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Abstract
This work aims to experimentally study the particle filtration efficiency of surgical masks,

fabric masks, and N95/KN95/FFP1/FFP2 masks available during the COVID-19 pandemic in Thailand.
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In this study, 259 samples of commercially available covers consisted of 67 samples of surgical
masks, 71 pieces of fabric masks, and 121 instances of N95/KN95/FFP1/FFP2 masks. It was carried
out by the ASTM F2299-03 standard test method for determining the filtration efficiency with
polystyrene latex sphere particles at a face velocity of about 10.6 cm/s. The results showed that
the surgical masks have average, minimum, maximum, and standard deviation of particle filtration
efficiencies of 50.50, 2.50, 95.90, and 26.34 %, respectively. The fabric masks have those efficiencies
of 39.10, 5.93, 87.55, and 19.64 %, respectively, while the N95/KN95/FFP1/FFP2 masks efficiencies
are 72.21, 8.92, 99.97, and 26.65 %, respectively. Also, the principle of particle filtration, structure,
and components of a face mask is explained in this paper. This information is beneficial to both

consumers and interested peoples.

Keywords: aerosol; surgical mask; fabric mask; respirator; filtration efficiency
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UszansamlunisnsesiisnnindlewSeudieutu
#unn N95 (Huseansain 98.5 %) laeuuinin
ounfofiuszAnSninean fio 38.1 %

Whiley uazaouz [8] laldiBumsguluns
Uszifluuszdns amvesmininuuuiiideyly
Hagduiiensedhiiaisuiisuiumihnnewnste
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Figure 1 Surgical mask

Figure 3 Fabric mask
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Figure 4 Definition of single-fiber efficiency [12]
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Figure 5 Particle transport mechanisms of

single fiber
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op @)
4. 521U8uIFY
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(atomizer aerosol generator) LY@ 49 1891N1A

Diffusion Dryer
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HEPA Filter

Filtered Air Supply
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HEPA Filter
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13 89 TATUINUAIALUALNUAILLAR DUT LT
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msmaa'uﬂssﬁw%ﬂ’1wmiﬂ5m516?faqmﬂmﬁ
nanianedalasuaiinduuaduriugudnans
300 nm %5 ® 0.3 um U89 Thermo Scientific™
Dri-Cal™ fdauld saluuannsgIuniaLsuads

(geometric standard deviation) 1.6 % Algsuns

Electrostatic
Classifier
TSI Model 3082

Valve

Soft X-ray
Aerosol Neutralizer
TSI Model 3088

Soft X-ray
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TSI Model 3088

1.5 Uimin

HEPAFilter  Valve val
100Umin VAY®  HEPAFilter  Flowmeter
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P9 F Air
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Test Filter
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Classifier
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Figure 6 Experimental setup for evaluating the filtration efficiency of surgical masks and N95 masks
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wuulwiradin (Model 3082, TSI, Inc., St. Paul,
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Hugugnas 0.3 um JUN 7 wanan1snIzany

yunoyAnedalaTuaniing 0.3 um Auns
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azovdassldunaisuuu soft X-ray (Model 3088,
TSI, Inc., St. Paul, MN, USA) iletaafunnsgeyde
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vosTannses [13] madnwilldiedalauluidi
(conductive silicone tube) wagvaiuannals
alu (stainless steel tube) \uvipdmiuthdwuas
nsifiufegseunaiietesiunsgadeves
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wasank s liareesassidunans
symailudsiosnauuaziionnsazonsaseLile

LWe19UINALALS RTINS IakaE AMUTUTU

289.6
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o o o = =
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(=]
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Figure 7 Number weighted size distribution of 0.3 pm polystyrene latex particle
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mmaumﬂﬁ'éfmmi AMSUNITNAGBUNLINIA
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ANNUABAAULaINRan3g (National Institute for
Occupational Safety and Health, NIOSH) vJu
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wuvasmeulutgas (Model 3076, TSI, Inc., St.
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Diffusion Dryer
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ImaﬂﬁmmaavﬁmvﬂmqmugﬁLLazmm%ué’mﬂ’wﬁ‘
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Figure 8 Experimental setup for evaluating the filtration efficiency of fabric masks
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Table 1 Ranges and values of variables investigated

Variables

Ranges

Particle type

Polystyrene latex sphere

Particle number concentration

1.1-2.9% 10 particles/cm’

Particle size 0.3 um and 1.0 um
Filter test area 17.8 cm’

Flow rate 11.3 L/min

Face velocity 10.6 cm/s
Operating relative humidity 55 %RH

Operating pressure 1 atm

Operating temperature 25 °C

5. Namswmax‘maﬁmmjwa

nsAnwi ldnaaeuUsEansamnisnses
BUNAVBMTININBUNLTY NTININKA Uagniianin
N95/KN95/FFP1/FFP2 i fi14 ug 29 1t 19
szunlulseindlve ngldduiiudaegiamsdinin
fitlnelutiomarslulssine 259 feagre wadu
AUININBUNE 67 HIDEIS UUINNEN 71 A28
waLnuINIn N95/KN95/FFP1/FFP2 121 fiagid
g‘dﬁ 9 LAMINITHINLIIANUTLENTAINNI1TNT B
auNATRIMIININDWNLY YTNINKT kagniinn
N95/KN95/FFP1/FFP2 E‘Uﬂ 9a LANINTITLLINLLAY
AUszAnEamvastnneuntufiegs Sauans
TAiuInUseansnmnisnsesvesninninaunsie
dilvg) Fio 2.50-95.90 % wazdifin 50-60 % JU
9b LANINITUINLIIATUTEENTAINVDINTININRN
g1 Fauansliiiuiiuszdnsnmnisnsesues
nehnndaulug fe 5.93-87.55 % uaziliia 20-
30 % uargUTl 9 uansNUANKIIANUsEANEAIMN
Ya9utiNn N95/KN95/FFP1/FFP2 Seuansliisiu

IMUTLEANTNINA15N509989LNN N95/KNI5/

914

FFP1/FFP2 daulug) Ao 8.92-99.97 % wazdliia
90-100 % A"37197 2 LLamﬂ'méwqm AE9ER Alady
wage L0 saluuNIATgINYeIniInIna Uy
RUINIART WagnuIn1n N95/KN95/FFP1/FFP2
lngniinineudedivsednsamnisnsesounia
Ao 50.50, 2.50, 95.90 WAy 26.34 % AIUGIHU
mihnndiuseansamnisnseseunia fs 39.10,
5.93, 87.55 uag 19.64 % MNa1AU Lagniinin
N95/KN95/FFP1/FFP2 fiUs@15A1MN19AT83 AD
72.21, 8.92, 99.97 Uay 26.65 % AIUAINU
NANSNARDUUITEANTAINNIINTBIOUAA
ya9minInRe 3 wdln wuIimuanin N95/KN95/
FFP1/FFP2 fiAnindsyUszdvBniwnisnsesennin
gegn 509890 Ao inneundie uagniiningdn
fidadsUszansnmnisnsoseyniasiian lne
A5 ASTM F2100-19e1 fvunliiannsedi
ranlgvindininaesdusyd@ns nannisnses
BUNIANINNTINT LAY 95, 98 uay 98 % lu
sesunstesiuil 1, 2 uay 3 auansu [11] 34

Uszdndnmnisnsesvesiannsedlaeniluiuey
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< v v

AL s R uminged uagd snald dlaaudy
(momentum) vi3eusudosgetuny Faanunsadn
nspsaynIARnalnNITAR AR ULAZNITLNS
nszreiudulevestanniosinedu dauvema
Uszqlniadalutannseantinin N95 azdilnii
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Figure 9 Distribution of particle filtration
efficiency of surgical masks, fabric
masks and N95/KN95/ FFP1/ FFP2

masks
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Table 2 Average, minimum, maximum and standard deviation of particle filtration efficiency of

surgical masks, fabric masks and N95/KN95/FFP1/FFP2 masks

Numbers of Particle filtration efficiencies (%)
Mask types
samples | Average | Minimum | Maximum | Standard deviation
Surgical masks 67 50.50 2.50 95.90 26.34
Fabric masks 71 39.10 593 87.55 19.64
N95/KN95/FFP1/FFP2 masks 121 72.21 8.92 99.97 26.65

Inifinadie (electrostatic force) sgmiouNIALaY
Fule3slianusadnnseseunirvuadnnin 0.3
um ol [13]

5@ nwndl Fanurminnaneunsed an
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