[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

1RV )lgy /) a)laids /A sla )5 Giay) g Cuibslagy aslilos

31080 3l 55 (5l o gt (313,31 39 Yrwee AIST i g2 Lt

Al S g5 4l S 0 69 590 axdllao 30y ik sbod g WBGT _asli

TS 1y =T, g3l ymuo asly —T LS ouy 3 T (Swdezmo badlgil -0 58 (qou>y gaB (0 Lo yunes

fgolbabaei@sina.tums.ac.ir

VFUEIAN e ooy g, b VPN sl o &b

0332

adllas (pl oo ilizes Ll 5 3l 8 gl iz 5> (a3l o LI ()l poy) 4 az g L ideudio
3l oo S 5055 e Lausme () sl il () 0 (BT oz a3 Ls (mis Lzl

8 e o L8 (SIS 51 53 AY 285 plonil 908 Sas g p 5 alihaie S 048 Gl cnl ;5 )1 b
5 sled a3l 5 (il (el (S oo aslllas (ol jo i8S 18 310500 5 Sl ol b o,
)5 )8 5l g gy 2 3590 e (Ses (Lo (Sl ol b e 2 (S 02 523 5 (WBGT) (S
WBGT Lol b sl asls Sy oo o (oL 6,25 o5l (o 5 a5 B o ol it eyl sl aidly
oo 5 L b (R=+ ¥R s 15 R+ [VOF) Consl 055 365 sias slos ;e b ol Koy o 5 e
il oo 8 o (el (S @0 Gliee susb) GRS g Les (Rl L a5 00 8 pasiiie (s 5 ojl]
Ol 53 5 hee slod 5 (T 4 Cond WBGT 5 (T (a3t 99 (s 5 o (S o0 s 4251
ol 00y Laia 5 2l

Ol 5 lawssS (sloo i a1 ] (Stadly ot o IST (a3 (5525 03Il (Sols 4y 4255 L 16 amd
ety Jlis 5o (BT (ald cenlis el 505 (s5m 3l g (oulitlsn slo il sl eslisal b o)) 391
5653 WBGT (aslis gl (cmslin 2350l Olsis 1) (T (ol 5 s 15355 sias (slos s WBGT
O3 )18 4z g5 3590 SaS g 0,5 sla azme 1 by, (i o baezme 65 Juye 23 LE S,

a5 har sloo o i ylicl Gy il e JIT 3S3AS OlalS

Oyl B b (S pole olSitily widlags oaSisls o Jasee (sla 00y VT lidioed 55 s (gl 48 o Cuilagy (casdigo 09,5 ¢, bliwl -
Ol 3 5 sl Sl Bhagy a5l s g (s a5 55 m 5] e iy i 5 K T

Olnl e o8 (i pole olSails coutlagy ouSiils el 5 (s3glgmennl 09,5 ¢ Luils -

OInleolis (ol s (Sig pale olails cablagy 0asiails (gl dd > cliilagy (widiges 05,5 wlivl -F


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

)30 1)8) -3)03)a0 L) —(LLI5 039)6 —(Anans Byl —3)6 (a18) (53 —(5)sus Lo)saan

S8l den (IS sl 4 oS gl e 5l Jélie
S8l s 481, 5055 5 laialls ofsg 4 Axsl
P e S e A ]
OLBE))9 9 ploellss aws (oo )3 Sl (5 e
LS b agzlse jo Vb Sy b glo 0,5 52 5
¢ & Yol
Ao e 0 sl oS geS 5 ORS
e I T VPR VAL ERPIP WA VR i P
@S b Ol Gt 50 29750 2le)S sl
M S el o ey K00 ggms 51 0,5 00,
SN b S S et Suz 50 ol glo
pede (V)05 &j90 05 la Larzmo (520 50
b o obmyl olo)F sanie lo Ladls anwg
5l gsgamme slax (patls wo 5l i) 09S
Al ool aid pdy o lslinl jasls flee @ by ]
ol o ezl (pl np By pme abex 5l &S
120V Jlo 3 45 el (WBGT) plessS 5 glos
Olsre 4 VAR Jlo 53 gl o ls 5 551 Lo
Gy a5 ety ol (M) 0 adpdy ol
L sl alilaa Laily) oandis yo 9 5bs, slo oo
bl ar (028 (59 wlel p el 03505 4
dmle GlunsS slod g (x5 glos g sloo
oAl pl 90 pl8 Cgges g jlael ( Folo 0sd oo
Sy90 Loyl )3 (orrwg jsb 4 Cenload el
ole ol s olpl 5o Q) 0,5 1,8 solaul
Sl @byl g G awsy lae 4 el
dmlio glp piee olie 5 it o Loz
ol o @8l b asls L gl
bl nlo 5 Colsie (ungeme o8 2o
02 s Cysgame asli ol ol oad 5B
wles Sl sl p3¥ (SYsb b o) ez
(Al nl 5o g plesS Gles slo g

oo
a5 Gl e 5 Sl sl syl
B AP RTAGE D
Sl oy s o 08 Jgad 5o 1) 6ol
Sbsy Jelie ST (V)00 oo 5,3 (gl 00 ,0nF
ool oy (slo gt il GIF G on
$la)l5 Logos a5 0pus g 0l55laS by, olee
el i ls osge @ 5 1) (lu b b g o
5 2B, colagy O ¢ Ul JBlas
Ol s ol (Vatien axlge LS L Jus
057 o ilie Gz o 15 LS ale a2
b oagzlse ol mrie ()5 gz glo wnl
Lilyd g andyes b bS5l 86 LS
elin x> coals (V) wil oo dihaie o>
o oyl LS el aS WS e bl
S5 4 g el Gl by 5 aall andlas 6
= 9 LS (S pediee g (H sle el
3 ey (il 5o (SRpse Jeel willas )l il
23,5 (oo Al Jlas b g e e e
2By Sl (5 ool (> (2 &S 655k &
5 i g bl okl O el Llos as
5 ool (BB g el jsb a4 el plale b
o¥ 2l Yol Sl gile nlpln 008
Ly e, pop 2bS Jols 4 oew, cu>
@l il Ll 08 o (e slos
(oS oo axlgo
U ey 05 Sl ple S s sow
8 olnl ysiS &S Gl als I8 slasls lidl
Sl zao Conl oals el il od S ol 5l
Sole S Jlo 05 Jgad )5 oy 4 2l S
b ilse ple g (Sosle S Sk o o,
LSS el s 5 oLl ol ams L3 LS |

>
=

)5 oy g Cublagy asliling

1RV lgy /) oylaids /A sl


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

>
E

)15 iag) g Cublagy asllnd

WV )ley /1 a)ledds /A slo

e (3L0)S slo Il ()] )3 baas (UGST poAlD (aiw Hlic)

O 13l 50 oK 5 g 0> (Y ))all o
Sl slp @l Olge 4 1) lee (ST ol
axii &S aslis ol (VYY) wols )18 a8 0,90
1558 Galies slo el 5 (ol 00,5 anllae
bl bwsl oo (@kise )l Lls VFAY)
o g el o> 90 YFIVY KIKE! 65,0 alads
as (SJLQ—‘ R 0O9.o.3 ngf"‘" ua?Lw u." 6‘)" ‘)
Sl oxls o 2be)S 6550 Ol 5 Ol
cwl gz sle sl 5l (SO sl o Sas
®%) 132 Cusk, (°C) lsn gloo 5l oolizal b a5
2kl Gk 5l g mmHE) Syl [Lid
7.5t

RH 15Xt
h=1006x%xt+ o X 102373+t
B

X (71.28 + 0.052 x t)

o jloolatul b g ke e ygb 4y JLST
S slaosls bawgs iy, (bl g5 slo yal)b
olyon g dulre oulillsn slo oliny) ;o on
So 3l 09d (o0 IS er sla L ple
s Caghy g lsa sled &5 (pl 4 azg b Koo
slo ol e ) oull (heme bl 90
lo bl ol 699y 9 Wigd (o0 Cgmna (51>
Ol sl eolaiul og, oo HUaml el axags JUST e
Sl bl s o SbLe SLS wilg asls
a o3 pas &y ol oy o3l 5 alizs 3bls
bog pdy cal 013l 5 LS (oyme 50 oldl o
S a5l LS cwlislgn ool
oot Conl Soe calisee slo lams yo 2l ,»
ooliil 31 e sl 55 ol Cadgazo g lallas |
Sleel as el 5l el g Jae Lol 2 (gl

Logloe o5 sl ol copm )0 ol Gl &8s
5 peadglio 0)5l 0 4 5L Vb Jles sla Cogh,
@l Wy (0 Sy 52 48) Gl (le Cuglin
50,l5 a5 ol oads el (0l anls of am @
Sl con 58 bl ) gl jo a3l Gl
() wal

Sl lalyd i (el Koo (g5m )
Sy a5 Gox sl yl)l 5l eoliiul b s
ST liilse le olfi] Ly 4l
D9 (o0 S g 55 oIl 98 (slo Gliw e
d9h atlil arls S Coje plste 4 wlg e
slod (55 ol I L wlawle as
OBl (owlidlsn lo ol lawg lusS
el bl p ol S ol Ll 5158
sl ale plo abl o pdy oS! WBGT
Gl Cusgaze g DS (Lo 4 58 ole)S
oz Slawbre g b Ol b alio
bl o G @b Gyl (2P ez o
39S 0 Jlam) e b oz o )8 «(PHS)
(V) &l adls () !

SOl slo G0 3l sla Lo j5 5, cnl ]
b ol i8S &jg0 LS ojs> (plize lawgs
sl (B |y le a3la by e lh aslen
15 8 b la zel )l JBlas g .8 o3l b aS
oolitul b 5 poe den 5l g ()l sla il
3l aily adly 0yl o amlislss sl ool |
15 anled 4l Gl s o olo)S Lyl,s
45 (EST) s oyl Lol dnasgs Ll o]
551 5 158 slod dlsp cagh, yual )l aw ulul
3305 35 9 (V) 005 o dmslme sy
Sl ooliiul b g (Suped oo Ky olul 5 WBGT

o 530 cnl 5l e dged (culidlsn sla yol)l


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

)30 1)8) -3)03)a0 L) —(LLI5 039)6 —(Anans Byl —3)6 (a18) (53 —(5)sus Lo)saan

o 9 WSSl Joe 50 gk S (6 ol
o9 (rbyy 5 oSS 4 adyl sle (bieel
adllas 4 59,9 gl o3l Cols, (iagh Sl
a5 ab ools pliebl cl Glivl 4 5 ws S >
S Libgh 03 aleye Dige a4 o o] Sledlbl
Dt (glp dsllae cpl jo aile dalys bgaxe
ows 3l (WBGT) lwsS 5 sbo szl
Micro- Jow ad,in 5 Jluows miw WBGT
oolatunl LSl jeiS csLe therm Cassella
o) s 5L 0,0 e sl el 0,8
by sl (@) i b Juls aSls
bug oloy mo b 4 «(g) olwsS cles )
So gl 5lad g (oo Cugb ol 4l sl ()l
Nogs Lo 050 dae T dile (gly 4S5
VIAJae Jlozms g lid g giw Cogh) oy
&S o3l el yeiS el Lotron — PHB
lgo JUST (V) abasl, 51 oolatul b (e 2505
Sl 5 D jolome a4z g3 b s ,5 Cud g Al
adllas jo oaisS S 8 alite glaog S culed
@S yo U pae 5 oy At lagg, o
slo il (e Gl Jolgd 8 (s S el
Sass sl ey o 5 0ad (55 o3l s
Josinn (555 03lsl o] & jglxe yo a5 SIS
Gy oy ol 5l ol oold puexd wing cudled a
3,90 adlllas pl jo (6,5 ojlasl oKisl b 5,8
aw Jolgd )0 ol o 305 85 18 (o)
sl bl 4lS (ae ¥ g BT o ) aiels
S48 5565 LA gazma 5o 5 b Y s
Sl b 6,05 o3lail cpl o sl Caws 4 sla ool
Bogs 5 4 Jgrdeo ol o] jo a5 S5 1S als
A0 ,5 bl
WBGT (asls jls )50 Sl 4 425 L

2 5y ol sl esd Bly o 8550 el (nl
@bl 51 (S0 )0 (69,50 Sjgo @ a5 anlllas oy
Shiel sl ouls ploil oS Sz 5 6,5 solldl
Flie o ol ool cayyas a5 JGT a3 ls
QS A S G hes sled g WBGT a5l
rixe loyS fn il g eyl gl (a3l Glgie

sl 0333, &8ly (y503] 3590 1355 (50 gune

SLETY

Lgod O/, i/

& S g e g9 5l &S Bdow (nl o
ol job o8 e e LS S sl
@S 4 g b s S 15 Sbsls 0e 5 Sl
OB S 0 b (V) e 5 (LeSS aslllas
WBGT 5 <8 0byo bl Gm (K o0 5l
p9d 9 Jol 58 sl 38,5 5 8 by =2/YY)
ages w2 Jlao N g 1V L oply s
byl a0 3 e 585 AV Ll addllae sl 0¥
Jolas 5 o Eaodlas oyl aslllae 4y ol 31 55
WS o Bl g Jlai s jee Jad po Sl S adle
5 <5 el U5 s Las abex 5l o)lene
315 g i g5 Sl il e 5 o
(Floo 00y slos p QT Szl b s 4
Foiwsl bawg 625 ol e 5l (LS i e
ez ol g WS oo sl o3l (55 (sl
e by 08 (o0 o (lsl STy 03 65
Gio aslllas 08 o g Sl s LbsS

A0S oo

b sle a3l 5 Lhme slo ol b it
5 0¥ sl (Kalea 5l o jelaie (ol Gl
39y O ol asie SIS S e s

>
i3

)5 oy g Cublagy asliling

1RV lgy /) oylaids /A sl


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

>
(o4

)15 iag) g Cublagy asllnd

WV )ley /1 a)ledds /A slo

e A0)5 slo uvyim) ) )3 bass GIET padli i bic

T slgsesl 5 5 SaSln 5 55 bl
5 oyl (S o2 o> ANOVA it
285 18 Jedod g e 0550 S g S
FpS adS 5w sla gaeil o)l (Gxe mhaw

b S L s e[ )

b axil
(0) 8 Sk (V) Joux mls lol
Sga> ;0 ol ju maw g Ha c0g el
Bl 5 uSln iz o 95 oo 5 oy
Jdsb 5o o3l (pedlie) 5,8 L o st
3,9l YAMZEOY VAN W ol 5 cas
pd golie Jawglo )l cnipe lid a5 Wy 5
5 laibinl Blymil g o Silee [0 (ggm 51 ail (o0
0)31).3 315 AAERVARE ).3‘)_3 u»L.J GQ;LC “""’EL"’“
o mal 4 g5l (o esims (lis &S s S
WBGT l5e) WBGT | laie Ll WBGT
sle Cwglie cle @y a5 Mol lade ogdle a
e sla el slie () Jan
Sl ool sl asls g (Sjsle s
Sl ol aw o 1) addllas ;o culs (6,5 o5l

qed gl lie 5 W (Sl Bile wlul
G5 de e sla bl (625 osll p egdle
2 gl g eld Jie 508 la sl )l
ads T el g5 5 81,31 gy laseie ol
ISO-8996 51SO-9920 sla 5 il Lawgi oss 5

OO NF) w5 o400

Soleod (sloo izt
sheme o gl 65 ol lej o2
sbes (Sjelesd ol o Sil> sl als
510- Jow gowles lawgs 50 ol 31 565 Silious
g oS ol e jeiS sl Omron
lyze )3 giwled jgain jolaie cnl sl 08
oaly 1,8 (ol Bl sl g5 (golo | \8 jobo ay) ieS
los s sl p3Y loy CdS Sl g o
o3lail a0 3 el Flaw 0oy sles Jlade ciwles
ol 51 B> S Al 5o 5 b o o (5,5
03y sl leie 4 b (6,5 ojlail LSl g A

olol el 5 2
Loy ol jo ool 5,5 o5l slaosls

b a3l Laugi Yo a5 SPSS (6 LT 5l a5

(N=2Y) axdllan 5590 o 31 SG81 )5 900 Wlainn ) Jour

oy )l

SD Mean Max Min JUes

/64 A1) £Y Y- (L) o
\Y/YY Yo/ V- f £0 Kg) o35

YIS \YY/YY 9. V0- (cm) .3

YIVA YOIN'E ATNAR A% O 03y sy

g VIAA YIVE % M) o gelans
V- AIAF YAAIOY ISR AYY/N (W) o golio

-INY -Iva AR Nia (€lo) Wl le cuglio



https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

S)3W o) —3)93a0 mb)

—:30015 033)8 —(Swsans LBy -3)8 (aa8) 30 —)3a0 LB)s a0

axllas 3 00 (6 325 03Il 5l (o el (Sl L 9 (59 el 8 o anmo (5o ol sy p0lie Y Jguar

x5 ol e
(N=F) yac 10 M=F) bV =F) 7o e

SD | Mean | Max | Min | SD | Mean | Max | Min SD | Mean | Max | Min

b sla il
YI-¥ \rda! va Y VIYA | YY) vf Y. YioY Ya/sf Y Y& CC) Ign slas
AR AL Yy \§ Y/ VAIAA A V0 V/a¥ VALY Y- i CC) rb 5 slos
YIVE FAISD o fY /A0 \iZ0 fa ff \lizd FYNA fY ) CC) oo 555 sles
YIYO | SYEIYE | FAVIE | VAN | YIVY | SYYIVE | FAY/e | SYYIA | YISA | SYAISA | FAYIA VYN | (mm.Hg) lgs Les
LAY IR AVAVN YA \e FAY | YYIY iR V0 AN YSIOY TY YY (%) (g g,
ATAN A-4 \YA YIV | YAA AYa \Y/E YIA YISA YIAN VA A CC) pinis abaiis
Y/ YIVY N2 Y| erf \Ans VA - IYY AR \/PY Yy -/f b ooz f&’“

m.s

Sl gle ezl

YI-¥ | YPIAY YaF | YT | VEE | vose YVIY YY/A \/oF YEINO Yols A4 °C) WBGT
ST asls
VIEQ | #eIYO | YYIVY | Be/eN | s | OYIBO | £e/fA | FYIOY | OIFA faN. OF/AQ FAVE
KIKgh

S bl

SIYE | YOIAA YA | YOS | -/FF | YOIA- YEIV Yo/ Nins TOI04 YEIA YO CLM(:C’) sl

Enthalpy (KJ.Kg)
-5

YEO Y YO YR YRS YV YV

Tympanic temperature (°C)

(b) JisF s sbod b AT a5Lis 5 (@)

VOO i a2 slos 2Slas 5 JBlos
Cogb, olme Blas ael cws 4 0F (°C) 4
20,5 wetd %YA il o 5Slas 5 %)l
cad Sbb olels 4 byye jlade g0 2 oS
SSE 4 5 e gl yel)ly ple og 8
ol 00l 03,51 (V) Jgaz ;0 (605 o5lasl ylo;

RZ= «/V?

Enthalpy (KJ.Kg)
*
[ ]
[
®

Yo Yo Yo
WBGT (°C)

WBGT g Al (s lis (Koo o2 ) S

aes oo olas )5 cad sll g ale ]
3,90 oled oS waal Cuns @ = b Gills
lsa sles & bgye Y7 (°C) Jlos ply axllas
Al g (Ve B A o) oo adgl cele o
sl cels o lgp s 4 by YA (°C)
Oz o2 ol 009 (VO B VY o) I8 cas

19 Cublagy aslibos | >
9 Cuwixgd S

)5

1RV lgy /) oylaids /A sl


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

| g Cublagy asliling z

)5

WV )ley /1 a)ledds /A slo

w G3Lo)S slo im0 )3 baas (UEST poALD (A Hlicl

RZ= «/V¥
— 80 RZ= «/V4 ® — 80 00000000 5
z o B : 3 o -
2 2
© Yo ..~'.. < ¥o .
= oo < 0
- — .
Sy, | @ S ¥, .....3'
Yo ¥o
Y. Yy Y¥ Y# v¥ ) ve 2%
WBGT (°C) Tympanic temperature (°C)

2 Yo
[ ] CCCCco
Y.
o7 R%2= /A0 ® 9:0‘& RZ= /A .
fé) .‘.. ~; r ‘...-
= . S, o 06000
2 =7 0000000300 ©
2 e Z ® 90°0 ooo
T o © 0 .90 00 000
2 ®.. S o o000 o
c o ( c
w Yo Woes
Q.
¥ i
Yy Yy Y5 YA Yos/e YO0 YP/0 YP/00 YV/e YV
/
WBGT (°C) Tympanic temperature (°C)

() (e)

Yo )
]
Y. = 5. RZ= +/Y0)
= RIZ 8¢ 7 (TYYT YY)
0o x (] (X ] 1)
Y 70 S a0
= i
7 =
= . ® > o eeo0000
2 ' ® 2 s,
= ° o .. 800000
c 00 . = .0 O 00 0o
= : S ¥o
E ° .7 e e e °
A o X .
¥
¥o Yo/ Yo, \Rx Y70 YV/e
Y Y . . °
" Y . ™ v Tympanic temperature (°C)
WBGT (°C)

9 AT (el (Ko o2 9(C gacb i i 4) 415 i (loctil g ailuo sl 1o (o3 9 WBGT g (T o Lis (Situns o2 .Y S0
(F 5@ oy ) 15 i 5la 3 ailao il Lo oo 59 295 s slod


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

)30 1)8) -3)03)a0 L) —(LLI5 039)6 —(Anans Byl —3)6 (a18) (53 —(5)sus Lo)saan

O el Caws a Hblie polie 5l YL a9
2 038 (i (55 sles 5 (LT a3l 5o
VoY lebe o o (Kias o2 SSTae b ol
S5 cad sl s ol Sl g (= AYE)
0,8 e (RI=/0FF) VY10 Slels oy g

e ol b5 ek 4 adlae nl mls
Sl oylutin) ale L Il asls aas
g 2 o ol |y el S o0 WBGT
il & WBGT L o] (K o2 ol5ee (0
5 e slod b ol (S w2 5l e
dsb 5o 9 sl el Slss Gulal el
s Siy b 45 55,5 e saalie 5 3,
i 55 o Sl lzs WBGT 5 ]
sies sloo b o] (Sis o2 a5 cl Sl a4
Sl jloged) Sl W8S 1B (cw)n 390 B55
el s b ams ] Y 5 ) S
o>l L Humidex Jaow ol ogas o
30 S5 o 55 S5 e sles 5 WBGT
Y)
S 5o et all gl lages elal
9o slod (Sl (2l L (V) Joozr 5 (V)
Sl Jsb )0 (o Cask) Nk RIS
Slos ool Cavs 4 Sy o2 o0 8
JB sk & (BT a5l 5 B Sl
Ol e a5 5y5b a4 ccwl asl galS 4>
195 Ale 50 YOV & o bl ,o < IVYF |
O s oL o DAY Gl 4y plxilw
5 oSl S it bl o b o RalS
Siol,b aw slp onel s w8 laslinl Gl sl

P A e Cugb, g wa sl dea sles

Aol b5 s el 5 WBGT 3l
ook crl 50 RS eIl 99 (S3ole s
Jgaz 0 SSE 4 5 (A (es sbed)
Slade Plas cwl cals eols las (V)
SsS w5 JT WBGT lo jasls
FVYE KK Y- F CO) il i a
Ya/g CC) plp o) Sl 4 YOI CC)
0,8 s YPIA(PC) 4 VY/VY KjKg!

o2 oAl a3le Lol oad jelaie
po ol o @Bly e Syse 55 s
Cowl oals ools lid (V) U8 o &5 S
@yl a3ld p5 ol by 5l Sl S yo
olas IS o as b len el oo (S ok
R WIS COWERPV-SRL | ES Y IRV I WP K
L o1 (S o2 5l e WBGT (a3l Ly L]
R=+ [VOF) ool 059 (55 dhas slos yiol
(R2=’/‘“c\\ ).j‘).g )Q

0Pl (S p2 Gliee e jslaie @
2 e slo el olleg 4 azg b e
O O 8 Gl e 9 )8 St Job
O5e3l 05d (o o b aFLE (S o2
i Jsb o Gloy ol yo lie )L
olis (V) USs Lo of mlbs a5 as el IS
u‘).uo uJ)J u’“‘“" u,..al.m‘ LJ"‘ » el ool ool
2 005 sl 5 T a3l (S o8
Lulyd gad je)s 5l sles Gl L aslsl
odslive 2>l 93 (o (hrd (S o2 S92
5 T aPlE 50 (s 02 iz o 05
DB ob & anlllas 5,50 Lol 5 adS o WBGT

>
S

)5 oy g Cublagy asliling

1RV lgy /) oylaids /A sl


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

>
Db

)15 iag) g Cublagy asllnd

WV )ley /1 a)ledds /A slo

e (3L0)S slo Il ()] )3 baas (UGST poAlD (aiw Hlic)

o2 50 e 5 lans dlllas ,o (R7=4/FYY)
WBGT 3 555 slod (o odnl Cows & S
Gyt (Vo) RP=+17V) w5 oLl hawge
S wssls las s gl addlas yo 58 o), Ken
Sl oyl & 08 (Jae Lulyd 5l o)l
009y YU jlews WBGT _asls wlol 5 5)l>
S5 055 Jlag oS s St slos o
Ll ilad ayge jud does (pl a5 Canl alils
WBGT g,,> ool (azls g9 o YU s
VY asl oo YU sbobes jo Silas slos g
ol aslie o (Y-1Y) ,Kea 4 Broade
St o oS el 3Ls L WBGT
5 ree slod oo jl)l g0 a5 (PHS) oo
wols las WS (oo (F i 1) B Ol
oo Joe PHS | 5 _ulu> WBGT _asls oS
oolol ol p WBGT asLi e 0ga |5 ouS
Sl LS, es sles a5 Ceul ond gl
S9a> et olul a5 Jl= s wil YA CC)
YA CC) _bes slos Sk 5 PHS _asls
a oldlas plo s plie bl (Vo) wil oo
(VY 5 TY) canl onel caws
5 Al el Lol sl ooy 51 S5
lo o] gloasls 5 Lulg, 51 a5 sk e WBGT
el jo cwl bl ceale ol o p
s adlge a0 S8 &S yob ke WBGT
o0d Ll il glos 5 mmb 5 glos dgn
Egomme )O3 B> (patin mpw plaS 2 9 Cunl
5 Wit slo bod oS 5 bl p Bro a3ls
Lol o9l oo o )55 oI5 le az o wlal 5
lso sloo yial)ly aw 3l eolaxul b JsT ol
(MmmHg) < 72eg,l ,Lis 5 (%) 52 Zogh, «(°C)
55 &9 5l (ale &5 Jol> 9 99,5 (oo Guens

s YA/FO XYIVE XFP/FQ £ Y/-V(CC) plp
oaidd ol a4 cuwl ol s YV/AA £A/VF
g 5 Jles Cogby 9 YUl b sleo
P oSl alyd gl (S 5l 45wl (o
@bed Jloy Lulpd e o e slos gl
D Smly laze JST L G s blgh)
o2 dep Sis g Lo ol b Jg o)ls 65
S50 oylailinl arls K olee a4 a5 S
oolaiwl Cusguze hylo 0,8 o 1,8 colaiul
S slales b bl po s 2133l Jloaat
ool ssese Yo 31 Ko (S6 Q) wsl o YL
@bed Ll I3 L jasls 9o (S oo
Slp e oras Gl g 3l U aime
OF) el Gy Gl o5z o LS b ablis
wlé‘ Lyll o a5 G s b cpl o
Soge o SN 4y 25 4 S 5 e S
S o Shes Glod 390 (o0 el 05 (o0
5 2l Ooeds 097w Sl iz o8 05
sodas ool Jlug 3l eolawl b oy yoged S
wly < }[€9) 6[@ NEYES 0 (O 6[—“’ Q)'.gol.g
50wl alsls mE G Bes glo S o
Self-) 0,8 055 lawgi oy 0,5 S Ll oy
Sldlas jo sbla> \Ls, S lgie 4 (pacing
Ailgy oo a8 cl 48,5 18 a0l 5,90 (g0uxine
@ )ly @leyS il el 0 1) et A
O 5 gy ol 3 OVYA) sl asls 0,8
5 b slo a3l G (S pa
Ol cnl S8l wales s (o (So59ls 58
WBGT (Lo 90 G (stebive 55k a0 (K o2
Sl 00l LS’L’))‘ .’a.....:}uo ).u LJ‘“"; QSM'C 6Lmb 9


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

)30 1)8) -3)03)a0 L) —(LLI5 039)6 —(Anans Byl —3)6 (a18) (53 —(5)sus Lo)saan

o)l eolatnl Cuje gl a8 S IS 4 S
el o ool lasS sles 4 ol (3l o a3l
sl ools leslainl b asls cpl 51 lgl 0g o0
G Sl oelbilse b lajle oud (55 ol
wloS lo puyial Condg gBge 4 el 5 (i
SaS 095 el ol 0ged soliiwl alize ble o
e s ypeke Sl 351 &0 15 1 5905 anly
597 Semy dbgrye S gl (lojle Lawgs ol 5
A 2)lse g Mt 9 (Sl ol Ll 20
o Cowl oyl ialS 5 ym0 y0 3,8l i y0 ]
i)l sl Oly (oo a3l a5l WBGT (9
Sges oolaiwl HYL B Lol @l ole )5 slo oy s
anls e 65 Jut a5 ls S, e o g 5
Lg)j")“‘\"‘ ‘@Lo)f 6L&s k)“")"'“'" S¢>9 Ja.’b,w )9 09
St 5l oL (s 5 Sl slo 2l
sl (all bawgs adsl slo (Sb3l LS 50 51>

555 oo 4055 b 5 i

Sloyu8 g S

@ Sl )bl cise Jol> dllis ()l
Irmug.rec \Ya2,Y 1 oS L 5 0YAY o)l
gl aoee sla oan¥T Slidod 3 0 Cgan
o o8 Sy pole o5 il (9] 8 g i
Sy 9 ol b Colex 5l alwy (pay oS all
Bl oo Joe 4 008 5 S JleS ons plovl

REFERENCES
1.Nassiri P, Monazzam M R, Golbabaei F, Shamsipour
A, Arabalibeik H, Abbasinia M, et al . Personal risk
factors during heat stress exposure in workplace.
Journal of Health and Safety at Work. 2017; 7 (2):
163-180
2. Heidari H, Golbabaei F, Shamsipour A, Forushani

PRS2 dss ok elel pols (ae (51>
o e slge 50 9 058 (0 15 19e 035
Sl ggeme plp o)ls 5 Cush, sus)s
ol (VO) 098 (oo piud Oled 9 (ogmns
3 ks gble jo s )0 d92ge o il
S5 et Sl i S g 0,5 Gble alex
Joie o e o a5 ab aalss e LbeS
e Ol iz m ogr walss Jise LT
Cely gwlllga slaools loslatnl b ozl oyl
S Jus Al Ko ol a wlsn 09l (e
5 ol s g (il sl il G o
Oz 0y L8 skl 5j5e I8 i Jlas
Jdo 4 WBGT azls ) oolasl L oo L8
o 25w 5l g OleasS sles 4 ol (Sl
oo oliBlge plojle bawgs (] (65 o5l
ol sl petls 53 ol 5l Gl abl oo
Humidex. Discomfort index j9> o2 (5 ke

i glos 1l ol o aS Wil oals wljl o2 g
Sd BB g cwlin bls,l Ll cul suis bl
V) wlesls las WBGT a5ls b,

T asls ans o oLt anlllas ol s

£ shey sle e o Jame ()l a2l

AR, Gaeini A. Outdoor occupational environments
and heat stress in IRAN. Journal of Environmental
Health Science and Engineering. 2015;13(1):1.

3. Habibi E, Dehghan H, Yazdanirad S, Lotfi S,
Hassanzadeh A, The Impact Of Heat On The
Accuracy And Pace Of Working By Tests Of

Job Skill Assessment, International Journal Of

a)
°

)5 oy g Cublagy asliling

1RV lgy /) oylaids /A sl


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

| g Cublagy sl = O

)15

WV )ley /1 a)ledds /A slo

e (3L0)S slo Il ()] )3 baas (UGST poAlD (aiw Hlic)

Occupational Hygiene. 2017; 9 (2): 99-104.

4. Heidari H, Golbabaei F, Shamsipour A, Rahimi-
Forushani A, Gaeini A. Evaluation of Heat
Stress among Farmers Using Environmenta | and
Biological Monitoring: A study in North of Iran.
International Journal of Occupational Hygiene.
2015;7(1):1-9.

5. Grambsch A, Hemming BL, Weaver CP. Assessment
of the impacts of global change on regional US air
quality: A synthesis of climate change impacts on
ground-level ozone. 2009.

6. Peiffer JJ, Abbiss CR. Thermal stress in North
Western Australian iron ore mining staff. Annals of
occupational hygiene. 2013;57(4):519-27.

7. Heidari HR, Golbabaei F, Arsang Jang S, Shamsipour
AA. Validation of humidex in evaluating heat
stress in the outdoor jobs in arid and semi-arid
climates of Iran. Journal of Health and Safety at
Work. 2016;6(3):29-42.

8. ISO-7243. Estimation of the heat stress on working
man, based on the WBGT- index. 1989.

9. Budd GM. Wet-bulb globe temperature (WBGT), its
history and its limitations. Journal of Science and
Medicine in Sport. 2008;11(1):20-32.

10. Moran DS, Pandolf KB, Shapiro Y, Heled Y, Shani
Y, Mathew W, et al. An environmental stress
index (ESI) as a substitute for the wet bulb globe
temperature (WBGT). Journal of Thermal Biology.
2001;26(4):427-31.

11. Gaspar AR, Quintela DA. Physical modelling of
globe and natural wet bulb temperatures to predict
WBGT heat stress index in outdoor environments.
International journal of biometeorology. 009;53(3):
221-30.

12. Heidari H, Golbabaei F, Shamsipour A, Rahimi
Forushani A, Gaeini A. Determination of Air
Enthalpy Based on Meteorological Data as
an Indicator for Heat Stress Assessment in
Occupational Outdoor Environments, a Field Study
in IRAN. Journal of Research in Health Sciences.
2016;16(3):133-40.

13.

14.

16.

17.

18.

19.

20.

Negahban A, Aliabadi M, Babayi Mesdaraghi
Y, Farhadian M, Jalali M, Kalantari B, et al.
Investigating the Association between Heat Stress
and its Psychological Response to Determine
the Optimal Index of Heat Strain. Journal of
Occupational Hygiene Engineering. 2014; 1(1):8-
15 (in Persian)
1S0O-9920.
Standardization (ISO). Ergonomics of the thermal

International ~ Organization for
environment-Estimation of the thermal insulation
and evaporative resistance of a clothing ensemble.
(Standard No. ISO 9920:2007). Geneva: ISO;
2007..2007.

ISO-8996.
Standardization (ISO). Ergonomics of the thermal

International ~ Organization  for

environment-Determination of  metabolicrate.
(Standard No. ISO 8996:2004). Geneva: ISO; 2004.
2004.

Gatenby RM. Exponential relation between sweat
rate and skin temperature in hot climates. The
Journal of Agricultural Science. 1986;106(01):175-
83.

Dehghan H, Mortazavi SB, Jafari MJ, Maracy MR.
Evaluation of wet bulb globe temperature index for
estimation of heat strain in hot/humid conditions
in the Persian Gulf. Journal of research in medical
sciences: the official journal of Isfahan University
of Medical Sciences. 2012;17(12):1108.

Bates GP, Schneider J. Hydration status and
physiological workload of UAE construction
workers: A prospective longitudinal observational
study. Journal of occupational medicine and
toxicology. 2008;3(1):21.

Donoghue AM, Sinclair MJ, Bates GP. Heat
exhaustion in a deep underground metalliferous
mine. Occupational and environmental medicine.
2000;57(3):165-74.

Dehghan H, Mortazavi SB, Jafari MJ, Maracy
MR, Jahangiri M. The evaluation of heat stress
through monitoring environmental factors and

physiological responses in melting and casting


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

21.

)30 1)8) -3)03)a0 L) —(LLI5 039)6 —(Anans Byl —3)6 (a18) (53 —(5)sus Lo)saan

industries workers. International Journal of
Environmental Health Engineering. 2012;1(1):21.

Heidari H, Golbabaei F, Shamsipour A, Rahimi
Forushani A, Gaeini A., The cut-off point for
tympanic temperature as a heat strain index for

evaluation of outdoor workers: a field study

Journal of occupational safety and ergonomics, http://

dx.doi.org/10.1080/10803548.2017.1281524

22. Broede P, Blazejezyk K, Fiala D, The Universal

Thermal Climate Index UTCI compared to
ergonomics standards for assessing the thermal

environment, Industrial health, 2013; 51(1): 16-24.

23.

24.

Mcneill MB, Parsons KC. Appropriateness of
international heat stress standards for use in
tropical agricultural environments. Ergonomics.
1999;42(6):779-97

Wang F, Gao C, Kuklane K, Holmér I. Effects
of wvarious protective clothing and thermal
environments on heat strain of unacclimated men:
The PHS (predicted heat strain) model revisited.
Industrial health. 2013;51(3):266-74.

25. Parsons K. Human thermal environments: the effects

of hot, moderate, and cold environments on human

health, comfort and performance: Crc Press; 2014.

_; .. ey
| 9 Cublagy asllosd =

)5 S

1RV lgy /) oylaids /A sl


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-03 ]

Journal of Health and Safety at Work Vol. 8; No. 1; Spring 2018

Validation of air enthalpy in evaluation of heat stress
using wet bulb globe temperature (WBGT) and body core
temperature: A case study in a hot and dry climate

Hamidreza Heidari', Hoda Rahimifard’, Abolfazl Mohammadbeigi®, Farideh Golbabaei**,
Robabeh Sahranavard®, Zahra Shokri

! Assistant Professor, Department of Occupational Health, School of Public Health, Qom University of
Medical Sciences, Qom, Iran

2 Research Center for Environmental Pollutants, Qom University of Medical Sciences, Qom, Iran

3 Associate Professor, Department of Epidemiology and Biostatistics, School of Public Health, Qom
University of Medical Sciences, Qom, Iran

* Professor, Department of Occupational Health, School of Public Health, Tehran University of Medical

Sciences, Tehran, Iran

Abstract

Introduction: Considering the necessity of evaluating novel thermal indices for different individual and
environmental conditions, the aim of this study was validation of a new enthalpy index for evaluation of heat
stress in hot and dry climate.

Material and Method: In this descriptive analytical 97 city services outdoor workers were randomly selected
and evaluated in spring and summer seasons in Qom city, Iran. Correlation between new enthalpy index and
standard WBGT index, as well as physiological response of deep body temperature was studied and analyzed.

Result: Findings showed that regardless of the time of measurements, correlation between enthalpy and WBGT
index was better than its correlation with tympanic temperature (R>= 0.756 versus R>= 0.391). Considering the
time of measurement, it was found that with increasing temperature and decreasing humidity, the correlation
between indices was reduced, although the correlation ratio was maintained similar.

Conclusion: Due to the simplicity of the enthalpy index measurement ,its independency to measure the globe
temperature and the possibility of estimation of this index using daily climate parameters in meteorological
stations, and on the other hand, appropriate validity of enthalpy against WBGT and core temperature, it can
be a good alternative for WBGT index and as a screening index for thermal environments in hot and dry
condition.
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* Corresponding Author Email: fgolbabaei@sina.tums.ac.ir


https://journals.tums.ac.ir/jhsw/article-1-5809-en.html
http://www.tcpdf.org

