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ABSTRACT
Noise is a harmful pollutant that leads to an unsanitary environment in urban areas. 
Electric backup generators, widely used in developing countries, have been one of the most 
common noise sources. This study identifies workers’ public health in public electrical 
backup generators in Mosul City, Iraq. Workers’ health was assessed by measuring blood 
parameters, including Hb, RBCs, WBCs, PLT, and PCV. In addition, other biochemical 
parameters have been tested, such as; TP, ALB, F.B.S, Bilirubin, Blood Urea, and 
Cholesterol. General Urine Examination (GUE) was implemented for all samples. The 
results show a significant change in the blood samples studied compared to the control 
sample. Hb increased to 15.72±0.9 and 16.12±0.74 g/dl, at noise levels 92.5 and 94.8 dB, 
respectively, compared to the control group (14.07±0.20 g/dl). RBCs and PLT increased 
with the high noise level, whereas TP shows a decrease of about 6.43±0.46 and 6.75±0.14 
g/dl at 92.5 and 94.8 dB, respectively, compared to the control group. Similarly, F.B.S, 
blood urea, and total cholesterol were increasing compared to the control group. Depending 
on the results obtained, up to 30% of the workers tested have severe hearing troubles. This 
percentage was classified as acute Hypacusis (57%), severe Hypacusis (40%), and complete 
deafness (3%). Therefore, public electrical backup generators, which were randomly 
distributed in the public areas of developing countries, are a source of noise pollution.
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INTRODUCTION

People living in cities have risen over 
the last few decades, which has caused a 
number of health problems (Flies et al., 
2019). In addition, the urban environment 
has become increasingly crowded, leading to 
a significant increase in pollution problems 
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such as heat, noise, and air pollution. Therefore, these areas need continuous assessment 
and suggest technologies to reduce pollutants’ exposure and density risks (Hussien et al., 
2020; Mohammed et al., 2020; Paull et al., 2020). 

Noise pollution is defined as a heterogeneous mixture of unwanted continuity sounds, 
usually due to industrial progress. This type of pollution is closely related to developed 
places, especially industrial places. Noise pollution has been placed in the second grade 
after water pollution in the cities. The technological development had resulted in many 
risks, despite the significant benefits provided by the urban technology to humankind, 
the advanced achievements that contributed to man’s well-being, and the provision of 
his requirements. Still, there are great dangers and problems brought by this technology 
between its folds and contributed to causing great suffering for most of humanity. Noise 
is considered the most dangerous environmental pollutants and one type of physical 
environmental pollution due to its negative impact on psychological health. It also has 
physiological and social effects on humans. It is an invented pollution component that 
resulted from modernity’s progress that depends on the use of machines, tools, means of 
transportation, conductors, and traffic signals that led to making significant changes in 
the sound environment (Adimalla et al., 2020; Dzhambov & Dimitrova, 2016; Eduardo 
et al., 2015). 

The World Health Organization (WHO) has announced that large cities’ noise has 
harmful impacts on public health. These effects depend on the period and level of exposure 
of a person. WHO also reported that the acceptable limit for daily exposure to noise in 
residential areas is 55dB (van Kempen et al., 2018; WHO, 2011). Noise at a certain sound 
level could cause damage to the ability of human hearing. When a person is subjected to 
a sound with an intensity of 85 dB, he starts getting disturbed, and when the intensity of 
the sound becomes more than 90 dB, the body organs start getting impacted. Continuous 
exposure to high sound levels, which caused further damage to the nerve cells in the inner 
ear, caused people to be deaf. The nerve cells are gradually eroded, and this issue has been 
known as neurodevelopmental hearing loss (Dzhambov et al., 2016; Sygna et al., 2014). 

Noise is linked to a number of industries, such as textile and cement industries, 
as workers in such factories are exposed to the noise of more than 90-115dB, causing 
psychological and organic influences with temporary or permanent hearing loss (Jadaan 
et al., 2016; Vladimir & Madalina, 2019). In addition, airports and highways in many 
countries have been recorded as a major noise source with a measuring sound between 
56-65dB (Amoatey et al., 2020). Backup electric power generators are diesel-powered 
outdoor machines that supply temporary electrical power up to a specific voltage (Ashmore 
& Dimitroulopoulou, 2009; Cuesta & Cobo, 2000). During statutory power outages, most 
people depend on these types of generators to meet their commercial, industrial, and 
domestic electricity needs (Parvathi & Gopalakrishnan, 2003). However, the noise caused 
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by aerodynamic forces generated in such machines, which can reach 92.4 dB (Ibhadode 
et al., 2018), has a detrimental effect on the health of their operators. Therefore, the risk 
of exposure to noise from these sources, which may cause serious health problems for 
workers, must be assessed. Therefore, this study aimed to evaluate some blood parameters 
(biological and biochemical) for workers in public electrical backup generators. In addition, 
the workplace conditions have been assessed based on the slight hearing problems and the 
severe hearing problems resulting from this type of noise.

MATERIAL AND METHODS

Mosul is Iraq’s second-largest city, with a population of around 1,800,000. It is located 
on the Tigris River in northern Iraq and was chosen as a case study to assess the effects of 
backup generator noise on the workers’ health.

Table 1
Classification of the number of samples collected

Working
Noise level

94.8 dB 92.5 dB
15 years 15 15
10 years 15 15

Eighty blood and urine samples were 
collected from operators of electrical backup 
generators in the study area. Men 35 and 
40 years of age, with no social differences 
were targeted in this study. The collected 
samples were divided into two groups based 
on working time and noise levels. The first 
group consists of 60 samples, while the 
second group consists of 20 samples, as shown in Table 1.

The apparatus of sound level determination (Testo-815) was used to measure acoustic 
noise intensity level. In addition, the blood pressure was spatially checked using a Mercury 
Sphygmomanometer with a stethoscope (Yuyue) (Measurement range: 0-300mmHg and 
Sensitivity: >2.25 mmHg).

The total protein amount was estimated using a ready-made analysis kit from the 
English company (Fortress/ UK). The method includes forming a coloured complex 
resulting from the interaction of the protein in the serum with a solution of basic copper 
potassium tartrate (Cu++ ions in the basic environment). It is known as the biorite detector 
to give a complex of purple colour whose intensity is proportional to the amount of protein, 
and the intensity of the solution is measured at the wavelength (550) nanometres (Arneson & 
Brickell, 2007). The bilirubin concentration was estimated using ready-made Kit solutions. 
The method is based on bilirubin’s interaction with the reagent Diazotized sulfalinic acid 
to form the Azobilirubin coloured compound. Dimethyl sulfoxide (DMSO) was added 
to estimate the total bilirubin (Arneson & Brickell, 2007). The intensity was measured 
at a wavelength of (550 nm), proportional to the amount of bilirubin present in the blood 
serum. The ALB concentration was determined using the Bromocresol green method, in 
which a ready-made test kit was used from a company from (Biolab /France). It depends 
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on the amount of albumin that binds with the reagent (3, 3, 5, 5-tetrabromocresol green) 
(Bromocresol green) BCG). The Albumin-BCG complex, which is green in colour, was 
measured at a wavelength of 630 nm (Arneson & Brickell, 2007). The enzymatic method 
(Urease-Modified Berthelot Reaction) was used to quantify urea. 

The method includes  ready-made solutions from the French company (Biomerieux) 
containing the enzyme urease, which releases ammonia into the basic environment. 
Ammonia reacts with salicylate and hypochlorite to form 2, 2-dicarboxyndophenol, 
measured at a wavelength (580) nanometres by a spectrophotometer. The total serum 
cholesterol was determined using the Kit from Biolab/France. It is an enzymatic method 
based on converting cholesterol and cholesterol esters to the tincture of Quinoneimine. 
The analysis kit contains the enzyme cholesterol esterase, which works on the analysis 
of cholesterol in the blood serum into cholesterol and fatty acids and in the presence of 
oxygen and cholesterol oxidase, which works on free cholesterol due to the first reaction to 
cholesterol-4-en-3-one and hydrogen peroxide. The formed peroxide interacts with phenol 
and 4-amino antibairben in the presence of the peroxidase enzyme (peroxidase); a pink 
colour is formed resulting from the compound (Quinoneimine), and the intensity of the 
colour is directly proportional with the concentration of cholesterol in serum (Richmond, 
1973). 10 ml of urine was taken and placed in a test tube and was centrifuged for 3 minutes, 
then we kept the precipitate, which is placed on a glass slide, and a microscopic examination 
was performed on it to know the types of cells in the urine sample (Brunze, 2016).

A practical experiment was carried out using a random design. The obtained data were 
statistically analysed for each of the studied groups using the Duncan Multiple Range 
Test. The results were considered significant at the probability level ≤ 0.05, using SAS’s 
statistical program (Asker et al., 2021).  

RESULTS AND DISCUSSION 

Nowadays, the Iraqi environment can be considered a dangerous source of psychological 
and physiological impact on a person’s health due to traffic chaos and the high intensity 
of electric generators. Noise is sonic waves that are transferred as electro-signals into 
the neurofibrils. The signals reach the cortex agitating its cells. Due to this agitation, 
such signals are passed to the Autonomic Nervous System, causing a malfunction of the 
Endocrine glands. Consequently, hormones of Adrenaline, Noradrenalin, Cortisol, and 
Growth are raised (Brink et al., 2019). The study area’s noise level is 94.8dB at some 
locations and 92.5dB at other locations.

The Noise Effect on the Hearing Sense

The continuous directed exposure to certain force sound waves can reduce the ability to hear 
or cause the deaf. The high intensity of sound can cause damage to the nerve cells of the 
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inner ear. Consequently, the nerve cells are gradually eroded, and the exposed person will 
be deaf. The noise in such sites is an influential impact on workers’ health and performance. 
Psychological disturbances can be suffered as it distracts minds, and causes distress, 
dissatisfaction, increased nervousness, and sensitivity. The noise can also cause gradual 
damage in the eardrums, causing hard pain for the worker (Evandt et al., 2017; Gori et al., 
2014; Oguntunde et al., 2019). The workers in the study area are suffering psychological 
tension due to the high noise. In addition, the immune system can be affected, leading to 
less protection to the body, including the middle ear causing buzzing and deafness. The 
impact of noise levels at 85,120-90 and < 100dB is caused by hearing loss (gradually), 
disturbances, and torturous pain in the eardrum, respectively (Esch et al., 2002; Sohrabi 
& Khreis, 2020). Researchers have found that among five workers working in high noise 
factories, one suffered from hearing loss. The sudden noise from severe explosions greater 
than 140dB could also cause heart problems in heart patients (Maschke et al., 2002).

The generators’ sites’ noise intensity is measured to be 94.8 and 92.5dB, which lies 
at the level of 90-120dB. There are many effects noted depending on the noise intensity. 
Although 40% of the tested workers do not suffer from any impacts, 60% suffer from 
discomfort and slight disturbances, 30% suffer from severe hearing problems. Therefore, 
severe hearing problems have been shown that those with severe Hypacusis are 40%, and 
an acute Hypacusis is 56.66%, while complete deafness is 3.33%, as in Figure 1.

Figure 1. Percentage of people with hearing problems

The Noise Effect on Blood Pressure and the Number of Heartbeats

As shown in Figure 2, the operators working in such sites who suffer from high blood 
pressure were 40%, and the rate of the heartbeats increased to 41%. In the places where 
workers are exposed to high noises, the risk of heart disease has increased due to the 
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increased tension that causes the release of Cortisol hormones, changes in the heart rate, 
and the widening of blood arteries. Consequently, there is a relationship between exposure 
to noise, high blood pressure, and heart function disorders. In addition, exposure to a high-
sudden noise could cause several physiological reactions within the human body, including 
adrenaline secretion, high blood pressure, increased heart beating rate, and breathing rate. 
Previous studies in this field found that workers exposed to noise ranging from 90-100dB 
per day suffer from high blood pressure (Dzhambov & Dimitrova, 2017; Gori et al., 2014; 
van Kempen et al., 2018).

Figure 2. Impact of noise level on the heartbeat (mm Hg) and hypertension (bpm)

The Noise Effect on Hb, PCV and RBCs 

The results shown in Table 2 illustrated the concentrations of these variables changes in 
operators’ blood according to the noise levels. For example, Hb highest concentration 
reaches 16.12 ± 0.74 according to the noise intensity of 94.8dB, while the lowest 
concentration of Hb was about 15.72 ± 0.9 at 92.5dB. In comparison, PCV ranges from 
12.41 to 9.28% at different noise levels 94.8 and 92.5dB. On the other hand, RBCs reached 
5.82± 0.2 and 5.67± 0.28 at 92.5 and 94.8dB, respectively. Besides the relationship between 
the noise level and the period work, the first group (15 years) showed the highest increase 
in Hb reached 13.67% compared to their values in the second group’s blood (10 years), 
0.7%. Thus, the workers are exposed to noise at different levels, with increasing of the 
working periods affects the production of red blood cells, leading to changes in the blood 
components, which usually causes injury (Dongre et al., 2011; Le & Hattingh, 1983).

The Noise Effect on WBCs and PLT

Table 2 shows that the number of WBCs and PLT showed a significant increase compared to 
the control groups. The highest values reach 8.38 ± 1.5 and 207.75±37.73 at 94.8dB, while 
the lowest values reach 7.67 ± 0.36 and 165.75 ± 16.37 at 92.5dB, respectively. However, 
the control group’s values were (5.87 ± 0.07) and (137.5 ± 3.23). Regarding the periods 
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of exposure, the first group showed the highest values at 8.72 ± 0.68 and 211.75 ± 36.34 
compared to the second group that reaches 7.3 ± 0.7 and 161.75 ± 15.77. Working with 
a high noise level of more than 70dB for more than 8 hours per day affects the immune 
system’s functions and thus increases WBCs, especially lymphatic ones. In addition, 
exposure to noise leads to changes in the blood components and, eventually, grows PLT 
that occurs in response to the effort caused by bulging blood cells (Brook & Rajagopalan, 
2009; Xiao et al., 2016).

Table 2
Impact of noise level and work-years on some blood components

Parameter Noise level 
(94.8)dB

Noise level
(92.5)dB 

Working 
years (15)

Working 
years (10) Control

Hb 
g/dl

Av ± St error 16.12±0.74 15.72±0.9 16.65±0.75* 14.4±0.6 14.07±0.20*
Con % 114.57 111.72 114.57 102.34 100

Increase% 14.57 11.72 14.57 2.34 -
PCV % Av ± St error 48.45±2.22 47.1±2.71 49.42±2.27 46.2±1.8 43.1±0.21

Number% 112.41 109.28 114.66 107.19 100
Increase% 12.41 9.28 14.66 7.19 -

RBCs *106/
mm3

Av ± St error 5.82±0.2* 5.67±0.28 5.72±0.12* 5.16±0.4 5.12±0.13*
Number% 113.67 110.74 111.71 100.78 100
Increase% 13.67 10.74 11.71 0.78 -

WBC cells 
per μl

Av ± St error 8.38±1. 5* 7.67±0.36 8.72±0.68* 7.3±0.7 5.87±0.07*
Number% 142.75 130.66 148.55 124.36 100
Increase% 42.75 30.66 48.55 24.36 -

 PLT *103/
mm3

Av ± St error 207.75
±37.73

165.75
±16.37

211.75
±36.34

161.75
±15.77

137.5
±3.22

Number% 151.09 120.54 154 117.63 100
Decrease% 51.09 20.54 54 17.63 -

Bilirubin (mg/dl) 2.60±0.27 2.27±0.16* 2.33±0.17* 2.37±0.19 2.82±0.13*
Total Bilirubin (mg/dl) 1.11±0.27* 0.75±0.24 1.07±0.42* 0.77±0.24 0.73±0.01*
Conjugated Bilirubin  (mg/dl) 0.59±0.15 0.29±0.11 0.50±0.12 0.47±0.17 0.17±0.04
Unconjugated Bilirubin ( mg/dl) 0.40±0.20 0.33±0.12 0.55±0.18 0.26±0.12 0.24±0.06

The Noise Effect on TP and Urea 

As shown in Table 3, the results revealed that TP concentrations decrease at different noise 
intensity levels compared to the control group. Urea concentrations showed an increase in 
serum of operators compared to the control group. The decrease in TP is 10.24% and 14.5%, 
according to the noise levels 94.8 and 92.5dB, respectively. The highest urea concentration 
reached 55.1 ± 0.65 at 94.8dB compared to the lowest concentration of 39.5 ± 0.06 at 
92.5dB. Many environmental pollutants, including noise pollution, affect the formation of 
proteins in the liver, which is one of the liver’s most critical functions. The amino acids are 
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necessary for the formation of proteins, as any defect in this member’s work will negatively 
affect the process of protein formation. Therefore, lower concentrations, which in turn will 
increase the level of urea as a final product of the amino acid metabolism (Allouche et al., 
2011; Anetor et al., 2009; Oiamo et al., 2015).

The Noise Effect on Concentrations of FBS, ALB, and Cholesterol 

According to the results, as shown in Table 3, it was found out that the glucose and albumin 
concentrations increased based on the noise intensity. The highest values reached 13.21 
and 9.25% at a noise intensity of 94.8dB. Meanwhile, there was an increase in FBS and 
ALB concentrations, reaching 21.26 and 2.5%, respectively. Regarding the effect periods 
work, the first group increased 45.11 and 8.75% compared to the second group, 14.39 and 
3.5%. In this field, previous studies have proved that noise exposure has many physiological 
reactions in humans, including an imbalance in the regulation of the composition of 
carbohydrates and the effects on the glucose levels in the blood. Therefore, patients with 
diabetes respond with more sensitivity than others to such noise pollutions (Roswall et al., 
2018). At the same time, the cholesterol concentrations have reached the highest values, 
16.8%, at a noise level of 94.8dB, as shown in Table 3. The noise levels at 92.5dB showed an 
increase in cholesterol concentrations in the operators’ serum, reaching 5.57%. Concerning 
the work duration, the first group revealed an increased rate of 13.40 % compared to the 
second group, 8.20%. The noise pollution resulting from the noises of the various engines 
caused a high concentration of fat in the serum. This rise has a relationship with some 
factors, including exposure to noise of different levels and exposure to industrial pollutants 
(Yeatts et al., 2007).

The Noise Effect on Concentrations of Total Bilirubin and Conjugated Bilirubin 

The results shown in Table 3 reported a clear rise in the concentrations of total bilirubin 
and conjugated bilirubin in the serum of operators exposed to different levels of severity 
of noise in comparison to the control group. The rise in bilirubin concentrations reached 
1.11 ± 0.27 and 0.75 ± 0.24, according to the different noise intensities 94.8 and 92.5dB 
compared to the control group (0.73±0.01). Whereas the conjugated bilirubin reached the 
highest concentration of 0.59 ± 0.15 at 94.8dB. Whilst, the lowest concentration reached 
0.29 ± 0.11 at 92.5dB compared to the control group (0.17 ± 0.04). This increase results 
from the malfunction that affects the liver and leads to a lack of the liver’s ability to secrete 
bilirubin which clogs the bile ducts and the disease known as hepatic jaundice (Arjunan 
& Rajan, 2020).
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Table 3
Impact of noise level and work-years on some of the biochemical variables

Parameter Noise level 
(94.8)dB

Noise level
(92.5)dB

Working 
years (15)

Working 
years (10) Control

T.P g/dl Av ± St error 6.75±0.14 6.43±0.46* 6.75±0.42 6.44±0.22* 7.52±0.15*
Concentration% 89.76 85.50 89.76 85.63 100

Decrease % -10.24 -14.5 -10.24 -14.37 -
Urea mg/dl Av ± St error 55.1±0.65* 39.5±0.06 50.8±0.84 41.0±0.34 36.5±0.22*

Concentration% 150.95 108.21 139.17 112.32 100
Increase % 50.95 8.21 39.17 12.32 -

F.B.S mg/dl Av ± St error 72.3±6.7 67.5±3.23 86.52±10.1 68.2±4.8 59.62±18.7
Concentration% 121.26 113.21 145.11 114.39 100

Increase % 21.26 13.21 45.11 14.39 -
Alb g/dl Av ± St error 4.37±0.17 4.10±0.59 4.35±0.48 4.14±0.4 4.00±0.9

Concentration% 109.25 102.50 108.75 103.5 100
Increase % 9.25 2.50 8.75 3.5 -

Total 
Cholesterol 
mg/dl

Av ± St error 183.87
±25.87

167. 5
±23.1

179.75
±24.16*

171.5
±11.92*

158.5
±0.64*

Concentration% 116 105.67 113.40 108.20 100
Increase % 16 5.67 13.40 8.20 -

The Effect of Noise on the Functions of the Kidney

Figure 3 indicates urine analysis for the operators, which shows different types of cells in 
the urine. The Pus cells revealed the highest percentage of 35% then, the RBCs were 30%, 
the Epith cells were 20%, and finally, the crystals were 15%. Exposure to successive and 
high sounds leads to changes in the body systems. It affects the kidney structure, causing the 
penetration of proteins from blood to urine through the kidney’s glomeruli. Consequently, 
this situation created signs of imbalance in the kidney’s functionality lead to observing these 
different types of cells in the urine (Farong et al., 2018). However, causing much disorder 

Figure 3. The percentage of various cells in the urine

Pus Cells
RBCs
Epithelial Cell
Crystal
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and abnormal impacts in the human body are related to this type of noise pollution, which 
is the response to the physiological damage-causing sediment of many kinds of stuff in 
the urinary tracts, thereby increasing the possibility of salt sediments in the urinary tracts 
especially in the case of ureter and bladder inflammation. The workers in such places do 
not have good personal hygiene habits and are not committed to stopping eating protein 
or meat. Also, the workers do not regularly visit doctors and medical centres. 

CONCLUSION

Previously, it has not been directly addressed such this type of pollution caused by (random 
distributed backup electrical generators) in the Middle East. Therefore, this study can be 
considered the first to highlight such pollution, which can cause severe health conditions 
after long-term exposure. The exposure of these noise sources leads to significant differences 
in some blood parameters (Hb, RBCs, WBCs, PLT, PCV, TP, ALB, FBS, Bilirubin, Blood 
Urea, and Cholesterol. It was confirmed by comparing the control group results with those 
of the exposed group (workers). The noise intensity of the measured sites has reached 94.8 
and 92.5dB. The first noise level, 94.8dB, showed a higher effect than the second level, 
92.5dB. The operators exposed to the noise for 15 years are affected more than those with 
less exposure time (10 years). Therefore, it is recommended that workers take precautionary 
measures in the workplace (the backup electrical generators), including temporary work 
that involves various employment conditions, i.e. on-call and seasonal work.
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