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Bactericidal Effect of Ultraviolet and Dry Treatment on Bacterial Contaminants in Facial Masks
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Due to the pandemic caused by COVID-19, the demand for face masks is soaring and has often caused a
shortage. The aim of this study was to evaluate the effect of ultraviolet (UV) and drying treatments on
microbial contaminants in facial masks. To conduct this study, standard procedures were designed to
develop samples contaminated by the control bacteria Escherichia coli, Staphylococcus aureus, and
Pseudomonas aeruginosa. The contamination level of the standard samples was approximately 6.30 x 10°
CFU/ml, and the UV light treatment was performed 1, 3, 5, and 7 times. To evaluate the effect of the UV and
drying treatments, the masks were first treated with UV 1, 2, and 3 times, followed by the drying process. As
a result, the mask contaminated with E. coli and P. aeruginosa showed a bacterial rate of approximately
99.9% after 1 UV irradiation, and in the case of the S. aureus-contaminated mask, it exhibited a bactericidal
rate of approximately 99.9% after 7 UV irradiations. However, when the drying process was included after
UV irradiation, all the samples contaminated with E. coli, S. aureus, and P. aeruginosa showed a bactericidal
rate of 99.9% or more. The results of this study suggest that UV and drying treatments can effectively
reduce the bacterial contaminants in facial masks. In addition, these results provide fundamental data and
appropriate sterilization methods for reusing masks.
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Fig. 1. Experiment device of ultraviolet and dry treatment used in this study. (A) Parts of the experimental device, (B) Schematic

diagram of the progress of UV and drying treatment.
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Table 1. Bacterial population in standard facial mask samples
contaminated by type bacterial strains.

Viable cell count (CFU/ml)

Strains
0 min 60 min
Negative control ND" ND
Escherichia coli ATCC 25922 - 7.51 x 10°
Staphylococcus Aureus ATCC 6538 - 7.60 x 10°
Pseudomonas aeruginosa ATCC 15692 - 3.80 x 10°

“Not Detected.
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HE UV 13 A 2% oF 99% oA A#ES Jehf4)
O, nyEY] R wet Aol Zpo)7p YRt E. coli
o A% A3l 33 o]AREE oF 10 CFU/MmI o|4 7
423t 1 o] A9 Slgo= 2§94 Aol & YEWA &
st om g 339 AL 3.54 % 10* CFU/m], 53¢ 3¢
4.67x10* CFUMml @ 739 A$ 4.78 x 10* CFU/ml7} &
28tz A0 & U 33 AP e R ® SRS Ada
£ Ued 4 = Ao 2 fdE ch(Table 2). S. aureus?)
B I FAFLEN A EY F HE=ZHFol 74
A EAsk] 18 JAdTol Hlgke] Aozt ofHL H7t A
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2] Al 99.9% o4 AtEl= &S UEY ich(Table 2). &
3t 13] A& A] 1.51 x 102 CFU/m7} Z43ke] oF 999% o)A}
o] A& UetH AT E3E P. aeruginosa®] 7ol 13
A Al 9.12 x 102 CFU/m], 33 A& A] 1.00 x 10° CFU/
ml, 53] & A] 1.99 x 10° CFU/m1 ¥ 73] &g A] 1.77 x 10*

CFUMmI9] Z+4 A= el th(Table 2). P. aeruginosa
o) 2948 vhaIe] A9 UV A2l 32138 99.9% ol4ke] 4
FEE U T ger, I8 2ATY AL 2GS 1
P. aeruginosa 572 v|AETH £ 02 4= wdt
¥ ™ Rattanakul and Oguma (2018)°] W= ultraviolet-
light-emitting diode (UV-LED)2] Tt ¥ P. aeruginosa
o] tf3fl 10° CFU/ml o]3<] ZaE A3|A E. colis A3t
= 28 ATt A4 @FHTh RS TH1T].
E3 Hassen 5(2000)9] #5=of disle] UVE o] &3t A4
FA 9 thFsto] thet Ao A= fecal coliforms, fecal
streptococci ¥ P. aeruginosa 5|4 P. aeruginosa®] tjat
log reduction ZFo] 7}F& WA eyt o UV-LED ¥ UV
light 5 o] &3 A9 % P. aeruginosas Awdt=t|
o oYz 7l 28 EE Ao g2 AFHUTH18]. B3 Kierat
52020)9] W=2W EAE FA 3= Bacillus atrophaeus
ATCC 9372 735 upAT o] 2 FA7] & UV-C HZE o]
§oto] At A3t oF 1587 XAFE YA S W 22X
7R 5 AFRE QT Buste] UV A= 24 A +
F9] Ao B Ao AtETH19]. wetA, dE
ntA F e HdE vAYESS Tol kA A9 ztolzt
UERR| T B o to)] AMEE 359 nEEL UV A o
A FAE ARH O R AN = Qe AR ud
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Table 2. Bactericidal effect by the ultraviolet (UV) treatment in facial masks contaminated by the bacterial strains.

Strains Number of . Viable cell count (CFU/ml) Bactericidal

UV-treatment Control Survival Reduce rate (%)

1 1.54 x 103 A” 485 x 10°° 99.979

Escherichia coli ATCC 3 751 % 106 2.00 x 10?8 3.75 x 10%2 99.997
25922 5 1.77 x 1028 424 x 10*2 99.998

7 1.66 x 1028 452 x 10*2 99.998

1 467 x 10*A 1.62 x 10°¢ 99.385

Staphylococcus aureus 3 760 % 106 6.91 x 10*~ 1.09 x 10%°€ 99.090
ATCC 6538 5 1.02 x 10*B 7.43 x 102P 99.865

7 512 x103¢ 148 x 1032 99.933

1 223 x 1034 342 x10%¢ 99.971

Pseudomonas aeruginosa 3 267 % 106 2,04 x 10348 3.75x 10%¢ 99.973
ATCC 15692 5 1.02x10° € 749 x 103 P 99.987

7 1.38 x 10° B¢ 5.55x 1032 99.982

"The number of UV-treatment. Each treatment is performed for 90 sec.
“Means followed by the same lowercase or uppercase letter are not significantly different at p < 0.05.
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Table 3. Bactericidal effect by the ultraviolet (UV) treatment combined with drying in facial masks contaminated by the

bacterial strains.

Strains UV-treatment . Viable cell count (CFU/ml) Bactericidal

combined with drying Control Survival Reduce rate (%)

o 1 with drying 3.54 x 10° A7 3.64x10°¢ 99.973

Escher ’;’;’gzc;l' ATCC 2 with drying 129 x 107 2.08 x 102€ 6.18 x 10*b 99.998
3 with drying 1.31x 1038 9.81 x 10%2 99.990

1 with drying 6.16 x 1034 123 x10°° 99.905

Staph’/;';’ccgcg;’;g“reus 2 with drying 6.50 x 10° 416 x 1034 182 x 103P 99.936
3 with drying 8.51 x 10%8 8.93 x 1032 99.987

. 1 with drying 239 x 1044 3.19 x 102" 99.965

P Se“dogzzaf;:;gg’”om 2 with drying 6.50 x 107 147 x 10°® 518 x 1022 99.978
3 with drying 1.34 x 10*B 5.68 x 1022 99.980

"Number means the number of UV-treatment. Each treatment is performed for 90 sec with a drying process, which is performed for 1 h.
“Means followed by the same lowercase or uppercase letter are not significantly different at p < 0.05.

A3t Bke Zro] UV A2 (90%) o|F Az LS 1A3HE
oF AYE T 1A7 AZ & 3027 UV A7} thA] A3Pd
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AzZNAE 535t 9L o 1.54 x 10° CFU/ml7} 72438}
UV 13] Ao 2 & 99.9% o442 A+43 S Yehfde
™ UV 31571 5718l whet A8 = vlgsho] F718H3]
th. UV 33 A8 94 AZRE 3 H$oll= 2.45 x 10* CFU/Mml
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A g g et ol vp7kA 2 UV A8 33 9 Azt
AL £33 Aol ¢ 10* CFU/Mml o|Aro] 74 d}ol
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U3]§ upAFo] s UV &g & 7tEA ] 3-43] §HE 5
YotdE o F7NATY 7= DA AT A FoekEet
AR mpAa 7|&E 2RI = e A i 3
B 9] mA|txo) A W37} BAER] gt B sk
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B ol HAA gor FAT 5 AUk
2 upA39 UV 3 Az A& Fof vHEA}L
o ARAFRETE E3E A A S o] &3 At
TFAH = v mlulste g, s B Sk T
of F&2 AHEEH[24, 25] AFo H-&H ¢ 12THE 4
of Ag5 At [26], SHA T Aol AHEE A [27] 29
© A7 muE Aol df QoA wpAa AT
AdE A okt AAbEZE B ¢lem[3-9],
Rodriguez-Martinez 5(2020)2] &]H-o] W29 UV 52 9]
3 A2 v E 9 Hho|g A Aojo= ATt ol B
I EACH12). whebA] mtAE ARG 7 At E Aofo
et S AFAbE = sk wpA T ARGo] HESE T
ol =W A7F Algstetar weETh

B R oo oo
2 e
e

)

ARG upA 3 A g g A4S HF

TUg SHofA AHste 3 Y (]St AlE A, B, ¥
C) o 2RE 3U7F AHEE ARG A AR ntA3E 7
M AR, 7 3% A, UV 33 A, UV
33 A7 2 AxX Ao fLEStA AP vtA3 A g
of gk UV A+ X9 A48E AFsth. 1 A=
Table 49} Zrom, UV H2|5}x] g2 npAa A9 A
1.48 x 10° CFU/ml, °tA 3 B A= 4.65 x 10* CFU/ml,
9 oA g C AJRE 9.35 % 10° CFU/mIE e oen UV
A g 33 & ufAz AQ AHFSE 4.15 x 10° CFU/m], upA
3 B 8.2x 102 CFU/ml ¥ utA 3 CE 6.30 x 102 CFU/
ml2 veb Z+2F 1.43 x 10° CFU/ml, 4.56 x 10* CFU/ml,
2 872 x 10° CFUMIA 7t4ast= Ao & eyt whabi,
ulAT AY AL 97.19%, ufA T B 98.23% D upA3 C
£ 93.26%2] A o] UEEth(Table 4). UV A2 33 ©]
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Table 4. Effect of Ultraviolet (UV) and drying treatments on the reduction of microorganisms in used mask samples.

UV treatment combined with

UV treatment (CFU/ml)" ici . < i
sample Control ( ) Bactericidal drying (CFU/mi) Bactericidal
= rate (%) = rate (%)
Control Survival Control Survival
A 148 x 10° 415 % 103 143 x 10° 97.195 6.35 x 10? 147 x 10° 99.570
B 465 % 10* 8.20 x 10? 456 x 10* 98.236 141 x 102 463 x 10* 99.695
C 9.35 x 10° 6.30 x 10? 872 x 10° 93.262 2.75 % 10’ 9.32x 10° 99.705

UV treatment was continuously performed for 270 sec (3 times), and UV treatment combined with drying was including UV treat-

ment for 270 sec and drying for 1 h.

3 Az AYZ A nAa A9 HFSE 6.35 % 10
CFU/ml, oA = B% 1.41x 102 CFU/ml ¥ u}Aa ce
2.75 x 10! CFU/mIE Uelyth. 27t Ao g Agdgos
AAFSHH 99.57%, 99.69% L 99.70% 2 UEFo ™ UV A
2]gt 33] g 7ol vls AxAE A AP H-9 4
F2o] =7 Yeltth(Table 4). ThFst AE3 o)A UV A
g A= vlo|H A ARAH O R HAAF|AL 11101?5L
4 oty By Eglou(12, 24-27), nfAH0 2 GH A

9] AHE-E gt AR e wj$ =&} COVID-19 *J%P
of o5 ntAIE= A BE &8 F YR A4 HIL o
o] ZJAHE-o] RIS L §lof o]of whet mpAT AYARS-I} 4
ol gk auAe] A2 w2 Wolrh whebA 2 A=
B2 uA 3 QARES e UV Aol gt 7= A+
215 AAStS upA A F71 £ 4% ARl npA I
Al ol dfste] ¥ st} gt

B AFIAE thAT A8 % odE oES ARE UV
HFAAE ol gstel Aofst ol & Fol vk Ao
o ke AN Senh 9ag oz AgHE A
= 139 AREEA] g3 o ¥ 2Hg-ske At 7F EelE
o™, Kwon 5(2020)9] Ao =W HHE npAa
£ 13 AHE ¥ H7)sithe S HlES 23.6%, 2-39 &
€ F HrIetths 90l 54.7%= 7HE BA 2AE A2
T3 20189 HAFA A BEY vpAg FEAE F
51%7} AHERE wpAIE HHE ARGt SRSt e A
AHE Bl 230 iRt SEECl 7 wokth28]. E3,
Jung and Lee (2021)0] w29 3-43]9] 7}¥ 9 2} JAl A
& ntA3 9 750 F9HQ FFE AR g AR
o npAI S 2-33] A4 2 Ao WY 134 A
#AHYE st 7|50l EA7F §lo] EFer B
T 4s AL sk git13]. ‘IJrEVﬁ, e ntA3 F9
Uk wpA 9] YALG v &L w2 AOE wEH oo uf
g2 A4 2= UV ALY Sl B 42 B Y f50

¢
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