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ABSTRACT

Introduction: Many industries have multiple factors harmful to health, leading to simultaneous exposure
of these factors to each other. Noise is one of the most common physical parameters in the work
environment. On the other hand, heat is also increasing due to various energy processes in industries.
Therefore, this study was conducted with the aim of determining changes in physiological parameters and
visual-auditory attention in acute exposure to heat and noise.

Material and Methods: In this experimental study, 72 individuals (36 men and 36 women) aged between
23 and 33 years participated according to the inclusion criteria. In total, 12 different test modes were
performed (3 temperature levels and 4 noise pressure levels). The test was conducted for each person in
4 steps during a specific day. The duration of exposure to each condition was half an hour, and a half-hour
rest was given between each test condition. Saliva samples of each subject were collected before and
immediately after exposure to noise and heat. Also, The Integrated Visual and Auditory (IVA) was recorded
by the participants simultaneously.

Results: The results of combined exposure to noise and heat on visual and auditory attention showed
that only two modes of combined exposure, SPL95+WBGT34 and SPL95+WBGT29, caused a significant
increase (P <0.05) in mental workload and a significant decrease (P < 0.05) in visual and auditory attention.
In addition, the results showed that independent exposure to noise at the levels of 85 and 95 dB and
exposure to heat at higher temperature levels of 34 and 29 degrees Celsius cause a significant increase
(P < 0.05) in salivary cortisol after exposure. The results of the effect of combined exposure to noise and
heat on salivary cortisol showed that three experimental modes of combined exposure (SPL85+WBGT34,
SPL95+WBGT29, and SPL95+WBGT34) caused a noticeable and significant (P<0.001) increase in salivary
cortisol.

Conclusion: Indeed, salivary cortisol can be recommended as a physiological index to evaluate noise and
heat exposure. It’s also noteworthy that salivary cortisol is more affected by noise and heat exposure than
cognitive performance.
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1. INTRODUCTION

The physical parameters of work environments
play a significant role in the health and comfort
of employees, as well as their performance and
productivity. Currently, most standards for
exposure to harmful agents in work environments
are for independent exposures. However, the
reality is that in many occupations such as
foundry, metal smelting, petrochemical, refineries,
cement production, and oil platforms, exposure to
environmental parameters is combined. Therefore,
attention must be paid to the evaluation and
development of the exposure standard together.
Noise and heat are environmental parameters that
are more prevalent in work environments. Many
researchers have stated in their studies that heat
stress causes physiological changes and the release
of some metabolic hormones, such as cortisol
and adrenaline, in the human body. The effects
of heat stress on cognitive function and human
physiology have received less attention. Despite
the importance of this issue, even the standards of
occupational exposure to heat try to regulate the
limits of exposure in hot work environments based
on physiological and medical criteria. The analysis
of cognitive functions is also very significant in
conditions of high levels of environmental stressors
to determine the design parameters of the work
environment because the cognitive nature of the
work done in the work environment is increasing.
In general, few studies have investigated cognitive
abilities under conditions of heat stress and
exposure to noise at different levels, and there is
little knowledge in this field. Based on this, many
efforts can be made to create an occupational limit
based on cognitive function and benefiting from
physiological function. Therefore, the aim of this
study is to investigate the acute effects of combined
noise and heat exposure on cortisol secretion and
visual and auditory attention.

2. MATERIAL AND METHODS
This experimental study was designed before
and after and was conducted to investigate the

effects of independent and combined exposure to
noise and heat on cognitive performance (visual
and auditory attention) and some physiological
parameters (hormone cortisol) in experimental
conditions. The participants in this study were 72
students (36 men and 36 women) aged between
23 and 33 years from Shahid Beheshti University
of Medical Sciences. To attract the participation of
students in this study, notices were published on
the university website and student boards. Among
the volunteers, people were selected who did not
have a history of taking cardiovascular drugs,
antidepressants, sedatives, sleeping pills, anti-
thyroid drugs, hearing loss greater than 25 decibels,
and sleep disorders. Before the participants went
to the laboratory, they were asked not to consume
coffee for a few hours before the tests, to refrain
from eating and drinking for half an hour before
the start of the test, and to refrain from brushing
one hour before the saliva sampling.

Procedure

The volunteers participating in the study were
randomly assigned to one of the four groups
according to the experimental plan (Table 1).
Training and test procedures were then presented
to the participants. Each group of volunteers
performed different tests in 4 steps according to the
test plan for 30 minutes under exposure to noise
and heat, with a half-hour break given between
each step. Saliva samples were collected before and
immediately after exposure to noise and heat for
testing. In addition, the participants performed a
visual and auditory continuous performance (IVA)
test while exposed to different levels of noise and
heat. This was done simultaneously as facing and
performing the IVA test.

3. RESULTS AND DISCUSSION

The results of combined exposure to noise
and heat on salivary cortisol showed that
changes in salivary cortisol after exposure at
the levels (SPL85+WBGT34, SPL95+WBGT29,
and SPL95+WBGT34) had a clear trend and a

Tablel: Grouping of participants in different levels of noise and heat exposure

1 SPLis+WBGT2: SPL7;s+WBGT2: SPLis+WBGT» SPL/s+WBGTx» 18
2 SPLis+WBGT22 SPLss+WBGT 22 SPLis+WBGT SPLss+WBGT 4 18
3 SPL1s+WBGT22 SPLos+WBGT2 SPLos+WBGT2 SPLos+WBGT3 18
4 SPLis+WBGT2 SPL;s+WBGT2 SPL;s+WBGT SPLss+WBGT 18

[ DOW!
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Table 2: Salivary cortisol changes (nanograms per milliliter)

of the studied subjects after being exposed to different

amounts of heat and its comparison coefficients with background state changes

SPLis+WBGT 34 2.62 1.2
SPLis+WBGTos 0.95 1.4
SPLis+WBGT2 0.18 0.64

0.19 4.4 2.4 <0.001
-2.2 3.9 0.76 0.02
-0.81 2.36 - -

Table 3: Changes in salivary cortisol concentration (ng/ml) after combined exposure to noise and heat

SPLss+WBGT 4 2.97 1.37
SPLss+WBGT 2 2.05 1.98
SPLss+WBGT 34 1.83 1.4
SPLss+WBGT2 0.62 2.8
SPL7s+WBGT 4 0.73 2.85
SPL7s+WBGT2 -0.32 1.05
SPLis+WBGT 22 -0.05 0.29

-0.89 4.9 3.02 <0.001

-1.34 6 2.1 <0.001
-1.00 4.11 1.88 0.01
-3.12 5.31 0.78 0.33
-4.11 5 0.78 0.23
1.85 3.89 -0.39 0.26
-0.73 0.69 - -

Table 4: The mean auditory and visual attention under the combined exposure to noise and heat

mean SD B P-value mean SD B P-value
SPLos+WBGTs  92.33 10.36 -8.33 <0.001 91.22 13.11 -10.83 <0.001
SPLss+WBGT 94.33 10.52 -6.33 0.007 94.5 12.4 7.6 0.01
SPLss+WBGT34 97 9.8 -3.66 0.11 100.5 12.88 -1.05 0.6
SPLss+WBGT  100.7 11.4 0.05 0.98 99.01 9.82 -3.05 0.91
SPL;s+WBGTs  98.6 7.7 -2.5 0.28 98.6 10.51 3.44 0.17
SPLs+WBGTy  97.7 11 -2.94 0.26 105.16 6.51 3.11 0.07

SPLis+WBGT,: 100.6 6 - -

significant increase (Table 2). In the other three
cases of combined exposure, the average changes
in salivary cortisol are partial and do not have a
specific trend. Therefore, salivary cortisol is more
affected and increased at higher levels and within
the permissible limit of noise and heat exposure.
However, saliva cortisol changes slightly at levels
below the permissible exposure level and does not
have a specific and uniform trend. Examining the
significant level of salivary cortisol changes after
combined exposure to noise and heat compared to
its changes in the background state showed that in
three combined exposure modes (SPL75+WBGT29,
SPL75+WBGT34, and SPL85+WBGT?29), there
was no statistically significant increase or decrease
in salivary cortisol (P>0.05); however, in the
other three conditions, the combined exposure of
salivary cortisol changes has increased significantly
compared to its changes in the background
condition (P < 0.05). The results of comparing the
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102.3 6.76 - -

average salivary cortisol changes between the three
modes of combined exposure SPL95+WBGT34,
SPL95+WBGT29, and SPL85+WBGT34 showed
that there is a significant and statistically significant
difference (P<0.05) (Table 3). Examining the role of
gender on salivary cortisol changes after combined
exposure to noise and heat showed that the increase
in salivary cortisol after exposure is higher in men
than in women. Still, this increase is slight and not
statistically significant (P-value = 0.071 and 51
/0 = B). The results showed that salivary cortisol
changes after combined exposure to noise and
heat in the male group were higher by 0.51 ng/ml
compared to the female group. Statistical analysis
showed that the difference in the average visual
attention score between the exposure conditions
of SPL95+WBGT34 and SPL95+WBGT29 is
significant (P<0.05). However, in listening attention,
the average difference between these two exposure
modes is insignificant (P>0.05). The average changes
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in auditory and visual attention scores in the two
groups of men and women participating in the study
under combined exposure to noise and heat showed
that changes in auditory attention scores are more
in men than women, but statistically, these changes
in auditory attention scores between both groups are
not significant (P-value = 0.16 and B = 1.52). The
results show that changes in listening attention in
men are 1.52 points higher than women. The average
changes in visual attention scores, unlike auditory
attention, are lower in men than women. Still, these
changes in visual attention between both groups are
statistically insignificant (P-value = 0.36 and B =
-0.94) (Table 4).

4. CONCLUSIONS
Short-term exposure to different noise and

[ Dow!ed from jhsw.tums.ac.ir on 2026-02-08 ]

heat levels is an influential factor in physiological
and cognitive performance. Exposure beyond
the permissible limits of noise and heat has a
detrimental effect on cognitive performance.
Salivary cortisol levels can be suggested as a
physiological indicator in evaluating exposure
to noise and heat, though it may require further
investigation. Exposure to noise and heat affects
salivary cortisol levels more than cognitive
performance. The results suggest that in noise
and heat exposure, the reduction of cognitive
performance and the rise in salivary cortisol has
occurred.
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