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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

SPLis+WBGT2
SPL:is+WBGT2
SPLis+WBGT2
SPLis+WBGT2

W N e
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SPL75+WBGT2
SPLss+WBGT2
SPLos+WBGT2
SPL7s+WBGT2

SPLis+WBGT» SPL7s+WBGTx» 18
SPLis+WBGT 3 SPLss+WBGT 3 18
SPLys+WBGT2 SPLos+WBGT 34 18
SPL75+WBGT SPLss+WBGT» 18
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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
SPL;s+WBGT2:2 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

SPLos+WBGT 34 2.97 1.37
SPLos+WBGT2s 2.05 1.98
SPLss+WBGT 34 1.83 14
SPLss+WBGT2s 0.62 2.8
SPL7;s+WBGT 34 0.73 2.85
SPL;s+WBGT2s -0.32 1.05
SPLis+WBGT 2 -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

SPLos+WBGT2  94.33 10.52 -6.33 0.007
SPLss+WBGT 34 97 9.8 -3.66 0.11
SPLss+WBGT2  100.7 11.4 0.05 0.98
SPL;s+WBGTs | 98.6 7.7 -25 0.28
SPL7;s+WBGT»  97.7 11 -2.94 0.26

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+WBGT29), 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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91.22 13.11 -10.83 <0.001
94.5 12.4 7.6 0.01
100.5 12.88 -1.05 0.6
99.01 9.82 -3.05 0.91
98.6 10.51 3.44 0.17
105.16 6.51 3.11 0.07
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

566

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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1. Integrated Visual and Auditory Continuous Performance
Test (IVA+Plus)

11€eP jaals /W o)laids /1P sla (5 ¢iey) g Cublagy asllod



ohGss g pbssss Go)d

oy el Slis b o dslie cul o g o ciliie slasl b agarloe 5l am axdllans j0 o 31 (i des 2 0,8 90Dl Jg55595 Dl i ¥ Jgar

Leffe o) Y/IAN ARG — /YD
[\ AR Y/ -VIY-
IYY —ofeF | YINY | VPO
- - YIOY | —«/A-

Vi YA SPLys;+WBGT,,
\IY VoY SPLgs+WBGT»,
AV A SPL;s+WBGT,,
1#v Qivd SPL;s+WBGT,,

o) b St b o aalie colpd 5 Lo S Gilise olie b agzrlye Sl asdllaes o o3l (ol oo 2 5 58) 313 o555 et 1 Jsoz

<«f++) | YIFY Y0¥ AR
1Y <IYE L YAN -YIY-
- - YIX? =+ IAN

dasde BB oglis lls oL by az,s TF 5 YA
Slyas (P<ele ool o Hloline skl Bl 5l 4
5 010y 0955 93 30 LS L dgrlse 5o Gl Jo5 )5
azlys A3 Gl Jopdses IRl aS ol las (b
Wibioo b 5l i oo o LT e polae b
wilgas obine g bl Ll 5l s 52 ialdl ol Ll
ol opl S5k @l (B = «/fF g P-value = /- A)
09,5 3 Loy b agrlys jlaw 3l Joi )98 Sl &5
S ) oo e SU IFE a4 ) 4 s Gl

Gl Sasins e o) 5 lao plii dglpa 31
2 32 oS S 5lao ol aezlye Sl b
a5 55 s a5 ol (3Lt gl sl ]I IS
SPL +WBGT,)) slajls o agzlse 5l o Gl
53y &l (SPL,_+WBGT,, s SPL,_+WBGT,,
Geb ol als clalisdle LB nliEl 5 et
Dlyeis eSilen 500 ol agzlpe Sl ¥ o ¥ S
Gl )l (patie W9, 5 (S Blr JerisS
azlye jlme a5 5 VL slajls o o CuS ol o

I 5 5 2% ey Fi s L 5 lae

11€eP b /W o)lais /1W sl )15 isnl § Cablsgy aslilns

\IY - Y/I£Y SPL;s+WBGT;,
\/E- AT SPL45+WBGT29
.[5¥ YA SPL;s+WBGT),,

Jobie g,lel Ll 5l 5 alasdle LB (ESst gl s 1
GLoSle JolE (o)
5 Oloye 09,5 5> aglye jlam g 3 Gl Jo5d S
aglye 3l am B3 JysesssS Sl o8 ol s b
Sz Of Gl Ll og s (5 & Sl loye o
s P-value = +/-#V) sl o Jlolins 5Ll Llsdjl 4
Bl JosysS Ol a5 ol plas ls B =
by 4 Cas 1o e 098 j0 s b agzlse 5l as

P <Nl e

Sl JajissS o b5 A1
3has @l o peS Shets (oSl ¥ Jgoz 50
o ‘_gb; o o..\..i':dj‘)‘ Lo)fu.meoLu l; 4.@.7-‘5.‘0
b aezloe 5o 3l Joidss8 Sl (s )lolins whaw
el o 5 IUT ey Sl 4 s Lo )5 alizes zglan
azlye 5l an 3lp Joidye5 Sl a5 ol (lad s
Olpetd 4 Cad 31T Ol 4z 0 YF 5 VA 0lae o
P/ 0) wslos Jobine gylel Ll alsil ol
ols lid azdly pess 3,90 Yolee (5 Lol yge;! s
bS53 (o Bl J95e5)95 Dlpss (2S0lo oS

ovp



w318 agslys )y IAGD 9 Gajglpaias sleyishly Clpaes

—— wyolye 5l 43

7 O = lee slan
6 "t apalae jlam g L8 Lol
% s
3
35 4
X 3
o
T 2
S~
® 1
0
=
X
W
N
&

ag=lge Il

LS 1ao b ol gl e 5 b aolllans 9o ol 313 535,95 bl ufiln IS5

ey o 0 Slii b o o)lel alie culyd 5 Loy 5 oo b plsi agzlse 5l (il shon 2 05530) Gl sty lile Sl 1F Jour

ofe V< | YIeY f/a- -+/AQ
ofeeN < Y/Y Fle AR
ofe ey VIAA A7AR =\eo
<IYY 7Y OYY  -YNVY

<IYY <IYA Of e+ AR

A4 -+/YY | YIAQ VIAD

= = +[#Q —+/VY

Sl ¥ Jgoz 3 ply aezlse ;00 Sl aw
ey Sl o Ol Sl @ Sed Gl JsiedssS
CJL.» .(P<‘/‘A) Cl oo;lqﬁ ‘_g)‘bl.:.u: w‘)s‘
Sl a3l J9se5 St (pSile sl
SPL_+WBGT,, SPL _+WBGT,, sl a=lse
M B33l l)ls o5 ol o LesSPL_+WBGT,,
P<eod) ssbwo oline kel Bl i 5 ala>dle
S @l Jop,eS Sl p o GRE gw)p
oIl as ol Glis Lo 5 lao b (o5 5 ae2lpe

ovp

VY'Y Y/ay SPLy;:+WBGT;,
V/AA Y0 SPLys+WBGT»
\V/f- \IAY  SPLss+WBGTS,
Y/A- il SPLss+WBGT>
YIAO -IVY  SPL;s+WBGT3:,
V-0 -+I¥Y | SPL;s+WBGTy
AR -+/-0  SPLis+WBGT,,

sbreas 1 eSS el o Ll S e oy laas
AFie Ngy 5 (S Blp JomssS Sled alee
Sl Gl g
Slr Jorrss Slpss )loline mhaw (o) p
Qlﬁﬁgwuﬁjlmbﬁiywly}lm
aglge b dw jo 4 ol plis a0 ]
s SPL_+WBGT,, SPL _+WBGT,) s

Bl JsiiysS Lials b il (SPL_+WBGT,,
o Ll P <o d) ailes obiae g)lel Ll

11€6P Jub /W s)lad /1W sla )5 iy g Cublagy asliling



ohGss g pbssss Go)d

ey Sl 4 Cernd LT g o U plgs agarlos agrlon Cons o3l (65lus 5 (5, Ml a5 005 (paSlin 10 Jgo

[+ =\ IAY AAVAR! V/YY <./
Yy
Y

offe ) -Vib-. VY %00 offc oY
Yo
-\Yy

41 Vb A \YIAA ARRYINA AN
Y-

LTAR -Y/+0 IAY 4/ </AA
AY
\Y-

QAN BIAR V0N AN/FN <IYA
AY
-\\Y

oY AVARI 3 7I0Y V-ONF <IY¥
-1 Y

- - FIVE AR TAN -
AA

Slyti oS g lao b agzlge slme ao )3 b 2eS (slajl s
Hlis glel 5ILT .ol 0wl D939 0 dx g5 4 (5 5eS
>0 (6,100 Az g 0505 (ke BB S 0ls
5 SPL+WBGT,, 5 SPL, +WBGT,, a>lse
axg 50 Ll (P<e /o d)aib o Jobas (s k] Ll
wzlye Sl 5o (nl G (eSSl BB (6l
axg5 0 ped Ol (1 Sileo (P> 4/ 0)aisl sod jlolins
a8 15 (U 9 0lope 09,5 93 )3 )l 5 s lawrd
aS oy lis LT g lao b plys agalge o dslllas ;o
Cnas U‘QJA os)f B 6)‘..\.“...4 4.’>9.» o).oi u‘).a.a_‘l.’
008 Slyns ol g ylel Bl 5l Ll el jias b
= ’/\;)w‘ )L)L..LA )...C 09; 99 6)‘..\...“.» 4.‘>5.’
iS5 amo oo lis bl (B = V/0Y 4 P-value
VIOY ojlail as U5 a4 a0y 0 (g losds 4z g
Gl azgi 00 Sl Sl Ll iy 0 el
Ol A Cad o0 09,8 1 (g land Az gl B
09,5 39 Oy Syl Az gl Ol cpl Ll il oS
s P-value = «/¥#)aib oo Joline pué (5 Ll L

11€eP b /W o)lais /1W sl )15 isnl § Cablsgy aslilns

-AIYY VoIYE vy

v SPL95+WBGT34
SN

—FIXY A \- /oY AFYY  SPLos+WBGT,

-VigE AP-VY. 4/AQ aV/++ | SPLgs+WBGT3,
-4

[0 AY G Ve+/VY  SPLgs+WBGT,
SVA

-Y/-0 " YIVE A%y | SPLs+WBGT;,
VA

-Y/4f \ VYA AY/YY | SPL;s+WBGT)
“VA

- » AW Ve+/#%  SPL4is+WBGT,,

O3 5 A oloye 5o aezlse Sl sar Gl o5y
Solims oylel Bldjl 5 Sz Sialsdl ol Lol el oo
olis s (B = +/0Y g P-value = + /- vY) sl o
b el aezlsn 5l am Gl JopeipsS Sl a5 ol
OV Glie d 015 & S 050 095 ;0 Lo )S g o

ool iy 7 ko oS50

oMt 5 50 45 o LoyS 5 o ol gl 31
3l 6 s g s heih azg oye sylel U]

Jsiz 2 Lo 5 5lao L plss pzlsa plsin o anlllass 5o
455 003 il a5 0ls LiS ol Ll oalasl O
(SPL95+WBGT34) g0 0 gyl g ghlas
S8lS aipoj Sl & Coi (SPL+WBGT,)
el B3l gals ol g sl azils (glalisdla L5
o F 0D Jsaz ek (P<+/+0) abbco olixe
(SN 5 (Il Az gl 0yed ;0 K0 (oS S alse
Rl g 3ghses ovaline (LMIBIL LualS Latie X,
P>--0) aiib o oline g kel Lldyl s

a>lge jlre o 5l i slasly o aS ols lias s

ovie



- 38 agalgs )y (IBLD § aiplgais laylehl Cilpaes

o il aalliacl s () 45 5,5 5 )
FRNARD R J{L O Stokholm axJUss s o)l
y Ddeail g ol Lid oo 4zl Dl ogas
Sololine bl )l en a5 ols (Lis 3l Jo )05 haw
Ol b Jsawo A 0902) o> sloo aplse (4
@l aid ealine Gl glagles po @l Jo5dssS
aS (YAl 5es o Gitanjali adlash guiss oyl
azlye Sl A slam Gl Jo55,55 Ol wisls (i
Dy oLy ;o S el I8l b aws YO slas L
SLolS 2 )0 Se il o Sgll cenl (Ses
3k Fge S slogm Sl )0 agzlee yo o

as ol las (YA, 4 Jin Sang  aslllas
Fewd VYo Do jLlid 515 L aaw slow b agalge
500 0 s NE) (0,85 ol 555 (90598 (a3l 4 e
o calSgun 1o (5- HIAA) ol Sodlgail oS
93962 0 5 8 gl )95 Ol ,0 Lol gdioe g
AL Ladly [0 39250 sl Sadlsail S
aS win,S (o pSazmS bl e il samlice (g lolias
spbar iews A0 5l YL slagls ps s lae
Sgud oo ALl il cassS el lgieay (glos S
Slpss 00,5 Jgeyee Olpss cel Wiy oo oS
O kol (90,98 piasns 93 S0 28 G5k 5l (G990
5 (HPA) JUyo1 - 5d5m = (ogoVbgen jyme (S
sy plai JI,3T - Sotloas

b slo il 45 el o0ls i o s
1o aser G 3 (ool cslagesly il el
wgdise glorw = JUpl jeme 5 HPA  jome
Sl pasts Sl Ploosw = JU)3l j9ome 4t a5 555k
ol el o Jlis 4 g dbyol )95 9 Gdbjel 5o
“ g Vligme o0 Slee (izen S9boe <8 0Ly
9 S Y9n J9xssS Sl 00 St Sl pdgn
ooliinl (pgas 13 i 4155 (V0)39d oo (49 frwgind
lao slaazls olyiea Slallae ;o Gl Js5,55
J95,85 i i Ol 4l Juds 4 (ole)S oyl
@Uls b (Ml atly 23l e o) & Gl

ovo

Sl pess e a5 Conl ol Sly gl (B =-+af

JAF oplal @ by 4 cand Gl ey gl Az

R c)l.of 0 yo3

G axdl g Gy =
ol b Jites agalge a5 ols las adllas gl
3355355 SlocaSilo J2lis o Jy o 30 5 A0 sloj s
P</o0) sylosine jsbar agzlye 5l am 5 J3 Gl
Slam @l JorsssS Sl Ll asS oo oy Gl
2E 5 S Doy bews YO 515 o las b aglse
SV g 5lome v (slao slajlys )0 Gl Jord)sS oS ol
50 o ows 10 g A sloo i Jid agxlee
oals Gl Joi)ss dwyee A 4 0T e I3
du 4S5 sk il lao b aglse ln (onlie
Ve0sly Jopdyes Jrsws A0 slao 515 L agalse 5l
Syz0 LAl Gl JssedseS S ool (Rl wo)o
IYANA (s oss AD 515 sloo L agrlge 5l omy anlllas
Slr JoissS Jusws VO 515 50 9 350 lay (il
s onl ol ol TN oliepé Sy il
Loagzloe 5o Gl Jomisss SU comles 5l plas

Wb oo lae @l slasl s
S 3 Shes p (Lid agzlye e 0l SVL
Gl Ll als Jloline o alasde LB 56 g k8, o
wzlse e 0> 55 w0 g VL lasls Gl Jo5dssS
B3 3555 6 foline 5 ali>Ma L5 ial3dl i
ozl (S3el5 b Slaasls a5 CiS (lgiee )l
5 s 3 Shee Dlpets 4 Sons Gl JonS)sS
b sl o s s Seles )18,
wegas 10 (V1)K g Wagner asllae gzl
wzlse lp Sln ooyl oS log (S
WI g @l JszedysS a5 ol olas bl elao b

11€eP jaals /W o)laids /1P sla (5 ¢iey) g Cublagy asllod



@b il pegas ;3 lasllae (T7) (il Sen 4
Sy 0 Ol Ledly oS cile T 5l
ol olis lagy] gl wols bl Sl3ls Lgd Cario
Wilgiee 5o @) e (Sopd sloguyiul o5
58 Lewdly Jo55)s5 bzl (Sojgnsed Slpess el
OhSes 5 (UL aslllhe OS5 gl Ll (o
lacosgize Lawdl JondysS  spSeslal (71)
SrSoslul by 0 o2l aleziDogs
(g o9t ey 9 Jud Sl3T Jo35,55 4 S Jgsedss5
O ieds 9 dgdoe T JortulS 5l s seS 0l
Bl ge alS JUyol 123 5ol adgi 039805 ,5 55 oIS
5 @lerdon ool @ Gl 50 9ey9e ol @B
HPA) JU ok jidgon- ogedlismn jyme 58
obwil 4 gLl slaolyygy g cwdl jo a5 il o
CopSloaS ol 5l PO YEN ) e oSS
oo 5 4 Jlail 4 Jojd oS Jlos! slish 40 o 3
J953,55 3l S2s8 e ki sl (S (oo
Ol 45 ok )5 slad 4 Jsbo 5l 5 05 o ol
Coole 5 05 (JoSse (i SIS 00 S o0 el o
Ol Jubp jlasil &b Sl JoidssS «mgd 22
ot 50 93T J353,55 (6 S0l 45 095 oo L Sl
2 s e 4 S (o0 pAy Il ) G Slale
ooyl b sl Gl Jo5ssS 5 osedseS anllas
(79 ) oolial olo)S

cdale a5 wisls olas (YY) o, ey McMorri
IRl 2leS ol b agrlae 5l Gl J95d 585
tleS ol 1 G S g 0 5 985 0 by
ol 4838 Slallae wyy sl conilio 5SS
ol oo Slo)S eyl b aglye o5 aas o
o labade B Gl el (JonsysS (9ey90
ye Bose Coglie 5 B 0lyo o 65 e sled
ez 3 @IS eizmen edee p5 ol B
wile Sdglie slogygeygn 5l (Fp wd 5 5o (St
sl Blys jo dbyol yei g 0 slaggeyse
(F TN ] 0 pitin o 5

1P Ja3ls /W opladds /1 ala (5 iagl § Cublagy aslilind

ohGss g pbssss Go)d

M 8l o3 @dy » oloy A1 Gl g panseas
adllas ;o o Gred 4 Bl aBls 5 il Jolge
wzloe jlam g J3 Jos)sS spSeslal 1oyl
g Ay Sl o 2o g bl Gl aes o
eizpe b5 el (23U slapsel 5l G st
wzlye sloddl o Gl Jonsyss Ol Ol
oley L ad awslie iy Aol L 3 g los calize
Bk ol S oneliewsdy mls )3 U588 w5
Ol s a5 ol las LS b s agalge guls

gobe 0 LS L agzloe 5l o g B3 Gl 95,85
o) sl a0 YA o ¥F lussS sl asls
Gl P <o) loline 5 al>de b jsbas
2310k Jele 99 52 a5 wms e las gl ol e
ol e aglse jlre v 53 9 YL el o
g 50 LS b agzlye iloads 3l Jons,sS ke
e 35 (Gl 4y VY plaosS Sgles (a2ls
day 09boe Gl JoieseS ey Yo Gl 4
5 oLF (Bl 4z e YA oS mhaw b agzlse
Ol S o oy Rl )3 YA/ F Gl o565
lre gsbaw 5o LS L agzlye cueal 5l (LA by
Ol (gl slagygeyo0 p (Jrd aglye SYL
@l LS (egas )0 aibios @lp JojdseS dlex )l
wzlge slme 9> )3 9 VL slasls oS s e plis
A Ll eilonss Gl S35 loline Gialiil 4 ke
A gshw 5o ks 6,18, 5 (GSLd o Shee p LS
Sl g az g5 BB alS 4 i agzlge jlne v
S olgn s cplple esboe Sl o Sles
3fkos 3l yiien (Susglensed sloyally » Lo b
Sleslewl ogaz o 1,50 Sldlas ol )y

» b el ety Gleeds o5 )sS
s Velli el jols aslllas 5 sanl Slalllas 5
Olgse a5 wisly lis g3 Sladss o (TV) ], SKen
Slesn S plsiear Gl Js3ese5 clale Sl
Ll 0ged oolinal (1> (Aalal Slidod o 0gdll

oV



- 38 agalgs )y (IBLD § aiplgais laylehl Cilpaes

& oarg b oaes Sslite )35t (glapslse
andd ol b alpls (sl (oS 5 O 904 ap2lse
S5 Gk CB5 5 4z

5 ho dilise glajls b plys agalse b qls
P oo 3l aS ol lad ghlanis g gyl az g o LS
agzrlye o 55 SV Jgoz 3ok plys ag2lse Sl
SPL95+WBGT29 4 SPL95+WBGT34 ,ls
P</40) Jlolan pals el ann; Sl & cos
ouds dsllaos,ge ol,8l o (glaid g g luo axg
SolS TN PN gyl ax g8 o TAIYY (g locs ax g
TEIVA sy s gyl g (g ol ax g los STay
loe Sl Sl jo .l ools lis malS LYIYY 4
Sy 5 asioe aigy g ablimMe bl Sl pis Koo ol
(0 P>10) s csmlie atwly slopsie cpl p
o Slos sgupp cinleyl slacdl> Lan ,o 4S5, 9ba
Jls5 stalesl oVl ol o 5 g)k8, 5 (5l

ag>lge 10 a5 0,5 Sl g o odeliwsas gl ;)
B s ag2lse sl a5 5V slasls o gl
sleadls o wiboe byS 5l iy s Slee oo
0393 s W0 las 31,5 a5 WKin alises ﬁly ag=>lgo
OhossS psles mhaw o Lo 5l ity o 3B e
W0 slao [lud 5l 0wl oo ol 3 il a0 YY
g aba>Mo LB als e ,S polie plo ol jes 4y o owd
Lol cous oamlice ol 3l c5lis )L ioli8l g azgi Jloline
il ax o YF 6l T L agalge cow ol glas” Sl yo
i rlye e a3 S o 515 S o oS
sl (s lobie g alasde Jl5 5T wlazs 518

oo ole g0 plg a8 el ol Kby aales
ﬁly Slagzlae ;o ioren aiins g lo g Jlie
g lo b (Jid agzlge slxe v o b g S slajls L
obin o Slas Jlgy b oguge ConblB L g5 oad LS

ovy

Bl oS » Lo 5l ply ap2lse S b
byl 090 plei aplae ciolesl cdl># 5las sl ylis
SPL85+WBGT34) plgs agzlye ciulejl cdl> ¥
SPL95+WBGT34 4 SPL95+WBGT29
(P <o) Jolie 5 abisde blE il el
o0 plg aglse o ¥ gl 00 3l Jg 8
SPL75+WBGT34 SPL75+WBGT29) =
eals Olss cel (SPL85+WBGT29
P>e1-0) Jolae e 5 Sy sl L
oRlRl Gle eyt Sl end Gl o5 ,sS
azlge Sl lan TRVTYE (e 0 Gl Jo5s)s5
JoyiyeS slade obidl 5Lzl SPLI5+WBGT34 algs
4 SPL75+WBGT29 o> o agzlge 5l am Gy
ks 0,8 oy Jlolowe e 5 Sy LS /AYIVY (e
L5 Jitns agzlge aiile plgs aglon o a8 ols olis
oIl 4 e aglse jlre 9 )0 g i slajls
5SSl po g ol Gl o555 ala>Me B
Olyess ala>de LB Sl 3l b (hals aglge jlre v
35 rpSamd g i esalie lp Jois)sS
L) 5 o ozl (Soid y5lols Jolse oS 5 a5
Sl Jlite SIS shls Gl Jojs,sS cdale »
Jole 9o cnl &5 S Gl Wl Sile 4 i
At 2l STl 0
gz oplil (F) o5 9 Schnell adlhs s
Loy 51yt (So3glanied sloyially » lao il o5
o,5en 3 Chao .coul pols aslllas i ol ol
wzlge SISl wyp (Sdezmn p s )3 (FT)
Gyl g Les dao alemil (S5 psloby Jelss L
(F)G, e s Huang aie; ol 5o ws,s oSt
a5 e oS ple (FF)lKen 9 Bavolar
S ST sl en S 5 e sl Jolse
Sy JEs agzlped Cod oS5 a2y
5 S oo Cogh 1) KaS ol sl e
agle S 1 Lol el glie (6,5 150 qnslSo
I b T Yool sl oS 5 agzlgo s Jiis

11€eP jaals /W o)laids /1P sla (5 ¢iey) g Cublagy asllod



G LS g lao b agzlee a5 Lilin 5 mbo 3l ool
(S5 iy il gmlio & Glfiee Sl ol g0
loww g doolRaaVly (oondig iy DS g
J 0 0,5 o)kl olewds slaanld g i slagSe
L s apzlae sloe 0900 ¢ o] iy ol>
S L g Cedlas 35 0 Jansgi a5 (S5d 5510k 5 Jolse
olge it sloagzrle sle 2 sl oo 995 Ol 2l
lag>lgo polio 5 (g ko ;o a5 Jb 0 ol j4lol;

D58 18 az gl 5500 5 Lo glao lasbinl paas jo
i 45 220 oo Lt 00 oy Dlalllas S0 8L
ool glrala > 1o ol 3l 5 L8 glas Slos slo b))
Gl ailas LSS g attie Wy, yols asdlae
15l 5l eolaiwl (ggmds &S > addllan oyl jo cpluls
9 5P (o a5 59, 508 slags sl g
5 e sl (0,5 by sl Ll 639d9 589595
aloz3l yslols else b aglge (sl conlio (38l50 503

REFERENCES

1. Ivanov M. Reliability of the results from unplanned
subjective assessment of the indoor air quality and
thermal comfort parameters in small lecture room.
Energy Procedia. 2016;85:295-302.

2. Maiti R. PMV model is insufficient to capture subjective
thermal response from Indians. International Journal of
Industrial Ergonomics. 2014;44(3):349-61.

3. Varjo ], Hongisto V, Haapakangas A, Maula H, Koskela
H, Hy6na J. Simultaneous effects of irrelevant speech,
temperature and ventilation rate on performance
and satisfaction in open-plan offices. Journal of
Environmental Psychology. 2015;44:16-33.

4. Ebrahimi H, Barakat S, Moradi B, Dehghan H,
Sheykhdarani S. Assessment of Thermal Comfort within
Dormitory of Isfahan University of Medical Sciences
Based on ASHRAE Standard. International Journal of
Occupational Hygiene. 2020;12(1):1-9.

5. Jacquot CM, Schellen L, Kingma BR, van Baak MA, van

1P 1l /W0 a)laidd /1W sla (5 ilag) g Cublagy aslibod

ohGss g pbssss Go)d

Soaye adlasl gl cpl ol las 1) ol 3l o L8
2yl cllas «(F0) Pierce 3 Hancock
Pyas yo (F7) u‘)&o.b 9 Tiller axUas C"L“"

Sl Gl ol 2 e )S 5 o plgs DI o
S50 Sl HOlB las oS ols ylid ol 481 5,15 5 ,Shes g
LS Lolwws 3 5t cou o)l Lol 511, ol
RUCESUSIRY.TCS. 1 KV IES IV | L N,
Sogep &5 W5 paie Jol> sleadl gl »
el edgaze (o lame sled g las 15 la,euSL
085 b ally yo o3 s Sles (6,30 canllla
OlFe [y ol cnl Juds waasdlas slael (557 (il
ol Se e a0 aglse loj (39 olisS
Solo aalllas b b 358 andllae gulis .cails Gyl

0% omb @ Ol ol Y 5l a5 ol il
20 Jaaws 0 5 Fe ) addllass g0 gloo slajlys
2,8 0 Ll (F7) o) Ko ¢ Tiller (s
S sladase ST 53 05550 Sl 4 azgs L
oS 5 S ygoy gyl Jalse I b agzle Ji us
o lonn il aglge sl lailinl 4y az g5 ()l

Marken Lichtenbelt WD. Influence of thermophysiology
on thermal behavior: the essentials of categorization.
Physiology & behavior. 2014;128:180-7.

6. Brown EN. Evaluation of Heat Stress and Strain in
Electric Utility Workers: UCLA; 2013.

7. Wilson TE, Cui J, Zhang R, Crandall CG. Heat stress
reduces cerebral blood velocity and markedly impairs
orthostatic tolerance in humans. American Journal of
Physiology-Regulatory, Integrative and Comparative
Physiology. 2006;291(5):R1443-R8.

8. Sonnentag S, Fritz C. Endocrinological processes
associated with job stress: Catecholamine and cortisol
responses to acute and chronic stressors. Employee
health, coping and methodologies: Emerald Group
Publishing Limited; 2006.

9. Roth Z. Reproductive physiology and endocrinology
responses of cows exposed to environmental heat stress-
Experiences from the past and lessons for the present.

Theriogenology. 2020;155:150-6.

OVA



- 38 agalgs )y (IBLD § aiplgais laylehl Cilpaes

10. Melesse A, Maak S, Schmidt R, Von Lengerken G. Effect

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

of long-term heat stress on key enzyme activities and
T3 levels in commercial layer hens. Int J Livest Prod.
2011;2(7):107-16.

Collier R], Baumgard LH, Zimbelman RB, Xiao Y. Heat
stress: physiology of acclimation and adaptation. Animal
Frontiers. 2019;9(1):12-9.

Atmaja BG, Setyaningsih Y, Wahyuni I. Relationship
of Noise Intensity, Heat Stress, and Physical Workload
to Workers’ Health Complaints at Semarang Timber
Factory. Disease Prevention and Public Health Journal.
2022;16(2):138-46.

Habibi E, Dehghan H, Mousavi SM, Illbag P
Investigating the combined effects of heat and light color
temperature on precision and speed in female students
in laboratory conditions. Archives of Hygiene Sciences.
2021;10(4):315-22.

Arabact A, Onler E. The effect of noise levels in the
operating room on the stress levels and workload of the
operating room team. Journal of PeriAnesthesia Nursing.
2021;36(1):54-8.

Haines MM, Stansfeld SA, Job RS, Berglund B, Head J.
Chronic aircraft noise exposure, stress responses, mental
health and cognitive performance in school children.
Psychological medicine. 2001;31(02):265-77.
Organization WH. Burden of disease from environmental
noise: Quantification of healthy life years lost in Europe:
World Health Organization. Regional Office for Europe;
2011.

Schlittmeier S. Review of research on the effects of noise
on cognitive performance 2017-2021. 2021.

Astuti RD, Suhardi B, Laksono PW, Susanto N, Muguro
J. Literature Review: Impact of Noise on Cognitive
Performance Using Electroencephalography. Applied
Mechanics and Materials. 2023;913:131-47.

Said MAM, Wellun Z, Khamis NK. Effects of noise
Hazards towards physiology especially heart rate
performance

among worker in manufacturing

industry and their prevention strategies: a
systematic review. Iranian Journal of Public Health.
2022;51(8):1706.

Cai C, Xu Y, Wang Y, Wang Q, Liu L. Experimental Study
on the Effect of Urban Road Traffic Noise on Heart
Rate Variability of Noise-Sensitive People. Frontiers in

Psychology. 2022;12:749224.

ove

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Wagner J, Cik M, Marth E, Santner BI, Gallasch E,
Lackner A, et al. Feasibility of testing three salivary
stress biomarkers in relation to naturalistic traffic
noise exposure. International journal of hygiene and
environmental health. 2010;213(2):153-5.

Nassiri P, Monazzam MR, Asghari M, Zakerian SA,
Dehghan SE, Folladi B, et al. The interactive effect of
industrial noise type, level and frequency characteristics
on occupational skills. 2014;3(2):61-5.

Zeydabadi A, Askari J, Vakili M, Mirmohammadi SJ,
Ghovveh MA, Mehrparvar AH. The effect of industrial
noise exposure on attention, reaction time, and memory.
International archives of occupational and environmental
health. 2019;92:111-6.

7> oy 45 olibej ) seiw, Effects of Noise Exposure on
Serum Cortisol and Some Blood Parameters in Steel
Industry Workers. Journal of Health System Research.
2013;9(2):170-6.

Madani A, HEYDARI NL, Yaghoubi H, Rostami R.
The effectiveness of neurofeedback with cognitive tasks
on attention deficit/hyperactivity (adhd symptoms) in
adulthood. 2016.

Bakhshi S. Effect of selected attention-related tasks on
sustained attention in children with attention deficit
hyperactive disorder: thesis for Bs of occupational
therapy, occupational therapy faculty of ...; 2010.
Stokholm ZA, Hansen AM, Grynderup MB, Bonde JP,
Christensen KL, Frederiksen TW, et al. Recent and long-
term occupational noise exposure and salivary cortisol
level. 2014;39:21-32.

Gitanjali B, Ananth RJJooh. Effect of acute exposure to
loud occupational noise during daytime on the nocturnal
sleep architecture, heart rate, and cortisol secretion in
healthy volunteers. 2003;45(3):146-52.

Jin SG, Kim M]J, Park SY, Park SN. Stress hormonal
changes in the brain and plasma after acute noise
exposure in mice. Auris Nasus Larynx. 2016.

Filaire E, Dreux B, Massart A, Nourrit B, Rama L, Teixeira
A. Salivary alpha-amylase, cortisol and chromogranin A
responses to a lecture: impact of sex. European journal of
applied physiology. 2009;106(1):71-7.

Kaufman E, Lamster IB. The diagnostic applications
of saliva—a review. Critical Reviews in oral biology &
medicine. 2002;13(2):197-212.

Vellei M, Zhang M, Ben L, Natarajan S. Effect of a

110 a0 /W s)laid /1 sla )5 (ies) § Cublagy aslilosd



33.

34.

35.

36.

37.

38.

39.

moderately warm environment on salivary cortisol level.
2017.

Ansari M, Mazloumi A, Abbassinia M, Farhang Dehghan
S, Golbabaei FJH, Work Sa. Heat stress and its impact on
the workers™ cortisol concentration: A case study in a
metal melding industry. 2014;4(2):59-68.

Oswald LM, Zandi P, Nestadt G, Potash JB, Kalaydjian
AE, Wand GS. Relationship between cortisol responses
to stress and personality. Neuropsychopharmacology.
2006;31(7):1583-91.

Staab CA, Maser E. 11B-Hydroxysteroid dehydrogenase
type 1 is an important regulator at the interface of obesity
and inflammation. The Journal of steroid biochemistry
and molecular biology. 2010;119(1-2):56-72.

Lee DY, Kim E, Choi MH. Technical and clinical aspects
of cortisol as a biochemical marker of chronic stress.
BMB reports. 2015;48(4):209.

McMorris T, Swain J, Smith M, Corbett ], Delves S, Sale
C, et al. Heat stress, plasma concentrations of adrenaline,
noradrenaline, 5-hydroxytryptamine and cortisol, mood
state and cognitive performance. International Journal of
Psychophysiology. 2006;61(2):204-15.

Wilson TE, Cui J, Zhang R, Crandall CGJAJoP-R,
Integrative, Physiology C. Heat stress reduces cerebral
blood velocity and markedly impairs orthostatic
tolerance in humans. Am J Physiol Regul Integr Comp
Physiol. 2006;291(5):R1443-R8.

Sonnentag S, Fritz C. Endocrinological processes
associated with job stress: Catecholamine and cortisol

responses to acute and chronic stressors. Employee

1P 1l /W0 a)laidd /1W sla (5 ilag) g Cublagy aslibod

40.

41.

42.

43.

44.

45.

46.

ohGss g pbssss Go)d

health, coping and methodologies: Emerald Group
Publishing Limited; 2006. p. 1-59.

Melesse A, Maak S, Schmidt R, Von Lengerken GJIJoLP.
Effect of long-term heat stress on key enzyme activities
and T3 levels in commercial layer hens. International
Journal of Livestock Production. 2011;2(7):107-16.
Schnell I, Potchter O, Epstein Y, Yaakov Y, Hermesh H,
Brenner S, et al. The effects of exposure to environmental
factors on heart rate variability: An ecological perspective.
Environmental pollution. 2013;183:7-13.

Chao P-C, Juang Y-J, Chen C-J, Dai Y-T, Yeh C-Y, Hu
C-Y. Combined effects of noise, vibration, and low
temperature on the physiological parameters of labor
employees. The Kaohsiung journal of medical sciences.
2013;29(10):560-7.

Huang X-q, Li M, Yuan Y-y, Xiong Y-f, Zheng L.
Experimental radiation

investigation on  noise

characteristics of pulse detonation engine-driven

ejector. Advances in  Mechanical

2015;7(6):1687814015586934.

Engineering.

Bavolar J, Orosova Og. Decision-making styles and
their associations with decision-making competencies
and mental health. Judgment and Decision making.
2015;10(1):115-22.

Hancock P, Pierce J. Combined effects of heat and noise
on human performance: A review. American Industrial
Hygiene Association Journal. 1985;46(10):555-66.

Tiller D, Wang LM, Musser A, Radik M. AB-10-017:
Combined effects of noise and temperature on human

comfort and performance (1128-RP). 2010.

OAo



	ABSTRACT
	Keywords

