Occupational Medicine Quarterly Journal S b paasd cede aolilad

e w b Ao, A, e e -
Vol. 9, No 2, Summer 2017 U’»"L’“/W.“JL;’LJ"}/(!”?’” 1FA8 bl o o losis A 0,90
Pages: 40-49 Y FolFA amio

S S U0 (f gy (ks 4g>190 i
LU wblido Glowo b

P ol 15 2 55 mizmo £ g9 s v shzm oyl polS T bl dls ) plive Lo e

oA

ot ;0 IS o 5l pde (S5 50 i 1) 955 6l 555 @ 5, 45 Cewl (old can VT At I cendoliie (i taonio
03ld WS (oo IS s 5 gl Slapk > b a5 (So Sl slaygise 4] 095 Sl (Jno laygise et JE g Joo oy
sl s o penl, dgzlye ooy 4 Andllan ) il 20 rboline e b L sS oyl penl, it agrlye o jxia yel (ol 45 o
S S i gl e g0 b o e 5 bl ool ool b 65 5

O b Jols b e 5l et (m AC 5 et JH DC g AC )b ggi 93 5l ool agzlse romiw jolaie aiomy p b9
5 HI-3550 aig> aus olKius g 45 bl omsblie s ccsais oK) 5 i 5 0ub bl bolass b 4 (slaaiges O 5 F.Y
e i aglgn jlne 3905 b el dg2lon pms ok (68 03Il cymioy lalllae 5 IEEE std C95.3.1 5 uilicl 4, a3 |
A 0olawl SPSS 20 1581 o 5 51 b ooy Judow jalate ay .ol angldo

AC slo s o yeal, dgzlye uSolon sz cog (+1OY MT) ¥ Lus DC (gla b 1o ol penl, oo plos agzlgn siSha sl
6l Lixa GBS (5508 5o bglas cym bl amabliie Lo I8z aSilia 05 VL (+]+AY MT) DC 4 s (+/+ 30 MT)

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

B9 (+1+FMT) V Lax AC slajlad ol al) a4 bgy o Sboy (G539 aplse (oKl (ylime 0 3V .Gl 092

05,5 (nl a4zlse (ogr lolins sol (nl g 0y (Ve b 7o UT) aree) gebans 51 5WL Rl Ve B L8 ()] al) agzlse 1608 e
b aezloe 5 olnaly o pled aglye (b))l lacandy Sl plaS g )3 wiz e wWas e GLiS casbline (lae L) (Jid
0 o wsl a5 cyasl dgzlse prbios ) 45 s Line oy yal ) @il gy 4t 515 (F T Chhes o  TWAS «/Y T)
Al 03,5 )3T aboliie lome 51 a8 polin o ) el OSie cchkizee lalline

L bl (e o i agrlse o lad ) ol gl sbaosls

Ol Olrs Ol g5 (S iy pole alEitils Cublags 03S8ils ole Cld gae (140 > Cadilags (wigo 1585 -)

Ol @S il (S jy pole ol8iils hausmo 9 soal cuiil agy Colisiioes 35 po ol o (S iy pole BRGNS Caibl gy 23051 (510 )= Cuiblagy g digo (5155 (9ol -V
Ol 05 05 Sy pole SIS Cuiblagy 2352313 (546 3> Cuiblagy g ige Ml ulidh IS

Ol S ) 53 pole bl e 3 gl ublags ligions 35 po h = Cublags g sign 5155 F

0Ll Olres Ol (S jy pole sEES1S IS Cabl gy Colidions 3 po ¢ Siilagd Sl (S iy pole oBLiils Cuilags 038Ul (5148 o Cudl gy (pwigo (51583 (S9mitil> -0
Ol i 3y (S 3y pole olSE3 il agy 0353 (5146 > il agy g digo (51 S35

jalilianh@hotmail.com :Sisg Sl g c« VIFYPOY « o ) 1o il (U ghaano d35anws 95) 3

VWHO/V/Y 2o pdy gl WAE/V /P 228l s g )b

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |


http://tkj.ssu.ac.ir/article-1-617-fa.html
https://tkj.ssu.ac.ir/article-1-617-fa.html

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |

Bfy

oo ¢ pliso Ls juoxo

bl lae a5 conl ools las wlllas b2 4 (F)
Wlgoo oS olgs b J& 5 Jo lapian I G20
Sldlae o .(A-Y) wuS ol ol 31 2l o 1y (6 a0 <l )il
oddlive (8,5 Ojae soluuillul sla,siS (5 a5 gousxe
B G o Ol I (o Elal S, &5 w8
3 ohler o Jiy (Ve cwl ails golidl Ly et
SO e 5 S eyt Coid a5 W05 caslive 895 axlllae
o by s oo Ol G S 09 ol
Sy 09y el 0090 b oK) oy e 51 i ol o VIFY
5 2l TIVE glosad ie plloj 42 55 ol penly Sl sl
005 olius] oyl e s Cd I 5 VIV S0l (6 lews sl
bline Glawe b agzlos o sl alaly asdllas ol o ool
5 ) 00,55 eamline (giae sloysegi 9 olad plbyw o
ol Yoo\ L 3 ol 5 janle bugs o (5,500 aslllas
3 ilisen Sl b i oy i 3| i o
Vb agzlge b o losige Jold (ourblisn (loe L agrse
UT) o5 b Lawsgio dglge b b oSyl ol psae 5 (YO/A UT)
O (S o 9 S e 5 D Aglie [S0Se L ()
Wd & Connd) (395 Olbpw 0 Mol e 4 ol YIT boglas
G0 y305 S Grizred g (& oliwsl ol paoe 1 8,
Olpde b awslie ;o) ol OV bshs (llijem o 5o
bliie loge wlallan olul 1 (1Y) 35 (b olSieyl
Sl Gl Sy el Sew by bk 51 AL
iy oldlas OF Y 2) wsl B 8 clacs o
SUSL o 5 Syo Sy (il (19) slowl s 5 (10)
ol Iy (Foe o8 sloslom 5 (8 DAISiL 51 0L
Sy b ,0 paly VYo Sgu aSl 4 azgi Lol
Lo )3 )0 eizred g diled )15 4y Jordoo dog> g o)l 05
slaglawe b QUT e b)) 4 Gl adlas o jo
s 05,5 Gl eled Gl g aiBlo s Ll bl
e (nl @ reSeslal 5l uy addllas Gl )0 e aeioo

oy 3 lid e A0 Lok )3 9250 sla )l glgil o

1WA Lwal 090 0ylosds catd 0590

doddo

et 05 50 G398 Glacd i oS Sl (pl p Sliel

Lo )0 gle (Fogll a4 i lows slaoygl Cuss opdle
ol s b ool Ol Sl asles s oS csl ool SIS 4 S5
5Lk Soge 4 a8 " publise e 38 ol cudls
S5l 555 4 59y 45 Cemle 0ai ¥ cnl 51 (S wil o gl
20D opde esmlie iy (SWj o i ol
sy Irs slaygse ot JE 5 oo oz lapias
AC-) wsbie slapl,z b as (S sl slaygige |y 055
,5 (DC-Direct Current-) 2w ¢ (Alternating Current-
blise slage b pacew asS cpl il ools aisS
&ly 50 (NauS oo sbml LL 5 05 Sl 2 U2 L
ol Sad a8 bl b S iSUh pebliie e
A7) aelioo bl (msblioe (lae 1) W5 s ooy Jsbo
J8 9 Jo hlug )3 00l adgs (canblise slaglare 059 sl
Gl asdllas jo el a8 5 8 Clalllas az g5 (oilS jo (5 00
JE 5 Jom Slapiuns S50 Colox b gy hwy oS
Ol Sad 5 le il bl VAR Jl o e
slagedle Jolds alis hlus 5l il glgil o (cunblise
MG) Br Szs5 slpwgs! (F MG) b cisals 5 (3
Srshy sy s (V- MG) S5 (B sbwgs! (OF
Les 5 LuzisS (F) Cd,5 LLF iz 5,80 (F MG)
doe 30 oumbliae slagloae b1y g ol aly aglse
)l iz s g5 Vo slagyal, yo 5 Sy JSlo rnis
Sl smblioe e STy bamme et Jome ;5 0005
9 Ve UT B sl OV g Ae T 2ply G5 a0 A LS
@l e g Vee UT E ly VFe 5 Yo T € sl 8-
seolie 55 VYo g YV T 1, G (el g V¥e 5 \Y- UT F
O 5 Sagole (0) 995 oyiws 3 D k3 4y by
@bl QdSl (e 25 Slog s 0 | (el (e
GS (V=Y B) ol dlans S GiS o b Lhomis oyl 30,5
G) ol Jome Vb 5 oulS S o Y §) sl opulS

3e (Vo G) o> Joawe Vb 5 crnis glas)) o o (FF-

)lfx..‘.bgam:u‘so.l.cuuoas


http://tkj.ssu.ac.ir/article-1-617-fa.html
https://tkj.ssu.ac.ir/article-1-617-fa.html

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |

LU (ombliio Glowo b (6 50 syl (ol pdly (Licds agarlgo i FY

o) il oo 5 o gl « o olSi] )50 4o oMb
5 Eolt Slelos 8 o Dlelos o jl1ab (jpano 4 ,laS iS5l
20 Goslaer baylld cuiSy g 8 0g 5 gl
s s s JEls e Jld L ¥ okl ol Ll
V) bshs oils 0525 £,5 5 Ols S 90 o JU88 B>
3 Nl ee Gilig 1) 4 93 O a3 g st JH Y
Ll 04 99290 DC 5 AC g45 50 y2 3l olo jl8 ¥ 5 ) Lo
Solegys g ivg I 4 Jorin AC slajllad s F > o
U3l bglas o azsl b clite sl AC (sl & Ls o
bohas 5l oles V S0 Sl ool a3 3 IS @y caiiwd (5505
Gl po s e Gl 1) Olis o te e B 9 S
o ol dmolSiay] dalsd cils slaplKe S
5 0l bl aly cilise Lol a5 _laolSiy! daolSi|

il odds asie Jlad e 5 Jlad bglas

(T 0 b (1) ¥ s

e e e L]
F s _\

e 390> b e g 00l (i S (nl dgzlge (ol
s Olgn B oo S o amlie 6,085 (it aglse
2 pgi) Dyge yo g Al b flase (pl b olpel, apxlse
slosnlp 5,k 5l il agzlye (2als b laglase JyuS )50
Exoge (nl 2 ogdle 09l AT o Slepeal Supde
slbadl> o LL cwobloe glaw ool 5oslal L
5 Eokd (iS5 8y oy Jie agzlye alike
Lol » delse cnl Jloat @il b jlkd o5 5 (5l
28,5 518 ot g ey 2 0590 Ol epl) aglge maw alS
IR O9)
Sy 3 Sl siogi 5 (rhile Oygo 4 aslllas ()l
Old 5o 5 Sl (oS8 5 Joo s S &S 0l 05
bl skie 4ol el wylo 1y il ol aslsy
Lol yo ol el J31 g o slayllad ol paly agzlse
w5 ol aed ool oy )lo o 25 (Siales

) bs B (Jlad )Y s
i3 B
Y s
[+
0

(Jlzd )Y s €

Ol 38 G l

- SRR E )
ol ypaiie 4y Ul
( eald)

ARCES

A G955 St 93 9 090 bsks Sl oled ) S

HI-3550 aublise olose oaS il oliws 1 ooliul
4 4a>g5 L .ol plxsl Monitor (Holaday Industries, Inc.)
|EEE std C95.3.1 s laibiwl (poizran 5 (0) (i lalllas
Sy Vgl o g sl Jas LS o e 5,5 olal (VV)
OMee S ol sl 4wl el 08 S

1WA Lwal 090 0ylosds catd 0590

4 DC jlhé s g AC ki V s,08 J5lo b o )
WS a5 jshilen 00,5 GLl b jlad (il 5l 6l dgad lgie
Y 55 0kbs 5l g AC g5 s lls s F s ol S5
5 ol (ACes 3l 55 ,2) TM-3 5 TM-1 ,lhaé (aliseo oo

LLL owblioe o 6,5 ojlail 285 13 o 3,90

)lfx..‘.b‘gam:u‘so.l.cuumﬁ


http://tkj.ssu.ac.ir/article-1-617-fa.html
https://tkj.ssu.ac.ir/article-1-617-fa.html

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |

Bfy

oo ¢ pliso Ls juoxo

Vilo o Job jo a8 sl S5 @ p3¥ 005 plxil 500
S8 g ol s je 5l Bolal & jso 4 5 g5k ol
4 9959 plia (sl 4 o) jew sk 50) o,
Olad (28,5 Olin) a8 5 pla )0 9 ()5 3055) oK
fomis Sgndy 5 S 52 50 el Jos @ o ol

Jlf? )L.» A (5)...9 olKs ‘ a5 5).5 o)’l..»" olKs | )514...0)
Ol Jlam! allug len b ol ool pwnblse L
EORRVLI PP VO E S | FONRVOURIN YW 30V JX S B B E SR
b a9yt ol 9 (i jla8 G s Jsb yo Jle lgie
|) ‘_g).:f o)'|\.\.'>| 6L‘Z’°M/" 51 JS"\? A S g ;Aﬁl)s oo
OB gz ool )0 amdige LA i e gy%e oglas o
Sl 00 yastie &5.9.;" 85 Ay 6):5")““)'3‘ 6[.5;0[&..“)/“ "|

POk Sy sl cele o )L Sy Gime bl pupbline
Sewd 53 9 9500 4 dxzl e b (Bluns slaw [l ) gold el
19 Ll bl e 6,5 0l 51 s colSiass 2l
5 09,5 QLI Bolal &g a8 Sue el pliel 28
OS19) Gl Gl JBI0 4 s 03903 S 1)l 0 )les
il ‘wﬁ e il (28 s SGg ad) (GlaS S
5 9) poly bolen ol ooly 5 adsl ol 4 (o)
4 Gt bl quebliie lace 51 (T (b 50 5 002 (alS
aS o9 el opl jebaie w4 la el ojled cu gl es
b Jos k8 plos 5l (ko] £9ls i 5 Lo omis
J1s oyl (1) DC g AC kb g5 g5 1 sl Vb Joe
o AC oyl Gizen 5 e bghas ln (65

Olps G0 bghs 0 Ll cwndbline Hlase 6,5 ojlasl glaocws] 1V g

o ¥

Y \

(el = adolo) (399855 o))

=. . - - . 5”‘) b>
(1 oS 3 — auBolo) (255 —S 2 145)

(V) eyl 35Ul
(V) 59905 ¢ (V) p,l cilss

() col il 35Ul

AL 5 (1) adolo ils
D)

5 (1) adolo plsel yids
(V) i85

Q) olyl olR5,8 —BLST () &l e 555 — e Sl
() 23 0jlg)s = (gmg0 9
Q) Si9pm — e M Gt

(1) 5908305 5 (V) )| pliel 280

(V) 3,518,5— 5,955 ol
Q) 25 — una]

(V) oy plol — S agds

(W) el bl (") el il sl

5 (V) adolo oSl cile 3,85 oSl il

(1) 1Son 58 (1) Gis 5 (V) gbrolSom!
5 (V) adolo pliel w30 (V) SppS pliel 8o (65 o3l
(") w8 () Gz g Slass)
Q) > - ssho Slsi Q) slsn-igd (oSt
Q) e plel ablis (V) e plol abolis
Q) Sb>— cwen

by )3 Olpaly oad G Gloy e £y alal) ol 5o
ooy ST wivg agzlos 0 B cwnblise floe b as el
e sl e eols Julou sl 4y ool lpaly ) oy
T g adbo Sy ANOVA « iposi bl sl s, 5 SPSS 20
A ool Jatuwe
oeSn 51 Jne Bl 5 eile 2l s ¥ Jgue
S5>g0 polie o oo lis o jlad (el glyil o 1) by lae
3 0ad O3 sae a5l 605 Sl el Jgo cnl o

Al e odd o Jlade iSlas 45 g olSi] 2

1WA Lwal 090 0ylosds catd 0590

Lo 10 jqam ey Sae Julds o)l ()5 ael p Sledlbl

S0 e e G sl g ) (5 el sl pliel OIS
rblide plare slags S ojhul 5l am 5 0k 485 Gl g%
Sli$is ole aly e Sl 4 axg boLL
swblise los b .0l (TWA- Time Weighted Average-)

Cilig maasce yezl Gyb 5l as Y abay) 5l eslizl L L

bijwxe(\/\)w‘owtﬁamy&)ﬁ]w
saio Sladsd g o jlbinl dnwge Jdxd 4glse jloee dg0o
00,5 aolia (ISIRI-B567) ol

— E t[XE[

TWA ) alaf,

)lfx..‘.bgam:u‘so.l.cuums


http://tkj.ssu.ac.ir/article-1-617-fa.html
https://tkj.ssu.ac.ir/article-1-617-fa.html

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |

LU (ombliio oo b (550 sla )b (o] pudly (i agarlgo o TF

MT e ) b lad glgil paly olS 0 Ll cwabloe lawe ol jlaw Gl § (0 Kle GiSTas (Bl Y Jgae

Jhre Byt il STas JBlas s gl
-V A0 Yy N> AC gl lab
[+ AS AN eOY > DC sla
N> N> N> > 6t ot AC gl a3

3 a5 AsSilen 09 SYLAC lajlhad o cwoblisn oo
a5 D L5 &y byrye perbliie olase e a8 i
Ol Gad (Sl 5l Gl aslie ¥ Jouz g ¢/ )
S Sy g CiS 8 Gl s )0 Ll bl
DC slojllas 5 5,4 J&1> 5 e AC lajllad o ¢ sl>

REX o ol

Col il BBl Hezmen stomiw o] 5929 Jdo 4

9 ke Gloul polie (Wog Glaws 5l @S polie lls as)
Sal s a4 Grizmen el 0ol Soo5 K0S 4 (Sl
polie we /N MT b (6,5 o3l olfiws conlus 500
Sads iSTas Ll a5 18 /Y 5l 5SS O s 4 JBlas
Sl 5w Sle bl w5 saslie DC slo,lad o -l

P value 720 olaebl alold m (+SD) b e
YU o> Ol o>

RN </-¥4 —+[+-YY NGV Cd,) yunod AC las
IEYNCIEND) CieS o

AN oo OF -/ ¥# NG+ F) gl
DARCIEYS Eolis

<Y +/-Y44 —+[+¥YA Y8 C8,) yunsd DC U3
SRYNCIAD) CinS o

«/-¥ o/-Y¥-. —-/-¥ay /YO V) NS

[ A1+ F) RS

aS Ll 5l el S8 LB o ls 9929 DC sla,lad o o bl s
Sl Sho Oyge 4 Sy B slaylad gly oul ool polie
Sile anolio ¥ Jgam 28,55 )13 o lel LT 8590 wgr o

Ao oo b Fg Vo) bolas o) cwoblioe oo wud

(P=-)V 1,y DC 4 P=+/-Y AC la,lud gl i,
Sl - el Sy 0 (Jg )l 992 (o)l L DS
Lo sl (P=+/+F 1, DC gP=+-/\Y AC slo,laé gl )

S JBls alisee bghs o Ll pwadbline flose o .80 anslie :F Jous

78 ¢yLaeb! alol

P value . b bobs o;loss
- 10F AR ANEEETYRR R & SN N CC P Sy
Al SRR IR v ¥ L

AR ofee A =)o ¥Y s V¥ L

1WA Lwal 090 0ylosds catd 0590

)lfx..‘.bgam:u‘so.l.cuums


http://tkj.ssu.ac.ir/article-1-617-fa.html
https://tkj.ssu.ac.ir/article-1-617-fa.html

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |

Bfo

oo ¢ pliso Ls juoxo

Olyply 0 TWA i sSlas aes oo lid aielu A 5,18
G bewe e Bl g ol csslie V b AC sla)lad
)2 )’| J—ol? C"L"’ o Y Ls DC GLQ)Uaé Q‘)-r“‘)
@lie bghs ;0 DC g AC slojlkd ol ap>lge
Olye 45 45 923 o0 GLAS 05 S oS O 9 S D sla L
S99 Ol 5l (Sleim (S5 el 4 g apzlye iSlos

ol a5 513 5,8 aelss

sa3n o5 F gz 5 s 0Sis asli ] ol ol

ebliie plise B8 85 Sl st S Ly o 45
LT 51 sl 53 5 0,05 3525 (6 lo lo Line DS Ll
Fro Oygo 4 6 s 7B slajlhd gl eals Cud polie oS
Jite (5 9051 28,55 )18 (5 el 5IUT 0590 o9 00 S
Sils o P=-1Y0) oyl o stne L] aS sl L
23,5 0929 e S0 kB g5 90 (cmnbline plage Bud
Shel So s ) olesly alee TWA 5 Sl 0 g

(MT e ) LG onnblioe sloplas b ol pal) apzlee TWA § iSTos 0 Jgoo

TWA PSlaes ks ey bgbs
4 <IYY AC 3 ) ks
[0 IvY DC U3

o[- ¥F g AC 3 Y ks

o[ YF 1aY DC U3

A RN AC 3 f s

<N <. AC jlUas O bs

o0 DC gl g 1o L bl L5 JS> iSTam a5 ols
PR eIl G gu 5l plaly aglye daz e el 6
8l 43 B e a5 ol Lt anlllae gl (8) el 4t
Olrealy aezlye Il » Wlgicoe (009 Eld 9 gl Gloa
@ (S Slptu 3929 Yol AC lajllad o .all Sge
051 ) o ol o il I8 5 Syme g5 b 5 5 33y
Gl a5 DC cla)llas o Jg il (P=-/\Y) s Liss
Oya8 Gl b Yo s Jolae B OBras phiew
9 okt S 90 (oanbline Lo Zoles 50 9 5390 (Bras
olow) (P=+/-%) (g, Liae Sglas ([8luce Slaws Ll 5l) gl
e o DC (gl yllad o aS sl (Lad Lty sl o0
obyr Slesd 4l alade JB sk 4 Ll oerblise
(Vo) oyl (K jlad 5L 5 00 & y08 4y a8 b 433 qienens
S ol e wl (28 (nl p gl Wlgse pel (e
sl ollad (Brae 55l Olme 2 peitene 56 L3
Ol ompn 3l Jol> @S sl Jge (publine plase
e ,iSTa aS sls Lii DC g AC slaylld ol al, aglg

1WA Lwal 090 0ylosds catd 0590

Lol sned slollad lal) agzlye die cnl o

clize gloai> 005 oy Ll cwblae slaglae
plos b ol axd 3 13 i e (lase slacs 1S oIl )3 agzle
Ded ool mdg bl pl b ol eles glaacs
alse JSlas Wi o Glid O 9 ) oo a4 aisSles
(YU #e UT) aie zolaw 51 s ol Ve B el ol ol
S Glmly (oYL dgzlge snims lis ol pl g sl (19)
Slome 09a> jlagzlge (i (] 45 wiz 8 el 030 pgec @
eblioe flaas e o YL oo dlold Lo il agalse
@ by ol S g ((/OY MT) DC sla,lad 4 by e
5 did oddlive (6 i Jlo s E9 99 oy (P=2/YD) G)Lej
a>lge shls o jlhd Jow cpl ol ol a5 aes oo lis el o
OhlSes 5 Luill aiiws 055 5,5 Cug Jsb o LSS
Olde e dpzlee iz SV jo a5 woly las
29 NY L N mT I AC lajllad o LL  cwndline
ol asllas cpl .l 03g +/VF L5 < /- A MT 5IDC (sla,lad

)lfx..‘.bgam:u‘so.l.cuuoas


http://tkj.ssu.ac.ir/article-1-617-fa.html
https://tkj.ssu.ac.ir/article-1-617-fa.html

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |

bl bl (oo b g e 5Lyl (o ooy i aglgo Giminw F7

W8S Sype (VAT) )b ol B 8 5 Joo slopiunss
S o> g el Sl wlol pee 5 (YO) ol
g oo Sl ogh 48,5 s o o] o agalee cilie glaacs>
5 Ly Slallls ol 45 055 o 2 orw dnlllas ol 4o
S & cds b ol o 0sd eailxS v
sl 8ol Sl pae adlas locosgaxe
Oeed 4 &S > g oV MT 5l oS polas jo cweblione
Ml (@500 st @B slayllad (lealy aglse Jds
azlse 5l agzlee o alox (nl @ L g ol asie
Qb (N MT) cal eSS s 3 Glolad ol
b 65 o3lail sleolKiws I oolaiwl oo 0,5 CulaS
Fdo 4 Ll ogds #dly auae iyl o gumbline lans poloe
2085 oyl cpl da Il ol and lacasgacs

Sl o3 30 S JB 5 Jo> it sl 4 4255 L
55 b sbliie hiss oy s S o 5 5525
Wy @l b pemen K3 S 6 layeSe 4
5o il oe yll8 (g paly Dlile (> g Jig Jobo 50 s S
St syt sbliie sloghe bl ) Sy
i ousS SaS

Sga U Lol 09,5l jo agalge a5 ol ylis axllas s
O ol cnl g Sl VL (egee gzlye Glie 51 RlpY -
ol S L 4l b5 Jelse 5o cnl 4 az g @ 5l eaias
a>lge 5l as ol lis adlas gl sz e el dxd 0g S
TWA= /Y T) b agzlae jloe 090 5l ol o plas
Lixe o ol ol @il ol i 515 (V T i e
S |z el Sl g (el YlS agzlge lans (pl 45 s
Ol yw 9 (V) Sxle (g)low g5t (0l Slalllae (>
Tobaw b a5 oy J&5 9 oo e QLS 50 1, (V1) 0095
085" (5155 oy agrlge )3 (smbline plone 5l Sl

&l Sl

L YoPR b oS b i b ol ol alli

Abbse Gl Sleys leas 5 Sip pale oKisly coles

1WA Lwal 090 0ylosds catd 0590

S 5 AC Gla)lkd) N ks lpal, Sl iy azlee
393> | dgzlae lie ol a5 iz e el i lbwed
Jelae ;5 agzlye e 5l rizmen 5 300 alolds agzlge e
355 pl g Cawl S (YY YY) MRI sla,gilpl Jre ;500
pll SGjglgmeanl Slalllas o5 slaws p ail JJo wilgs oo
L as ol kel el codle Caxds 950 0 ouds
o 50,50 Oldlas s el [ cwnblon slbalae
UlsS™ 5 1L anlllas jo il 00,5 5158 apalse 5l polie
Jlax) F 6 /N mT 5IAC slajlad o ol aly apzloe olie
g JBlaz) «/Y L +/-0 mT 55 DC sla,llad o 4 (STas
s ol (S aallhs al )3 az STt ) (25
e ol b (G5 b ol Sl D plidles Candy
D2 o 48,5 18 Jlaiae CuiS g S8 e ;3 (cenbline
2L eeeblie e b agzlye a5 o ools ()l mlis Ll
al gkl loline sl S0, L DC § AC ks 45 g0
Ll 6,5 ojlailas ol ylas aslllas guls (YY) (P>+/-0) ol
5 sl (o5 yres Jler oad IS slaglies
2 aedee ol | Slezlae ol (Hly ok 4 by ionin
CdS bl o gyed JBl slajlad jo a5 gl adllas
HT jusly 5Ty J51s 5o bl (puebliie L5 JIS> ik
3 ey 4 Y mT g V&-FF T 8l STls 0 9 Voo
ol s (F) w655 ojlail &S maw jo 5 Jane gl
s a4 eal 355 Gl Sk lyee a5 ol lid aslllas
o3l e Bul Sl alol sl SGop adllas oyl
G S ojlail asals a4 cal 00gs ol (pl Jdo 4 0nl (6,8
S rSoilal soliw] Sy g 99 Sgaze HI-3550 olSiws
3ls b aS (Gl 00 + /) 5l jieS &Bly jo aS) w55 ho
Olosles el ool ol 1 rham (1 Kibe 4o Slael ol o)
o led) Lasre Codloo jlre axliS” 1o (Y0 +F) Sl cblage
sl loje a5 cul 00,5 ledl go050 (pl 4 (YYY
JB sk 4 seie eges JE g Joo laptns I Jol>
aS o5 lae bewicn izen (V) sl oois dslllas

b mblisng 2SI slalae 4 @]y (oS b Slalllas

)lfx..‘.bgam:u‘so.l.cuuoas


http://tkj.ssu.ac.ir/article-1-617-fa.html
https://tkj.ssu.ac.ir/article-1-617-fa.html

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |

Bty oo g phiio Lo yiaze

5 Sl o g Jai Bys allie 10 ouds wl)l ol ke oS ol als’ ¢ HSE u=ly ool 5 ool al) ) alie Bassgs

L gyhe Sy i 00iiS uSaie 20 45 deg> g Ol 05 (5 0h &“’1 oy 5yl oy &S 8 Jiw py
Sy il |y S5 LS wisgas oyKad b ol ol

References:

1- Stavroulakis P. Biological Effects of Electromagnetic Fields: Mechanisms, Modeling, Biological Effects,
Therapeutic Effects, International Standards, Exposure Criteria: Springer 2003.

2- Halgamuge MN, Abeyrathne CD, Mendis P. measurment and analysis of electromagnetic field from, trams,trains
and hybrid cars. Radiat Prot Dosim 2010;141(3):255-68.

3- Neutra RR. Glossary of terms used when discussing exposure to electric and magnetic fields. J Epidemiol
Community Health 2005; 59(7): 546-50.

4- Dietrich FM, Jacobs WL. Survey and assessment of electric and magnetic field (EMF) public exposure in the
transportation environment. 1999.

5- Contessa GM, Falsaperla R, Brugaletta V, Rossi P. Exposure to magnetic fields of railway engine drivers: acase
study in Italy. Radiat Prot Dosim 2010; 142(2-4): 160-7.

6- Chadwick P, Lowes F. Magnetic fields on British trains. Ann Occup Hyg 1998; 42(5): 331-5.

7- Alfredsson L, Hammar N, Karlehagen S. Cancer incidence among male railwayengine-drivers and conductors in
Sweden, 1976-90. Cancer causes control 1996; 7(3): 377-81.

8- Balli-Antunes M, Pfluger D, Minder CE. The mortality from malignancies of haematopoietic and lymphatic
systems (MHLS) among railway engine drivers. Is exposure to low frequency electromagnetic fields associated with
an increase of mortality from MHLS? Environmetrics 1990; 1(1): 121-30.

9- Villoresi G, Ptitsyna NG, Kudrin VA, lucci N. Health Effects among Engine Drivers: Possible Association with
Occupational Exposure to Magnetic Fields from DC Electrified Transport. in: Bersani F (editors). Electricity and
Magnetism in Biology and Medicine. New york; Springer; 1999; 777-80.

10- Tynes T, Andersen A. Electromagnetic fields and male breast cancer. Lancet 1990; 336(8730):1596.

11- RO6sli M ,Lortscher M, Egger M, Pfluger D, Schreier N, Lortscher E, et al. Leukaemia, brain tumours and
exposure to extremely low frequency magnetic fields: cohort study of Swiss railway employees. Occup Environ med
2007; 64(8): 553-9.

12- Minder CE, Pfluger DH. Leukemia, brain tumors, and exposure to extremely low frequency electromagnetic
fields in Swiss railway employees. Am J Epidemiol 2001; 153(9): 825-35.

13- Villoresi G, Ptitsyna NG, Tiasto MI, lucci N. Myocardial infarct and geomagnetic disturbances: analysis of data
on morbidity and mortality. Biofizika 1998; 43(4): 623-31.

\vag QLL.\.J.U P9 o lou el 0599 pligen™ (A ‘50.1.: aollad


http://tkj.ssu.ac.ir/article-1-617-fa.html
https://tkj.ssu.ac.ir/article-1-617-fa.html

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |

LY (onblite laso b (5 50 s, aB ol ) (i agrlgo imins FA

14- Ptitsyna NG, Villoresi G, Kopytenko YA, Kudrin VA, Tyasto MI, Kopytenko EA, et al. Coronary heart
diseases: assessment of risk associated with work exposure to ultralow-frequency magnetic fields.
Bioelectromagnetics 1996; 17(6): 436-44.

15- Roosli M, Egger M, Pfluger D, Minder C. Cardiovascular mortality and exposure to extremely low frequency
magnetic fields: a cohort study of Swiss railway workers. Environ Health 2008; 7:35.

16- Santangelo L, Grazia MD, Liotti F, De Maria E, Calabré R, Sannolo N. Magnetic field exposure and
arrythmic risk: evaluation in railway drivers. Int Arch Occup Environ Health 2005; 78(4): 337-41.

17- Institute of Electrical and Electronics Engineers (IEEE). IEEE Recommended Practice for Measurements and
Computations of Electric, Magnetic, and Electromagnetic Fields with Respect to Human Exposure to Such Fields, 0
Hz to 100 kHz. IEEE Std C95.3.1-2010. 1-101.

18- American Conference of Governmental Industrial Hygienists (ACGIH). TLVs and BEls. kemper meadow
drive, Cincinnati , OH. 2012:124-6.

19- IARC Working Group on the Evaluation of Carcinogenic Risks to Humans, International Agency for
Research on Cancer. Non-ionizing Radiation: Static and extremely low-frequency (ELF) electric and magnetic
fields. World Health Organization; 2002.

20- Ptitsyna NG, Kopytenko YA, Villoresi G, Pfluger DH, Ismaguilov V, lucci N, et al. Waveform magnetic field
survey in Russian DC and Swiss AC powered trains: a basis for biologically relevant exposure assessment.
Bioelectromagnetics 2003; 24(8): 546-56.

21- McRobbie DW. Occupational exposure in MRI. Br J Radiol 2012; 85(1012): 293-312.

22- Yamaguchi-Sekino S, Nakai T, Imai S, Izawa S, Okuno T. Occupational exposure levels of static magnetic
field during routine MRI examination in 3 T MR system. Bioelectromagnetics 2014; 35(1); 70-5.

23- Nakagava M, Koana T. Electricity and magnetism in biology and medicine. In: Blank M, Ed. San Francisco:
Press Inc1993.

24- World Health Organization (WHO). Environmental Health Criteria: 232 static fields. Switzerland: WHO Press
2006. p 21.

25- Ptitsyna N, Ponzetto A. Magnetic fields encountered in electric transport: Rail systems, trolleybus and cars.
InElectromagnetic Compatibility (EMC EUROPE), 2012 International Symposium on; 2012 Sep 17 (pp. 1-
5). IEEE.

26- Savitz DA. Invited Commentary: Electromagnetic Fields and Cancer in Railway Workers. Am J Epidemiol
2001; 153(9): 836-8.

\vag QL';.MH.L; P9 o lou el 0599 pligen™ (A ‘SoJ.c aollad


http://tkj.ssu.ac.ir/article-1-617-fa.html
https://tkj.ssu.ac.ir/article-1-617-fa.html

Downloaded from tkj.ssu.ac.ir at 12:09 IRDT on Saturday July 22nd 2017

[ Downloaded from tkj.ssu.ac.ir on 2026-06-24 |

Bt oo g phiio Lo yiaze

Measurement of train’s driver occupational exposure to static magnetic field

Monazzam MR (PhD)!, Jalilian H (PhD)*", Najafi K (MSc)?, Khosravi Y (PhD)*
Zokaie M (PhD)®, Zamanian Z (PhD)®

13 Department of Occupational Health Engineering, School of Public Health, Tehran University of Medical Sciences,
Tehran, Iran

26 Department of Occupational Health Engineering, School of Public Health, Shiraz University of Medical Sciences, Shiraz, Iran
4 Research Center for Health, Safety and Environment, Alborz University of Medical Sciences, Alborz, Iran

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

Received: 20 Apr 2015 Accepted: 20 Jul 2016

Abstract

Introduction: One of the pollutants that is developing in human life day by day, is Magnetic field. In
modern urban transport systems, diesel motors have been replaced with electric motors, working with
alternating and direct currents, and leading to occupational exposure of drivers with magnetic fields. This
study aimed to determine the urban train’s driver exposure with static magnetic fields and compare it with
national occupational exposure limits.

Methods: In order to measure driver’s exposure with static magnetic field, several samples were selected
from urban AC and DC and AC intercity trains, in the 1,2,4, and 5 lines of Tehran, Iran. After determination
of the sampling location, static magnetic field was measured by three axes magnetic field meter (HI-3550),
according to the standard IEEE std C95.3.1 and previous studies. In order to data analyzing, the SPSS
software (ver. 20) was used.

Results: The maximum exposure of drivers was in DC trains- line 2- (0.52 mT), meanwhile, average
exposure of AC trains driver (0.095 mT) was higher than DC trains driver (0.081 mT). The average magnetic
flux density between different lines has not significant differences. The highest levels of time-weighted
average exposure were related to line 1 AC train drivers (0.06 mT).

Conclusion: Exposure of train’s drivers was 10 time higher than background level, indicating a significant
exposure in this job. However, in none of assessment situation, whole body exposure of train’s driver was
not exceeded from national occupational exposure level (TWA= 0.2 and ceiling= 2 T). Of course, it does not
imply that this level of exposure is completely safe, because different studies, have reported health problems
even at lower values of the magnetic field.

Keywords: Train drivers; Occupational exposure; Static magnetic field
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