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ABSTRACT 
Generally, no industry can be found to be safe in terms of noise pollution. Noise is the wide- spread 

form of environmental stressor in the industrialized urban areas. 

Aim: the purpose of this paper is to evaluate the combined effect of workplace noise and smoking on 

some hematological parameters on employing work in a food manufacturing plant. 

This is a retrospective study before and after for five years since starting of the work. In this study, 

50 male subjects participated: smokers (n=11) and nonsmokers (n=39), for further individual 

information and certain specific points, a developed standard questionnaire, were filled out by 

participants. For the past 4-year’s details, blood tests and medical records of persons since initially 

hired, were used. The details of the fifth year were measured by the presenters. Using the ISO 

protocol 1999 and 9612, workplace noise was measured and the noise map was drawn using arc-

view GIS software.  Statistical analysis SPSS software version 18 was investigated. Due to the nature 

of the study, the significance level was set at a P value ≤0.1.   

Statistical findings and laboratory data showed that the effect of noise and smoking on red blood 

cells and white blood cells of smokers and nonsmokers was significant (p<0.1), so that the amount of 

red blood cells in smokers who are exposed to noise exceeding 88.83 dB, is higher than nonsmokers, 

and the white blood cells are lower in nonsmokers in compared with smokers. 

Our findings showed that combined of workplace noise and smoking has severe adverse effects on 

hematological parameters, and these alterations might be associated with a greater risk for more 

diseases. It is notable that results are from a research effort of its researchers and it is not completely 

certain so further investigation will be needed. 
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INTRODUCTION 
Generally, no industry can be considered to be 

safe in terms of noise pollution [1]. Noise is 

the most widespread form of environmental 

stress or in the industrialized urban areas [2]. 

The term “stress” for the first time, was used 

in physiology by cannon in 1939. Response to 

stress, including changes in blood glucose and 

electrolytes, changes in the number of white 

blood cells, hyper adrenal hypertrophy, 

changes in the thymus and etc. [3]. Various 

studies have shown that stress has some 

effects on human such as effect on the 

cardiovascular system and blood parameters 

[4]. For years, the harmful effects of loud 

noise are known as a cause of stress and 

physiological and psychological changes in 

humans [5]. Noise exposure exceeded from 85 

dB in any form beyond, known as a source of 

stress [6] and since noise is known as one of 

the most important adverse physical factors at 

work [7]., It has adverse effects on living 

organisms and biological systems in addition 

to hearing loss, that have been reported 

systematically, and has some adverse effects 

on heart, liver, blood and reproductive system 

[6, 8-13]. Finally, non – auditory effects of 

noise, including the effects of physiological 

and psychological those have interfered with 

body functions and its activities [14]. 

The effects of cigarette smoking on human 

health are serious and in many cases deadly. 

[15] Tobacco cigarette smoking is part of the 

major leading causes of death and essential 

public health challenge in the world over [16-

17]. There are greater than 4000 chemicals 

found in cigarette smoke [18], and a cigarette 

smoker is exposed to a number of harmful 

substances including nicotine, free radicals, 

carbon monoxide and other gaseous products 

[19]. It is well known that smokers have a 

higher risk for cardiovascular diseases, 

hypertension, inflammation, stroke, clotting 

disorder, and respiratory disease [20-26]. 
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Moreover, cigarette smoking accelerates 

pathogenesis in different type of cancers such 

as lung, pancreas, breast, liver and kidney [17, 

21- 22].Tobacco smoking has been correlated 

to cause several major morphological and 

biochemical problems in individuals. 

Smoking has both acute and chronic effects on 

hematological parameters [15] during the past 

decade. It was suggested that cigarette 

smoking affects the blood characteristics as 

well that leads to death. For example, the 

relation between smoking and white blood 

cell count has been clearly established [20, 

22-23]. In a number of studies, it has been 

found that smokers have a higher white blood 

cell counts than nonsmokers (21, 24, 26), 

although in some earlier studies relationship 

between smoking and red blood cell was 

found in smokers [27]. 

Although the effects of smoking on blood 

parameters are known, and also the effect of 

noise on the auditory system is proven, 

however, few studies taken on the effect of 

noise on other organs such as the 

cardiovascular system and blood , as the effect 

of noise on different parameters of 

cardiovascular and blood is conflicting and 

uncertain [28]. So in view of this report, we 

reviewed and analyzed the combined effect of 

workplace noise and smoking on some 

hematological parameters of employed who 

have worked in a food manufacturing plant 

(Iran–Abhar). 

 

MATERIALS AND METHODS  

This is a retrospective (before and after) study 

for five years since beginning of the work. In 

fact, prior to employment, the situation was 

control and 5-year period is a case situation. 

This sectional–retrospective study been 

composed of two stages required to 

demographic data and information about 

confounding factors, and retrospective studies 

under field conditions.  

In order to measure workplace noise, first 

reviewed existing work focuses on noise 

sources, acoustical measurement using the 

methods and protocols of ISO 1999 and ISO 

9612, in a flour workshop with size of 300 

square meters; consist of Rotary Sieve flour 

machines and Winding machine for flour, has 

done. By selecting methods, 23 measuring 

stations determined, and during the 8-hour 

shifts, using Mastech Sound Level meter 

model 760 type 1, Leq (dB) was calculated, 

and then workplace noise map using arc view 

GIS software plotted. Using the noise map, 

scattering people in the workplace was 

reviewed during a shift work and the noise 

received by each sample, was measured by the 

dosimeter TES1354. Values obtained from 

individual dosimeter and workplace noise 

measurement, were equal amounts, therefore 

the values obtained for data analysis were 

used for work place noise measurement. It 

should be noted that the time of measuring 

was day, and during the shift work in a 

situation where all the devices were turned on 

and the workers were working.  

Finally, all subjects, population of 50 people 

were enrolled. In order to be aware of some 

specific items and personal information that 

were likely to interfere with the consequences, 

a questionnaire has been completed by the 

subjects. This valid questionnaire has been 

agreed in consultation with specialists in 

hematology and occupational medicine. 

Requirements such as: age, gender, weight, 

work experience, marital status, shift work 

system, following the special diet, smoking, 

certain diseases, anemia, regular use of 

medication, drugs and etc., were requested in 

the questionnaire. therefore , exclusion criteria 

of the study included : lack of physical and 

mental health, alcohol consumption, use of 

sleep medications and certain drugs such as : 

streptomycin, gentamycin, quinine, 

salicylates, paromomycin, neomycin, rifampin 

(toxic labyrantitis), continuous use of 

antibiotics, blood diseases, surgery in the past 

6 month prior of blood test, blood receive or 

donation shortly before blood test and shift 

work, so after completing the questionnaire , 

these cases were investigated. 

By aware of confounding factors on blood 

parameters, including fasting during blood 

test, vigorous activity for 15 minutes before 

test, blood receive or donation shortly before 

the blood test, surgery 6 months prior of blood 

test, cold at time of testing, and after 

determining the sample size and selection of 

all the participants who exposed to the 

workplace noise, exceeded from 85 dB, blood 

samples were taken. Because it was a 

retrospective study, to access the data in the 

last 4 years, the information contained in their 

medical records, which regularly completing 

and monitoring every year, has been used. 

Blood samples received by the fifth year, were 

analyzed using system kx21 cell counter in the 

medical laboratory of the plant and then 

hematological parameters including red blood 

cells based on (mli/μL), white blood cells 

according to (count/μL), hemoglobin in terms 

of (g/dL) and percentage of hematocrit were 

evaluated. 

All periodic testing in this series is from the 

beginning of employment (initial 

experiments) and samples which has been 

updated in recent years. This is a before and 
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after study, it means that the combined effect 

of workplace noise and smoking on blood 

parameters has been measured in one group of 

people for 5 years. The advantages of this 

approach are reduction of sample size, 

reduction of individual differences and 

reduction of potential errors and confounding 

factors. 

After the data collection phase, and ensure the 

normal distribution of variables through the 

one- sample Kolmogorov Smirnov test and 

statistical analysis such as chi–square , 

Cochran and Mantel–Haenzel, and by spss 

software version 18, the combined effects of 

workplace noise and smoking on some 

hematological parameters were evaluated. 

Because of the retrospective nature of the 

study, a significant level was considered pvalue 
≤0.1.  

 

RESULT 
In this study, 50 employees participated from the 

flour workshop of a food manufacturing plant. 

Given the demographic characteristics, the male 

gender dominance in the workshop, so in 

consultation with a statistician, a measure of gender 

factor with other parameters was negligible. Based 

on the results obtained from the data provided in 

the questionnaire, from 50 subjects participated in 

the study, 11 (22%) were smokers and 39 (78%) 

were nonsmokers. Workplace noise measurement 

showed that workers worked in 8-hour shift work 

have been exposed to an average of 88.83±1.30219 

dB Leq(Table 1) .To determine the distribution of 

workstations and workplace noise exposure, noise 

map was plotted (figure 1). 
Table 1: Description of the quantitative variables 

and average values of parameters during 5 years. 

 

Type of 

variable 

Average 

(Standard 

deviation) 

The 

minimum 

amount 

The 

maximum 

amount 

Total 

number 

Unit 

Workplace 

noise 

88.83 

(1.30) 

86.50 90.50 50 dB 

Average of 

red blood 

cells during 

5 years 

 

5.44    

(0.34 ) 

4.62 6.37 50 mli/μL 

Average of 

white blood 

cells during 

5 years 

6730.00 

(1145.82) 

 

4880.00 10960.00 50 count/μ

L 

Average of 

hemoglobin 

during 5 

years 

 

15.46 

(0.89) 

12.50 17.40 50 g/dL 

Average of 

hematocrit 

during 5 

years 

 

45.90 

(2.18) 

40.26 51.28 50 % 

 
Fig.1: Noise map drawing arc view GIS 

 

Figures 2 to 5 represent moderate changes in 

hematological parameters; red blood cells, 

white blood cells, hematocrit and hemoglobin 

during 5 years of noise exposure in equivalent 

sound level of 88.83 dB. The results of blood 

tests during the 5- year average are given in 

table 1. As showed in figures 2 to 5, the trend 

of the average amount of blood parameters in 

the last 5 year has been upward. 

 

 
Fig.2: Trend of red blood cells average during 5 years 
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Fig.3: Trend of white blood cells average during 5 

years 

 

 
 Fig. 4: Trend of hematocrit average during 5 years 

 

Based on the results in table 2 , the average 

value of each blood parameters such as ; the 

average amount of red blood cells , white 

blood cells , hematocrit and hemoglobin in 

smokers are higher than nonsmokers during 5 

years but the differences were not significant 

(p≥0.1). 

Table 3 to 6 represents the relation between 

the combined effect of workplace noise and 

smoking on some hematological parameters 

using chi–square, Cochran and Mantel–

Haenzel tests. 

 

 

 
Fig.5: Trend of hemoglobin average during 5 years 

 
Table 2: The relationship between blood 

parameters in smokers and nonsmokers using the t-

test  

 
indices 

 

Blood parameters/ 

smoking 

 

average 

 

Standard 

deviation 

 

Statistical tests      

(t-test) 

Average of 

red blood 

cells during 5 

years 

(mli/μL) 

smoker 5.56 83.0 Pvalue=0.32 T= 1.00 

nonsmoker 5.42 83.. 

Average of 

white blood 

cells during 5 

years (count/ 

μL) 

smoker 7012.72 1511.82 P value=0.35 T=0.92 

nonsmoker 6650.25 1030.45 

Average of 

hematocrit 

during 5 

years )%( 

smoker 46.56 1.63 P value=0.25 T=1.14 

nonsmoker 45.71 0.36 

Average of 

hemoglobin 

during 5 

years (g/dL) 

smoker 15.74 0.64 P value=0.24 T=1.17 

nonsmoker 15.38 0.95 

As shown in table 3, the effect of noise and 

smoking on red blood cells of smokers and 

nonsmokers was significant (p≤0.05), so that 

the amount of red blood cells in smokers, who 

are exposed to noise exceeding 88.83 dB, is 

higher than nonsmokers. 

Table 4 shows the relationship between the 

combined effect of noise and smoking on the 

average of white blood cells during 5 years. 

Based on results, the average amount of white 

blood cells in nonsmokers and smokers shows 
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a significant difference (pvalue ≤0.1) it means 

that the average value of the white blood cells 

of nonsmokers is lower than smokers. 

According to the findings in table 5 and 6, the 

relationship between the workplace noise and 

smoking effects on hematocrit and 

hemoglobin for 5 years has been analyzed and 

no significant difference was observed 

(p≥0.1). 
Table 3: Relation between combined effect of 

workplace noise and smoking on red blood cells 

(mli/μL) using chi–square, Cochran and Mantel–

Haenzel tests. 

 

tests chiχ Pvalue 

Chi- 

square 

smoker 3.59 0.05 

Nonsmoker 0.19 0.65 

Cochran 1.53 0.21 

Mantel-Haenzel 0.86 0.35 

 
Table 4: Relation between combined effect of 

workplace noise and smoking on white blood cells 

(μL/count) using chi–square, Cochran and Mantel–

Haenzel tests. 

 

tests chiχ Pvalue 

Chi - 

square 

smoker 0.05 0.81 

nonsmoker 3.72 0.05 

Cochran 3.29 0.06 

Mantel-Haenzel 2.22 0.136 

Table 5: Relation between combined effect of 

workplace noise and smoking on hematocrit (%) 

using chi–square, Cochran and Mantel–Haenzel 

tests. 

tests chiχ Pvalue 

Chi - 

square 

smoker 0.35 0.55 

nonsmoker 0.55 0.45 

Cochran 0.87 0.35 

Mantel-Haenzel 0.39 0.52 

 
Table 6: Relation between combined effect of 

workplace noise and smoking on hemoglobin 

(g/dL) using chi–square, Cochran and Mantel– 

Haenzel tests. 

 

tests chiχ Pvalue 

Chi - 

square 

smoker 2.21 0.13 

nonsmoker 1.29 0.25 

 

DISCUSSION  

This study investigated the combined effects 

of workplace noise and smoking on 

hematological parameters on whom working 

in a food manufacturing plant. Experimental 

and statistical results such as t- test, Chi–

square, Cochran and Mantel–Haenzel showed 

significant differences in hematological 

parameters. 

Based on the findings, the workplace noise 

and cigarette smoking both increase the 

amount of red blood cells over 5 years, and 

are consistent with other investigations [16, 

27, and 29]. A general increase for red blood 

cells occurs in such a situation; the body 

compensates for the lack of oxygen in the 

poor performance of heart and lungs, lack of 

oxygen high altitude areas, reduction of blood 

plasma, smoking and stress [30]. It is pointed 

out that high level RBC (red blood cell) 

associated with blood viscosity and clotting in 

smokers [31-33]. High level of RBC is termed 

as polycythemia and very high RBC mass 

shows blood viscosity and increase the risk of 

intravascular clotting. Coronary vascular 

resistance decreased coronary blood flow, and 

a predisposition to thrombosis [34].  

As noise as a stressor and smoking , both are 

causing increased blood viscosity, increase 

blood pressure , increase risk of 

cardiovascular diseases and increase amount 

of red blood cells , It has been estimated that 

the increasing risk of cardiac disease in 

smokers who have exposed to high level of 

workplace noise , may be associated with high 

fibrinogen levels through arterial wall , 

inflammation and effects on blood velocity, 

palette aggregation and fibrin formation [24, 

35-36]. 

Although strong epidemiological evidence 

links cigarette smoking to cardiovascular 

disease, cancer and chronic obstructive 

pulmonary disease (COPD), the exact 

mechanisms of these links remain poorly 

understood [15] some of the adverse effects of 

smoking include initiation of endothelial 

injury [37], acceleration of coronary 

progression and new lesion formation [38] 

and overall alternations in lipid and 

hemostatic systems [39]. Detecting 

endothelial damage may be the most useful 

step in the early diagnosis of atherosclerosis 

although the endothelium releases many 

molecules into the circulation and the arterial 

wall , not all of them are specific to the 

endothelium and therefore of limited research 

or diagnostic potential [40]. 

White blood cell count is perhaps the most 

useful, inexpensive and simple biomarker for 

endothelial damage [15] we found that 

nonsmokers who exposed to high level work 

place noise had significantly lower white 

blood cell count compared to smokers in a 

same condition (p≤0.1). On the other hand, it 

means that the white blood cell count in 

smokers is higher than nonsmokers. The high 
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white blood cell count of smokers in this 

study is consistent with other published 

reports [25, 41]. Freedman et al. observed the 

median total white blood cell count was 36% 

higher in current smokers as opposed to 

nonsmokers [24]. The mechanism for 

smoking- induced increase in white blood cell 

count is not clear [15] it has been suggested 

that inflammatory stimulation of the bronchial 

tract induces an increase in inflammatory 

markers in the blood [42-43]. While blood cell 

may simply be a marker of smoking- induced 

tissue damage, the high count can promote 

cardiovascular diseases through multiple 

pathological mechanisms that mediate 

inflammation, plug the microvasculature, 

induce hyper coagulability and promote 

infarct expansion [17,20,25-27,29,37-43]. In 

fact, several studies have shown that white 

blood cell count is an independent predictor of 

atherosclerosis and cardiovascular disease 

[44-45]. 

According to table 5 and 6, combined effects 

of workplace noise and smoking on the mean 

value of hematocrit and hemoglobin during 5 

years showed no significant difference 

(p≥0.1), the obtained results with previous 

studies [15-15, 26-27] that believe the effects 

of smoking increased hematocrit and 

hemoglobin because of the increase in carbon 

monoxide in the blood, are not in agreement.  

Finally, the high white blood cell count and 

red blood cell in our smoking subjects who 

were exposed to workplace noise, may also 

suggest that they might be at greater risk for 

developing high blood viscosity 

atherosclerosis and cardiovascular diseases. 

Thus, it can be concluded that workplace 

noise and smoking, both, have synergistic 

effects on red blood cells and white blood 

cells. 

 

CONCLUSION 

This scientific study is the result nature of 

multiple causes of non – auditory effects of 

noise and because of the results observed in 

this study, these effects cannot be definitively 

attributed to the noise or it cannot be 

completely innocent, so several studies with 

different designs should be done to obtain 

results that are more precise. It is noted that 

the results are from the research effort of its 

researchers and it is not completely certain so 

further investigation is needed of logical, 

profound and practical – theoretical focus 

research, which has been prepared and 

published by enforcement efforts with a new 

approach to achieve new results, however, due 

to the. 
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