[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

\Y‘Q'f)ﬁ*ijb‘:f LV@)L@.@‘\Y 092 ML:ALA})

oW 9 30 (wbilio (luwo b (551 5> ol g g S LS 415 4g2190 9 awmo (U3 5!
s il

T ol e ISl e« ol ST Ll A ¢ s olpelS ¢ oliie L dems il ol

RAVARYRY PSRV o AV VIV ilpg )b S VRAFARIRC PR

oS>

ohiee L gzl (sSien dloigo ¥F+ T HZ (5 0,00 b (ospoly ool 1 o (ELF) oS colticr lS 3 b omiblito oo 10 g e
3 ol ol sl slisn (ot S5l 5 108 St Jolio 5505 5 5V i S (Bt S Sl b (el 5 bl
Gl ianlily Baiod g Gon D)yge joib 00 (LSl b liaod ;500 5 by dbglas

SVARY 5 Ikl oll e (g pS 03l 13,5 exliiul TES- \YAY g dus (6,505l olKisd I (quablize ylie (5503108l jolaiods : gw g3 (9
laolRiin] plie CBly bl by e g &yglome )3 (upw 433,85 asc e o890 )3 cuublize yliue sbol wlie oles Il 5 .05 plxl IEEE stdsfy
3,06kl L g ¢ paeiio L dgnlge Jlado iSlus 1 003,8 jaseie 1iily dpalge (mablite (sloline b a8 Jis (slaog )5 3,8 Lasuie (5 pSojlul
23,5 dunlis ISIRI ADSY g )5S

A5 6 Soslasl (VY UT) £Y KV 50 sla Jo g (WIS UT) Loyl 55 & jolome 15 iy dy (omablize jls J&s polie JBlus 5 yiSTas (AL
Cag > ol S Sy amo o (55ie il olins 35! lin 51 b Unygly5 olail alie pgbne 53 (gl 5 s ciSiles
g (WIE UT) baygil s o ol yosee 4 bayye (dad (sbaog,S 10 dpalee piSlus gy jiies e S5 5 (VOA UT) VY- Kv

1> e oS n 1,58 5l 2,000 3 o 0 plol il K00 b goie e > ool 8 ISy i i ol 36 a0t
295 VL (Jad deplge jlone 39 5l (i slag S 5l s 3 Slealye

galye oublizn )3 J&s ELF ublio olie ()l o5y taojlguds’

3

ELF .._sb - (Extremely low frequency) Aol

s = Eloel b 5l 200l el Sl tond
Ly g Y=Y e HZ ulS )5 0,58 Uy pusbliseg Sl
&S Al ploghS Vel 555 Sagse]sb
:Sile [F] 28 o IS 50 0415 sla ilS 3
Olisas b o (el 3 (cublise olise b agalse
JElte 505 31 5V 5o S5 (B 5 (oS
F Sl slaolyys [0] cul (68> syl e

26 9 eon slglsie b ublieg xSl cbag
Lopm xe slgn [N Sed 00 sanaib Loy
s a8 g o Gl zlg ol 5l 4wy ) a4y
o ol s VeVl S (5l L ol i
09 oy e sk Jl o M Gl s
$5-8 S e diz i S ol saaY
S Db Sl slecdl g plus! p il S
&5y ool (b litog xSl sl lase glgil
ELF) o5 calidim ool 2 b slaglie iS58

ol el eyl S pole olStily Cudligs 0aSLElS ¢ gldd > uiligy wiae 1) Lol S -
mmonazzam@hotmail.com .l s o)lpes (Kb pole olKuisly cublagy 0aSuisly sale Ciud guie ((glad > cubligy wdigo (5158 (gt odiummgi) =Y
Ol el ol (Kb pole oKl cubligg oSl ¢ g1ad o iy wdige )l (ol S ggzeisly Y

I O 8 Kb, pole oKl Cudligg o1Sls sale i gt gogisSl 1S5 ¥

Ol e oloyS cployST (Siszy pole olSuiily cublagy 0aSuiily ((glad > cublagy (pwdige Ay pwlids IS~

Ol el oyl (g pole olSuiily cublagy 0aSuiily ((glad > cublagy (pwdige Ay polids )8 -5


https://ioh.iums.ac.ir/article-1-1000-fa.html

(-
7
S 5 ol Ao \ @

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

oS VoY MG e 4 &l 5L (o520 ) aold
13 Vee iy oy Kan g lglleSle [1V] 15,8
o)l aelye Glime o JUiSl oy S5
Sian 05,5 o) oSS ol g2 s Sl
ewdigee & WT o5 pl privs sl arlye (Sloj
eSS o8 laie)8 9V UT ()l g Ol o
(e 3l (29)S Sl daalye Sl 29 o) UT
Vo UT 6)leSS g Olyasd (mwosine & UT 510
DIV s (55 5 VM UT 8> ol o)8
iz slaog S apalse dy50 10 (6350500 Slalllas
S )5 4 Jgrio L plise (pl (o35 ) &8 b
Ol o 3550 L oldlllae jii (g 2)5 3929
P Laghiae ool b wled 3590 53 Slowa 5 Sy,
g 30 L U loas slb  Jad alisee (slaog S
Elalllae ity 480 K05 &S5 Lib 09, dglge
Cunl 0d ploxil (95 )Li8 3 lacuny ;3 0 plosl
Dt 4585 15 3 sl o en 5 el b
il an S48 cl i Giliseo glmog,S
alye blise b Ll 6l paasie S lsica
o=l e pols adllae OIS pl @ da g byl
o=l g ooy I8 idey cou 1) Glual -pl oS 55l
Loyl ool g o adllas oplasd )5 b 5,5,
58 5 Uy (pnbliie L JLSy (5,5l L
G0k 5l el Cim Sl 0By 50 o5 ol
505985 ) Oliwe 2258 oy 5 plie (olulid
(b iy 4 a5 b G5 dalge (e Crionen
IS gLl shyaely el daplise (ol b
o=l LS Ml sl polatedy 1) (G ode 9 (8

Lled palyd olSy s | atws

3 P9
aaJllas ‘_')_ﬂ :Lg)_;o)‘]bl )|}_3| 5 LiRgi b
B R Y
ol oS gy SO il lasges lgisdy Can Gy
Bev A sl duej )0 Cim o5 g, 05 ploc]
ods g8l &ilis dalaie )d g ylyeS B gy yie

Do s Cge 3y g Sla S (ke
LaglSe ol 53 39290 32 Lot § Clines
Cocl a8 glassan S o Mg (g8 sla e
5 =SS b lize (glo e b (LS agalge
(L as U [F] e o (558 (cumblizeg xSl
soabline b oline b dgalye 3 (oMo sl SIS
Olallas el (/5 Hz) @ jud gla (uils 3 L
2 S SI gla e b agalge 3 1y (1l o8
Sl G 315 (0] dmd o LS & )a8 uilS 3
500 9 Loy o3y by bad I (50 (ublise
3y9- jo 0355 Lol b (o Sl Cljees
Olalllas gulss g 039 liia il 5 i 9 Eoy
Syl i) 00305 Syl 5 AL
D] el 0155 slapasdl)l o e cpl e
L onblise baylise 23l Jloisl (698 it
JSi g3 aamliio Ly L)l 3 o8 coliis oulS )3
2 093 oy 2,03 3929 (Sl Cumen p3 by
oYL, b la JelS by 5 358
oy 3550 5> i JMall e il (V] Jelis
Seo? loscdn |y awblie sla e (IARC')
ool sl 03,8 g bdud €Al 1l s Cowl
ooll 2 (B) publise (live sl TARC (sunailo
ol G365 55 Lcowsgd 3590 5 odel Cuwd 4 Slse
Al
b (S35 5 g QS > Sl g Je
A ly e Hlade VY 5 ¥er Kv (48 ,Lié slacun
LagpuSojlil cplain S il55 VE o Ve UT sy
slabols (:0ke 5 (o) gaw 1 s yie <10 gl
s gry 5l cbles o can [A] A pbol e VY
Coan YV 5053 sl oySojlul ) polie guls
dm hlen o SL5 [V ]0,8 515 (68 5Lis 5
JLid Gy ey  ELF claglie (5550510l 5l
5 yio dlols )3 ) Juie Slis s 0 g58
21 e JBlas 50+ /FY MG ljmpe 4y oy

! International Agency for Research on Cancer

\Ya¥ )}iﬁijéb‘,ﬁ Foyled Y oy (gl | aslabe 95



https://ioh.iums.ac.ir/article-1-1000-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

e Sy oy G LS, aplye 5 Jame L)

o Sl dbgsre g b ysili olasls g oyl ) JS5

RAWIPVCIC NS (NS

Slea 33 9-V0 celw o La g, Sojlul solod
2 plodl o, 5 (Sl asd VY sl b Blo
) d)_;o)'b._il By IS oK) VY Egone
ol o3y Lis V JSh o g oK) I (sldiged
Lol

2 LS dgalye (uyy yslaiods 1638 dpalge
slapline L agalse )3 45 olS gy (LS,
WD (LAl i £95 sy gy cuuablize
stwogyS 5l g B YV (om0 )3 (LS JS ol
S Glalazme G 35 pasuie (Jid cilize
() Jgz) 28 e Wl 205 (sl Jore

oS8 L bl e (g Sojlasl I g
ISIRI-) (5525 5,0kl b polis ol oS calid e
o=l OLSHE apalas lime Uy )S auslas (AQSY
shainds 95 (guw)y (publite (slolise L dcgacne
031l SPSS Y-l blp 5 5l lnodls plas (g Lol U

laaisly

d)—:§°}‘-)~—3l )l J_.ol> C‘"L‘“" :é.gl_fuo U"’L“" » @L.,
o 03yl ¥ Jgdo ) mlie &gl (qublise lige
0l (5 S0l glaolSius! slass Jodn cpl yd .l
Blyo0l (1 Silie (piomen 059,05 wlie Sjglne )
5 ool 3 JS plin i 5 51
) 0445 T &

2 013 Sl ot L J2 500
S (WIF UT) adlee G 55 sloysilyis ©slne

Cyad 4y gylsu asly aw s o8y oyl .l
5 35 Chgw b &S Cunl GlglSe AY/D plaS" ya ol
oMo S ojlail jolateay S (o LS il
TES-\ya¥ A dw Lg)ﬁfo)'b.}l olKewd )‘ u.w.bt;u:
o gl yedlS 2l S e le 13 8 oolizl
55 Glojle S8 L ol (g pSojluil I bl
V gy IS s s L Doaos j5i8 e
30kl ol s ise (6 yaS03s] 0 0,lS
(e (6,503l cgs IEEE std £¥F-)aa¥
So byl b ol gy s 3 b g ol
A S) 5500 AT g AL ASS e pdaw (g yke
15 e 951l esblite (lige (5505010l plSn
mablize ol e 03 S0 cowd ) oKwd
5 sbline Gl (Sat ] cas (ludl 4 Ciuns
D] 595 05 o] Hlie 5 430

Sl gliinds s bl 5 IS L)
Ol 2 P My lie & ol gy aw plod (Sl
oS a] 5 (0 0l s 5 ool el 13
Oromen g @l ©jglone 53 &S D9, Copelnd S
o yslome 3 i asude Lbls b Gl dbge
2 emablize sl e @y Olypuss s 4 mlio
A 53 s ol sluai o5 gla e
lmolSinl 39y 5V (6pSosll s b w48
9 Loygil s Slybl by st 9 jglone )3 (555 05l
9 7Y KV Cony (o] YY) Y/ 95V Kv sl Jiws
VY KV ke g Cany (o] F2) ] S i
¥0) U8 G loidlo (ol VA V0 o 4)
¥0)5Y Kv 5,0 balas Gly bl g 5 (oS

Y4y )ﬁ,@.@)}l}f Al a)l.a.i NY 093 U/{//K_"/‘IP A.AL'.ALA}J



https://ioh.iums.ac.ir/article-1-1000-fa.html

N
e ) gL sl \k@

smablize e b agalse 3 Jad (slaog)S (o )l5 doliys 9 005 Joro i sy dtwd =V Jgi>

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

W silej asliy 20,5 gl Jore OUSH slaws
S el VY Y KV byl 45 Y ol oy Ll S
SawgsS jd celo VY YKV bglat o3 \ SgS J3h o le S
s 361 )3 el VY By jldo sl 9 £Y KV bl o35 \ Madod i H55l ]
a5 e > el 4 Y KV bgls S35 ¥ g 455 )58 oloss
S g
S g sl pcelo A VYKV Gy ¢ £V KV byt o5 Y o
G5 1ié ol cesls
Y g Slaoli 3 el ¥ YV KV g S oy 9 57 KV bohs o535 ¥ Slanpunls
colasls » celu
e s ol V ol
S
Y G lod o Y KV caw plosdlo \ VYo KV caws closs
Canny Glaidlo sl VY Y YV KV Gy « #Y KV bt 35 Y YYe KV caws 50y Jyus” bl
Yy Kv
okl celw VY gl Sooj Y Y KV gyl
b ysil35
S 36l el 1Y Sre: ¥ (55550 JS 31 5
SFEr
Canny Gloit b sl & SY oYY KV sy ¥ KV cay Glezslo) 4o 0500 oy oy
G el V¢ VY- KV (vy-
Sl celw Ve £Y Ky
St 13
S bl celo 0 b )ilp5 Seap 8 (g3l 35 lezsls) 5155 00

oleidle celu ¥ (535 0
Olle celo V daygil 55

S 15

2 o ol
L Laysilys pleislos o ogMe SY KV Gy bk
Yo Kv Jae o) lze WS YV 4 £V KV cay
Oe (g5 03l 5l ols s 1 Jase ol
o1 035 F gt )3 golio Colybol abogne  suurbolino
045 d)ﬁfo)'bdl ol sluxs Jo> uﬂ‘ 2 Col

oS g Sl (Sl ol Mg (Lol dbais
(V¥ UT) #YKV 5y bolas 4y bg sy o)l5se
el Jods 4 L6 ool jo JBls jlade il e
Ohse b IS5 e Sl 43,51 2l e bl
VY KV Gy jl iy (VE/FY UT) SY KV Cany o
ol (6 pSo3lul s J&s 1 She Lol cunl (£/F UT)
(YIAUT)YY Kv o (F/0 UT) Y Kv cwy 93
Slie jlade STas )b o M SKuSG L
0903] il o )il 55 el bgye (V+/Y0 UT)
s s 45 ol Lt 48,bSy ANOVA (¢ b
(p <+/++V) & blxe d)Loi Colay o8 gy 4o caliseo

\Ya¥ )}iﬁijéb‘,ﬁ Foyled Y oy (gl | aslabe 95



https://ioh.iums.ac.ir/article-1-1000-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

bl g0

S dulio jolatods e § wlie ol dumlie
el Blyblabsxe g &jglxe )3 (ousblize ;L3
(P- gl ol gl o oslisl (295 (90
Cusl odel & Jgi> > Value)

O 45D LS b Sile (59d019 dunlie S
2 03b Sl (blise LS (Js (1:ke
BMA! 5)lge plod )d (ailio yglome g Blybol dbbgors
2505 3939 (gylel loline

L el oy ] ol ol 155 4
Sy Sl (Sl 9 Jad y 53 pd5 ol

e Sy oy G LS, aplye 5 Jame L)

T Cromad pb (cnbline )L S ol folu
ol 0as
Slbl abgs )5 awblize jlb J&s jlade 8l
392 Jos & 5ol ) aslecge (411 UT) Loyl
aso oyl 3l oas a s S o3l oSl 5L 5 alold
dbgro ) aubliae )l JBs jlude Sl asb o
aS a5l o (VYY UT) Jyus 56 s le Slbl
YKV 5,0 sla LIS o5 Jds 4 jlade ol
o il o leid b dbgore )0 Hlai 350 oSy
bybas 2)50 )3 52 (5Kbe jlade & a3 0 U5
VT i o859y slalase )S05 40 (+/20 UT)

(UT) o8y ciliseo mlio @ pglomo 5 e CBlmol 5 (:Silio eyiSTis ¢ JBlios colSiung] i —Y Jgan

o L8yl UT ke RS Jolas ol dlaws
-Jo5 VY Y/YY VY A FY KV (55 bokas
vIf VYo Wir /20 A byl 5 Lol
v/5 /0 VY v/$Y \E g kS FY Cany
VY /¥y sy v/os o g oS V¥ e
YIY /A /¥y v/o ! g kS VY sy
¥y ¥/ v/a5 VISA W JyS b lessl
(P-Value) glo 25,5 o awlio =¥ Joux
oy Jde YKV can gl 55 oleis b YKV Gy bolas
Yy Kv yY-Kv
3 3 . 3 . 3 3 , 3
EON U A T A T U A T A SR A S A
5, 5 ¢ » 2 2 B & & z 3 2 2 2z 9=
4 0w £ W ¥ 0% E § K 0w g p x5 7
) - ) - -
-y o0 /a8 A\ /a8 /-4 [+eN> [+eN> ofee ofeeN> ALV [+¥0 «Ivo RN ofeeN> p-value
(HT) o055 grbio bl dbogme 13 Juno SBl,oxl 5 555k ytSlas o Jihis lSzun] dass =¥ g
e Bl oSSk Sl Jils oK) dlas
<Y - IFY oAvs v 0 Y KV (51 bolas abgoee
.o -Ja5 YTy o[+¥) g Y KV gy dbgoes
.I50 VY Yy ofova 1\ Ve KV e dbgoe
< 10A V/DA YI¥Y <Iyy \§ Y KV oy dbgre
<IA A \ii4 RAYA vy )5l 55 ledlo abges
.I¥o <IAY VIFY <Iyy vy J5S 3l el abgsme

Y4y )ﬁ,@.@)}l}f Al a)l.a.i NY 093 U/{//b’_"/‘jy A.AL'.ALA}:



https://ioh.iums.ac.ir/article-1-1000-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

(P-Value) Ll Gl bl dbgme 5 glio duwslio =0 Jgi>

F R S I S T O 3 S |
% 33 3 S S 3 g 3
73 X ER P 304
- BN 3 : 2N -3 . —1
3 3 N - kYl EN 3 2 . -9
R ~ _% - % 3 ) % BN -9
5 2 |2 2|43 [ ] I
R 3, BN > ~ = x S <z < S
5oy 3 ® | T E g | < o
R $ 4 £ X » X
[+a\> [+ [++¥ -3 [+oN> [+o\> P-Value
(HT) ol gy ciliseo Jelin dazlye JBli> g b (uS0lio el slasi 5 Joi>
% S - - .
S S S R N S S
:\' i~ 2 > 3 ';’}\\ - ] i ™ 2 s} 5
N e . % 3 . : 2 i)
= n 3 K \'3\ 3 : 3 —PL 5 : 4 2
3 48 3 = 3 > 2 > J iy
3 fs) 3, ~ x, ~ S kS % %
&) I - r N B
b ¥ ¥ s Y ) Y Y ¥ ) ) Y Sl
\7n% Y/YA YIVE A VA VY o[+\Y -IYY /¥ NAvd <[5 \IYY aplge ke
|
VYA /Yy vy VY ofexY - I¥Y YRRV A -I¥Y -[¥5 -IY5 AN aplee JBls
\7id VF/¥Y /O Y/ v/a5 Y/04 YRRV o[-y -[0¥ -[¥5 Vi d Vi d apalge Sl
(P-Value) _Jas (claog)S ;505 b bnygil 35 cleisbo hls 0,80 dalge duslio =Y Jous
bygil5 pleidbe 1y oy
5 = 3
O O uo ; %
A § } } )3 RN SN N §’ M &)
feaed T 37 oa 3Py o33 %
% — > > 3] § : 1 - 3 )
g \'i ~ > > : : 4 K
< - X r > %
[ood> oA /ND ofeN> ofeN> ofenY o[ fen) Y deN> ey P-Value

UT) Sluli jise USH a0 bgyyo dpaloe J8lis ond ool lis & Jodo 3 4las 3y90 Jélie 1 dpalge
Oy 000 & baie dpalas iSlis as (ST .54 (+/VA o]
ke Jg g (WIFUT) baygil 55 o 3 st 158 Laygilif ploid b )3 (LS slaws (i

o=l 5 (YIVE UT) 655 o U8 U1 9ilnl deplse sy yte «s35 50 Uy LT slaygil ol i)l
ANOVA (6Ll aa5l 39 s (VY UT) 05,8 s 13 5T KV Gy cslnygil gl 9 Wnygilig ozl
b lisee slaog S apalye dulio (gl 4b Sy A bgye dnlye jiSlas g Hiis Lo jgilyj
alse dulio 0 Jod (£ 90 Jodo) 1d 03 ) 4 5 (I UT) Lo ygil 35 (s ) jais oyl 0 0

\Ya¥ )}:__,gjﬂjé‘:]a AN eJ\A..i NY 09> U){//K._“/’ly aslale EE]



https://ioh.iums.ac.ir/article-1-1000-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

e Sy oy G LS, aplye 5 Jame L)

(P-Value) is claog,S 505 b 655 0 528 351 slo il dgalse dulio —A Join

S50 JS Gl gyl

(KV Yy w) )b); 05
oleidlo oy 00
b )5il,53
YKV sy ol
Yy KV caw ol

Kby s 593l
ol 0 bl

SeossS J3b oS

JNE e ¥ VA efeey> R

P-Value

i § 105 05 Eliit pilS 3 L punblito
Lalie ol b agalee bld 5l o ol a8 aiS 0
IS 0 plio 3l awwd cpl slold .cwl cuonl 3l
e ilisin Ui b, i Slaslye ial
Sl Jols @l [o] o)l ol id (5,15 alold
Jb JUSs uSilas 45 Ao LS Y Jpis
4 S (VYO UT) bnjgil 55 o pglome 53 (gueoline
oS St 92,0 oolay SIS e S0
e o 2l o J, 55 5 4 galye Lo
039 (Y/A0 UT) bayoil 35 laidlus 50 odid (g S0l
o1 iy S0l pudolita b JSs Sk 5] 45
Sledlu o (YIYY UT) 5Y KV 5,0 bghs & yglxe
lee 4y S35 gyl (VAP UT) Jp8 GUI
Y KV G y3 00 (6 u503l0] cublize [l J&s
Kv ¢y o (F/¥Y UT) YY-Kv Joo (¥/0 UT)
aS Cowl oyl ol ool s g sl (F/A UT) Y-
S9y A B g (Lol adlsy Loyl
ol adaii g 25yl 1) = (S0l gl @ (SlSe
At Cilisee glalyeel b by 255
KV Gy 5 e )l JIE s 551 a2 5]
(FI¥ UT) VY KV cu | i (VF/¥Y UT) 5Y
93y oad (5503l Ls B 1Sl Lol
L (F/AUT) Y+ Kv o (F/0 UT) £Y Kv ey
SUb adllas 15 55 ol ine M) 008,
KV 698 ,La8 5 slacuny 3 & )Sen 5 Ll
Oldee ol Hlade jiSlas (8 )3 plosl Fev g FYNY
Y oher SYKV Cuy 50 (PO /0 MG) —ublise

SlogyS 3 Ly byl if el oyl ooy
dunlio £ Jodo pitren nd o (L o8 gy i
P bl 55, Sy BUl Glaglnl el
O dslio il e o Ll Jad slaog S
Sele)) )hline Solds (o yme )3 Jeldo (29)S
0yt dblge ( Jxd slaog,S oo b i ]y (p
F2 )8 4 Jorde gl i) el )3 a8 Sy
5 635 r I8 U slo)gilnl L aslie )
oS o LAY Kv cuny 8 5U1 slay gl ]
dy90 3 yol ol (B Jgu) 3 jlolize cigles Jais
Ol el Blo g 5550 S8 BB sloygil ]
L 3L o=l slaygslyl apgalge jlade 4 S Lixe
Jrs8 BB sloygilyl g Waygil 55 leislo ()l oy
00 b (Hg acils (g)blize OS] £V KV cuny

(£ Jgss) o)l jlolize BMB) Jeliin

(325 Aol 9 Sy
ol 58 Ly mblise jL JLSe adlis ol 5o
9323,5 oLl oS, SO bae 3 o5 coled o
4SS Jais bt (glaog,S 3 agslse e ied
o5 Clid o B b bl (s (e
L5 o e bl 335 o g o olisl 1 eitaen
gldy g9 Db dwlio b d)lailiwl dgus L
W I 5:Ske le 55 (P<+/++V) ()lol jblize
&=y 5> AU Dy g onmd i b amblize
O‘*—f O_}.‘ ol ol._f”.,; 5 Ls-““‘]"L-‘“’ )L.JB L5.]1_<>
s JLSs i polie wlie (B oS Cunline

Y4y )ﬁ,@.@)}l}f Al a)l.a.i NY 093 U/{/;K_"/‘IP A.AL'.ALA}J



https://ioh.iums.ac.ir/article-1-1000-fa.html

(-
7
S 5 ol Ao \ @

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

adllas ol p (oanl onl yidn bglas 5 )3 ol
2 Hls IS o yde ediad lis &S cwl ol
b oo
B ezl o Sl )l JIS Sile
sy addllas b 5158 YIYY UT o8 g,0 o JyS
by L lyed 4 YW KV 5 sl j 5,8
OS5l g ctm (S5 slacny loj U1 o &S
0 3 \VF SR i & uiolita 5 JS5 (il
2 sy=Soilal il Job mwls V] cwl mG
Poad il S el b olSg,w s 56 ol b
S5 el ool s s sl (S wldllas
Sl Ao 5 S BBl & 5 ol Lok
Do J S 501 leslu 53 oad (6 yS05ll slayliue
(F Jais) e (sLas y ol Juols gl
9 YV Kv Jawo abgme o jn a8 a2 o oyl
sl 5 Al bl bz )3 IV KV Gy dbgoes
N azShcwl gos VUT jl (1:Ske lade
(+/2% UT) cIgolS #Y Cann dbgome Jolis b lae
aslde ol (+/A BT) byl 35 plaidles dbgoce
@ xS0l oS! (o5 .l K05 ) pT
Sl y 15 3550 Jao 5 Cuny 3 Glise (ol @lie
O 55 FY KV iy 0 000s Lo Sl ol 58]
s IS Sl gl s & Ul it sgmg clls
) 358 IS ame (5:50ks any () 3 punbolic
Sy alold e ay .l ()35 9 Liomuw Y pT
Lo ygilyj pleidlo abgoe 53 (S 0jlul (slaolKin|
3 a8 0 55l ol (Sl ol ol
P el e Jelin | Sogn 3 (7 Joi2)
2 s dapalge (g59-88 3 luliwl j shs el
Oldllas .Cowl 03905 5YL (+/0 mT) 5y 0+ (Wils' 3
pis oL (o o5 43S plonil 55 (olie
agalee ySlas [VFVF &)l jloxe dg0s I jolow
4o byye Jeliio (i 53 (snbline L3 JBo L
(VY RT) Laygil 55 lesdlo ) s (150 0
(VIYV UT) (Jad 09,5 cnl 1> axalse (Ko Lol 029,

ol mlio 5 gyte ¥ dloold jd jlude opl il 3158
OHLSed 93,8 oy b [V ] ad g pSojlil
i S B b ol o e sSiLe
S5 oI VYKV (658 L3 slacewy |y oS5
WA 68 ¢ g sl lige ol sy S
FAMYMG YN MG by & Cim g oyboylod
a4 (Son &S [VF] ud 5,55 ¥F/A mG 5 0A¥mG
VYKV o j0 00 (o503l jlade 1L
25 dlio asl o K55 (FIEY UT) o5,
Lt 012 plosl lallas 555 b adllas ) Jols
G=Soilasl e Sl | ol zls a5 amd o
2 4zl Ly oS, (1Y UT) Jase pglome 53 00
D) Slgdeb sl 0l (5,155 59l addllas

kV) (63959 Coow 33 9 (yjgl adlllan > 3lide ()l
sy 4o YA KV Jae (Y2 KV) (295 5 (VoF
P &S WS Ml [F] s 5)l55 5 uT g 0/o uT
5 e g9 e 3 3929 04 (5 S5l jolde
il Jae 4 (395 3ol 09 FssB b 4
45 4l o L (V Jgi2) @lie (2955 (o duglie
Yo KV s Y Kv oo &Y KV cony
D)8 3935 (p=+ 1AQ) (o lol Holine WS 4345 s
Lol loline M gl plas b o ygili5 ezl
V¥ Kv gy LAY KV 5 bols uiomen )b
ANl (p=+ /W) FY KV cuy 4 (p=+ /+YD)
g bobs 5yl 45 5L yol cpl s 0yl (gylel jolixe
ol 48 g g puSo il a5 bl el pioren
enboliie L3 JUSe Slee Jahe 15 el
Ve KV Gy 5l 5omb spSojlul plin 4 bolas
2 S Coglgl onas ylis a5 ail Y Kv sy g
) ool 1 IS5 polio (gl 5l o Lay
[)—.’.l .J)_{ ‘_g)_;o)’l.ﬁl Gz bld )0 9 Cawy S5y
U syio ) gyl ;3 90 KV oy dbgzs o pdlie
Ve g YA KV (698 )Lid 50 bl j g VO T
audng L [F]ad 0I5 YV oYY UT sy &
IS 01l oy Sojlul ppolie gl aslllas o oS3y
S50l polae 1VA KV Cuny pd (cublize jLis

\Ya¥ )}iﬁijéb‘,ﬁ Foyled Y oy (gl | aslabe 95



https://ioh.iums.ac.ir/article-1-1000-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

e Sy oy G LS, aplye 5 Jame L)

Biological Exposure Indices: American Conference
of Governmental Industrial Hygienists; 2010.

4. Nasiri P. Extremely Low Frequency Fields.
Scientific Journal of School of Public Health and
Institute of Public Health Research.1993; 5-47
[persian]

5. World Health Organization. Extremely Low
Frequency Fields. 2007. 21-60 p.

6. Ozen S. Evaluation and measurement of
magnetic field exposure at a typical high-voltage
substation and its power lines. Radiation Protection
Dosimetry. 2008;128(2):198-205.

7. Olden K. Niehs Report on Health Effects from
Exposure to Power-Line Frequency Electric and
Magnetic Fields: Diane Publishing Company; 1999.

8. TARC Working Group on the Evaluation of
Carcinogenic Risks to Humans. Non-ionizing
radiation: Static and extremely low-frequency
(ELF) electric and magnetic fields: IARC Press;
2002.

9. Renew DC, male JC, Maddock BJ. Power
frequency magnetic fields: measurement and
exposure  assessment. CIGRE  (International
Conference on Large High Voltage Electric
Systems). Paris, CIGRE, 1990.

10. Maslanyj MP. Power-frequency
electromagnetic fields associated with local area
electricity substations. Chilton, Didcot, National
Radiological Protection Board, 1996 NRPB-M(751)

11. Ghorbani F, et al. Evaluation of the
Extremely Low Frequency magnetic Fields in
power substations in the hamedan and their effects
on workers. Iranian Journal of Medical Physics.
2009;8(3).61-71 [Persian]

12. Sakurazawa H, Iwasaki A, Higashi T,
Nakayama T, Kusaka Y. Assessment of exposure to
magnetic fields in occupational settings. Journal of
occupational health. 2002;45(2):100-104.

13. Transmission IPES, Committee D, Board IS,
Electrical To, Engineers E. IEEE Standard
Procedures for Measurement of Power Frequency
Electric and Magnetic Fields from AC Power Lines:
IEEE Std 644-1994: The Institute; 1995.

14. Sharifi Fard M, Nasiri P, Monazzam MR.
Measurement of the magnetic fields of high-voltage
substations (230kV) in Tehran (Iran) and
comparison with the ACGIH treshold limit values.
Radiation Protection Dosimetry. 2011;145(4):42-
51.

15. Gobba F, Bargellini A, Scaringi M, Bravo G,
Borella P. Extremely Low Frequency-Magnetic
Fields (ELF-EMF) occupational exposure and
natural killer activity in peripheral blood

g2y (VIYV UT) (638 5o J S 361 slygil ol ]
S Cusbgn 09,5 93 (pl 1 YU agalge (jne S
Siis Loygli5 Jlus 13 09,5 93,2 &5 35 |
Adg

osblize )Lb (JBe Slae ioxiw ml (riozen
2 34 ol plosl Cldllas (K0 b wlie & yglxe 5o
S > aplye ety Slgden JpuS 3B 3)90
1% aaelye jlome d9a I ok ciliseo (slnog)S
wrgmad 3 39290 Olaligl d ang L (g 290
Olllas plxl &9 p8 daglie b axzlse 2lics)lon:
o dglge iomiw calio (gl Il 5l odlatal i
Sglgpetnl Olallan Sk (6 ytesjo> (slaolSiiw
oy Jie sliygd livlejl plool b g cotasil
Olyisds = USH (193 5 silinnST la il oo
~ sl 0 ol rueblite Glaige &5 (63090 51 (S
ey y 5 A (6)9,-5 (598 LS B sy
L apzlge pogad 53 0308 Slilllas plosl (yioxen
e l (Pjplael > Sl e Lo glae ]
Ak easS KoS

ST g s
Sy ()l oS gy )L 9 (ilgiuns ples |l
oo 5 SyelS Ul Gl ogaday oyt
32)S ()b gy ol el )3 1) odiy 457 (390l

2 1y )l Slew 5 S JloS

&bo
1. Maruvada PS. Characterization of power
frequency  magnetic fields in  different

environments. Power Delivery, IEEE Transactions
on. 2012;8(2): 606-589.

2. IRISI. Exposure Limits Non — Ionization
Radiation. ISIRI 8567. Tehran: Institute of
Standards and Industrial Research of Iran;
1385.[Persian]

3. Acgih. 2010 TLVs and BEIs: Based on the
Documentation of the Threshold Limit Values for
Chemical Substances and Physical Agents &

Y4y )ﬁ,@.@)}l}f Al a)l.a.i NY 093 U/{/;K_"/‘IP A.AL'.ALA}J



https://ioh.iums.ac.ir/article-1-1000-fa.html

lymphocytes. Science of The Total Environment.
2009;4(3):12-23.

16. Baghaie khah H, Zare S, Azizi J, Zare M,
Dehghan MH. Survey and determination of relation
Between magnetic field intensity with employees
health in one the country power plants. 24 th
international power system conference; Tehran;
2009.[Persian]

\Ya¥ )}iﬁijéb‘,ﬁ Foyled Y oy (gl | aslabe 95

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]


https://ioh.iums.ac.ir/article-1-1000-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-26 ]

(-

0

\A Abstract

N

Environmental evaluation and employee’s exposure of a thermal power
plant with extremely low frequency magnetic fields
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Abstract

Background and aims: Extremely low frequency magnetic field (ELF) is a Spectrum of
electromagnetic waves with the range of 30 to 300 Hz. The average magnetic field exposures in the
workplace have been found to be higher in “electrical occupations” compared to the other
occupations such as office work. The interaction between magnetic fields produced by power lines
and substations with living organisms are not fully understood and still open to many researchers.
Methods: The three axes TES-1394 was used for magnetic field measurement. Magnetic field
measurement conducted based on the IEEE std 644-1994 standard. Firstly all magnetic field sources
were detected, then the measuring stations were determined nearby and around the source. The
occupational groups with exposure to magnetic field were identified to determine the maximum
exposure level and then to compare with ISIRI 8567 national standard.

Results: The minimum and maximum measured magnetic field were in near of 63 Kv lines (1.03
uT) and generators (17.6 uT), respectively. The mean of magnetic flux density nearby the generators
building source was significantly different from the other sources. The environmental amount of
magnetic flux density in 230 Kv (1.58 uT) post was higher than the other environments. Maximum
exposure (17.6 uT) of occupational groups was related to engineer’s of generators building.
Conclusion: Our results of the magnetic flux density measurement close to sources matched with
the other relevant studies except for control room. The maximum exposure level of the occupational
groups was not higher than the occupational exposure standard value.

Keywords: Power plant, Magnetic fields, ELF, Magnetic flux density, Exposure.
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