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Monitoring of Quality and Safety in Commercial Face Masks

Kwon Young-hee, Seo Hang-ok, Jeong Da-seul, OK Yeon-ju and Park Sung-ah

Drug Analysis Team

Abstract

Face masks have been considered as one of the most effective ways in prevention against airborne
pathogens, fine particles, and Asian dust. This study surveyed the face mask usage and evaluated
the performance of commercial masks in Busan and the degree of bacterial contamination of face
masks used.

The mask test was challenged on ninety-four face masks, using the Korea Ministry of Food and
Drug Safety guideline on standards and specifications for filtering respirators, with BRA-1
(lambdaray, Korea), SFP-1100AL (lambdaray, England), FMP Combination (LORENZ, Germany). Most
of the particle filtration efficiencies found for the forty-two health masks(KF94, KF80) met the
standards, but three KF94s didn't meet the paraffin oil-particle filtration efficiency standard. All the
results of the breathing resistance met the KF94 standard(< 70 Pa). In the paraffin oil-particle
filtration efficiency test, the result of KF-AD masks, surgical masks, and other masks was below 80%.
The mean microbial colony counts on the inside masks were 3.77 logl0 CFU/g, and the outside face
mask was 2.82 logl0 CFU/g, indicating that the inner side was 1.34 times higher than the outer side.
Wearing a face mask for more than 4 hours/day can cause the risk of adverse skin reactions.

People should use a mask separately inside and outside to protect themselves from external
pollutants. Some people infected with the pathogen can prevent it from spreading out.

Keywords - Mask, KF, Breathing Resistance, Particle Filtration Efficiency, Paraffin Oil, NaCl, colony, Survey
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Table 1. Types of Masks
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Masks that Meet a Approval by KFDA

Types of Masks KF94 KF80 KF-AD® Surgical(Dental) mask  Other masks Total
(N=30) (N=12) (N=31) (N=5) (N=16) (N=94)
PP(MB)” 30 (100.0%) 2 (100.0%) 31 (100.0%) 5 (100.0%) 9 (56.2%) 87 (92.6%)
Non-woven Fabric 0 ( 0.0%) 0 ( 0.0%) 0 ( 0.0%) 0 ( 0.0%) 2 (12.5%) 2 (2.1%)
Cloth? 0 ( 0.0%) 0 ( 0.0%) 0 ( 0.0%) 0 ( 0.0%) 5 (31.2%) 5 ( 5.3%)
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Table 2. Classification and Standards for Performance of Filtering Respirators

Performance Standard

ks Particle Filtration Efficiency Breathing Resistance
= 80%
<
KF80 (Test for Sodium Chloride) = foha
> 94%
<
Ko (Test for Sodium Chloride & Paraffin Oil) = 70Fa
O,
KF99 = 99% <100 Pa

(Test for Sodium Chloride & Paraffin Oil)
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Table 3. Breathing Resistance by Mask types
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Surgical

T KF94 KF80 KF-AD Others Total
Preconditioning asks

(N=30) (N=12) (N=31) (N=5) (N=16) (N=94)

. 16.4 12.6 9.4 10.9 9.2 116
Breathing No (13.9:203] [10.3:13.4] [ 7.4:11.4] [102:11.3] [6.3:136] [9.1:15.2] < %001

Resistance
(Pa) Ves 16.1 118 i i i 14.9 0.002
[14.4:19.4] [ 9.8:13.3] [12.2:18.4]
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Table 4. Particle Filtration Efficiency by Mask types
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Han et al. (2020)0] ©]5t#® KF94 @ KF80 upA =
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o]st xfo]7} 9I9Itkp=0.986, 0.881, 0.585).

Bourouiba et al. (2020)0]] 2J5t#” =14 7102}
2 AgoEd AV & of A2 F2 7~ 8m
7HR| ot AEE ARl 1wt 2 4e]g Yol

Surgical

. KF94 KF80 KF-AD Others Total
Preconditioning masks
(N=30) (N=12) (N=31) (N=5) (N=16) (N=94)
o 99.3 89.6 83.8 86.3 79.3 90.1 < 0.001
NaCl [98.2:99.5] [87.5:97.2] [75.8:90.7) [85.2:86.3] [64.0:88.4] [82.1:98.4] '
(%) 99.3 89.7 . B B 98.9
ves [98.7:99.5]  [85.7:97.0] 973995 <0001
No 98.6 835 71.9 76.0 74.4 82.8 < 0.001
Paraffin Oi [96.5:98.9] [76.5:92.1] [59.8:81.5] [67.1:76.0] [17.0:84.8] [71.8:96.8] '
(%) 97.9 82.3 . B B 97.0
ves [96.3:99.0] [73.8:91.8] o11087 <O
Table 5. A Comparison of Health Masks testing by Preconditioning
Mask Testing* KF94 KF80
Preconditioning No Yes Total p No Yes Total P
(N=30) (N=30) (N=60) (N=12) (N=12) (N=24)
Breathing Resistance(Pa) 171+ 45 171+ 53 171+ 49 0981 128 + 43 128 + 44 128 + 4.3 0.986
Particle Filtration(%)
-NaCl 989+ 1.0 990+ 09 989+ 09 0793 912 + 58 909 + 60 91.1 + 58 0.881
-Paraffin Oil 970+ 35 970+ 32 970+ 33 0997 846+ 95 824+ 99 835+ 95 058

Test guideline KF80 Over 80% (NaCl Test), KF94 Over 94% (NaCl & Paraffin Oil Test)
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=8(35%, 17.2%) £ol9lon 2 wEo] Heje Al
ZHe 302~1A17H96, 47.1%)01ct.

Table 6. the results of a survey regarding face mask usage

Service industry

8%

Question Categories 14
Total (N=204)
Gender Male 86 (42.2%)
Female 118 (57.8%)
Age(yrs) 10~19 7 ( 8.3%)
20~29 3 (16.2%)
30~39 6 (22.5%)
40~49 0 (24.5%)
50~59 8 (18.6%)
60~ 0 (9.8%)
Occupation Student 0 (14.7%)
Office job 7 (47.5%)
0 ( 9.8%)
Self-employment 0 ( 9.8%)
Others 7 (18.1%)
Working hours per day ~8 hrs 6 (32.4%)
8~12 hrs 125 (61.3%)
12 hrs~ 3 (. 6.4%)
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Table 6. the results of a survey regarding face mask usage

. . n(%)
Question s Total (N=204)
Types of masks KF80, KF94 158 (77.5%)
KF-AD 9 (14.2%)
Industrial mask 2 ( 5.9%)
Cloth mask 4 ( 2.0%)
Others 1 ( 0.5%)
Considerations for face Masks Price 14 ( 6.9%)
Virus blocking effect 99 (48.5%)
Design 6 ( 2.9%)
Comfortable to wear 81 (39.7%)
Others(To prevent skin problems etc.) 4 ( 2.0%)
Where to buy masks Large supermarket 5 (12.3%)
Drugstore 4 ( 6.9%)
Online shopping mall 138 (67.6%)
Home shopping channel 4 ( 6.9%)
Convenience store 3 ( 1.5%)
Others 0 (4.9%)
The wearing time of face masks ~2 hrs 3 ( 6.4%)
~4 hrs 8 ( 8.8%)
~8 hrs 3 (30.9%)
8~12 hrs 107 (52.5%)
Others 3 ( 1.5%)
Duration wearing of face masks 1 day 9 (48.5%)
2 days 0 (24.5%)
3 days 7 (18.1%)
1 week 6 ( 2.9%)
2~3 weeks 2 ( 5.9%)
Means of transport Walking 5 (17.2%)
Public transport (Bus and subway) 6 (37.3%)
Public transport (Taxi) 4 ( 2.0%)
Private car 86 (42.2%)
Bicycle and scooter 2 ( 1.0%)
Others 1(0.5%)
Transport time ~30 min 64 (31.4%)
30 min~1 hr 96 (47.1%)
1~2 hrs 29 (14.2%)
2 hrs~ 5 ( 7.4%)
How to keep a mask Natural dry 119 (58.3%)
Alcohol etc. and dry them 1 ( 5.4%)
UV sterilization 1 ( 0.5%)
Closed storage 3 ( 1.5%)
Others 70 (34.3%)
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At 100~50T]= 55.3%~82.4%7T, 60T+ 20.0%7}

Wl ofjsole} Ayzieic

A18%+ ohago] duF odE it
JA} 1593t ofx} 1502 2R & 309 i
02 A3t upATo] AubyFas AEsH Anp=

0.

22fRlago g UpA SIS JLofjsteiTt. Table 83} Figure 1, 20]C}. ORAT UJHS] UWHA||#
Table 7. Mask use survey results by age group
Question 10's 20's 30's 40's 50's 60’s Total
(N=17) (N=33) (N=46) (N=50) (N=38) (N=20) (N=204)
Where to buy masks
Large supermarket, 1(59%) 4(12.1%) 4 (8.7%) 5 (10.0%) 5 (13.2%) 6 (30.0%) 25 (12.3%)
Drugstore 0(0.0%) 1(3.0% 3(65%) 2(40%) 4(10.5%) 4 (20.0%) 14 ( 6.9%)
Online shopping mall 14 (82.4%) 23 (69.7%) 37 (80.4%) 39 (78.0%) 21 (55.3%) 4 (20.0%) 138 (67.6%) 0.002
Home shopping channel 2 (11.8%) 3 ( 9.1%) 0 ( 0.0%) 2 ( 4.0%) 5 (13.2%) 2 (10.0%) 14 ( 6.9%)
Convenience store 0(0.0% 2(6.1%) 0(0.0% 0(00% 1(26%) 0(0.0% 3(1.5%)
Others 0(0.0%) 0(0.0%) 2 A,) 2 (4.0%) 2 (53%) 4(20.0%) 10 ( 4.9%)
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Table 8. Result of Colony count by KF-AD and KF94 Masks

Class KF94 KF-AD o
(N=30) (N=30)
Inside 3.8 £ 0.7 log 10CFU/g 3.8 £ 0.6 log 10CFU/g 0.979
Outside 2.7 £ 0.6 log 10CFU/g 3.0 £ 0.6 log 10CFU/g 0.039
Air temperature 13.4 + 0.6°C 10.7 + 0.8°C < 0.001
Relative humidity 36.8 £ 4.0% 57.0 £ 1.0% < 0.001




o:n;} 7_] 0:]__rLoﬂ inR=Re ] U}’\:loﬂl\'] EJ
o 7\1]3% UM R AL} I A4 217} 40.4%,
42.6% Smolol T BalEl 47710] FR & 43%7) o
AR Ampicillin?}t Erythromycin % sht o]/gof] W
§2 HERRI.

mlm

w oo

log10 CFU/g Count in Masks

1
—_—

L]

T T T T
ADinside  KF94.inside AD.outside KF94.outside

Mask Side

Figure 1. Colony count comparison by mask Side.

38

=== AD
— KF94

36

32 34
|

log10 CFU/g Count in Masks

30
|

inside outside

Side of Masks

Figure 2. Interaction plot of mask sides with mask types.

9 DA3R9 B U ORIy BUER 9

OA T2 RJAFRSH= 9o 2 A HiR] 30 ~ 70%
¢t 1 ]/cniz AP At st HINL wfo]2{ A7t
3-log o] Z435HA]9F 120 J/cm’of|A] npAF0] Y
b A= = A 10O 60 B9t 11
A2lS st Z2UH9 ol Art vizhd EAT 8
0°C ool @ opA= a4yo] 20k %% A wim=
70°C 52 ¢ 5= XIS sHH A=2UH9 Hlo2 A
S 6Hf ol HaAZIRRE opATo] FRIIA Q1
ZHA 2 upA T Aso] @WojAl 2 olct %) y) vix 1}
Aekpa Z7|Me 32UH9 Hlo]HAS 5-log 01”
Ol Sl flER o1011 Trtehapa

I3 o) pmamee x2jsA
7oz njfo] 2 o IS

N
>
e
)
fPa)
=
zc
o|:or

N959] AP} d4s %

Rehs Z4161A] ohect

023 ARG 2219 FEE ofshs 2 2
# iglo] gloof nAliet e gk ATFol
S AR AL, PR Assl, AR HES
ol 2] 2e4g 3 4 A7 w2
A okAS @A AR 4ARZE olulg FAsio]
OHE B} upEE 0hAS g RS ARESHE 2
o] oo} egloRRE WeH 4 9ln U
AR 7RI Qe S R ArEE 2 YA
& 4 olrk ALgSH kAT A WP S olE
ol ot A glgo] Bl RAlE Ao 4 91O
o2 AH dRAlE ¢ o mIshe 2o ot

2 o

ST 0hATE OPPOR ObAT 5 BAstD
OFA T AFRAENS ol v AR3H 0pA T30 Ayt
7 QAES 2913 Ak ofefer 2t

1. &417] "3t Jes FAok= R 78T &
A Au} & 9479] npA I KF94 71591 7
olol2 KF949] /g5 71&0] 5 Agsigict. ¥
2 0}A 3 KF94 U KF80 42712 715 A2] of o]
T2 Aoli= HOJx] ofoitt.

2. B YR} X]20] 0.6 imQl A A} QA=
O A e ool A }ER BXIZX§S

2o 42710] B8 0fATIE L J1E0| A

oict. Ho AR} x]20] 0.4 ymQl R AHE ©

A A F g dotE s nehi e SRR

.I
[@>RNe)
o
Q

D

ru>_*
Dall
Ral)

\I
o oF,
R

o oe o
Mo o



10 BEASAADYELE #3138 / 202244

< B8 0pAS 4270 5 KF94 npA 3 3740] 7]
94% olstz BRI 71 A2} gl A9
AP} ESF EXIRR g8 Hiike KF94 99.3%,
KF80 89.6%, KD-AD 83.8%, $&=g& OfA3F
86.3%, 7|E} Z-ARE OtA T 79.3%0]9ict KF-AD
= red 3o FAlEHaE2 76.0 ~ 86.3
% HHRKIG 7|6} T4HE 0pAToA A AW of
23 e Al o] 0 We Hoe skl
Soict. 4uixle] gule 0lx3 MElg 5] 915
A ojefelgo] ofd ofATo)E UpAT 5 £F
2 mAHE Zlo] Wasi) npA3 45Tl fiol
oj23g o} Elpelo] Wxlelol AM8al T Ces
AAeke 5ol vl Yrlel 8 olRistol
QA EALS YRS ool Al ejgre s,
X191 2047 OO R AR OpA T ALGAIE]
mfefsloitt. 7Py Bl AMgshe ojaa 9y
KF80 T KF94% 1, TtHo] 22101 A
(138, 67.6%)2 ol-&sto] FLofjstict. upA3
elo] 7]z2 ulolalA Agh HIHIOE, 48.5%)2
7V Qs skt A A ticke=
WgpHo 2 APHE86Y, 42.2%)x} ti%-1-E (76
. 37.3%)Z o]8shil, ol sARR: 30& ~ 1A]RE
(969, 47.1%)0]H, UfA T ZEQ A|7ES 8 ~ 12A]
7H107, 52.5%)0]it}. upATS RARESH ] ¢
g B 2 ApAAR(1199, 58.3%), A=AlE
$ 2 AR(119, 5.4%)0]90
. 309 A 7S o2 1Y 8AIRE ARESE
OfAS UHO| U9t 3t KF94+= 3.8 +
0.7 logl0 CFU/g, KF-AD= 3.8 + 0.6 logl0O
CFU/golH Q2| UutA|ta Bt KF94+= 2.7
+ 0.6 logl0 CFU/g, KF-AD+= 3.0 + 0.6 logl0
CFU/go2 upAd F-7 o] 2 Afol= Holx] of
Tt kAT Yo Hd ANl 377
logl0 CFU/go]1, QIHL 2.82 logl0 CFU/go &2
UiHo] et 1.344) =oict. o2 FAT Ay
S OpAT WA AR 4ARKE oJUlE F415H,
OF% Tt BPZR UpAT WS JEolA ARESh=
2 QFo] eHYoRHE &
AL A HYAIE 7HRAL Q= 7% o= A

712 PRI 4 Ik AHS 0pA T

=2
Al Ydet 5 P8zl o A7 =do] 74 &

g
o il ro b

i)
rr
3

o

11 23

. Advice on the Use of Masks the Community,

during Home Care and in Health Care Setting
s in the Context of the Novel Coronavirus (20
19-NCoV) Outbreak, World Heal. Organ., Janu
ary(2020).

. Geddie, ]. and Sipalan, J., Reuters Home Page,

https://www.reuters.com/article/us-china-h
ealth-masks-safety-idUSKBN1ZUOPH, Januar
y(2020).

. Kim, M., “Analysis and implications of Korean

Health Authorities' Fulfillment on World Healt
h Organization's recommendations for mask
use: focused on COVID-19", Journal of Conve
rgence for Information Technology, 10(8), pp.
77~86(2020).

. Ball, P., BBC Home Page, https://www.bbc.co

m/Kkorean/international-59806589, December
(2021).

. Kim, J. R., Korea Consumer Agency Home Pag

e, https://www.kca.go.kr/home/sub.do?men
ukey=4002&mode=view&no=1003044847

. U.S. NIOSH Home page, 42 CFR Part 84 Respir

atory Protective Devices, https://www.cdc.go
v/niosh/npptl/topics/respirators/pt84abs2.ht
ml, July(1995).

.Jung, H. J. et al., “ Comparison of Filtration Ef

ficiency and Pressure Drop in Anti-Yellow Sa
nd Masks, Quarantine Masks, Medical Masks,
General Masks, and Handkerchiefs”, Aeroso/
Air Qual. Res., 14(3), pp.991~1002(2014).

. Han, D. H. et al., “Dust Collection Efficiency,

Inhalation Pressure, and CO 2 Concentration
in Health Masks”, Journal of Environmental H
ealth Sciences, 46(1), pp.78~87(2020).

Seo, S. K. et al., “ The Effect of Face Mask
Design on User's Face Mask Recognition and
Purchase Behavior”, Journal of Korea Design
Forum, 26(2), pp.29~38(2021).

10. Korea Ministry of Food and Drug Safety, Gui

deline on Standards and Specifications for Fil
tering Respirators, March(2021).



11, 9MEEO] 7|F 9 177, AlEO|OREIAA 1A
A2021-1125.

12. Micgael T. M. et al., : Brock Biology of Micro
organisms. 15th ed., Pearson press, pp.64~66
(2018).

13. Neuman, B. W. et al., “A structural analysis
of M protein in coronavirus assembly and mo
rphology”, / Struct Biol, 174(11), pp.11~22(201
1).

14. Zhu, N.,”A Novel Coronavirus from Patients
with Pneumonia in China, 2019”, New Englan
d Journal of Medicine, 382(8), pp.727~733(202
0).

15. Zuo, Y. Y., “ Airborne Transmission of COVI
D-19: Aerosol Dispersion, Lung Deposition, a
nd Virus-Receptor Interactions”, ACS Nano,
14(12), pp.16502~16524(2020)

16. WHO Guidelines, Infection prevention and co
ntrol of epidemic and pandemic prone acute
respiratory infections in health care. World H
eal. Organ., pl7, December(2014).

17. MacIntyre, C. R. et al., “Efficacy of face mas
ks and respirators in preventing upper respir
atory tract bacterial colonization and co-infe
ction in hospital healthcare workers”, Prev.
Med. (Baltim), 62, pp.1~7(2014).

18. Duncan, S. et al., “The protective performan
ce of reusable cloth face masks, disposable p
rocedure masks, KN95 masks and N95 respir
ators: Filtration and total inward leakage”, PL
oS One, 16(10), e0258191(2021).

19. Rengasamy, S., “ A comparison of facemask
and respirator filtration test methods”, / Occ
up Environ Hyg, 14(2), pp.92~103(2016).

20. Balazy, A., “Do N95 respirators provide 95%
protection level against airborne viruses, and
how adequate are surgical masks?”, America
n Journal of Infection Control, 34(2), pp.51~57
(2006).

21. Tcharkhtchi, A., “An overview of filtration ef
ficiency through the masks: Mechanisms of t
he aerosols penetration”, Biocactive Materials,
6(1), pp.106~122(2021).

R D280l BU Y oY BUEY I

22. Bourouiba, L., “Turbulent Gas Clouds and Re
spiratory Pathogen Emissions: Potential Impli
cations for Reducing Transmission of COVID-
197,323(18), JAMA, pp.1837~1838(2020).

23. Stadnytskyi, V. et al., “The airborne lifetime
of small speech droplets and their potential i
mportance in SARS-CoV-2 transmission”, Pr
oc. Natl Acad Sci., 117(22), pp.11875~11877
(2020).

24. Ueki, H. et al., “Effectiveness of Face Masks
in Preventing Airborne Transmission of SARS
-CoV-2", MSphere, 5(2), e00637-20(2020).

25. Derrick, D. et al., “Speech air flow with and
without face masks”, Sci Rep, 12(1), p.837(202
2).

26. Buonanno, G. et al.,“Estimation of Airborne
Viral Emission: Quanta Emission Rate of SAR
S-CoV-2 for Infection Risk Assessment”, Envi
ronment International, 141, 105794(2020)

27. Techasatian, L. et al., " The Effects of the Fa
ce Mask on the Skin Underneath: A Prospecti
ve Survey During the COVID-19 Pandemic”’, /
Prim Care Community Health, 11, pp.1~7(202
0).

28. Zhiging, L. et al., “Surgical masks as source
of bacterial contamination during operative p
rocedures”, / Orthop Transiat, 14, pp.57~62(2
018).

29. Delanghe, L. et al., “ Cotton and Surgical Fa
ce Masks in Community Settings: Bacterial Co
ntamination and Face Mask Hygiene”, Frontie
rs in Medicine, 8, 732047(2021).

30. Polkinghorne, A. et al.,“Evidence for deconta
mination of single-use filtering facepiece resp
irators”, Journal of Hospital Infection, 105(4),
pPp.663~669(2020).

31. Lindsley, W. G. et al., “ Effects of Ultraviolet
Germicidal Irradiation (UVGI) on N95 Respirat
or Filtration Performance and Structural Inte
grity”, Journal of Occupational and Environm
ental Hygiene, 12(8), pp.509~517(2015).

32. Daeschler, S. C. et al., “Effect of moist heat
reprocessing of N95 respirators on SARS-Co



|
12 BEASAAYEL #3138 / 202244

V-2 inactivation and respirator function”, CM
AJ, 192(41), pp.E1189~E1197(2020).

33. Torres, A. E. et al., “Ultraviolet-C and other
methods of decontamination of filtering facep
iece N-95 respirators during the COVID-19 p
andemic”, Photochem. Photobiol. Sci., 19(6),
pPp.746~751(2020).

34. Ou, Q. et al., “Evaluation of decontamination
methods for commercial and alternative respi
rator and mask materials — view from filtratio
n aspect”, Journal of Aerosol Science, 150, 10
5609(2020).

35. Smith, J. S. et al., “ Effect of various deconta
mination procedures on disposable N95 mask
integrity and SARS-CoV-2 infectivity”, /. Clin.

Trans. Sci., 5(1), el0, pp.1~5(2021).

36. Ju, T.J. ]. et al., “Face masks against COVID

-19: Standards, efficacy, testing and deconta
mination methods”, Advances in Colloid and I
nterface Science, 292, 102435(2021).

37. Tabatabaeizadeh, S. A., “A Airborne transmi

ssion of COVID-19 and the role of face mask
to prevent it: a systematic review and meta-a
nalysis”, European Journal of Medical Resear
ch, 26(1), pp.1~6(2021).

38. Arav, Y. et al., “Theoretical investigation of

pre-symptomatic SARS-CoV-2 person-to-per
son transmission in households”, Scienrific r
eports, 11, pp.1~7(2021).



