\Vﬂv%:ﬂ;ab)jjée\ a)u‘\b aJ}) ML’J&\A}J

adlbw 23l Joliw 40 (MDI) ovs gHO! (150 (J 51 > bl (5 90 9035 (s 9
0980 Gl jbgy (olao (59 590

Yool (sdoe L 5yge e pE gy (o0 Lo e TS Llaye s Dygy (a1 e &Ll IS 08 Tplaie Lo aze & g s (95

1 FINE iy ol ELYIHY il sl NYNA ey ol

Sl ol (exilisl s s i )ls adlae ool 13 (S5 bgre slacadgiome 5 daxie (olo)S (SlaaSls dnsgi 4 dagi 1B g Ao
sl 039y Jla5 o jlgy i slalasxe > (Modified discomfort index) eas oMol sl

sLayiall 8 )S plosl 3,0 (S WO (595 1 g ol il Slaiblo pdlas axe VY 1 WWAD ksl )3 abafie & ygus dallla ) s oty 33 (399
0L eizmen 9 (6 Sojlasl plojen ks (Slej daile Y )3 (Camgy (slod 5 oo 03 (slod (Glad (slod) (Sl b sl jiel s ooy (aone
Wet- , Oxford index Wet-bulb globe temperature Jols S5 5l peiions a5L3 ¥ ol o 4 Modified discomfort index
L yasli ol (Staed liwe 0 gl o)l jasls v jliel g 6 pdid )8 oy sl 48,5 515 annlesyee DUID dry temperature
A s (gt (Shsad 5 B | S55ls58 slageoly olan 4 g, il Slel )3 )03 015 o)l3l (a3l 93 s WBGT s luslil jasls
s gy g (<o 0N F=/AVA) Sz slod aes slayial)ly U |y (Siaen ey o yidis MDI jasli a8 sl ol golis a8l
O g (Pl e N = fAN) 3el Crids YU Jls o langS (slod g 5 glod b adls opl ( Siaseds cpuiomads ol 03l ojlis (D74 ) I=4/¥Y)
s YL 53 g ol i |y (Sired alpd o 5 VL 03 als dw b MDI (asls adlas ol 53 o ealitl (5l (sly yaslis
0Ll ey |y Casgy (glod g Zlowo 033 (glod b (Stusod iy 3V g (/40N = /DA) 035 (bl ol & bgaye Sl (slod b (St
Jeols 9y cilisee clelo )3 K3 (glaasls b o oMol nl)b jasls o oYU Hlaas (Siased cuyi 3)l50 48 13 oy olazsl ssw WBGT
Lol 005

L YU (Stunsod oy 5281 (6 503150 odzm Jolug 4 5l pae ¢d9 0k e 3 Wlgs o0 MDI [aslis o sl Ut adllas ol gulis (g S doeS
A3l adlllas 350 gl 5 led 0528 0 WBGT (sl (sl (rsbio (2550l 03k 5 (ol o (izmon 9 0l 452 « Sl sloyal)ly

gy oolee ((S5e)e 58 (sl yialyl s PNl )b 2t L qeaiiine (gla aS L o )l il lbb)‘s.xgls

o

2 059 ()l Gl god 9 59 ol
4S g ysbds ad 20y 1) (o)l 38l Jlo o5 Jguad
(oo s wg slagily Geen (po)lse
i ol aldln (535l )5 5 (Mas cul S
DS o )b I YU cawlus b 5 520 y0 2l 3l
IS syl Jelos 51 (S ()l ool
é.»L_,.o 4\_L¢>)|) oJ..«.w?:).w LgLQ:Jaou 2 o aS Cwl

LV RUP
P B en] g cdligy L)) g dxwed
ol 4 lodnlh dr g caw alise ()18 slalae
)‘ u_wl; 9w ul)_:l O W L;:LQ} GL:.«; P dJyLo
i Gglate slasiiojls LS )0 euldl by
U pdlio 5 58 )L (bl iy (pran
cblos alipo jl edlatwl ( SYob agalse Slelu
SIS Mg § SUSl I 6513)08 2 pas 5 (933

ol ol g Sy pole olKutil cubligg oAl (glad s cudligy wige 09,5 ol -
ol Ol il Sz pole oSS (s j lase 03Siimgy dga (Sagll ilising 3 se «(gldd > cudligg (wdige 09,5 bl =Y

‘Ol)ﬁ‘ ‘Ol)@. sol)@ oKl ‘Lﬁl)» IRt ‘u“’t‘f’ p,lﬁl )L:JUI.) -y

I 6 I S5 pole oS (S5 (S35 g sl Sl 38 o o] —F
el el s (S sl o)t oSS ety ole Cliing S e cciligg 0aSLtls glab s cuiligy oige 09,5 —0

Ol e Cog o yne Cop (S pale oKl iy 0aSish —&

m.asghari2011@gmail.com . lul « ST STl S} pole olKuislracuiligy 04ty « ldd o Cudling i 09,5 ¢ )bliul (Jgtume odiang) =Y


file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_1

Sl 5B bz 3 (Sl S ol Sl
5]

i) sbadls @i sl )8 S (b
5 ixime b )yedS haw )3 (3axe ()l oy
9 oS (228 lagpadls elgl B > ol
o5 ne L] 33,8 48 S, daang oni s
e sLoygSh jl 0y 0 Lin b Sy g uSejlul
Csyo g Gl slod 5 slod (St slod Jali)
pradgalie (lise (eS) (o (sloyeSe (lgn (L >
byl 5 (O ol ()l caglie (e o)
sbed oo 03y (slod (Sod (slod) (sl jud
9 il Sl pogde il e (Bl g Canyy
delone 23l8 dapadls cpl 6 pSojlul (sl il
plis 9 (Y5 wiomy dapadls (ol jl (S
Al 50 0)lee (S [V] cwl &by 5l eslazwl
S slacdld L basls jl (S g pSejlul
Slabome 5 ald ) g wlaiee dbml S ool
AT 3500 d2lge JSio L o 3l oalisl ()18

9 Cddge &5 3)lll g pine sl adls Sl (S
slod a3LE )1y L3> pulpes )3 oy 540
(temperature Wet-bulb globe) L5 , 5
» Yaglue s Minard lwg jaslis opl sl o
1SO- 5,5kl L VAAR JLo 55 5 5y VROV Lo
o 9 3bsy ske sl 5 ol ond aibpd, 7243
i yale l o3ga @) 1y (claiBlis Ly, atndey
o=l @y SIS (39 e e sblje
ool gomen (Jelge dod pulpw > el
4 jls dawgio g Sa S mlio il 25—
032942 (8 S 03lal (sl ygsin 5285 (ygussl S
Sl Ny B 5 gl 4 sl i
3y8l= 4 3L 65650500 (gl ygnins (o> LS
predglio g ol (Ale Caglie (omen (olayial)l
2ol only €8> eizman g abogyye Slowoual g
5192 Onl sl clagh p Copo b e Ly
ol 00l o YU jlows Cogby b oo bl b

bme Bl b 53 (6,500 st (sl asli &S

=
| 15
e g Gyma g @

(Slwgeslo oSS 5 oliyglis lagy (ols)
Oeld S5 g S g plow 45 )3 G inen
Sldes [V] casl 03ld 1,8 s 500 50 1) (o)l
o Slgicee alae 3 )5l (86 Gl sl
Lagy ol 33 b3 wlie j1.05,5 dlool alisee Jle
 odlil 5 2 bygh 455 Jolo slosS & (s
)bl (Sl sloatlp )00 5 (S iSIl slo 3
233L Jgereysbar (Jj3 lo)gise ) eslital ges
aS 33,5 0 3151 Lo )5 O ygods duity pousgd g 3,13 Y'Y
&LQMT 9 Slod o 39— Cu—w CA_’:‘LQ('»).)
V] 0wl 6 p bl
a2y b adl el 390 aaj (pl ) ()lel Lol
LSopol i culag 5 ol (o losls (3155 &
olom 3lae 2l Yo o) VAT (gl Jl b
&5 39) b > pbee 3 (Sl eyl 5l S80
Jsb 5 0L lsn slo)S 5l (8L Sl oo oS a2 oo
3y9-0 OYA (5)55 e bl i [¥] il
3)90 YYY &5 sl 0 (B8 Lo )S &y bgyjo (6 )low
ol 038l 5L s celmolo 55 o (ZVA/Y)
[0]

5 45y el 3561 3 pLS oyl )
9 Sl orl b dealee S b)) (e
Sl e )l S Bl oo (B pme )3 31 oLl
Podlisl Syl slze 2bj) 9 Sk oy
i gl ookl 350 ool 3l o ) sl
Voo S 5w b a3 b cod (Sl
9 & pSojlasl cga ainles A 3 jaie il S B
o s L oyl 395 oo olil Lalises cla ot ls

\vay C”:‘Hé)‘)&ﬁé)}}; ) a)la.i: N 093 |Chy bV aelal 93



file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_2
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_3
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_4
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_5
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_6
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_7
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_8

DY O] aiil e byS sla g low

20 eleyS )b bl B Dl oyl & iy
‘J§1A_> > g Jj\y‘u@ JL@ d‘)g &S Oy Ol‘j
Orope D9 by liyy (Sl )b Sy ST
= L g Joad wle G e gl Wilg o Waooly
Jlw ,» Pandolf s Moran .5¢s acul=e Jo
slgitis 1) (MDI) o 2ol sl Jasls Vaad
Sl (o gty sl Ly 45 s 5
SLle 3| 5y 3 5 4 Lol 5ty iy
LV ]ob (lw WBGT L oYL Son

a3l (gl oad o)Ll slacdgize 4 daag L
o)Ll sblje «s)Sye Slaal sl (bS5 slod
PAS pired g 0L CM“"‘ u.ol)b U”L‘" L5‘)‘.’ 0
Sl onds o)Ll (el 3590 40 (B Cldllas g5
lie ol Bam (3lg) (sLad )3 ()l il (23]
» MDI a3ls (e jlisl 5 604008 (o
3Ly olee) jlagy sLad 3 Sl el 215
bl el ¢ gl pL3 50 g0 ()5 i
WBDT s WD el 95 ol , an 4y WBGT
Olpedn 103 miie )l Sloasld Glyea
o J1 e85 )18 Al 5 (oxiw el (sl
5 ol oorel LS S (e 0
§ e et oS 5l e Soigsnid cslo sl
D0, 5 o wgmwme i 0y Slas ppo (sl ylse
2 il ol glagasls 3 Sles )l
oyl (a3 Ls (Stumen logas (5)5 slalas
asllas abogpe (Sofsde b slayiell b Syl
L S slod g Flows 03y slod (Siuwad Do o
Al 2)90 9 oy (sdxe Olllas > LS, (gled
Sl eoslie (230l plgisan g conl a5 )3
it (55050 Kol 4 gl 3 JiS, (glod
B V] ol 0 (5 yme bl e pumso JiS 5 (lod
slod ¢ Slad slod Sufglgr b slagualy pgs o6
o2 bo)S 122 53 aleld Cungy (slod g Elao 03
Wi8)5 5158 (i slel slue g

R W) C)'Lo‘ @)1)1’ L?’)]P ua>l.w d)"‘\’ .)){)15 )

ANV ] e

sehly oz 23L s plojes b & (550
2 pazede pld gaw 98 ploxil co po ¢ Jarme
S goal g (Ll 5l @og 29 4B)S )l
sl slosbw oly (58,5 - 1as )3 (ol plis 90 oo
L Ol 0 s el a8 Sl ol e
b eSS gl el ()92 9o i (Sl
a8 ol plonl masls Kl eolitl b ol e
5 Sl (laes (glo puiio e (5 Sl sl
odlitul 55 plo)S il giloaned” 5 2)9l 0 (sl
Oxford s 5l slayedls & oy o 4 3445 o
(MDI) Discomfort index (DI) (WD) index
(WBDT) 4 Modified discomfort index
4 45 355 0,)LsWet-bulb dry temperature
3y9 allas (il )3 5 Adgyme aiitene (sla Sl
I3e] Sl 5 )13 oliz

a3ls Vb > oad o)lal 390 slayadli Sl (S
I S )b pasli el oads gl sl
i Pl Lo 85l 3,001 a5 iy 4o
=Y (S WBGT sl sy g u s
Siamed oy o)l asls ) (RE=4/AFY)
g el > 3 By Gl 9 e slod b (YL
SOy oladllas 1 ool olawy olwl )b s
bulyd )3 5 amely Loy S 5l glod S o b
05 adio sl iy slyline (lsmac] il
LosS oobosl Ly b 5 (ame olo)S (o5t
1 0 (ped

929 2le)S U5 45 VY 0 DI polie -
YRy

s ylas] 38 iy YY-YF oy olie -
] )l (Sl i

- o S s o, L YEYA yyolie s —
N3 ) 9 S (o )5l elual Bl 31 g 3L
9 plogl Mo Sl (B b Cansl (S

4,5 a5 0 il oo b YA YL polis -
rhd oo 3 (S5 ) & Jordie 3l 8l g 90 oo

VWAV gyl 5 2005 <) osled V0 55 [l bt | aslinle 5



file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_1
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_9
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_10
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_10
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_11
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_10
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_1

5 o0t LS csolS «(Bgye (b slags)lon il
el )3 01 iiS adSlne (lmgls Cbyme pis 30 5
4295 3y5-0 ()l a0 Gl o )l a2y
5)lg 5 sl JELS WD pyaimo 33 adyS 5y 3
L0 3 dalllas
= sled wseis glod Jold ae sl yiel)l
5 ool yosiS 8L TISTO olud bausgs s
135 5l TES1363 olftund bausgs o sl
9 WY A Glelw o daiclw dw Sboj Juoled o lels
g xSl a8l )8 slaolKansl 3 9 V0
3 =8 ioriw gloolSiws &S (gl S 03,5
@hosd ST sk jl g drgi 090 (55 paiges
o oliiwl 3)50 (glapadls 285 )18 al 5)90
I3 awled ey baly) bl j i
Vs 5
ot {WBGT) s 15 slod sl -
55 s 90 0 S 5 sl (adli dule
1,5 02atal Y 5V Laily) 5l s oy
:) aolao
WBGT out =0.7 Tnw+0.2Tg+0.1 Ta
Y dsleo
WBGT in =0.7 Tnw + 0.3 Tg
¥ il 31 (MDI) 0 2ol il jasli —
15 03lil MDI a5 ale (o1,
Y dolee
MDI =0.75 Tw +0.3Ta
¥ alaly 5 4asls ol (WD) 3,52u8T Lasls -
18)S )8 dnuloeedge
¥ dsleo
WD=0.85Tw +0.15Ta
o) dlxs (g, © alaly WBDT sl -
18,5 41,8 oolatwl 390 sl
0 ddleo
WBDT=0.4Tw +0.6Ta
gy slakue 3 pols dddlle 4SSl 4 425 L
» wbed Sblug gy glalaze )3 5 00 plo]

=
| 15
e g Gyma g @

3 o9
o8l lasine ay asg Ly aslllas ol o

= 3SB L g ol pliel Cilisee (sl o
Jlo p)5 Jgad 3 (2lg nl 3 oSl odldl Ll
sbadoe plyisdan Sladlo wlaas jlyg) (olae
Mdye 5y solo ) VYD bl jd axlllas (ol )3
cde O])‘Qf" Ot“" waliso u_>|93 PRRREAW W S
S Gigbite sl oludlyir o5y Coddso
g g aibio Lol b 5 lus ol a5
SFhe i 5 weldl 53 Jale 4w )l 1,8 s
Cawg g 2y woboye sladl ¢yl sgSais, )b
bl

725 el s e @ plgie | s ol

o 4ol 1y Il el o 81— i)
M8 e e e VL el 55 (635 50 5l losidy
pd g gy dass g ogbye lgngl g 4,8
il 2 (Yol 93w sl ol L
o] g ol ) alai

Ja U g3 L) 5 ol ol aslonss ool -
dosi 2lomacl gl 5 48,5 1B Ly s I (g e
Yol Comd d olbplius] gy g ooy
15 ol 5 llg) (e o g8 j b cglad Cad
5 ) il oyl

ol_?95 LSL“OL:-““} L Sis 9 SiS daus ﬁ,..l.el rd
Ve a8 Lol 5 )5 lapliast
LSS e RIS ) 45 ol 033 ol
C9—2 9 bR Cslyg 9o yid barxe
V]l )5 )3 w8l cpl 53 &) (b o

VY 0l 0l (pusd dged o> (58,3 a3 0 L
OGSl dnang L85 )8 (aw)p 2)50 (e
2 glioo g plee lojlw )5 5 5kyy (olee
Sl ¥ oecbaShy iy 51 jame & ¢y biw poi
2 b ol Kgled 5 axe ¥ g )b o b o
pae) Loy b il Germen (2l yiall ol Gl
il (L S0 e 4l b 31,31 51 eolizal

\vay C”:‘Hé)‘)&ﬁé)}}; ) a)la.i: N 093 |Chy bV aelal 93



https://fa.wikipedia.org/wiki/%D8%AA%D9%87%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%AA%D9%87%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%AC%D8%BA%D8%B1%D8%A7%D9%81%DB%8C%D8%A7
https://fa.wikipedia.org/wiki/%D8%AC%D8%BA%D8%B1%D8%A7%D9%81%DB%8C%D8%A7
https://fa.wikipedia.org/wiki/%D8%AA%D9%87%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%AA%D9%87%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/w/index.php?title=%D8%A2%D8%A8_%D8%B9%D9%84%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%A2%D8%A8_%D8%B9%D9%84%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D9%84%D9%88%D8%A7%D8%B3%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%84%D9%88%D8%A7%D8%B3%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%B7%D8%A7%D9%84%D9%82%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%B7%D8%A7%D9%84%D9%82%D8%A7%D9%86
file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_10

Cavgy slod (pSle = (3,5 X +/VA) + (S
Cawly X < /YA) + (L Lo X +/YA) + ((Cowd Culy
o X V)

(,’*_d_.wl.ob Jal @Lﬁb N d);o)’b.}\ fl?;i\ L5|).3
45 S5 5 b)) gieled g g 0 (gded
Gae ;) L5 ald diwlgs 0,8 5 9 ad ooy Hl )8 oL

oy Gae 0, oS5 dius |y 255 ylad (655500l
3B (s SO 51 U sl o ginles 45
o3l ;1 18 a a8 V0 jl g a il o andd 0 J8ls
Sheld] ((Shgdolge 465y jloslitul 5l 4k 65
03y (slod (g ySoilul jo .l o cmilon LB
0295 3> b L8 yeb a b (gpSejlul 4l Fleo
agad) 0y 8l sl sy @ s g b plool Canly Caons
¥) 595 5 yiite y sl (g Sojlail sl (&5 VWO
S p50ilal Sl sid yiall ¥a drgi b g (45

W3, Cd (6550511 VOVD ggemme yd w0l

Ladl
Jolis wyp 3y50 ly 8l 81,8 900 Slasuiie

Py )l ablo g e Hlee Blysdl g (1SSle
ol 03,5 e Jlw SI5VED o YEIARAYS

R W) C)'Lol yl)b L?’)]P ua>l.w d)"‘\’ .))3)15 )

L o ¢ 39 0 oanlitio LJE )sSie clo glis)|
oS £yl ) Lo (6,505l allS ol ualize
S pS03ll e (el IS plonil Cunidg bl
b 05 S35 50 b g pSejlulcd S O
P9 Ol A i b g 0 plosl Sl 31 Joxe
Ol 3 48 ol 81 als’ (ol (oS3l sl
A 0310 paend Wdgr Cllad Joriiio layzs
Loyl e gl yial)ly iomin b plojen
lyedn Elao 0 (slod 5 (Sbad (slod Syjglg b
350311 3)90 Cangy slod (yzmen 9 (o lod
S ) Segey bwg Slad lod b5 13
B b olal jouis cale Beurer Jao Jluous
owlod e zwled K bwg Flows 03y (slod +/)
O yeiS célw Micro Life IR 120 Juo 5oS
Slod g Ve =0+ 0,8 > womudew ax)d <[V cdd L
Je (led £ 308 (9ole gwled by Cungy
Sl i8)3 )8 o 390 ope> <iLw Manoli
abis ¥ oS 5l ciwe (slod 1Sk (550l
6Ly s e, IS ¢5,5) 1909886 eolgiiy
DIV dlasly) 15 o0litas] (e s iy 5
5 dlro

5 8 ol 4 3 Gl sl sl L 5 (il i dane slah o Sl 5 (Sis ) Sy

M+SD Vocelks W oeelo Sy syl
ke oyl

YYIVEFIY FrEY/s YAVY£Y/A AZARESTA (51,5 Bl 42 3) Sts gled

YY£Y/YY YY/VYEY/FO YY/YVEY/Y Y. IVNEY/Y (3,8 5l a4 yd) g 5 (clod
£ /vE0/Y LAZARES A FY/¥ELY/5 YEIAFLF/A (51,5 L5l 43 3) lunssS glos

O/sEVIY \Y/oxSIY \WIYYLES/E Y- laVEVIY (30)3) o Carglo

S5l slosiall
YEIVVE-IYY Yook FY AEZAE VI YRIYSE-I¥Y (3,8 5l ) Slas (slod
\EZAE N2 YHI00E - [SA YEIVEJAY YO/MEN/Y (3,8 (5l 42 ) Flows 03y (slod
Yo/vox\/vE Yol /Y Yo/fEEN D YEIVEN/F (315 (s8lo 4> y3) Cawgy (glod
Sl ooyl gl (a3l

YY/ESEY/AY Ya/\VEY/S YALY/Y YoO/vOEY/A (°C) WBGT
YY/AVEY/AY YA/PYEY /Y YA/YYEYIY Yo/ovEy ("CyMDI
VYYD TY/AYEY/A YYOEY/S YA/YEY/Y ("C)WBDT
YE/YAEY /00 YO/AEY/D Y¥/V¥EY/S YY/5EVIV (C)wD

VWAV gyl 5 2005 <) osled V0 55 [l bt | aslinle 5



file:///J:/G%20works/Iran%20Occupational%20health/vol%2015/no%201/jeld%201%2097/article%2014-A-10-619-4.doc%23_ENREF_12

| s
Oed 5 (e (2952

S g e slayzalil ¢ il oyl slo (adld 4 by je (Siwwed o po s =Y Jgi

WD WBDT MDI WBGT ol )y
chme ozl

<[AOY oAy [0 AR r Sis gled
RN Y ooy Y P

AR NG -[A¥Y VA r ¥l
Y ooy ooy ooy P
.Ivay <A «[AA ARy r OlusS slod
Y Y Y R P
YA N Vs Nisis [ o Cugb,y
Y A Y ooy P

s eyl
¥ Y. <JBeA [¥V¥ r S gled
ey ooy ooy ooy P
<JFY- oI¥ FEY EYVF r s sled
ey ooy ooy ey P
/yay N DAY AN r Casgy slod
ey oeey ooy ooy P
Sl ool gl yadls

-/avy Ja.y /A \ r WBGT
ey ey ey - P
<[AAA ./ay \ +[AAA r MDI
ey ooy - ey P
< JAVY ) AN -/a.y r WBDT
ey - A o[ P

\ +JAYE -/AAA -Javy r WD

_ ey ey ey P

Two N Celo > o Cugb) )b lise cpyiie Jold Lajel)b plw jlose Bl o6l g (0S5l s

Ol a3be LIS 1) (e 002008 V0 Cslos 3
sbod ol (K259l 528 (sl yiel)ly Jline Byl
ﬁ‘).g Gy A Cung LSL"') 9 CLQ..o 0dy Lgl.,o.) cujlmJ
a5 )3 YOIYOEV/YY o YE/\E-/SV XEIXVE/YY |
L) sis il oS 465 slod g 35 bl
&S el 5o V0 JIY el Sloj ojl o w0
Ol dilioo 355 i 2 5YL 3 oo slod
e oy g 58 Sfsls b sla el
ol LS’)‘P uu).u.ul Lthz:ua.BL.u u.«i»[m A.wbu.n
MDI o ol glp iy @ adllas pl 50 onds
XV/$5 SVIAY Ly ),y WD s WBDT WBGT

el Candy 313 il as )3 YF/YA 9 YV/FY

dy90 Sl yadls o (Sumed Glie (o p sy

Sadld 5 (Sjode b (Haee Lo el
2 ExSoilasl glej aw 3 i 3y90 (Sl oyt
503100l clalos asly) cunl osds 03 )5l V Jod>
oorl Goadll o (Sojgleid layielly g oad
(s Sgoy 90,5 (il 42> ey (Sl
(J.w‘.:u.o B2 )] s>
sled jlime Blyosl g (ko ) Jodo 4 295 b
L oy adllas ool 3 i 4 5 g Sis (glon
Aol Cawdy 3,5l ds > YYEV/YY o YV/VEY/Y
Celw ) bosye i o)Ll glalod Hlade oy iy &5
slod jlixe Byl 5 ke picmed AL 0 VO
2 olawsS slod i o0 FVYEO/Y lissS
Aol Gy 3,5 Bl FEAY Ll V0 cel

\vay C”:‘Hé)‘)&ﬁé)}}; ) a)la.i: N 093 |Chy bV aelal 93




OlwsS (glod 5 5 glod b adls pl (Siuwer &S
il gleadld (e adbioe YU sl o2
dw b MDI (23 Li ddllas ool )0 onds odlazuwl
Sl ) (Swed colps p YL s (asli
cud Yl g o3 padls (pl 4 bgype Sl
)‘u,u)l) wydubscwobfdbbbw
S jolaid] 35 WBGT  jaslis
5 0 odlatwl Syl ywyiwl glajadls polde
clise Glelw ) MDI 23l ol yor & aslllas oyl
M3 oy 3y9m0 (Siaod oy )b 5l o)
IS o &S GSSled uls wlwl p .Cowl osds 1)
oy dylee a S > el ool odly LS )
et i o (Sued colpd (b Gl 00
(VO LW celo () Sl 5 Sle Slolo 4 by

Cowl °39).

S 325 4o 9 S
(Jlo )5 sloole Jobo )5 a5 Capadly (] 4 5 |
2 Sesd sgloles dle o tare il ol
9 298 50 guxe oduds 9 jhoy §) slalame
5 Olosg—iS (bl Cubyge e &y S0 (ogw
Pgzge Jelie ;3 ()l oyl OASLe (139 YU
ool L2 (6l cusle a3lE S 4
O3l 518 (egee 1l ) SIye (slag, D9 00
Lo Sy onl 9 28k 4wl gy 5 ool 2,5
A s wu coxy B WBGT sl 3,0 1o
J= e S8 o sl ol ) s
Soadl LSy g sl sgamme o] (1391 Cad) S
Cpmen 3, 5L glej addy Yo B Y. Sl
g ol b bl (ol bow cugh) & oK
S g 398 o0 d9ae 3y S b S
el J g5 sl g plaasS 5 sled
ol ol Dy g S A dgaze yil 40 &S ol a8l

R W) C)'Lol ybb L?’)]P ua>l.w d);_\; .))3)15 )

40
35
s %
~ 25 A g
e
E 20 R*=00963 #9
& 15 R®=0.954 W12
10 7 RE=0.961 A15
5
0
15 23 33
WBGT ('C)
40

35
30 | 2
o 25 o
< ., R°=0931 49
< 5
=
o
=

R°=0.937 MI2
R:=0937 415

5
0 T
18 28 38
WBDT ('C)
40
35
30 -
25
g
= 20 R*=0.982 &0
=
=15 - R*=0.988 W12
10 - R*=0983 al5
5
0 T
15 20 25 30 35
WD (°C)

39, Al

oy 3l (Sojede b o (aome glajial)y Lyl
oy gl S ol (g pn (Siusen
ooyl S padld a bope (g (Stusen
Jo> 2 (Sigdesd g aoe glajal )b b 5l
Cuwl el ¥
O MDE (23l ¥ Jgae s ulel

Cuol S8 3wl 02ld LS (Lnns gl y o Siis

VWAV gyl 5 2005 <) osled V0 55 [l bt | aslinle 5




LeyS lagsslon ylas (ul38l jo e 53 (S50
o3lio b 6, Soslulil ZVSIE ¢ Lad 5| aid o 52y
aoohy las 1 ol Kaslw 4 > YF 51 5YL asl)b
Y]

5 s 39 Gl (2l el (sbls
OLS ) (Sl el 5 el o)y o] s
ool o (Solw 4y (adls p] (0D (gow )l Cwl
oldlon Glojls dljy) ol (g550jlul (sla el
il o dle L (et ie cloolSiyl )
L Gl ptalel g oyl (b)) cadlllas iz
Glies clabaso )5 Lol sl 5l esliul
Cusl 043 ol (25 5 (B slalaes ) aloa
DY oY)

2 asdllas ol jo o edlatwl (sla e Ll olie
39 (Nmsod i pd Gyl I o) il Clel
3y adS 53V JSB bl 488 )18 ()
Gl el )3 g s Sl (Kb i
o1 Jols (S05 Lasls aw o MDI Lasls s,
oyt MDIasls ¥ Jgie ol ol 5 .ol
o3l i dame celoyzall b ]y Stsod oy
250 sl s Uy MDIasls ioman Cul
(14 AY) 813 L5 Yl s Senan ol

ddlaie dw 30 O‘)Li“*‘“ 9 01)9,0 Ja.wy dl aallas
e S g (5o S) o i loma]
MDI s WBGT sl g5 jl oslaiul b (e85
YL s (Sied a8 0l lis gl .l plo]
0l 0yl adll gy dslllas Dyge ddlaio dw o
allas > S2igle b Lo yialyly I Lel .01 352
o odlawl o sl odls ;| ’lﬁﬂo 9 045 oslawl
MDI jas i 4S 4 slopiny asdllbas o] 15 5
25 WBGT _aslis el Loambio o jSsls Sl oo
o]yl Slezead asllas oyl sla @bl b &S

Gua U o, LSan 5 03l als by (ol adlllas
P il ol b padls awlie 5 (el
A plosl 08 b (sl sla oS kel
ol ooyl pads i jladlas (ol

=
| 15
e g Gyma g @

a8 citly Sl losie 11 JA] 4l 4zl
o St gy Sy WBGT el
2 Uilen aS ol padls Sl I Lasl e
ol Jolowy L pas (39— o0l (e
03Ls g ol jouas (izam oy 4z (5 S ojlul
oyl L Yo (Sien oy il
Pl rlie 630308 bl lon o595 58
o oyl Gan 3l 4zl by o 5 celalae
i)l MDI b (i jlsiel g (o)
A 9 glyed il by ool 53 (Sl oy
WD WBGT MDI 5y il sl s
sled Sjgln byl 4w (izen 3 WBDT
Olgisdn Cowg (slod g Flomo 03y (slod ( Slad
5 odlitl S3e0s 3 (slapiusly

GRlH gLl s O Jds @b @ deg L
Slayiehly g ol dulre (slo 2Ll dod (2x )5
Lol ede Glgicee 45 3505 59, Jgbo 5o Sojglg s
5T andly (26 dgl5 g saedyg> (sl L g2
ZAYINY aS sls Lis MDI e ls 4 by e gols
VARTAY g il i wlaws] glyls ol 8l
3 rSis B ey b osin o5 n (5ol
xS0l 1 aod ¥¥/¥ 5 25 s ()l (ol
LS 0 w8 ol g wad Syl b ey ol
Loy slacsilon ylad (iali8l (om0 )3 (S0
YL sl pslie b g puSeslul I ZAVIA b
b (ol adllas sy lis 1y ol Kool as > VY
o Glye LYW Jlo o e 5 )
Ol sl )3 Jhgy slalams )5 )6 el
Pl lsmgl anbd )3 il 5 oy Juad 93 5
ol Jlacie 4 ol LS oel Cuwd 4 guls LG
lsmge] Gblis g cilizee Jgad 5> (DI) (b
polde & ds g b piomads (P <o/ )) 290 glate
La (6,505 lSlI ZYAA ¢ ol )b [adls ouds duog
ol 039 ol pae oniad LS Hloy Juadys
o g puSojlul 514 SV liwsls Juad ) “j SBMS
LSy Sy ol sl g s gyl )b ediad lis

\vay C”:‘Hé)‘)&ﬁé)}}; ) a)la.i: N 093 |Chy bV aelal 93




Shamsipour
evaluating heat stress in the outdoor jobs in arid and

Onizre 2 lis adllas cpl 4o 500 e ealaiwl

8y 03l ey hlwg 4 5l pie (39 ool
035 plosle g ol jeds pizmen g (ol 4l je
P WBGT (a3l (gl (amlie (3501 Wlg5 oo

8l aslllas 3590 (gl 9 (2lod 0y

PSS g

94- ojlod & Sliiow )b Sy Job adllas (]
oIS ingly Cales Ly 45 1L o 01-46-28540
oad ol e (S psle oty Canj laoee
ol 9 (1908 Cle puilie 2l 395
39 (las oo GUSHI 5 Glite 4S5, 255
=l evges gyl 1) Lo aslllan (pl 5 457 ()
ool

&lo

1.Heidari HR, Golbabaei F, Arsang Jang S,
AA. Validation of humidex in

R W) C)'Lo‘ @)1)1’ L?’)]P ua>l.w d)"‘\’ .)){)15 )

«l— (PHS s HSI.CETET.DI . WBGT)
O 3 i zols s ealawl 3l el b))
3959 (5 blixe (Siuer oid o)lil glayadls alS
Sl ot i o 0 (Susod o pd Oy g 3yl
hY DI 9 WBGT ua.>l.w 9o 4 ]oy)ao ol J)y90
D] (r=+/2AY)

ot 30 (VLY Jodo ls 4 4 g5 L
Sg MDI s lis & sleie (r=+/0+A) Sl slod b
L) Jod ol (Siwser (adld opl (icnen
(r=+/¥+A)cuwgs (glod o (I=+/¥¥FY)lous 035 (slod
Loyl (o (Ssed cops (pyide Sl Glis
@ bgpe cuiy 4 Sl Gboadld 5 Sejdsd
03y sl o3 (= /¥Y—+ /0 A) SL_2> sL_o>
—’/\CQV) u_wy Lgl_,o.) 9 (I’Z~/\‘—~/\‘V\‘)Cl¢_.o
Doy (r=~/\“V
sl ayllb g PHS 4 HSI DI WBGT
sled g Flowo 03y slod ¢ Slad (slod) (Si5elss a8
laslbs 13 V] del Cants (g)bolize b3l (cowg

semi-arid climates of Iran. J Health Safe Work.
2016;6(3):29-42 (Persian).

2.Nassiri P, Monazzam MR, Golbabaei F,
Dehghan SF, Rafieepour A, Mortezapour AR,
Asghari M. Application of Universal Thermal
Climate Index (UTCI) for assessment of
occupational heat stress in open-pit mines. Ind.
Health. 2017;55(5):437-443.

3.Asghari M, Nassiri P, Monazzam MR,
Golbabaei F, Arabalibeik H, Shamsipour A, et al.
Weighting Criteria and Prioritizing of Heat stress
indices in surface mining using a Delphi Technique
and Fuzzy AHP-TOPSIS Method. J Enviro Health
Sci Engineer. 2017;15(1):1.

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

bese 3 by (Siodnid sladl b ole)S
5 (D) o) aslss s sty o, 5 (o)S
O3S awgie (Stued (Sjele 3 (sl ol
Wan [VV] o)l Slg3pn adllas cpl uls b oS ui
sl Jud il (sda s sl sl 595 aslllas jo
wods bys (Sl 1 sled e slod (JUS)
b (Seidnid onpwl padls 5 B olys oLk
el ol 8 aslllas 590 calises yold £45 9> 4o
slod oais o)lil slayad i o o a8 0 lis
Sbuasld oy plysd SU j gled 5 (e
3)9= S barome ) Wilgi oo ()l oyl (2L5))
5.Michael Donoghue A. Heat illness in the US MDI asls aS sby s adllas ol ol

mining industry. Am J Indust Med. 2004;45(4):351- c T

6 5 e gl el Ly (oYU jlwn (Ssen

.6.Dehghan H, Habibi E, Yousefi H, Hasanzadeh AR 3 B &= B el
A. Survey of the relationship of heat strain scoring stpell b s S ’ T
MDI a3l o)l Slad glod alasjl 59)ss 348

VWAV gyl 5 2005 <) osled V0 55 [l bt | aslinle 5




) 17
Oed 5 (e (2952 |

Hemmatjou R, Yaaghoub P, Reza G, Hosseini M.
Comparing the Heat Stress (DI, WBGT, SW)
Indices and the Men Physiological Parameters in
Hot and Humid Environment. Iran J Health Enviro.
2012;5(2):245-52 (Persian).

18.Aliabadi M, Jahangiri M, Arrassi M, Jalali M.
Evaluation of heat stress based on WBGT index and
its relationship with physiological parameter of
sublingual temperature in bakeries of Arak city.
2014 (Persian).

index and wet bulb globe temperature index with
physiological strain index among men in hot work
Environments. Health Syst Res. 2012;7:1148-56
(Persian).

7.Claassen N, Kok R. The accuracy of the WBGT
heat stress index at low and high humidity levels.
2007.

8.Dehghan SH, Mortazavi SB, Jafari MJ, Meraci
MR, Khavanin A. Designing and investigating
content validity and reliability of a questionnaire for
preliminary assessment of heat stress at workplace.
2011(Persian).

9.Budd GM. Wet-bulb globe temperature
(WBGT)—its history and its limitations. J Sci Med
Sport. 2008;11(1):20-32.

10.Epstein Y, Moran DS. Thermal comfort and
the heat stress indices. Indust  Health.
2006;44(3):388-98.

11.Heidari HGF, Shamsipour A, Rahimi Forushan
Ai,Gaeini A. Evaluation of Thermal Discomfort in
Outdoor Environments: A Cross Sectional Study
throughout IRAN. Adv Environ Biol. 2014;8:1008-
15.

12.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. Int
J Occup Hyg. 2015;7(1):1-9.

13.Alhaji M, Ahmed A. Analysis of human heat
stress status for academic learning environment in
Kano University of Science and Technology,
Waudil, Kano State, Nigeria. Stroke. 2013;3(13).

14.Yousif TA, Tahir HM. Application of Thom's
Thermal Discomfort Index in Khartoum State,
Sudan. J Forest Product Indust. 2013;2(5):36.

15.Moran D, Shapiro Y, Epstein Y, Matthew W,
Pandolf K. A modified discomfort index (MDI) as
an alternative to the wet bulb globe temperature
(WBGT). Environmental  Ergonomics  VIII,
Hodgdon JA, Heaney JH, Buono MJ (Eds).
1998:77-80.

16.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. J Res Health Sci.
2016;16(2):90-5.

17.Golbabaie F, Monazam Esmaieli MR,

\vay C”:‘Hé)‘)&ﬁé)}}; ) a)la.i: N 093 |Chy bV aelal 93




=
Abstract | V

Applicability of Modified discomfort index (MDI) in outdoor occupational
environments: a case study of an open pit mines in Tehran Province
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Abstract

Background and aims: Regarding development of several thermal indices and limitations of these
indexes, in this research we were examined the applicability and validity of Modified discomfort
index (MDI) in Outdoor occupational environments.

Methods: This cross-sectional study was done on 175 subjects in summer (2016) in 12 mines
construction materials of Tehran Province. Environmental and Physiological parameters (oral
temperature, tympanic temperature and skin temperature) were measured simultaneously at three
periods; also Modified discomfort index (MDI) together with three other Direct Indices include Wet-
bulb globe temperature (WBGT), Oxford index (WD) and Wet-bulb dry temperature (WBDT) were
calculated. For survey of applicability and validity of Modified discomfort index, the correlation
between this index and other Direct Indices at different times of day with Physiological parameters
was determined through the Pearson correlation coefficient.

Results: The results showed that MDI index had more correlation with environmental parameters
dry bulb temperature (r=0.918, p<0.001) and relative humidity (r=0.43, p<0.001), also very high
correlation coefficient with wet-bulb temperature and black-globe temperature (r>0.88, p<0.001).
Among the thermal indices used in this study, MDI index had more correlation coefficient with three
other indices. On the other hand; MDI had the highest correlation coefficient with oral temperature
(r=0.508, p<0.001) and the higher correlation with the tympanic and skin temperature after the
WBGT index. In all cases, there was a very good correlation between MDI and other indicators at
different times of day.

Conclusion: It can be concluded that MDI, despite being simple, lack of need for sophisticated
equipment to measure, having a high correlation with physiological parameters, low cost and easy
interpretation can be used as substitute for the WBGT index in the range of temperature and
humidity study.

Keywords: Heat stress, Direct indices, Modified discomfort index, Physiological parameters, Open-
pit mines.
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