Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

Occupational Medicine Quarterly Journal S b paass code anbilad

Vol. 8, No 3, Autumn 2016 WWAD jul ¥ ojlous A oyg0

Pages: 55-66 DO-5% :axiuo

SB ol y (B 3 9 (Hao v gl 0Ll o B (g 99
309y (i S 30 1 3T (W (S jel 99 wd

¥ . ¥ . .Y \ .
25105 Mg ¢ (59005 Hua M ¢ (93l (Lol (s ¢ (5 yan Olger v

5 herd 429 5 )50k AU Sl low 9 2)ls Slml p ogdle (2le)S wl i Sane 9 (Srie slalaze | (6 ke 3 iaondie
adllas ol alosl 5l Gos wlasdly, arwg ol S s sl asls ol S sl i e Dbl lp 0ad oo Dole> 5 Ay iulidl
Al oo 5lgy e S 5o G e (Seiglsned el s BST (el (o BLS )| gy g (2lo)S G55 (2l

Gloo .28 3 sl VYA Lol jo by, o SO 0 Jeld Wl 00 diged (5 VY0 (g9, p (rhaie dslllan ol iy p b9
by s 5ol Gldl (a8 B &S i Lo FTT0 Jaw Jlusus yiege s olKws 3l oolatwl b cungy slos g Flows 005
share o e 4 S 0l (g Solail el HeiS cSle (BO26 Jaw) Emsig Jluows olfws 5l eolawl b e jLid 9 8
s Jga 5 5 oslizl b ESI (ol bind b 5 (65l JI5 5 ol il e 53 oSeiolsnied ool b plagad ooty
s ool (ot (y50m)5 ) 5 Ot ($Sea 0303 5l Caled o 08

Ol o reS g o yidien JBg e 5 )l slaasly el ey YAITYOC o131 (6l 0o dmlons EST aslis (nSile igmlis
syl L ESI asls Sien ol o5 ol lis ol (YA/-YC 4 Y+/FOC o5 @) wisg Ll |, ESI asls
gy, Slos Flas 055 glos b BST (ol (yay (ypms s Samad gy (P<+ [+ 1) ably o loline dalllao 3,50 Sy3slss 5ud
it el Cansdy < IYEY g o /FOD o+ [EAY o /0+Y /EVE gglas cosiyi 4y 55 Selsiold 5 Slgiamns b el by
29 IPVYF Jlade b (Flos 00,) hes slod 4 bgy o (Sion

S Gl ool Ll b )l axly IS g 05 b Goee )15 Gladarzs 10 () el Olies s e
pll by Las 5bg, oolee aiile ()15 Jare ;o So5ede 8 syl b b (JouB LB L3, (s090> B ESI asli 5 L0 axlge

by G o So509 58 (sl yalyly EST (Ll :guals’ glaojly

Ol ) 0l o5« shings 3 (oS 3y poke Bl ublags 23StS1> (5146 5> Cublrgs g igs 09,5 Sl - )

Ol Olpgs (w0 a5 Bl8S1> (S 3y pale 8aSULSLS (5140 > Cublagy (pwdigo 89S Jluils ¥

Ol ) e0l o5 s stlingr S (oS 3y pole ol (Cabl gy 0SAILS (5145 5> Cablgs s igo 9,8 (3 Golaid IS -V
Obl Oles «(gidnge e (S jy pole 28I cudlags 225515 (s Sodsrarnl 29,5 Sy skiasl -F

Email: teimorighl @ gmail.com - PIFPEFP < F e il o(J gk 0w 93)

VWRO/Y/NY o 3 )b S\ WARVI SN IFEY Y


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

e awtro o il (a3l o BLS,I oy p OFE

5 @l slpatls 5y, » il Sl 95 b
plsl o5 B slakaoe jo B3 (el s laguls
4lse 5l Sojgdsmeanl addllae Sy (o) S el oad
odas o aS ol Hlas YO Y Jle o 5 e LS
aFls 5l B 5 e cblad e e sl Sldlas
WBGT _asLs denlne sl (8) Conl 00y oolii] WBGT
sbos g dty) 5 sl dt) oo slos i tae piie ¥ oo
olessS slos 6,505l sly O F) wilyso 5L (t) lasS
§ole olew 0,5 Ky o ot ablyl minles G 5l Ysene
@ Wlgi oo Glunsd los (6, oslasl o5 co coliw] il
@ Oty Sl Al Y sgas oloy 4l wle LY
Como 5 By o libial bl 5l eslinad b g Jolas
(\1)5,l35 5 WBGT
ol s plgie b g sl Vo) Jle o
Al o3l dewgi g gl Lo ¢ )ly90 Lawgs (BSI) ae
bl y asls cpl 000 )8 o, lael WBGT Ll (o
Oliee 5 o Zushy e slos slayual )y (g S0l
=0 Sl 5l g 90,5 o0 dlie 993 el @dads
SVESE Gasls .(VFass o olis 1) olse g o Ll s sl
90 4y codds olgain asdS o aS Sk S b asls Ko
a5l pals el gl aSl Jol o)l 35 e
Cugb) 5 (SR) (s yo3 andl (sla i poiins (5 S o3l]
WBGT wiile asls sl a5 Jb s aisl oo RH) oo
b 5l (o Sughy a5 ln gty sles ISR (b5 sl
50 oolawl 0590 sy 5l A0Sy (pgd 05l o colaiul
Slp sl vz @ b 5 @ Eol b Wl oo BST asls
Jlo ;o ESI ezls (VFNQ)cwl Lo Jolss & o,
wibye s a5 5 Stz 58 gl s ol ls 0 Y- F
ot B> IAAY) VL (SKian 255 5 sl 50
ebaeds 33 Slea 5 O calisee 56 V4 5l WBGT 4 ESI
5 ol sl sl R’=0.982 § R*=0.958 l5ue 5 Jlis!

(\7‘\\/) ..Le] Cewdo u}lo).c 9 ‘a)f 9 Sz 9 ‘a)f L5’l9‘m

VA0 3l (pgmw 0 )loud (pilid 090

doddio

Oobee wiile )5 sladarze 1 (g ks 5o ()l !
35 s )5 slelaoe jo Jela ol 8. (V)o)ls 0sg
e @ by it b iis WS glgl s b pae
@lo (K 05 (2lo)F Gl S al> Do i
Olay s ol oedle (YY) wiyls JI3 So5kS
2 9ok (R 5 (Dol g iza GliE) (el IS
A bl (Tl Jgere 65 Gladaze i
3 heme gl b agzlye (Voo F) Syl S Ll ool
VA0 & ol 5 85 WA Sy sl (popas (i mlio
() s

> dbe 05 Jgad o L Gy, oolae yo Jelo o8
Ol @ 4z L Ol 18 el ple S el (5 e
sladlo (b s 100l (Jad cutlag 5 (ol (o losles
3 2le)S Gyl 5l b g lews 9 lge del AAAY-Y -0
@ Alg oo Gl il oo BT (6,15 G9, Ched Job yo olas
Al o b sy Jsb )0 I sleS o YL L
3 Sy pde 9 oL lp wlgiee )8 baome sl S (o)
(PIaal sha o551 (20 slags Lo Slas 390

slS ads s shime GlS L oalse oS5 S
Dgd o o gleyS Gyl Sl Wl e (1) Sgels
bl LS LS aglse (o)l peiites slahs)
@ ol oo gl o G @l S ol S osl]
oy 4 & 09d oo LD o il Dlgie 4 (le)S !
s 4 (el 6Sojlail BB Sojelsnd laally
Slpesd 5 leyS ooyl @byl QS cdle e
alllas 5)90 b 2l Lald o (Soielesd byl
Mo, X 1,8

» wleS ool Gl 2L sl ok sasla
b obo)S Lyl ety ol wlad glal L Lase
Sipeadl el 5 (225 (hte 0gF  au
Gyiie ololy meiies glaasls (3,) ¢ )aisd
OVl Sl g 00l T 0,115 5 o (g5 e

L b 55 ole dolilad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

B av

oHBws g (5 yax> dlgm oz

rhe &5 il azie K, S gl g el
VU he 3l s o5 o e plas ) ol S el
Shoao L O U (Siw oS 5 olo)8 L 8l suaslis
) colpnl [ a2 2 (Joho s 50 X1 0 5 wud b S
oS b 81 3550 Jol o Jlie plyie 4 wmo o i
Sl il 42 8o Ve glaads ¥ l5 o glp g 0400 lawgie
Wy Go hulrd Glp el nl (V)20 5 oo Sleing
Sty alize ame Lulpd jo 25l 5l as 5 0l ool
2 WBGT (sl Sl (asls S, olyiar alyise o5 0

55 solicl glo ) Lyl o Ciliee slacolled

White Green

Sslsed syl eslitul b BSE (a3l (ioen
Ll ps )3 35 Oliee 9 B QLo (oe slod e 5l
@Vl (S 5 285 13 b)) 9y il
OBl lis 55 51 Seislsed sloymall b (R>+/AYA)
2 S5 Gaiel (a3l G BSI (sl el s
599958 il axll s OA) PSIpp 8 0lyo 0l
colpwl -8 43 > asle)eslpul o LS as > PSI
&l (ACGIH Lol bawgs s slyriy WBGT _asls
odls Ll VISs jo aS jebilen ol a6, lae
Vel e eogame 10 5y eme 55, 2 PSI olj)leceul ous

00 w)a}‘()‘;|,wmb)1x)9m &9, » ESI @Lﬂj)‘g

Yellow Red Black

10

(V2)PSI 4 ESI ‘sLa:ua}LZ Q.JL.JI R oA .)l.e,...&:.» &:‘;S..g‘—)lf as > S

iydeln Glid cdlagy ey ;0 Gl 5 b aialys
(V)23 &)90
OYYF slaws 4+ Jls jo 1) Sl 55 e oS el
Aol ogzg Jeli ;a8 AFOYA L (g oo Jb j0 o
S 4 |y 6,5 axsl> 51 oYL pze Wlgi oo a5 ol
09381 59y 3l 5 Copmez hytuS 4 azgi L ano plais
5 Sl pletle § aio lakaze jo (dras ol 4
Ol 50 elels slaas )5S el Saw (polae b S )b

3 oal K (palas asbge al3dl Jlo 50 59, 4 59, 48>

YAD 3l g 0 ylods (pidid 090

bl gdse b a5 5 00 &5 Gladdlae s

Slergol dibiie jo lpl jeaS TAY 51 io oS ol olis
dblm )‘ Lg)L"“'""’ )9 Cowl 00l éﬁ‘s ;Spé\.o.:.: 9 S
Lyl 5l b o a8l bl o Ly &5 ol 31 1,08
Sondg 4 azgi b ad slpiinn S o0 2 ) 25 Sl
oIl boakly o (Sl sl i i 9 9szse
Clld Jonie 5Ly, glalad o a5 SIS, dse sles

S5 b 55 ole dolilad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

e Haatmo oyl (a3l (s BLS,l oy OAE

9 Selgtans (93 jLad 5 BB 0le g lod (oo
Sl (S gled) ame slayull g Slgials
(s Susby 9 150 (L Sy Vs andl (b sleo
Al plodil ol 3 IS 5 col il 2l g0 o

S slaaxly jo Ao 95 )3 (Sojelnid byl
IS09886-) o, luiliw! Jadlipe Hlojle Gubo 5 addllas oo
Yo 9,8 L8 5l e Jol > e 5o 5l (g 5055l (2001
aigds ¥o 5 YO e clogley o wooliul 361 e aids
VTS R IO ST SRNGICRNCRER
Qb S om ped doye jo S cud by Dbl lse
O aS wl alwler 08 5l el ddl jo g pSolul
9% 3l o daled 9,0 15 095 JI 9 09,5 093 IS e
Foog FrooVe laples 5o (Soigdeid slayully OB &
sleo g Soslail gl (Yo, 8 cud g (g uSojlasl adds
Fogey 3l Cewgy sled 5 LI ey A55) glos ooy
solatul Lol 58 csle (beurer) FT70 Jowo Jlisus
aials g ol 5 cile az o £V Jolee oiws ol ds 0l
slos il oo o5 il ax 0 FY B YYE o] S5kl
N oed plxl Ojge g0 4 Wlg e o lulinl Bb Cavs
o SpSojll el ahl Sy j0 aS (rdge Sy sleo
G rSoslail puiivs job 4 a5 Cangy sloo lawgin Y 040
4 (roge Sy sled I (slacgame ot b g 09 ool
loo adllae opl o (YV)ogd oo o)e—l)g oSl &0
Jlzn s zuinw )lid olliws ol (g mSojlail ol 31 Sliny cnsy
Sl st 5 Kyiolss 5 Silytns 95 2 015
g i o SIS Sy ) oolial 1y @l 08 5y B
695 2 Jlezms oliws (nl a5 (65050l 53k (59, o
Slie p (o2l jof Sjp0 4 g 39h 0w (a5 (593l
L rSosll yoglSal (29, Beb 5 @ 59, s nSoslw]
(YV)azs o plox!

WBGT meter ;| Jaxe sbo il )l (g ,505000 ol y
g Casella Jow (5,2 ziw Cusb, ¢ Casella Jow Jlozwo

o5l 0,8 UL miwles 5l e b ,> ey Giowiw sly

VA0 3l (pgw 0 )loud (pilid 090

P 5 5 ske) slalaze 10 )5 a5 ol )5 slalare
9 LS Cuonl @ azgi b g oo ploxl 0nd )55 5 dins
Oelels 59y 2 alaly cnl jo dgaze Dlalllas plnil rires
2l ol S eyl oLl sl addllas (nl jo (are
b ;3 9750 e il LLI)| (o) Soa L ESI
bey o OB on (St syl b olS
L3S 9o bl Sow

IR OP9)

@ oS wbbge lod —hog Gimgh SO asdlas ()
Geb b plaml ol Siw jase geizme j0 abaie &5
(Koot coys ploly Kge exe e 5o
S ooty 1o 4T W S 5,905 Sy diges L VY- ol
PS8 g o 5 05k G)W" «$ i Jolds calisee
o3ld ES L gk )3 wog Sl Jerie (SASw
Ol slass bl asly 12 50 diged poe oy il
Sloasly 615 sloolfimnl alils 1 o3l nl S opasd
oo boagzlse 5o oab job 4 &5 wsg aee Lo
Jbo o5 Jgad )0 ole)S 5 sla,gis e Sen 5l alise
S laaxly ol bew 515 3500 513 (oo e B 0ls 2)
Rl Jold adlllae 4 0955 slajlne aidlioe (ure
(O3> S e sbaslen (Boe m B slacs e
S p pas (b Sdgie g b lag)len wobs
pos Geimed 5 Sy 5l Syl Spas pas Sy
a OBl o5,5 a5 oe 8 Lo s slagls Sras
85 g0 aildbgls &g 4 dslllae

(B39 8 i) (638 Slasine b b3l o slasliin
g9 5 DHheaxs Gl iy, I Cele sl 5 abls
(P sl Srae ailo b 5 5 Lo ailo 5 515 Collad
58S @Bl Gy b gpa> Djpar s WS (Ab
SRS Dyge 3 W3S o0 JeoSS o LS L eles
)y 02 () e aalsl 4 hles 5 aslllas @y 3955 slajlre
S oyse ladiges QLU Gl ey Adee dm al> e

033) (hee slos Jold (Sjelenid sl el (65Sesll

L b 55 ole dolilad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

B a4

ol Kon g (5 yax> Slgadoxo

51 eoldl pdtlio lsme (6 pSo3ail sl ke (s peSoshl
Cdo mhaw b b, sl ol eolatwl ISO-8996 o jlaitewl
3,15 3529 o luiliwl cpl 1o puedgilie (6,50 3lusl (gl alize
Sozrge SUGl 5 6,15 Cundye 4 az g5 b gl (nl 0 oS
Ot ((YHod oolaiwl caslice [ig, b pgo aw (o, 3
FEE el o (Gelie oS Cusl ol gy ool Sue
ool Sl pecdglie (e Ghsy Cnl 4o S ged Slx)]
wedsilio Oliee 2yl sly )T Casie arly U
P pdgilie (lie g ool (pwyp S804 iy slacodles
(adsles 51 ool b s (pwn Jgi 51 oolicl by aislis

130 5 dwle WBGT )luosS 5 slos jazlis

WBGT =0.7xt,,+0.2xz, +0.1x1,

nw

) 5 BSI Jame eyl a3l o Jlesl WBGT
1V V) dnslira (Ve

@, g YV LS 451 L N240 Casella London Jow
o Yous il oolaiwl of ' il 4z o OY-00 (Saisds
D8 lahais obj)l g xSoslwl sl a5 coul lakewy
S sl GBSl sl 8 slegin
b Sl el (el analxe ;o e syl
3y em bl e g pSeslal gl oSt el (ESD
TES-13333R  Jae Solar power meter ,io,¥Yguw olSiws
sl Wlg o oiws ol ol colatll lel ool
S bog agly (a2 5l L) oad oal sund e
WM™ axly 90 b 1) (owd o5 (ol olime 9 oS (5 uSo3lul
Ay il el ol e o olis Btu/(f'xh) L

Sl y9> 98 Jlade YL o Ve Cds LYoo Wim' b,

M

oSy ol 5 Jsore I ol 5l o3 a8 (T @ 4z L

ua>L..a 0)9—‘)4 )‘ U’“")“’ U»LJ 6‘)’ C)Lo‘ mo;so oolazw!

ESI =0.62xt, —0.007x RH +0.002x SR +0.0043x (t, x RH )—0.078x(0.1+ SR)™" (")

Slasin 45 oS &8 b )l axly @ TY 5 (S
ol g pSils il 00ls yLid ) Jgoz 0 Ll (S8l S g0
YE/AY £ Y0 o)y 9550 L3I BMI Suy 0095 a5led jlixs
g bwgie )15 )b oagazme ;o ol g mape fe e SelS

350,50 0liiul 6 ,uSS IS b 51 LT 51 seus 990

bl slegsesl 5 YT Galng SPSS 81 o 515Ul
R} ob[&w‘?uwﬁ)su%r}w

S Ve Ja g Jem axlg 5l e VO oo reghy ol o

adllas 3,90 o 5,15 Sl S g00 Slasuive 1) Jga

oy Hlae dlyxil W Kile awld Slaxy L el
- YIA yv/a YA =00 \Y- () o
- VY0 \ATAY IR RTA \Y- kg)oy39
- RN VY VOY -Y4Y Y- (cm) o8
- oA #IA y-v¥ \Ye L) 5 dile
- \lg YEA AV -FY Y. (kg/m?) Sy o35 LasLis
- YY/A VPO/A VY=Y Y (W/m?) POWI Y oY
AL - s S
/oY - ‘i«& oy (GOF

VA0 3l (pgmw 0 )loud (pilid 090

L b 55 ole dolilad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

e awtro o il (a3l o BLS,l gy 0 B

5 onSles aBbice YAIY C Jlaie b J& g Joo ool GxS oyl dae o el )b e Gl ool 5 Sk

slaxly U5 50 e oyl als o jlee Sl 5 el el oad ools LES Y Jgaz j0 )5 e oads

5 &S Al duulxe o5 Sle ax e YAVEVYS acgos a0 VOARVOF lussS 5 sl asls jlae Olyxdl
el 00l ools Lis ¥ Jgax ool pazlis Gl ppiien b acubre ol 5 Sl

@ bgrye opyiaS o VoIFOC (s li> aoly 4 b e Jaxe

odds (g pSojlail ae gl ol b oY Joum

S Sl (Sike  Slas Jilas o il

YAID & Y/a5 Y Y¥o (C) Ta S slos
YV/§ £ - IAD yY V4 (C) tay (smnb 5 sloo
OYIA £ Y/OY OA FV (O ty oS slos

AAV/A £ VoYY Veof as- (W.m™?) SR (gasis g5 il
YVA £ FIYY YEI0 VY (%) RH (o Capsho,
FIV £ YIVY VEIO AN m.s™)V, Igp ey

Yo ¥E £/ YYA YV (C) WBGT LS 5 sles sasls

O alizre (5,5 slaasly jo Jaore wywl s ls Lo GBlyzl g Sk ¥ Jgax

acgazo J§ Al g phlS oS0 s S g der )bl gli> bl il esls

Yary YAIAF ya/or YAILY YA Yef0 oSike
\IYF VoY 10 -/ XY VA Lasdleil  (O)ESI
BIYY oIy VY Vo -1 YV ol s

O @iz )5 slaasly ;o aslllas 850 o131 SO5elss 508 sl el il Jlxe Byl g 1 Sbeo :F Joa

S AL S oK S B ader  siledT  silis sl sl Pl
YVIo¥ YVIY YvIvY Yv/.-# YV/If YY/AA OeSleo
. 03 y) shes slos
- [OF - |0F </fY DAvd BAvd - [OY Shso Gyl €0) (low
\1id YIY VA \TAl \/f Y/ Ol s aials c
YYN Y Y&IA Yv/f YA Y&/ YVIf OeSolee
<IfY ARY <IYA <IYY AR AR Sbe Gl 2l (°C) cawgy slood
YIY VA VO \VIY A VY Ol s aialo
AYIEA AYIA .10 AY[- % /Y av/fo Oeiles
a/f AN Uy AT RIA% YIvY S Gzl (beat/min) (8 Lo
Y/ \YVIY \Y- /7 YA/ \YY/F YOI Oeiles )
YIA v/a 714 A \tid \ Shso Gl il
(mmHg)
t. ¥ i Yv V¥ Y¥ Ol s asalo
AY/D Ya/b MY A¥IA AY[# AFIA OeSoleo )
Vi vI¥ YIY AIY YA oIy Shso Gyl
(mmHg)
vy \t4 Yy YA Yy Y. Sl s aialo

VA0 3l (pgw 0 )loud (pilid 090 LB b pansi oole aoldlad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

B

ohhKon g (5 42> Slga oo

JLid B o 4, s AVIORAS (ol L, ol 5 il
Syl b g og > e Lo VYo /F VA Sdgis
Syt 05> yia e AT EV/O

s 53 o8l Sy dsr b (sl Sl o o ol
Gl ol )b jlire Bl il 5 L SOlie .l 00 ooly lis
YVIO £ <105 Flomo 00, (bas slos Jold S5elgs5d
A oYV £ IFY g slws o, 5 v a5

S (Sase9 58 sl el 5 BST (alis i Gy (Ko 0 g

ESI

I ALyl K S Sy Jer silbddT e

&bl b o oyl

8VE ST VY T T S A U
e e e JIFA R P Value e S
8+ JYYS Yy YRR VBT R0 Sascays .
R R JJOY CIYA ey P Value SR Sl
<JEAY J¥OY VA 2 YL KR Y7 S VS )

b bye
oo et e LY Y P Value
YO0 VY oeey YER e JFAR oY) Siecas i
R e <A .5 JOE vy P.Value
VY YV R VE A YA Sees oo e
oY e “IA Y YA DA P Value Syl

O3S 5 0905] e ol L b cnl p edle @l ool a3l & baype (Saror oy @l

Ot RO= VY)Y ot oo b s)losine bls)| b5
S,ls 8¢9 ESI 3 WBGT LS sbasls olis
p<e/-Y)
£ Jyad 5o polee Gl gladame )5 ol S (il
o 5 it S5 S & Wlgiose 5 55 sz o
b B el ey Gide g 655 Gras (l B
&S sitd )5 glalime alox ) ol Kiw 5l opolee
L ag>lse Jodo @ oo 5 )5 Ll Jdo 4 oo o] oI55
Blioe le)S il (Bre )0 el e e (U
g e o9 by, a5 wleols ol arsdS Sllae
O 0 pleS el Glol Je gt y53 sla b
oo, 5o (ple)S eyl Oliee izen (M)adl o
OIS i 6 edilgy e slalad b oanslis o b,
ol 3l 59, Jobo yo a5 ols plis jols axdllas gl (YO) o

VA0 3l (pgmw 0 )loud (pilid 090

LQLQ)..A‘)L: 9 JAM )».x..a u_ii ul}.d: O ESI oulis A.MLZA
aily eiie Glore a4 1B 50 eud (6 pSojlail (Sojelg
L:ESI UDL“‘ JoL.:)‘ R o Ll 0l 43‘)‘ an» )
B Las g (Sa G903] 1 S5gls i slayually
W GE.> C\Ja.:‘) CLo.o 00y Lcho L)ESI ua.>Lu O as
Clow 00y slos sl R Jlade g ojls 0529 (5 losime g
93,00 3529 I3 e g s (a3 abul, A8 0Ly L
dal Cway =+ /VFY) (95 Sgiwbs ,Lid g (r=+/Y00)
by (Saod (g3 iy i cdaline 5,10 Jae alnyl, Lol
Slad by e (Sivcod (5 0eS g Flows 00y slos &

Se Sdgwlbo

L b 55 ole dolilad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

e awtro o il (a3l o BLS,l oy FYE

Y& o% shes les Bates g Brake 4 (glaslllas ;o
polde Hob 4 1) (Sane 5 ko slauxly o Jolo SIS
sboo polie il Job jo a5 ols flis mls 8o, Ll
WBGT L aoe Lyls o 9 cdl wldl dee
0l duogi dgaz | 3 ree sloo Slade Y'V/-4°C)
olypl as Lol dslllas bl 4 Cawd 5 (FAC) o, luil]
TV)ailigo 5V 253,80 40,23 | 558 (o Ll
Sl ool Gl GRIE L a5 cl T saimsla
Gl T L enlie Wlsi o oy (hos slos )5 Lame
o &S ol sl (YA L, e 5 SLLLS asdllae b ool
9 e slales (Sojgdssd sla sl L WBGT (a2Ls
ol dsllle bl b as’ o)l 0525 oYL (Ko Cungy
RY NP PEINS

Og (e po &S 0l (LA Bind ol il
g Cuwl 009y +/FAY (8 L5 L EST ozl polie oo
2 P=rle o) 0)ls 0gzs ()b Gae 5 i a3 aba
o 5, Sen g Moran gl 4 Comd adllas oyl
5 Kalkowsky a5 glasllas ;o .(V0) ol Jol> (5 5anrs
i el sy g30se b Kampmann
@ ol 3l Hee sled g cdB Lo 5 sy pldl lodioss
Lylys jo s ol plas mls wl (6,563l poloe j5b
5 b Lo Sl YANC 590> WBGT L oL S
A Cdd b e (K e les
adllas b avslie ,o .0ib oo YVIY'C 4 - Y/Abeats/min
il e S S Glf bls s ol
- on bl s o wisls Bl 055 51 5k (Sejslaeied
yols dalllae 4 s &S wll ol Slews bayll Wl
olars dsllas s (YA)aumsls (g i S& 00g8 Lali
shle G350 jo B s a4 sl lis S
AL Jby g5 shls oIS L awlie )3 (e AL
(Yo )og

Seginlid 5 Sl gin jL85 5l oS (0l 50 rizeen
ey 45 ab il S Al K e

VA0 3l (pgw 0 )loud (pilid 090

@l & WS w1y @I pbS el Lo
S e 0l 1) 42588 Slllas
e hes led (o) p ol 4 adllae cpl o
Sbed 05 oolaiul Floo 00y sled (Sojelend al,l
o255 hos slales 55 4 o o 00 Jas
asdlas guls (YP)auS o olg! S5 15 o M5 g o0y
a2 Flowo 00 glos L ESI asls a5 ol lid
il oY (S Wil a4 canls /0 51 SYL
Sl g 6)uT Sl bkl el =12V F)oss
5 Gy slod LEST (a3 les iy iz (P=+/+ + ) )ogs
o Ll G abaly g (=210 V)awl Casdy oYL (Seeon
EST Lol iall b Ko ojle 4y (P=+/Y)og ,lo e
oS ol a8l Lial3El Cesgy slos g oo ko sled ljee
ol b)) sl s Gl o celie KLl
g Moran a5 glaslas ,o .ail oo a5 050 bae J)) >
sleolaiwl LESI asls obs,l a4 Ve oY Jlo o o,
Sl JES, e slod Jald Saidpeid (slo pite
53PS (Sojglon b (il (a3l g Bapas Ol o8
5 Lagio 1K) pedslie Jl A6 hlisa (g5 Ll
(V0) szl wolite Sauld Grizees 5 (e
@b LU, g se (F-NY °C) BSI Lasls oSl
Seislspd lymiie 5 BSI asls oo (R>:/AYA)
S Lk g oSy el S8 asT (alyl o ity s
s S S5l s s sl 1Ko
e g 20l (LA (6t (o3l Gyl (5O
S92y (Sl s slopste g ESI (el (oo (g 5den
asfllae )0 g Bl iol8I ESI Jlade iol38l b as cusls
@l SL3l a5 sy (YAYYC) ST _asls o Silee pol>
ol B3 as o B dga> g Wogr (s eS (ae o ]
NS OURYA 1B TSPV V- S COGIUN | Y- B SO VR (
L EST Lasls Ll a5 g (pefas/Ve 5 lawgie/¥A
SR G 25 IS Dige a4 (Sisdand syl

=

RO

L b 55 ole dolilad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

B sy

ohhKon g (5 42> Slga oo

GAYL (Kar 0l Eely a5 wil ol addlas 4 s
gl Juol>

3 by g b Sl sleusgame Y asllhs ol
S haze j0 (SzeS diged ez b gane ol Sole
L s 8 Jlo 5o ol (oled 55, » anlllae plxil g 0l plox]
S5 Bl I e pogad oS, OIS s 2
L oo F oo olpidn 098 juewe il SLSG Lylyd
L Jsd LB bls,l gog90> b EST sl a5 (g0
by culls pose 5 bame )0 (So3sensed byl
»@bS Pl Gl Gy n Sl obllhe (68
gyt Sldllas slosl ool a8 55 plodil 5Ly, (slalad
el 5 5 Lulyl jo j5e0,0uS jghay BEST jasli (g9,
dlie prizmen 5 e 6, slapacplio b calise
e 2Pl nl aeng 4 ol S Glaasly ple L
MWIRTAPPS

& S Az

SRS ez Gl s Guiow (nl jl Jol> @l 4 axg L
slaams s 2Vl (oS oyt Ll b ol oS 5505
ool wiile ()15 e )5 (Sujele e sla el b (Js
o sbos a5 ol lis ol dslllas pizen o4l 5L,
aS o)lo ESI ua.?-Lu L: ‘) Gi.mojb O s (CLM oo).;:)
U"’)‘"“"‘" ‘:b))‘ 3o ).A‘)L) u.g“ Oo9 W}LAA oD QLW.:

&l Sl

cablagy ab,l cwlis )5 aabbl 5 ase dlie oyl
gl & 5 sk Tk S O)se @ AT ol glad >
ulf.)...m%y | 00y (g S tsi‘“’)’ r:jl.c olKislo
M?‘)JM )..: 9 oBisls u.g“ )‘ G M‘OSA M>|3 OP >
4 S g il o) 5en Caz 4 el S are etz

VA0 3l (pgmw 0 )loud (pilid 090

Sl jLad 9 BST (ot ld o (hond Lo (S
Lol el sy #ITEY 5 + Y00 e o5 a4y Slgiulis s
Sladlas jo (p>+/B)sgs o Jne Ls)LeT Skl akal, ol
s Exoye b ANLen 5 ooy (2l by oS
plrl 03 54 Sz GolS)l5 50 (oS oyl Copnds
Ot pas Silke b WBGT a3l G b
5 o samlie )b gre abl;, Sguls 3 Sgtunn
wzlse il s bl el Sl g3 JLeS
097 HLad (Soielen b el (Mati osls paseas LS L
Q385 ()5 Cded (0 it Julge U Cod Wil o
Sl sl el bl swyoo 3 4 g aBL
oot ol ax5dS Sldllas Lo a5 Wil 5yl oyl
Syl 5 olaS ja Kion ol addllae Lo (YO)Cu
5 S i ool adlas a4 Cod (Sujgles
@ Dl e a5 o1 e slod & bgpe (Kiwod [ iy
Sl il B3 aS Wil bge e )5 Wlyn
wlos Lulps opdle guy el ansl arsls g i
sl HS,S6 0 Jelse 51 (S0 e VL
oo S plpe 4 Wl g 0on G (Soiele s
Db B 0l s g G &l Gl el S SE
a5 oo s ot sew )5 )bl 9051 51 Jol> b
5 ESI e ywl (a2ls G s)bgne bLS)
2 R=IVY) sls sgmy olwsS 5 sles  asls
el dlflas O 0 4 o, Ken g Moran o5 glasilas
5 wsbre g oS 2l g ol Lulpd o 1) aime ol
@l ols JIE s 3yge SaS 5 05 alse 5 O
VA clyy WBGT 4 ESI (py (R>0.899) YU Siewron
V) ols glas Joal dacdd o ols g ol s Ol
ol sla e 1y s 4 R7=0.982 § R7=0.958 l5us 4
L g 0Pl Comay sbyo g 05 5 Stz 5055 25
by Glas VL (Kior (ol addllas b Slgson 352
YU Sl S sloosls 51 oslizul Jbls 4y Wlgs oo a5

L b 55 ole dolilad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

e awtro o il (a3l o BLS,I oy FEE

References:

1- Long RE. Performance Assessment of Predicted Heat Strain in High Heat Stress Exposures: University of South
Florida; 2011.

2- Tian Z, Zhu N, Zheng G, Wei H. Experimental study on physiological and psychological effects of heat
acclimatization in extreme hot environments. Build Environ 2011; 46(10): 2033-41.

3- Hajizadeh R, Golbabaie F, Monazam MR, beheshti MH, Mehri A, Hosseini M, et al. Assessing the heat stress of
brick-manufacturing units’ workers based on WBGT index in Qom city. ] Health Safety Work. 2015; 4(4): 9-21.
[Persian]

4- Wan M. Assessment of occupational heat strain. College of Public Health: University of South Florida; 2006.

5- Wang F, Gao C, Kuklane K, Holmér 1. Effects of various 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.
6- Xiang J, Bi P, Pisaniello D, Hansen A. Health impacts of workplace heat exposure: an epidemiological review.

Industrial health. 2014; 52(2): 91-101.

7- Varley F. A study of heat stress exposures and interventions for mine rescue workers. Transactions. 2004; 316:
133-42.

8- Lu S, Zhu N. Experimental research on physiological index at the heat tolerance limits in China. Build
Environ2007; 42(12): 4016-21.

9- Epstein Y, Moran DS. Thermal comfort and the heat stress indices. Industrial health 2006;44(3):388-98.

10- Jafari MJ, Hoorfarasat G, Salehpour S, Khodakarim S, Heydarneshad N. Comparison of Correlation between Wet
Bulb Globe Temperature, Physiological Strain Index and Physiological Strain Index Based on Heart Rate with
Heart Rate and Tympanic Temperature on Workers in a Glass Factory. ] Safety Promo Injury Preven 2014; 2(5):
299-308. [Persian]

11- Liang C, Zheng G, Zhu N, Tian Z, Lu S, Chen Y. A new environmental heat stress index for indoor hot and
humid environments based on Cox regression. Build Environ 2011; 46(12): 2472-9.

12- Parsons K. Heat stress standard I1SO 7243 and its global application .Industrial Health 2006; 44(3): 368-79.

13- Moran D, Pandolf K, Shapiro Y, Frank A, Heled Y, Shani Y, et al. The role of global radiation measured by a
light sensor on heat stress assessment. ] Thermal Bio 2001; 26(4): 433-6.

14- 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). J thermal bio 2001;26(4):427-31.

15- Moran D, Pandolf K, Shapiro Y, Laor A, Heled Y, Gonzalez R. Evaluation of the environmental stress index for
Pphysiological variables. ] thermal bio 2003; 28(1): 43-9.

16- Moran DS, Epstein Y. Evaluation of the environmental stress index (ESI) for hot/dry and hot/wet climates.

Industrial health. 2006; 44(3): 399-403.

VA0 3l (pgw 0 )loud (pilid 090 LB b pansi oole aoldlad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

Bso ohhKon g (5 42> Slga oo

17- Moran DS, Pandolf KB, Laor A, Heled Y, Matthew WT, Gonzalez RR. Evaluation and refinement of the
environmental stress index for different climatic conditions. ] Basic Clin Physiol Pharmacol 2003;14(1): 1-15.

18- Moran DS, Heled Y, Pandolf KB, Gonzalez RR. Integration Between the Environmental Stress Index (ESI) and
the Physiological Strain Index (PSI) as a Guideline for Training: Defense Technical Information Center; 2002.

19- Moran D, Pandolf K, Heled Y ,Gonzalez R. Combined environmental stress and physiological strain indices for
physical training guidelines. J basic nd clin physiol pharmacol 2002; 14(1): 17-30.

20- Heidari H, Golbabaei F, Shamsipour A, Forushani AR, Gaeini A. Qutdoor occupational environments and heat
stress in IRAN. J Environ Health Sci Engineer 2015; 13(1): 1.

21- Dehghan SHahreza H, Mortazavi SB, Jafari MJ, Maracy M. Combined application of wet-bulb globe temperature
and heart rate under hot climatic conditions: a guide to a better estimation of the heat strain. Feyz, ] Kashan
University of Medical Sciences 2012; 16(2): 112-20. [Persian]

22- Parsons K. Occupational health impacts of climate change: current and future ISO standards for the assessment
of heat stress. Industrial health. 2013;51(1):86-100.

23- Emsig-BO26. Blood pressure monitoring system, Owners manual. taiwan: EmsiG Compony; 2010; 32 p.

24- 1SO-8996. Ergonomics of the thermal environment-Determination of metabolic rate. Geneva: International
Organization for Standardization, 2004.

25- hajizadeh R, beheshti MH, khodaparast I, Malakouti J, rahimi4 H. Investigation heat stress in small enterprise in
Qom city. J Health Safety Work 2013; 3(4): 59-69. [Persian]

26- 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. ]
Occupa Health Enginee 52014; 1(1): 8-15. [Persian]

27- Brake DJ, Bates GP. Deep body core temperatures in industrial workers under thermal stress. J] Occup Environ
Med 2002; 44(2): 125-35.

28- Golbabaie.F, Monazam.M.R, Hemmatjou.R, nasiri.P ,Yaaghoub.GH.R P, hosseini.M. Comparing the Heat Stress
(DI, WBGT, SW) Indices and the Men Physiological Parameters in Hot and Humid Environment. Iran ] Health
Environ. 2012;5(3):245-52. [Persian]

29- Kalkowsky B, Kampmann B. Physiological strain of miners at hot working places in German coal mines.
Industrial health. 2006;44(3):465-73.

30- Dehghan H, Jafari MJ, Maracy MR. Comparison between Cardiac Strain of Normal Weight and Overweight
Workers in Hot and Humid Weather of the South of Iran. J Health Syst Res. 2012;8(5):866-75. [Persian]

VA0 3l (pgmw 0 )loud (pilid 090 LB b pansi oole aolidlad


http://tkj.ssu.ac.ir/article-1-584-fa.html

Downloaded from tkj.ssu.ac.ir at 12:46 IRDT on Monday July 31st 2017

e o oyl (el (o bLI,I oy FFE

The relationship between environmental stress index (ESI) and some
physiological parameters of workers in an open-pit mine

Mohammad Javad Jafari (PhD)l, Hasan Assilian Mahabadi (PhD)Z
Gholam Heidar Teimori (MSc)"', Soheila Khodakarim (PhD)’

! Occupational Health Engineering Department, School of Public Health, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

2 Occupational Health Engineering Department, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran

’ Department of Epidemiology, School of Public Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Received: 26 Jan 2015 Accepted: 4 Oct 2016
Abstract

Introduction: In many industrial and mining environments, heat stress not only leads to a lower productivity and
poor morale, but also it increases the cost of accidents. Heat stress indices have been developed to assess heat stress at
workplace. The objective of this study was to evaluate heat stress and to investigate the correlation between ESI index
and some physiological parameters of workers in an open pit mine.

Methods: This cross-sectional study was conducted on 120 healthy miners. Tympanic and skin temperatures were
measured using a FT70 model thermometer manufactured by Beurer Co, Germany. Heart rate and blood pressure were
measured using Emsig BO26 model (Taiwan) digital instrument. All environmental and physiological parameters were
simultaneously measured and recorded during rest and work. The ESI index was calculated using the formula. Finally,
the correlations were determined using Pearson's correlation test.

Results: The average ESI index calculated for individuals was 29.23°C. Drilling and transportation units had the
highest and lowest ESI values of 30.45 °C and 28.03 °C, respectively. The statistically significant correlation was found
between ESI heat stress Index and physiological parameters (p<0.01). The Pearson's correlation coefficient of ESI with
tympanic temperature, skin temperature, heart rate, systolic and diastolic blood pressure was 0.614, 0.507, 0.482, 0.355
and 0.247, respectively. The highest correlation of 0.614 was related to the tympanic temperature.

Conclusion: Heat stress at the studied open pit mine was high. Drilling workers were faced to higher thermal stress
and ESI had an acceptable correlation with physiological parameters. Further studies on ESI at different working
environments are recommended.

Keywords: Environmental stress index, physiological parameters, open-pit mine
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