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ABSTRACT

Objectives: The aims of this study were to review the standards and key components of the standards for
disposable masks in Korea, the US, EU, Japan, and China and to evaluate the appropriateness of disposable
masks during a virus pandemic.

Methods: We reviewed the standards in the above countries and compared their key elements for each
standard. For the second purpose, systemic paper gathering using key words like ‘mask’, ‘respirator’ ‘virus’,
and ‘coronavirus’ in the PubMed search engine was performed. Fifty—-three papers were selected and reviewed
in regard to the appropriateness of test protocols with sodium chloride(NaCl) particles for virus filtration and the
effectiveness against viruses.

Results: The standards for masks are largely divided into two categories: US standards and EU standards. In
Korea, the Ministry of Employment and Labor adapted the EU standards for workers and the Health Masks
adopted the Ministry of Employment and Labor standards by the Ministry of Food and Drug Safety. Regarding
airborne viral infections, WHO emphasizes only droplet infection, while many studies have shown that small
particles enter the air through coughing or sneezing, which increases the possibility of airborne infection.
Compared to other particles, various factors such as airborne viability and the ability to replicate the virus in the
body are further involved in the virus's airborne infection rate. Airborne infection is classified into absolute air
infection, preferential air infection, and opportunistic air infection. The NaCl-certified N95 mask showed good
filtration efficiency against viruses and NaCl particles were proved to be a surrogate material for viruses. From
this, KF94 is also expected to be effective in blocking viruses.

Conclusion: The N95 test method could be used as a surrogate test method for virus filtration. N95—class
masks have been found to effectively block viral infections in the air. However, surgical or medical masks are
only partially effective against airborne virus infection though they could effectively block large droplet infection.
However, most studies considered in this study targeted N95 in foreign countries and studies on masks actually
used in Korea are very limited, so studies on microorganisms and reuse on domestic masks should be
conducted in the future.
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20199 =04 AJRHEe] 202005 AAIAIA L
2 =T Q= COVID-19=Y 224 19, 3H&'3,
SARS-CoV-2)°] AAREA7| 1t Bd9(pandemic)
= AZsEa, =E5QAAIRER] 20209 62 259 @A
SR SRR 12,6027, AFGAF 28270]1aL, A AIAIA
O5= 970%HY ool TR}, AFEAR= 4951 ool
tHhttps://www. worldometers.info/coronavirus/).
olo] w} FA% TAkS AA5H] Aol A=t & A
7], A Ae, npAa 2 5 2 Y S 5
Haoto] AAISEAL QU o] F upAz 22 thE AR
Ay g HE7hich o] 2 & S0 JF
oAM= KF94sHold AH-S dAsto] et 49 &
o] KF80&E HAstH, AR tishA= AlgHEo=
TFZ ot om, i FAFeE Hitf
St Sl T YA tEH AT =oAs =
respirator (EFEIF, 0|5} £H3] Ago] gl o
oAFE TSN, hsdos 9% e IF
Sete 8018 289k &olE AREStaL Sl &
Aol A WAt FollEdERE APAE HIoH]
Ash HgEo] AREEL Utk vRAFo gt 7152 1
A|71°l Pliny the Elder7} HA|-& upA3 g2 5=9] vt
FarS ARSHEE HARE Ao] FxoltKPaik, 2007).

el wWHKImtAT 7|22 18Rt fEAR
(Buropean Union, ©J3} EU)9] 2&HIST 7|&S &
8ot HEH QHAQIE IA(IELsF Al A
2020-352)9] 5% 7€l AtHMoEL, 2020). ¥
HRR1-E kAT 42 ShtoA 200940 ZAF E HF
9§ mpAIo] tigl 7|0l AFQRERPHA (A=
PR, olst A9fA))e] VAR AL, 20149 =
of utAZF O] PAH-Z HHroj(4ekA IA] A 2014-153
3, 2014) 248 upAags 8ol ARESIoH, g
JA7E oy ¥ 7 Eo] 2020-65=2 HSlow, I
ZpolEgRlo] FHEOC] ARGEI UTHMEDS, 2020:
NIFDS, 2019).

ZA|FOZ UWRIE ntAT 4L ulFEo] QA
A, ZFAEo] tisiAl= ISO +40] 7]+ ohA|TE
ZF ARBEIA] ¢Ear, vlar A AP R AT H(The National
Institute for Occupational Safety and Health, ©]
S} NIOSH) 7|3 EU 7|&°] 7P R#Aolw, vzt
nit} ol F 71&E &85t 4= 71&S APgstd
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ARE5Fal Qth(Rengasamy et al.,, 2009; Cho et al.,
2011).

whade] A5e vhad Welol olBE(LE 7
2 FADI 28-S o oAEEE vET P
o) wEe Pol W LU EL BB Ak
HAEH ol& A5 B7t= HelgAay Al e
2 sk 7o) ohet el A ROt 7% 4
29| JA} ELE ez ofo Q1SS skl Qlth
weA] olE QIEE opAII} olelac] AREAAE
=] H1 gt} £ =119 EX-L npAFo|] gk g
=3} vl=, EU 2831 QI =71R1 &3 $=9] 45
72e sk, YA B0 ) QZUe nhaz
7} violgAo tiste] aupAo g Wold & QU=A] AL
Zsk= Aojt.

.2

1. 23 2 HI0JE] Hlo|A 2

_— <

nhazol] dak ziste] Flee Zhste] ARt wely)

oe] FojAE Hatste] i 49 dEe HeR
E it & dode =2 HIESt, v, EU,
A, F=9| WA T 71ES Hlwstgh

=t AL F 714 HlolEHo|AE ARESIIH: <
= A glolgulolAE PubMed(http://www.ncbi.
nlm.nih.gov/pubmed)°]1l, = Hlo]EjH|o] A= KERIS
(http://www.riss.kr) Gt}

ARE3E 71 == PubmedQl A9 respirator Fx
mask = 17] @o1¢} virus, = corona virus = 171
‘and 2 FojA AMSIE T full text YEo| A5t
RAo2 AQtetAct. KERISY A4 ¢ 7I9=E ¢
=& HHLo] 5% o8 HAGeIoh

Pubmedo|A] mask®} virusE YIS W= F
785709] full text +=%Fo] HMERI, respirator,
virusZ A S 1277] =Fo] HAE

o] =& FollA A& 25Z HESI] HAAE £
=20 Asita AAE A9et =52 mask®}
virus HAAE=RA= 970, respirator®} virusZ FA
WS W= 4471921 o]= endnote libraryoll A%3}k
of 7} =79 253 8% AL B UALSHAH

Mask®} corona virusE 7|92 S tj= FAH
=50l Ql9l1, respirator?} corona viruss YA
= = 1719 ==o] AMEJ Y AA| o]= mpAd
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@ Keyword
(respirator OR mask) AND (virus OR corona virus)

A

® Result
913 full text articles searched in PubMed
(No studies showed enough relevance to be included in the
study in KERIS)

@ 860 articles excluded
1) The title and the abstract were reviewed,
but no apFlicable for this paper
2) No use of actual mask or respirator

|

A 4

@ Systematic review
1) respirator AND virus (44 articles)
2) mask AND virus (9 articles)
3) respirator AND corona virus (0 articles)
4) mask AND corona virus (0 articles)

Figure 1. Selection process for identifying original articles for the systematic review of the association between respirator
and virus

U SEES W-8o| ofyqlal, MERS I 24 Hlo]g] npA=9] Hlo] Ao thgh o8 &3 &S| 9lo]
A9 g f Aup HdE =Rolojx & Atof] =g A HA JAE £49 AE

AlZ1A] ottt U AAQAZE o ATe v A s o™ oJm|QIAE 1&st, AFhY =22 HF
Aoy B dArAel T Yol gloja 2 EA49 Sloto] upAz9] YA B4 Hio|H Ao Tt ofta
ARESHA] ittt e W= AR FA 9kl 2020 & B, Ho|H AL BEXVFEA, a8 nAT Y] oo
| 39 31 dEA7HA] FASIGIH. 2 Ao AR 2E FPsA, kA HHe A7, IS vt
upA T = o] =7o] HAl Qlon, B4 Hioj# A 239] oj7tgg, JuPE A7 vpAIo| gt vz A
9 Y180l U w AHESh= 438 mrATo = Al Y @AJA-oA mAT 2RO 53} 5-& 1S
s}tk Figure 1).

rot

n.2 a
2.%Q THUE
249 wpad 7ol A Bluet g2 vhAIS & 1 opATo| R Ms
H, AU 7 # 271, 530 WE ATas, F nAI(EERTT) EEL Table 149 ofg 7}
dE, 371 9 7] A9 dEAsSE 55 HIusAH. 2] 288 Badg B o4 gitos s AL

Table1.Respirator types by function (KOSHA GUIDE H-82-2015)

Classification Air purifying’ Atmosphere supplying
Type Non-powered Powered Supplied air SCBA

* Full facepiece * Full facepiece

Face shape * Half mask * Full facepiece " Half ma;k * Full facepiece
* Half mask * Face shield
* Quarter mask
* Hood
" Dust mask * Dust mask’
Name of protective < Gas mask « Gas mask’ * Air supplied respirator * Open—circuit SCBA
equipment * Combined mask * Hose mask * Closed-circuit SCBA

(dust and gas) * Combined mask

Abbreviations: SCBA, self-contained breathing apparatus
“Air purification type includes face type filter type dust mask
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Table 2. Standard of respirator in Korea, US, EU, Japan and China

Country  Corresponding organization Standard No. Title

Ministry of Food and Drug . . Regulations on the approval, notification and
Korea Safety (MFDS) Notice of MFDS 2020-6 examination of quasi-drug products
Korea Ministry of Labor and Notice of MOEL 2020-35 Notice of protective equipment safety certification

Employment (MOEL)

US OSHA and NIOSH 42CFR part 84

Approval of respiratory protection devices,
Subpart k—non-powered air—purifying particulate
respirators

ComiteEuropeen de

EU Normalisation

European standard
EN149:2001+A1 2009

Respiratory protective devices. Filtering
half-masks to protect against particles
—requirements, testing, marking

Japan Minitry of Labor Notice No. 120

Standard for dust mask

State Administration of

China Work Safety

GB2626-2019

Respiratory protection. Non—powered air-purifying
respirator

U3]g dMHY ofFutAT(disposable filtering half
face mask, oJ5t U5§ WpAT E wpAI)olt)
=ol|A o] mfAAY] FA] YA G HoA= 7t
HE ofiha] BRuAT 2 Aok oA ‘HHE uiA
F'E gyt Uk

A3G HHY mAd= RS 3718 S5k 5
71554]0] ofye}t Q¥ 371 oS Sl ot
Sh= oTpAoln, FES AMSHA| ¥ HlEEAoR
Alol &4l AS ol&ste HHAlolt

upAFo] gk k=, vl EU, 98, 329 7|5t
A& Q9FSt Zo| Table 20]t}h. ufAT S HZ2 HA|

SHERST A9 ARl ZgE o] A, EU,
D, T, Ee MAELTO] ARE mgEof o
@ 18,

URHRIE HiAT= 9] AJokA] o] {UFH|
o|AZ A 5] ILAIQ] OJoFlE FESI7RAL,
AAFA(EA] A2020-065) 9 Eo Qlch. A]9FA <]
TAIE TRt SJorelEol iRk Si7k Aar, AAtel o
S EoR o] F mpAadl YRE metEo] glo] U
E895}12] glot o]9] A (HAE utATl] 7|E Hf
2ol gt 7tol=ekI(R ARl hfA)E TR AlFotal
UTHNIEDS, 2019). the 42 7iQl BaFuh vk
A5 gFoE st oy & A9 thddl d3slE
npA o] HEA] gAY ThE AlE] et A= 2
o] gt} 9& &0l I FH 7IEeIU vlw 7Ie
BHY U588 ofyet MWy vpAg, JEIL F AE
AT 4 e 498 5= dustal A

Table 3-& Table 29 FZ20A Asl1 Y= vAIa
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s A HAYETHE 9Kt Folt}. Table 39
A HZo] wrdutAz el FRlols Aoy Hiol#A
22 BEAE o2 SRUsHA] o=t upAFo] 4
SHME T de IAAe Y EFEE IF
NaCl¥AE ARgSl= Hhdo] @ U3} 72 nAEE o
dog g ui= g, =2 e dE, v, 4,
22 dioctyl phthalate(DOP)E ARMESIAL Qltt.

AT E QST W Y zpolzt Qitt. v,
2, 92 1YYAE vkaa 43 LAJAE mRA
IE =2 $20E i Utk A& E°] "= NIOSH
AL TFYAE= NaCl2 ASAAE 5ko] N9s,
N99, N100°o.& -85t Qo] tisjrl= Z+2t R95
T+ P95, R99 EE P99, R100 = P100°.& 3}
9tk o714 RL ‘resistant to oil'S Yu|shy P&
‘Oil Proof& 9ulstH P Alg|27t o] A4S HANE
ARt gutxog R = P A|P27} o 4A% HA
£ AXA o5 IFUANE ARo] 7Hssh
Ago] At} YEE TFPURE DS AlFRE, 24
Aol disiAe DL Algze Pysie, F2= 77}
KN AlgZ, KP AlZ2E g3ttt EUS| FFP AlE|Z,
2 18w 2+, 19, 533 A19A 9] KF94,
KF999| thafiAl= TP YARI NaClat @ DPARR1 T}t
A oY s X% FsAIEE ot X9 RAE
SHA] a1 Qi BEH, g AJeFA 9] KF80 1 U=t
of disfiAet 5 A8 stes ofal Qlo] LYH|AE
2 Q&35 QA Yt

A AREQIAL HH7] F3HE she Ueke ml=ol
FAgt 7] S st oFHA Y FA7H

lo

od f
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Table 3. Some criteria for the performance of masks in several countries

Korea Korea EU Japan China
Documents Notice of MFDS 2020-6 Notice of MOEL 2020-35 42CFR Part 84 EN149:2001+A1 2009 Notice No. 120 GB2626-2019
Classification for solid KF80 KF94  KF99  Grade 2 Grade 1 S%:ggl N95 N100 FFP1  FFP2 FFP3 DS 1 DS2 DS3 KN9O KN95 KN100

Classification for oil None KF94  KF99 Grade 2 Grade 1

Grade R95 or R99 or R100 or

FFP1  FFP2 FFP3  DL1 DL2 DL3 KP9O KP95 KP100

special P95 P100
Test particle for solid NaCl NaCl NaCl for N series NaCl NaCl for S series NaCl for N series
Test particle for ol None Paraffin Paraffin Paraffin DOP for R, P series Paraffin oil DOP of L series DOP for P series
Particle neutralization No No No No No
Filter performance, % >80 >94 >99 >80 >29% >99 >9 >99 >9997 >80 >29%4 >99 28 >29% >99 >90 >9% >9.97
TIL test aerosol NaCl NaCl No requirement NaCl NaCl NaCl
Total Inward Leakage % <11 <5 = 25“% < 11;& < 5“% No reqirement < 25‘% < 11;& < 5“% Leakage test instead < 13‘% < 11;& < 5‘%
(T, % <2" <8 <2 <27 <8 <2 of TIL <10" <5 <2
Pig;lcelittze%fffﬂgofym 06(0.04-1.0) 06(0.04-1.0) O.7E0020CND) Wit 0,6(0.04-1.2) MMD 0-°6~%1Sf|)j(c<h1/lg) with 0075 .%32,0(,\%% wh
Pg’;}zgijinzeef?fcig‘!}cff 0400517 0400517 0.185:0.020CMD) with  OA(median Stokes  0.15-0.25(CMD) with OD_%F; T g g?&gmog)',

test, um

GSD <1.60

diameter) with GSD(1.82 GSD (1.6

GSD (1.60 MMAD 0.3

< 60T&< 707&< 1007&
< 210° < 240° < 300°

Pressure drop

(Inhalation). Pa <60 <70 <100

< 60T& < 70T&< 1007&

< 210 < 200 ¢ < 300 <4 <0 <100 <170 <210 < 250

Pressure drop

(Exhalation), Pa None < 300 at 160 LPM

< 245 Pa

300 160 LPM, <45 <50 <60 <150 <150 < 150

) test result at least 46 out of 50 exercises(10 x 5 exercises) and

*) test result as the arithmetic means with at least 8 out of 10 individuals
") at 30 LPM,

9 at 95 LPM

CMD: Count Median Diameter, MMD: Mass Median Diameter, MMAD: Mass Median Aerodynamic Diameter(=MMD)

Ao ot EHo] AtEER o AAT HAREF

&

FAEAES IE Yol TP YA NaCl2 stes
TS oy 1 MIRARR Ukt ekt o2t
nj=2 480 tigt 7|50l it} &R upAIE 2HE-
o o R HANE SHEE Bl ARIQEH E Aol A
TSk ]l

A3 oI 9] e oHaEER Yehfed uka
9] o]0 EHE] YE HALZ = 2JFA9 KF
AlFZ, 129 N, R, P AlF|&, $=9] KN, KP Al
2 F9 AL A oH}E &S FASH Ut ¥H
S 18.FHO 23, 13, EF3 EUS FFPI,
FFP2, FFP3:= ZH2F 4 80, 94, 99%9] ojula-go]
Qlojof gttt 9E2 DS(DL)1¥ DS(DL)3S EULt &
gk DSDL)2E= #A 95% ojyag&z ul=y} Pt}
o]=2] N100, R100, P1002} %=+2] KN100, KP100
< SlvhEE 9 ojataayt FUSHA 24 99.97%2] o
IaEE k3 Qlojof it

Aol AEE= JAL] A 7]+= Table 394 E%o]
718kt gkt T = A2 4R 37 24
Hpalolct, m|=to] A= NaClel 39 d&4 94
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Z(count median diameter, CMD)2.Z 0.075+0.020
pmO|AA 7|5t EZHAHGSD)7H 1.86°]6t= 45kl
AL, LAAAR] HE 5 FHAAHL 0.185£0.020
pme|™ 7|SEZHA} 1.600]617} HESE A5k
Art. ¥WHH, EUx NaCljl 7% AF32H(mass
median diameter, MMD)?] 0.6 (0.04~1.2)umZ, 2
Al ABe, AET FHXNBRAS 1=t SHHF L
2 AFSANAFT 5L4g /LR olefH, median
Stoke’s diameter) 0.4 pmef]®, GSDx 1.820]3}=2
St Qth. g=re] Y- 18Rt Aok B ojd
A1 HRAA] AL QA -2 EUS #42 HRFL
oz dFFdAolga =4S 5 At 599 4
$= 1Y YA =53 HS AAsHL Q=T
FEo|A o] £FAXH L2 HE AFFAAH S ALt
Sk A& AAlstal glom o|2RE ALkd FAV=
927407 0.3 pmekal sk JITHGB2026-2019,
2019).

82 ojyto] 2o wt ojute] o5 YRt 71 &
FEsl= 2717F 0.3 pm¥US Esid, ZF vt

2 AAGHE ARESEL QAT =6 of#E o
A 2715 ARgSte] kA" HIAEE Sl Qi

Rl F
ot
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o ook E3E FAHES VR EUSH 185 = &
Ut WHH AokA= % IEETE AEsit. EUY
I1&LeFHE= F 7HA 24, &, 1080] 5714 53
stof XAgE 468 ol Aokl FHE 7Ie(25%)2 T
Fdflof star, Aol 109 & 24 889 A=Hdgtol
Aozl FHES THSSof gtk AefA = AR 7]E
9 g5kl it FH2o wljE= vpAT = FAEARI
o7 - elo] JA7] AHE 5t electret filterg Ak
&ot=tl old= 7HY 6] 41 27171 0.3 pmki
o} 2R2 0.03-0.1 #m°| EHHarnish et al., 2016).

SES Y #4717 gE AL HAY BH0E 55
g o FEAFE G BT, =] 18 eE
F= BU9 7|&E O2 F83F HhHo| A9k = o]
£ ¥y AEsto], ol et dEAY 7Ie2 gl
54 i 3t 530 LPM)OATE AJSstES 51

\

2. OrA S 2} HEO|2 AL O 2t

A3} 1HoA A gxo| vfAT = Aol Hiol
A5 LR A5t QIFdT= Aol ofyzt 113
AR LYUR|AE 2 A QAR HAESIY lF
St ot WEtA olE YRR HSE wtAIT) =
o HPIA|= A&EH O =R =To| Ho] goun| EJL
H9 AT 37] 5 Aol a3 R1A]o iz =
o] A&E1 ot

ol SHoJA Aolql= HolHA Fiey £94
Fg2 A4eh =50l =" NIOSHe A5l
FARFA O 2 JRE Algot= HH4lo] Hio|H A ofjoj2
=2 B7lok=tl § EFolojA ARESiE A7 @l
2S5 B8 %E SFFHZuo et al., 2015). o] A=
N95 upAHo| thsto] HE|2 QubA|E o]&-5to] FbA|
AZ oto], FIES Hio|g| A9 S4L, FFAE(JAEF
1 5%), s (photometric), HFo]2|2A RNA &
4, A & & vwsielth 1 Ay} Hiol A g4
T, HolZA RNAY Fh= A sHthe A
Foake} ¢ Aigo] AUAT ol Foed HF
AR Fobs ot 2 8 Wolkth HiolgA Tt
0] WA U2 A2 o8y &A4x7t vtAaE B3st
7] A3t 27F o g & 7] "elld 2EF R Hio]
A9 Bie-Z BFrlok=t BIAE AMESH= A0|
Fikgo] 7Pt & B vhgolgtal 4E WP gt

A MAHCE violg Ao thgh wkAT ] HAY 7|E
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< §l37, TR "= FDACIA = vkAd AR2YAE F
7} AA=7E A|&shH NIOSHOIA 915 vk N95 ufA
£ 48 N95(surgical N95 respirator)Z 153l
1 9t olnff 712 AlEshke AFE= ASTM(American
Society for Testing and Materials) FHO.2 A 7]
SSHAEE oHA] &2 0.1 um Z|AEH HA Rt
2 E3g Y AE(Particulate Filtration Efficiency,
PFE test)& otal, At S. aureus’} E3H 3+0.3
nmo] ofloj2=& HIAE(Bacterial Filtration Efficiency,
BFE test)9] A2E AESIE= olal JTHFDA, 2004).
J124} o] FDA 782 A&olojA AA|E Eo| AREE
A %= ACE motEd Uty AAE vgoik
OSHA 7|0l wg} NIOSH 590 B2 A& ol
715 UEA7 = 2L AtHZuo et al., 2015;
Rengasamy et al., 2017). ©] 97oll4&= NIOSH A]
Ao R AIAYS Wit ofFmgo] 7Y RA vt
7 AT Aol S19laL, #o] FDAAIRS
SHA] QA Aflgtolut Hiol#A Ei= 0.1 xme] UYAHY
S4@EEA AR & TR ST SH|ER
2 BYY &8 vAA7F NIOSH W22 NaCl
AR] o7 F-80] 54-88%% WATE ATt Hio]H
A0 g bR phiX174)2F 555K, coli) 2 AllLH(S.
aureus)°l oA HF 97% o w2 dHEES B
AHRengasamy et al., 2017). ©] oA FDA Al
A Hrh= NIOSH #iol o dZstal H4HRl
Holo]A] o] ol ALR-S 3 5kal Qlth(Blachere
et al., 2018).
2 AFolAE N95 wpAZTZE HIND Hio]#{Alt
0.1 pm9] 22 JAZE AT BES AIFT 23 &4 v}
gA F}FELE 99.23-99.997%RAL, 0.1 pm YA+
E49 i3t A} FTEE 99.17%-99.995%= <5
, NO5 mpAT = QIEFRIA} Hlo|# Ao T &2 5
Z+31 Qltkal AZ2AItHHarnish et al., 2016). Zuo
o2 37HA] HEo] N95E e R adenovirus?} Q&
AR} vlo|H A o R ATt Ay 2% of3tg &
TSt oy AEE WHolrt Au, E9F R
(physical penetration)’t #EEH FI&(infectivity
penetration) Btk A, &, #FY Sl= Ho|HAR &
o o7t o A sto], S8 YA ojata
£ He o] H4F, & dA9] H Hioleta
o9 tHZuo et al., 2013). TFE Ao N99T}+ N95
AT E oA} ZuNYARE R FIHEo]

)

~
Y

Mot o tlo & o
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folgt zto]7}h §i%lom, NaCl YA} vHiol#A AR}9]
24 g FESI M9 tHEninger et al., 2008).

g N957F 7 Ho|HAE FHSt 4= Q= 7
of =Tt A= Uk APA AGoA TI-EAPE
Bl AEFAA} vlo|BAE EAYAIA, N95 &5
B AE5E 371 o SFHSFE 2EL IFeE U
o] ARt Ayt N9SE 283t 159 10%(298% 3
B)7F I WRolA HiolgiArt HEH H Aed T
7] o3t SEHIFE L3 OFN = R EHE
=t o] AtolA= ©<d] E 9 FuHE ozt
oA A= Ax Zo] HQ| wiiEe] ZE AA 9
oqitEE wERlA], Y +& WEIA= A%
SHaL UA] FA|TE N95 2R AA = 7E-Z 100% At
& A o= A2 AR HY THsAEE A5l F
1 tKBischoff et al., 2018). 3 AFLof|A= N959}
P100 AT E o g MS2 Hio]HAE o]gdto] &
&g F2F o uHo(85 LPMI 270 LPM) ¢34
S f4(85 LPM, 135 LPM)9IA of3t 58 2 A3t
N95&= F3h&0] 2% 1wk, P1002 F3H&°] 0.02% U]
o g NRFHIHE 2% F5 7S UEe AL
B8t Gardner et al., 2013).

Fed naTrt 37 F A2 dAE F 9 = A
=4 T AZ A&EHQ] =7Fo] Hojgth 3 A+
A= HHA Aot &8 vkad 97l BE(o]
% 67 BE2 Aol s oZka&o] 96-99%°]1,
ARHME 4o o= 97-99%tal FE71 =]l 574
AEFZ "= FDA 5902 w2 AEYeol 0.3 pm
NaClYAtol| tsff ojzta&o] Hit 37.6+30.7% (4.0~
90.2%)°]9loH, olX¥c}t & 0.8, 2.0, 3.1 gm9 =d
2 QA dieiAE ZzE 17.0430.0%, 14.04£27.7%,
11.84£24.3%°] ¥ 3§ &S Hof 22 RO o
Tago] o ¥t Tara Oberg et al., 2008). t}=
AFAAME 0.3 pm NaClYAE o]&ste] NIOSH 4
Ho g AAFNS o &8 npAde} g npAI Y ZF
ZF 59.1+ 136.7%, 29.1+12.0%% &S Ho| B
HAglon, Aoy WHH(EU Bt fAhE AdAS
e, ZF2F 58.8+36%, 31.9+12.6%2] EIES BH
HJung et al., 2014). Wt o0& A= &8 vt
234 9] dE viAgE 37| F A2 YA=

BAEEe Bolrn ot

B}17} Hholef o] Aukaolehs oul nhad
wiol ot ARl Hlold vt ol gl B 4 %S
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o] A&E I ot =2 & v[d ZAF FFo]
H #geHE =2l ok v 22 A o 7
o] 7Fsoltta 3 AL A FEZ WA= ZHAGE
A71=] 9 Coulliette et al., 2013). ©] =FofA A
A2 JAEFAA; vio]HAHIND)ZF vkAT FEHOYA]
2 6G7HA] BES 5= oA YEFTARPL JIEFA
At FA JAEAE AEHS de ARAS U]
o stAIE Z H7]sfjoF ghkal st gF Aol A]
= MS2 stgo]2up2| & ntAT FHO| H[dT} HUS
o2 QAL AA7|E HASH] AT Ayt vy
o7 QAANFAS W= 0.21%7F AHSALE RS, vE
FEHIZ LFAASH = 0.08%7F ArAt=] o] A4 H]-&
o] Yo} YA Ity 519 tKFisher et al., 2012).
NO5ZE2 ASH vtAIE ARG oldE off Hnt
AFE FH|E ol=H| o]d "tAI= AAE o3}
780 £4 Yot I Frut HSATS of= Fo=
Uebgth & ®E T-shirts, M2, &4, WAtAIE
o & HolgiA 2719 YRS E4=E HAE & of
old HE2 Y77t tHFE wi= F2H&o] 40~90
% A3, ¥R =717} 20~1000 nmolA T 7]
PA=Z A HFE = FIHEo] 9~98%= LrERY 117
aAolx] EcHRengasamy et al., 2010).
kAT A FrgE A2E oto] nBEe] A%
AA|SH= vfAT 7} Hiolg| Ao s B} A=A
A3 AfollA MS2 2 2R E o] 83 AF AT}
° It GIAY Az et HdittE =&
A3l o] FuYE vpATo] s AHTH=
ol AL ARAPE @A F46t= Aokl
E=ET R EYHRengasamy et al., 2010).
ol 1t AFE2 APA 7oA Hio] Ao
gt vpA=9] 52 HrIgE Aot} I8y AAR 4
<& tkAIY N95E HHEAEAA 283E o dqt
U o] A 4 leAlE vkAad e AA9] 4
tEo] ¢ Fasltt. o] ©ses] ntAF S ofuta s
ot} FAE £ ofzt AAAES HEHo= duht
=Y F ASAE &€ 5 W] "ol olF metely]

Aol SJmALoNA 72 Al At AE A==

w
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Lof HERREAE 3 =] =W, Y 557148
oA &8 vkAIY N9SE Z}%‘é&e o= =2k
Bt At =71 0.59(95% CI 0.46-0.62)F, <
FAxt g Aol disiAl= 0.34(95% CI 0.14- 082)
2 dopxth. &8 vtAIo H5) N95= A4 &
714%o|u Al detel s Ad=rt 42t 0.47
(95% CI 0.36-0.62), 0.46(95% CI 0.34- 0.62)Z2 &
I7F EQko L Hiolg A oLt JIEFAA § A
of tisiA= o &ErHolzta & & glrk(Offeddu
et al., 2017). SARSOl Wigh IAAFAZ A= vhA
=1 2}£°l H2kg-Hoh =7 0.13(95% CI 0.03-
0.62)43L, N95%= 0.12(95% CI 0.06-0.26)°& =LA
EA R "J(Offeddu et al., 2017). °] A&7 += v A
Futet 1 A3 AHA] gAY o E SRS 9l
< & oy miAd BIHETE OME} 49} oy 7}
A oEtEo] Zo] £PEYS wf &8 mpAIY
N957F &3} S-S HO%’” ATt 1y o] A+
9] AAFHo] At} stk 2 AolA =2JstalAt of
= $&8 upAT 32 No57F AA| & vy &t
2 JAFEZ] disl 2zt debt 537t QI=A1E
gt UA= Ytk

FolA AFE TR BA vl AdolA= N95
£ A&H R 283 15, N95E 1ol 2 Hwt

A48T 1F, $48 v1AIS 18T 18, WA

0% 7RI, olZo] A} Holzlid] AR

Ag ZHEAL At HIAGIFA ) NS A%
Q-

Moz AT 18 T AP A8 IFAME
Al GACIHSIFE 033, 95% CI 0.21- 0,513 vt
oA 7 AHU=(0.46, 95% CI 0.23- 0.91)7F +<
SbA SO, A42 NO5 HEIFOIAL HRLAS)

7t {95 FrtH0.26, 95% CI 0.16- 0.42).
UEFAMA}F A Ao A& v a5 Yeglon 4
&gutAg = g7} QIitiMaclntyre et al., 2017).
02 A= FUPgoA AAE N95SHEAT L HHelE-
ntATE RS o ES Gubt oS S A=A
2 dAAH0] T 157 BES o= AAES]
t}. o] AFoA= F 1441759 Q= %lo] Frtsto] oF
500789 Al T1EC & FHEste] oF 52 om-8 vkA
ELE, =2 15 2 717} N95E fit testing & A F3

3L, 92 O5L fit testingS Qbolal A|FstFEd] fit
testing= T—JE’} 2ol FA] ko N95 2%
o] 7+9jo] OJEL npAT L IEHT} QAE Y| A3}
(clinical respiratory illness, 3.9% vs. 6.7%), AUZF
oMz} FAF A2Kinfluenza-like illness, 0.3% vs. 0.6%),
AA Rl 357] HolgA IE 9 QAEFAA,

laboratory confirmed respiratory virus infection

Table 4. Major finding and conclusions of selected papers for masks and virus filtration

Reference Major finding

Conclusion

A lower rate of clinical respiratory illness associated with
the use of non—fit-tested N95 respirators compared with
medical masks. Household contacts who wore a P2
respirator (considered to have an equivalent rating to
an N95 respirator) all or most of the time for the first.

Bin-Reza et al.
(2012)

There is a limited evidence base to support the
use of masks andor respirators in healthcare or
community settings. Mask use is best undertaken
as part of a package of personal protection,
especially including hand hygiene in both home
and healthcare settings.

Influenza virus was newly detected on the nasal swabs Despite passing fit-testing 10% of N95 respirator

Bischoff et al.
(2018)
the PAPR.

of 3/58 participants after exposure wearing N95
respirators while No virus was found in subjects wearing to influenza virus compared to full protection

users encountered breakthroughs with exposure

provided by a powered air purifying respirator.

Blachere et al.

(2018) storage.

Healthcare worker's potential exposure to

TCID50 showed no statistical significance in M1 gene airborne influenza virus can be assessed in part
copies regardless of either temperature or length of through analysis of their surgical masks and N95

respirators, which can effectively serve as
personal bioaerosol samplers.

pH1TNT remained infectious for 6 days, with 1-log10
loss of virus concentrations over this time period. Time
and humidity both affected virus survival. We found
significantly higher (P < 0.01) reductions in virus

concentrations at time points beyond 24 to 72 h and

Coulliette et al.
(2013)

144 h at humidity(RH 20%, 58%).

This research supports discarding respirators
after close contact with a person with suspected
or confirmed influenza infection due to the virus's
demonstrated ability to persist and remain
infectious.

www. kiha.kr
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Table 4. Continuation
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Reference

Major finding

Conclusion

Eninger et al.
(2008)

Particle penetration increased with increasing airflow
for all three respirators. The N95 FFR demonstrated the
lowest resistance at each airflow while N99 model B
possessed the highest. Airflow had a strong effect: mean
penetration at 150 L/min exceeded that at 30 L/min
by a factor of 5.3 (N99-A), 5.9 (N99-B), and 3.3 (N95).
Similarly to the trend observed with the NaCl aerosol
in this study.

Viral penetration through the tested FFRs did not
exceed that of inert NaCl aerosol. The results
suggest that inert aerosols may generally be

appropriate for modeling filter penetration of

similarly—size viruses.

Fisher et al.
(2012)

Droplet nuclei from the contaminated FFR produced
higher percentages of reaerosolized particles (0.21 and
0.08%) than a droplet challenge ({0.0001%) with the
method of reverse airflow through the contaminated
FFRs.

A small percentage of viable MS2 viruses was
reaerosolized from FFRs by reverse airflow under
the conditions, suggesting that the risks of
exposure due to reaerosolization associated with
extended use can be considered negligible for
most respiratory viruses.

Gardner et al.
(2013)

The measured count—based penetrations for these filters
were all less than 0.03% (.e., filtration efficiencies)99.97%)
even at the extreme high flow conditions representing
maximum  work.

These NIOSH-approved FFRs and particulate

respirators equipped with these cartridges can
be anticipated to achieve expected levels of

protection against airborne viral agents, provided
that they are properly selected, fitted, worn, and
maintained.

Harnish et al.
(2016)

For 0.1-um particles, the mean particle filtration
efficiency for all FFR models ranged from 99.17%-
99.995%, and the mean viable filtration efficiency ranged
from 99.23-99.997%.

The significance of these findings to healthcare
workers is that the data establish a basis to
estimate the level of protection that an HCW
can be expected to experience from a properly
fitted NIOSH-certified FFR during exposure to
infectious aerosols.

Johnson et al.

(2009)

All 9 patients had influenza detected by RT-PCR during
stage 1 (before control) and/or stage 4 (after control).
The estimated mean viral titer from coughing 5 times
was ~2 log10 less than that detected by direct nasal
swab.

Both masks are equally effective when used for
short periods to prevent the spread of infection.

Lee et al.
(2008)

About 29% of N95 respirators and 100% of surgical
masks had PFs {10. On average, the PFs of N95
respirators were 8-12 times greater than those of surgical
masks. The minimum PFs were observed in the size
range of 0.04-0.2 mm.

NO5 filtering facepiece respirators may not
achieve the expected protection level against
bacteria and viruses. An exhalation valve on the
N95 respirator does not affect the respiratory
protection

Loeb 2009 et al.

(2009)

Influenza infection occurred in 50 nurses (23.6%) in the
surgical mask group and in 48 (22.9%) in the N95
respirator group (absolute risk difference, —0.73%; 95%
Cl, -8.8% to 7.3%; P=.86), the lower confidence limit
being inside the noninferiority limit of -9%.

Among nurses in hospitals, use of a surgical mask
compared with an N95 respirator resulted in
noninferior rates of laboratory confirmed
influenza.

Lindsley et al.
(2014)

Wearing a face shield significantly reduced the amount
of cough aerosol. Significant interactions occurred
between face shield use and distance (p=0.017), face
shield use and cough aerosol particle size (p=0.007),
and particle size and distance (p=0.006).

Considerable exposures of workers to potentially
infectious material can occur over very short time
frames when they examine or treat a coughing
patient at close range. The use of face shields
can substantially reduce the short—term exposure
to larger infectious aerosol particles but less

effective against smaller particles, which can

remain airborne for extended periods and can
easily flowed

Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(2): 109-123
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Table 4. Continuation

Reference

Major finding

Conclusion

Maclntyre et al.
(2011)

Non-fit-tested N95 respirators had lower rates of
infections compared to fit-tested N95s. All infection
outcomes were consistently higher (approximately
double) in the medical mask group compared to the
N95 group. Non—fit-tested N95 masks were significantly
protective compared to medical masks against clinical
respiratory illness.

The finding that fit testing did not improve the
efficacy of N95 respirators is important, although
it could be explained by a lack of power. This
study adds evidence on the use of respiratory
protection for health care workers.

Maclntyre et al.
(2017)

Infection rates of all outcomes(ates of laboratory—-
confirmed bacterial colonisation, laboratory—confirmed
viral infections and droplet-transmitted infections) were
consistently lower in the continuous N95 and/or targeted
N95 arms. Rates of laboratory—confirmed bacterial
colonisation and droplet—transmitted infections were
also lower in the targeted N95 arm, but not in medical
mask arm.

The classification of infections into droplet versus
airborne transmission is an oversimplification.
Most guidelines recommend masks for infections
spread by droplets. N95 respirators, as “airborne
precautions,” provide superior protection for
droplet-transmitted infections.

Offeddu et al.,
(2017)

N95 respirators conferred superior protection than masks
against clinical respiratory illness(CRI).

N95 respirators may convey greater protection,
but universal use throughout a work shift is likely
to be less acceptable due to greater discomfort.

Rengasamy et al.
(2010a)

Cloth masks and other fabric materials tested had
40-90% instantaneous penetration levels against
polydisperse NaCl aerosols. Similarly, varying levels of
penetrations (9-98%) were obtained for different size
monodisperse NaCl aerosol particles in the 20-1000 nm
range. The penetration levels of these fabric materials
against both polydisperse and monodisperse aerosols
were much higher than the penetrations for the control
N95 respirator filter media.

common fabric materials may provide marginal
protection against nanoparticles including those
in the size ranges of virus—containing particles
in exhaled breath.

Rengasamy et al.
(2010b)

log10 reduction of MS2 was not statistically significant
(P>0.05) between the control and antimicrobial respirator
coupons, when stored at 22°C and 30% RH up to 20
hours. Coupons from 1 of the 4 antimicrobial respirators
showed an average MS2 log10 reduction of 3.7 at 37°C
and 80% RH for 4 hours, which was statistically significant
(P€0.05) compared with coupons from the control
respirators.

MS2 virus decontamination efficacy of
antimicrobial respirators is dependent on the
antimicrobial agent and storage conditions.

Rengasamy et al.
(2017)

NIOSH NaCl test method is more conservative and
showed significantly lower efficiencies than the than
the particulate filteration efficiency(PFE), bacterial
filtration efficiency(BFE), and virus filtration efficiency
(VFE) methods. Furthermore, PFE, BFE, and VFE suffer
from the lack of precision and lack of well-defined and
documented testing protocols.

Addition of supplemental particle penetration
methods such as PFE, BFE, and VFE to the
requirements described in 42 CFR Part 84 will
not provide any improvement in the current 42
CFR Part 84 respirator certification process.

Seto
(2015)

Artificial aerosols where {10% of the particles were larger
than 8 mm whereas in natural coughing Y99% are larger
than 8 mm. Therefore they questioned whether these
studies are relevant to the natural route of human
transmission. The use of medical/surgical masks, not of
N95 respirators, for all public hospitals in Hong Kong and
found no significant difference between the infection rate
among the clinical staff and their nonclinical colleagues
who had no contact with patients, suggesting that the
medical/surgical mask was sufficiently protective.

Infective aerosols seem to be present in the
mouth but there is no firm evidence that they
will survive the journey to a susceptible host to
cause an infection.

www. kiha.kr
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Table 4. Continuation
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Reference Major finding Conclusion
Infectivity penetration of adenovirus was much
Zuo Z et al. A physical penetration was 2%-5% while infectivity lower than physical penetration, indicating that
(2013) penetration was 0.02~0.05% using adenovirus. the latter provides a conservative estimate for
respirator performance.
Although viability and viral RNA penetration were better
represented by particle volume penetration than particle The current NIOSH photometer—based test
Zuo et al. number penetration, they were several-fold lower than method can be used as a quick means to roughly
(2015) photometric penetration, which was partially due to the differentiate respirators with different

difference in virus survival between upstream and

downstream aerosol samples.

performance against virus aerosols.

and influenza, 0.3% vs. 1%)7} S2sHA] H3ich
(Maclntyre et al., 2011). o]= W2 $&8 ufA
39} N95 mpAT 2REAF TE1 AEFAA A0
Fogt Afo|7} Qidtk= A= Qloj(Johnson et al.,
2009; Loeb et al., 2009) BYA LA & vfAT 2HE-
I HEo] YH, HYY £ T o7 AP B
ol= Aoz 4HA 9rHBin-Reza et al., 2012).

olg 714 whazsh WA AAgElE mkATT} o]
HAE F ol F 5 YA i 120 A7AnE

nAd As71ES tiEstd u|=7|E3 EU7|ES
2 FEHIL, & Yk ol Ve F8oto 2=
712082 AHHsIYHTable 3). =L FLLFHO
Al EU 7182 A8, A= 18R 7S
AgoA A= gl miAa A|R7|EY 42 EU
713 ARt Yt S u|=7|ES EUVIES
23t AAY Hol=d Table 204 H%o] JES
2 AAof= v]ZAY DOPE AREdIY U3]& upa
39 FEL2 TFYAL}E QUJYAE FESP] HA
(DS, DLE HASIHA] oagk v=3 EUE 45
3t ZA(DS(DL)80, DS(DL)95, DS(DL) 99)AH &t
At FHE 0[=E7|EY BUVIES &6kl AA
St AAY Holuk(d], nl=Ad 2UYA| DOPARE:
Sl Tt a e AlY 92 85 LPMES AREsIY & I+
AE W2 EU7IET HS) oitago] e upAd
o] FELS KN(KP)90, KN(KP)95, KN(KP)100& 3}
I3, o2 Yk 2 90% oE-S(KN(KP)90)

=
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710l Atk =Uo] B8 mAdE KF80, KF94,
KF99=& = of Qlo] u|=9] 7]&<l N95%} x| o] At
-&=ofof gict.

npAd I Zharo] tEAR] A4S Table 20 &€
ASIRAAT, 222 o] AR ofgt thE Ve
A=lo] ARE7E gt AE S°] EUR ZEY ofata
& 2742 EN13274-7(Respiratory protective devices.
Methods of test. Determination of particle filter
penetration)® 3} P1, P2, P3& HA|SI} # 19
EN, 49+A1:2009= A#8E&S Eololo] vpAFoe] A
HHAQl HeB7HE XS Ut AE &0 A= F
AEo] et NaCl =719 sl +4skal IAIRE vpA
= "H9| o#ag H7o| AESh=E NaCl 27] 7l
< ARE AEolo] stes skl v vl=k 42 CFR
Part 84°] ZANE S 7F40] 3L of7]o] o8 FF2
npAo] gk FA0] AoH subpart Kofl H]EH4
MRS gt F40] 1oy AA=E AR
ol A= NIOSHONA w#78staL Qict.

7} 71&] wet NaClZ Algsle] ojitgago] £2
AL Hpo|H Ao oA £ o} BE&Z YER o,
NaClQlE 2 vBEd pAIoE $2 AIEY
o|lom, N95%= Hiolz|Ao] thste] BAAQl Ha
7h & dRE AolA SEstal Ui HiolH A7t

% Adol E & U=A ool m=t Ay 57
A4 F713E, 71894 F7IAHeE AEEe
19 37139 2A04= WHOS] S4ti&E & H

AAFel HEo] 22 Yol Qg 37 HAHe Ad

Aol N95E &= Zo] Higtdsith, &8 E=
& PtATE o A G7F UAAAT NOSTE
oy it AA| HHoA 9 HAES ZARE Aol
opA= ZRgo] BjRREHT U2 A2 d3E A+
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Aoy, N95SUIATY) a8 vpAT R Woke
W I8 dvhs A+ZE3t Ql=dl o= ukAA 2k
I &0 tE QA AR AAEE FFE F7I
#Ql Aog uoHc)

IE HolgAT b 3715 AEY 7hsAdol Sl
< oYt} T {5k Q= ZEY 19= 8 &
A2 A HAS B 2 AR HERE 5
A9 22 JA}ol gt F71F A9 7hsAd= HiAl
= it} dlE £0] olo]|2E Yov|= T HIAZET
Hlo|HAHIV)E A3 FH0=2 QI gtljoju} EH
2 49E, AF 7192 2oy F4e =, BY 114
FHo|L} HHo= CHPZ Aoz, L-2EHlo|
2 AE &9 AdEh 371 § AYE 1 80]
w2t A& (obligate), 4% (preferential), 7]
(opportunistic) 371AHLE FEst=t A4 F
A Blo|#|ARE= Hio|Z A Ado] a1, $4F
71FEoEE T3 HAFTE Sloh 71314 ol
FH 2= HE FA=EoARE 3710l 7't 24
ATt F71H o dojuh= A& QIEFRAA}, SARS
7} olof| =9tHETh TV AL} 7hstt 27ol7t ARty
02 YU A o2& WA= AR
7189 AR B o A, AE Ae B 71
AZ)7E 3715 o2& I8 FoXItKSeto,
2015; WHO, 2014). Setox 2015Wx=2] 79| F4]9]
=204 7184 37192 HYY S 2N A
ojutng 37| % AuHairborne)7} otz F451H
A, SARSHY QIEFAA] 3713 A7Fsd= WS- =A
g7kskal Qlth(Seto, 2015). L&y offjolA] 1136
o] "o]ZA F71¢} JAEFAAY] 3717 A 73, 1
23l SARSY| FA| AY QtE= HAHFERE o)
= o & Y9 ES3E 2A7) ofd XoME F7F
IS YAleE =87t Ut

29 dHlo|g|A A AupFda= WHOY CDC
9] P2 IAYANAY F HDIAH5 um o7t
ot okl Ql=t ol @ WHAle] Huk= 1940
ddjo] =39 e A-Zae] o&stal glof
of A-ollA HreAxo]l TAYNAE & Hgat 22>
v o] FE3 PANAE QA7 7] of| A L2
22 JA B 2 dAe] HE AEE Qs A2 o
A2 WHeEo] FU|E HA7NsAAl HiEt 7
(Coulliette et al., 2013; Tellier et al., 2019)3 &
A7} o] AtHZuo et al., 2015; Maclntyre et al.,

£ oo

30 R W

R

rr

H1
Moo N 2 4N rfo o mE ok

=
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2017; Rengasamy et al., 2017). Z22thd ¢ & H]
AR BAI7F "ohH KF80 WAl N95E &-8s)akal
A7} olof gt @2 upAz ZEIF0| H] g
&) Blsl, = N95 2§ 50| &8 vkAad g
J1Eo] Blsf Hol# A 7 Yol Rkl gt AtollA
HXo](Maclntyre et al., 2017) IS T<s| H[EZd
BT} F7E HHYLSE o]FHoR FEsk= A AE
S, H]'go] v i 2R QAP o] o= AL
sk, & 715 Ao 7hsAdE 1Este] N9SE
2hg-sfofof qhrhal S35kl Q= Aojth

Z+2 YA 93t F71F HuE o] U=ttH
N95&= #o] Z8shA] k2 Aot =iy 9 A+
A He AAYE a8 vihdes AT HIRRE
&0 Hg} RopR= Aol Holrl= o #o4
UA RFA] Akt wEbA HZdolet stEjEte 37
T 99 7Ms8S 1ERe =d¥os Edeitial
gt} 7|13 shHAl EASkE YA & nmiE
S pm7tA] 2717} v gefet 2 YAk A
oAl AEATE 2F2 QARH= 2t 37 Foll i
o = ok AFEI Wol St} & iA|Q] Hio]
A= O 20~300 nme] 710y F7150lA = &
d /AR Ee R ZYE o] B Hpo|g A7 &
H(agglomerates)A] ST = Yo} Has| FHE
A olYsldtiGardner et al., 2013). o]&°] 37| &
oA BEHo] Yot SYHAS W HAFY 7FsAol
F2ottt= Aol tioiA= ok =7to] HiL Qlt}. &
2 19= 3715004 34 A AED 5 Uk F
29 AFZATHNeeltije et al.,, 202005 & o, UH=
TIA & FSFolv & YA H|do] ofol: 7Y
9] 7Fs/82 S 1Ed 87t St}

19300 HEE A+ olA= 100 pmETt & H
42 gio] =7 Aof ' 7heekar, 22 Hg-2
SUEo] Bgdow F & Ukl 515 oL o]%o 7]
A HHA-E FEoto] 20 pmETH 22 Zo| vjEd
o] Hrtal 3k AF7F UATHWells, 1942; Nicas et
al., 2005). QJIEFAA} vlolgA 22 Hol= 11 7
d FARE YRR &Sk =T A= HiolgA
o e &8 IS HEsk= 4, A, 7IHe=
ATt THAY ARME B4 &Y, AR, 7IRe=E QIgh
A48 dAE 229 &Y, WA 71H e R QIgh Hgo]
A 422 Ango] He AlR RS 5= S,
AR A&7} Fola, SRt UA FEE FAT 5= gl

ol
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ot 3% tH(Nicas & Jones, 2009). ©] ATolA= A
A 452 AH FF(ormites), B4 Y AT 4
571 95H4 2]7o] 10 um ©lekel A, AR, SU4
Z]73°] 10 gm ©14 100 pm °©J3kQl A 12]al H
Andol= F7Fo] 100 pmkEtt & FACE oot
ol WHOS] H|¥ Aol th=HA] T3t &Y d2 A
B9 U4 YA 24100 pm olshzH= ozt ot
27 d9gstal ok

npAH 9| F7] F Hio|#Ad] et 5= B7H o
= F 7K S9S 285fof sk=tl &84 271 7t
Zl vpolH A JAP7} upAF o) & 2 ARV}, &4
S} AJE9 HiolH A0 Bk, & &5Y Sl= HiolHA
7 mpago] & 2YE 5 UAeAE ALEstojof 3t
&5Y Sl HolHAE & S Fih&o] WolA
9%t DpAZolARE T2 ghHoRL nlAZ HH
238 volH AR Qg A} 090) AR glo] B
o BAZ P % Utk

Hiolg{2of tjgt A=A 0] 4577t 3% Ao
T ooj=F F5 Yol B Aol BlolHA Z
= BEAY 37 T As v A 241 &2
Aolgtal 7Hgste] ol ol wat npAT HAS] A
= 7172 WSE, A, S BRAVA A, S8R
7 & oltelEo] IdiE A-GHThal 7otk 9,
0] 371 SollA BE/2/43} ZHEiQIA 5ol Aoz}
ATHIL HAT

npAF 7L HolHAE A 2F 5= Ao e At
= o8 SHoY|A o]FoFtt AA= N952F Zol Y=}
F EEE SR ATV} oY A T ugEdE B
17 ol gt A} Y] =g F= SEd UL
37} "ol Ao BIFARIZIC] gt A7 ATt A
T ZIE ITFOHH N95& Hpo|glAo]| FabzolH,
NaCl Z2 43 4= Al@stes Aol Fi&o| ¢
ol B5A AlgHHolZtal shithEninger et al,
2008; Zuo et al., 2013; Zuo et al., 2015; Harnish
et al., 2016; Rengasamy et al., 2017; Blachere et
al., 2018).

g tkAI= N959| HIS Hio|# AL E= NaCl
Ao disf| ofFtEgo] "olxE: A2 FHAsiHLee
et al.,, 2008; Tara Oberg et al., 2008; Jung et al.,
2014).

1 rlo rlo

[¢)

o}E Aol ntAT9 ofELE AFUNA A
Aoletd Aol ThAaE HEES W FARS A
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AA 0 g ZAA7I=71ol gt A= QAU o] A3
= Ao wet oA tEd dRHoE mjRg T
upAg 2ol Wil g upAT s HYE kAT
Hoh= N957F @k d-23F lal(Maclntyre et
al.,, 2011; Offeddu et al., 2017) & ©tAZ 7+ A}O|
7} @itk= A= QltHJohnson et al., 2009; Loeb
et al., 2009). o|& 23] Zjol= HYoA= kA
2hgEnE ofyal, 9 ASEE, i) A8EE 5
o 347} Fofditt

02 SHO| A2 upATr) vlo|gAE & 9=
o mkAI T} o]z} o] H 4 IEAE 2 AT
S04 kAT FHA vlo]#AZE AEE AtHFisher
et al., 2012; Coulliette et al., 2013; Lindsley et
al., 2014).

olflo= t}Fst H(fabric)® HAwkAd9] ita&
o] W& A} ul= AlFol| FrBE vtAI R TulE=
AEo| a7t glaS Bus A4 UATHRengasamy
et al., 2010a; Rengasamy et al., 2010b).

2 AFolA= mkAe] APARE tig 2 1A
A3ttt ol= mtAI Y] toktt 84, 3hY @ AAA
o] OE s 74, dig TEY AP, 2A3AA
W0 QP SHoA 1E d8Ut e ol o

Wfet Aol & Aotk & 1E2 IEY 19=
i A= QAT 2arofA] 12 vholgiA T A
AAR F24 195 ez AT Ao| ofzt
A7 g HiolgA &, HHHE QXL QIEF
12} vfolH A 5 o] 85lA AP o] & A+
AE2 F49 HAS H83t Aot

ro
ol

10 2 5
flo rlr

¢

V.2

rhu

upAago] gigt 42 A =TS EU7IEeR
TE2HL, fEvEhe 28 RolA 2AARgel Hisf
BU7IE2 AL, A vpide AoFAollA g
eE i 715 ARSI vholH 2] 7] F el
oA WHO= ®IEht Axsial it 22 oo
259 371 T A9 719 AxsHA o= w2 A
TE3E 71U AATIE Sl A2 A 57 F
o= Ut 371 F #99 7hsAde =4 Eal Slrh
o, 4Rl ARl gE Hiolg sl 3] § Adlle
vfol2f2o] &Y, Ay HAE 5 It A
Hofste], A4 71489, A4 7Y, 7194
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T71Fgeg FEgskal 9ot NaClZ QI5d nAds=
Hlolg o] tisiAr $£2 e LS Hon F=
N957} @o] A= }Irt. o]2 Hol KF94% HiolzA
o] a3 Aog wotdE) Jeu 2 AtolA
1R AL tiEE oA N9SE thde = g A
Q=R o g AAZ FoA AREE ukAIo] Tt
At 9] A ololA FF g kAo tfgt 7
AEo] gt A, ARGl et A+ So] o]Fof&of
St
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