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Abstract

Background and Objective: Appropriate indicators in the evaluation of
heat stresses are of particular importance. Therefore, heat stress risk
management requires the development of functional indicators. The purpose
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of this study was to evaluate the performance of the two indicators of WBGT
and TWL and their fitness with the tympanic temperature.

Materials and Methods: A cross-sectional study of 101 urban service
personnel was carried out in a hot and dry area in 2016. WBGT, TWL,
airflow velocity, and tympanic temperature were measured using a digital
WBGT-meter, TWL software, thermal anemometer, and a tympanic
thermometer, respectively. Data were analyzed by using SPSS, version 22.
Results: The results of this study showed that the highest correlation was

observed between the WBGT index and tympanic temperature (r=0.669)
and the lowest correlation coefficient was between the TWL index and
tympanic temperature (r=0.343). Considering thermal variations, the
absolute magnitude of the correlation coefficient between the WBGT and
TWL indicators was higher in comparison with the other indicators
(r=0.660), which increases by elevated air temperature, such that at
temperatures above 35°C, the correlation coefficient of the two indices
reached 0.996.

Conclusion: The findings of this study indicated that for the evaluation of
the risk of heat stresses in open environments, the TWL index could be
considered and applied as a suitable substitute for the WBGT index.

Hyg Eng. 2018; 4(4): 31-38.
DOl ------

Keywords: Thermal Stress; Thermal Work Limit (TWL); Tympanic
Temperature; Wetbulb Globe Temperature (WBGT)

Copyright © 2018 Journal of Occupational Hygiene Engineering. This is an open-access article distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and
redistribute the material just in noncommercial usages, provided the original work is properly cite



http://creativecommons.org/licenses/by-nc/4.0/
mailto:soltanzadeh.ahmad@gmail.com
mailto:soltanzadeh.ahmad@gmail.com

FA LYY Glxio AYAF liumo) F oot F 030

Gl o clblugy waigo alxo

gy dlis

B 90> g (WBGT) glwgs 5 sbod (1> vyl (odli 90 (Kol (v y
lowo 08 3 o ouiiz Nl jlro > b dwilin 3o (TWL) b 5
#osljolabi desl 13 55l 120 il Koo Kyl ol el 3 S cou 5 58 ¢ (630> L jones

Olyl B (o8 é..uf pole oKasle ‘lea'ﬁz“’ ‘_gl.m..m"}ﬂ 35 e sldd > clilags (g 09,5 «,Lolwl !
Ol ed @B Sy pale oRiils ¢ Jaxe ‘5mesx-iy.|‘ 3 e eslad > Clilagy aase 5 SKisghy v
Ol o od (S pale olKitily cuilagy 0aStils «(g5glgmadnl g (St Lol 05,5 Loliul T

u'f' ‘p,_'é “‘,_5 é.u)J ‘asl.c Kisls “sla...z.n Lgl.me..&.z;»}” )5).4: ‘6‘45):’ wlw (e os)f ‘ool)'anL.a ke J’:u».o Oy i 3
soltanzadeh.ahmad@gmail.com : Lo

oS
ool tarias ool cenl s 5yl slb e ytal (b)) 50 coaslio laasls 1 BuR g ablw  VYAP/FITY rallie cdly o &b
adllae ol diwly ol 5o ail o (69,15 slo sl dnwgy wiejls 51> o yiwl Sas,y Copae VAPV iddlio B pdy &40
TWL 4 (Wet Bulb Globe Temperature) WBGT _asls g0 o5 5 o,8kee obj,l G b

ol T satidlol jlome 9305 5 0SB b Siliass gloo b lagy] cels 5 (Thermal Work Limity — #9% #550 sl o5 Gsi e
ol Lgasa oo S5

] 00
dilaio S 50 (6, Slead Jiwy 31,8 Vo) b bl o o — oalaiie dalllae ol i (095 9 Slg0
sz e g TWL WBGT - Ll aslllas (sla sl imis b plow] Y38 Lo, St 5 o5
Syl yregail TWL 13800 5 Jlizm s g WBGT olfiiws i oolaiul b oo gay Silad sloo 5 15
S8l 5 51 oolatwl b 6 axlllas glaosls Jdod g asjon ol plonl Flew 00, (slos Giowiw zuiwles

28,5 &9 SPSS 22 LT
bt o5 ol ol adlln ol 3 Giisie slo bl ot (Sirnd ) b e s AbaiSl
55 Ot Sirod iyt ptyieS 5 (5 1950) Sologs sbos s WBGT _asls 50 oy (Siran
Bllae ;08 ¢ oled Olpts 4 dz g b uizman o) 3529 (=4 /YFY) Silas slos s TWL asls
A= 1954 305 sy o sl Lo b aglio o TWL sWBGT (sl g5  Siansad o
3 O 51 iy slalas 53 o5 (5,5t 5 IS it 525 1y cslad I3l b (St () ke

ey 098 4 w90 Siad gy ugeibs

Gl clie 3Rl lgiedy wilgioo TWL (asls oS sg o] ,Sils asdllas ol slaaily 15 y5 4ot
S 5 ooliul g az s 3 j9e 5b sladame 13 > byl Sy b)) sliieas WBGT Lasls

slos ()l eyl (asls (Sibod slos ((TWL) Sl S )5 ao ¢ 5l oyl 150lS oBils
(WBGT) s 5

PRV

olXiegy lawg gl jasld VPO slawy YN0 B YA-0
LF] atao oo )15 syl 0,50 1y (5> slogr e
ol wYols cdame baylyi bl oS b aslis oyl
i3 slagnly s 5 ool sligialy a5 o o
GOd%e cans § D8 bl glylo G pa cailazsly aswgs of 3
chalrd g Lo (ozen alayall Jle plorear saitly o

WWAS by oF o lous o 0590 ((gldd yo Clilagy owiiieo alxo

Jlo 05 Jsad ,o ohus Gheme (Sl loge il

alize laog,5 5o 1) (g5l o131 o SIS S lgieas
L ilisee slags lom (2 yme 50 1) o] g S o s (S
b oleS sl Sons 5 simgy o) (szen ools ()l
B Sk S 5 2l S ol S ezmen (Sij slac 98
(Sl slalame 10 Sy Sy jshiiedy [V -] wims s
sldls G a5 (g 5bay tailoads )l (g by slaazls

Yy


mailto:soltanzadeh.ahmad@gmail.com

ool S sslisal 5 o s Felal Lyl yx slelse
2 oSly 5 $0905] bawgs (855 5 M yzen bl
o D F] 05 (s ejlail jo Uz 55 ceely il oo (265
Sl oo Soliass sles 5l oolinl SIS 51 S0
Aol onl lp olaidl e sgua plads (JUS, les
e a> Wwezge slaolulinl ululy ol SG5eles 8
stos Slod axiliz g Sl Gugaadds 4z )3 YA JUS) sles
Plse 5 ool (oyme po 1) 08 w09y 18w cnl 5l o
ol (Gbyry) Slas sles 990 )3 ams oo )13 LS 51 (LBL
YVIOL ply s JBS) slos 5l jteS pogmndas 4o + /0 jlade
o ool LD ] ool o sloty ugeadas 4250
S 5 sles b 585 Soolas sles 850 5 ool 520
Sl J o 1l 00,5 o cdnlive oulidll)] lre dgu o
Wlgh oo Siliard slod Slomins il (58 a5 aigS len a5
39500 Wl b 0,5 13 e laylyo 3l o
wlly (7S polie LS, sles 4 Sl Seiles sleo
2 gl aalllae o e o)Sen 5 5y [10] wil
Slacmie bl wisls plil eiS Gilie slapll
3= ,laie (Receiver Operating Characteristic) ROC
Sbey Jelie sl 5 SO lagly)l 5o 1) Seiliess sles
23S plgre g wsged sleriny (gl 4z )3 TV Jolee
2> ol 31 gy Jelio 1o o3 Slas (sloo oo azsliz
N8 b Gl (o yxe ;0 08 g, 1S salzdlal jlre
b bass e o3l b sla eyl plo b adly (pl a5 0,5 oo
Dro] sls las 1y aowlos 3815« om0 45 31,31 5550 ,3 Lo )5
9 BB bl (Solw (e 0 a5 aslis SOl eolaul
S SOl Slage il bl sl wules &l slezel L8
oarls o Sles asdlas ol jo cplply 04 dales 50,0,
e 3 3,k 5> eyl (asle Ky olsieas WBGT
S8 o3850l a5 (TWL) ole )5 IS a5 [VF] sosazs
2 DV] el 00,5 Tagy Sl lodame 53 ohugas (oxemss
e Siele b el SO plpredr Sibess slos L annlie
5 Sis g o el S o easdlal jlae a50> ST L
o5 Ll s (b by, delas G151 G o

Loigy g8l
BLsyl o adloe (ko 5 (alais 53 51 a5 anlllas o]
5 p5 adhie S 0 ot Slead fwy 5l VeV L
andllas ay o3l 55,5 Lyl o plosl 1¥AD Lo o Stk
Sl by (oe5 slacisie (o jlad (IRl s Gozeen
9 NS ) @EU} GLQG“; )‘ solazwl pas ‘u“?f Lgljz.o 5o
SOl g dad Jid o cudld L SG el Jlae
Sl 5 e oL o Sy 5l S dle b o3l a8 el

Yy

b g Sl alisle;l wslail anwg o] o o asls oS
60,8 Slarin o jarli drwy o 09 gilbxe
Sl 050 slo el s S oslail Sgpen (E g b
‘UA>LM: s_i.g‘ M:JSJA 9 )L.,.cl $QG>L.~I h_i) L QMPLCQ‘
ol cely (Ko 0,08 g 5L 0j90 Olygadd (05w )0
Lo] wloass 55250 sla ozl ;o iglis

‘;Ln)f QJJM»‘ ua}LM: mMAj‘)‘ 6L®ua>l.w Oy
L a5 (PHS: Predicted Heat Strain) oos oo iw
OS5 sl asls 4 (V++F) ISO-7933 o, lusten!
oo ax8 y 3y (VAAR) 1SO-7243 s laslwl L a5 (WBGT)
Syl (2l slp gloadassndy 5 s slaaxls
o Slle Sz Ll ansboe Jloa polpw )3 b5
axlge Codgame b1y o] s pduop S PHS Lasls oo
G3osks JJs 4 WBGT asls K0 g 5l el 03403
3 e lie Gozmen o] 0 S5e slayial )l 5 (S oyl @
2 gl o)l 5l ol Jas! slalas (Wl 5l ale
B & o] pagslas b 55 whlise )5 slabae
Sl ol pliee 50 198 Gl S SaS SS
a5 Sl 00l u.cl) u.l.t‘ Q)l}a U"‘ MLJ‘SA 4}‘5.4 S)Lmua.a; La
;Lcs.o.c WBGT asls jl ooliiwl b saslcwsa gl
[Ver] sl yal s abslxe
o (9 \)).3‘5 °j5)‘°‘ as Mbsn u’_nl.o)f 6l.¢bua>l.w
z Sl eslainl b asls cpl sl 08,5 lag by, slalazce
(OlessS slod oy slos (S glos 1 Jold) e yial )l
A 5L 5518 s 5 (S a8 51y ol ot
G g ool g Joos B Edled mSlas wilgs oo (Solw o
[ﬁ‘i] WS S 950 e Luld o]y 08

Sl Jol @l (Ken 3929 K3 (5o |
b by (Soigdnd lagal 5 owyinl slaasls by
ua>LM: sSJ U}‘) alag; u‘}.&d) g9 002 )Uadg‘ Sy90 o)lﬂ.o.m Lo;
ol 59 Olyieds has slos g oy 5 ) - atl e ke
wsls gl sleoniel Sl o e (Sisle s
3O Og>ge 6“6}‘9‘“’0 9 wa»)y.\?m J—JD L Lol "'“’5‘““;5"’
Seslatul ( Lid sladasre (o ohigar o ol )l ol o
Slge 3l 6olims 5o See 5 ails Sl Cungeme Lo
D] sl Sae

L glao ooy slos a5 Wlools lis Galisee Slallas
» B, Gl @lp emlie Rl Glaisa Sl
Sl il o JUS ') (loo (g oS ojlail ISl a7 oyl
0 4 ol G Sl a5 el el DYVF] el s
abgrye o Solliws lawgi (cwlei el 5 (ouled )50
-E."Jw 50 '.\J‘j-\ks.é 9 0 Lg).‘fo)‘du‘ ‘;\)Lﬁﬂ O “A.wl)kso pevee
Jb e 50 0,5 1,8 solawl 5,90 Lsmlim.\Lo)—‘ 5 e

WWAF lowoy oF oyl oF 0590 ((slad yo> Cublogy (cwidgeo alxo



Gl oyl b plh  Swon

e o iy das pSoslul o alisde bl oglis sumlive

0 S oo S s pSoilal e 5o (Be5 sles Glareas

adllao slooolo fdxi g 4 ji

8yl adlas 'yl 5l cowlcanoas slaosls o g ayjo
03] el ol slapygesl 5 wins,S SPSS 22 l38le 5
5o b b asls bl s 6l Spearman  Seoes
dunlio )3 laasli Gl Guats jslaied; Cross tab (5031
390 Azl (S5 5 Comlar Guetd rizen 5 5005 L
ol 0 6 loline o a5 sl 53 UL b S 18 olil
s a8 S L s /00 Jolee adllas

sl

ST 5 5 i b 3 o Sl adllan hogs il
byl a5 oo plas wd el jas 5 wb e Sl
Oeed WS by | (s oS ae
oolie calllas 0,90 S 5 0,5 slalae (o a5 Wl oanlice
ioSa 6 33, Ul 55 ol Sl 5 oatly msd sk
Slee el jo oniiud Cugb, polie a5 (g ebay cail ol
B s S5 55m 51 e 5 5 Se3lal a3 Yo e
St slod 4o oain g, So3lail lojen slrosls jo (glala>dle
QO Jgoz) ab osalie s

LTWL s WBGT lagasls (o (e jolatons
Dogehs Supp (Suwed ol (Soilas sles by K0S
(- Y o logei j0 o)y ol s 008 )y alBlo
e (g3 e 45 A2 oo LS @l ol il a4l
Py Soilbes o 9 WBGT a3l g0 (yw
oo g TWL [a3lis 90 (s (Son (%S 5 (I=+ /75
Sg5 ga oaalin IZ+ FFY P/ 1) il

5 il ety Blg curs (ow)n Hliiea
3hoslainl b slailEge sloanglas (Sileoss (slod) (i !
b asls muly a5 bawslis cpl jo .0l sl Kappa g o
L T e %0 b Sl 5 Jlojs oS 5 50
oo Gl (g pSoslail Ll s 5l Soze o a5 ol oold
Ol l s sl 0355 (sl jlxe w5l SYL Silas

S99 pladd o ay (b il el (nl b G815 o po (et

ook Oboj 4 (e 59, VT 5l i o5 (g0l 1) axdls bl
3 g il I8 5l el 0yef b g (gilen Dyl Jdo
il Bds adllas 5l (60 5 o0 w4 S oo Lyl

o 9 W00 ,8 Ll aagsy Blaal b Fanses s L
5 2tiS aslllas o)l aildbogls & yg0ay alad cols) 351 )
aslsl 5l aiilgs co aimlyse oy yo 4 al eols ojlxl oyl &
s Bl pall IS

adlho sloools (s S50 jlui/

OS5 sles (a3l Giomis glp aallle al s
Jow aid iy 5 Jluows ziw WBGT oS 1 (WBGT)
20,5 solatul el a8 sl Microtherm Cassella
los i Jolss jasls cpl aulrs 5L3 0 50 Jaxe slo sl
S @l olfws cpl lawgs ylojed & g0

c i 5 g )lad g e Cugb; dea (L ey
g il jeaS cale KIMo )l jegedl lawg
Lotron-PHB 318 Juo Jlizus miw,lid § mwiogh,
W05 g S ol el HeuS el

TWL) ol 5 s jasls wb S5 a5 jeblen
Cand b g il il 3,5 (sl Jard HB pdyin 25
).\Ol.a.o 9 Sl 00 u..\...u oS )AA » u‘s ARIA LJQL\A )l?bo
).\Yl.,9 099, )‘M aglais U3l ),w » u‘j Yy. U k)" )‘ )be
v psY [A] adlies ule oSl Cugamma g )15 el T 5|
abgy e 15316 5 5l ool L TWL aslllas cpl jo a5 cosl )53
VO WEIY N b el Jolss o) dus jo Lo g 505l
RS R

g el g Soilul b ey a5 el S LB
by Slass sbos (6 S0l (s )l o aslis
<l OMron-510 Jas Flos 05, slos romiw guwlos
adS as o lo g s aSS pl [S3CES Dygo G HelS
5ol plol ol 8l el (565 50 (g0l 3 Jsbay la s .50 5l
pas Spe )0 9 iS00 LT L aw 5 pSojlal 590 0

595 wilizee lels s ouiis S o5l ame glo ol b o lsliwl Gl 5 (oSls 1) Jgam

(M£SD) ouis g yuS'0 31 loio (1= ) e il
pac 015 RB IV o -1
YE/SAEY/ -V \RTASESVAPN YA/SFLY/BY (Lol 52 glos
FAIFOLY/VE £51\EV/A0 FYNALV/SS (Losmdes) o2l glos
Y\/AALA)) S YY/¥O /AT YSIOVEF/YD (00 )9) o Cutsho,
YIVE£Y/-V VARETIAR) VEYEYVN A (a6 55 50) 92 sy oy

WWAS by oF o lous o 0590 ((gldd yo Clilagy owiiieo alxo

Yf



Yo
r= 0.660, P<0.0001
YA. L : ’
-------------- .
- . o rel..... | °
¢
A S
& e
S ! |
E Yoo
s
=S
Y. Yy " ’ ) Y’

TWL-WBGT) 5,1, oyt sl § oyl (sl alds S g i) l5g03

Yv.0
r=0.669, P<0.0001
o o o0 o o
o °® @ o o 133 L@t S
- ® ® o o &g ® °
o o o @ o o 08..... ° 4
5 veb ° e o o .. o0 °
© ° H o.% o ¢ ®
5 ° ® ... -8 o @ o0
o ® .0 ® o °
g Y& 9.‘ ® - ) : ®
S| e o ® ® °
'2 : ....... : .
S Yo °
s ° °® °
g e o o °
> °
[l 0 ®
Yf.0
Y. Y 117 Ys YA v
WBGT (°C)

(Tympanic Temperature-WBGT) | ,> s il 5 oyl sloasls  SKiwed jloges 1) Hl0g0d

YV.0
r=0.343, P<0.0001
o v
S | . i s §
Swe | STeegl 8
§ [ i X TN g )
s | & @ ®8 t&E-..8
£ Y5, ) e ® s
. B {
o
S o ¥ e
g $s., ;
F v
Y¥f.0
Y¥f,.
Voo Y. \Fe 15+ VA Yoo Y. Y¥f. Y5
TWL (W.m?)
(Tympanic Temperature-TWL) 5> o sl 5 (il ool  Swon g iz—) ,log0

Yo WWAF lowoy oF oyl oF 0590 ((slad yo> Cublogy (cwidgeo alxo



Gl oyl b plh  Swon

s a5 C8F S8 cuy 090 (ugmmdas 4z 3 YO Sl i s
Soged cpl @l a5 jebles ol ool SLIY Jlogad o ]
WBGT (a3ls g0 (Siod oo o las jud cans o (L2
Ol g oad 2yl yitn e ls plo b aslis ;o TWL 4
245 S5t valss i I slos Gl L (Saresn
b olels o ‘)!w aS wgudis 4z 0 YO 5l s slales
0alh 90 (Shared cu pd ilosd Cu )5 Cded L g
Sy90 5o a5 wibioe 58 BB adl .l oapw, /497 4
bl Soles Gl b il logasls (Swen
PP (Sed upo &5 Gpsba g K slogSa
809 Jo5 len slod (Rl L Seiles sles s WBGT
5 Sl s s TWL sl Soan oo il
Cdle a5 cawl S5 Lle og all ialS lse sles ioljdl
90 woSae alal) oo lis edwlciwsd ol 0 ite
DU a8 el ()] GugSae alail) ol e 5 aib oo aSLs
els VL polie «Sliass sles 3 WBGT _asls g0

Aibce el byl i eaims ylas TWL

B pd oy LS D98 pene Jloyipf 0S5 00l
ol 0l SLIY Jgaz 10 o il (o lis g0

2>l TWL & el d WBGT (a3l Jlicl 4 azgi b
«ly (Gold Standard) M o,lsibisl olsea; WBGT
Sl > TWL (asls 5 (Shy 5 Combes e
on ol @S 285 18 eolinal 590 )l slagw il
TWL (a3l a5 aas oo oylis Gl sais 03 )51 ¥ Jgaz ;0 a5
il cnl sl Hlo,95 5 (@b Sl (F9 9 Gl Sl
YL sl yolie a5 YU slalos o a5 wbly oo ixe ol
Shews 3lg 5l TWL g WBGT aslis 40 casiws jlre o>
S Gl il jl0 )55 e Ll d D)l s 2V
saiiaily] 350> oluly alos Jloy cloo i 4o a5
1, s Lol WBGT 4 o TWL sl o asls
QIS o0 3,451 (Under Estimate) #8ly 5l S

Soals muly i bes Slpss 1 pebplas jslaieay
Lol dame 3l Llil obsl 5o (ol g (o il
YO U YA YA 5 a8 los 0,8 ¥ o K0S L la_asls

TWL s WBGT gla asls il o yo oy ¥ Jgo

btz FEPPA Js TWL o sl asls
&2 value e as 3l 18 Filee us e &= SR
YEA YEA [S{ERC
. WBGT
<efeey -1 Yo W vy Slre o 5l i1
Yoy W Ya. Js

b 48,8 L s egeadi a3 0 YA L 1 Clo G 5l S wld Gile 5 bawgio )5 5l WBGT a3l jlxe v

A5 A S L S mye st Slg V1O Ll TWL asls jlxe aot

Sl Gyl s ;o WBGT L aslive 0 TWL (5555 5 Sl :¥ Jguo

a0 y0 A0 lwob! alold _
Ou.\.&u))s‘ﬁ )Im
YU o U] PR
<100 <IYY AR COw) PWe
\ <12y SLEYN S
1
:g 0.5 -
5 0.305
2 0
O -0.311
S -0.63
@ y
£ o 0613 0.783 10.99%
O
-1.5
<28 28-35 >35
Air temperature (C°)
====T\WL-Tympanic ==e==\WBGT-Tympanic WBGT-TWL

Lo 2331 b oy 990 S asls o Kiad Ol s dlie Y l0g0d

WWAS by oF o lous o 0590 ((gldd yo Clilagy owiiieo alxo

\id



» 5o Bate g Miller [VA] ws oo b)) sl Salailon
WBGT L awslie 0 TWL asls a5 aibl o 545 aalllas
N85 2 s i slel Sl g e0g Jallinadly ase 2Ll 5
SRl 3l eaaliassty (S g Combac el [F] o
3 TWL asls a5 008 asin 50 (V Jsoz) ol
1855 e 3,500 ey 3 20 | Lo WBGT L aylic
slod il L 5 56 o osnline (a5 iy oailio LS|
AL lales j0 a5 (5 y5ba tauly so (2ol 381 bLS I (ol aime
99 Crmr 00wl awddy  Ssad oy g 45,0 YO
el 00y /487 Joleo -l

TWL acile ;o a5 ok olyr o 05 S5
P e e bl S lsea Wigie caul 35,56
el e 8 sl g, (sl ane 53 ey (S S
35550 5 les  eine o j5bots oo (2 it s sl
Ll it jsbay WBGT sl avulxe [0 Lol il o
S Blyzil 5 1. Sls a5 ol aalllas ;o aseil (o 048 ol
e VAVEVDY b iy s ,eSoslul slsp ol )z s pos
2 pald 90 o Sles Sglis (Lo Wl oo adly e 4l
b elin Slgias 0l ) il 5 slois )
LraANa] o)l clilas plo gbs

35 ez slallas o Sl glai bl wl culyi 3
Sl g, gl alar ] o 05 s (slad pori
b Ghomis pae 5 g ((owled o8 b (ouled sl g o)
Sely s b 0lro ezren Suiglnid slayuell
sy Slime 3500 oS ele i Lol Lo & o
Sl jls oS wil e yolo el lacasgase I (codled
Ol Kigh 4z 3550 sloads S bl o ST lalllas o
SR BBLEITEINTL

S 5 %
by ladamme )3 a5 59 (] Sl aslllas ol sloazdly
3 eadisrp slolase L ol Cslae o Sy Jdo 4
ksas TWL (asls dsa Gegumme (3 oLy> alox
WBGT asls ¢ly ol (niRle plyear Sl oo
e lee Ol e g agesbilod Jdo o asly 09l slaeld
ol szer 698 oyl 051 4 il o S s
321y e LB (sllad ailgiise Sapb o perlpiie s
TWL anles slm) Jawse oyl s 28lg 0,915 g (6 5505l
090 lalizme iz 3 oddidnogs (aPld plyied Wl o
cwlin lazd  Swed wezg ol b 0,8 138 colanl
b g Suleg glos b wytol glaiasls o
slolas 5 ol JuS 0 o s slepilss
@ dw) cpl Ho aS all bg e Solows lod (5,505l

Yy

s 5o Sieen o ol olas adlas ol mls
Silass sl s WBGT Lol g0 55 s TWL s WBGT
w535 oo Lol e (5,1, slo il (b)) 53
calps olpedle (I=4/85 P<Iet o)) ol g
Gl b WBGT 5 TWL) syl el 50 Sieran
foly VL lales j5 a5 was e lis g andl Wl Les
BSs 4 )5 e Sl sla el (U)o e asls
S (K cupe flie o el 5 S00p
&b b (WBGT b TWL) 5> il sloasls
Gl Siliass slos gt l a3l by 5 Sogsliesed
dae glod ol L Ko & jle @)l weSire alayl) Leo
dlis ool 00,8 sei ol oy s glos jo Slas s
oad ol j0 a5 0gdie hadpe Oyl @i S50
ol jlade 3 1) G (ee slod Sy (egeVligen
w5 ol @ [L] 3,8 oage i gaadis az 0 YVE-/D
il usaVBsed 00 (yud Jlad duely dagms slos Liulil
2l sl w2 lapusile abJlad axs jo
Gl pgmen o 5l S g Gl s S a5
GRls cal il onl 5o eebioe B GlPl g el
O Seds il El b ol (a3 90 (Ko
390 Lae (1392883 00 gm0 5l )00 Sl 4 (aib
S Sybige el Cush, 3l Iyp po5sigledl a4 5 aslllas
Loablie o (JyuS pedille S (lyiea o 5208 pelSe
@ 5P S A wadoe Sl pu (e slod (I
ol [VV] 005 Gy ol ialidl el 5 050 s 5 IS
Loy 0S50 Gy (hes slod Lk o go 95 g @yl
Vi slalos ;o (ol lagasli b o] (Soon (20155
Ol ye edwlcnody ol b a5 g, oo Uil g, (pl 5l 05l oo
sk lalas ;o anllhe plnil 5l Jol> cul o b o,
@bl 22l Jds 4 pladazs iz o 15 il oslaze
9995 e o (Foe gles S a5 09, o0 Ul (G2 a5
O (e sled )3 (65, Ble il o sles I BIL
20,5 osnliv
boelbeyS i bl gwyp 0 ohlSes 5 (S
sl om 5l a5 wdle (Sidend slegal
sbed g Slbeess bod A oy Sy Sieleid
oS g (REZVA P<e/on) (it s Sl
aes il i b (Ken (RP=4V P<e/Y)
S ) slalogas oS S plen 5 2l gy s [YY]
5 0135 1,50 s )T ool sl ancti ates o
a5 wols Hlas by, sbolaswe o 09> dslllas jo Sbrewld
WBGT L awlis 0 TWL asls 3l sowlowsa mls
I, Lyl WBGT _asls o o) glabisde LB oslis

WWAF lowoy oF oyl oF 0590 ((slad yo> Cublogy (cwidgeo alxo



Gl oyl b plh  Swon

’n9l.c oKisls Sookd o Olids Cigles Gla.am ‘_gLa:o..\;.ly—‘
e 5 sobe slacoles jl alwginay wBl o 08 (SO5
oo & o 5 525 JuS 20 (ol augh 45500

REFERENCES

1.

10.

11.

12.

Murakami S, Miyatake N, Sakano N. Changes in air
temperature and its relation to ambulance transports due to
heat stroke in all 47 prefectures of Japan. J Prev Med Public
Health.  2012;45(5):309. PMID: 23091656 DOl:
10.3961/jpmph.2012.45.5.309

Nakamura S, Aruga T. Epidemiology of heat illness.
Mortality. 2013;1:500.

Heidari H, Golbabaei F, Shamsipour A, Forushani AR,
Gaeini A. Outdoor occupational environments and heat stress
in IRAN. J Environ Health Sci Eng. 2015;13(1):48. PMID:
26085933 DOI: 10.1186/s40201-015-0199-6

de Freitas CR, Grigorieva EA. A comparison and appraisal of
a comprehensive range of human thermal climate indices. Int
J Biometeorol. 2017;61(3):487-512. PMID: 27568190 DOI:
10.1007/s00484-016-1228-6

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. J
Res Health Sci. 2016;16(3):133-40. PMID:27840341

Bates G, Miller V. Empirical validation of a new heat stress
index. J Occup Health Saf Aust N Zealand. 2002;18(2):
145-54.

Taylor NA. Challenges to temperature regulation when
working in hot environments. Ind Health. 2006;44(3):331-44.
PMID: 16922177

Brake DJ, Bates GP. Limiting metabolic rate (thermal work
limit) as an index of thermal stress. Appl Occup Environ Hyg.
2002;17(3):176-86. PMID: 11871754 DOI: 10.1080/
104732202753438261

Brake R, Bates G. A valid method for comparing rational and
empirical heat stress indices. Ann Occup Hyg. 2002;
46(2):165-74. PMID: 12074026

Epstein Y, Moran DS. Thermal comfort and the heat stress
indices. Ind Health. 2006;44(3):388-98. PMID: 16922182
International Organization for Standardization (ISO).
Ergonomics—evaluation of thermal strain by physiological
measurements. London: BSI; 2004.

Cultu O, Yildirim 1, Ceyhan M, Korkmaz A, Yurdakok M,
Karaagaoglu E, et al. Comparing body temperature
measurements by mothers and physicians using mercury-in-
glass, digital mercury and infrared tympanic membrane
thermometers in healthy newborn babies. Turk J Pediatr.
2008:;50(4):354-8. PMID: 19014049

WWAS by oF o lous o 0590 ((gldd yo Clilagy owiiieo alxo

ol 3 (5 i anlllae

19598 g s

VA o,leis & Sliios 7 b 5l cide Jol> dlie oy
Slidss 35 e wgae IN.MUQG.FEC. VWAL S oS Ly

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Eyelade OR, Orimadegun AE, Akinyemi OA, Tongo OO,
Akinyinka OO. Esophageal, tympanic, rectal, and skin
temperatures in children undergoing surgery with general
anesthesia. J Perianesth Nurs. 2011;26(3):151-9. PMID:
21641530 DOI: 10.1016/j.jopan.2011.03.009

Lee JY, Nakao K, Takahashi N, Son SY, Bakri I, Tochihara
Y. Validity of infrared tympanic temperature for the
evaluation of heat strain while wearing impermeable
protective clothing in hot environments. Ind Health.
2011;49(6):714-25. PMID: 22020015

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. Int J Occup Saf Ergon. 2017;24(2):224-32. PMID:
28440104 DOI: 10.1080/10803548.2017.1281524
International Organization for Standardization. International
standard: hot environments: estimation of the heat stress on
working man, Based on the WBGT-index (Wet Bulb Globe
Temperature) 1ISO; 1989.

Hoveizi F, Ghasemkhani M. Determination and comparison
of TWL and WBGT thermal stress indices of an onshore
drilling rig workers in Ahvaz. Iran Occup Health.
2015;12(4):1-10. [Persian]

Chan AP, Yi W, Chan DW, Wong DP. Using the thermal
work limit as an environmental determinant of heat stress for
construction workers. J Manag Eng. 2012;29(4):414-23.
Parsons K. Human thermal environments: the effects of hot,
moderate, and cold environments on human health, comfort,
and performance. Florida: CRC Press; 2014.

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. J Res Med Sci. 2012;17(12):1108-13. PMID:
23853626

Negahban A, Aliabadi M, Mesdaraghi YB, 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. Muhand Bihdasht
Hirfah. 2014;1(1):8-15.

Brake DJ. The deep body core temperatures, physical fatigue
and fluid status of thermally stressed workers and the
development of thermal work limit as an index of heat stress.
[Doctoral Dissertation]. Australia: Curtin University; 2002.

YA


https://www.ncbi.nlm.nih.gov/pubmed/?term=Changes+in+air+temperature+and+its+relation+to+ambulance+transports+due+to+heat+stroke+in+all+47+prefectures+of+Japan
https://www.jpmph.org/journal/view.php?doi=10.3961/jpmph.2012.45.5.309
https://www.jpmph.org/journal/view.php?doi=10.3961/jpmph.2012.45.5.309
https://www.ncbi.nlm.nih.gov/pubmed/26085933
https://www.ncbi.nlm.nih.gov/pubmed/26085933
https://www.ncbi.nlm.nih.gov/pubmed/26085933
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+comparison+and+appraisal+of+a+comprehensive+range+of+human+thermal+climate+indices
https://link.springer.com/article/10.1007/s00484-016-1228-6
https://link.springer.com/article/10.1007/s00484-016-1228-6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Determination+of+Air+Enthalpy+Based+on+Meteorological+Data+as+an+Indicator+for+Heat+Stress+Assessment+in+Occupational+Outdoor+Environments%2C+a+Field+Study+in+IRAN.
https://www.ncbi.nlm.nih.gov/pubmed/16922177
https://www.ncbi.nlm.nih.gov/pubmed/?term=Limiting+metabolic+rate+%28thermal+work+limit%29+as+an+index+of+thermal+stress.
https://doi.org/10.1080/104732202753438261
https://doi.org/10.1080/104732202753438261
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+valid+method+for+comparing+rational+and+empirical+heat+stress+indices.
https://www.ncbi.nlm.nih.gov/pubmed/16922182
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparing+body+temperature+measurements+by+mothers+and+physicians+using+mercury-in-glass%2C+digital+mercury+and+infrared+tympanic+membrane+thermometers+in+healthy+newborn+babies
https://www.ncbi.nlm.nih.gov/pubmed/21641530
https://www.ncbi.nlm.nih.gov/pubmed/21641530
https://www.jopan.org/article/S1089-9472%2811%2900157-2/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/?term=Validity+of+infrared+tympanic+temperature+for+the+evaluation+of+heat+strain+while+wearing+impermeable+protective+clothing+in+hot+environments
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+cut-off+point+for+tympanic+temperature+as+a+heat+strain+index+for+evaluation+of+outdoor+workers%3A+a+field+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+cut-off+point+for+tympanic+temperature+as+a+heat+strain+index+for+evaluation+of+outdoor+workers%3A+a+field+study
https://www.tandfonline.com/doi/abs/10.1080/10803548.2017.1281524?journalCode=tose20
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Evaluation+of+wet+bulb+globe+temperature+index+for+estimation+of+heat+strain+in+hot%2Fhumid+conditions+in+the+Persian+Gulf
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Evaluation+of+wet+bulb+globe+temperature+index+for+estimation+of+heat+strain+in+hot%2Fhumid+conditions+in+the+Persian+Gulf



