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ABSTRACT

Introduction: Studies show that in many cases, environmental hazardous agents such as heat, noise,
as well as chemical pollutants cause adverse health effects through the mechanism of oxidative stress.
This study has examined the effect of exposure to noise and whole-body vibration (WBV) on some
parameters of oxidative stress (enzyme superoxide dismutase (SOD), total antioxidant capacity (TAC), and
malondialdehyde (MDA)) of workers in a foundry industry.

Material and Methods: The workers were selected based on the calculations related to the sample
size and taking into account the inclusion criteria as well as completing the informed consent form. The
level of exposure to noise and WBV was measured according to ISO 9612 and I1SO 2631, respectively. For
each worker, the time-weighted average was calculated. The level of exposure of workers to the studied
stressors was divided into three categories: low, medium, and high. The blood samples were taken from
all participants between 7-9 am. Then, via ELISA method according to the protocol of the kit manufacturer,
the samples were prepared and analyzed. Univariate analysis of variance was performed to determine the
“effect size” of each physical stressors on the studied parameters.

Results: The mean levels of MDA, SOD, and TAC among participants were 22.48 (11.19) nmol / ml, 61.28
(10.97) U / ml, and 1.64 (0.90) mM, respectively. Among the exposure variables, noise had the largest
effect on MDA level (B = 0.090), which was not statistically significant (P = 0.865). WBV had the largest
effect on SOD level (B =-1.469) which was statistically significant (P = 0.016). None of the studied variables
had a significant effect on the TAC level; however, among the exposure variables, the greatest effect was
related to WBV (B =-0.077; P =0.133).

Conclusion: The effect of noise on oxidative stress parameters was not statistically significant. The effect
of whole-body vibration on oxidative stress parameters except SOD was not statistically significant. Noise
and WBV had increasing effect on MDA and decreasing one on SOD and TAC levels.
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1. INTRODUCTION

Workers are at risk for various physical
and chemical hazardous agents, each of which,
depending on the nature of the agent and the
exposure condition, can have adverse health
consequences for the exposed individuals. These
hazardous agents, called environmental stressors,
can disturb the balance of reactive oxygen species
(ROS) in the body and cause oxidative stress.
Oxidative stress is the prognosis of oxidative damage
and occurs when there is an imbalance between
the production of free radicals and the body’s
ability to counteract its harmful effects through
neutralization by antioxidants. The increase in
oxidative stress involved in pathogenicity is a
consequence of increasing the production of ROS
or weakening of the purification capacity of ROS,
which leads to tissue damage. Studies show that in
many cases, harmful environmental factors such as
heat, sound, chemical pollutants, etc. act through
the mechanism of oxidative stress. The present study
examines the effect of exposure to noise and whole-
body vibration (WBV) on some parameters of
oxidative stress (superoxide dismutase (SOD), total
antioxidant capacity (TAC), and malondialdehyde
(MDA)) of workers in a foundry industry. MDA is
the end product of lipid peroxidation and is often
used to define oxidative stress. SOD is an enzyme
responsible for converting superoxide anion (O,s-)
radicals to hydrogen peroxide plus molecular
oxygen, and is important for controlling cellular
ROS levels. TAC refers to a set of compounds
(enzyme systems such as SOD, small molecules
such as vitamin E, and proteins such as albumin).
A review of the literature suggests that field studies
on the effect of exposure to high noise and WBV
levels on the oxidative stress parameters of workers
are very limited.

2. MATERIAL AND METHODS
Study Population

The study population included all workers
active in three manufacturing sections of cast iron,
aluminum, and grinding in a foundry industry who
were exposed to noise and vibration. Individuals
were enrolled the study based on calculations
related to the sample size and considering the
inclusion criteria as well as completing the
informed consent form. The minimum sample size
for each estimate (type of exposure) was set at 121
people; however, considering the inclusion criteria,
162 people were eventually admitted to the study.
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Inclusion criteria were: male gender, aged 50-50
years, work experience of more than two years,
no use of antioxidant drugs such as selenium and
vitamins B, E and C, no use of specific drugs and
no specific diseases. The information was collected
through completing a demographic questionnaire
by participants and referring to the medical records
of individuals in the company. Exclusion criteria
included fulfilling the questionnaire incompletely
and the individual’s willingness to leave the study
at each study phase. In addition, all participants
were required to sign the occasional consent form
already approved by the Ethics Committee of
the School of Public Health and Allied Medical
Sciences - Tehran University of Medical Sciences
(Ethics Code: IR.-TUMS.SPH.REC.1398.297).

Environmental assessment

A calibrated noise dosimeter was used to
measure personal exposure to workplace noise.
Since the exposure pattern of the studied workers
was the same during shift work, the short-
term dosimetry method was used, whereby the
dosimetry was done in two short periods of time
(two hours) during the working period (10 hours
per day) and rest time (2 per day). Hours) was
done. For this purpose, the microphone of the
dosimeter device was installed at a distance of 10-
30 cm away from the ears of the participants on
their collars where the equivalent level to the dose
was measured where the level equal to 12 hours
(normal working hours of the workers under study)
was calculated. WBV was measured according to
ISO 2631 standard at the point of body contact with
the device (on the ground) by a calibrated Whole-
Body Vibration Meter SVAN 958 made in Poland.
In this way, the receiver of the vibration meter was
placed at the body in contact with the device for
three minutes. The values of vibration acceleration
in three directions Y, X, and Z in terms of 2m/s
were recorded by the device. Then, its overall result
and acceleration level were calculated according to
the relevant formulas.

Determining the level of oxidative stress parameters
Blood samples were taken from all subjects after
8-10 hours of fasting between 7-9 am. The blood
samples were prepared by a laboratory expert at the
workers” workplace and immediately transferred
to the laboratory under controlled conditions (ice
box) and stored at -20 ° C. In this study, the levels
of superoxide dismutase (SOD), total antioxidant
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capacity (TAC), and malondialdehyde (MDA) were
measured as indicators of oxidative stress. The level
of these oxidative stress indices was measured via
the ELISA reader StatFax 2100 (made by Awareness
USA) in the biochemistry laboratory according to
the protocol of the manufacturer of the ELISA kit
(Kiasist-Iran).

Statistical tests

Data were analyzed using SPSS software version
22(Chicagoll,USA). Descriptive statisticsincluding
percentage, percentile, minimum, maximum,
mean, standard deviation were used to present
the results related to demographic information,
environmental monitoring measurements, and
blood tests. Shapiro test was employed to determine
the normality of the data distribution. The mean
(median) of quantitative demographic parameters
between different manufacturing sections under
different conditions was checked through One-Way
ANOVA test or its corresponding non-parametric
test (Kruskal-Wallis), while to compare the mean of
qualitative variables, Chi-square test was applied.
Mean comparison of blood parameters across
various exposure levels under different conditions
was performed by one-way ANOVA test or its
corresponding non-parametric test (Kruskal-
Wallis). To investigate the effect of noise exposure
and vibration on the studied parameters and present
a predictive model, its effect was estimated through
univariate analysis of variance. Significance level
was considered 0.05.

3. RESULTS AND DISCUSSION

According to Shapiro test, data related to
demographic information except body mass index
(BMI) followed an abnormal distribution (P <
0.05). The mean age and work experience of the
participants were 36.15 (7.16) and 10.16 (6.26)
years, respectively. Also, 68% of the participants
were in normal condition in terms of BMI and
about 39% were in normal condition in terms of
waist to hip ratio (WHR). Further, 83.34% of the
participants were married and 55.56% were non-
smokers. Smoking refers to the current and past
use of cigarettes. About 48% of the participants
exercised or did vigorous physical work at least
three times a week. Around 64% of the participants
had a diploma or higher. The highest mean age,
work experience, BMI, and WHR belonged to the
employees of cast iron, aluminum, cast iron, and
cast iron sections, respectively. The (median or
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frequency) difference of the studied demographic
variables between the three sections was statistically
significant (P < 0.05). The highest percentage of
smokers with vigorous physical activity belonged
to the grinding section. Most of the married people,
overweight, and unhealthy WHR were seen in the
cast iron section.

The participants were divided into different
exposure groups based on the degree of exposure
to physical agents. The cut-oft point for dividing
the exposure groups was 33th and 66th percentiles.
For each person, according to the presence in
workstations with different levels of exposure, the
time-weighted average was calculated. According
to Shapiro test, exposure data followed abnormal
distribution (P < 0.05). The results revealed that
in terms of WBV in general, the exposure level
in half of the second group (48%) and the entire
third group was higher than the threshold limit
value (TLV), and the difference between the
exposure levels and the TLV was statistically
significant (P = 0.001). The difference in exposure
to WBV between manufacturing sections was
not statistically significant in general (P = 0.121),
while being significant in exposure classification
(P = 0.008). Regarding noise, the exposure levels
in some of the first group (28%) as well as the
entire second and third groups were higher than
the occupational limit. The difference between
the exposure levels and the occupational exposure
limit was statistically significant (P = 0.001). The
difference of all three groups of noise exposure
was statistically significant between manufacturing
sections (P < 0.01).

The mean levels of MDA, SOD, and TAC
activity among participants were determined to be
22.48 (11.19) nmol / ml, 6.28 (10.97) U / ml, and
1.64 (0.90) mM, respectively. The difference in the
level of oxidative stress parameters between the
studied sections was not statistically significant (P>
0.05). The highest mean MDA and the lowest mean
TAC were observed in the cast iron.

Descriptive-analytical statistics of the level of
oxidative stress parameters in terms of different
exposure groups are reported in Table 1. Regarding
exposure to WBY, the highest mean level of MDA
(23.44 + 13.82 nmol / ml) was related to the first
group of exposure (< 0.49 m / s*) (P = 0.888), the
lowest mean level of SOD activity (57.74 + 13.94
U/ ml) (P = 0.003) was seen in the third group (>
1.80 m / s?), and the lowest mean TAC level (1.47
+ 0.77 mM) was also detected in the third group
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Table 1. Descriptive-analytical statistics regarding stress oxidative parameters of participants in terms of various exposure groups

Parameters
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Exposure Categorized MDA ( nmol/ml) SOD(U/ml) TAC (mM)
P Values Mean Median P- Mean Median P- Mean Median Povalue*
(SD) (IQR)  value*  (SD) (IQR)  value* (SD) (IQR) “value
0.49 23.44 19.58 61.62 62.12 1.60 1.53
Whole bod = (13.82)  (18.01) (10.41) (9.56) (0.84) (1.70)
_b° et, ocy 049180 22.00 1972 6455 63.53 0,003 1.85 153 0315
w( ra/ ;‘)m - o6y | (1207 (1020) | (10.50) ' (1.04) (1.70) '
b L8 22,04 2.9 57.74 57.74 147 149
i (8.82) (12.56) (11.30) (13.94) (0.77) (0.87)
22.85 22.81 60.51 60.71 1.57 1.41
<85.50
(9.99) (10.97) (9.55) (12.72) (1.06) (1.30)
Noise 2291 19.58 61.94 63.06 1.65 1.52
(dBA) 85509270 42 a2e) %7 223 o2n P s (1.25) 0469
92,70 21.65 19.35 61.34 61.31 171 (0.86) 1.52
! (8.41) (13.61) (10.86) (12.91) ' ’ (0.99)
* Differences of oxidative stress levels between categorized values of exposure (Kruskal-Wallis Test)
SD= Standard Deviation IQR=Interquartile Range MDA= Malondialdehyde SOD= Superoxide dismutase TAC= Total antioxidant capacity
Table 2. Analysis of variance
o MDA SOD TAC |
ariable
P-value B P-value B P-value B
Whole Body Vibration 0.967 0.025 0.016 -1.469 0.133 -0.077
Noise Exposure 0.685 0.090 0.906 -0.026 0.824 -0.004
Age 0.722 0.066 0.128 -0.283 0.760 -0.005
Employment Duration 0.238 0.240 0.652 -0.091 0.448 -0.013
Bmi 0.819 0.06 0.175 -0.358 0.468 -0.016
Smoking 0.685 8.511 0.418 -17.020 0.551 -1.060
Marital Status 0.273 13415 0.711 -4.524 0.142 -1.523
Physical Activity 0.943 -0.861 0.943 16.570 0.072 1.839
M facturing Unit 0.515 -16.952 0.870 4.262 0.818 0.507
anulacturing Lnis 0.681 -5.454 0.577 7.390 0.272 1236

BMI= Body Mass Index

MDA= Malondialdehyde

SOD= Superoxide dismutase
TAC= Total antioxidant capacity

of exposure (P = 0.315). Regarding noise exposure,
the highest mean MDA (22.91 + 14.22 nmol / ml)
belonged to the second group of exposure (85.50-
92.70 dBA) (P = 0.469) while the lowest SOD
(60.71 + 12.72 U / ml) and the lowest mean TAC
level (1.57 + 1.06 mM) were seen in the first group
of exposure (< 85.50dBA) (P > 0.05).

To analyze and model the relationship
between variables affecting the level of oxidative
stress parameters, univariate analysis of variance
was used, whose results can be seen in Table 2.
To determine the importance of each variable
and their role in the regression model, the
standardized regression coefficient (Beta / B)
should be considered. A variable with a larger
Beta coeflicient will play a more effective role
in predicting the dependent variable (oxidative
stress parameter). Among the exposure variables,
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the noise had the largest effect on the MDA level
(B =0.090), which was not statistically significant
(P = 0.865); with a one unit increase of the noise
level, the mean MDA level rose by one unit.
No significant effect of other input variables
(demographic parameters) was observed on the
MDA level. Regarding SOD, the greatest effect
among the exposure variables was found for
WBYV on the SOD level (B = -1.469), which was
statistically significant (P = 0.016); with one unit
elevation of the WBV acceleration, the mean
level of SOD diminished by 1.4 units. There
was no significant effect of other input variables
(demographic parameters) on the SOD level.
None of the studied variables had a significant
effect on the TAC level; however, among the
exposure variables, the largest effect coefficient
was related to WBV (B = -0.077; P = 0.133).
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4. CONCLUSION

The present study investigated the effects of
exposure to some physical hazardous agents in
the workplace on the level of oxidative stress
parameters of men involved in a foundry industry.
The effect of noise on oxidative stress parameters
was not statistically significant. The effect of whole-
body vibration on oxidative stress parameters
except SOD was not statistically significant. Noise
and WBV had increasing effect on MDA and
decreasing one on SOD and TAC levels.

The SOD difference between the groups exposed
to WBV was statistically significant; however, the
lowest level of TAC and the highest level of MDA
were not seen in the third group exposed to all the
physical hazardous agents. The highest mean MDA
as well as the lowest mean TAC was found in the
cast iron section. It seems that the absence of the
control group and, as a result, the impossibility of
adjusting the demographic parameters between
the exposure and control groups along with the
presence of individual interfering factors (such
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as mood, sleep quality, underlying problems) and
other hazardous agents such as chemical pollutants
(heavy metals) plus ergonomic factors (body
posture and sedentary work) would compromise
the predictability of actual effect of physical
stressors on oxidative stress parameters. Thus, for
a more definite conclusion, it is recommended
that follow-up studies be performed on the level
of oxidative stress parameters from the beginning
of employment by considering the control group
(without exposure) and with a sufficient sample size.
Nevertheless, these limitations do not compromise
the value of the present study, as it is difficult to
find a study exploring the combined effects of noise
and WBV on oxidative stress parameters in the
workplace while trying to account for occupational
exposure.
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* Differences of variables between different manufacturing units (Kruskal-Wallis Test / Chi-squared Test)
** Mean differences of BMI between different manufacturing units (One-way analysis of variance (ANOVA))
SD= Standard Deviation IQR=Interquartile Range BMI= Body Mass Index WHR=Waist to Wip Ratio
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*Differences of variables between different manufacturing units (Kruskal-Wallis Test)
SD= Standard Deviation IQR=Interquartile Range MDA = Malondialdehyde SOD= Superoxide dismutase TAC= Total antioxidant capacity
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* Differences of oxidative stress levels between categorized values of exposure (Kruskal-Wallis Test)
SD= Standard Deviation IQR=Interquartile Range MDA= Malondialdehyde SOD= Superoxide dismutase TAC= Total antioxidant capacity
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BMI= Body Mass Index

MDA= Malondialdehyde

SOD= Superoxide dismutase
TAC= Total antioxidant capacity
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