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Background and Objective: This study was conducted with the aim of
determining the effect of different disinfection methods on the efficiency,
pressure drop, and quality of medical masks used by medical staff. The
filtration efficiency of medical masks was also investigated in the present
study.

Materials and Methods: In the present study, four models of medical masks
used by the treatment staff were selected. The masks were then disinfected
with the disinfection methods recommended by the disease control and
prevention centers, including heat methods, autoclaves, ultraviolet rays,
immersion in 70% alcohol, and immersion in sodium hypochlorite.
Finally, the effect of each disinfection method on the efficiency, pressure
drop, and quality of the masks was checked using the test system.

Results: Based on the results obtained from the study, disinfecting
masks using thermal methods, autoclaving, ultraviolet radiation,
immersion in sodium hypochlorite, and immersion in 70% alcohol
caused changes in efficiency by 5.58%, 9.83%, 8.15%, 13.34%,
and 20.38%, respectively. Additionally, changes in pressure drop
were observed at rates of 129, 7, 6.92, 183.75, and 16.13 Pa,
respectively. Moreover, the quality factor of masks improved after
disinfection using thermal methods and autoclaving, in contrast to
other methods. Furthermore, the assessment of filtration efficiency
indicated that three out of four types of masks examined had
efficiencies lower than 85%.

Conclusion: Disinfection of medical masks using the heat method
was chosen as the best disinfection method due to the least change
in efficiency, a slight increase in pressure drop, and availability, and
the 70% alcohol immersion method was chosen as the weakest
disinfection method due to the decrease in efficiency, increase in
pressure drop, and destruction of the mask's structure.
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Extended Abstract

Background and Objective

Particle pollutants, especially biological particles,
can pose various risks, such as disease transmission
and negative effects on respiratory health and
human well-being. These particles include bacteria,
viruses, fungi, and other microorganisms that can
cause respiratory diseases. For example, the
coronavirus can be mentioned. To prevent
respiratory diseases caused by biological particles,
precautionary measures such as using medical
masks and gloves, washing hands with alcohol-
based or soap and water solutions, maintaining a
safe distance between the patient and others, and
ensuring proper ventilation in the environment are
recommended. The World Health Organization has
confirmed that the proper and continuous use of
personal protective equipment (PPE) helps reduce
the spread of pathogens [1-9].

The widespread use of masks by healthcare
workers, essential service providers, and cleaners,
as well as the high cost of acquiring masks to
combat COVID-19, have prompted governments,
companies, and hospitals to seek solutions such as
the reuse, cleaning, and disinfection of used masks.
Additionally, the reduced protective efficacy and
quality of masks due to disinfection are concerns
that exist regarding the reuse of masks after
disinfection and need to be examined [10-22]. The
aim of this study is to investigate the impact of the
proposed disinfection methods by the Centers for
Disease Control and Prevention, including heat
methods, autoclaving, ultraviolet radiation,
immersion in 70% alcohol, and immersion in
sodium hypochlorite, on the efficacy, pressure
drop, and quality of medical masks and assess their
filtration efficiency.

Materials and Methods

In the present study, four types of medical masks
used by healthcare personnel were examined.
Based on the ASTM F2299 standard method, the
filtration efficiency and initial pressure drop of the
masks were measured using a standardized testing
system. After measuring the efficacy and initial
pressure drop of the masks, they were disinfected
using the approved methods by the Centers for
Disease Control and Prevention and were again
subjected to the filtration performance test. This
process was repeated three times for each mask to
achieve the optimal cycle of respiratory mask
disinfection [23-25].

Results
The average filtration efficiency of the masks used
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in this study has been calculated using the
following equation, and the values are shown in
Table 1.
nl —n2

- onl
As shown in Tables 2 and 3, the filtration efficiency
of the masks decreased after disinfection by all
methods. According to the results, the thermal
method had the least impact on efficiency and
pressure drop.
In this study, the average values of the quality index
before and after the disinfection of masks were
obtained using the equation provided in the
methodology for different disinfection methods,
and then the percentage changes in the quality
index after the disinfection of masks were
evaluated. Table 4 shows the average values of
these measurements.

Discussion

In this study, approved methods by the Centers for
Disease Control and Prevention for disinfecting
medical masks were utilized. Four categories of
masks commonly used by healthcare professionals
and the general public were selected and included
in the study. The efficiency and initial pressure drop
of each mask category were determined three times
using a testing system, and their average values
were recorded [26-29]. According to the findings of
this study, the thermal disinfection method showed
the lowest decrease in efficiency among different
disinfection methods, with a reduction of 5.58%.
The ultraviolet irradiation method also resulted in
an 8.15% decrease in mask efficiency. Disinfecting
the masks using a 70% alcohol immersion method
reduced the mask filtration efficiency by 20.38%,
making it the method with the highest decrease in
efficiency among the different disinfection
methods. Additionally, the disinfection of masks
using autoclave and sodium hypochlorite
immersion methods reduced the efficiency by
9.83% and 13.34%, respectively [30-35].

Conclusion

Considering that the use of PPE creates a sense of
security for the user and that inadequate protection
provided by PPE can lead to a false sense of security
and exacerbate the user's exposure to harmful
agents, the use of PPE with appropriate efficiency is
of utmost importance. However, the results of the
present study have shown that the filtration
efficiency of medical masks in the three groups of
masks under investigation was less than 85%. This
study can serve as a warning for individuals who
use medical masks when facing infectious agents.

VEeY 5l ¥ oyl Ve 093 (g1 y> bl msckigeo Al ¥



JOHE

G149 > Cuinling (wiigo Ao
YIV-YYY) :Olrio AFY jmly ¥ o)l Ve 6590
https://johe.umsha.ac.ir

UMSHA Press

S0 «

T 50 (o oo s adas 591 pai0 HIG T c0n )5 o o T Ll (S8 il 8

‘@Ua.l.w om0l
1“‘50; o) Sl S yol

Oyl eolses laan Sos psle olfuils cidlagy 0aSlasls o g gzeiils Slados aeS!

Ol eohias (laen S pole ol wruilags suStils (gl > coilagg 09,5 ¢ it (siol g Cudlage liizd 35 0 (gld > Cuilage objgel code iad T
Ol laes (ol (Sap pele olKtils crailags eaSiiils (glad > Cudlage owiige 09,8

Oyl cogles ol (Kisy pole olKitils coilags 0aSKtils «(slad > coiligy (owdige 09,5

Ol e lase odlwl ol3T olKisls o555l § Lipgh ciglee ©

s

SIS el 31 oS S o o] lal b e (6 S da atilo il daylph 10 Seolo SgueS BB g lslun
wop Lo b ol addlhs cal uls Jsaeas 5l Gw o Sule 5l ojbgs colaiwl Lyl i ) )0 420
P g 02litals g0 (Sdiy sloSale CuinS 5 lid 8l (LS 5 Syieas it slaghs, b
A plesl by ] (filtration)  SosSasar o5 s g gleyo

anlllas o )ly 5 Bl oy ;015 oolizals yge K3 Sasle Joo Loz ol canlllas o B Y3 3 Olg0
(Slo 35y Jot 5 lagt 68t 5 L5 35150 gt oting? ipied sl sy b acSinle s 12
S5hend made Syl gm0 (559abed By, 5 we,d Ve JSI s (655absé (2dnl g el gle S
alolo 1 oslitul b leSule cudsS 5 Lid <l (oS 59, 2 Sodsas (Bg) & 556 Ll 5 waws S
20,5 e cinlej]

3 5 T ey sl i, b IoSiole et sl 51 ol s ol HlBaly
DIOA Gy 0 LS oS Sl i oo Ve S )0 (655abg8 5 mads SIS 5m 50 (5 9abse
JISaly YV 5 VAYIVA $IAY & ANY lee 4y )i Cdl i g dops Yo/TA 5 VYITE AN /AT
2lo B n D5l 5 ole)S slaghy) 0 Geaead | m leSils CodS (aFlE izes Wsh o
Swle £95 Jlez 5l 9w o9 aie (SaSadal LS (o) p Geizmes 3L B e,
Aidg do,3 AB 5l ST SIS Glhls ) 0850

Gl el 50 i (2 eS Jelo b (e T g 5l oolistal L (S slaSle igheas 15 oS 42t
3 Sopabst by rimres D et (Sedead (Bg) (e Olye 4 OO eries )3 g L8 S8l 5l
Soiedd gy (n Fhand Swlo iS55 g jLad Sl Gl oLlS el s 4w ps Ve JSUI
SOg Sy slSuls

oleyd ol5 (Sule Ggiead ¢ owiis cblix Suls tgoulS” 5515

VE-Y/ 5 el el ys gu b
VYL SITY callio ol pg g,
VE-Y/- VIO illio b iy du b

VE YA 8 rallie 5LicS] Gyl

iy pale olidls (gly i Goi> peled
ol Bgazes laas

e (e Same 1 ghws O g
(sl cuslagy ($B5900 sale b
sk (gal g Cblagy Dladsg 55 e
0uSiils (gldd ) ublage 09,5
Ol Sig pole olRadls ccilage
AT PRARONS
m.habibi@umsha.ac.ir : L)

Sl bay 5l (ot 025 05055 5 «ABIS (g ol tazme ¢y s> )0 s Al 5 500t e (g0 )S 1y liged (Bt 0l ¢ Silabs 3Lk
NAY=TYY 0NV E Y 5l sl cublagy i Ao (oS5 slocSule kS asls 5 Ld cl LS s ighend dilsus

5 i 2 (site Sl 5 a8 slowl (6 lew Ji] asile alisee

PRV

Syl il oo Sojglem Sl ohisar sleyd glaean,V

no | VBT 5l ¥ oyl Ve 09 «(g1ad y> bl ki Al


https://orcid.org/0000-0002-6755-6869
https://orcid.org/0000-0001-5653-9302

5 bl oL jmals emen [VF] aisl saseslicl
48 Cal Sl LS S Ssaeas Sl bSuls CoiS
Gl g o, 0429 Sgacas 3l L Sube 5l saos solaiwl 4w
35S B s n 80
Seiedd Gl gla ) 3 90 55 (il Dlalllas (95T
Oy & Sledllae pl Ll e[V o=V VLY ] e oas ool laoSle
A0 Sle S el bap] 5l (B g0 5 098 el p3Y
odds plxl Slaowyp 4 Az gl b igren el oud 8,5
Pl Olnl o (Sin Sl 5, lasllae iz S
Sloiis, b owyp pols aslllas alxl 5l Baa sl sois
Sl 5l St 5 JAS 55 0 Ly ondioloiing (Sgdens
S 55 5 )p9abod e iul 3 55 S 93T 2le)S Sla g,y Jals
Bl @bl o o lSgn 55 (5 5abse (g, g oy Ve
slosSule SauSahal oLl5 (ouyp g gl Cods 5 Lad

BTy
Swlo b/
Lasgs oolisls ygo S5y Solo £55 ez ol anlllas o

O JK2) a8 5 )18 )0 0550 (loyd 0l8

W -~ Shir]

anlllas ol o sudoslinal S sbacSule o) S5

pasli g adyl HLis b SuiiSadal /)b dawlxo
b lwb cods
LS ASTM F2299 o laliwl g, wlely cuws
alolus 5l oolazwl L bSule adgl jlud il 5 SocSabas
o 2l LYY] 0 (6 5uFsail conts ansLs o lastiasl ol
Age G5 (ol melal g el i3 (ol Cend oz
Hb o S b olal b (oSOl glls LMus alaase ol )3
Shd eanS hled iwsn g Swle (605,18 jslalea
adgr jebaeds [plasl 5l Lol adlae jo el ond JSis
Slgp ol soliiwl dyiws ygel jo colituls g (slo g 51
Ol «asb, Bi> jelateds 5 Sb slon g5l ) nladl 4y (5999
g SSiS Gl e 5l Gw Wee j0 eald opall S

oy slSube Sgacas

Mo ag g oSt Jolis alyd ol D] il bl xodls
25 0 )l by 8" wg g 2 Olgion Jlo Glyie 42 dijlo |y (oudiS

Somez 50 )b GriedS sl VN alos )3 ey g 0l
Oz ol 0 pFden (g le S o a5 Ol oy Sl
8 gl Dl o a5 b (slacd i s92glk Y] 008
i V2558 Cupae 9 Lg)S (mong yue S0 4 i
S S T el s s ol o GheS (955350
obul 4 lizen ghlew opl o) sl ool Jos canylyd
P93 Too )55 5l ()l g 00l aelol Gloz pol pos 53 a9 S 5
Olis solem (! b (295bgy Waged w28 |y ol gond py b
Sl J:JJQ&A‘ Ao GsLbLg);w O 8555 aS Sl ool
Ghg anwg Jl 50 slo)0iS 50 g 4 eansl yo (1185 4

s 5 A (S slags o 4 Ml Sl 2T ol sl
SSis 5 Sl ) ooliial alesl bolis! Slaladl oS35 s
35 cebie 43595 51 Slabsl 5 oLl sl g Sl s (poul alols
anl Sl calag glosle [0-Y] ol ous slprig Lame
9 T )BJaAg 6°)-é cbles ul)...e‘:d' )‘| solarwl 45 el oo;
ol sl a8 e SeS el jlasl el 4 polas
QUSHI B S0l el nl 95 oymess 55 & Sl

Sz sl pljle by (San Sele pandy
@ Wilgs o a8 el ouliaog il iy ololadl 5l (SO lgrea
A SeS (oS (o5 SGS Lo (P sl (0,5 g
o) wile oloysiS ;5 Sule ) eelcaibas colizl [4]
b oagzrlse o 1) gl piseil So iseez 5 0ex e
5550 5 Loleal cdgs [V -] sl 00503 SL3 cnits slogs Lo
(European Centre for s les St 3 J5u5 byl
a5 wlsls asis ;.5 Disease Prevention and Control)
Eods sualS 4y Wilgs oo po e pgas Lawg Swbe I oolail
D] s s cisae

B 3 SUSU ol Jodo 40 V=055 (6,540 Job yo
sl o ) Wi (2l Sbe 05eS Gilen
5 95 Gl o 4 cnl 2 odle 1Y) s ol a8
g alml cedml 0,90 5l e el (o o5 LaSils (] &80
Dol sgs as s L o ol

OLS LI awgh Sl 3100 5w oolaiwl b ol o oyl 1 5
Oeized g o Bl (g 9,0 Dleas o]l blage
acdgd NA-agsS b ablie sl Sole ags YL loauzo
wbodzol, Jlis 4 b awsl o] 5 1) ot las 5 eS8
Sl (90,5 Sgacas g (10,5 el o bgs colaiul wile

1F+Y 3l Y oylods Ve 0,90 (glad o Cblogy (pwdigo adxo AAld



\ ]/sz Lol Lol (8h,0 655 ad 455 sbas vl
UVC asisl (50 40 d4ids V10 Sae a4 Swle By ja .l
I¥8] 55 plowl 59 535 (sl dbiimo ) b S 0,8 o 518
5 Gl o G 4 L Sle PS5l 0,555, b Gercas (o
oy A s Cagby 5 ol S bl a0 £ gl oy
S50 6r9abge ), [E] Wgd oo (Sphedd 5 a5 |8
yeabge do o Ve SUl o asBo Ve ok 4 Sl ws o V-
"b?""’LSA L)’“JL")—‘ o)bjo 9 S s(ﬁo‘}b WOl U"‘)‘k}”" 9 03
Jobre cpaas CoplSome 0 gsabse Shgye 0LL)S [E]
b.a:ol}m )‘ o9 0 6)m| b Sul 9y Al e W)JSM
bl 51 las o [VF] g o talesT Tooms (s S
Slaghs; dmlie 2 5 0 dnle Gl Sl 5 5185 L

8,5 )5 ooliiul 350 i slacSule Jsheas Gilise

L]
i sloKuwlo 4yl Ui <8l 5 (U (s 10

Mz oSy glSule (SauSadhar o5 )2 ¢l
Sl gle o cdlage HLS )5 lawgs colatwls g0 Swle Jo
Ok 5 et L lapl adgl las <l g SIS polie
2L 5l S Sl 51 e andllae ol 0 ol dule Loyl
Solee o5 o) 10,50 GlaSuls glgl ;o iz oSl
1, ehlS Gl zolaw saiabnl slo )y o b sanlice
05,5 slacsule L5 Jlalsieas oy las Suls g5 5 4
Slp g doyd OV/FY b aoys FY/FA 5l oS el 5 51 B
3, il Gubo 090 puaiio 30,0 AO/FA L YEIFY 51D 09,5 Ssle
L s, 0 Ad Blas gljls (Sag slacSiols @8 oo Uil
58 2D SIS (o) 23590 Sealo 095 oz 31098 aw aiily
aS Wog 29,5 Lid C 0y, slacSule g wisgs Hlade oyl 5
S S aial ol )5 lawgie aiily o bl b Gadaie oIS
Vodobee 3l oolainl b addlae ol o colaiuls g slaSule

Ll oaliosls lis Y Jgaz o QT polie g duwlo

e jl gy b Kuwlo jLis <l g )0 b))
S el ond ool Gl ¥ 5 ¥ Jsiz o 45 sboles
R s,y dan ) Setead ey lSle (SaiSaaal
5 @bl 5o L) s (ieS 2be)S Uy bl 4 azgi Lol
sl Jereas Gl la by, ey Hlad
Py e by, des 5o 5Lad cdl olie oS bl (SO
ol 5 Geimen 8L el wsye Ve S o (6 9abse
plsl 5l Gin LSl jled cdl g L5 oSl Jolos
000,855 Olpess pliae olpen 4 (Tl 5 (Ssheasd

a9t (aizmen 03,5 (chalesl dilals o)y ((s5Lal)
el 15 sl (sl o 51 sy SarsS ey IS
Sol> 6‘5’“’ g0l 5.8, 6‘5’“ L) )‘| W oolaiwl (KC')
LY abaass 0)ly lgo b > ¢ plasl lawgs sadadgy &Iy
Lags alaams ol o Ohd 3 led clale g oad anlen SLlS
Sl JUS 00l g uFe sl Grimm 118 &il,3 (5,98 Kb les
09,0 @lgp Hliad (g F o3Il jelaneay ;Koo Gl Sy (g5l paiged
Ol Oygo (g5, p Swlo yalol 3 5l s old A alhdons
odools jaue Swle 5l asl 5 e cile Vo ol a9 b >
5 by shled cdale WS ol 51y 00,5 (60505l
Ol o g Sole S oLl 100 )8 il Sols Lis
V gabal, 5l eolaiwl L as’ (694, I3 4y Sule jo ooludl plo o

ni-n2

E==3 M

5 Sole gl @S clale 53 a2 g M aoles ol 4o
ool b 5 Sle yild lon 5l 3 S5 lpee ol o] Caiy
D5 oo dawle ¥ dlolas
P=1-E 49

E s ol sbSule ) &3 355 olime P alolas ol 4o
el LS e Sib

Fom s o Sl CobS alie y ow)pn olp
oolatwl (FOM) coa S asls 3l calizes slojig, b Jeteas
CodsS (et )3 &5 Cenl 9d90 (pl Silo pald (nl e S
s 5 I jled cdl il sVl oUlg s epdle aaSubs
39 el Al BB Y alayly Jawgd CoaS psli ol Coenl
<8l Ol s oaimoylid AP hl sxsmolas E wols o2

O
E

FOM = — ()
AP

s sla iy,

JAS 5 6Kty 5 50 anlio 0e slagig, 5l ool L ]
SIS ahal 3 Shee (503l Cox 0,lg 5wl plaxil Lo Lo
Sien b 35 85 Sale o (sl b IS ol iz, 13
Srhead 3y Jolo ks SloSale shend [ ity
pll osadaiog sladclogss sl oolaiuwl b owats slaSule
ol 09l slealitl b ladiges oo )8 Sgaeas by, y0 .85
,E] a8 )8 I3 oS ile a0 Ve sles o aado ¥V Soeay
3 Sl (il il 5l eolial b Ssaeas ,o [YF
0uiligy gogriasll AV L o (JBs Cennd o5 glasts 3,1
UVC oy $r Y a4y jamme abiame 05,8 o L8 Cowl o0l

ny | VEY 10l o oyl o) 0593 (5148 o il midigen aloo



Sy s Sule Sgacas

anlllans 5o slacSuls asl [Lis el g LIS ) Jgu

(Pa) adgl jLis el 7 adgl )5 Swlo a8
sE. [Py VAISOEY /S A
PERYEY VY (A AREATARY B
YYIY VYV AEV /P C
YYIO5EE/5A OYIYOEY /YA D
(1) Syaeas 3l am g Jd bSule LS ¥ Jgas
(1) 155 s Seaeas oz LSl o) Feaews il 8 bl o,
Sewlo 05 SHeNd b9,
D C B A D C B A
DIOA Af/vY YA/AQ 1/ VWSO QO/FA AYAN FYIAA VA lesS
/Ay T/A] SYIFY FYIEY VWAY  FEIVE a-/sA OVAS VB SIS 531
ANOD £1/21 £¥/24 \aTAnt WA FYPY AV £ VAIY il 3 s
Y I¥A Y£/AY £Y/20 2l VYT XY A./0F OY/FY VYN JSUI s 6 5absd
VWITE TY/-q FY/F vary WIYS YSEEY ASISN FYFA YYIO) 2 Sopebst
(Ul Ssieas jlan 5 L3 bSule jLas c3l.Y Jauo
(Pa) 2,15 yuids Spiead 3l am bwls HLis Spieas 5 S bSwlo HLis <l

Sewlo 05 SHeNS b9,

D C B A D C B A
Ny VYT oA 2 oIss Y IFY va YA [ b
y VY YeEs YOISS f VARY fV o 0 IS 531
19y e fa/55 ¥ oY . Yoo Yvss s il 3 s
SVAYIYO £y vEY y \T2 YA vy 2 JSII s 6 5abed
VENY VEIO Y4 Y0 10 VA AY o y oS5 15 5 sabsé

¥ Jsgoz 508 bl Sl Ssacas jl G CornS ozl

Ao o i1y polde ol (. SSle

Gyt S gy yo oniiadll alslea 3l ool b acSuls gieas

(1) cerS asls polie Ol s F Jous

) g L L o495
O ) Sghesd |

YRS YIAYO YIEAD b 2

L EIvS YXE. YIYOY SISl s,

_¥/FY VIVED VA gudnl b b b,

- SAIFA - 1o VIASY doys Vo USIL Gsheas bs,

- oY VIAAY VAQY s 5y gt el b Sy iy

Sls oY Cueal Seacas 3l w Sl

[ﬂ ,E] 38,8 dgazme &l oyl
bl Zeods Wilgs oo (6 T don 489 sl j0 Silo 39.0S

hilyd iz o a8 ol ool 5 (K [VA] ojlany St o,
ol 0ads Jgacas sl Suble l o)lgs oolaiwl ols 8,8

L I | WON =

OO (Seread Glp by (e (L adllas (ol 5l Baa

-y

I egsny sile Sysslsn 5 loyd slooan¥T a5y

357y D9 g0 Dgmme ludl Cdl gl BTl Jelse
4y by aldS i 36 (S0 CodeS 5, » Jelss 0
ool anile cilizes (slael, b ayl «iyml oo oloml o33 4

Lol 29)bs) caezloe bt (b5l s plulid 5 Swle |

VEeY 5l ¥ oylah Ve 0,99 o518 y> il wkigeo dloeo | va



DI o, b locSuls 1,5 Ssieass 55 00 plosl s
Sl ) LS as d VYA gAY (s s om0 Ve Sl
ap e s anllas ol b Lol anlllas glaazily sl sl
doys Vo USI 5 DISsl clais, b biSule shsas as
s (Son slbSuls Jsacas Cyz ol sl iy,
@bS Ghey b (Geiead I m @l S hals LYs
50 el (g, ol Yzt a8 3,5 0 )Lal 5,50 ol @ (s s
@Dl )3 a8 et 4 50 g Sl LSl (5 RS
T e R e
Sl 58 Sl Wil oo 5 weys Ve JSUI 5o (6 gabse
Ll i o 4 Sole sloa¥ o Jdo @ Wl
ook ade Y a9 Swle cole o cadeolatul ax b
sl Sobe

Gl 285 8 (o) 20,90 aslllas (ul p3 a5 (6,508 2l
JLis ol aSl 4y azgi b ogs by ] Ssheds 5l s Saslo jLi3
Coedl g oo Cgumtts Swlo CodlS posd (0 pe Jlse
oS Solo sl il Sasls 0 LS a5 Slej s (6bas
dalez 6 5YL CudS (6,500 4 Cad ol (5,eS Jlad cdl
5 o ke Lt il canlllae ol s olad  [PYT sl
oled 5o 05 s alise sla g, 5l eolainl b Jsaeas
lacSle [Lad il amys Vo ISIL Ssheas is, 5> s,
Fn Obg) Sl eolitul b Sheas il palS Sehedd I w
5 JIaly FIAY il b L2 S 9 1, s (i ] 9
JLad 8l 3 1) S i wo 0 Ve SD s (6 5abse b,
oS Sl B, 5> Cwizmed 2ubls JISuly VATV Lilsal b
ANY o liad Cdl o o g 0 (5 55ab58 5 S5l
JLas dl jyolie o LS ol il Ltals SISl VENY oY
onts oanlive clalllas 51K H 5 5 bl JS sadllls o
590 GaSuls o Jlad cdl als LYs 51 [Py YF] el
S9aed 5l Sl sl JUSle 50 ki 4 Glgiee (o2
GBI sl Kon o lsie 45 0,5 o)Ll calies (glass, b
LS L agzloe b SN o oloands olge b uled Jdo 4 Slo
65 Jle a4 Wl e (Setend 5l G Sule po jlas 4
e sloaY ez «Sols 5 pddsi )0 it aslo
9y et Slye D) (oend Sl KuSH 4 Sl
cle 4 Sl (SlKe (Sws ] 50,5 dg0une 5 Slo
e e 510l 0055 @l s Oaedn 5 S eolin
5 ol p e Jelse b g Sule conlicl (gjloo o3
D80 Fy calial Sgacas slaas] 3 e
u’;l)lS » osy.c aS Mdu’do uL......l ‘).v) ‘35'“’5" [ aed b Swle
Sl ColS pmnd 0 5 fge jLasd cdl ol )3 SouSasas

SoSahal s Slee 28l (liee (2S5 b (Sdp slasals
By gyl 5l sase solatuwl jelaieds

Jr5S 5 iy S 0 A& S50 sy, asllae cpl jo
8 esliiul 550 (S5 slaSiuls Ssasas ez b len
poos g oloyo ;b5 lawgr colaiul, Sule aws Lz 288
e Swle 3l aiws ;o (gl o -0l dslllas 51y 5 bl po 10
wialegl aleles 5l oslinul b g b aw adgl Lad cél 5 LS
oy 50 lSule aslol o000 5 cud (] Jawgie polie g s
o ol 50 50158515 (KCI) liy w15 ol (sl oo 51
@ dslio b ol dsle bl jLid Zél g LS )L aw 55
G g G (S9aedd l m g iy Sl jlas 24l
3,5 e (SRS )

L Sule (53,5 Ssacas ol asllas mlis ool
rreS « ol ooy OIOA talS b ole,S s, 5l eslinul
Ol Bl (Ssaeads Gt la by, Ty 2L S8l e
@bl oo, s MNO als el 5 Ghal 3 5 n b (Ssaeas
do s Vo JSII (s ysabosé g, L lacSiuls Sgaeas ad lacSuls
ol g ols rals sy YoVA ) Sl SaSaaay o)l
Slgby, om > @bl Sl Guie b s, a ) b
L leSuls Sgaead (pizmen 3,5 has (Gehens calise
5 e S plS gm0 (5 94k 5 PUTSI (slals) 5l eslital
Aols el we s VWYY 5 UAY |, oI5 sy a

25E oy Baa b aS ol Ses 4 Celina adlas o
ot ab ol Sl QLI (Sgheas Gl slahy,
SIS Gy e gy J osliid L Sk ighens oS
W8 asuin byl aalllas ulul o)l Slais 8b Sube
SRS Loz b (D) lsie 4 Wlgee pleyS b,
ol gasllasl mls ol Y] oy, 5 i slasubs
ble Slgeen

Ssieas b, 5l eolanul a5 wiols las o) Sen 4 Liao
SHSahas L » eS8l panld sn 5 abeS
Sl g g aeys Ve SIS gl sla by, 4 s Seule
0l g0t Geiod bt alllae ol aiilen [V ] o )ls o
@ Comd Rl 2 g n g 2le)S (Sedead Sla g, 45 WS
ol LSle Sshens Cuz g Fcmlie 43S by, ple

OLes 4 Rubio-ROMero \a-a545 (5 pSacn 5o
on ) Swle 03,5 iyl 5 (Getens lide sl
dobg, oS loasel dogl gloatdly  ululy oS
bS5 ook ye slo)F (il d bl a5 aies oo b,
boly 5o adlas ol mbs D] oS o eolinal Sus
g ol gaslllae

Ssaeds aS widl 10 845 aslllae o o ISes 9 Grinshpun
Ve JSII s (6 9abss g IS gl g, 5l eolawl b lacSule 0 S
2 DT ars e 2alS gz B jsbay 1) lap] 5 ws e

ML VEY 10l o oyl o) 0593 (5148 o il midigen aloo



S 5 A%
bl )8 s Caiel Lules| PPE 5l aslizil 4yl 4y a>g5 L
o> 3l L PPE gow 5l S5 cblis el pae g wiS oo
2310k5 ol b )5 agle 9085 4y o Wil o 3T ol
YU Coenl 5l canlie LIS L PPE 5l sslial ol by wily
Syed At gyt adllae @l (Jlcnll ol lsye5
) es,S Aw e Sip sbSule SaSagsas Il
wllae ol el soys AD 1 eSS se slacSls
Jolse b agalon 55 a5 ail o3l sy s laie Wiy
oW ohb e aiS e eslaiul (S slSuls 3l s les

sl Sy o Yo QLI L plsuls 5l eslanal 5 ol ol
5 G Swle Gialejl 5l gliebsl raizmen 5 colie (So5
slacigie 5 bag)loan (2al5 4 e Wlgioe oslital 5 0>
2 Oz 295 (B e (ol 28 (sl (el 5 00 s ye
3905 ksl Lyl o adllas cnl 5l Jols s el
W5 by plaie 4 le)S (Sehens oy 5l ol oe «Sle

2,5 oolaiwl Sle 3l o,)bgo oolainl 5 Jsacas Cyz

SO0 g S
Wil o) Sen gk opl plml o a5 SLS ales jl alewgopa
g o0 (535wl dilosons

2lw slai
el oazs 5158 Alie B aig g o28le olal SgS e

S ol
Sy pale olKails 4l 5y50 (I Sllixdo olai ol gy 4o

ol oals cule ) Hloes

b W g g
o 009 )-")-’ s &)"‘ L)u)li: B ulfv\-‘-“%y (e

S colos

M L Slbdes b B s ol dlie
olKiils gae VFrr o AFAYVA ol 3 IRUMSHA.REC.1399.197
el oo plowl sBisls fpl Colos b g conl laes (S psle

REFERENCES

1. Song X, Zhuang W, Cui H, Liu M, Gao T, Li A, et al.
Interactions of microplastics with organic, inorganic and
bio-pollutants and the ecotoxicological effects on
terrestrial and aquatic organisms. Sci Total Environ.
2022;838:156068. PMID: 35598660 DOl
10.1016/j.scitotenv.2022.156068.

2. Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, et al.
A familial cluster of pneumonia associated with the 2019
novel coronavirus indicating person-to-person
transmission: a study of a family cluster. Lancet.

Sy s Sule Sgacas

Solo «lyd 1oYh jo Sole SUlg 3 egdle g tCanl g0
oslatuwl oo jo aS was | Gl cpl )5 4 sl coa ST
as et asllhe ol o IYY] Gy s osle o
ol Gy 3l el b (Kb slocSule (3,5 Sighens
VRIS USRIV GV KPPV S 71 4 W [H RO
Dgs il do o FIVE DSl by, 4 Seacas gl lade
S, b Gsiend I oy SuheS aSli polke rizas
3 Sogbst 9 o lS s o j0 (5 9abse iS5
Goo,d FAITA o +JOF FIFY 2alS o3 4 do s Vo Sl
oIl ccaaS asls polae yo gals o ool las |
00,53 sla e, )d (Feasns Sl @I SRalS 5 jlad sl
Sl 9wl els 1S ol &5 (olaghs); jo (ol
aalss 1) 6 5YL e cuinS asls wul il eS Les
Slasy, wb arie pols adllhe jo caimen .ol
S Loy o Shae 2anl)h 55 5 Sl L (Jghens
39> 3l (Sghend |y jLid S8l i g QL pelS )
3o cetS asli polae iulisl o a4 Ll aues oo lis
Py Ol ool B 9 (g, M DSl 3 p0 (Ferens
ol (S slbSule Gorens Sux ¢ YL Suglsl hilo

doa oyl 5l las 2SL g by g JUT OBl 4 a2 b
Sl calags Glojle Lawgs oui ol Leb slo Lol gius
SES L g ey Ll Suls 5l ooliiul L, (WHO)
sl 0SS den bl il o Jleye 5 sl sla i
Sy slbSle j eolitul 5 WHO oSt s .l
2 Yol cul 3 wo s Ad BBl iz o ol Ul
Wgei Loz 5l Wged dw 0903 et aslllas ol I ol
L 539y Hlade cnl 5l e (LIS Gl (o) 2090 Sle
Gl 63,5hos oo, AL SIS Lawgio L C og,5 Sule
weoys FYIY oSl LB 6,5 Sule il st L
20,5 OYIYO LD 65,5 Susle g oo ys VAISO LA 55,5 Sule
Bgr oz 2l @l SR 5l

bhog old ol polie o0 Sl LYo alex)
3 osliiulsyge Azl (g CaleSy wilise gl
cale ol o Sole a5 Lalisee OMSie § Swle Lo
5 Oberg  adlas jo a5 (69,150 Cul 04 0 axlge ] L
I¥o] ol ot o)lal ()T 4 525 o) San

2020;395(10223):514-23. PMID: 31986261 DOI:
10.1016/S0140-6736(20)30154-9

3. Hargreaves S, Zenner D, Wickramage K, Deal A,
Hayward SE. Targeting COVID-19 interventions towards
migrants in humanitarian settings. Lancet Infect Dis.
2020;20(6):645-6. PMID: 32330438 DOl:
10.1016/S1473-3099(20)30292-9.

4. Islam MN, Inan TT, Islam AN. COVID-19 and the
Rohingya refugees in Bangladesh: the challenges and
recommendations. Asia Pac J Public Health.

VEeY sl ¥ oyl Ve 09 «(51dd > bl wsckigo Aloxo YY.


https://pubmed.ncbi.nlm.nih.gov/35598660/
https://doi.org/10.1016/j.scitotenv.2022.156068
https://doi.org/10.1016/j.scitotenv.2022.156068
https://pubmed.ncbi.nlm.nih.gov/31986261/
https://doi.org/10.1016/s0140-6736(20)30154-9
https://doi.org/10.1016/s0140-6736(20)30154-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7173825/
https://doi.org/10.1016%2FS1473-3099(20)30292-9
https://doi.org/10.1016%2FS1473-3099(20)30292-9

o) ¢ gl

2020;32(5):283-4. PMID:
10.1177/1010539520932707.

32506926 DOI:

Boonmars T, Meethong N, et al. Disinfection efficiency
test for contaminated surgical mask by using Ozone

5. Organization WH. How to put on and take off personal generator. BMC Infect Dis. 2022;22(1):234. PMID:
protective equipment (PPE). World Health Organization; 35255835 DOI: 10.1186/s12879-022-07227-3.
2008. 21. Kenney PA, Chan BK, Kortright KE, Cintron M, Russi M,
6. Organization WH. Infection prevention and control of Epright J, et al. Hydrogen peroxide vapor
epidemic and pandemic prone acute respiratory decontamination of N95 respirators for reuse. Infect
infections in health care. Geneva: WHO. 2014. 2020. Control Hosp Epidemiol. 2022;43(1):45-7. PMID:
7. Organization WH. Infection prevention and control during 33557979 DOI: 10.1017/ice.2021.48.
health care when coronavirus disease (COVID-19) is 22. Mills D, Harnish DA, Lawrence C, Sandoval-Powers M,
suspected or confirmed: interim guidance, 12 July 2021. Heimbuch BK. Ultraviolet germicidal irradiation of
World Health Organization; 2021. influenza-contaminated  N95  filtering  facepiece
8. WHO. Coronavirus disease (COVID-19) technical respirators. Am J Infect Control. 2018;46(7):e49-e55.
guidance: Infection prevention and control/WASH. 2020. PMID: 29678452 DOI: 10.1016/j.ajic.2018.02.018.
9. Organization WH. Advice on the use of masks in the 23. Pourdeyhimi B. Surgical mask particle filtration efficiency
context of COVID-19: interim guidance, 6 April 2020. (PFE). J Sci Med. 2020;2(3):1-11.
World Health Organization; 2020. 24. Viscusi DJ, Bergman MS, Eimer BC, Shaffer RE.
10. Rubio-Romero JC, Pardo-Ferreira MdC, Torrecilla- Evaluation of five decontamination methods for filtering
Garcia JA, Calero-Castro S. Disposable masks: facepiece respirators. Ann Occup Hyg. 2009;53(8):815-
Disinfection and sterilization for reuse, and non-certified 27. PMID: 19805391 DOI: 10.1093/annhyg/mep070.
manufacturing, in the face of shortages during the 25. Viscusi DJ, King WP, Shaffer RE. Effect of
COVID-19 pandemic. Saf Sci. 2020;129:104830. PMID: decontamination on the filtration efficiency of two filtering
32406406 DOI: 10.1016/j.ss¢i.2020.104830. facepiece respirator models. J Int Soc for Respir Prot.
11. ECDC. Using face masks in the community. Eur Cent Dis 2007;24(3/4):93.
Prev Control Stockholm. 2020. 26. Control CfD, Prevention. Decontamination and reuse of
12. Calvo C, Lopez-Hortelano MG, de Carlos Vicente JC, filtering facepiece respirators. Available on 9th April.
Martinez JLV, de trabajo de la Asociaciéon G, Ramos JT, 2020.
et al., editors. Recomendaciones sobre el manejo clinico 27. Rahmani R, Babakhani S, Ashouri M, Soltani E, Baboli
de la infeccion por el «nuevo coronavirus» SARS-CoV2. Niya M. Evaluating The Quality of Work Life in Urban
Grupo de trabajo de la Asociacion Espafiola de Pediatria Taxi Drivers: A Case Study in Northwest Iran. JOHE.
(AEP). An pediatr. 2020:92(4):241.e1-241.e11. PMID: 2023;10(2):89-98.
32173188 DOI: 10.1016/j.anpedi.2020.02.001. 28. Soltani E. Presenting a model to assess the risk of
13. Wu HL, Huang J, Zhang CJ, He Z, Ming WK. Facemask explosives warehouse hazards using the combined
shortage and the novel coronavirus disease (COVID-19) Aras-Shannon’s  Entropy methods in a fuzzy
outbreak: Reflections on public health measures. environment. JOHE. 2023;10(2):79-80.
EClinicalMedicine. 2020;21:100329. PMID: 32292898 29. Hsia W. Emerging new coronavirus infection in Wuhan,
DOI: 10.1016/j.eclinm.2020.100329. China: Situation in early 2020. Case Study Case Rep.
14. Armentano |, Barbanera M, Carota E, Crognale S, 2020;10(1):8-9.
Marconi M, Rossi S, et al. Polymer materials for 30. Celina MC, Martinez E, Omana MA, Sanchez A,
respiratory protection: processing, end use, and testing Wiemann D, Tezak M, et al. Extended use of face masks
methods. ACS Appl Polym Mater. 2021;3(2):531-48. during the COVID-19 pandemic - Thermal conditioning
DOI: 10.1021//acsapm.0c01151. and spray-on surface disinfection. Polym Degrad Stab.
15. Ur Rehman Z, Khalid U. Reuse of COVID-19 face mask 2020;179:109251. PMID: 32834203 DOL:
for the amelioration of mechanical properties of fat clay: 10.1016/j.polymdegradstab.2020.109251.
A novel solution to an emerging waste problem. Sci Total 31. Liao L, Xiao W, Zhao M, Yu X, Wang H, Wang Q, et al.
Environ. 2021;794:148746. PMID: 34323764 DOI: Can NO95 respirators be reused after disinfection? How
10.1016/j.scitotenv.2021.148746. many times?. ACS nano. 2020;14(5):6348-56. PMID:
16. Organization WH. Shortage of personal protective 32368894 DOI: 10.1021/acsnano.0c03597.
equipment endangering health workers worldwide. 32. Grinshpun S, Yermakov M, Khodoun M. Autoclave
Newsroom, March. 2020;3:2020. sterilization and ethanol treatment of re-used surgical
17. Sainz-Garcia A, Toledano P, Muro-Fraguas |, Alvarez- masks and N95 respirators during COVID-19: impact on
Erviti L, Mugica-Vidal R, Lépez M, et al. Mask disinfection their performance and integrity. J Hosp Infect.
using atmospheric pressure cold plasma. Int J Infect Dis. 2020;105(4):608-14. PMID: 32599011 DOl:
2022;123:145-56. PMID: 35995313 DOIl: 10.1016/j.jhin.2020.06.030.
10.1016/j.ijid.2022.08.012. 33. Golbabaei F, Faghihi-Zarandi A, Shokri A, Baneshi M,
18. Chalikonda S, Waltenbaugh H, Angelilli S, Dumont T, Ebrahimnejad P, Sedigh Zadeh A. Evaluation of
Kvasager C, Sauber T, et al. Implementation of an submicron particle filtration efficiency of domestic and
Elastomeric Mask Program as a Strategy to Eliminate imported surgical masks. J School Public Health Institute
Disposable N95 Mask Use and Resterilization: Results Public Health Res. 2012;10(2):47-58.
from a Large Academic Medical Center. J Am Coll Surg. 34. Shan X, Zhang H, Liu C, Yu L, Di Y, Zhang X, et al.
2020;231(3):333-8. PMID: 32534935 DOl: Reusable  Self-Sterilization  Masks Based on
10.1016/j.jamcollsurg.2020.05.022. Electrothermal Graphene Filters. ACS Appl Mater
19. Lee J, Bong C, Lim W, Bae PK, Abafogi AT, Baek SH, et Interfaces. 2020;12(50):56579-86. PMID: 33259195
al. Fast and Easy Disinfection of Coronavirus- DOI: 10.1021/acsami.0c16754.
Contaminated Face Masks Using Ozone Gas Produced 35. Oberg T, Brosseau LM. Surgical mask filter and fit
by a Dielectric Barrier Discharge Plasma Generator. performance. Am J Infect Control. 2008;36(4):276-82.
Environ Sci Technol Lett. 2021;8(4):339-44. PMID: PMID: 18455048 DOI: 10.1016/].ajic.2007.07.008.
37566380 DOI: 10.1021/acs.estlett.1c00089.
20. Tippayawat P, Vongnarkpetch C, Papalee S, Srijampa S,
m| VEY 10l o oyl o) 0593 (5148 o il midigen aloo


https://pubmed.ncbi.nlm.nih.gov/32506926/
https://doi.org/10.1177/1010539520932707
https://doi.org/10.1177/1010539520932707
https://pubmed.ncbi.nlm.nih.gov/32406406/
https://pubmed.ncbi.nlm.nih.gov/32406406/
https://doi.org/10.1016/j.ssci.2020.104830
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7118614/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7118614/
https://doi.org/10.1016%2Fj.anpedi.2020.02.001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7129293/
https://doi.org/10.1016%2Fj.eclinm.2020.100329
https://doi.org/10.1021/acsapm.0c01151
https://pubmed.ncbi.nlm.nih.gov/34323764/
https://doi.org/10.1016/j.scitotenv.2021.148746
https://doi.org/10.1016/j.scitotenv.2021.148746
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9389523/
https://doi.org/10.1016%2Fj.ijid.2022.08.012
https://doi.org/10.1016%2Fj.ijid.2022.08.012
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7289096/
https://doi.org/10.1016%2Fj.jamcollsurg.2020.05.022
https://doi.org/10.1016%2Fj.jamcollsurg.2020.05.022
https://pubmed.ncbi.nlm.nih.gov/37566380/
https://pubmed.ncbi.nlm.nih.gov/37566380/
https://doi.org/10.1021/acs.estlett.1c00089
https://pubmed.ncbi.nlm.nih.gov/35255835/
https://pubmed.ncbi.nlm.nih.gov/35255835/
https://doi.org/10.1186/s12879-022-07227-3
https://pubmed.ncbi.nlm.nih.gov/33557979/
https://pubmed.ncbi.nlm.nih.gov/33557979/
https://doi.org/10.1017/ice.2021.48
https://pubmed.ncbi.nlm.nih.gov/29678452/
https://doi.org/10.1016/j.ajic.2018.02.018
https://pubmed.ncbi.nlm.nih.gov/19805391/
https://doi.org/10.1093/annhyg/mep070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7271865/
https://doi.org/10.1016%2Fj.polymdegradstab.2020.109251
https://doi.org/10.1016%2Fj.polymdegradstab.2020.109251
https://pubmed.ncbi.nlm.nih.gov/32368894/
https://pubmed.ncbi.nlm.nih.gov/32368894/
https://doi.org/10.1021/acsnano.0c03597
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7320268/
https://doi.org/10.1016%2Fj.jhin.2020.06.030
https://doi.org/10.1016%2Fj.jhin.2020.06.030
https://pubmed.ncbi.nlm.nih.gov/33259195/
https://doi.org/10.1021/acsami.0c16754
https://pubmed.ncbi.nlm.nih.gov/18455048/
https://doi.org/10.1016/j.ajic.2007.07.008

