S N e w

AR e

G148 o Cllilogy (owidieo alxo

SO L OF wlxiuo IFAS Hleg o) o les oF 090

i g J S 30 (S0 oD 4 9@ o (iR 1 3 o (S0 3 5!
o 89 39 (593 g g1 S ylg 3 0 piio 9 598 gwiw! § (59
S99

T el (S8 aed 3T (alpte oo s (55T dzme

Sy sl cblag ale (b glad o cllagy piige 09,5 byl wlid) 5 ozeails |
Sl ol (laen (S pale olKasly cciilagy oastasls o cilags pole ld o

(Sl pele Dlidn S 50 g (lad o Coblagy ele b ((slad > Cublagy g 05)F colil T
Ol oo (laan (Sog pole olSadls ciilagy astasls

(g pole Slihod 55 5 g slad o Cllagy sole b (slad o gy sige 0,8 Lol
Ol oo (laan (Ko psle olKails ciilagy asiasls

Sl (oode b (148, Cublagy (pige 09,5 Ll diged (Sb B ard b Jghumme odums g5 ¢
Ol e (lhed (Kigy pale oKl (ailagy 0aSails o iilags pale Clidzs S e 5 lad,>
fghorbani@umsha.ac.ir : ..

DOI: 10.21859/johe-04017

onS

Cople Lo 4 (59, adgi mlbio 10 bl oo Cann) lazme g bylusl Coodls (gl50,ble Julse 5l Isn  Sogll tanade
ot oz 5l pae slaoan VT (3 HLatil 5 ol lie Gy 2SI slaazedg> 5l eslitul uizen 5 an )
JrsS 5o oud Lzl (aSem (i gt plens 2SSl oy p eliiedr asdllae (nl adlie YU jleee ol
i ol g5, Ags Cenio Sy g 25U 4y 6 e slaoas,Y]

51 sy iz oan VT adgs ate 5 S Lamme 50 iis aklaie ys Loouiy¥T o515 axdllas ol yo 5 i)
o33k 5 Wb 5 Sosll g5y St Caie SO0 Ased e Sl 5l e s 3 Gla 0550 gl plene (S5
by b s pSoslal crses pi Sliboe sloyialyly el 5o 10008 (e (Sogll )L rals )0 00 L2l pics
W ,8 anlie o b polis

5005 Olnl Slid agzlse slre sgam I eS8 LTI (ks dblaie 15 (59, 5 e SdalE S (LS bl assly
(692 azlge )3 Wl pee (e S sl SLLE Ll 0oy jlre 390 5 i S jsdlge el cdald
Snt s enSoyie 1 poS skee OIOA ENVFR G YNE 2 /PY ANV £ 3 55 & ooV Wae auie g ol5,15 (gla
il 2l S ey pyS e AV E IOY 5 IYF R VO ) E LYY & olie ol ayses slyz! )

g S oy slacgsgame Gillas oo Mol (LiSom dund 43585 pimmmm 318 yLid o] s 4y gl 1 g g ATt
23l ol 435 Wlgh oo mbio iz Gl g oyl lnos VT s o ewlio 003L

VAE VA il
VWAE/- D) ) i b pdy gl

ieoals (B3ly
K (0 1305
S5l gl
ol

S9)

U]

oBails (sly i Ged> soles
el Lgazee ylden S pole

5l SI Y] Sgi0n oz Jslona T 51 518 g 2S00 31
Giall s Jsloee slas Sialdl o g 0Bl o ljle 5 25T
I ST Sldae Jsb o IY] agne Jolme ol
3 ol 2500 ol 5l 051 5 5 W 1 5 p0en
sy L bole onl Wgdoe @l s Sl man
sy slaole cus i pay o l9a 50 ol Gl
9 WS e Sl iUl o 40 g ol YU lasg 2SIl o ons
Slml cody xS maw VL 0 i) sleces o Gl
Cewgy Guyb 3l g Sl 00 j93 (S 5 oS podlgussnl 595 o0

EPRY-N
OO R 3l (e g ey gy o @l polie 5l (S0 s,
Doygoh ol 3 (s, [l] Wil Ol mleo o SIS
099, 39 51 53, Jlaziiul gl il s (59 00mST S SIS
Dgbse odliiul (s S (65,50leg 05 5 (63,5leg e
ol dielS g 4585 (55, (slae,iludS () 90 2 STyes
gty Gz oy adsl 9) 5l Glodes igu abl o
5l lge cems @ Guls iUl anl3) (s 2SIl o
5 A S Gl yz Gl oS Bl e pleed w3 293
b 58 S 5l (Jolme S gole 1090 g0 bl ol S5


http://johe.umsha.ac.ir/article-1-295-fa.html

S N e w

AR e

IYAF Sl ) oy)lods F 0,90 ¢ (glad > Clblogy W alxo

ST S I RV S R ESUUWRI Y %y byl 4 axg pac &S
30 4sd Gpins o, Sles g oisu il [i] 30,5 pians
S8 Uil o)ee e Slilllas o oo YT L agzlge ials
alse ShalS 50 43585 Slptans D] ol wi g
G50 e 295 2L b olgie |y leanVT s
wal Grizes 5 b Lyl g byl b glhe
e 5 el IS 5 Sliesd o3k o550 0 02
S il sbaiens (b 1IN 88 e gt
Al il sla b g ba)lnl (rdge 0aiSo diged pias
sty @b )l @ Olsise ool alezjl a5 conl onds
Ll s ol See -[LY ’ﬁ] 5,5 o)lal s
e e e I
L a5 wdbioe plae (8 (a8ly olulid 5 plend) (S
YT 055 o (rend (alrodls 6y5lanz 5 65Tl SoS
& 555 55y glio S s SWIGs s & w25 L DY
o0 plise 6L“’°"\-;-."y" L Ql)f)lf d..e‘.?b,a uM.blf S (oo
0SB s (Al gy So b ol adlllas
axly 5l o i LSL"""'-\"J..Y] 6)316“".’ O ol |):?1 b....&a

i w59, ods G Sy suls Sl

SLETTY)
Gl o o wile o adllas Sy e
Sy i 90 0 oud Izl (Jako 45e e (A5
ooV Jrowiw (ide o Cul oo plal 54, 0y Caio
il ped A g A Gen g wss LAl T
wsts o llinl b aslie 5 a5t piaew Slos sloyal)ly
ok |l S i da5td et 2o 53 2l
g auld o Jlasd g 0g oul g ol 2l Glacusgas
ozl 45 05 000,5 Sbml wsed pre Lk g5
S929) Oly 99 Slp 435bg0 0aiSe 098 S (Hib 4 Gl o
ool 18 5 b yasY elas | iolidl g 9o 5l esliiwl sl 4y o2
Jsloe JWsl gl ologl 51 eolatul dayy)] 55 50 0aise o900
el oares a3l QB (b dagly 09)s 4 layas¥ 21
Ol Cooms 4 00850 s JUI (2l (S8 (e 392
O yskaie 0,8 o)l g Vb Ceens 4 (AL Gl
o515 Fogll 5l (el 50 s <2 508 e (50
axly (S9y 5wy «Seppilpw sul) pasly glaoasyY]
Gl 5o ot (65 oIl s sl o g 3 g 2SI
S5 s Sotigas 50T 5 ] il o6l pigas dnllins
Uit ¥ 6yl paiges i ool NIOSH 7908 wie L IS
0oty ¥T ,Liiil o 5 oSS sogas (lyi ()5,15 i allate
Sl sla Jgmg 3151 (5 l0 piges izmon 285 90
PPI: Parallel Particle) albwg 4 SO, sdguwinl

NG

o Do 510 50 (rizmed 39800 QI (oS e
Il s ooy 3o 5 laglais (58,55 sz, pol
e Wi oo 98 )3 S yedl gl Sy 3929 (izeen
a8y 5o [F] 08 5 Cliaa 4 el 5 Il 59,55
9y Sl oS plaanl 3 (b sl 3550 59, g
Tl Sz G 9 09doe il (S8 Al e )
Egozmeyd 0=y (nl 9b oo Culaa s iSIl axls & (s 58
SINY S YIT g s s sl el oo JSCas lg Yoo 5l
d)y 52 50 ool Gly Valold gy oV as) 9o alold g e
Loiye 59) 3l Cato nl (ol it adl oo 2o 1Y
o> slagly 5l o5 wdlge Sl pSI asly een @
A slaghy; (S s S (o delate SG)sdlgmin
o5 st Sapiens 5l ooliiul exlse 18l Sy
G Slapiacs ol 5 (o (o850 (hed w50 Bl
by o3l 5l epiiie slaoan VI S cuz a5 wilo
oy o ol bt ool L8 0] wigd e eslaxa
o2 blae o a5 aiib o il> 990 S g lg2 0aies o 3L
3 5l ead e (slga 0y e S8 03l S)b g0 )3 4
) 555 050 s (0,8 45 00gai (8l mhae L S olv]
Sogll adgl S8 0,5 walgs gl 1)l 5 5 00,5 (b
0aiSe 090 ol aa by 0l o plxl cnies Co lawgs
Gl 00200 i Jansgs oads Jiie (So9ll (5 55]ae 5 bl 0
395 a5l s @ oSSl asle by, (oleanld ln V]
Slp 4,y (lr 098 9 03l 0 09050 ) (o twd (Sl
Fe MY B G55 oy slp (il 092 9 50 11 L o e
(e 4505 e 3l oolilal 4035 G i Sl el
oo 5o xSl axly 5o [ﬁ] Slge 350 5L LS Sl saSe
ool J1E Gl o lg oy oS alold Lo 4 5 asllas 5,90
SOl 092y (o058 Djgo 4 GESe (S Loy Job yo aoge
laasls o Jlasl Jds @ bagly (plmle (6l Gizren
Jsb o9yt s 4 mizmen 5 S (et 4 1390 (See
D e I IR A R N
Gl )0 880 - s slaaibeles gy 0uls eolaul Lol
Sloo Gl G s Jols g (b cans Jds 4 5)lse
Sl e 51 i fhe oS Slon e 5 LS 350
B b lga wll 5ol oS (slen analie jo o
D9 BISE bl o ol oaed sl Gl 19 05,5 oy
Slgn 5 03,5 Joo 0diSe e o S0ty Laid oSt
5 00ied s I3l (6,5 1,8 cuile vales (6,50 ool jied
30 el slacusgame icwlio oS )5 0uiSs slass
OB sl st piass Cea e pas st pius 512
Sk oo (S (nd 985 i LTS guze S0 Sl g


http://johe.umsha.ac.ir/article-1-295-fa.html

S N e w

AR e

OlHSen g 551

sy Plas s jasein glo oo glils (wloads )b
ML}SA o.)..u‘)ﬂ ‘sui> 9 JJLM: ‘&) 4 wb )""’ JLlS )é ‘len.u‘
5looliiwl b ol oo S8 ayge5 slas lasliwl o o1 Jlade 4
00,5 dbre | alal) Goyb Sl ce e L3S (iren
VP = v 2
= Goos
S w5 5 lad g Saliul lad e ps jLaS oy ala

SBbs 2
TP =SP + VP
w505 aieS (VS-72-01) o lailenl YA islpg @ azg5 L

O S gy 2 St D0 a2l e g 3le (51 (250
Couw Dlaseion lail [0 0ol |2l g ool ()b 43945 pinn
Sl Jore 0sies slo J5b g ouiSe 90 S e (5,58
S8 o 990 g U Jlas! waies gl 5L 5 beoga
(2 )l ol Slles el o pToilul b e 285
50M ‘J""WL}»‘ L_sLthJlS)é 5;.,&)“)1.».«3 Sy
b polie g ACGIH (solprion polie b oyl anslie
L85 B s 0y50 0dl 1zl aised s Bl oas
5 odied piuew gl JUS Slal asle ¥ o sy pw
S99 UL’)} Gi:.a...;l U")“"S ul.i.o‘ a> G as ‘Slal.n.a 0o
gz (g Sbleidl ( ly g0,9 51 590 Jolsd o) cils
RS ) 0l 6r§o)|m| Lgl.boli..m.:l A o] 6)4.?0)‘JJ|
W)‘kslfdm)_uv )ijq)b@a‘owuami9l
g i (28 Gliae s 50 sl 0al 00 ,9] (i Sem dued
SB35 1,8 Liomiw 3550 00w ladilas g oge des iSk
oo sgmamg g Sie oliws g gty dlg) Lawgs LS (ol s
Ssbewl JLad 5 ceyw Lzs AIRFLOW MEDM 500
Slade Slo o« Ssliwl [lad g U5 ,Las B al (5 1505l
9 S Ml.‘?bc Ll Mbso 6]5")“'\" alags 9O S )Lwﬁ
W05 i 90 (JUB alate maw colue polie oiils
Jolsd o l9a (1S 5 (Aed Sy adlllas (pl )3 (izeen
Sl gl Lawgi saiSe 390 g oaies J3U ailas 5l alisee
5o oaies sl il (59,09, 10 S (D g pSepla]
WS 65 ek g S ojll e S alals (o
odied o 5L 5l e ¥ g VIO N o[ Juolsd jo pizen
Gl b ales 5l e ¥ ogas 5l ol (6 uSoslail & yen oy
0055 @o)la 50 0aied pugw 25Ul (5 T oslasl S
e Oy90 oo VT WSl g el 0 40 00iKe pim g e

SN

20 ;0 SKC 5,8 3lu YOO-YASY o,leis L (IMpactors
dgod Vo oloay JS j0 0l plil agds 2 Y ool
g Sl asly baza (55 oS dilaie 51 S gl gusi]
alolddl (5 lo paigas pladl 51y 0l 48,5 ool a4
s ool il g, illas baigas 540UT 5 gjlo oolo]
olwss b dadiges gl Suiwl g (g3lwoslal 5l s aaiges 5 JGT
oS s esle 1260 Infinity  Joo 8155k ,S e
L 3 Hamilton s 5 el PRP-X100 oo Agilent
56T Adept <55 el CEATI0 Juo las 5550
@ 58 Sy 9w oYl adlllas cnl 3 285 Ojs0
)5 éigas NIOSH 7030 5 NIOSH 7105 wie L o 5
5w S SLd Sl paised sl b LT gl
g &b odlitul jalsa g g ,Sue TN (ilghu il LS 5 (s,
L jse sl s, glaal BB D3 Sl gl paises )
Slyd 51 4lo pdigad ooy (20 0l pladil (g J0 paigad (el
dossl 5l slopaiges wilea 55 69, 5 wre N
Qo pleas Oed g dses b Sl 90 50 S sl
S T aises e Sl sl a3 e ol sl glae
9 00,5 il ai s p XY aged bl gl g aids
aids p VSl 20 b opelSen b glopdiges o
e Glopdiga Gl Gue 8 S alml (g)ls pdiges
g o dwbre 4830 VO+ caVl aie ¢ aowe sladiges
Dype S pdigel Suind S (603 sladised A Cux
20 0,5 angd gl Y olawi (69, 9 oy 00V (gl 288
ged Sl (s gh il (sla il 5l S o gl Pl al> e
0395 by 9 glAel S sl b gl in g, 4
(S, baiges Ul cpo ol salu, pox 4 65 e YO
axds 59, p o5 Ldz o&Kiws NIOSH 7030 ue 3illae
5 el G 3 bl sladiges e 23,5 elas
oyl 55 shol Sladisnd 43y s gl S Simie
ol ey ladigas ST (gl s (ynd S o il
a5 0055 (g5 2 (eadl i oS NIOSH 7105 ue
e ey g 08 o lbiul )5 b e 0
Sy sladiges cile 5 5,5 ol sladiges (gl ]S
Q945 i O Slos dalllas ol day al> o j0 008 s
945 i Slawlone Sz 28,5 51,8 L5510 550 00l | 2]
Koyl (o dipd el awgs o5 Copu L2 g,
adS (igy cnl 50 00,5 solatul wnl suls 8,20 ACGIH
sy i Spaliys (glacil 5 STk 5l 56 slacdl

Dol as 8 (Byme pias cioy L 5l
IS sk 4 3)ls 292 (e (slaty) (@ abre sl
e Sldas gl b 5 a5 Lleoga) o bl (slasss

OA


http://johe.umsha.ac.ir/article-1-295-fa.html

WA Hla o) o lod oF 0,93 ¢ (5148 o caiblgy omsckigpo dloo

Pl

o0ded 49.5'?9 f""““‘““" L ‘5>|JJo L_gl.b)...a‘)l; 6)‘.‘:")"”““‘ ‘_;l.a:alil‘..g" R )45.«0.‘

. oy oy MR il s
u_ia)}&l}w.\ﬁwJ &H‘)y u.:bbs(vm )69) dw‘ JJL‘B

. T
O Sl s o VT o gl adls (Y %( )

FB) 9y 5 () cpw cdale ol lis a8 e
+ e s e AY “.“'3"")"“"u|)§)l5 85 aalas N (‘.5 oo

04

ogly g o |2l (ciSlom cdind 905 pamns 51 (S (Slod ¥ 1 quad

LYV
9 (S9) Py o..\...»')ﬂ A g;.gw 4.&}‘9.9 )L?LA 05»
Slng Ol Jad dazlse jle sga> sllae S sal gl
SIS 10 T2 g kS S5 (6 VWD Lo o


http://johe.umsha.ac.ir/article-1-295-fa.html

S N e w

AR e

OlHSen g 551

Sl ols GLis |y /2 g [ Shrad ey i
O Sl ol Cawd 4 polie oo i g op eSOl LS
oVl sy e )3 5 IS S i 3 i 4
ol o caSayie S den o] YF g ol N7 polio
G eSoyie oS ke VPN 5010 g5y 00Vl gl polie
Gy 359 S0 98 gudn] 00V Y ioviw gl el Cews
Oledily gemma s el 0al B1I Y BV Jglox o cudp
P S (e gl e bawgs oan VI ()5l
VE ame gladiges sl ks VF/S 15 AD/E w5 ailaio
[+ 0) 39 00,0 AY B FF/F 00u¥T g (slp 5 00,0 AY/E
o 6 5lgnz 53 00l 12l 4508 s 003l (Sl (P <
61 paiged Sl das 50 (S5 j5a gl 5 (59 e 001 Y]
Fsfoptiges g (anmme )10 paiges IS (ouitS dilate 5|

Lol ool G T pgai )0 oVl e

Some S50 5| e oS Wbl e TE YAV E <Y 5[4 XSV
Sergilge Sl Sy Bl g 009 ol) (Jid aglse
eSile 051 jlome g | iy 4 el Gy TRV V 2 4/
ol 53 gd i Ga 9 98 b oVl cdale il

el 00 @I ¥ B Y o les
S5ls,S g olfiwd b oSy sl gl gladiges clale
s RE = /A8 Lo s 5 (ygrmsl S gimie sl
Sl g ol plas S ypilganenl (spSosll @bls s S
S i il ;o JS oo VT il 4505 s (590
e s VPP L SIVD ame slodigas sl FIFY B VIV o
e cuxSoyie o5 o YUYE B VEVY 0u¥T oo
10 L YN lags, o cud i a polas playges bl jo
e g3 enSe e s o5 sLs OIVY B V/FF 4 V/AY L +/Y
S99 @ $3) slajliliul jlead g5 (ygenl IS

WstS e 5 Aatd b S sl sl 00t VT o il ) Jgue

mg/m?) cdaté 818 paiges Jomo
P-value 4945 b A543 (9N Wgod Slu
I E SN E oYY VAV £ -/ y (Sl y95) 55515 i diibaico
SV SO E Y /54 £ Y/5Y y (JS) 55,15 (omitii ailaio
Y -[a8 £ - [$Y AOA % Y/00 A (b
ey AGER L YY/YY £ 0/3A A 0uig¥T auo
L3 09 9 s b 59y 0¥l i s Y Joux
(mg/m?) cdate 10 ypdiges Joxo
P-value A905 b Q945 9 Higad Sluss
YA S[oYOE o[- VE JIYAY £ /Y0 s (Ll JB) 15,15 s o
NAK CPAY [ 0N £ Y 5 (JS) 55515 comitis dllaio
b o[-y £ /- FF SENDE N 5 s
[o¥D SIND £ S YIXS £ YD 4 0o ¥T auio
W55 9 5 stS b oy ouVT i gl Y Jgaer
(ug/m?3) edate 818 pdiges Jomo
P-value 4945 b W5kd 9N digos oluxi
- %5 VY E N4 YIPY £ o JAY A (JS) 55,15 comitis dilaio
ey Y- E - AAGESRILYN A o
[o\Y ISV £ -V OIY £ YN0 A 0o ¥T auio



http://johe.umsha.ac.ir/article-1-295-fa.html

=t = -

s

IYAF Sl ) oy)lods F 0,90 ¢ (glad > Clblogy W alxo

R B

S N e w

AR e

100
90 .
y
80 /
70 /
2 60 /
2 50 / .
X 40 / W o)t
30 / 4 e
0 % |
/
10 / c
. 7
NP PRI ZxS)
o..\.b"}ﬂ &P
Lbo..\.;..y.yi ‘_g)ﬂéa? » GM.SA wo LYpYy) oW ‘_g)ﬂéa.? oo)'b u.«.f.\la.a ¥ ).39@
ol L5>|)J’ ﬁ.an.o 9 oA Lg),,fe)'bﬂ ‘S;Ll.o.c ‘5Lm)2.a‘)b: @Lb ¥ Jju\-‘?
BB e can
) Sojlail polie
odds (g S 03Il yolia oad ooyl yolio 2b el
B X% fl)b ).LQLE.A
3 3 3
y b 3 3 4
: Lo 3 : L 3 . 5 3 I Xy
2 ' kS 2 ' S 2 ' 3 = &
b) & b) % ) b, 3 c
2 : A 2 : a 2 ) o 4 .
£ 4 S £ 4 S £ A = 9 K
S ~ S ~ S -~
£ £ £ b
o o o
< < <
V/eoof V[eop Ve VEeNY 1494 V/+44) T2 EV/ N 4 4 4 70 SRR VAR R N D-Easls \ ol
V/eoop /Ay ¥ VOFAN 1A V/+44) VOFVY  FAFA VA EeY D-E 5L Y ol l
TS ; iy
-/a¥ ¥ <IAA Tifay fYVY ARES Yassy YavoN  +/3A0Y Y ol K
E-FAN 3
= <INV = = Y- = = VYO _ GBI wlas f ol
BAY4 “IYO < IYY YEfs ¥f.AY VXY YYor/a Yoayv/a «IAEA D-Easls ) ol
Ve - 174 - 170 YYVY foAY \eEeY AAARTAS YYAVY < /PYVA D-E 5L Y ol L
V[eop \IY- V¥ FYOA FAFY VIFEYA fyva. INAN Y/ YOV el Y ol ¥
E-FAN ¥
3 HPHERY .
_ _ _ _ _ _ B o _ Js ¥ olsl 3
oo RSN

4



http://johe.umsha.ac.ir/article-1-295-fa.html

S N e w

AR e

OlHSen g 551

7000

6000

5000

4000

3000

(fom) cee yus

2000

1000

1 1.5 2

(50) J3b alas 5l alold

chie gl b ola U 5 La8 0905 Js @ lanazdg> o0
b bazss> 5l z)l Cuond (0 5 09 oad ooliial (395 e
05 45,5 000 5 gl s  Cuogame (ol (5 ko
odd odmes sler e miie Gy 0died s 40 g
o (b JS8 (e & g0 098 alie onies J3U sl
0355 55 5B og e esls LB lag] 59, 2 i 2ladys 5 05
S (orlio glad 9 098 (5ol Sl ol 5 5 L
(Voo A) o)) g (ol g a5 (glasdllan 15 00,5 oloxsl oS 559
szl 5l am g 8 5055 0an¥T L ol 515 aglge b abaly 5o
Sylge 5l (B, 4 Al eoly las wisls plodil dyses et
boolyon Conl o3V (il ag2lge jlne 390> & ey S
g o ;3 [VF] g alonil (aial 3 S 985 e
Sooll oaisS sloml sl iy alaz ) 5uls oS Ceand o5,
5 Sepsilguind @ lgioe os VTl aloril a8 il oo
olid aslllas cpl 5hoolel s 4y gl 0,8 o Ll K l3lé
Syl Jog sl J5 Sl o0 5 S5 Ll g ol
BIB 5yt (o) 3590 adlaio du y2 ;0 4ge5 sl 2! I )
@905 i S12 5l an 5 99 (6,945 4g2lge jlone 090>
Sy clale g il zals aoys A b AY olie oyl
e 299z 5l a8 (odis ddlaie 13 o )gdl e
G CBLE (Y oY) e 5 Cugily il 2als 55
s a5 > o) Q1S (i dllate ;5 S 58l guvin]
caSoyio p oS ke FIUT LA NY L Bl 0929 S0
aslllos ol 4y 055 s boy T adlllan gl a5 Wis,S 3155
bl Ol s aials g S5 LY [ﬂ] Sl 009 pol>
Lilyd oogs i 4 plgee pole adlas (g S0l
9 5o sl ol Jlgss 5l placend (99 5k Jie (550 peigas
5 LS 05 o )lal Gl JIs @ g5m 5l Ige by 995

onied J3U 5l alizee Juolsd [0 Ca s il ki 10y guad

fom S JUIS J30s 0 caeyus ol lis Sldee slo el )
OYYY b ¥YaY fpm _ies JUIS J3ls j0 5 FYYF B YAV
Yags-ofm Lugio job 4 aSe JUIS o0 slos ,35T90 ool
s Sle il g uSojlail FYAcfm ies JUIS o
ol b polie g Sldee sl el b oo (6,505l polie
ROV PRV G PRSI

VYO TPM 60iSe 090 dilas 10 s pw Jawgio H9b 0 (pian
sy polie A (5 pSoslail o e e fPM i oases J56 50 g
aS ol 6 Soplal (g0 ¥ NB N /O Jolgd yo sares 3L
el 00 dsl)‘ N ).:9.«4) BN u‘,u.u LJ"‘

-

S st A58 s Szl 5 (b o aslllae ol o
2P Sl e (A3l a9 997 90 slacusgaze Jo 4,
Tob S 3 g 0ud Sloml a5 plcsns (i 092 g anl8
o ool 48 bbgs 0uiSe 092l Lad 0gueS o 4 (g IS
g9l se (o |y oo (S99, Uy 99 398 (nl S5 5 o9
ool (g0l Sl b 09y 00l ol idu 90 4y did v dlisgay
Caz pezmen 005 GxSolr lyr Sasl gl g ot
o, 05 coas¥T o a4 o 0 5 SG0 3 0 boge cpl sleil>
)‘)5 L‘bui Ry e 0uiSo OS¢ g 00)5] YL& )-uc‘so.ll.u) Y. Sgi> |)
o ool Eely la i elay )l iolidl 3ok 5l ogy o sols
395 ol g 998 wiBu, gy (9,0 4 6 ta gl 5l Jole
Sylogl 5l aliue ol o gz Slo so (il 381 1y sas VT jLacl
Ogr ol solaul L“C)‘B 0950 4 Joloe JLO.@‘ d‘)‘.’ 65**“5’
DB | 655l i 3255 s S JUS 5 izpad
4 iSO Vb cows 4y aS U gl 4 S5 0
3 aS U jo 05 ouls ploul brazsg> 5l g by Coons

Y


http://johe.umsha.ac.ir/article-1-295-fa.html

S N e w

AR e

OlHSen g 551

oyl opSoilail @l ol aslllae o [V VY] wo s
sloyehl b lagl anslie 5 0ol 2] dged ptae Slilos
Onimed ABb oo polie 93 (nl m ceslie Bl Silo (AL
0595 p ewbie VLl ezl aes o lis @lbs oyl
g wulp Cwale s 4 g pleen (b 0 anlloe
b S sloa 25 4 4 b (izren 5 0¥l (Sonee
oLl ACGIH aogs 5l iy JUIS b o s 9 (20
5 955 S pSel> JUIS 3o 0 00V Ggay 5l B sl 00
ails oY 5 5lan 10 (5 pewlio ylodily 4905 pimm
b)) Goa b glasdllas (\YA0) o Ko 5 (sonden il
sl sl Sl axly G o P90 4505 i O Slos
ESHARREN O JPSN ST NIPSPNER I
oyl axlllas 5l Jol> 2l Ws )5 anlae 4505 sl laibiul 4
97 g0 Cuandy 33 (dga A9 s S pu 9 (20 O (L
Col 00,8 oy Jrals b jlade 4y Cond a0 B0 5l iy
oyl polio s ol s s ol aalllas 4o s [YY]
3925 (5l sre Gillai ouls (5, 80ll polde g oud b
4945 s >yl 0 (VWAY) ) IS ¢ 35,5 dslllas j0 .05l
Se 0 293 08 Jlopiine slayles S LS Cuz rdge
Goa¥l 565 50 e 2l 2L s3L1 oY adgs 5,0
@y [YFl T cass sy A Y 5 AYIY i e 5 59,8
*3e gl e (b o0 55 (WTAF) ())Ses
plsl odg Care S ls B waly GeanI S cur
Gy FYIFY 5 oo agzles sy AV sl a4 as
5 pol asllas yo [VO] andl cass e glaoan,Y
Sroun ¥l (5 yslaaz )0 ((AKem Shod A543 i lond
Spgd anlllas ;3 aBb oo Vb anlllas 9 4y Suo 3 arme 9 59,8
A LS oo dyged dnwgd Glaie cod (VAAD) oK 4
Dbz 55 i b B30 40 o8 wizil S b5
ool cdl cass v s A leadly 4 i e (4S9 (Sed
S end A5 s 5 o0laiil a7 Wi0ls LaS pabiore
S35 20 (297 Wy el a8 )bgd Ly 4 b s ) Can
VW oogas oo bz (09 s pols adllas o [2] 30,5 0
Ao VY 5l e ¥ osgas o (nl bl e (250 0l 2 oo
s @815y bl oo o0 s 3l 2 (s Jsbo ]
aS om0 1,8 30 Cod | (g i slad jeS o b ded
S 5 Bpan JalS el Vb (o250l odle 095
alllae 355 oo a5)bgd 5 4Ly (mdge Mg e &
(0 s (e JOla3 010 5Lz (VAAY) () Sen ¢ K ki
Soslenz ondly 555 2 oot Somm Sl (Ao s
ols Lt b yeSo3lil 58 pols aslllas ,o [3] 5 s Leoasy
el oads Zoley Jolas pl o |2 00uSs g 00ied s 5y

dilaie glea o |, S lils S cdale (V-0 0) o Ken
O o adlesls JIE sy Sj90 (55, G SIS oS
Y/OVA 9 <[+ OA Gl A (G9y 9 oy )1.9 99 clale aallas
b o Jy DA ol onss (335 caSoyio 0,5 oo
OSes 5 (QLLE adlllae ay Cod (55, 5 e Sl L0l
OLHen 5 SULIS anlllae s (og YU ol Cawd 4 S
ML S99y uab J?bﬁ 3 Lmoa.uY—l G)SO)L.\." J.».]J LY w‘yksa
l.aoo;\.b“YT L5)5—‘C“°'?' ul.m.\.al) ]ob axllas e 0wl Cawd £ @Lu
Lasio 5b 41y 00 o, 250 (00 1345 s Lo
O 5 amsly a5 glasdllas jo ols lid sy AV B £O
oo 31 00lazl aS” Aoy Ao cpl 4y Qisls plosl (Yo 0 V)
Q045 (oo Lg)jiéo.? Sleaily ols plis oyl axdllas s
FUS-SNURISUOE T IPL SRV PSR, BT IR WO G R
QAL YA lyme 4 loadly ol ad,bgo Ly a8,b S a8 >
5eeSl slagly pol adlas jo [VA] wlh e 2alS so
5 Lad Cudgaze JJs 4 Lol Wigd oo g by, (il <52
(S ciand e >y Sl oy sl Sl pac
S92 e V¥ lagly Jobo 85k 5l g cutlas 0g2g bagly (250 )
aSol Judo ol e VY 5l oo ol aS7 (60150 0 doesjo
S5l e 2815 S 3551 5,5 Lolsh 5 ol S
‘5]5 0)‘.\5 S929 ASJ.lojb 9 45;'&& GM.SA (o) )l oolarwl
ol 5o otV (g 5laez 5 gl ol (25 ed piucens
s 3 eglanlllas ;o (Y +0) o) g Y o jlo 1) Layl i
LVOC L (5,55 agzlye halS lp 280 stes ags
o ] 00l b ols lis asdllas ) b 058 )5 eolaiul
3995 525 4 ooan VT L S5 agzrlse (o280 (chad ye
(Vo V) e o YlasS anlllas gl [V ] cdly zals sl
B9y 2 iSe (ohed Aygpd e S oolaul oy las
S Glapgd wops A BT Wl oo (g Sat, bl
cble 55 ol aslls o [D] Wl ysleez 1) oy
3932 5| fiaS &y (s dilate ;0 S pilgusipnsl (gl Jusg 5]
Wy Sy pop)S e NV @ e olnl el Sl
e g YlogS anllas 1o puKiw Slls (55l aax lanil,
ol YU sl Vil a5 wil o yols aslllae j S
O s Saiee J lsn o il sl 5 (s S,

b e
s 2035 Gloie b (Voo F) (1 Ken g )ls aslllas gl
Jos sk 5o jemd (Senlpw sloyd J5S ln aiges
36K g clin (b ol lis amans lawg geolan
o bl (reizpan ailioe s 10 e bole 50 s
Sl o8 Jl et o JUS 5 5 3,8 5 Bl o

Y


http://johe.umsha.ac.ir/article-1-295-fa.html

S N e w

AR e

IYAF Sl ) oy)lods F 0,90 ¢ (glad > Clblogy W alxo

009 2l caz ouds sl sauld Dl s 4 Glev e b
Sl al b s 0 oVl Cunle 4 Axg gl e
s b sl sl b i G5 oLk
Orizrad 8,5 o)Ll easls fog iVl 5 Sllec slo el )l
3o adgl sleole jo obs)l ol a8 05 dmgi b aiSS pl @y
L)"JL 6|°)3'> S ygody b 9 Sl 00 r:bu‘ 4945 L5|).'>|
Ol o8les b3,8 50 (93 o] Slyass 5 55l0050 5 95

205 L

S5 il
pale olStils (5,5l 5 Dlariod Chglae 5| F i g aliasgnas
Glo Salem bl @ aea Jlops (dlage Dloss 5 S
15,8 5 S5 A NIV - o les oyb B o adllas )
o)l ol )5 090 asbihly 5l as)Sy allie opl anled oo
S oSl asly ojiiie lroat ¥l Jusy (g cod
S e 55 e 121 5 (L L 9, Wl Cano
ly 0 oles (Sap opeke oKl «ganl B ol g

il e glad > clags

References

1. Beckett WS, Chalupa DF, Pauly-Brown A, Speers DM,
Stewart JC, Frampton MW, et al. Comparing inhaled
ultrafine versus fine zinc oxide particles in healthy adults: a
human inhalation study. Am J Respir Crit Care Med.
2005;171(10):1129-35. DOI: 10.1164/rccm.200406-8370C
PMID: 15735058

2. Recéndiz A, Gonzélez I, Nava JL. Current efficiency studies
of the zinc electrowinning process on aluminum rotating
cylinder electrode (RCE) in sulfuric acid medium: Influence
of different additives. Electrochim Acta. 2007;52(24):6880-
7. DOI: 10.1016/j.electacta.2007.04.112

3. Khezri M, Mansoori N, Etaei F, Sedghiniya A. [Control of
acid vapors in the industry of aluminum anodizing and proper
ventilation system design]. Environ Sci Technol. 2009;11
(4):109-15.

4. El-Maksoud SA. The effect of organic compounds on the
electrochemical behaviour of steel in acidic media. A review.
Int J Electrochem Sci. 2008;3(5):528-55.

5. Marzal F, Gonzalez E, Minana A, Baeza A. Influence of push
element geometry on the capture efficiency of push-pull
ventilation systems in surface treatment tanks. Ann Occup
Hyg. 2002;46(4):383-93. PMID: 12176707

6. Marzal F, Gonzalez E, Minana A, Baeza A. Determination
and interpretation of total and transversal linear efficiencies
in push-pull ventilation systems for open surface tanks. Ann
Occup Hyg. 2002;46(7):629-35. PMID: 12270887

7. Robinson M. Recommendations for the design of push-pull
ventilation systems for open surface tanks. Ann Occup Hyg.
1996;40(6):693-704. DOI: 10.1016/s0003-4878(96)00011-7

8. Robinson M, Ingham DB. Design and operating parameters
for push-pull ventilation of open surface tanks. Int J Energy
Res. 2003;27(8):757-70. DOI: 10.1002/er.914

9. Heiselberg P, Topp C. Removal of airborne contaminants
from a surface tank by a push-pull system. Indoor Environ
Technol J. 1997;5(6):770-80.

10. Bahrami A, Ghorbani F, Mahjub H, Golbabei F, Aliabadi M.
Application of traditional cyclone with spray scrubber to
remove airborne silica particles emitted from stone-crushing
factories. Ind Health. 2009;47(4):436-42. PMID: 19672019

7Y

Ol 0ied piuacen Cowl 0l 00l HLiS ¥ paad 0 a5 ol yles
il e T 51w g oo 1) jxe ¥ alols b oay¥T Jli!
Sg @‘)Ja W) ‘BL?ul Slllas R B ML’GA G‘SA
Soye b 515 5l (S 053 (nl 5 Sl dgzg a8 bgo
25 LS S oy 59 o 8 Lh @y 455 b o by n a8
B0 M 455 e &5 (gpsba 0g 00 5 25k a2
@l 4 4295 b wimen 5 990 03,85 bl (655 a5 0158
5 audls ooy L5)5—|C‘°? BRI odo] Cewd 4

el a3l 2alS g8 sl g0 b Lnoany¥T clale

&5 4
il cdale ax ST gg, 5l xSl axly jo ol lis aslas oyl
S gl gt Camne Cdile (g bl VU Glaiz S
oolazwl ols lis @Lu RITIN Y ..ubb.o sl dga pl i

IS 50 Phe slahy, 5l (S (o5 (ohed Aig0d i
o L5 45 boslen 4l 45 0ib s mlios iz o laoanY]

celyogs (pl a5 oy 0al sbml anl )b g (b o (s 0l
Cnl Sdgn Y0 jlogoad 5l ad ol 5 2l 1B

11. Jamshidi Rastani M, Bahrami A, Mahmudi Alashti S,
Rastbala N, Resalati S, Hasani S. [Efficiency Assessment of
Local Exhaust Ventilation Hoods System for Control of
Fe203 Dust in the process of Oxide Screen Unit at iron
making in steel industry]. J Occup Hyg Eng. 2014;1(3):9-18.

12. Fraguela Formoso J. American Conference of Governmental
Industrial Hygienists Committee on Industrial Ventilation
(2013) Industrial Ventilation: A Manual of Recommended
Practice for Design. 2013.

13. Ghorbani Shahna F, Bahrami A, Farasati F. Application of
local exhaust ventilation system and integrated collectors for
control of air pollutants in mining company. Ind Health.
2012;50(5):450-7. PMID: 22878358

14. Hasan N, Said M, Leman A. Local Exhaust Ventilation:
PAST, PRESENT, and FUTURE. 15th Conference and
Exibition on Occupational Safety & Health; Selangor2012.

15. Ventilation Col. Industrial Ventilation: A Manual of
Recommended Practice. 28th ed. Cincinnati, Ohio:
Committee on Industrial Ventilation; 2013.

16. Bahrami AR, Golbabai F, Mahjub H, Qorbani F, Aliabadi M,
Bargi M. Determination of exposure to respirable quartz in
the stone crushing units at Azendarian-West of Iran. Ind
Health. 2008;46(4):404-8. PMID: 18716390

17. Bratveit M, Haaland IM, Moen BE, Malsnes A. Exposure to
sulfuric acid in zinc production. Ann Occup Hyg.
2004;48(2):159-70. PMID: 14990437

18. Golbabei F, Hasani Z, Shahtaheri S. [Evaluating the exposure
of heavy metals among the smelting industry employees in
Zanjan]. Zanjan Univ Med Sci J. 2005;13(53):55-61.

19. Watson SI, Cain JR, Cowie H, Cherrie JW. Development of
a push-pull ventilation system to control solder fume. Ann
Occup Hyg. 2001;45(8):669-76. PMID: 11718662

20. Leung MK, Liu CH, Chan AH. Occupational exposure to
volatile organic compounds and mitigation by push-pull local
exhaust ventilation in printing plants. J Occup Health.
2005;47(6):540-7. PMID: 16369118

21. Kulmala I, Hynynen P, Welling |, Saamanen A. Local
ventilation solution for large, warm emission sources. Ann
Occup Hyg. 2007;51(1):35-43. DOI: 10.1093/annhyg/mel0
49 PMID: 16861238



http://johe.umsha.ac.ir/article-1-295-fa.html

S N e w

AR e

BT AR e A

e

OlHSen g 551

22.

23.

24.

Dunn KH, Shulman SA, Cecala AB, Venturin DE.
Evaluation of a local exhaust ventilation system for
controlling refractory ceramic fibers during disc sanding. J
Occup Environ Hyg. 2004;1(10):D107-11. DOI: 10.1080/
15459620490500785 PMID: 15631052

Jamshidi Rastani M, Ghorbani Shahna F, Bahrami A,
Hosseini S. Evaluation of local exhaust ventilation system
performance for control of Fe203 dust at an iron making
unit. Health Saf Work. 2016;6(2):43-56.

Garkaz A, Ghorbani Shahna F, Assari M. The designing and
assessment of a local exhaust ventilation system coupled

25.

26.

with hybrid collectors for air pollution control of an alloy
steel company. Iran Occup Health. 2015;12(1):38-46.
Moradi M, Bahrami A. Design, Implementation &
Assessment of Local Exhaust Ventilation System and dust
collectors for crushing unit. J Occup Hyg Eng. 2015;2(2):33-
42.

Huebener DJ, Hughes RT. Development of push-pull
ventilation. Am Ind Hyg Assoc J. 1985;46(5):262-7. DOI:
10.1080/15298668591394789 PMID: 4003278

A2


http://johe.umsha.ac.ir/article-1-295-fa.html

S N e w

AR e

Journal of Occupational Hygiene Engineering

Volume 4, Issue 1

DOI: 10.21859/johe-04017

Evaluating the Effectiveness of Push-Pull Ventilation
System for Controlling Lead, Zinc and Sulfuric Acid
Emitted from Zinc Electrolysis Units of a Zinc
Production Industry

Majid Akbari 1, Abdorahman Bahrami 2, Farshid Ghorbani Shahna **

1 MSc Student, Department of Professional Health Engineering, Health
Science Research Center, Faculty of Health, Hamedan University of Medical
Sciences, Hamedan, Iran

2 Professor, Department of Professional Health Engineering, Health Science
Research Center, Faculty of Health, Hamedan University of Medical Sciences,
Hamedan, Iran

3 Associate Professor, Department of Professional Health Engineering, Health
Science Research Center, Faculty of Health, Hamedan University of Medical
Sciences, Hamedan, Iran

*Corresponding author: Farshid Ghorbani Shahna, Associate Professor,
Department of Professional Health Engineering, Health Science Research
Center, Faculty of Health, Hamedan University of Medical Sciences, Hamedan,
Iran. E-mail: fghorbani@umsha.ac.ir

Received: 07.04.2017
Accepted: 16.06.2017

Keywords:
Push-Pull Ventilation
Sulfuric Acid

Heavy

Metals

Zinc

Electrolysis

© 2016 Hamadan University
of Medical Sciences

Abstract

Introduction: Air pollution is one of the hazardous factors on human health and the
environment. In the zinc production industry, because of the process nature and using
electrolysis pools, the amount of production and diffusion of some harmful pollutants
such as acidic vapors is exceedingly high. This study aimed to assess the effectiveness of
push-pull ventilation system implemented for controlling the emitted pollutants from an
electrolysis unit of a zinc industry.

Methods: In this study, the concentrations of emitted pollutants into the breathing zone
of workers and work environment, before and after implementing ventilation system in a
zinc production industry, was measured. Then, the efficiency of the system in pollution
reduction was measured consequently. Finally, the operational parameters of ventilation
were measured and compared with the values of the design.

Results: Results showed that the concentrations of lead and zinc were less than Iran’s
occupational exposure limits in all samples, but the density of sulfuric acid was more than
the permissible limit. The concentrations of sulfuric acid before implementing the
ventilation system in the inhaled, environmental and pollution air sources were 1.17 +
0.90, 2.14 £ 0.63 and 5.59 + 1.49 mg per cubic meter, respectively. These values after
implementing the ventilation system were 0.11 £ 0.032, 0.24 + 0.15 and 0.97 + 0.52 mg,
respectively.

Conclusions: The results showed that the modified push-pull ventilation system that was
in accordance with the limitations of the electrolysis unit has proper efficiency for
reducing such industrial pollutants.
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