Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

'Yy x}'}}\b,é— Al e)l.o.."hc\' 09> ML’.AL»}J

g BT O3 gl il 30 Wol 5ild 59T 202 (1315 (o

P oo jlige o sgmge dumas ¢ 3% ol dlieg 3l jheol e Sl e gdenl)l Jguy < 03l puol < golye Lo yede

AVl ful N/FIYA il g ol AN/ ¥NE il ol

oS>

et 0as iz 93 (oo G g (sl dpale 13 0piiie S ol hie slasaly 51 (36 SIS U (5555 Cpiy S 4 1848 g Ao
o 2 5 )b il adllao ol > il oo (ULPA) Gl (3 603398 b (SU sl ilid I3 b J S cae o ablid (sbiste (3 ot alo>
(B B oy 250 g Bl D gl B 5 g glaen oz ULPA oL

lagle oy g Vo VoM (Lo 0528 )3 59,8 bio 96 Juog 5T )5 jl eolizl L ULPA (3o )Lib el 5 ol 2 ow) 2 (99
S5 05 3V b uin 5| IS (leblgian] ygo 4 (yg0)] i D92 +/F MM caolies (gl odlisl 3y90 y2ld 05 (5,50}l V.OA-OCM.S-1 Caliee
CPC Juce clyd ;8 dylod ) i 4 s PFAe Jie iy g pmarlg a0l o 5 odbizasl Ly a5 5y90 ) s 4l j2m ;5o Y (ygmaily2Lid g
A5 0dlatl iy SLIS duslore g il 5l am g L8 l)d odse clile (g ,Sojll ol Gream cS s csl Models 5.410

Jadlae 350 slaojlal o e 352056 Vv S (sl (6908 o8y 3l Jine) Wl s 50303985 (live oS a3 g0 (L5 oo s HLaaidly
3 U8 Slaly 9 8 gl iabl s o bl 5l ool LT (b 510 (5 Lte (1> MPPS o ol & g a1 oyt (am S
o3l 038 53 )Lib il g (6339 (lje (0l Sy GRIIL SR LS aalgd 3l 3o )3 sl e (Cue) MPPS lasy g ((is) MPPS
b el CadS S g (Il (g 3)90 )

B ilejl Lyl yd 5 5 039y addllae 3y50 D yloo j3 yiegil Voo ) MPPS asl gl yols 3uios )3 oy 3y90 ULPA clss 36 58 doai
23,5 o0 (Syre Sd (JS pw S plgis 4yl oS

MPPS (1K sl ks )3 b Waojlgads’

o

= Ol U il Sl asl o oy g slisinl «usg oo

N g lge loy e 5 clale 4 0l48) codl
lolid @l ol b b pe oS I (pan )b
Sy diojls @l $U Cuow ol Lol cilonds
[V ] ol e 3181 dpzlse Glise o pn 51y
Sl 3 Wb S plgis 4 @l gL 18 (S
ool gl (ol o g (Jad Cadlagg o a4z

Aile yize (sla il 5l gyl BLod i
EPA(Protection  Agency Environmental)

5 S il a8 360 3 15 4y el gl

b ol olasb Ve nm S LQ’CJT Sl
Oged (§3,34 paxin olewd 5 (Sojb Lol
lond 9 (N3 Culled g 0l o 4 e o
JS wjlasI V] W) 1) Jgeme 0y &y s iy
NS 586 Sl 9l Comms 59y 2 sl 0515 i
Gk 5l oo a5 3 a5 sleely [V] aiil o

Ol e olits ol s Sz pole ol cudligy 0aSLisly (glad > Cublagy Wby ol IS (ggoeails -
‘Q‘)ﬁ‘ GOI)Q; ‘O‘)ﬂ‘ gul LS))Jl L'JL:)‘L.) Sleun uys 9 P9Lc am9}g[ Sl F9lr. AJS\.L‘.A9;£ .Yy 59;)1\34‘.5].) -y
o=l ol elyml (S iy pote ol iily ccdiligy oS il gl ad > il 09,5 Hbaliwl LS cdligy Glidss 1S e guae (Jgiome oXim gt

rasoulpch@yahoo.com

ol et el S pole ol catligy adSuiils b cubligg o9, Joolil ol Cutligy ligi 35 e i —F
ol o)t el Sy pole oISl cubling 23S ccgl 43y ubligs 09,5 leaild IS Cuiligy liio Sy s — —b
Il 951 551 Glosls s laeo cudine oBtloj] Jstuns daeo Cudligy ulis) -5

Ol (olied (lhen (Sibp pole olRutils wadligy 0aSLily ¢ ) lol (658 (sgmmatily =Y

Il el ) S pole oISty ubligg 2SS oMo £l el 0g)S slutils—A


http://ioh.iums.ac.ir/article-1-724-fa.html

L’

Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

Ogeelyild A8 1y Soe (slayl)ly (p Fodes
Loz g e p) Loy slo anasedio 1] 4lis
g clale wjlul auje) @l (s slbdasuie
528 (Sl ) (Sl yiwy sla Shs { JB
DY N ] (Blo s Cuwlus
SU i So e lgn > Blae )
5 i 3555 Lzl sla) S g5l 5l s Lobul
E ol .8 o 15 (SU pias g9y (350 )55 2
MW og o Gl V adayly dlusg 4y SUI i
Y
(")

E=1—exp (—_4';)(;?‘“)

S sl Jloi ] 5 8 i @ Dy ik
oins St AL ela)l ) oy Lawgs oy
o= plesl LB (5,8 L il oo pild i
1S It dus g 1 0p oIy 5 Sislialg S
Jols 01 5 §3 gla g5 13l 5 s il

Db s

(v)
Q=@+ @p +@r

@i ow ) N-)
5 o (LBl 1S 50,0 S5 3y08 0 Jleis!
5 azlis sl e (St (Stokes) S giwl dae
Gy bl g Sy al)d 094 o danMe (V) dlal,
Bl g Gl yild bwg eanlSe ol L YL
b o
(¥)

st = ¢ elolr

ugDyg
PR o Do 33 1Y)
3w ol okl 18 50,0 S5 0ys8 p Jles]
alasly ol 5l iCowl padiiame D)9 5 1 da el die

DE (Department of Energy)
National Institute for Occupational (NIOSH)
ly ool Sladss slacyld (Safety and Health
J¥] Slosges el @l)> 6l b aplge ]S 3590 4

g dinej ) Syl g goite sla)ls pdl ans
cpie ol ool Jos a4y )3 g6 Slolis ¢ osliul
$U gl ixio Gla ) (ivped 5 S
[V=0 |l didly drwgs el

S s S5 5 Gl (il sdes (lapuslSe
c.))9_5-).g :Mn.a_.w.o .))9_5-)4 c)Lm.u‘ )‘ A_.Q)L&
oobl s [Afeal JLpe 5 (25l e Seslily sl
SlopuslSo o) San g Eninger (¢)las cbaasdly
Yoo nm 5l 5S35 cleojlal gl b il Foe
5 LS il 5 e )95 1 2)53  Jolid
5 )il pwlSe Yeonm 1,568 @lyd ol
adlhio be cpl [V A ]cw] Solioly xS Gls
reox o 534S 5 3959 il o5las] bwlg A
O iy iy o3lasl 0yl plo)ls 5108 de5 jlade
most-penetrating particle) cl)> 3545 ojla]
Jlie Glois ay 0g s o aslii (MPPS (size
s bae 55y p (e Bl sLaa Bl
yogls Voo 5l g8 s b olyd (gl MPPS asl
DV 8be J1y55 5 VL Jleil 5l

L i jl ild geil slabg, alS' )
(mono disperse) = jsi S @l il K
O S (poly disperse) e > L g
A e STl g e eolatwl s LK
5Hh wlide slesd Sy S ojlasl oo &lyd
53 Glee S 5l aed o a4 o )3 g 0 3
s lre Blyoul aS 39 o S el ST lgn
L by anld o Y] asl oY 5l a8 o] b
it oo Bl 59y 32 (oullyyily 595 bawgs g

\yay j_.;} b‘.ﬁjé- Al QJLQ.:;' AK 693 U)W | anlals 93



http://ioh.iums.ac.ir/article-1-724-fa.html

Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

w3 66 il o Wol yild gpalaen 2l (o)

u")l—{ L o pld adln Wl jild yin ) (590
‘) )9.51_9 uu);Yb ‘u.ul_s )l_..uB uﬁl Yb
LIV]ob sales lis

prsilSo Gaiglp jlil 457 U olide b > sl
b 503 O Jol il S5 (g9 ez 3 e
Ol 2 el (0Bl ge i jlad 4 dily Ly
Cootl b o3l & gl ild LS (o
DA] o) (oob;

sraiuld )3 gl ubide b (S0 Mg 4 a5 b
P ol ol Jeasl glasely 4 colie b g cabises
3 obisebl cn; b g lasl (2oMo b dlad
il el 4 can b yld 5 Slos Coro 9 o)
JBrt 9 pte Jb (Ultrafine) 5o b <1y
S bl e i b alllas ol el IS
L85 Cygo gy S b Bl o Ll (S

03L8w] 3 590 3 5ap 0 g dlgo Y-V

i) g adlae yolaie 4 (2Ll sy )
bl y (2l (Sgajl wiss ULPA iy
PN gl il s b cigefl 590 Wl Sl
dy9-0 5 oLt . ¥mm colbus b g Yol i
o ik 5l (b gaw pgai 8)S )8 o)
scanning  electron) oS wg,Sue o9,
Pro |38l py lawss ¢ 4 ( SEM (microscope

b b g5 285 )15 36T 5, 00plus Image
4B 8 el g 45 390 pugead LT 3k
o]

o ) IS (il &g d (90l s
So A rorad o (2l g S5j A 3V g
S s oAlls lya ags cax Vb S b ilo
ou sewe (TSIESP-3480) cl)d il Wge olSiws
4SS Cunl ©ygo s olSiwd 35, punslSo Ll
o1 0335 UK (g Jly Ko > dignd Joloxs
abaase ol 005 o )))8 oKiws Hlid alaaswe 43
Sl Yo 5Ly sy o 9 )Ml G sl

sl ahd ol b lajild oS o8 39 0 don
Gl 5yige Sy @lyd

@p HLis! ¥-)
oSan @b ol Ll 15 0,5 S5 2,98 1 Loz
iy ahd cwiy cpl 4 sl e Pe s e dac
Bl g i) o ol L s po oS L

g 0
(®)

UoD
pPe =21

Dp

o i aa Dp g By dqig € Laily) ol
wyd JLZ> (Cunningham) pl 20l e i
19_b u‘)b).‘aﬁghggwob.) 4»)9§.w)9 9‘;M
Ol $39)9 Gy i 4 Dp g Up gtk
POFJe (Solp pisy cupd g (S i
5 oLl ply & @l Cans ¢ SUI s LS Jes
sl (6399 > & yilid

)

E =

Mz _1-p

nq
J s ol edale cosgam gny ol oS
sl g jLitd el 59y 2 Spge Gl
ihd ceaS g o cplpls syl 1y WU o i
ol E ul).) df-*—’ 399., )l odlatwl b 1 edlazuwl 3)9,0
o=l e e ol (qr (Quahty Factor) CusS
#ké 5l Sogs s)lis <l ’ 398 Olee bawgs g5
i3 (LS Ygona (0r) oS 59516 298 cn (sl
O ) adolea ]@*‘9* 9 w‘r‘tﬁ @b Ol
D9 50

(v)

o=

In-

ar = 2p

\Y“\Yﬁ)b‘éf Al a)La...e AR 09> U/UK ”’ MLALA})



http://ioh.iums.ac.ir/article-1-724-fa.html

L’

Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

Wl TS L Tgs Tl
Co2 ju-lL .— ¥

ol 3 eaniy alyi— 3
Zhad Ceami— F

FEPrIYF
e /}‘D 5
kS W

A 505l g gl =) IS

oo pplte 4 ol bl g e odlitl
sobate & Wl (U yia g jlad s pur (sl usite 1
HLidd OB sl pimad 5 Bl Loy s
A ey piie S (b dlspopn 4 by e
g apige 5 gdaw Ve 5> (g5 ©ydjlad e
293 syt Pl g sl 5 JE Ciand 90
agdag L LSS, hlel oSy e
5 plsl Gialejl VexAXYXY o= V8o v Sleusgs

b9y 3 3 S lad olSis b (e
o=l 90 el o oolatl (test- retest)  olojl 5L
o3 51 e il o sy olSzs b bs)
Shel s (Siod i b S5 5L Ve dgas
R*=0.94 5915 ysmjl sl )Ly Ve 5l ool sy
ol s

S bl ol (0l s JaSS 3l g
13 59,8 s 3 3l eslizul Ly ULPA 5L
ey 53 g gl Voo L5 Ve (gojlasil (o yins
5heslawl b lyy s & Sojlul Calisee sl >
o=l s W YFA Jae (6wl xS clyd Wge
L o pdgige O 9l adgr el olKis
3>y g+ Y- V.0 golb cou V' Plem’edale
G olas b 3 ks bl Adbe L
Jie @)y 58yled jledlatal b i 5l am o L3

48,5 )1, 8 _wyyp 3560 CPC Models 5.410
L VOA LS Ly copw p Laccws cul

OBM ] iwd jed o Jolore 51 3 g3 pm &S
Syl @90 dy Jodone 395 oo el Lt
b el SOl e g g )b 6Nl
P9d oo § ML (2955 5l oad )L Jelre (0
by l5e €03 5 jea? (slget L o oSt o b
g3y 0diS 08g So Gl 1 Iyl s 9 e
ole 900 gjlw 5 (Polonium-210) 451
oS3 I Juag pl S50 4 )3 5 355 0 e
oS 6 ojll Gl iomen 25300 )1
Sl dldgl (SUI s By b 9> o @l (gdae
S, calw bV oo @l onslos olSiws
u\)b 0 slod . Cml 0ad odlauwl u'@.ﬂ GRIMM
03551050 )5 3923 69 @te Sl oS e
Sy dged (Slon ouiSe oy ¢ B> s J S
Cbale e e Jliomd doio g ol (20 L
ol 00 S olSwd slayialyl g lyd
)90 olfiwd )Lid g old oxiw jglate & (inen
Jae iegilogSoe 9 TAZ Jaco g (23 il G
0995 i 1 (IS (gled L0 oolaiwl APMSOK

ol 0 0l Gl Y JSS  Slo

)31:3 S LS')‘?" b%.w y-v
G o g adlas S b 30
o);‘_.“f 5 alyd cadllas C)—.’.l Yy dzols .ol
Wl U1 s ol e a5 il 0 61 sl

\yay j;} b‘.ﬁjé- Al OJLQ.:;' AK 693 U)W | anlals 93



http://ioh.iums.ac.ir/article-1-724-fa.html

Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

Blo So g wiaw 4 ($39)9 Slon 13 29250
Sl Loy Juws il Wgo G a4 5,800
2S5l s g S lyd clale il 5,5 cud fig
4 o)led STt )3 oijled dluwg @ i |

5 Sl g (Bl o slad il plejen ok

Ly

S8 4 Wl il jlsber g 5l Jols ol
9y b (b gl ) S 5 S S
U olyan an oV S 0 SEM 689,800
oA 90 9= 8l p by b b s
JS—is 9V Jgi> 5 (Software Image Pro plus)
ol 0 0y LS ¥

yogli Ve LY. oIl oS > wilyd P 39.04
PYYY em/s L s ey b Wl 8L 8lo o
Gl odd ooy s ¥ IS

dlnw)'b.ﬂ L L;l):b d”]@? &‘)K 4 Jos.g).o z_vlb
PO LVAYem/s LS L s ey calise
ol odds o3y i & S

ol o Bl jlié cél Jul s IS
ol 03> LS y.¥Yem.s™' e sy s
]

o) gl (Blo coaS )o8Ls aulin ¥ IS
Ol el Yoo g Ve Ve had b ol )y S8
S )3 g Ay Al 3B o CopdsS g e o
&S el il Ll 4 bay e €ogu» 5L o yild
Loy €aigjom e oo 03l lis Inl/p g0 4
03> Lisles APCys o ay oS sl \Lid cél &
whl oamd s YU cuaS (e yuily g e

Sl oo pild g

w3 66 by 5 Wol yild gyslmen ) (o)

L5 =018
g
’ '
1 =0 07p
X . I;
W3 =041 um
-

SEM MAG:8 Kx

L4 = 0'82/um

ol ice Cow pgad 0ab sdlitwl Lgl i 5ISEM yolas =Y S5
@sbﬁ%@b)]éﬁ“éﬁ&d“ﬂb%&f}w&u@a‘dﬂg
Image pro plus I35l s buwg wub jhb ¢S5 o5lil 5 jJUT ol yonn

1.2 4

[

o
©

BRCRKSPIPPECJEWES
=)
o
@

0.2

0 0.5 1 1.5 2 2.5

(Hm)sd ks

b kS @i Y S
@l ples il ygeil lys 53 a5 pbool cm.s™a

YWAY L5 g8l &= Y oylad Ve oy90 cjjﬂjb’_f/"]}‘ anlabe 93



http://ioh.iums.ac.ir/article-1-724-fa.html

Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

5 3 b ol 5 Wyl (Sl (s pispais Sliesiind JS5

(1/Pa) cudS 5l

A N 0 O
L 1 1 L

5 &
-T'e
.
g,
g ——dp=70
B 2- —a—gp=100
I
£ 1 - T3 ——(p=300
. 111 p

0 - _ ——dp=T00

158174 2 21624226 3.7 49

V(em/s)

I3 by ooy

250 ~
200
150

100

(Pa)_lié <)

50

158174 2 216242 26 3.7 49

(cm/s)sabs o s

iyl b il Sl -5 S
I3 by ooy

14 -
13
12 -
1 -
10 - —&— - JkE70 nm

—o— - ,ki100
nm

2 el gl Yyl Blo (QF) cotss 5516 -V s
BYVOA by Copu )d yiogili Yoo g Ve Ve 0 0u8
cm.s s

yd slad i) Jgo

oS S b as (HM) b a3

Y V¥ VoY
X5 YA Y- X¥

- ¥50 3 Y- 08

- AYD V¥ Y
.ay \a Ya-Lv¥
-0 M VYF-1A¥

) ¥ VAF-Y
0.35 -

(=1
= o 2
[N T ¥

= =
i

o

Penetration(26)*10°%
[} [}
e
o

=1

0 100 200 300 400 500 600 700 800 900 1000

d,{nm)
b e Wl yi (L Slyes =¥ S5
YXY CM/S flys G o @l)d

S 35 4 9 Sy
b8 s ULPA (Blo (6 pdpdeds Ol poss
3)90 by pte (Lo VY by sy b o))
sly (Blo pddeis (lie sl 48)5 )18 2bj))
aslllas )50 (sloojlul plw lo 5l ol Ver @ilyd
@S (olas 4 Al )1)55 0 (S S ‘_-\> jl
Voo 0l GV Helate an Ll (Slo (g)slaer
o 032 )1y55 5 (Swe Jilis 5l aS) el gl
A el Lo oyl DMPPS a_sb g e
S S5 gei 5 Lyl ) it bt
gl Voo LYo slalyd ylad jiol8l b as” aed e
S g pdgdei b go Rl 6 ddel osee
o)lagd yogls Ve 0l (gl porSle S 5l )38
2L edgd e oyl Ll e il S

\yay j;} b‘.ﬁjé- Al OJLQ.:;' AK 693 U)W | anlals 93

you



http://ioh.iums.ac.ir/article-1-724-fa.html

Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

(Peclet Number) s 500 dae | wsS2e mb
blsyl aSol 4y an g5 b (D oylous dloles) Ml o (Pe
S| > bLg,l ol Ce oy b cdSS dae O
ol A yoxie gl Gy g3 Gl cnl e
ol @b e (EaLS 2DLS g 0ad (g pdpdeds
o381 L (6)Ui] unsilSe bansgs (5 glgen 2
e LS (gl e ) IS, 330
5 @ls o b G ol Jolbs gl
L oge oloyr G oyl adlllae >l
3> LS awyp ol gl el Cond 4 (6yl5 e g
Blo Gridsh (i Gl Cop SLIFIL &
2 Orzmen b oo phl8l ISy lad bl
Sl (1.58-5 cm/s) sbj)l 5y50 s s 0390500
oA ol Gl Ll pnr (6 pdidsds ol
ol aliie lidss zuls el Cavdy yiogili Voo
3y95 9 )il (o Glacs o )3 0519 4 (19,0
Oloz Gy g gl Vel iSasS 0y jlad oS
Ul pleee 28l o5 1l 5l g)9e Slon
5 By s 3)93 50 5 (o j] SlopusilSe
AU gl ey g b (RIEIL A28
i cadl el Sel alyd ol (o)) pulSe
ol Gy il L Bl gl iy )
Cowl 031y HLES YooV Jlo )0 gudgr b o LialS
VormY e adgie ;5 b gl IS 4 S
Ol omly (e G pu piomen A3l
LS el ol ojlasl sl L (ms +.-0)
] 0 Oy D90 u‘)b ‘5)91 Z—> U,I)l_{
58S L el A8 Sty al5 31 e
IV 15 Sl gl S Lials @l o)l
5 Pl 13 00 LS e g vt Jslos 5 S
S5 Brae i doa (YL ol (65,4
Aol 3y Ll oS auhal ol (g pnly duja

w3 66 il o Wol yild gpalaen 2l (o)

i 3)93 5 (og—ad & 5 (o yol SapuslSe
w0y pluw idlS L sl o Jolp <S> gl
Ledl ool el aad ol Sylp oS >
Crglaes can (6 bl punslSKo I3 ojll ials
Voo sl ) a oS Alyd lym e o e il
alSo )3 (6 pglaen 3 CE punilSn cpiogil
oilS b as 35y o sl cplply V] sl (L
Skl slad dr o mdly yiegil Ve I yieS
Sl = b e prals il p sl g
Joeah ol oK o (G. AL Sterens) gl

a8 L sl B sl pilid o) Jolus oS
olis VY Jlaw j3 5, [V ] bl oo yogil VY-
4 ) lp gl sloyild (63398 Sl a8 ol
@lo b &S a3l pogl We g poglli Ve (S
adllas [YV] ol Slgd e addllae pl 5> ool oy
Soglesr @IS 9 2 VoV Jlo 3 s 2
aS Cowl ol i (gj5 b (sloyidid lawgs lyd
oy &l i pslesr S oSl
LS‘)—’ d‘)l_f JB]A_> 9 )myl_} Y. )l )_».05 LS°)L\’|
(Mool oty yiogils Av 5,5 Sy yhab b el
Ce glalls Yot Jlw 3 LS 4 5L
Pl PO Juo (6)9il oy it (21" (pess
&lym MPPS oS sl Lis 598 aslllas zols .iols
(W] ol )y 8Yee Lide nmooynd o labis oyl
adlllao 4o ool Cowd & (’:DLJ L o &l C’L" olls
Slo Grddsh dn dbsye 3 )b Slden pil
3 ey 299 S s b Sy s
2 e 56 G Sl e Gl e 285
s L 2 o)Ll oo WS 4SSl )l yiww (2L
oLy $lapslSo WU i | (g)pe oy
Ly i) g gyl (slopounslSio i o s D
sl e laljdl g GRalS cusy 4 C pw 2Ll
] Pl 1 g 03 (s 5,08 el s lai blod

WY 5 5ol 5 oY apled Ve o83 [P | ol 55



http://ioh.iums.ac.ir/article-1-724-fa.html

L’

Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

Ol L 4 ol cllae (] (gbisS Y S b
Ly nlS o ygslonmyes LY- s
oilidl cuas eS1B & enm U alyd s )8l
(Don —Hee Hah) JLa 55 aslllao gols .0l 0
CeihsS pSLE el ol Sl oS o ol
G50 ol Cpeitren Wb o Lials Ls_éLJI oo
o (e olie (il L &S ol lis 5e8
il il y9me litd Bl g (6 pidydi
oili8l L oS caS ol o (IS ysbo 4 [VF L e
2 5 S G pidews MPPS sl U il o5l
adsyo ol jldm 5 i (64398 MPPS 45l
2558 i o g 4Bl il (6 pdydehs Bacme
55 o Vi I3 B o i

HE L (SU s 6 el Gimghy opl
MR oap 290 Jol S (23 5 <y ojlal &b YL
S ol i oy opl @l cd )

Ols2) JLi) pulo b iy Jlosl 4l > @
YL sl SHLS el ya () @5 5 ol
bl o

(MPPS) jiogls Voo clyd ojlil asl jo s @
b LS lhe ool SIS JBls Sl
el vy 222394V .1, MPPS

ew ceypw LULPA 8l jLis ciile
Hsd cdl iShs g JBls o)y ywsSae bLI) by
s VAl i an adlllas )50 (b oS
Al e Vo F

o5 3o Gls L Uyl ilo coas g o
egl Yoo Ve o talS (egls Ve LGV
8l i)l

ab o Ll (Slo o cas jesls ol @
MPPS ;| 5YU asb 5 ¢ i MPPS I 50l
Lol 0445 u"l’))] Cudo

ULPA LgLa:).J.._e &S ol UL“‘” ) Oi‘ C"L’ L4
MPPS il ojlasl asb o s YL SIS gyl
Slopim 53 398 e ity LI (ps )1
Sty YL iy gl plizo (gl plid

alaly Lis 8l L (650l Byaan liue cyia YL
Ol g Copw GBI (B)b 1)l (cendis
Hlasd ccdl b o iliel 50 )lid cél slo 5
S5 53 19 s5ee Gl Gy e p Uyl Lo
MAJULPAL;BMM L] o.)wao.)bul.w;;'
l_,lyz)y_c)amb)u.f:fwg )delusybl:
3 Slgdpea B Sl I osel Cunds s b

A AN
2 kS Cogliie piomen g yild 5l Oy S9ds Jele
4 il pldcaenl Jds 4l pla o blie
CotsS Dyg0 40 Cou (L pS s 5 i ol asgy
i g opl 0 e o olaidl sgsu |y lo
SESE ag ol Leds &5 (598 Jole 90 pa Cuonl @
CsiS g pledl or b aSly wilad )3 )1\8 5.0 550
» 45 qr = Ln (1/p)/AP alayl, ;! edlatwl b lid
O Sl u_eLAo)LMsus\AP9J9mul)m T
9 (S pidetl 4y diluly (QF) cuas ;o816 .00 ,5
)9.51_9 u_ofub_’u_n )Sg‘.) ul.u LY Lol )L.uB el
Ol ORI L g ol oo i 2 cudeS
N DRI NE SRR S NN
.))9_901’1’1.8_1 AU VOA Ly s s jd yiogli Yoo
Ol V US>l 485515 Sl g 4o
Sl a baype cas (oS iy 4 S 0
ol a by cas (esLe ‘_‘ﬁ)_:—oss\"’nm
gl Ve e o) d‘ﬁ )95[3 b u@lf
9 AAY dga s (cm/s\.[a/\) u‘—.’.)? o J8ls )
a0l LS Ve Y dgds s yuo pou Slo 40
1956 ol Cawd 4y el Vo 03 5l 568 (¢ iogil
g Sy (P omb ) MM Ve 0)3 (gl CudeS

\vay ﬁ}:bj’- Al QJLM AR aJ}A MLA\.A}J



http://ioh.iums.ac.ir/article-1-724-fa.html

Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

2008; 41: 26-30

13. VanOsdell DW, Liu BYH, Rubow KL, Pui
DYH. Experimental study of submicrometer and
ultrafine particle penetration and pressure drop for
high efficiency filters. Aerosol science and
technology. 1990;12(4):911-25.

14. Sadighzadeh A. M. Aliebrahimi M. Sarkari S.
Appropriate Mask Selection Study for Nuclear
Industries Activities, J. of Nuclear Sci and Tech,
2008; 41: 26-304(42):30-26.

15. Leung WWF, Hung CH, Yuen PT. Effect of
face velocity, nanofiber packing density and
thickness on filtration performance of filters with
nanofibers coated on a substrate. Separation and
purification technology. 2010;71(1):30-7.

16. Davies CN. Air filtration: Academic Press
London; 1973.

17. Hung CH, Leung WWEF. Filtration of nano-
aerosol using nanofiber filter under low Peclet
number and transitional flow regime. Separation
and purification technology. 2011.

18. Steffens J, Coury JR. Collection efficiency of
fiber filters operating on the removal of nano-sized
aerosol  particles: [—Homogeneous fibers.
Separation and purification technology.
2007;58(1):99-105.

19. Kulkarni P, Baron PA, Willeke K. Aerosol
measurement:  principles,  techniques, and
applications: Wiley; 2011.

20. Gregory AS, Ernest SM. “Worst case”
aerosol testing parameters: 1. Sodium chloride and
dioctyl phthalate aerosol filter efficiency as a
function of particle size and flow rate. The
American Industrial Hygiene Association Journal.
1989;50(5):257-64.

21. Otani Y, Eryu K, Furuuchi M, Tajima N,
Tekasakul P. Inertial classification of nanoparticles
with fibrous filters. Aerosol and Air Quality
Resarch. 2007;7(3):343-52.

22. Leung WW-F, Hung C-H, Yuen P-T. Effect
of face velocity, nanofiber packing density and
thickness on filtration performance of filters with
nanofibers coated on a substrate. Separation and
purification technology. 2010;71(1):30-7.

23. Yun KM, Suryamas AB, Iskandar F, Bao L,
Niinuma H, Okuyama K. Morphology optimization
of polymer nanofiber for applications in aerosol
particle filtration. Separation and purification
technology. 2010;75(3):340-5.

24. Don-Hee H. Performance of respirator filters
using quality factor in Korea. Industrial health.
2000;38:380-4.

w3 66 il o Wol yild gpalaen 2l (o)

Do odlatwl L8

&bo

1. Shaffer RE, Rengasamy S. Respiratory
protection against airborne nanoparticles: a review.
Journal of nanoparticle research. 2009;11(7):1661-72.

2. Hayes A, Bakand S. Inhalation toxicology.
Molecular, Clinical and Environmental
Toxicology. 2010: 461-88.

3. Bakand S, Farshad A, Review of
nanotechnology and nanoparticle toxicology, J. of
Iran Occupational Health, 2006; Volume 4(1,2), 1-3.

4. Aitken R, Creely K, Tran C. Nanoparticles: An
occupational hygiene review. Research Report.
2004; 274.

5. Friedlander SK, Pui DYH. Emerging issues in
nanoparticle aerosol science and technology.
Journal of nanoparticle research. 2004;6(2):313-20.

6. Liu BYH. Advances In Aerosol Filtration.
Research Development 5 Engineering Center.
1992:11.

7. Kim S, Harrington M, Pui D. Experimental
study of nanoparticles penetration through
commercial filter media. Nanotechnology and
Occupational Health. 2007:117-25.

8. Steffens J, Coury J. Collection efficiency of
fiber filters operating on the removal of nano-sized
aerosol particles: 1II. Heterogeneous fibers.
Separation and purification technology. 2007,
58(1):106-12.

9. Eninger RM, Honda T, Adhikari A, Heinonen-
Tanski H, Reponen T, Grinshpun SA. Filter
performance of N99 and N95 facepiece respirators
against viruses and ultrafine particles. Annals of
Occupational Hygiene. 2008;52(5):385-96.

10. BaLazy A, Toivola M, Reponen T, Podgorski
A, Zimmer A, Grinshpun SA. Manikin-based
performance evaluation of N95 filtering-facepiece
respirators challenged with nanoparticles. Annals
of Occupational Hygiene. 2006;50(3):259-69.

11. Eshbaugh JP, Gardner PD, Richardson AW,
Hofacre KC. N95 and P100 respirator filter
efficiency under high constant and cyclic flow.
Journal of occupational and environmental
hygiene. 2008;6(1):52-61.

12. Sadighzadeh A. M. Aliebrahimi M. Sarkari S.
Appropriate Mask Selection Study for Nuclear
Industries Activities, J. of Nuclear Sci and Tech,

WY 5 5ol 5 oY apled Ve o83 [P | ol 55



http://ioh.iums.ac.ir/article-1-724-fa.html

/T0Z Yig Arenuga4 Aepuns uo 1SH| 0€:6T 1B JI'0e'swni'yol WwoJj papeojumod


http://ioh.iums.ac.ir/article-1-724-fa.html

Downloaded from ioh.iums.ac.ir at 19:30 IRST on Sunday February 5th 2017

‘ | Abstract

Investigating the collection efficiency of ULPAfilters for the
removal of nano-sized aerosols
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Abstract

Background and aims: With the increasing application of nanotechnology concerns about the
negative effects of human exposure and environmental releases of these particles is also
doubled. Among the most well-known media, ULPA filters are used to control nanoparticles.
In this study, the efficiency and pressure drop of ULPA fiber bed for collection and removal of
nanoparticles were investigated.

Methods: ULPA filter efficiency and pressure drop was measured by using nano-scale aerosol
particle size range 70 -700 nm sucrose at different flow rates 1.58- 5 cm.s "'. The ULPA filter
used had a thickness of 0.4 mm. A cylindrical test system was constructed as a form of
stainless steel with a filtration surface of 0.013m?. Desired particles were generated using
Electrospray 3480 model particle generator. Condensation particle counter CPC Models 5.410
Gream Company was implemented to measure particle number concentration before and after
filter bed and to calculate the performance.

Results: Results showed that the maximum amount of substrate permeability of ULPA media
(independent of the velocity rate) was for the particles of 100 nm and it was determined as the
MPPS in this media. However, data analysis revealed a significant relationship between
diameter and efficiency parameters of the MPPS (negative), and the MPPS (positive).
Conclusion: The ULPA media used in this study with the MPPS particles of 100 nm can be
introduced as a particles control substrate for experimental conditions presented in the study.

Keywords: nanoparticles, ULPA filter, performance, MPPS.
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