[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

Occupational Medicine Quarterly Journal S b ganss ool aslilad

Vol. 18, No. 2, Summer 2026 i g VEed Gl o ojlas « YA 090
e # A, A
Pages: 8-22 L"f’d"-f«/“’.-"iﬂd";l/ﬂ‘"g:” A-YY sasmio
Kbt

alowdly (S0 5451 g sowgm 410 waiged S Colw g (215 3L
ol &9l &2
* sy Sprus fmﬁﬁ dpd o ‘r~>‘3355~9-1 s < (sdemasly Lo, “@&LAM

005>

Sy J315 Glon 13 lamg g ool (@loled 53 il 5 Jhomsn o)l paiges plonl) (ow) 2 Bun L asllhae (nl ol (5900 &Sy
el 098 5 &)1 lionig o pdiges ol g (bl ol e cuioren Ll sl ) pgi sl el 5 G Sl

Saslanzr ploally s asles (2Ll Sligas odgi 350 S 0 5 (Albilk sele bl Sl esliiul b jlansser 1o aisel )b,
(M&/J..J \O) lela—u 9 (MQ/J..J Y) )Ml L QLn}o.m Lg)lo)..m.}s.u' wo)f Y ol @La C)sl.é.';a LSL“W P el Lgl.asslé 59 QT
Esazme ;0 .S & 90 RT-PCR L laaiges 5JUT 0 solaiwl s paiges g0 lojer Jlasl 1y oaliaw g MUNIO L4A0 oy 5l o ploxl
b (5 oilail g agad slasi g Is2 0z (0 wush; doo iile (ol 5 6 oslaer lsslon iz gla o 5l aiged Y

,.Jl; O3 & Lil38l 5 duy oo iSTas 4y yleaily VO Lit/min o 5l g w5 Sbs,I Ve Limin B o Lmin jlade 5l lea oo ol sl
)‘ 'BL.\SC_,.@ O e .\JQ; ooalin YO mi > )Lx.'d.a o uLaA.ﬂ) P _\g.o)f =3 Yo Y. mi )| omd)sT@? @Lo > Oy
Casby g Lo 3l 4yl (S ol o 45 30 55 lalih (g g e 5 lramign b oabas sladised 51 oS gm0 16,5 4t
5l BT (o) lasg (alolid pas g 19 3 (ug g 5l S5 Sl sl o plse slagugng Sl (50 paisad 5L slse

ls2 &,k 5l alitie slogs s s sl il Slosges (215 Slon CuteS 1 g0alS” (slassly

Ol el 3l (S g pole SIS g2 9l gzt diyeS (i)l (gl 1S

Ol el el (St g pole SIS (g2 90l > Sl dipeS (il guolis 15 "

Ol el i (S g pole DI (uibl gy 2SE1S IS il 9 (5148 > Cablrgy (g rigo 95 Jladiils "
Ol s gollanl 31T 08ls ¢l 319 s loso 09,3 o 5S> "

Ol el i (S g pole BN (udblrgs 23SES1 IS hoal 9 (5148 > Cadblagy g igo 09,5 )y Sbiasl ©
Jafari4514@gmail.com : g pSUl oy ¢+ VN VY < FFOFA 1 ulod 5 )losds (U ghunmo d3dkamns 35) 3%

VE<O/F/R 1 by g VE-E/NS :edlys gl

CCBY-NC4.0


mailto:Jafari4514@gmail.com
http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

OlKen 5 codle dae ERQ

S azis 58 5395 o0 Ol 5 QLS s (et
bolas 51 VL GlSS jlade Judo a4y ()b, )0 95290 g ils
b S Vsose o (65l amio b 5 oaid e o>
[y 89,55 Slmao LS o 0,55 5 ol BT amin |
Ly oad el Jolomo 5 el (g0 paigas 5l ey (o5 o0
N piged Sy oy sad o 5 SagS (S ok 4 39 5U]
RPN RRCOUR JUNY) S TIY) SRRV SO0
Lol ol (B s sl S lso 5y Slikad 5l (g )ls paiges
() G Sjiie myny Sl Gpsleer a4 B
Al Azl )0 9 Sl FSEeS S50 Skl L sl giSan]
Solaez Ol 5 oS o Jlosh by Sl 4 55V
e odle Ll wiS e el ) 5SesS ol
Jol> 60,55 2 Obr Co g Cl labs ole S
358 Oly ol wgpe SIS A a5 00l s ] o
\)

L 555 es] dslion 1o meisas] Lrsgi (6,5 il pailSio
Gl e 3 Ky ool b ymipay] 45 gl oyl b o
aeglio 1o b s 6bl5o 5 Sy o] Lodigas (6 y5laa
az Sl gl VL (Sasslsn bk dayeSenl L
S ly sl b Gpslaer pleally bl
O n 5l (S g ls g g wiile S
Slr &z loptiges Slae a4 13l oS col b
S T R L I TR L Ry PYe
3995 b (6 ppdyanns 598 I Hhanwga b osisisslaer
() I NIOSH Jls paiges 5l i ol o>

ol 535Sl (sl pdigad conolonl Slallas b sillas
sl 5wl slayls paises 51 5 550 (Solid Impactors)
5l eoliiwl aies baylé Lo ((Liquid Impactors
OV 0) el oddiaross 5 (oS 5 slaghs,

olaez Sl 5l 5500 (Ko Sl ol paiges
oS5 glailgial oy Sl by elSem ol by g Sl
Sl ol s olos (03955 <y 4 o 45 Wl
R oy 9 oad algiul I i3> by sl o
@laws Slom aloz 51 DS Gl s sadads 55
haid Lo )5S 5o 109,500 0)lpa0 Caos 4 Ly 50 S92 90
4 g oadd e by bolas 5l (Ap yhad 5l 585 @l

doddo

dog g oz, dog Sl aile ey slass !
sleoau¥l flaicas doa jo oyl Lol sloos 1,8 g oo )
JESH 4 e losoVl opl wed oo aslid (Sojelg
-0 i el g Wgd oo Lol len ;o Ggie slas Lo
@ Sl ST (LB g Glhlew lp Sedlo SISl !
Wl o ot L 51 gladams (T,)) wijls JLis
lso Goyb 5l aliie slagwgny JUSI sln ogill Sl
L agzlse 1o oloys Lido BUS IS 5 ol aSlouTsl arsly
ol YUl 931 ) (S Sy iyl )5 Lo 0,5
Xy

slooyge L lon G,k Sl Jil LB slagslon 500
931 58 5l 090 cnl 5o @y JLail GGl g (SYsb (3908
Vi-dgsS 3l xSden ;0 &5 jsbples wpud (oDle
w03l ylpae oanis slotole;l » ogdle (ys,5 samlive
S35 S 4 lga sladiges )3 oy ng peiiese (5 S0l
s chl wanle BT (F) cusl oad Lo g)spe
Sy S S50 5 192 )0 d92ge oy ns (25 ;ben
Seilio @il Kty Sleladl €l o b ywg s ol 5l L5
alizee glaig, 5l jskie onl sy ad aslss &dly ade
M piged Sloolliws ST .05 05 (oo l90 (605 Wiged
obyz M @l oS s olasSasS Jold Juog Slon
Plame o 9y b 05p0 1y LOT G 5 WS (00 oz Tgo
Joptised mly WS Syslesr easoldl iy
loysSomsl ol L5 055 Lz 4 badesylse
5 (Impinges o ool ((Filters » :Ls ((Impactors
Sl F e (Y-0) wigd oo samaids ((Cyclones loslSw
S aen s 53 5 Jesplse Gl laeter
Jelisarszs 5l Jd sl L3 ilebr & ks
@bl g culee bojlo paigas 5 oy, cnl 51 Soym il
Ol wilgty a8 ol Cgllas (510 paiges A jobb a4 iyls
ol b1y (wgng ol kb abox 5l Saa SG5elon
Sl a4 pale; ol ey Slais g (slaS )0 S
Oy b g wled gslaer canlie lowsly b g Juugslsn
(F) ail sl 6,5k Lo 5e 5L

ol 4 byl jo g Slan sslulax reiSe
ool b 2ladib (g 5l s bz e a5 sl S

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

By.

Szt Jlo pdised o cSle g (b

S9y G 0950 oS slaer mle 45 03,5 o o
Obesily Gl el Joo cnl g 0ol 23y lowgn o)lpo
b lomsgar L )0 paisad (B9, mizpe 03,5 o0 S pslee
b awlie 0 .(VF) sl jopre o5 b el Cond @
S wspy ol eai;  ole NIOSH s pdiges
Q) Sl iy ol ¥ ogos Lswwge b oo, glans

Slp 1y oyl o paises NIOSH sl ax 51
03,8 dnog (Z )8 5 2bySL slodwy Slon 5l (510 paiges
lr ol gl paiges g, g G5SU Ll el
(F) 2l 3925 192 )3 39290 (SO w929

2 5l 5 @l pained plSin Tgn p0 S57 50 slams g
(lpS atile e ol I (rmy 0y (S5m0
5 ohiislysle s ol auile (ROS) (st Jbd sloaiss
Splen S a4y o (il Juag 5T o 5o (Sl ]
(F) aiylo )18 gl pdigad o

syl b (dae )5 adien ugng JUsl sladl,
S e lolis 5 adis BB gola asial
Center for Disease ) s low ;| (5pXiw ¢ JyuS
o s,y Jnl Lol of, 4w (Control and Prevention
e JUII il 03,57 (Bpme p5 2yt 4 ) lge &b
Gy 500G 5 SGoy ol b ool @l s S5 ol el
Gon Jul 5 Lol 5 ol (59) (oS OIS geiitne ol
s 4 152 Boyb 5l JES! d(cansd) oogll Lapmme o5k S|
@l (10) o Gugny sl SzgS g 5l 2l
1 ) sl sl izl (VY8 il
A oo 9B 1) Sl slas

ot lon 15 Gloa )3 wang O3 51 )l paiges
“plxl Sldlas jo conl a8 5 O Hg0 goonie Ollllas o
A Sl o5, paiged clizee sla Gl b ey (nl 5o 00
Oleylony Glide o idu 3 (owany oS15 amlie
el 0als aSls

SlagKe s )3 Wlgs oo Slalllas ol slaaidly 4z )51
oyl i Slalllae gl aBly wide (Sogll esdll
5 13Ysal 1 A-0y965 sl g g HLal ogill (lapnilSe
28 Cesl S5 @ p3Y iy o0 Sl 4 (5908 (53,95 lo
ooong baiges Sl Sogma )0 eadplnl Sladllas I (5 )l

33l paises o Shee 156 a4y (b cpll ol onds ololis

Sl OlFiss BoplSom SIS (o 0,55 5 G oslaez o)l
Lol Lol sgas oolil YU o> oz b &3 (g5l
(F) ool boy55Smsl 51 onmaly ol 5l

Sl o g0 Sad el o paiges o NIOSH
ol 2o 0 oadanss 2ld SO L oolen Jom LB
OY) cosl 0ols anwgs

JBre SIS iy 4 lopdise pgs g Jl Jole
FosSee T G O3 g ey S ¥ 51 555 slivii
V3l 5SS )l e Al e 0 5 anlaie 6 slaex
o 5 ond ()l paiged PTFE LS Lagy jieg e
OF) Qg oo ahnds 005y 5lmaz oo ilse

Shd Sl ol paises sln @y Ghey So gl il
B o2 Lods Sl 1)l paiged sl a5 el o lse
YL b paises fledily sl lepls ol oolaal
Lo Jos 5T o3l 51 (ganmay ek (sl Ysamo 5 aiien
o] 5l olgee )y 4 g conl 230 51 3Y6 aT sload],
5 sy SBaisel b Kis (bl gas ool
Alp 5 loptised b 0 ladised 4 (Sosd ol
ssb 4 lapl (SKoiden 2Lk U 00,8 oo o gl
ooliuls 9o yilid o Szuly 0,5 )8 )-*-’lJ Co e B
Consl GV ild g5 Sy il 51 (610 paisad gl
Jom boys Jor ciS b o gl ) ol Gl oo a5
258 pdy el @le 4 51550 5l wodle JWl g s 285
5 ookl aiges eSSl @Sl Gl pizes
DeoligS (sleoygs )3 (gl pdiges slp (Y5 slayild
OY) ol oadaposs

48 Canl Al drng el Joo S @Bly )3 Hlemgn
i ilin (090 B Loyl yo @il)d L;)Jéo.? o o
5 odreS (53959 dgd S sl Sheengn ol o i
VPSICHRTE RN VIt JP SN POV INUPN I EUNE &
3 Sl a3l CuaBae g olans jo el 5 lengn
090 4 lsp Calas s 3L S 5l eslanal sl 4 o jlassen
a5 55 oo ooliiesl _wlow 36 dus 3l c0diiS 5 ,5Taaz aylo
5 Lol Dy Sy ojlil @ a6 Gl 5,0 T98 ey
Sl Joe Glrm eyl Soaned (nlple
2o lga (cwlon 09,9 1 50 I3 peligas (19,0 Igo (25 >
)97 3 oy 9 35 30 3l 25 Sex o 4 S silulan

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

Ol)l5ed 5 adld dose BV

2uiS (5 5laer e Sglite glapm> 5 calises slagls o
9 o8 e polie ulol 2 (izmen (285 )18 b5l 890
byl 9y9e ool (Repeatability) 3,155 bl o>
<55 )5

b hromge hol slagisn adsl 2 )b ) JSa b gillas
5 a4 Y whs oSgl ldles o s glaeslull
s sl aded izl b 2l IS8 Ol Gelolyy
ghis gl b glated sladg) (Al )V JSS) (6055 i
5 ol fiaghoa ¥+ Jsb 5 saea Vo S5 Ly slonls
Vo iz gt by axyo U gl 4 s ek
Ve b dgd culeasily 5w el oads Jatte jo Joe
©pots Bl 5 b on aalol ailins ©)908; %00 o e
Beder Jaie e TV l3 L lalyinl & (o)
Mgy Syge a4 Al Gl Seme 5 2l i
OISl b 895 g0 b eamss s i b 5 sadansl
S g b e ) S 53 A5l 23l sp lpn 1t
il iz 5l oadasle Sl S 5 olayl U ol e oo
Ceomnd 4y ¢ 30 a3l e o idu ol 5o ol oal solo L
st Sy ls S8 T a0 Ll e aS ol ol
oo 43 5 3908 4y Cud 423 VY gl b a5l 0g
Sl ks slile e 5L daie ailazs )5 1,8 oiws o)l
a oy Ml ool @b sl e 0y s s e Lee oY
oiws 3l iay (i I jo e Soliwl JLad se>g o
ahss p wles bt 4y coed b 56 51 plaS™ 2 098 o 2>
alols el az 0 Ve asgly slylo oliws o)l b oyl 5,95 5
m ko O b s Bl &gty ol o,lg30 b o J3U (sl
Lol o shn Vo alold glls B)b oS @ cons 9y
3 ol sl b slas oleail i gl b o ) S
el ool ooly lid all il eadaisle ol S
o gl 6N Gln S plpear ollws i3l
Olosily gyt 255 50 18 ooliiuls g0 il 0aiiS g5l
Howsgas )19 diges Jansgs (6 yhuas i3 (610

bog LS Gysleer pleally Ol syl Gl
oolaiwl oBinlosl jo jlucws oKiws G 3l lawsgn
oads ool ioles ¥ USS jo olws (pl ojlgz b s S

Rl 3l rzmes 5 owgny slacdill el
pres 2b 9 Caghy 9 Lo wlbe e oyl )l
Obles (oS lon 5 olaw S5, ans o515 2 s
NI PR VES VLN
1 priges Ban L alllae ol oyl o0 4 4z L
N-wgsS Geany sl dplee (owis Slls |
2 e Jalse b pmp 5 (F93lere 5 13Ysa]
0 ol eizen o) bl lean¥T ol oSls
o> S yslaez 5o ymipesl 5 Jhemsse IS paiged
sl len ployd 50 90 Al Glaisn )3 ey
bly 5o ad el Glol (g slojed 5 (Ko ) (Sshe
o pdigel 4 gwpwd pas 4 daxgl b og asdlas Jlaal
ale ol @bl clsr wlul )l Jlaws
g b aizle g (2hb o paiged (ol aslllae ol )3 sele
oo 5o Jlopisel glse 4 ol Sl eslanal 518
2 Gimadl LY yglanz 5o ol pleaily (s les
Wo,8 b, oKl

SR O

st slos owt Slays 35 33 55 sebike allls o
Sl piged sl b plowl Glpl (por la el 5SS o
maigas 5l (Foy5lopm g 15Ysal N A-g55 slaeg g
s odliiul lojen O ygoa el g sliemgn sla o
soliiwl RT-PCR g, ;| ladiges ;LT slp crieon
Slo g g o pler cdale o Sojlasl axllae ol o 00 F
Egozme ;0 b plxl il (6 s sl yidn [0 oado il
6)516“?' (Ohlewm g 3l e ¥V oalold 4y diged Tooolass
AQ- oo 35 ,5llT olSiins b sl e (gla el )y
s s delol 5 IS by, g Uolye b (s ,Sojlail 9901
N W

eonsger I piges c3lu 5 (b3l

YL Sad 5 Jleong )l paiged (1392 CleeS @ 4295 L
S 5o ol edle 6l oged (oo S b ik o
Gelsl sl o8 eode lie Sl eslinal b o (Sbsl 58
| ol ytile Sl 5 00,5 e |y s pisns ol b
Wges Clo jolite 4 adgl ik ol plxl ilosges S
R 2Elel Sligas oy 5510 5 (S s o ol
oasaiSle Hlaawsn 0 pdiges (5 5laex loaily ol ools

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

By

Szt Jlo pdised o cSle g (b

5loa

AR

o~.\..i':‘5>‘f|c J.L.a.wy.a .]a.wy 6).9.“.04‘ Q‘)S 6)9—‘&‘*:.’ uLo..\;‘) ‘5>L:))| oKiws o)|5C)Ja Y Ji..;
Shionsgn (8 «l,3 05 lad (O «(5 1 paiges alaions (F ¢ 2alig, (F (b, mulats 7o (F S caas()

20l )3 ol olars ay ;00 it cplias ) eelais (Y JSC8)
oBws G 5l g8 polae (g pSojlail slp g LA g0
Fogld Lawgs 6 Soslil LB (slagls .05 5 osliul e,
Llgn b, og asdlas 1o ool i yion sbogld oogume )0
3 agee 5ham g 0ad Jlewgn o)ly sndenlan ool lade
oBiws lawg dapyyl phad ojlul SIS 4y I3 sl oyl
Shd exled dKiws al g Selul iy eus leds
Ooyleds Hlad S5 as |y @l slaws casl (ol solazwls se
Olgreds e o ol 0 oadg wSojluil @lyd slaws . les
Al glp g ol a8 3 a5 o lawwgu 3l aw &l olows
&lp 20,5 solatwl oo b lawgn (5 yslaex ylendl,
oolatwl ) abal)y 5l @l gglaes Gleasly (5,505l

205

P=C£0><100 (1) aba,

65'15 )..g.sLB.A L \9.6& ul-’)’ I*""L“‘" Qlia‘ olKws u;‘ B

Bi> sleadly Gl e glp clls dgzg AN ee
0,8 oolaiwl lowgn 3l oax g J8 lad ojlail SIS @
ahd Khleds olfiws lawgi (6 paell Sl sl Tacl
S pSo;lul 4es-5110 Jow (Optical Particle Counter)
ol e S el adgl Olyd slaw Glgiea o] polis g o
eIV slaoslasl jo @y oileds 5 gilulas a4 0l o&Kiws
QM;L: 6‘).: Sl.> ) oKs gS.: )‘ o us)g*‘ I\ 9 <10
bz sloizn o I Gl skl g ae Sl jles
lasgi oadolm! e Soliwl jlad Lau0 )5 colatul oiws
S8kee b)) sl S0 90 Slaghs (ales B g ;00 orey
Lug olfiws 3l (6900 (o8 lade aulad slu! 1) lawsgn
cails I3 M ey 3l S a5 ol sanSedan b

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

O)l5ed 5 ol doa BV

dn bl de e 0 5VL hls ez ()] 50 Jlegn
53 ofws o Sles gy Q3> mlbe e g 8 8L
obessly Glie 285 13 2bjl oyee alie slajo,
5 SrlSS Bl gl iz glagy; e eudanal
Al dglie K0S, 4wl (oo

Sl b g9 (510 paiges

S paiges 93 5l gy sl Dliad Sl (5 lo paiges sl
Lol oslinnl sley @ sl &jpot Slonsn 5 i
slp labial glopaiges by, 397 pas a4 axg
syahl gy sl oxlse <hd 5l )l paiges
3 Goslaer plodily (bl @l & a2 g b gl paiges
polie g Hhowwg lp oKislesl o (g el oplea
Gold .05 Ll sl (6l oaijle Jawgy calidiogs
Large  bpdsesd cws lawg g b pdised jLos,ge
33,5 el Munro L40 Jus Volume Air Sampler
5 el 4 5lge sob & a5l ealinal |
AV JS8) w35 Jate sheonss

Ao basgi D)3 g pslaaz plenly Pralaly cnl 5o
Co 5 Jhomgm 5l am s i ket &l slaws C lade o]
el Hloonsgus 31 B o Lot )3 slass
P eemsn 5l o ol Jlaie &Sl 4 axg L
SarsS cloojlail b &l mgasas Sy (g,slanz lo
b ¢ sudly slacs s paiges bl sl il IS 6 L
VO lade jolate (ol (sl 0903 et ) dinge 5l lade
Sl oadarog Ll mlo o ululn Glalie O (cw(ow
Slasls b it ) Hlewse (% (550 (6,5 D pdiges
Al 00l jee lewgu 3l g pedal oBiws lawgy calize
w35 ez g8 e sl DS g pslaer el e
wils 5T gy @V 6 yslaer lonily olSiws a5 sl
p> Ole O l oS QLR A BB e @
Sloe Slads jo jhie Ol asin polie (il mle aings
0 A4S Al g b (gsl8 Jude o ol als, olSiws g,
GrSolul oliws Hlewsly s ools misgl (358 Ceand
Sl az iy o gl ez lade ago S

S

Visual Paradigm Cnline Free Ediion 2 Umin

i_“ ) Bio sampler]|
(i3l Paradigm Oniine Free Edition

) g anga (la)ls paiges 4y oy Jlail ogi Y IS

il $lo5506 & VTM Jglons (53 peisas 1o 5| o
5 aiges .ol osls 1,8 (0,5 c6le ax 0 F sgu> sbeo)
by Jie paseis o8l & g pslaex 5l am 35, o
BT 51 S aaiges cplplo .sos 56T RT-PCR g,
2zl Somb glales o 550885 5 (55 b a5l

RT-PCR kg, b ladiges 5JUT

Ao jo ol pll ol dl> e g0 b diges U1
RNA zl sl oS 5l jekae ol 6lp 000,85 plxl YL
Sy psY Gl Bl oS pl o a0 5 eolal 5 @ oS Ll

opises 2 ceslie (20 0Lz S b 9o bawy

W 8995 @ D 0y Ggle Sl fegld b g ke
el 4 6395 Glor (20 5 a3 » N0 e
ohbd (g elaer jslaieds o8 oplan aids p J Y
Jolme yid b YO g o (gl don o 3lae g g
@ Jsle ol Gl ke Vs Slewss 4 VIM
Gyt Sl jizn 10 (5 0 paigad e al adlo] e
e Valol ;o g qwgng slagsbom 4 e ol jloce
b ad 5 QL] (e gl 51 65 VIO )] 50 g Lo
Jei g lasl mle B ()l paigad Joro o5 alold 4 azgs
b o Saslaez le w2 Geizes 5 oat ¥l VL el
6)5](:"-? olely [j )-*-’L’ 5 G paigel 0)50

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

B

Szt Jlo pdised o cSle g (b

oBCiws 5l dga (oo Cugb; g Lo (s pSojluil jelaneay
Lea8 Lutron oS, csle AQ-9901 Jos 518, 5JLT
Sl Tizmo jguiw Foglilo oBiws (pl ol oolaxwl el
g ol oole 18 lais ge e 0 oSlwd (g mSojlail (gl
p3¥ oley) adds Ve ploy Dde SIS g )5 4 £9,% 5l oy
@sie (6,0 paiges (oliwd (slojguiw yadoslel (gly
GrSoslasl b aw 3l o eadcdl 3 sleosls (Kl Ly
a5 18 e Lol eols laie 4 Jlsie
=

Hoger gl 2 9 (20 (Silwdnge

Shogn @lo o 9 (20 A Hlade 5T oIl bl
St S Az bcwl oad &I 0 5 F sl IS o
2 Ve B0 o pdiged sl len aigy (o0 Ol ool
olil b ld gyslaes leddly o0 cpl jo el ad s
b Geizen el oy Ve ay S5 (9,50 O 51 S
gz Slp ks 50 dnr gl Gl & K3 4 a2
b esy S5 @ S8 el 2l ee YO S5
b slp e VO glo o g aido p 2 V0 (20
1S e Sy olsses cnl Gk s oo bl ) LSS
el 1093 5 alide layg) b (297 S,

3oy5e slapgie 5 RNA gluolil 5 g ng s 5
Sg d9zge Al RNA L3k 5 b abl Bis ol y
sohte 4 GUT pge al> e 0 ad bl CuS eusle
pedlSe s ool COVITECH &y JsSse
Sl G Gleper 555 gy elel 2SS cnl el
(Multiplex One Step g-Real Time PCR) Gua JIgs
s ROX &, LS 4l g FAM &, LE asl g0 po
simlejl algd S 0 HEX K5, L RNaseP Isls s
oattie (oS Slawi b CuS olyen 4 culle J S 092 09
e g il (omie oy 5 G5y 2 s O
Waaigas 5 IUT jslate 4 .culls 3929 ladigas ;5 (wypg (o5
‘_}A’Jl)wo d,».'a <9y 9 )'“:’.‘)‘ (_g)'L..)oéLc] UL.LQ_C ‘M‘
41?-).0 )‘ GMC‘)?!M‘ RNA dqyo.: B KW ‘hl?b‘ oJ.!)L.u
by ool g2 s 5 05 ogline LIS 5 009331 T 4 3
ools I3 ISGluge s oSws (5,0 atrivn oy 5 (oles
sy sohai it iS5 L (Fogl lulis joliie & ad
ol o315l szl sl RNA Lol a5 o J,uS
ool diged LT 51 Jols bl 00,5 solatul o4

20,5 s N o)l Jgu

sricagh; g Les (5ol

= 0j
- +l- - - Ct*<40 + E
- +- - Ct<40 - + S
Ct<30 NE - NE NE e sl Jus
: + : : : SR
2 oilesl S5 e a3t 1SS
' s (S 34l ol LSO iSO i
N Sl slozel L8 e anis LS s T o

S oo jgme ailiw] I DNA 2S5 51 Lol uiluygld JuKw a5 ol glas > : Ct (Cycle threshold) *

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 ]

[ DOI: 10.18502/tkj.v18i2.22364 ]

Ol)5ed 5 ol doe BAVO

100

90

50

40

30

Collection efficiency

20

10

10 15

20

Collection Efficiency

Liquid
Collection Volume
m Particle Aerodynamic Diameter 0.3 pm

u Particle Aerodynamic Diameter 0.5 pm
= Particle Aerodynamic Diameter 5 pm

o.wSLg),T@? b @lizee g ;o Jlowgn lawgy OIS 6)5]&‘"-’ oleaily b S

100%
20%
80%
T0%
60%
50%
40%

Collection Efficiency

30%
20%
10%

0%

First Day

Second Day
Tests Days
= Particle Aerodynamic Diameter 0.3 pm
= Particle Aerodynamic Diameter 0.5 pm
= Particle Aerodynamic Diameter 5 pm

Third Day

Glite slojg; 0 Jheamge bawg S5 s slaez ploadly ;o gy iS5 F U

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

B

S o pdiged S el 5 (b

lgo o0 ol bl danlllass jge sl Loy calisee alads
aids p X V0 9V Sy 4 el g hews Gl
o929 RNA ‘LQ:QT S Soep o dadigas }.:Jlfl 3o 0y
sl idn 0 amd Cagb; g Lo 0 Slee aid olull
aoys Yo IV 5 ol il WA b ol Slojs 55150 calise

099 6)50)L.\."

9 4.1.!”9.«.))9.0 lebu"’jj.'.j éf‘}b cdals Gﬁfo)'l..ul c.)_b.t
Sy S Glgn 5l (I paiges @l V' Jgax jo
3 anlllans g0 o sy (sol> lykad Ylozsl a5 ) Lo

e Cugby g Lo Jlaae umes g by 0929
Yo 0 lediges 6)9—‘63"-’.’ RO W u“)‘)f 0dds (& S0l

aslllans )50 Sla g ng O plse 6 0 paiges loj 13 (crilush) 5 Lod s paiges g3 dladiged slaai o5 Io paiges oo Y Jgur

D) Lo s o les -diged Jowo Slos
. o o paigad
) C)) ° diges LS)b)? OL..;M
- Impinger Im-)
YY/A Y¥/4 i Y
_ Bio Bio-) b
sampler
- Impinger Im-y
YAID Y¥/A i S
- Bio Bio-v o g
sampler
- Impinger Im-y
- B'IO Bio-v
YYIY YYI$ Samprer ooy Sl
- Impinger Im-¥
- Bio Bio-f
sampler
- Impinger Im-o 3
- 56y s
- Bio . o) 3
Bio-o B
YY/§ YY/A Samp_'er E
- Impinger Im-#
- Bio Bio-#
sampler
- Impinger Im-v
YV/A Y¥ i o
_ Bio Bio-v b
sampler
- Impinger Im-A
YA/A Yv/4 i ICU1
- Bio Bio-A
sampler
- Impinger Im-4
v YY/§ : ICU 2
- Bio Bio-4
sampler
- Impinger Im-\ .
V4/A YY/¥ i 5505,
_ Bio Bio-1 - $589,95
sampler
- Impinger Im-1)
\RIA¥ YY/A - A
- Bio Bio-\) sz
sampler
CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

O)l5ed 5 ol doa BAVY

Impinger Im-\y
Bio Bio-\Y
sampler
Impinger Im-\y
Bio .
Bio-\Y i s
338 lo
14/ YOIf sampler S
Impinger Im-\f Y
Bio Bio-\f
sampler
Impinger Im-1o
samBIIZr Bio-12
YAUA YY) P S59l595
Impinger Im-\# .
Bio Bio-\# 3«
sampler g
Impinger Im-\v f
samBllzr Bio-1Y
Y¥/5 YYIO P ICU 2
Impinger Im-\A
Bio Bio-\A
sampler
Impinger Im-14
YY/A Y¥/Y i Fast
Bio Bio-14
sampler
Impinger Im-y.
Y\/# YYIY : NI
Bio Bio- - 2 92
sampler

sl ise 5l adadi ¥V 0 lgn (ols pdiged (V) yonie!
RT- s, a0 lasiges 5l 5 pmoms] b oli oy il
(Vo) ol ey 4B £V liw,ls S 0 PCR
2 Slwslen it otz lgn aiged YO (o)
305 # L5 o5 RT-POR oy, 40 vl b 55 5
V) Wad cude
Sr s 5l oadgw)n Sler agei VT ol
o> plol liw Ly 5o onlianl code cus b gl Lo
i 58 835 ¥ g5 (YY) SKC oy b o3kl w5
—as polie b oyS 0 andllae jo Lo polie .aios cuie ICU
30 (eiCagb ) el 00y alline yol> axlllas o odwlcaws
Sl ol 5,155 doye B B Fr o 53 asdlas
g oS il a0 T BV gloo e o Sl 5|

bylyls g pcalin flgeds oy B0 U T aicoghb,

Son

‘5‘9& 6[.%4.15.@4 GALQ.’ o GOM"W‘)@ GL».: QuL..uljJ

RT- (59, b oS ymiposl 5 shroges absay oaiis pslaaz
50 0,5 sluls gy RNA ka5 5JLT PCR
S wgps Sl pSolul Baa L o wlie oldlas
Oliwslore 5o Olle sy slagll lse )0 LyyS
2l wwl a8 Oge lpl alexl s gleyeis
50 Jlie sl el sael Cuss 4 e ldiges asn LT
o aigad plad wiloads B8 yxe dslol ;o a5 (60 )lse ples
o> plol Gl Loy (idu 00 ;0 19a (5510 paiges sailoas
ol Slgll lsa 5l )l paiges VA il b 100
5 Slewslons ol Sgegin b VA-0u9e5 0 Mile Loy a
RT- qu) aQ ).JLJ 9 SKC )l...o.w}u )l oolal l) e
Ohlews GBI 51 adais YV 8 Iga (g ls paiges (V) PCR
L Joooyl ol gz plol i lon 50 VA g5 4 Diis

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

B

Szt Jlo pdised o cSle g (b

ol Bl lawgi ouliadgr &l had oslail a 565 i S0y
g e Wi s o i slacigie 4 M
Ol i el suls plil goaxine Dllllas (0,5 Cuo
polie dgax> 5l @llad oslasl o 38 camoylis Slalllase
@ Sl piie ey )See 00 wiz B eg See o5l S
Gis 45w st o )Sen 5 b aslllas )5 Jlte lsie
s g i | B 0adadg qug g slo g 5T o5l
Gl wilize wit slocisie 4 Mo ollos biwy
sy S B 5l eS8 polie s 5 el g0k slacals
(Y el e

Ol oslal mujes a4 ol lis Ko laddlae b
5 & SARS-COV-2 Ll (slsmgns RNA
2 S g8 sl b g pFejlul ez lagy slagtinn Lo
FagSas SYID g ey S V b +IT0 (slaolul e3gume
(V) aceus

Glea 0 Ko adlhe K o g ,Sojlal s
6o Lo T 45" 0l Lt s Lo S it olo iy
U Y sleojlasl oogasa sl)l0 ¥ wgeS )l gy sol>
(FV) Qg yiag e >F g ey S ¥

15 oaoolitiul (sla s yaiged 45 ams e Lis gl ol
olil 4 Cad gyslaem ledily 4 azgi b caddllae ()l
ool b ugys sl ladisel g pslaer (2ly w2y
Odile oy e 4 cadcull pizes Syl |y JoB L
D5tz 4 S Showgn b osdiisyslaez loeg s
Sade (pl diges Glaie a4 Sl JYL s S0 (6,10 pdiges
() Sl NIOSH Jls paiges 51 pisian ol § sg0>

Loolgse 1) ond sylopaisel susny byl
2 e LSS Wl (e slaghy, 5l eslitul
i S0l by 5 Lol b wligay] by SutlS 5 dpl
U slo gy s e s o, SlocSaSs 5l oolial U
S wgpg s & wilyi oo b swlsigesl Ll ol aseis |,
Sy @lolid b 5 1) 0uy e slogmg g b o)
GSoslail gy ol iy jaskid pls 0 )guicws
@Bl 5o 0)ls (S loug g ol liee 4 Sul o
155 s ROS agms Cush, 5 Les aiile oo (glo_m ol
oM Jugpl @ e anlB Gzmes 5 (il
4 Sislse 5 et cel o Wlgioe ey s

el ol Bire VA-0geS wgpg uile oSy (sl
co ) )5S anllas 5 SARS-COV-2 gy olulis
0diy sl |y oyl a8 ols s laore oedCagb ) 4 oles
OSlee aalllas (pl o 4z ST a8 (oo walp g ny uile
Al glaion 10 0ad (6T ol ped Cugb; g Lo
S8 il Yo IV 5 YA s 5 s dalllass yge (gl o
BYe Gl coglae Ll ) feS godg 4 a5 ol 00
Slp oy 00 B Fr aicugb, ¢ o 5 cile ax 0 T
Sz 3 oS Cwl S5 4y oY Sl Gugng aile J2
Slapies Sl se siluggdae slp anllans e (6
A od ooliial (23> glgn el L gt

Ole 2Ll cogas yo (Suil Sldlae L5 ok 4
(Y5YY) el 0t ploxil gm )5 39250 (slapug oy cile

5 Ot Sz 5 U Wl o BYs 5l S
Srslezr Ly 25l 9o slaaiged 1o lawsny 5 cdild
o rgng «nl 2 opdle sl Jlpds l9a 5l oy ny S5
e oabrblis 5 e o) K 36 dag 1Sl M,
solizl PCR 3JUT 1o CoaS cpas gl o 51 olss 45
(YY) dg05

S paiges pln lgn )3 S92 g0 Sl wgny (nl 2 odle
wile agzme Gl i 5l oy 0 7mS oyme po 5T
s ol wile (ROS) (st Jlb ladisS < S
o oo Joog Sl ey 5o (Sl ol iyl
(F) 35,5 0 )18 s lopiged g 0 plen D)3 4

5 ololis Gan b S Sllllae (il 5 s ceen 4
maiged Sl oolial blge o ey ng (S (o5 e
5 loyeSeml 5 lensn Gl wile Jb lalo
3 Sogp 50wl oals plil RT-PCR g, & auseis
s by Sl 0ais (ollid 550 (slagmg g ladiges
Sl (VA Cal ooy e brdiges 31 ao 0 AMY (.SSls
00 S5 slo g s RNA Llolis ol Jlis! Sl ol
olabinl hgy g (eSh ol lga slayls paigad jo
“gez oy Sised 3T 5 (oS sl paised sl
lmosls degerme Jlo el unl i @5 Tga 5l snbis,s]
51 oolaiul b sadisyglans sloaises 5 wuia 5Ll amis b
ailodel Cews 4 SV Gl s ¢ b pld Gl gl
(YA)

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

Ol )l5ed 5 ol dosa EAVA

2yl andllas ol 5o o] 51 ooliiwl «l g ol (oYL
Slalllas jo lag] 5l eolaul 5 585 s Jga> &l 050

Dy p Aoy wypg 3l (6, paiges sl oans]

Q‘é%

Splep JUDl Soaslio gwyy g <8 o YU jslateas
Q‘J.L'f o..\.;.;.] UL!JUQA )\b as QJ;G‘Q QLQ.\M 5LQU.09).)5
P Golopdse 9 05 syslaer  wged (g i
Sogo ;0 B ogd plxil 65 SVeb g Oglate slagyle e
ot bl ang polie @ls p b ol s She
waline Joad 10 (5,10 pdigal =l aslis uen 20,5
g g0 Ao gl san| Sldllas gl p

S5 ool

pole Slisdow S ye | jlpd (Sdn pge ol
Ol aile den g )len 5 (o Colex b5 ilage
05 (o0 (G13)98 g ST (i35l yue |y gk (nl pln]
&8l yo B,les

ol il a8 e e bl Wl opl QB
W s G515 0 a8l

b >

wyas sl obl e Slids )b Jol> dlie ol
b (bl pole Dlindos S50 b (Sdi psle olKadls
ol o Jb coles ol 5l g cenl YIFY e oS
SN Slla>dle

S pole oKl P 48 lawgs addlie ol
o0 4l IR.SUMS.REC.1399.846 sl oS L jl,mt
» S Jeel b @lhe fogh Sl ooles ool
Lol 00l plxl ioghy
OB S g &5 )Lkee

Szl olB g der 5 500 S i Slimo 0 (rae
Lo) (oodlosere WP chug S (e S )b
(Shar S alie (Ag g Henedle ardye (el
by g Gl Lo) oedlademe ol dug e
Adlae HBany als ool 4 ol dlas edle

.C}uu‘o\.\.:...u)

5 Sy Glanal wile g py bz sla iy
el 4l 50 g 09d (F9y0 b g (b slagnSyn
g o] ot Jled i

2 PCR usle SalS'gs ol aseis &by o slo g,
I3 )3 9250 Slomgng G reSojlul 4 bgrye Slalllas 251
Syl log o g pg Ln; cusl a8 )3 51,8 oolaiuls e
Sl s w0 paiged Sliles (b o (rizren g b
50 Wb o oolaiwl cwpnl Al p sl ls pdiges I aS
3575 o5 o polie ;0 g Wy oo JlE sl (5yme
Gy Db ojlubul g, ol J= 0 PCR wjls
ol el lga g (Sl sladiged 3 lagmgng (6 S0slw]
bwany omb lacdile jaseid osd (n S5 by,
s ALY asis o6l PCR os, j0 il
ATY) 5,13 5525 420 livebsl aluls L |, SARS-CoV-2

CoeS 4 gy pg oplee JUESl s ) oo Sl 4
Sl gy ol aiaal CoiS 5 gsrhae Sl 2
Foo iwgng oplga chile p a5 J3s slalame 4505
Sleladl ool ogdle bl aibls oV SKiusly s
608 wbilis g 5l eolitl anle wenlie 4l Ky
35 8 e wb

Slo Wlgioe dadiges )3 aug g S plse (olulid pae
2 mitaghy 5 Lo alex I e Luls Jp8 b
S Sy B A Sl 58 lame 50 eny B
33 9039 05 198 ;0 Ug)S (g g oot g g B wls
9y B8l sl (Jaze Ll (39 cnlial & 90
S97g Gwired g oy Vol pieS Cagb) g Led alex |
2L Pl i (anged slass glls) wel,lS 4005 pns
Jlain] sl aiile aplajles 1 dmos ol s el
25 ol e o Sl (e 5 Lol
dalllae slacysgame

Glotises ol ol adlae glacyssame 5 K
5Ll sloan e 4 azgi b oS 05 ok (5)5leer (w99
A 08 s LAiged pl Slaws (L1581« cwg g sladiges
Golaer emmond; ladlsl il sy ki
o525 51 6)l0 g0 sl (5 pemlia Glodily ¢ Juog S5
sleanie & azg b W)l VA-wssS ugny egata

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

By. Szt Jlo pdised o cSle g (b

References

1. Ghanizadeh F, Godini H. A review of the chemical and biological pollutants in indoor air in hospitals and
assessing their effects on the health of patients, staff and visitors. Reviews on environmental health.
2018;33(3):231-45.

2. Correia G, Calheiros D, Rosa N, Rodrigues L, Cunha S, Santiago LM, et al. Indoor air quality and
airborne transmission under the One Health lens: A scoping review. One Health. 2025:101160.

3. Sadeghi S, Aminossadati SM, Leonardi C. A Critical Review of Critical Factors Influencing Airborne
Particle Transmission in Indoor Environments Under Stationary and Dynamic Scenarios. Archives of
Computational Methods in Engineering. 2025:1-31.

4. Bhardwaj J, Hong S, Jang J, Han C-H, Lee J, Jang J. Recent advancements in the measurement of
pathogenic airborne viruses. Journal of hazardous materials. 2021;420:126574.

5. Sung G, Ahn C, Kulkarni A, Shin WG, Kim T. Highly efficient in-line wet cyclone air sampler for
airborne virus detection. Journal of Mechanical Science and Technology. 2017;31(9):4363-9.

6. Borges JT, Nakada LYK, Maniero MG, Guimaraes JR. SARS-CoV-2: a systematic review of indoor air
sampling for virus detection. Environmental Science and Pollution Research. 2021;28(30):40460-73.

7. Lindsley WG, Green BJ, Blachere FM, Martin SB, Law BF, Jensen PA, et al. Sampling and
characterization of bioaerosols. National Institute for Occupational Safety and Health. 2017.

8. Pan M, Lednicky JA, Wu CY. Collection, particle sizing and detection of airborne viruses. Journal of
applied microbiology. 2019;127(6):1596-611.

9. Lindsley WG, Blachere FM, Thewlis RE, Vishnu A, Davis KA, Cao G, et al. Measurements of airborne
influenza virus in aerosol particles from human coughs. PloS one. 2010;5(11):e15100.

10. Blanchere FM, Green BJ, Jensen PA, Law BF, Lindsley WG, Martin Jr SB, et al. Sampling and
characterization of bioaerosols. 2017.

11. Lindsley WG, Schmechel D, Chen BT. A two-stage cyclone using microcentrifuge tubes for personal
bioaerosol sampling. Journal of Environmental Monitoring. 2006;8(11):1136-42.

12. Boles C, Brown G, Park JH, Nonnenmann M. The optimization of methods for the collection of
aerosolized murine norovirus. Food and environmental virology. 2020;12(3):199-208.

13. Li J, Leavey A, Wang Y, O'Neil C, Wallace MA, Burnham C-AD, et al. Comparing the performance of 3
bioaerosol samplers for influenza virus. Journal of aerosol science. 2018;115:133-45.

14. Willeke K, Lin X, Grinshpun SA. Improved aerosol collection by combined impaction and centrifugal
motion. Aerosol Science and technology. 1998;28(5):439-56.

15. Kyle J. Popovich M, MS, David P. Calfee, MD, Payal K. Patel, MD, MPH, Shelby Lassiter, BSN, RN,
CPHQ, Andrew J. Rolle, MPH, Louella Hung, MPH, Sanjay Saint, MD, MPH, and Vineet Chopra, MD,
MSc. The Centers for Disease Control and Prevention STRIVE Initiative: Construction of a National
Program to Reduce Health Care-Associated Infections at the Local Level. Annals of Internal Medicine.
2019;171(7_Supplement):S2-S6.

16. Yogeswaran K, Azmi L, Bhassu S, Isa HN, Aziz MA. Physical parameters influence the microbial
guality of indoor air in research laboratories: A report from Malaysia. Kuwait Journal of Science.
2023;50(4):665-73.

17. Baboli Z, Neisi N, Babaei AA, Ahmadi M, Sorooshian A, Birgani YT, et al. On the airborne transmission
of SARS-CoV-2 and relationship with indoor conditions at a hospital. Atmospheric Environment.
2021;261:118563.

18. Faridi S, Niazi S, Sadeghi K, Naddafi K, Yavarian J, Shamsipour M, et al. A field indoor air
measurement of SARS-CoV-2 in the patient rooms of the largest hospital in Iran. Science of the Total
Environment. 2020;725:138401.

19. Ahn JY, An S, Sohn Y, Cho Y, Hyun JH, Baek YJ, et al. Environmental contamination in the isolation
rooms of COVID-19 patients with severe pneumonia requiring mechanical ventilation or high-flow oxygen
therapy. Journal of Hospital Infection. 2020;106(3):570-6.

20. Vosoughi M, Karami C, Dargahi A, Jeddi F, Jalali KM, Hadisi A, et al. Investigation of SARS-CoV-2 in
hospital indoor air of COVID-19 patients' ward with impinger method. Environmental Science and Pollution
Research. 2021;28(36):50480-8.

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

Ol)l5es 5 odle dosme BAYY

21. Hemati S, Mobini GR, Heidari M, Rahmani F, Soleymani Babadi A, Farhadkhani M, et al. Simultaneous
monitoring of SARS-CoV-2, bacteria, and fungi in indoor air of hospital: a study on Hajar Hospital in
Shahrekord, Iran. Environmental Science and Pollution Research. 2021;28(32):43792-802.

22. Kenarkoohi A, Noorimotlagh Z, Falahi S, Amarloei A, Mirzaee SA, Pakzad I, et al. Hospital indoor air
guality monitoring for the detection of SARS-CoV-2 (COVID-19) virus. Science of the Total Environment.
2020;748:141324.

23. Prussin AJ, Marr LC, Bibby KJ. Challenges of studying viral aerosol metagenomics and communities in
comparison with bacterial and fungal aerosols. FEMS microbiology letters. 2014;357(1):1-9.

24. Yang W, Elankumaran S, Marr LC. Concentrations and size distributions of airborne influenza A viruses
measured indoors at a health centre, a day-care centre and on aeroplanes. Journal of the Royal Society
Interface. 2011;8(61):1176-84.

25. Whon TW, Kim M-S, Roh SW, Shin N-R, Lee H-W, Bae J-W. Metagenomic characterization of
airborne viral DNA diversity in the near-surface atmosphere. Journal of virology. 2012;86(15):8221-31.

26. Jensen PA, Schafer MP. Sampling and characterization of bioaerosols. NIOSH manual of analytical
methods. 1998;1(15):82-112.

27. Prussin AJ, Garcia EB, Marr LC. Total virus and bacteria concentrations in indoor and outdoor air.
Environmental science & technology letters. 2015;2(4):84.

28. Dinoi A, Feltracco M, Chirizzi D, Trabucco S, Conte M, Gregoris E, et al. A review on measurements of
SARS-CoV-2 genetic material in air in outdoor and indoor environments: Implication for airborne
transmission. Science of the Total Environment. 2022;809:151137.

29. Fennelly KP. Particle sizes of infectious aerosols: implications for infection control. The lancet
respiratory medicine. 2020;8(9):914-24.

30. Liu Y, Ning Z, Chen Y, Guo M, Liu Y, Gali NK, et al. Aerodynamic analysis of SARS-CoV-2 in two
Wuhan hospitals. Nature. 2020;582(7813):557-60.

31. Team SNCOR. Detection of air and surface contamination by SARS-CoV-2 in hospital rooms of infected
patients. Nature communications. 2020;11(1):2800.

32. Rahmani AR, Leili M, Azarian G, Poormohammadi A. Sampling and detection of corona viruses in air:
A mini review. Science of the Total Environment. 2020;740:140207.

CCBY-NC4.0


http://dx.doi.org/10.18502/tkj.v18i2.22364
https://tkj.ssu.ac.ir/article-1-1392-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-08-29 |

[ DOI: 10.18502/tKj.v18i2.22364 |

Bry Shongas 8 piges S cile g 2k

Redesign and Development of a Biosampler and Evaluation of Its
Collection Efficiency

Hashemi M*?, Yarmohammadi R*?, Yousefinejad S?, Gholampour M?, Jafari $*°

! Student research committee, Shiraz University of Medical Sciences, Shiraz, Iran

2 Department of Occupational Health and Safety Engineering, School of Health, Shiraz University of Medical Sciences,
Shiraz, Iran

® Department of Architecture, Faculty of Art and Architecture, Shiraz Branch, Islamic Azad University, Shiraz, Iran

Abstract

Introduction: Understanding the nature and concentration of airborne viruses such as SARS-CoV-2,
influenza, and the common cold is essential for assessing transmission risk and developing preventive
measures. This study aimed to evaluate the efficiency of BioSampler and impinger samplers in detecting
these viruses in indoor air of healthcare centers in a southern city of Iran. In addition, the redesign and
fabrication process of the BioSampler are presented.

Methods and Materials: The biosampler was redesigned based on scientific literature and manufactured at
a laboratory equipment production center. Its collection efficiency was evaluated at different flow rates and
varying volumes of absorbing liquid. Simultaneous air sampling was conducted using an impinger (2 L/min)
and a BioSampler (15 L/min). A Munro L40 pump and a T-connector were used to operate both samplers
concurrently. Sample analysis was performed using RT-PCR. In total, 20 air samples were collected from
different hospital wards. Environmental parameters, including temperature, relative humidity, airflow rate,
and air change rate, were measured.

Results: Airflow rates ranging from 5 to 20 L/min were evaluated. Collection efficiency reached its
maximum at 15 L/min, and further increases in flow rate did not improve performance. The volume of
collection liquid was examined from 10 to 25 mL, with the highest efficiency observed at 25 mL. No RNA
of SARS-CoV-2, influenza, or common cold viruses was detected in any of the air samples.

Conclusion: No viruses were detected in samples collected using either the BioSampler or the impinger.
This may be attributed to the effects of temperature and humidity on the viability of airborne viruses, the low
concentration of virus-containing particles in the air, and potential limitations of the analytical method.
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