72.3-928 82.24
1 Ay 2 222 88-98 92.15
Aluminum 2 A, 4 444 99.4-1159 105.9
3 As 6 6.67 98.5-107.1 101.05
s 1 AM,; 2 2.22 88-102 9461
Huto Mecliamc 2 AM; 3 333 §94-123.6 | 111.01
Washing Carpet 1 WwC 6 6.67 90.8-110 101.22
Printing House 1 PH 20 2222 77.3-99.1 87.72
Tailor or z 5
Deessmaker 1 T 7 7.78 78.5-88.3 82.74

Results shows that majority of industries have high noise level. In larger, medium and small size
industries, the major source of noise is from industrial machines. The workers who operate these machines are
significantly exposed to high noise levels compared to other workers that they not operate it, the majority of
workers are machine operators and because the size of many factories are not large noise exposure was not
limited to machine operators, sound pressure levels are approximately equal in all locations except in the joiner
(J3) and printing house factories sound pressure levels are not equal in all locations because the size of both
industries are larger than other factories, old machines are responsible for most of the noises. Our survey
included questions on daily working hours and total machine operation time or daily exposure hours to high
noise levels in order to accurately assess duration of employee noise exposure. 93.34% of workers operated 8h/d
and more than 8h/d in six d/wk i.e. operating time is 48h/wk as shown in (Table 2). The workers daily exposure
hours were between 1-12h/d as shown in (Table 2).

The Occupational Safety and Health Administration (OSHA) specify a legal limit on noise exposure in
the workplace. It put the occupational noise standards to protect humans health [28,29]. By comparing (OSHA)
law with actual maximum daily exposure duration to industrial noise, it can be observed from (Tablel and 2)
that the majority of the study has level values that don’t correspond with working hours per day as the (OSHA)
illustrated. It was observed in case of noise level 115 dB (A), the maximum daily exposure duration set by
(OSHA) is 0.25h/d or less but workers perform 2h/d in auto mechanic and exposure to 123.6 dB(A) noise. In
many factories, the workers perform 8h/d in noise level 100 dB(A), but maximum daily exposure duration to
100 dB(A) noise set by (OSHA) is 2h/d. In case of noise level 95 dB(A), the maximum daily exposure duration
sets by (OSHA) is 4h/d but workers perform 8h/d in noise level 95 dB(A) and greater than 95 dB(A) as shown
in (Table 1). This means that maximum daily exposure duration which set by (OSHA) to protect health of
workers was not taken in consideration for any level of industrial noise in Duhok city factories. For long
duration 10-15 years, exposure to high intensity noise in 6-8 h/d can cause biochemical changes which make the
workers prone to cardiovascular pathology, depression and other psychological conditions [30,31].

Table 2: Workers daily working hours and daily exposure hours.

Daily working hours Percentage % Daily exposure hours Percentage %
- - 1h-3h 10.00%
4h-6h 6.67% 4h-6h 40.00%
8h-%h 66.67% 8h-%h 35.56%
10h-12h 26.67% 10h-12h 14 44

3.2 Questionnaire or social survey results and evaluation

The questionnaire has been applied on (90) workers selected from all different industries. All the
respondents or workers are males. Distribution of the workers has been examined according to their factories,
ages, educational situation and Duration of employment. Distribution of the workers according to their
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industries is: 12.22% metal or mourning, 32.22% joiner, 13.33% aluminum, 5.56% auto mechanic, 6.67%
washing carpet, 22.22% printing house and 7.78% tailor (Table 3). The workers ages were between 14 to 55
years (with mean value of 29.12 year). Ages of interviewed workers exhibit a wide range: 13.33% were < 20
years, 21.11% were 21-25 years, 27.78% were 26-30 years, 17.78% were 31-35 years, 11.11% were 36-40
years, 7.78% were 41-50 years and 1.11% was > 50 (Table 3). Distribution of the workers according to their
educational level is: 5.56% no educational, 27.78% primary school, 31.11% intermediate, 27.78% high school,
5.56% technical and 2.22% university education (Fig. 1). It has been determined that their distribution with
respect to their working periods is: 36.66% were 1-5years, 26.67% were 6-10 years, 15.56% were 11-15 years,
11.11% were 16-20 years, 5.56% were 21-25 years, 3.33% were 26-30 years and 1.11% more than 30 years
(Table 3). When the industries, ages, education levels and working periods were compared, it has been specified
that the majority of the workers were from joiner industry, age range of 26-30 years, service period range of 1-5
years and generally intermediate graduates.

Table 3: Distribution of age groups, Duration of employment years and Industries distribution

groups.
Number of Duration of Number of Number of
Age groups subjects and employment subjects and Industrial groups subjects and
percentage years percentage percemage
<20 12 (13.33%) 1-5 33 (36.66%) Metal 11(12.22%
21-25 19 (21.11%) 6-10 24 (26.67%) Joiner 29 (32.22%
26-30 25 (27.78%) 11-15 14 (15.56%) Aluminum 12 (13339 o)
31-35 16 (17.78%) 16-20 10 (11.11%) Auto Mechanic 5 (3.56%)
3640 10 (11.11%) 21-25 5 (5.56%) Washing Carpet 6 (6.67%)
41-50 7 (7.78%) 26-30 3(3.33%) Printing House 20 (22.22%)
>50 1(1.11%) >30 1(1. 11°o) Tailor 7(7.78%)

5.56% 2.22% 5.56%

m universities

m technical 27.78%
27.78%
® high school

H intermediate
W primary school

¥ no education

31.11%

Fig. 1: Education level of workers.

3.2.1 Noise annoyance

81.11% of workers were annoyed by industrial noise and 18.89% said that they are not annoyed
because: (1) respondents consider that noise is result of their job and they must be patient related that matter, (2)
they have accepted noise as a part of their works, and they get adapted to noisy job conditions with increasing
work exposure to high noise levels. Five step semantic scale were used to respond about worker’s attitudes from
industrial noise [10,12]. 23.33% of the workers reported ‘always’ annoyed, 31.11% ‘often’, 21.11%
‘sometimes’, 5.56% of workers ‘seldom annoyed’ and 18.89% ‘never’ felt annoyed by high noise levels (Fig. 2).

35.00% +
31.11%

30.00% 4 ~
25:00% 2333% N
20.00% =al% 18.89%. ‘
15.00% .

10.00% 1 -
5.00% S56% \
0.00% < .

always often sometime  seldom never

% of workers

Step semantic scale

Fig. 2: Percentage distribution of noise annoyances.

By examination of the rates of disturbance in the workers depending on their duration of employment
years, it has been observed that majority of the workers who reported noise annoyance were with less than and
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equal to five years of work exposure, as long as exposure increases workers get adapted to noise and noise
annoyance is reduced [27] as shown in (Table 4). From Chi-square distribution [32], P<0.05 and degree of
freedom (D.F)=5, the critical value of Chi-square obtain is 11.070. The Chi-square for (Table 4) is 17.407. This
result shows that there is significant relationship between duration of employment years and feeling annoyance.

Table 4: The relationship between duration of employment years and annoyance of workers.

Duration of Annoyance of workers
employment years Yes No Total
s N 30 3 33
g % 90.91% 9.09% 36.67%
N 21 3 24
610 % 87.50% 12.50% 26.67%
1115 N 12 2 14
g % 85.71% 14.29% 15.56%
N 7 3 10
>
1620 % 70.00% 30.00% 11.11%
- N 2 3 5
e % 40.00% 60.00% 5.56%
N 1 3 4
y
720 % 25.00% 75.00% 4.44%
2 73 17 90
Toral % $1.11% 18.89% 100.00%

The results of the questionnaire interviews about psychological and physiological effects of industrial
noise [9,11] in seven factors, were analyzed. Analytical survey from these seven factors which are threatened
the worker’s health has been done. The number and percentage of these seven factors are represent clearly in
(Table 5) and (Fig. 3). (Table 5 and Fig.3) display that most of responds to these seven variables was always and
sometimes. 41.11% of respondents reported sometimes headache from high noise levels, 44.44% reported
sometimes having dizziness during or after work due to high noise levels, 41.11% reported had disturbs their
peace of mind, 47.78% reported always nervousness, 48.89 reported always feeling stressful during work in a
noisy area, 35.56% reported sometime had speech interference and 43.33% reported always had insomnia.

Table 5: Annoyance factors and responds of workers

Responds
Annoyance factors always often sometime seldom never Total
SRR N 26 10 37 4 13 90
% 28.89% 11.11% 41.11% 4.44% 14.44% 100.00%
o -2 N 26 4 40 12 8 90
isemess % | 28.89% 444% 44.44% 1333% 8.89% 100.00%
disturbs their N 23 12 37 4 14 90
peace of mind % 25.56% 13.33% 41.11% 4.44% 15.56 100.00%
i N 43 7 26 5 9 90
% 47.78% 7.78% 28.89% 5.56% 10.00% 100.00%
o N 44 11 2 3 12 90
% 48.89% 1222% 22.22% 3.33% 13.33% 100.00%
speech N 25 3 32 9 21 90
interference % 27.78% 3.33% 35.56% 10.00% 2333% 100.00%
Bl s N 39 9 15 21 90
% 4333% 6.67% 10.00% 16.67% 23.33% 100.00%
Balways Moften sometime M seldom M never
50.00% T
45.00%
p 2000%
g 35.00%
+  30.00%
$ 2500% 1
% 20.00%
® 1500% 1
10.00% E
5.00% 1 h
0.00% SN
& o >
b?’é\ x\&s K@\Q
& & 2
A ,b(l
&'
<8
<
{0‘7
&

Noise effect factors

Fig. 3: Percentage distributions of noise annoyance factors.
(Fig. 4) show the relationship between effects of noise on workers in seven factors for three ranges of
noise level and the percentage of the workers in five responds. This figure display that in noise level ranges 90-
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100 dB(A) and >100 dB(A) the respond never is approximately disappear in all factors that means when noise
level increase the effects on the health of workers increase.

(Table 6) shows the total Chi-square value obtained from different noise level ranges and different
responds. From Chi-square distribution [32], P<0.05 and degree of freedom (D.F)=8, the critical value of Chi-
square obtained is 15.507. (Table 6) shows that the computerized test statistics for the effect of noise on
headache, disturbs their peace of mind, nervousness, stressful, speech interference or problem in speech
communication and insomnia exceeds the critical value, hence the null hypothesis is rejected. This means that
there is significant relationship between this type of effects of noise on workers and the types of noise level
ranges. In case of dizziness factor the null hypothesis is accepted, because the computerized test statistics for it
is less than critical value so that there is no significant relationship between dizziness effect on workers and the
types of noise level ranges.

M always M often Hsometime Mseldom Mnever

70.00%
60.00%
50.00%
40.00%

30.00% | i+
20.00% \ l g
10.00% { : i
0.00% A I —

% of workers

_ speechinterference |

headache

e
ﬁss{ulgﬁ"—-

Ivousness

insomnia_ ==

dizziness =

__Disturbs their peace of mind

stressful

sp_eg_cb_lm:uf_emm::_]

speechinterference |

__Disturbs their peace of mind &

__Disturbs their peace of mind

80-90dB(A) 90-100 dB(A) >100dB(A)

Noise effect factors in three noise level ranges

Fig. 4: Percentage distributions of noise annoyances factors in three noise level ranges.

Table 6: Total Chi-square value of different types of effects of noise obtained from three noise
level ranges and five responds.

Relationship between the types of
Types of effects Total Chi-square value effects at different proposed noise
level ranges and answers P<0.05
headache 18.965 Significant
dizziness 13.942 Not significant

disturbs their peace of mind 20.716 Significant
nervousness 31.701 Significant
stressful 34.246 Significant
speech interference 26.654 Significant
insomnia 42.708 Significant

Also respondents were asked about reaction against industrial noise, they asked “Do you want to move
to a quieter work” and asked “Do you consider that the noise in your factory is dangerous”. It is shown in (Fig.
5) that 97.78% of respondents said that they like to move to a quieter work and 2.22% don’t like to move to a
quieter work. 83.33% of respondents said that they consider that the noise in their industrial is dangerous,
12.22% said that is not dangerous and 4.44% of workers said that they do not know if the noise in their
industries is dangerous or not.
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HA BB

120.00%

100.00% -

80.00% -

60.00%

40.00% -

% of worker

20.00% - 2445

0.00% -

Yes No Don’t Know

Reaction

Fig. 5: Reactions of respondents against industrial noise.

3.2.2 Effect of noise in ear and ear protection equipment (EPE)

Effects on ear were considered significant. When the workers asked about effect of noise on their ears,

65.56% of workers stated that noise causes “hearing impairment and harms their hearing or pain in their ears”
and 34.44% responded that it “gives them ringing in ears drum”. When the workers asked how to protect
themselves from hearing loss, in all industries the majority of them know how to protect their ears, but only 10%
of them were used EPE and the others said they are not used EPE, the reasons for not using EPE are: 17.78%
feel uncomfortable, 21.11% due to negligence, 8.89% do not know why they are not used and 42.22% said
management did not provide EPE at work place (Fig. 6).

Feel
uncomfortable
17.78%

Dueto
negligence
21.11%

Do not know
8.89%

Not provided
42.22%

Fig. 6: Reasons for not using EPE at work place.

IV.  Conclusion
Industrial noise exposure has been identified as a very obvious danger especially in small and hand tool

industries which are still not mechanized. During our measurements it has been determined that the noise levels
in the majority industries are exceeds the maximum (OSHA) exposure limits.
According to results of the questionnaire applied to the all workers in all industries:

1.
2.

3.

(1

Majority of workers in the industries are annoyance from the noise in their workplaces.

Mostly workers are of little education even under primary, primary and intermediate therefore they are
not fully aware of the hazardous effects of noise.

There is strong relation between duration of employment years and feeling annoyed, and this relation is
statistically important with given Chi-square=17.407.

Psychological and physiological effects of industrial noise in seven factors (headache, dizziness,
disturbs their peace of mind, nervousness, stressful, speech interference and insomnia) was analytic and
the answer of these seven variable was in sometimes and always choice options. The Chi-square
calculated for each these factors are: 18.965, 13.942, 20.716, 31.701, 34.246, 26.654 and 42.708
respectively.

97.78% of workers like to move to a quieter work, 2.22% of them like their factory sound insulated and
83.33% said that the noise in their industries is dangerous.

Almost all the workers are highly exposed to high noise levels compared to (OSHA) limits without
proper ear protection, and the majority of them are suffering hearing problems.
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