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Abstract Damage to the highly pathogenic avian influenza virus(H5N1) continues to increase, but there
is a lack of antiviral research. In this study, we analyze antiviral properties on H5N1 by coating Cu/TiOz
photocatalyst on polyethylene films. The specimen was manufactured a photocatalyst master batch and
coated both sides of the 3-layer polyethylene fabric at 280C from the extrusion coating machine. The
results showed a 99.9% decrease in the Staphylococcus aureus and Escherichia coli. In particular, H5N1
type highly pathogenic avian influenza viruses, which is capable of human infection, has been found to
decrease 99.9% within five minutes of contact with Cu/TiO; films. Antibacterial effects of films coated with

photocatalyst are known, but this study also confirmed the antiviral effects.

Key Words : Cu/TiO; photocatalyst, Polyethylene film, Antimicrobial efficacy, Highly pathogenic avian
influenza, H5N1

1. M2 (Avian Influenza)7} AJsto] vlolg|A ghike] 37}

EFOHAIL Qlth RFERIEFAAE |, 28, opzRol

20204 129 34, F2UH9E Q)] AT AFEH A HEERe 24 Hlo]gAK AAHolA|gk T2A] ARt
AGE77F fAEE 7R AFolA ZRRIEFAR AR AdE 4o & Q= QleEE HolH A |

*Corresponding Author : Sang-Do Lee(sdlee@ut.ac.kr)

Received January 28, 2021 Revised February 24, 2021
Accepted April 20, 2021 Published April 28, 2021



202 3=283sEEIEEX H12H M4s

o

/dell w2t ()P A, FEHE, vonEed 3

zo=a ?__brl_g]_tq THAX L TR GG OIE) A
AE ASFOR AL A1E /fEAgHos B

okt 9\1‘:}. 2003 oA AZo R IEAY AE
ZAlZHHighly Pathogenic Avian Influenza: HPAI)
Q1 H5N13 Hpo|H A7} A & T1sf| Sult mhe] o4
9 7k HoiE doF 1] 2RAEFIAE G &

#7120 4ess sow gezon 19974 §F =
RAB2AR AFAOR o] APgaia 2RoIAN At
o2 Helo] ek AMo] &g FHAHTH2. ofF A

AlA 1678=tellA QIAIZFAo] HASkIL Q= H5N1E2
201849 @A 86079l A7F WP, HSN6F2 19
g ko] HiE|Qlc}. H7NOG Hiolgj2o] gt A7t
S A HY /S AX F 1,625%9 AAFHo]
HuEdy AFFELS oF 38%0] o]2TH3]. o=
AA7HA] ZFRRAZFAA}; volg| Ao o5t AAFE Y]
AR EaE v glov HSNxE Hiol# A7t 2|4
Ho g WAt SO ZHE H7NOF Hio|gA9] &
ol| gt ¢Fo] EAstaL Glo] RRASFAAZEH
AL AFT 5 = ot o] s olof sk

auas T AR
Agpolct,

ERABRAAY 4FS AR W B e =
5 Wto] WES FRAeistel RRASANL UE
o HEZ A9 AHEAZIE ol AT S % H
gl Helt b T‘z‘}&xﬂi ofd] 741 2o A
93 glot, A Bl FaE FEARA olus
HeH(TIONS 29 Ble] aiio] el 4
=3 UeHAl. oltstelehs ST B F Al

Ag drobd 24 ;o e AsEE-Z dor=
St A S4AEA 3, B, 1o, 23+ 59 &4
< AYa giok. olikstEENE FEH= 400nme]ste]
2ol Aol AN HAHe )2t Hu(h')S At 57
29| B3} AAERE hydroxy radical(-OH)T} superoxide
anion(0;)& WEoWtt. o]gA AH4E hydroxy
radical¥ superoxide anione ZE3t AIEE 714

I Qo] PAIR e ARSHETHS]. T2 ol4lstE| st
' EHe S9EE-S old H}C/\] QS e =
Sk @] SitHol. ol2fet EAIE BAdst7] fIste]
o] e AN E HAE ALHO R olitslE| e
F RHUCE A& oA 5= IES vhiE, & T+
2o} 2o AHolZ4-S =gskALH7,8] ZnO[9], TE}
Carbon nitride[10] [11], Co304 Y=PAE E3JSH
£ Carbon nitride[12]3 22 A2 7 FEHE

gsto] WOl f79F A Gle] ZiA-E-S St s St
Gzu)7} &M o8 ALE et Choill3]: ol
22 £33 ‘Weltouch™ & Polyester 4350l 225t
o] 203] Algt 3oz ¥ mHo| #¥sHA FA=L
99.9% L FAYUTH=E AL FEsHA Yuki
Shiozawa 52 7% 48 T4 F=E PVCe &
2o st T FHlo|g /o] 92 AS
stact14l. E3 (FAAHRAIANAE 7HA1E B4
Sz T8 RS ALLet Ty]|AHshe WS s}
Oq Etﬁe TEIL Pt FRAAH 8ot ot

1. @A gRlol= Xt & FHlo|g A IGRAGE
% gste] Z+E Hiol# Ao tigt g AAISkL
%o E3 —71‘—'20:2012} /\]%]H}O]EV\ HON2J

g

mlm nﬁ

A5 15N Holei2e] ol %1%%%01] cug
S TIOA 7HIBEHE 2ste] P
ok ol Fojel 25 U 2L BAGS] o
AEE 59 A A5HL Lrung Yk

2, deis 2 AREHE

2.1 A ANz HE

2.1.1 &7 OfAEHIX| ®=

H AolA] AFREH RFRAZSFMA FHARE Aot
I(F)Y Cu =% TiOA 7HIF S2F FSdet Alw
F Uy FE2E vAHWAE Eoto] Table 13} 2
o] A =3}t

Table 1. Antimicrobail Master Batch Manufacturing

A B C D E

Mixing
quantity

92 5 1 1 1

A. LLDPE : Lienar Low Density Polyethylene
B. Photocatalyst

C. Amur Corktree's Bark Master Batch

D. Polymer Photostabilizer

E. Antioxidant
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Table 4. Specification of Samples

- - - A B C D E
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I g /\]__g_gl_saq_. C. Density D. Weight
E. Thickness
Table 2. Flat yarn Manufacturing Outor - LLDPE / Antibactoril
A B C D E Middle: HDPE(Flat yarn)Weaving
Mixing quantity | 93 5 1 0.5 0.5 Inner : LLDPE / Antibacterial / Antifogging

A. HDPE(High Density Polyethylene)
B. Polymer Photostabilizer ~ C. Antioxidant
D. Conditioning Agent E. Anti-block
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Table 3. Fabric Photocatalyst Coating
A B C D E
Outer 89 5 5 1 0
Layer
ner 84 5 0 1 5
ayer

LLDPE : Lienar Low Density Polyethylene
Photocatalysis Master Batch

Polymer Photostabilizer Master Batch
Antioxidant

Antifogging agent
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Fig. 1. PE Triple Structure.
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Table 5. Antimicrobial Efficacy test conditions

Table 6. Contact Time & Result

Sortation Condition Contact Time None-treated Treated
Canllenge Avian Influenza Virus Early 1.4x10* 1.4x10*
. (H5N1), Charles River "
Organism Laboratories, Inc. A After 24h 2.4x10 .0.63
— - ~ 16
Host Cell B antimicrobial activator
Line MDCK calls, ATCC CCL-34 Early 1.5¢10° 1.5¢10°
Dilution Minimum Essential Medium(MEM) +3ug/mL B After 24h 1.1x10* {0.63
Medium Trypsin antimicrobial activator - 6.2
Neutralizer 1X MEM + 1% Fetal bovine serum + 0.5%
NaHCO3 + 5% HEPES + TmM EDTA A Staphylococcus aureus
B. Escherichia coli
Exposure 5 and 30 minutes
Times
Organic i
Load Not required
Exposure Ambient room temperature
Temp (20°C actual) e
Number of . =
" Four wells per dilution o=
replicate U
Incubation 36£2°C with 5+ 1% CO,
Temp
Incubation B w2y
Time 4-6days :

3.1 229 &y Al

AR AT didto] gk ERjogdl &9
Tt HAEE FA7E AREEA] g2 BlankE tix
TO & 5o JIS Z 2801(BFELRH) R Aol
HEAIZER 24/7k0]w ti 273} AlA9] 24417 9]
Bt F9 AE HAaEQ 4 SR ALl
o}, olo]| mE YA A= Table 63 Zo] Uetth.
oIS E BNES APolA] g R LA
o] 1.4x10* cells/mLolAl 2.4x10% cells/mL& Z7}s}
A1, oFFS  1.5x10° cells/mLolA  1.1x10°
cells/mLE 9t EolE3 oY, oliStE|etaS A2jet
A2 T 2 R] 4.0(99.99%)°149] A4
& Bk TS} AddAaES oy A 2
o] Alikstirt.

FtBIA

R -2

logMb-logMc
[(Mb-Mc)/Mblx100

Mb = 18AIZF ik & thxH9| Hegof 4=
Mc = 18AIZF v & A[FHY] 2o} 4=

P b
Fldinnpr
o
Fiwi

Escherichia coli

Staphylococcus aureus

Fig. 2. Antimicrobial Test Photograph.
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Table 7. Correlation Analysis by Subfactor

1 2 3 4
5 minute 7.30+0.28 5.05+0.37 2.25+0.46
30 minute 6.80£0.35 3.80£0.35 3.00£0.49

1. Contact Time

2. Initial Load(LogioTCIDso)

3. Output Load(LogioTCIDso)
4. Viral Reduction(LogioTCIDso)

4. Z2
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