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ABSTRACT

This study shed the light on the effects of occupational noise level on some of the dependent variables, such as:
blood oxygen saturation (SPO,%), pulserate (PR), arterial blood pressure (systolic (SBP) and diastolic (DBP)),
and hearing threshold levels (HTL). 115 workers of both genders (96 male, 19 female), with mean age 35.22 yr, and
the mean duration of employment 6.99 yr, were randomly chosen as a sample to fulfill the aim meant.

This sample was taken from seven industrial plants of various typesin Jenin city. The values of sound pressure
levels(SPL) inall studied plantsranged from 82.5dB(A) to 110.5 dB(A), with mean of (94.34 dB(A)). A number of
measurements concerning with blood oxygen saturation, pulserate, arterial blood pressure (systolic and diastolic),
and hearing threshold levels at different frequencies were taken for the selected sample before and after 6 hours
exposure to noise. Strong positive correlation (Pearson Correlation Coefficient) with SPL was found for all
measured variables. The statistical resultsfor the dependent variables (SPO,%, PR, SBP, DBP, HTL) showed that
Pearson correlation coefficient (R) between sound pressurelevel and the dependent variables are approximately
equal to one, and the Probabilities (P) are< 0.05.

This study showed that the health effects of noise depend on the noise level itself, more specifically, workers
exposed to noise more than 90 dB(A) have a significant shift of the mean measured values (blood oxygen
saturation, pulse rate, arterial blood pressure (systolic and diastolic), and hearing threshold levels), more than
workers exposed to noise less than 90 dB(A). © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION being of the peopl €. However, noiseismeasured us-

ing alogarithmic decibel (dB) and can be described by

Peopl e throughout theworld arefacing many un-
pleasant pollution effects such asair pollution, water
pollution and noise pollution which areserioudy influ-
encing human’s life.

Theterm noiseiscommonly usedto describesounds
that aredisagreesbl e or unpleasant produced by acoustic
waves of random intensities and frequencies®. Some
authorsdefinenoiseasany audibleacoustic energy that
adversdy affectsthephysiologicd or psychologicad well

thehelp of loudness (intensity) and pitch (frequency).
Because of therapid growth intechnol ogy that has
mainly occurred in urban countriesnot only inthe de-
veloped one, but also in the devel oping countries as
well, noise pollution hasbecome oneof themgor threets
that facethe environment and the cost of reducingitin
futureyearsisexpected to beinsurmountabl €,
Noisepollutionisnot only an environmenta prob-
lem, but aso aserious health risk. The World Health
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Organization (WHO) hasestablished maximum allow-
ablelevelsof noise, abovewhich people are harmed.
Proportion of people exposed to noise is greatly
increasing; this has direct and indirect effects on people
and can lead to the health hazards. Some of themgjor
health hazards caused by noise are: decreasein blood
oxygen saturation, permanent hearingloss, high blood
pressure, muscletension, headaches, higher cholesterol
levels, irritability insomnia, and psychological disorder™,

Literaturereview

A study carried out by Zahr and Balian on 55
preterm infants between 23 and 37 weeks, exposing
them to common ICU environmental noisessuch as
alarms, phonesand loud conversations, it wasfound
that the average blood oxygen saturationswere signifi-
cantly lower during noisy periods?®,

In a study conducted at Peshawar and Pales-
ting*211.1517 it was noted that therewas asignificant
risein blood pressure and heart pulseratein response
tonoise.

In Germany and other devel oped countriesasmany
as4to5millionthat is12-15% of al employed people,
areexposed to noiselevelsof 85dB(A) or more. That
resultsin 20% or more of employerssuffer from hear-
ing impairment (WHO, 2001). In 1998 to 2000, it was
estimated that approximately 28 millionAmericans suf-
fer from hearinglossand dmost 10 million Americans
suffer from noiseinduced hearing loss (NIHL)!6,

OBJECTIVESOF THE STUDY

Theaimsof thisstudy are

(1) Measuring noiselevelsgenerated by different ma:
chinessourcesinfactories.

Determining the effect of occupationa noiseon
blood oxygen saturation, hearing threshold levels,
systolic and diastolic blood pressureand pulserate
intherange (90-110) dB(A) levd.

Comparing theeffects of noisepollution on blood
oxygen saturationintherange (80-90) dB(A) and
(90-110) dB(A) levels.

Theor etical background of blood oxygen satur a-
tion

2

3

Onehemoglobin moleculecan carry amaximum of
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four molecules of oxygen. If ahemoglobin molecule
carriesthreemoleculesof oxygen, thenit carries 3/4 or
75% of themaximum amount of oxygenit could carry.

Hed thy blood oxygen saturation isbetween 95 and
100 percent. Patientswith blood oxygen level sbelow
90 percent are considered to have hypoxemia, and a
blood oxygen level below 80 percent isknown as se-
vere hypoxemia. Shortness of breath isthe primary
symptom of hypoxemiad?*?,

Blood oxygen saturation level can be determined
using apulseoximeter. A pulse oximeter isaparticu-
larly convenient measurement instrument. Typically it
hasapair of smdl light-emitting diodes(LEDs) facinga
photodiode through atransparent part of the patient’s
body, usually afingertip. One LED isred, withwave-
length of 660 nm, and the other is infrared with wave-
lengths 905nm or 940 nm. Absorption at these wave-
lengthsdifferssgnificantly between oxyhemoglobinand
itsdeoxygenated form. Therefore, the oxyhemoglobin/
deoxyhemoglobinratio canbecdculated fromtheratio
of theabsorption of thered and infrared light!4,

METHODOLOGY

Sudy sample

The sampleof thisstudy was 115-worker, includ-
ing 96 maeand 19 femd e, distributed inthesedifferent
factories. Thesample’s ages were between 18-60 years.
The subjects chosen had no history of heart, cardio-
vascular disease, and hearing impairment. In addition
the selected workershad at |east aoneyear work, with
averageworking hours (8-12 hours) per day. In order
to select sudy samplefromarandom onethefollowing
formulawasused:™“.
M =n/{1+[n/N]}
Where: M: correlation samplesizethat should beused.
n: best vaueto select arandom sample of workersin
eachfactory =Z2Pd/ §2.; N: the actual sample num-
ber of workersthat found in each factory.; 6=0.055, Z
=1.96 (constant), P=0.9,g=1-P=0.1.

Sages of study
Several stageswer e performed

(1) Choosingtheindustrid plantsand measuring the
sound pressurelevelsof theseplants.
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(2) Classifyingthefactoriesinto different categories
according to sound pressurelevelsintherange
(80-90dB(A)) and (90-110dB(A)).

Regular visitsto thesefactoriesweredonein or-
der to measure severa health parametersduring
themorning shift and after 6 hoursworking (be-
tween 7.00am and 13.00 pm). However thetested
parametersare summarized as.

Blood oxygen saturation. b. Hearing threshold. c.
Arteria blood pressure (systolicand diastolic). d.
Pulserate.

M easur ementsand instrumentations

3

(4)

Sound pressur elevel measurement

The Sound Pressure Level Meter (Instructions
manual 1998 b) was used in thisstudy to measurethe
occupationa noisein each factory, hasan accuracy of
+0.5 dB(A) at 25°C, with precision of 0.1 dB(A)

Blood oxygen saturation

Blood oxygen saturation was taken for every
worker twice aday, before starting thework and after
6 hoursof beginning working. Theinstrument used for
this purpose was Pul se-Oximeter LM-800 (Finger -
Oximeter) with accuracy + 1%(Instructions Manual,
2012).

Hearingthreshold

To evaluatethe subject’s hearing ability an Audi-
ometer (Instruction Manud, 2010) with accuracy +2%,
at operating temperatures 15 °C to 40 °C was used for
different workers at different frequencies; 250, 500,
1000, 2000, 4000.6000. 8000 HZ.

Blood pressureand pulserate

Automatic Digital ElectronicWrist Blood Pressure
Monitor (model WS-300) with accuracy +2 mm-Hg,
and =+ 1% for reading heart pulse rate with operating
temperature range of +10 °C to +40 °C (Instruction
Manual, 1998a) was used to measure Theblood pres-
sure(systolicand diastolic) and pulserate.

RESULTS
The measured equiva ent sound Ievels(Leq) inall

selected industrial plantsare presented in TABLE 1.
Number of selected workers and working hours per
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day ineach sdected plant aredso showninthisTABLE.

TABLE 1: Noisepollution levels(NPL) in dB(A) at thestud-
ied plants

('j—lgq();‘) Number of  Working
Plant type/Name M ean selected hours per
workers day
value
Metal (Hadad factory) 95.6 20mae 12
Chemical (Albareeq
factory) 93.7 15mae 9
Concrete 1024 21 male 8
Food 825 10mae 8
Sewing(Clothes) 92 19femde 10 10
male
Stonecutter 1105 15male 8
Carpentry 855 Smae 8

Thisstudy showed that the health effects of noise
on human depend on the noiselevel itself. More spe-
cifically, theworkers exposed to noise more than 90
dB(A) have stronger hedlth effects compared to those
exposed to occupational noiselessthan 90 dB(A) as
canbeshowninTABLE 2.

TABLE 2: Net changeof blood oxygen saturation, pulserate,
and blood pressure(systolicand diastalic) beforeand after
exposurein two groupsof factories

Difference Factoriesfor SPL Factoriesfor SPL
between means morethan 90 dB(A) lessthan 90 dB(A)
SPO,% 1.64 1.33
P.R beats/min 3.68 2.8
S.B.P mmHg 5.05 3.73
D.B.PmmHg 421 3

Therearesgnificant hearing threshold shiftsinright
and | eft ears of subjects before exposure to occupa
tional noise and after 6 hours from the beginning of
morning shift TABLE 3.

This study showed that the bl ood oxygen satura-
tion values before exposure to noiseis closefor the
various groups of workers, and these values are de-
creased after exposureto occupationa noise. Thebe-
haviors of blood oxygen saturation asdependent vari-
able showed continuous decrease with occupational
noiselevels(Figure 1), age (Figure2), and theduration
of employment (Figure 3) asindependent varigbles. The
strength of the resultsis good as can be understood
from the Pearson correlation coefficient (0.779) and
the Probability (0.039) between sound pressurelevel
(SPL) and blood oxygen saturation (TABLE 4). In ad-
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TABLE 3: Percentage of degreesof hearingimpair ment in each studied industrial plant [accor ding to OSHA’sdefinition of

hearingimpair ment]

! ”glﬁ{;a' SPL (dB(A)  Right ear (b) % Right ear (a) % L eft ear (b) % L eft ear (a) %
= 95.6 8 20 (40%) 11/ 20 (55%) 9 20 (45%) 14/ 20 (70%)
3 93.7 2/15(13%) 4115 (26%) 2/15 (13%) 5/15 (33%)
F 102.4 9121(42%) 14121 (66%) 8121 (38%) 11/21 (52%)
F 82.5 2110 (20%) 3110 (30%) 1/10 (10% 2110 (20%)
Mae 2110 (20%)  Mde 410 (40%)  Mae 310 (30%)  Male: 5/10 (50%)
Fs 90.2 Femae: 5/19 (26%) Female: 10/19 (52%) Femae: 6/19 (31%) Female: 11/19(57%)
Total: 7/20 (24%)  Total: 14/20 (48%)  Total: 9/29 (31%)  Totdl: 16/29 (55%)
Fe 1105 7115 (46%) 10/15 (66%) 6/15 (40%) 10/15(66%)
3 855 1/5 (20%) 1/5(20%) 2/5(40%) 215 (40%)
Total 36/115 (31%) 57/115 (49%) 37/115 (32%) 60/115 (52%)

Average of hearing threshold levels in either one or both ears exceed 25 dB(A) at 1000, 2000, and 3000 Hz.; ** F . Metal
(Haddad), F,: Chemical (ALbareeq), F,: Concrete, F,: Food, F.: Sewing (Clothes), F,.: Stonecutter, F,: Carpentry

TABLE 4: Pearson correlation coefficient between sound
pressurelevels(SPL) in dB(A) and blood oxygen saturation
(SPO,%), pulserate (P.R), arterial blood pressure (SBP &
DBP), and hearing threshold levels(HTL) at different fre-
guencies

Independent  Dependent pear on -
variable, dB(A) variables _COrrélation - Probability ()
coefficient (R)
SPL SPO2% 0.779 0.039
SPL P.R 0.790 0.035
SPL SBP 0.734 0.030
SPL DBP 0.795 0.033
SPL R 250 Hz 0.877 0.009
SPL L 250 Hz 0.935 0.002
SPL R 500 Hz 0.891 0.007
SPL L 500 Hz 0.945 0.001
SPL R 1000 Hz 0.914 0.004
SPL L 1000 Hz 0.954 0.001
SPL R 2000 Hz 0.715 0.071
SPL L 2000 Hz 0.738 0.058
SPL R 3000 Hz 0.747 0.054
SPL L 3000 Hz 0.790 0.035
SPL R 4000 Hz 0.826 0.022
SPL L 4000 Hz 0.874 0.010
SPL R 6000 Hz 0.626 0.133
SPL L 6000 Hz 0.720 0.068
SPL R 8000 Hz 0.645 0.118
SPL L 8000 Hz 0.663 0.104

SPL: Sound pressure level in dB(A), SPO,%: Blood oxygen
saturation, P.R: Pulse rate (beats/ min), SBP: Systolic blood
pressure (mmHg), DBP: Diastolic blood pressure (mmHg), R:
Right ear, L: Left ear, 250-8000 Hz: Frequencies which were
used to detect the hearing levels of workers

TABLES5: Paired samplescorrelation of all studied vari-
ablesbefore(b) and after (a) exposureto occupational noise
inall sudied industrial plants

Pearson -
Paired variables Correlation Probgblllty
coefficient (R) ()

SPO, ¢, (b) & SPO, 4(a) 0.714 0.042
P.R(b) & P.R(a) 0.990 0.000
SB.P(b) & SB.P(a) 0.891 0.003
D.B.P(b) & D.B.P (a) 0.906 0.002
R 250 Hz (b) & R 250 Hz (a) 0.994 0.000
L 250 Hz (b) & L 250 Hz (a) 0.992 0.000
R 500 Hz (b) & R 500 Hz (a) 0.964 0.000
L500 Hz (b) & L 500 Hz (a) 0.933 0.000
R 1000 Hz (b) & R 1000 Hz (a) 0.990 0.000
L 1000 Hz (b) & L 1000 Hz (a) 0.991 0.000
R 2000 Hz (b) & R 2000 Hz (a) 0.981 0.000
L 2000 Hz (b) & L 2000 Hz (a) 0.987 0.000
R 3000 Hz (b) & R 3000 Hz (a) 0.927 0.003
L 3000 Hz (b) & L 3000 Hz (a) 0.913 0.002
R 4000 Hz (b) & R 4000 Hz (a) 0.938 0.002
L 4000 Hz (b) & L4000 Hz (a) 0.911 0.001
R 6000 Hz (b) & R 6000 Hz (a) 0.951 0.001
L 6000 Hz (b) & L 6000 Hz (a) 0.905 0.001
R 8000 Hz (b) & R 8000 Hz (a) 0.923 0.001
L 8000 Hz (b) & L 8000 Hz (a) 0.947 0.001

dition the Pearson corre ation coefficient and the Prob-
ability between blood oxygen saturation beforeand af-
ter exposure to noise are 0.714, 0.042, respectively
(TABLED), but thevauesof pulserate(PR) and arte-
rid blood pressure (systolic (SBP) and diastolic (DBP))
areincreased after exposureto occupationd noiseduring
work. Thebehaviorsof thepulserateand arteria blood
pressure (systolic and diastolic) asdependent variables
showed acontinuousincrease with occupational noise
levels(Figure4), age (Figure5), and duration of em-
ployment (Figure6) asindependent variables. Thesta

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 8(11) 2013

Issam R.Abdel-Raziq et al.

99

A
085, . 4 SPO2
ks m SPO2

975+ =
=97 L] = [ ]
96.5 +

96 + F1 .

saturation

955 +

95 f
80 90

Mean values of blood oxygen

100 110 120
SPL in dB(A)

Figurel: Mean valuesof blood oxygen saturation (SPO,%)

of workersaccordingto sound pressurelevels(SPL) in each

industrial plant
97 —=-SPO2 % (b)
=o=SPO2 % (a)

&

Mean values of blood
oxygen saturation %
©
o N e Yo P
Shin Xt Qin % th
—t——+——1
@
C/ /
W
b

=]

-
.

Age groups (Years)
Agegroups: G;: 16-25yr, G, 26-35yr, G, 36-45yr, G,: more
than 45 yr
Figure2: M eansvaluesof blood oxygen saturation (SPO_%)
of all selected workersbeforeand after exposureto noise
accor ding to different agegroups

-\.\.

98.5 +
=#=SP0O2 % (b)

=e=SPO2 % (a)

©

e e

~1 'h G
T T T

=
=3
R
D

Mean values of blood
oxygen saturation %
o
=
n
T

e

e

o
.
T

Duration of employment (Years)
Duration of employment groups: D,: 1-9 yr, D,: 10-18 yr, D,
19-27 yr
Figure3: M eansvaluesof blood oxygen saturation (SPO_%)
of all selected workersbeforeand after exposureto noise
accor ding to differ ent duration of employment groups

tistical resultsfor the dependent variables (PR, SBP,
and DBP) showed that Pearson correl ation coefficients
between sound pressurelevel and the dependent vari-
ables are approximately equal to one, and the Prob-
abilitiesare<0.05. Thisindicatesthat thereisstrong
correlation between SPL and the dependent variables
TABLE 4. In addition the Pearson correl ation coeffi-
cient and the probabilitiesTABLE 5 showed that there
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issignificant correl ation between the dependent vari-
ablesbefore and after exposureto noise.
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