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ABSTRACT

Introduction: Determining methods for assessing heat stress in different work environments is one of the
major challenges for researchers in this field. The purpose of this study was to validate WBGT index and
heat pressure assessment (HPA) by some physiological responses in Iranian South Oil Company.

Material and Methods: This descriptive-analytical study was carried out on 154 employees of Kharg,
Asalouyeh and Mahshahr oil terminals recruited from three different working conditions including indoor,
outdoor and rest environments in the summer. The amount of heat stress in the workplace was evaluated
by WBGT index HPA method. To meet this purpose, the environmental parameters i.e., temperature,
wet temperature, radiation temperature, relative humidity, water vapor pressure and air flow rate
were determined. In addition to the direct reading method by the WBGT meter, ISO 7243 was used to
calculate the WBGT index. In order to validate the heat stress indicators, physiological parameters of oral
temperature, tympanic temperature and work metabolism were measured.

Results: The results of paired sample t-test showed a significant difference between WBGT index and
HPA in indoor and outdoor environment (P<0.05). Moreover, there was a significant difference between
the physiological indices of oral and tympanic temperatures and work metabolism in the indoor and
outdoor environment (P<0.05). Furthermore, the correlation test was significant between WBGT index
as an independent variable and HPA as a dependent variable (P<0.05) and showed a high correlation
(R2=0.914) between WBGT index with oral temperature and tympanic temperature . Also, the rate of
work metabolism was significantly related with the aforementioned parameters (P<0.05) and was equal
to R2=0.423, R2=0.335, R2=0.552, respectively. The correlations were also significant between HPA with
Oral temperature, tympanic temperature and work metabolism (P<0.05)and were equal to R2=0.632,
R2=0.605, R2=0.557, respectively. The results showed also that the correlation rate between the HPA with
physiological parameters is stronger than that between physiological parameters with the WBGT index.

Conclusion: This study showed that WBGT and HPA methods are useful for assessing the heat stress of
Iranian South Oil Company. Also, the HPA method is more reliable for assessing heat stress in these regions.
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Table 1. Measurement results of thermal stress parameters and indicators

Average

rest environment ‘ . Outdoor environment indoor environment Workplace
difference

Sd mean N Sign level Sd mean N sd mean N parameters
21.03 21.03 154 <0.0001 3.22 31.06 154 3.29 21.22 154 (" YWBGTr1wa
2.13 22.36 154 <0.0001 6.53 66.37 154 4.08 29.34 154 HPATwa

0.28 37.08 154 0.043 0.34 37.46 154 0.24 37.19 154 Oral (c0)

0.27 37.14 154 0.026 0.41 37.66 154 0.27 37.44 154 Temp (c0)

6.21 113.88 154 0.043 41.75 211.03 154 43.2 207.12 154 Metabolism (w / m2)
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1. INTRODUCTION

Working at high temperatures and high humidity
has the potential to cause heat stress among the
employees, particularly for those responsible
for performinghigh physical activity tasks. In
addition to other factors such as age, the level
of fitness and general health are also the two
effective determinants in this regard; therefore,
an appropriate index should be used to measure
heat stress. A study by Falahati et al. indicated
that the WBGT index is the most accurate method
in assessing heat stress. Also, in the study of
Monazzam et al., the HPA method with WBGT
was used together to evaluate the thermal stress of
a steel manufacturing company in Iran.

2. MATERIALS AND METHODS

The population under study included 154 personnel
working in operational units such as industrial
repair, transportation, facility and facility repair,
offshore, HSE, operation and export, dock, security,
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laboratory, service units and the support of the oil
terminals company.

3. RESULTS AND DISCUSSION

Table 1 shows the mean and standard deviation
of environmental, physiological and thermal
stress parameters in the indoor, outdoor and rest
environmental conditions. The results of Paired
sample t-test showed a significant difference
between WBGT index and HPA in indoor and
outdoor environments (p<0.05).The results
of Table 1 also show that there is a significant
difference between the physiological indices of
oral temperature, tympanic temperature and
working metabolism in the indoor and outdoor
environment (P <0.05).

4. CONCLUSION

The results showed that HPA and WBGT methods
were used to evaluate heat stress in the Iranian
South Oil Company.

107



https://jhsw.tums.ac.ir/article-1-6456-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-05 ]

NY-lo¢ Olaio 11€00 gy /1 a)latd /1) sla )5 ol § Cublagy aslilng

ORI 1 i @bl 9 WBGT ol g ilo 55 jLid (U ) 5 v g y (i yluis!

S Plins (e Tobbde s> H oS (oizme T gazanle 7l (M o (Sl s
"o yxo S doxo
Olrleogbs cogles (S pole 0aSasly woglus casdls  JSge soloiz| (sl adlge Slagions 55 0!
Ol vosls cogbs (S5 psle ouSails cogl casdls r Jige olozzl glo adlge Slinhos 550"

Ol Ol ol (Siogy pole olSitils ¢ coblagy 0aSails 5 el 5 sl 4y Cublagy (qwsipe (Bjgel 09,5
Olnl B o8 (S psle olKtils coilagy aSitils I eyl 5 (ol a8, g (g (5j90] 09,5 T
Olplesolamdl ohs 5 o ()l ol sble Jlulygi Al 0o cuedlo o poe
Olnl 08 I8 610 e (HISE) canyj lapms 5 (ronl cuilagy g pote ailoles”

IFUA /) /Yo pds g APV I A8l o g b

(AN =

e (2l o eizms mies sl (Ul 5 (S ilite )5 sl Lame 55 (1 sl il ()l Caz (ol (s (el il
Gl (B 05 o5lail 3,k 5l HPA) SbSiles b5yl s WBGT glo asls v licl Gas b ol adlls il o
200 ol ol i 33 i blie 5 Salieied cslo

ol (6,1 Ll a5 petale g dpshoe (S )1 (5 o bl elels 518V 0F (59, 2 Ll - hross addllas ] 51 09
Lo by IS Lo 10 89290 ()l (il lie 1250 ,5 plowil el fad js col il lass g 3hg,y Jassee ccatue Lae

slos 3 losnsias slos e slayially jslite (o a5 (28,5 S8 )y 3y90 "aleS La8 S50 (3, 5 WBGT
ot 38 g, 2 o MeWBGT (a3 ls aslns jslaios 0 (nd 190 0l Sy 5 STl JLid (ol gl o sntints
o3Il 55 5553 slo Lasls e jLael jshite 4y 0005 eolaiul 55 ISO-VYFY o lutewl ;I WBGT meter olKws Lawgs
28 590 s clastally 55 05l b plogen Sulleh edlio 5 hoas slod o g0 (slos (Su3sl b sl el 55
el s Jlasl o)l s WBGT asls 1 Sile ans o olis Paired Sample T-test gLl 5051 b i azil
sled 5 Slas slos Sl 5d slo (asls (Sl (izron (P<0/+ )8l (oo jlobine ST (lils 5Lg; § ne L 3
WBGT o3l (s (Kiacod (y505] (P2 0)oisls o jloline B (5115 5bs, 5 chinns Loz 10 (5,5 pad gilio 5 jlod
M55 @Vl (Fwon Sl P<00) 005y Jlolins ainly oo Glsin (oS JLid b5l gy 5 e i Gloins
SN pedglin e g olod slos o Slas sles slo el )b L WBGT [asls o (Siwwen olie (R=/20F) el
b3l G5y O (St Gliae il o (RZ= - 0YY) § (R= - /¥Y0) (R*= </FYY) plp iy g P<.00) oo jloline
Pl iy g P<e e 0) 00 Jloline (6,15 gl e 9 Glod (slod ¢ Glod (sles sla il )l L (HPA) L5 jLid Loz
b Jlasst b5 Ghey o (Sianed Glims w80 (oo Gl @l ol il (oo (R= </0YA) 5 (R*= +/5-0) (R>= -/5¥Y)
w3l o oyl nl b WBGT (Soon (s 51 it Soalsnd sl ol )l b (leyS

ed o)ty WBGT (asls jos ks gblie 53 Jels o)l (Jid cole & 4z b ols plas oot (ol 16 a2t
St pbyyl s )S atie fizmen il (oo S le Akl )0 Sezse (il eyl Sl Cuz e sl By le)S
b oo 10)55 2 63V Ll 5l Gl nl 53 (Sl el (655 ol (sl (ole S

il 5 il o Tyl oy s WBGT o ol )L s, w5385 OlalS =

1 HPA (Heat Pressure Assessment)

m.falahati@savenums.ac.ir asl5e Jybums sdium g (Seig S| Cans #


https://jhsw.tums.ac.ir/article-1-6456-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-05 ]

- 200)5 U (3l Ubg) (abm)lic)

Cgzr b catls WBGT a3ls a5 el
2Nl e g5 Ll d Condy g 2U5))
o, 5es g HOORFARASAT Livg a5 ol asllas
b )T el ToA JLo s aid sy i s
s WBGT (a3lis piolis (o Cuto (Ko 4 a2 g3
WBGT (asls ooy 0)50 Seiglsnind sloysll
HSST &; v 555 00t abpdy (o3lo (lsie &
A (B Syl el bl le
265 plowl gaamalf Ly S (ol anllae o
HSI 3 WBGT slo asls o o bLS))
GVl (Sly S @ 0 aseie (S el sy
ool SasSTy ¢ lso by ceyw & HSI a3l
axfllas gols 4 az g b 1A o0gs 0L 00l aule sl
el 4 o HSL (a3ls w598 w8 asi
Sle OV asl oo goane slpans slls WBGT
&9 SRd S g (o pixe Gezmes blie of)
2ol omb cds femen Jeolge « WBGT asls
Ligloa omb slo by copm b (aoe Lulys
Gl (28,5 Jlaiys pae Vb cush, b (lasres Ll
oarls poodle b aun )3 cely SK3d g (608 o
osliinl 5 6,500 2bo)S Jlad (Dbl (g, 5l 595
2l WBGT ol adlyi 5 o Lillo a3ls a5 50,5
Gregabe oyl @ e (b, ol () L)
S oyl asb w)ls 4295 (692 Jele) 92
ol e b IS oo alols (656 IS g5
o 8 4z g 0,90 |y 60,8 Cblix alwg 5 555l b
oo 4y g, ) o) Keng plate aslas ;o (Y V)anos
Vsh a5 5yl eyl (2l cvz WBGT
a2y L) 85 18 eolitul 590 (oS 5 &9
WBGT asls slp oas o)lil slo cosgame
poe oeizmen 9 HPA (39, (ol o o)Ll glilse
Ol Bas oy, onl el 3550 50 (S Sldllae 3525
2 HPA 55, s WBGT _asls uw jlael dlis
Sesehpiet slayially b ol 5 i slo b
Sl ool sl atls o Sles b5l 6l e

doddo =
oo ;o ot el 5 cdlage )] 5 anny
dsio ol 4 (gl 0atsl3h drgi o cilize o5 o
Llys 5 o6 g Sl ol oad Sl s o
Osmed i Solite gla uiejls LUS o seldl
wzlee Vb pedalie 5 L oplels b
pos g g0,8 cbiliz g 5l eslil woe SYsb
oy 4 elie (2B, o (JyuS SUBGL 5l (5,195
Sl sl ooyl 90d 5 590 Sl by, Jeliw o
2)lse dbml el oS oad Jlo o5 Joad ;5 059 4
el S glo S had (tug slo G, ozeen
e 5o o35l 6,8 slaws jo aldle So3lk 3
93k Cugb, 9 Vb ples Lulpd jo I8 (V)00 5 (e
@b il was Slews sla codlad frimen
odle (Mayls (LS, 1o ole)S Lyl slmyl gy
Tl (o Ozed (55500 LS e Jelse
Fso aime; (al 0 55 B el 5 Gl (Sobil
@b ole)S ol (Gl slaies I (Ml (oo
sherme loall p ogdle a5 59y Latls S Jloo
oled by ¢ gl Gozmen 13 (6,50 sla g
5390 gy S ol ol sl 51 ol alols IS Sz
Sy e S e o ole)S skl (bl sl
arls g Sllls by a5 ol 58l Gy £905e
Al oaus F pwyp asds Jlu b b oas ol
WBGT a3ls 90 05950l Sl ol b (F)el oo
8 0l 8yse el ey oyuibil gl ,o PHS
Sl g pine glo asls 5 Sy (0, F)ail ab,$
S0 LSS jusyl s 50 (orrmg § 23005 5 Cudgra 45
s Minard L.y a5 ool o WBGT a3l
a4 VA Jls 0 5 e VA0V JLs o Yaglue
) cel oas as pdy ISO-7243 & laslw! lgze
L BLs)l s gl 5 olpl polpw 5o (Alitee Slalllas
Sslp > Sl g o sl (23l SIS e
o 5 S s a5 sl snd sl oS oy

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6456-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-05 ]

031031050 ,5 (6 15 o3lal 518 0,1y andllas o« (5]
(b § glos (St (gloo) e gl el (65
S o Cusby e rdads oo (x5 sles
SSidssed syl 5 (s oy copm 5 STy
b byl 4 4z b (Flews 00 (Sloo sles)
Jols 6,5 Ll an o Loid sl Cos 1 plaS
Jsb 55 ol Lo 5 by, s s Loes

Sz S35 Ojge SAl g8 Abl 4w e 0 15 cans
WBGT meter ;| Jose sloyol )l .5 o5l
Casella o5, colo MK-42VIY Jos Jlosuws
Kimo 5,5 csls S0VT Jow 51> swegel g
wlos 31 Ses sles (6,5 ojlail (gl ol ool
0oy sles 505 o5l cym> 5 12PCS Jowo b
Centel Temp 510 Joo Jiozos gmwles 5l Floo
adllas opl 50 08,5 solinwl Omron oS ,4 ol
g«.ﬂ).@ «_}*’9) » OSBLC WBGT ua>l.w 4.».»»1.7;4 )914‘.4;)
s lstwl 5 WBGT meter olKiws lawgs pubins
(V)aue 5 ooliiwl 55 ISO-YY Y
Sl ool e Giagn cnl o eies
3,50 53 HPA gelal (g, Jasgi )15 L ;5 35250
ool i a5 ol (S35, HPA L85 )18 o) 0
Jold g azmin (oo aslllas 590 et sln 1) ()1~
0575 5 Ll 5 (698 Slogad (s> Ll (o 4w
sl wile olayial)l )V s o all e 8 el
Sugby 9 3k Gl S ol 655 les (S
oy dbe ol ol Jols ¥ isn 0gd g0 oduomiw
o 9l gle Cigac (poje A8 5)le (gsle B s
dglge Do aile (IS sloul dayl s 5.0V s jo.auil
5 ool isl 5l alols (IS Samry w0andes puw slad
el 4 a2 5l G 085 (o0 (o S0 Jully wix
j85de sl isw 5l Suje (gl oad sols plaisl
Bl oo Cands 15w ¥ ol Opalol> 5l ol Ll
oz adly YA | aS ol SLtel ggame axili

1 Tympanic Temperature

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

ohBas g (3Ll ebe)

ooyl 2l (Snen Logas )5 slo Lo o
o adllae abge (Sojele s byl b (g,
Lo glow oop slod g glas los (Stontasd
s 65 03 oSl 4 s o JUiS, (sleo
&8ly 5o (V! 00l (B pre wili yuows JUS; oo
S (o slodg e slod (Sojel s sl )b
B M g eom el e Sos Slales Koo @
Al S plaie 4 wlg (oo g WS (ool Slm] SIS
il sln (hee lales 00 & Cuns 5 08
Syge 5 G Lme j0 (Sigdenid Sly 05
Gtz bawgr a5 (gl asdlas ;o .(VF)o 5 1,8 oolatu!
T s 23ls (i el Boa b S
s oS e b e sl oo )
Siloand (sles Seislpised s w05 ol 25
osliial 55 ie S i el jolitag Sl oS
s Olse b ohlKes 5 QLIS addllas )5 .(V0)as
ol Byl s WBGT (a3l slis » ole)S o2l
Ol 5lgy Jelie )3 (Sojelensd slayallly L
Seislsid slo sl sWBGT asls i s
p90 a8 o A (VF)ad oays Side g piiws bLS )|
tloo 0oy lod g Slas slod Syjsls st slo muly
e kel Sl Ol 4 ma Lo)S (5500 j0 Calels

8518 o 390

Mooey =
5 sla abl o (Jlod = Aoy aalllae o)l
plal bl Jad jo el 5 aslee S
VOF Jolis Guios (pl jo adllls 0)50 Comez.ol
Ol e a1y Jod 5l Sliles glaasly o Jels oy
lagwli 5 o Sbl Sl yons 9y o5 0l axly o Saio
5 Olles axlg HSE ol (ol aldee aslg
axly oligle;] axly il axly ¢ alSul wl jolo
05,5 99 ;5 S sle albly oS58 Gl 5 wless
Tl crl plml ca iog 4l ke 5 4l 35le
oz Aol Gy JooSS 825k 5l (60,8 Sledlbl o


https://jhsw.tums.ac.ir/article-1-6456-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-05 ]

e (3L8)3 b (30)) isg) (km)Lc)

Sl ool s (a3l g b yiol S o3Il s LY Jgur

s e
vy \AIRs Vof <efeee ¥IvY ¥/
YY YYIYE Vof <efoee 51 FEITY
“IYA VI A Vof SOfY -I¥F \\latd
“IYY YN E \of B <% Vi85
£V VWYAA 0¥ AJ¥Y fINVS YWY

o 50 Jrpy 5 ENOF Sl Gl g e il
5o QT @Lb a5 0% 65 ojlal e é:.w sl
3 il ool Sleatls 5 (Sojeln b o ase
Paired Sample _>4;t s Ll (505 @ls ons
by, 5 s lae o (HPA) JL 5 jLas L)
LS Heizren (P /- B)all o loliae WS (6l ls
Seieds i sle atlh eSSl w0 (LS Jou
L 10 )5 ped gl 5 Hlod slos g Giloo slos
ool b e psie o9y Jloyi s ¥ Jou 5o
One-Sample Kolmogorov-Smirnov <SG yiel ,LG yg05
Oles oo abgsyo guls sl eolaiwl b .ol ouys )37 &3l )| Test
S (Shrad (et sl enlin )T (03]
‘) 6)15 Sl g_i‘:‘ 5o 03 ML?LA 6l.®).~o‘)l.: 9 >
L )l iy s e ol ¥ g ks
g P> 0) o0y Jboy 5,5 s S ,0 WBGT
uLAAJ sl esibw sl HPA s s 6)LAT &9
bl (P 0) wil o Jloyieé JS mudsilie 5
lal lo (a3l oads plovl G el LU el s
ROWIPRVY L J PRESIN | s as 0o )8

11l

H8 baxo
Slass Syl eSiles olass b ol b
Slxe
\of Y/va YAIYY Vof (€ YWBGTrwa
V0¥ /A YaNs V0¥ HPATwa
\0f S IYE AR Vof (€ lrs oo

Vof <IYY YVI£F V0¥
Vof Yy Y-VYNY Vof

@) lped Lo
W/M?) o g3li0

lonlon £955 Jlaiml il £+ b YA G o ke
3ot U5 jlade aSS 50 j0 9 0 1o 0929 LT 51 Lab
Sl LS5l (28U sle g )lew 9,8 Lol il 7
OM s plnl Wb ce pn J a8 Ololadl g eVl
b oloren 5o (Sl ind oyl 65 ol
c)'bd‘ 09.>uu3)f S Hg0 ggla.:.zn ‘5l.a>)3.n|)l.; d)tf o)'L.\.S‘
@ Slos sles Jimiw Cux &S 0 Do (n 65
(30,395 31 6 S ojlail 5l L8 el i 0l 2Mel 515
Oeien g WS (g)lo0gs ew adS 5 aeli]
g aalee Gk 5l gleo 03y los 615 ojluil 5l L3
0o el 5l Lo igad 5l plaS po (SB5 0dg (o) 2
Oliee 23,5 (o0 Jol> liabl ishe pas g 355
3 sl abal 2 (65 s Jsb 5 o3l paalsplie
aolro 3l oolatwl b o (VD)o yuees ISO-8996

Slr )8 cand Job 10 )5 ped gl (Sl (V)
35 dule (LS SIS 2

Ml*Tl) + (M2*T2) +.. .(Mn*Tn)
T1+T2+...+Tn

M

MTWAz(

21,1580 0 5 5l oolazal b ool sy ledlbl colys
Sl d syt s HPA - WBGT a3l

o axsly =

sl ezl (Guios by, Gllae adlas ol jo

100 )lgy /) oyladds /11 sla (S iy § Cubslagy aslilos


https://jhsw.tums.ac.ir/article-1-6456-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-05 ]

ohBas g (3Ll ebe)

b o Sbo i yg03T s .Y Jous

P value Sk,
SNYE /e YFIVY \Of (") JSWBGT
Sl E fIVA NG 15 JsHPA
“[Y -IYA TVIY Vof €S Swo o
SRR Biis A8 V0¥ (€) J5 olbed slos
ofeeX YYIY VagNY 0F W/m? S sy oo

S 59l 3 sl yialyly 9 (ol il b (pS LD (o (s S Y Jgas

€ JS ol sboo (€5 Sleo sloo Js HPA (c®) JsWBGT

0[OV #/YY0 0 FYY /0 F r (%) sWBGT
p<-/-0 p<-/-0 p<-/-0 p<-1-d - P-value
s+ [OY wie (50 e [FYY -— LOANA r Js HPA
p<-/-0 p<-/-0 p<-/-0 — p<-/-0 P-value
st JOAY s e JAAY -— s [PYY e [FYY r (€)Js Sleo sbo
p<-/-0 p<-/-d — p<-/-0 p<:l-0 P-value
s [OFA - s [AQY EX XN #+/YY0 T () 55 ol sles
p<-/-0 -— p<-/-0 p<-/-0 p<-/-0 P-value

= s /OFA 2 [DAY LN ES #/OYY r 5 e olio

— p<-l-0 p<-/+0 p<-l- p<-1-0 P-value

o (Frod 5l (ygaliene O, S (sl (o505l

LT lxo a1 5V yolie wuoyd g ()l o il § oyl (gl (a3 Ll 5 ylaibiw! Hloie .F Jgao

o> sl g oyl a3l b3y 9590 yialyly

PHA WBGT s oo Al
Voo | Vahe | Vghe o wiligile sl Ghle
> YA-F- <YA \td YA Yv.e Yv.e () 8,lwitiw! Hlade
oV, Y Ve, AVY. AYY. Y7 ¥V, g, Lz 55 jlmoas 31,5V sy
LA7A YY/ vay, V. £¥/. Vo, YW s Lo 33 jlrons j SYL sy

oy s P<e 0 0) 00y jloline ()5 pudgpolie )50
oo (= <JOYY) g (@= /YY0) « = +/FYY)
(HPA) Lo 3 jLad (b)) (e (Sood (e 3L
Ol 5 obes les cglas sl sla sl L
Ay oy s P<-00) 00y oline (6,15 pund il
il o (7= 4 0VR) 3 (%= /8- 0) « (= - /FYY)
@bhl o (Frared Glie was (oo plis @l
S e Sisle s sla el b ol Lad Sl
il oo el b ol L WBGT Sincen 5
g oyl glo jaxls ojluilbinl Jlade § 0 Jgu
9> 5 YL polie weys fizmes 5 ()l Gl

100 )lgy /) oyladds /11 sla (5 iy g Culslagy aslibos

@il sl (B9y Gt (S G5a3l ¥ S5z
e I I R e
ol Iy (Sigde s layull Lle asld
5 Lpuazld aon 00,80 alixdo Jgaz ol )0 .adaise
L oslobae (Swor lils ST5edg 58 sl el )by
P<e 1 0) sl K0S
e it Glyies WBGT (a5l s e
dily yiio Glyim HPA) SLoS jLad L)) s
S0y65 5 Vb (Sien 5l g (P<-.20) o0y lolins
e g (Sewr gl @@=/ cl
5 bt los (Gl e gl el L WBGT

114


https://jhsw.tums.ac.ir/article-1-6456-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-05 ]

- 200)5 U (3l Ubg) (abm)lic)

aol oo ol Sl AT glls 5wy s
RS S pite SG plsim 5 6O e gile (nalnle
5 3ke) bamme )d (dhes sled (ke DS Wl o
ople HPA a3l aulons jo .aules g5 |, Chuns
AP Ls e 3 oy p 990 (harme slayeSL
oo by ey Jto 6,500 sloyallt WBGT
o5 Q&‘).a.w‘ 9 6)9901 )‘ alold s‘9ﬁ: O O9>g0 wj.la)
Jolge cnl &5 conl Sl w55 e pilie Gliee 9 S
oals plaiz! 0> a1, (g xiwm soe by, oo o
Ol b L, 5 £M3 Lasgs oS gl aslllas jo 040
Sl ol sl als i jlsel 5 o)
a5 ol wd)S el plpl o8 sle ably o
3V by, Lame 5 e a2l oSl
G L pfde oren sl oniiigy pw lases
Syl oadis yo 5 5y, Laemme 93 2y LSS
(D)0l Lt SoaSol |, (gl Lixe ST (655155 300
sl o) oyl 5 2305 aalllas b aslllas oyl glis
ol e bazma g 5l dasme 15 (6 1 e ilie &5
P<afY O Jgaz)asl e lolie B lls

HPA 3 WBGT  a3ls o ol plas mls
adlas 3l Jol> mls b aS o)ls 0929 oYL (Kean
led o alaly L(VY) 0y Luly oo o)) Ken 5 plato
s WBGT (lo o3ls b pudglio 5 ol « Siloo
ol opl a8 54 LT YL Sitod oosms Lz HPA
Sgal odpdigy yus dae 4y Lo by, glo e o
@ Ol oo S Gl BYs el i
SbS adsi s e sloS b agzlse (S5
5,5 oyl Slems a5l b (A3l ) Sdgle
ON S S 2l il Seb wly oo &S
OLSLE 2l 0o LSy ey addllas ol )3 098
S0 e o Gy WU SO Bile Ol
@l WS Bde Gl el Ol e 0
olsie b sobl e 5 o005 adllas b i 0
Ll (i jlzsl 5 (Sl oyl sl ey (o)

1w

Gl aseino a5 4eSilen oo o0 lis | (PRI EN
@ Somd by lae jo pleed sled g (Slas sles
) slre v polie 51 (6 5VL woye bl Laize
09,5 95,0 ;0 WBGT _asls ail ools olais] 45
FYLTA G G gy Jauoee o il g axdly Ale
ol 700 5l G oled 40 9 28l (o0 e 0> ]
aieild 5 W0 LY mhe 5o by, Lee > HPA
il (oo (5 el
5 WBGT asls oo ol olias anlllas s
aS 5,10 0gzg (5,10 Liae BB 5Ly, 5 rline oo
aglie Ban by b s g spem andlle b |
bsy 5 Rieee baze 93y (Ll el 2L
Y Jl e olses o Blazejezyk asllas
b Oldlae 4 axgi L. (V) LV0) clls Slgen
S sl o des sles ] jo 4T eud el
gobe b)) sl bl e plate @ (Ol
adllas ol 55 ¢ (TF-YV)l 0n S mybae lo)S
&S peadlio Gl eien 5 a3 g0 (nl Sl
o, liel gl ogls ghee glos b seniine ala,
G a5ty 5 ooliiasl ) Lyl gl el
§ B Lazs 90 ;0 0y Bes glos jo 4 (g lolias
b allas ol b b axdly ol g0 5 oaslie 5,
WBGT ol iy dlal, pgas 55 o]Sas ¢ 005
o axg L.(YO)s b Sldrar oy dee sloo g
O DS gl el cde 05 ol Gy (o0 Jol>
H8 0l y g 5bs, lame o Al gla yal)ly
Oezead 5 5k laamme 50 0l j93 (il (om0 4o (5285

s oddgyp Lo )0 oloj sl i S92
oL, Ken g Langkulsen g a5 ol adlae .ol

pll by, Jod Ko (lsre @ (l555LaS (59, kb o
Ly goadysm 655l 9 5kg,y slo Larmmeyo 157 5 sl

3 i 5l fass 40 ()5 peedolie 350 T ezl

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6456-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-05 ]

0092 ).».A—| u...aB}a )‘ ‘;L?- OM] Cowdo C.aLu
WBGT 9 ‘5>LA)§ )L.....B CS'L‘))‘ 6Lb u’"ﬁ) )‘ oolaw!
R ool @bl o Sl el byl jskie
Caldgpinn gl ;0 a5 asilan 04 HoiS g
bey sl bame jo adlllae 5y50 Sjgdnid slo
45 J.......u‘.b d)bL»_l.n d)l..}‘ )i.vdi) L’ od.....uy).u.v 9
pldl awy cpl jo a5 i ldlae b mls oyl
O (Sed b clly Slg wn 0y a8 S
il glo Lasls WBGT _asls oz 3l Jlos
a5 o8 atie Gwired 8L il b8 Sl
Gl ambre o i sl b ol Jds
e gble )3 Syl el 2l sl el

Gjlé).\é YL a—
oS el ] ol IS Al 51 a5,y alie oyl
L;}&@ L: 9 U‘)"‘ é"‘”)’ |a9lc olEisls Sgas 4y L>
S iz 0l el Gl pl i sle Al o oS 5
5 S5 ol o sle albl Lo o858 LSS als

Sge (SIS )a3

REFERENCES
1. Heidari HR, Golbabaei E Arsang Jang S, Shamsipour
AA. Validation of humidex in evaluating heat stress in
the outdoor jobs in arid and semi-arid climates of Iran.
Health and Safety at Work. 2016;6(3):29-42.
2. Morioka I, Miyai N, Miyashita K. Hot environment and
health problems of outdoor workers at a construction

site. Industrial health. 2006;44(3):474-80.

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

ohBas g (3Ll ebe)

Oeizme g 45l SYgd pelizme ()5 Wiy, w2y o
e en 3 Moran L3 ;) alie Slllas
5 o3y (b mizmen o VAT Lo o ol
e (TV)cls Slskes YoV F L o o San
Om ilidee Sldllas ;o 00l (le (Vb (Kwon o2
5 s ol e sla el L WBGT el
WBGT ozl Jlis olaie 4 ol oo (onlae sl
2 Fhe syl 5l (S 0yl 4 saiels Jdo 4
sl ol )l Gile 5 mednlie Gyzen ]
lize ()5 sledazme yo sl 050 5l (5L Jlozo!
S (ST i3 3l 4 Ll ogenlas 2 5
@leat b (Gl Slew il Ol 5o T8 Gl
5 a5 el 0 ey L2l 550 ol wilire e
L}o& WBGT asls 5l olatwl b ool cass 4
JW ,o Parson g Beta .(¥V)ail 5 «l)15 adadlons
oolawl glo Cusgase 31 (SO AT Woged el Yo 0¥
poe Sl ooyl b)) 0 WBGT (asls
Slasdlas ol o 1A (YY)asl oo ol ,8l ilg 4 axgs
@bl 5l olinul 5 HPA 6l 4 6,500 g,
@ dgaze Al (pl 3 (cwjp 990 slaySL oS
Obey oymer Shelse 9wl (oo e sl 2l
St olKiml il 5 g p3l U 5 dlols ¢ agalse
Syge o Gblis hluy Gidg g ol puddslic
S8 Jalge aSol 4 colie b 5 08 o0 )18 Ghontes
led Grizmen 5 pediilie 59, 2 ook U oad
@ S |y Gt (Ken (230 Gl o)l (e

ol lis Sojelennd slo Lasls L WBGT

3. Saskatchewan. occupational health and safety regulations.
Working under hot

conditions.1996.

4. Alfano FRdA, Palella BI, Riccio G. Thermal Environment
Assessment Reliability Using Temperature—Humidity
Indices. Industrial health. 2010:1008190028-.

5. ISO. (1989) Hot environments - estimation of the heat

stress on working man, based on the WBGT-index (wet

e


https://jhsw.tums.ac.ir/article-1-6456-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-05 ]

- 200)5 U (3l Ubg) (abm)lic)

10.

11.

12.

13.

14.

15.

bulb globe temperature) - ISO 7243 Standard. Geneva,Sw
itzerland:International Organization for Standardization.
ISO. (2004a) Ergonomics of the thermal environment
- analytical determination and interpretation of heat
stress using calculation of the predicted heat strain —
ISO 7933 Standard. Geneva, Switzerland: International
Organization for Standardization.

Nassiri P, Monazzam MR, Golbabaei F, Shamsipour A,
Arabalibeik H, Mortezapour AR, et al. Applicability
of Modified discomfort index (MDI) in Outdoor
occupational environments: a case study of an open pit
mines in Tehran Province. Iran Occupational Health.
2018;15(1):136-45.

Falahati M, Alimohammadi I, Farshad A, Zokaii M,
Sardar A. Evaluating the reliability of WBGT and P4SR by
comparison to core body temperature. Iran Occupational
Health. 2012;9(3):22-31.

ALIMOHAMADI I, FALAHATI M, FARSHAD A,
ZOKAIE M, SARDAR A. Evaluation and validation of
heat stress indices in Iranian oil terminals. International
Journal of Occupational Hygiene. 2012;4(2):21-5.
Golmohamadi. R ea. Comparison of HSI and WBGT
heat stress index of Hamadan city bakery. National
congress of occupational health & safeaty. 2004.

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

Wisterlund DS. A review of heat stress research
with application to forestry. Applied ergonomics.
1998;29(3):179-83.

Monazzam M, Jafariroodbandi A, Amirzadeh E
Tabatabaece S. A study on heat stress and its risk
assessment in a steel factory. Iran Occupational Health.
2013;9(4).

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. Muhandisi-i
bihdasht-i hirfah/1. 2014;1(1):8-15.

Heidari H, Rahimifard H, Mohammadbeigi A,
Golbabaei F, Sahranavard R, Shokri Z. 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. Health and Safety at Work.
2018;8(1):81-92.

o

16.

17.

18.

19.

20.

21.

22.

23.

350

24.

25.

26.

27.

Golbabaei F, Rostami Aghdam Shendi M, Monazzam M,
Hosseini M. Investigation of heat stressbased on WBGT
index and its relationship with physiological parameters
among outdoor workers of Shabestar city. Health and
Safety at Work. 2015;5(2):85-94.

Parsons K. Heat stress standard ISO 7243 and its global
application. Industrial health. 2006;44(3):368-79.
Golbabaei. E Tirgar. A, Alimohamadi.l. Occupational
Health In Hot Environment. Isbn. 2003;964-03:7839-42.
Montana Department of Labor & Industry PfME,
Occupational Safety & Health Bureau, Department of
Labor and Industry. P.O. Box 8251.

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

Blazejczyk K, Baranowski J, Blazejczyk A. Heat stress
and occupational health and safety—spatial and temporal
differentiation. ~ Miscellanea  Geographica-Regional
Studies on Development. 2014;18(1):61-7.

\A. N. EVALUTION OF TERMAL STRESSON LEAD
AND ZINC MINE AND THE DETERMINE MODEL
FOR PREDICTING THE AMOUNT OF WORKERS
TOLERATING. MSc Thesis, Tehran University, Tehran
IRAN,. 1996.

Kalantary. A, M. S. Evaluation and validation of heat
stress

indices in a single casting Mobarakeh Steel. National
Congress of Occupational Health & Safety. 2007.

Logan PW, Bernard TE. Heat stress and strain in an
aluminum smelter. American Industrial Hygiene
Association Journal. 1999;60(5):659-65.

Hajizadeh R, Golbabaie F, Monazam Esmaielpour M,
Mehri A, Hosseini M, Khodaparast I. Assessing the heat
stress of brick-manufacturing units’ workers based on
WBGT index in Qom city. Journal of Health and Safety
at Work. 2015;4.

Langkulsen U, Vichit-Vadakan N, Taptagaporn S.
Health impact of climate change on occupational health
and productivity in Thailand. Global health action.
2010;3(1):5607.

Moran D, Pandolf K, Shapiro Y, Laor A, Heled Y,
Gonzalez R. Evaluation of the environmental stress index
for physiological variables. Journal of thermal biology.

2003;28(1):43-9.

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6456-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-05 ]

28.

29.

30.

Clantary A, Sadeghi Aliabadi M. Assessment of Heat
Stress Index, and evaluation of theirvalidity in Mobarakeh
Steel Association’s Mobarakeh Steel Associations. Iran
Occupational Health. 2005;2(1):52-6.

Jafari MJ, Assilian Mahabadi H, Khodakarim S, Teimori
GH. Heat stress in an open-pit iron ore mine and its
relationship with physiological strain. Health and Safety
at Work. 2016;6(4):51-62.

MONAZZAM M, Golbabaei E HEMATJO R, Hosseini
M, Nassiri b, FAHANG-DEHGHAN S. Evaluation of DI,
WBGT, and SWreq/PHS heat stress indices for estimating
the heat load on the employees of a petrochemical

industry. International journal of occupational hygiene.

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

31.

32.

33.

ohBas g (3Ll ebe)

2014;6(1):6-10.

Hajizadeh R, Golbabaei F, Farhang Dehghan S, Beheshti
MH, Jafari SM, Taheri F. Validating the heat stress indices
for using in heavy work activities in hot and dry climates.
Journal of research in health sciences. 2016;16(2):90-5.
Heidari. H, Rahimifard. H, Arsang-Jang. SH, Sahranavard.
R, A.S. Correlation between Wet Bulb Globe Temperature
and Thermal Work Limit Compared to the Modified
Threshold Limit of Tympanic Temperature. Journal of
Occupational Hygiene Engineering. 2018;4(4):31-8.
Bethea D, Parsons K. The development of a practical
heat stress assessment methodology for use in UK
industry2002.

157


https://jhsw.tums.ac.ir/article-1-6456-en.html
http://www.tcpdf.org

