Appl. Chem. Eng., Vol. 33, No. 4, August 2022, 444-450
https://doi.org/10.14478/ace.2022.1083

| Communication

Cis 3 E2I0I2E &7 04ZH2] Sl Sy

AR - olRH - wrEiAl

6]———%%57] &=

[¢]
(20221 7€ 259 A4, 2022 7% 28 4, 2022\ 7€ 28 A=)

Antibacterial and Antiviral Activities of Multi-coating Polyester Textiles
Sangwon KoT, Jae-Young Lee and Duckshin Park

Transportation Environmental Research Department, Korea Railroad Research Institute, Uiwang 16105, Korea
(Received July 25, 2022; Revised July 28, 2022; Accepted July 28, 2022)

Z@) S| ~E(PET) A3 o419

& A o oy gutolez 4l $4 A 1) S8 FENEE,
Ve 9 Sloleel 3 el G PETSl i ol Gololel A5 S han, T wdol wsow 3
£ PET o] the 29 PETS) 49 A2 7o 5 9 Bk opje wjek F uielelobrl Sebgow BEEA|
SFLH(< 10 CFUmL) Do ¢ & 4508 B5T 4 988 FAselt FEAsHES Sunge] o9 o2
5o abh TS A upele) 2]

sk, Felol e HE Au mdE 7HHA A
&gl 71%t 7| EAkE Felo] ) Wi dds F

e

2 FY P
it e ) 2YE Bty tF 39 PETE ity SAUZEAT e dist 3 23 o] AEFA A
(HIN1)S} SARS-CoV-2¢1 th3l] 99.9% ©]/¢2] dtole] 2~ a7t Ql5-& 33T i3 roll-to-roll 378 534
T o3 ZH® PET A o A19 AZ7) 7hesta =2 o]y 2 dso] A1 Qom, ol F71dske HHE,

42 nylon,
shaz, 9 je) HESTH B2 Fulelel s AF 2ARA B A6l 388 F TS AR

Abstract

The effect of coated polyester (PET) textiles with metal oxide, chitosan, and copper ion on the antibacterial and antiviral
activities was evaluated to investigate the applicability of multi-coated PET textiles as antiviral materials. Compared to coated
PETs with a single agent, multi-coated PETs reduced the loading amount of coating materials as well as the contact time
with bacteria for a bacterial cell number of < 10 CFU/mL, which was not detectable with the naked eyes. Metal oxides gen-
erate reactive oxygen species (ROS) such as free radicals by a catalytic reaction, and copper ions can promote contact killing
by the generation of ROS. Chitosan not only enhanced antibacterial activities due to amine groups, but enabled it to be a
template to load copper ions. We observed that multi-coated PET textiles have both antibacterial activities for E. coli and
S. aureus and antiviral efficiency of more than 99.9% for influenza A (HIN1) and SARS-CoV-2. The multi-coated PET tex-
tiles could also be prepared via a roll-to-roll coating process, which showed high antiviral efficacy, demonstrating its potential
use in air filtration and antiviral products such as masks and personal protective equipment.
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7] & AR dA] FEEA, A, T3], nfolexgl
& nlo] @ ool &g X3 W A|A3| $l8l dlsHHEPA) ZEIVL 5
2 olgHx ok ey e EdolA welgol Mg} vlo)
Ha BEYEE Q% A V1S 7 AL QA 7] Wil FE o
A 2 H7| gl EHE wEo] ¥7] FOoE Ak E 7HsAd
o] Qlt}. ol E B4, YHAIS ol $A1E ] FREVIAIARIHVAC) &
Efell A oJ71f(Bacterioidetes) ¥} W43 (Actinobacteria) 5-2] BFE|Z]|o}
Bk olyEl $57] MXEST HFo|#) A(respiratory syncytical virus,
RSV)7} A& AREIZE Bt lehe6).

upgha] Blelgjolel wiolgAe] ks A7) 9% o g
Al EolA ] et 9l o]y FH] ATt Fs| o]FoA]
Uk ot TS fevh 75, 2 ZekaE B ohoks 1 o]
4 A FEole, FEakekE, U 715 ez ke =9t
-2 e HE At delel o8| vEElols AlASHA Pk
[7-10]. & 98 Fro = Qla) npad 9 o8 HEEel e /|
Q1 B35 879 FE]E A& 3t Pujolei s 75 o] A7) &
3] #AS WA QleH11]. A=, g EZ28Y npage] o]2w]
S o 2] UnElehs 38 3 SARS-CoV-20l 1A17F HE A
75% o1de] nlEAgskE Rlst A HauET12]. ek ] A
ggo] Mz Zejz2d Af oAl AZFAAF A (H3N2) vt
olg) o] A7) 1.8 logy AAEE AL selsig om[13], T 3
2ot FElakEE JAE Tehe TR AEE 45 vka
9] 5 AZ2A}F A (HIND) Hlol 2ol ZAAH S wf wlo]2 A
Q7ke] =1 TS 4.8 o)o] H&E FOE YEbgTH14]. B T
gol2 o2 g A STo|E 7N AELS 2F7 AZSFAA}F HSN1Z}
H5N3 A7l G349 BATH15]. T2t ohe} S54dsh=2
G A% AR Aol BAMAZ H Do) kS v)ste] wAlata ZE
= Az3 Ao HuHg o MS2 B LIS = ARS o
A A7 & ESAYSEE 21E FRABISITH16]. 28 =2 vlolH
A 2 33E 98 TElek 22 dulely A BAY wnE HEo)
QTPEAY, Gt} Fujole g A wFEE T2 2 U
Azp BAR wal|eh 7o) fAkel o] Hu e Bekal Fut
ol nial] gutolei s T8 AT Abels Algkdolth17]. webA Fut
olgx FE ZET | AE(PET) 2419 58 7S nEs] S8
aAAEA " ol v 28 AZ WS AAskL FF blo)
2 AA S Frstusl sk wAktAE AL WA 53 8
FEEA I FEAEE 507 PAEY 3] F o9Edy) v
S8t AkaE WAAAZICE B3 SR WS A BAERE A
27k A= FHuRkSol o4l sto| =EA] By} 2 aka B
FT5 WAste] vlole|AE B8 SAITITH16,18-20]. TE]0]&-
AbslEol] ol BAE IEEAS Bajsto] slo]E=A] gl
S Pt Abr BAFE AE VR Do ovA A £
A 4 ui21]. olell FElol(Cu*h)S FEataaate A
28 oA Ul H& EF ARES #H4skEkaL vl
AN Roz v = gk Tl e} FEAls
T B2 T g 2 gnjolya s e
|EARS 81t 7,22-24]. 71 EARS S=A413)17)
ob 717} FH3] T ol 7o w9 2 HHr)A Fgo| 28 =
§lo] golakH, 53] ool 2%t St o] LA rh £
Toldi= AAH-d PET ofAlell 254138kE, Telo] &l 7|BAke] 23
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2.1. AleF 2 =

71E4klow molecular weight, Sigma-Aldrich), °ME2K99.7%,
Sigma-Aldrich), copper(Il) nitrate trihydrate (99-104%, Sigma-Aldrich),
TE5ASHE(AE it), PET A oAl (F 24X i), ok o]
E %A (acrylonitrile-styrene-acrylate copolymer, §-9-28] jit)E
olg3ldtt. FH 489 AF AldE Milli-QR Direct Water
Purification System (18.2 M£2 - cm, Merck Millipore)S &3l %
32F FRTE ARSIt

2.2. TE! PET AMS Oixf M=

7124k 2] ZHE PET A 941 50 x 50 mm 7|2 FH]
3tk 71EAF 58 PETE 0.5% viv OMHEAL S=g-lof 7] EARS
0.5% wiv FEZ WHkste] £8|A171 & PETE 1i1F HA] 9 &9
ZHE B3 5 100 °ColA 158 AFxsl] Axsc) e 79
PETE 550l Cu(NO;), - 3H,0E 0.5% wive] TEZ wHkslo] &
&l A171 =, PETE 133F AA] - 100 °CollA 154 Ax3lo] #| %3}k
A} 7184} 2] 78 PETE 0.5% vive] obHEAE £njlof 0.5%
wiv EEE 7| BEARS E3iA1Z F, 0.5% wiv 5 522] Cu(NOs), * 3H0
£ F7Fst 3ol PETE 1i27F XIA1Z]13L 100 °CollA] 15 X
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210 g/m® THEES PET IAIE 123t FASI5IT) o] % galoz
FE] FEste] = $ 100 °CollA 153

FEAEHE, FEjolE, W 7|EAL] FE
Abshzo] :8% PETE 71EAN} F2jo)2 )
gdlogHE Fal5lo] 100 °CollA] 154 HARAA AZ3I3T) 7]E
ARk Frejo] el 0.5% vivel oFIEAL Srfiel] 0.5% wiv F &
9] 71EARS ¥ wRkste] S3AIZ] £ 0.5% wiv 552 Cu(NOs),
- 3H,05 F71 9 wRkste] Alxsielrh

a7 78 FAAME 1200 mm F 2 100 m Zo]e] PET A4
AAE roll-to-roll WAL o]43te] Fgarq] oy Wayscy. =
k=T 10% wiv of2EH ol E 3E A Aol 10 m/min
52 12} roll-to-roll FA] 2 HEF $ 105 °Collx] H1x=3819ek 7.3
g/m*8] FEAksHE0] FTRE PET 9JA1(1200 mm x 100 m)E 7] EAF
I} Felo]2 &gtalof| 24} roll-to-roll FA] W ¢FF & goll 0 7 HE]
2]8ke] 105 °CollA] ARAIA 231 ZH AdF AAE Azl 7]
EAN) o] Eghl 10% vive] obAEAL Sullo] 0.625% wiv
EL9] 7| EARS mRksto] 34171 T 0.625% wiv 552 Cu(NOs),
- 3H,05 H7F 9 wRkste] Alzsedrh

lu}

2.3. M ey R AL BN

PET IR x| Feljg} 24 S gRlsy] flate] v~ &4k
¥ X-A #%7](energy disperse X-ray spectrometer, EDS)7} -2t
G AAIANY FAFAAFE Y] (Field emission scanning electron micro-

scope, FE-SEM, JSM-7000F, JEOL, Japan)S ©]&-3}iTh
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A AEIR(EFHS KS K 0693:2016)0) wet sk A8
Tl APt BFUEE UIRT O ARSI CH 50 x 50
mm 37]9] i3 9 AIETE 105 °CollA] 1587 LhEd A7l &
Wt N(Escherichia  coli, E. coliy WE JA ITAT
(Staphylococcus aureus, S. aureus)S 10° ~ 106 CFU/mMLS] FE== 3
Faplet. o] FEFR AEE 37 °CollA AGARRE vk - F3h &
= 91 E50] #& EENEE ol FEH wAs AR
10M) 34 3 gl of] Eisto] wekalalon 24A13F F ot 9]
ZEZU(colony)E Alo] &t 35S vlastgich

2.5. gHo[A 45 2M
QIZEFAA} A HEO]E A(HINT)Z} SARS-CoV-2 Hpol2] Ao T AF

HAPE A AlE gutelels B4 574 TH2(1S018184:2019)9)
Aol wek e3AC1Sk vl Qe Fatolet. SR EIA) e PET
A oAZ TR O R AHEIIOm 20 x 20 mm 719 HlET W

)
&
AJF TS 121 °CollA] 30%7F TQHE T = UV AR 3057 Hit
Al § 200 puLe] wlolAE AFeih AEFAAF A Hlolg A
(HINI1, PRS8 strain)®] HEFEELEE 296 x 10" TCIDsy/mLo]™
SARS-CoV-2 Hlo]#] A& 383 x 107 TCIDsymL 3= 9.92 x 107
TCIDsymL SEE HFseh Aol AFAT HFH F 0.7%
tween 20°0] Z3HE wiek vix]ol] W& - 10u] AL 3]A5te] AA 3
Alelg Azl AEFAAF A Hlol2] A 75-?‘ 3|4 HE MDCK
(Madin-Darby Canine Kidney) <430l ZAAIF 21 SARS-CoV-2
Hio]H 0] B A ML Vero-E6 STAE HAAZATE 2 34 NS
5% oatsteA 2 Bl 37 °C afellA] 3U3 vk 5 A s Eal

o] . gl A]

[¢} B B B Y

M3 @ T(cytopathic effect, CPE)E ¥A3IILE tlZ27 A8
oA crystal violet 32 Aleke] 3] M welle] FE M
Spearman-Karber W 0% nlo]&]2 7+ 7K Tissue Culture Infective
Dose 50%, TCIDsp)S AFESFaL vlo]#] A 744 EI(Log Reduction,
LR)E ¥ o] AXlsiaic

TCIDsy = 10V ABH )

o714 A, B 247 18t 5|49 Fo] A PYES vheh)

W aiz AR 7O SOl HERT S Uepitt
LR =Ly - Ly )

LuS} L 242} vlold s izt 2 AlgT0] 97ke vehiin, d7k=
Hlolg A 7FA7e] A8 1%k (logi TCIDsy/mL)S ko] A8
3. 21} 2 sk
3.1. #HEx B4
7|EAY, T8, Y li*@r%Ol ZAEE H2E PET 12 e
9} Qi 23 S BRIs] flste] FAPAAFA Y E(FE-SEM) 7 o]
YA EAVS Xeray #3354 7)(EDS)S o] 23121t} Table 13} Flgure
1(a)ollA] ®i= nle} Zo] PET A5 oAl BHA(C), AH0)7} F
Arz AZF YhE, 0.5% wiv 59 7|EAF 9l FEF PET
] A5 AaN) 4] AER 71EAe] B8l0] o] FoR S %

Table 1. SEM-EDS Chemical Compositions of the Coated PET as Atomic %

* Coating condition Atomic %
Sample list i i
p Me(t; n?;lde (Cozlt:vs/il; ( (’/Coug;zl) C N 0 Ca Cu Fe
(a) 0 0 0 79.1 - 20.9 - - -
(b) 0 0.5 0 75.8 3.79 20.4 - - -
(c) 0 0.5 0.5 74.4 6.83 18.6 - 0.22 -
(d) 8.6 0 0 73.8 - 17.6 2.81 - 0.09
(e) 8.6 0.5 0 73.8 6.95 17.6 1.25 - 0.09
® 8.6 0.5 0.5 65.3 6.70 252 1.98 0.59 0.05
(g) 43 0.5 0.5 65.3 7.49 242 2.01 0.80 0.10
(h) 7.3 0.625 0.625 75.0 5.09 17.2 1.58 0.33 0.20

*The coating amount of metal oxide and the concentration of dipping solution for chitosan and Cu(Il)

Figure 1. SEM images of the coated PET (a) - (h) textiles. Scale bar: 10 pm.
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Table 2. The Antibacterial Activity of Coated PET Textiles against E. coli and S. aureus

Coating condition

 Bacterial cell number

- Contact time (h) (CFU/mL)
Metal oxide (g/m?) gzlts;ir; (ozug]?]) E. coli S. aureus
0 0.5 0 18 6.4 % 10° -
0 0 2 4 <10 -
0 0 2 1 1.6 x 10° -
8.6 0 0 18 <10 -
8.6 0 0 1 22 % 10° -
8.6 0.5 0 1 < 10 < 10
8.6 0.5 0 0.5 <10 2.0 x 107
8.6 0.5 0.5 0.5 < 10 <10
43 0.5 0.5 0.5 <10 <10
0 0.5 0.5 0.5 12 x 10° 14 x 10°

* < 10 CFU/mL indicates that bacteria were hardly detected by naked eyes on the culture media.

SitHFigure 1(b)]. 71EAK0.5% w/v)2F T-2]0]2(0.5% wiv)©] FA] =2
2 PETY BEWolAE dAaN) 9 F2l(Cu) Y47t FAlol s
SItHFigure 1(c)]. Figure 1(d)9} #o] 5&Akskzo] I8 ¥ PET+ v}
O|AR Ato]=o] HIRIA} Hert TR o da oAM= '
2(C), AH(0) 9ol Z(Ca) T} H(Fe)o] vl Z EFH ] Q= A
5 sty F5AEHE I8 PET AH 9AZE 0.5% wiv 559
71EAE o T8 Al A FErt et 2ls dEE 5 glem,
71EARS] A AAa] AANY7E F7E AEHAHFigure 1(e)]. =
EAkelE 29 AlAE 7|1EAN FEjo]l& EE-de) HAete] 28
3 7% A Q1 Fert 9ska Fo] BEE o AAN)9}
(Cwy7} AEH FA o] o]FoS & & glth{Figure 1(f)-(h)].

3.2. 2 M5 54

PET A4 oAl 71573 54 I8 ¥ Fof| w2 I+t s
< Table 20l YeRSITE &+ 35 B7h= A2 A A
WH(EFHE KS K 0693:2016)° w2k Adstsint 55 it

o
o A=

e FAEEAATHOR 10°~10° CFUMLE] FE2 EsFlaL o
a2 BEHES ARSRILE 29 24 23] mE e A
& Pl B4E detar vrEjol Bl vlel s mwvte] A

=
2hgol ok &R §% 9l DNA &4 7180] fAksk Aol 2t
[17]8F0] HA 28 el el Frleleii s B7H AN

FEHA ¢ PETO thadoS 18217 A=
Zoujok A3} # = 10°~10° CFU/MLE geolFglom ol= Hi s
T9 FARE o 7 AEEY St a3t e A vERdth24).
0.5% wiv 552 7|E4to] FEE PET A% A4S g3} 18417
A& F ook A} it = 6.4 x 10° CFUMLE FE5% ]
o 7F HAa8E GlEit) ol F1EAN| E8td ofvl 71557 )
ol 53] ofMEAle] 9|3t 43} S g2 e glo} Al of b
sto] Axeks stEjshs 7)) U A 9lvh25,26]. O Yoprt 71E
2k iRl &2 4] PET A ofAlell 2&AtshE 4l Fglol2 1
8 MsHE KRS g T22], 58] vhEe] FAksl] e} ofvl)=
TFElol &) v AE-S 3l HHCIEE Pt =8lel felst
th27]. 7] FEdt 4t W Suto|Y A Ves 7Rl BREHR A

g5t NE FAELS §EA71AY vlol# DNAY 325
PAA G2 BAE Wallste] AFEAIZIT21]. 1384 2.0% wiv
T8 F%olA FHE PET WS 79 10 CFU/ML PI¥O.= st
TE ARATV7] XS 4T o] HFo] Haskn] HEJBAIE
2 A A4 1.6 x 10° CFUML 559 thawo] AEE

th FEateES WEo R FHEle] 8.6 gm® HATE 7F PET
79 g 18417 HF 5 didet 4= 10 CFU/mL v|vEe 2 &
2 A IARE HE S ek A o FE 2.2 %

10° CFUmMLE HEFTrioh ZdAasixnt 4938k oigdo] dof
UE AS IS S5 RS 8714 kS
(Ca0y)°It} AksluTulH(Mg0,)0] 23 WS Al A== FAF
Q1 Ak AF Ftslrael ZINIsIth o2, dAksldS R
HH-g5lod ateldry) 87 FAMER Ak e IREEAE 1A
A7 Fatslits HE AFSES(Fenton oxidation)Zt o] A o]
2 T8 FE sto] slol=FA] Hr|ZS Al Hri16,18-20].
71EAL FEole, W SE5AsEe] gl i W4 Ae vla 4
3} 8.6 gm*e] FEAEO] FHE PETS 0.5% wiv 71 EAL g9
ARt 224 FH A, 1ARE wieF & oGt T AT A <
10 CFU/mML 55 S AEHA o= AoE vesth o AHE
T HAFAZ] 5 S Bo] o ks dAskl AS5AkE
30207 AFe AS oAt BRE A kot FAT AT
2 2.0 x 10> (CFU/mL) ¥ =2 AEFSUCE ¥ 0.5% wiv 7|EAF &
Aol CuNOs), * 3OS F718t] F2lo]&g 7|EAN} 37 =9 Al
ey} SREEATES B 10 CFU/ML P9ke] 558 Abdy
v Ao® IRIFHGTE FE5AEES] HAHE 43 gm0 E A7)
e 0.5% wive Z1EAR} 0.5% wiv 552 TrEl7) o] FHe=
A9 gt FANL T B 308 AERd AaEeE A
S BTy FHAEES Ak 0.5% wiv S50 7)EANR
25 FHE PETIIME 73 308 HF & diFdd2 12 x 10°
CFU/MLY] F5E Hola, FMFT AT 14 x 10° CFUMLY 5
TR AEEY a5 FA Al @5 2t doll S EIsIglt
wEbA] PET A+ 93412 o HE ¥% 10 CFU/mL w|5te] &+t 5
S 98l @Y g BAS SR ARk Oidl g B xato

% FERE A S IS B ohel 7 AFANE BEAZ

by S o

E
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Table 3. The Antiviral Activity of Coated PET Textiles Against Influenza A (HIN1) and SARS-CoV-2

Contact time

Average of

Virus reduction of Efficiency of

Sample (h Virus infectivity titer infectivity titer virus reduction
(log1oTCIDso/mL) (log1oTCIDsp/mL) (%)

non-coated PET 4o Influenza A 5.778 - -
non-coated PET 2 Influenza A 5.500 0.278 48.392
# Coated PET 2 Influenza A = 2.500 = 3.278 = 99.951
non-coated PET 40 SARS-CoV-2 7.078 - -
non-coated PET 2 SARS-CoV-2 6.603 0.475 66.499
® Coated PET 2 SARS-CoV-2 = 2.500 = 4.578 = 99.997
¢ Coated PET 2 SARS-CoV-2 = 2.500 ¢ > 4451 = 99.996
¢ Coated PET 1 SARS-CoV-2 = 2.500 > 5417 = 99.999
¢ Coated PET 0.5 SARS-CoV-2 = 2.667 f> 5250 = 99.999

 The coated PET was prepared by the immersion of metal oxide coated PET (8.6 g/m?) into 0.5% w/v chitosan and 0.5% w/v Cu(NOs), - 3H,O solution
mixture. * The coated PET was prepared by the immersion of metal oxide coated PET (10.0 g/m?) into 0.5% w/v chitosan and 0.5% w/v Cu(NO3), * 3H,0
solution mixture. © The coated PET was prepared by the roll-to-roll immersion of metal oxide coated PET (7.3 g/m?) into 0.625% w/v chitosan and 0.625%
w/v Cu(NOs), - 3H,0 solution mixture. ¢ Non-coated PET was recovered as soon as virus was inoculated. © = 4.451 log;oTCIDs¢/mL was induced from
6.951 logioTCIDsy/mL infectivity titer of non-coated PET. f> 5417 and > 5.250 logoTCIDsy/mL was induced from 7.917 log;oTCIDsy/mL infectivity titer

of non-coated PET.

F S B3
3.3. gHolyAa Ms 54
I AES 5ol ©Ed 78 54 7F 23 240 "g) o

=

U=

o
=

FllzF A (HIND) Hlo]8] A%} SARS-CoV-2 H}o|# A2 A|AAS
A AlRES] Fntole A €4 374 114(1S018184:2019) 1 whet 7t
3t A& Table 30 FEI8tlch AEF<AF A (HIND) Hlole]AE
Ortho-myxoviridea Z}ol] &3l 1 Aol A= 8711¢] RNA w25 7}
A PRS straing AFE-3FAtE SARS-CoV-2+ Coronaviridae ] ™ be-
tacoronavirus & 5 1, EAEA] 912 oFd @ 7= RNA vRo|#
2~0]th28]. Hio]E 9] B Rl SFAE| Hlo|HAE AHAl
%, 50% 22 lF A% 24 H(Median tissue culture infectious
dose assay, TCIDso) 0% Z43F31TH29]. T8 PET AET-S 8.6 g/m’
Ao F5aklEo] FHE PETE 0.5% wiv 559 7|EAMN}
0.5% wiv 29 785 L&k EF-gHe F Azxste] Az
B AAE oz Stk Influenza A (HINI) BROJEAE TR Y
2] 9k PET thx73 FHE PET Algael 2.96 x 10" TCIDsy/mL
FEE JEFI 241 H FASke] A NS Azl 7 34
A5 MDCK (Madin-Darby Canine Kidney) Aol ZAA1A 3U7F 1)
oFst ] nfol X~ orkE AlESte] iRty IR EA ¢ PET
dizarel IEFIAE A vlo|H~E FEet A5 A% vlo]e] A o
7}e] BtghS 5.778 logi TCIDsymLE ER1F L) o] 3hs 7|50 %
sto] @ Aol vlolg g et § 2A1%F H wlo]E A o
7ke] ztolE 3l o]y Ads-S HrlsIitE IR EA ¢ PET
izgel wlelg g AES F 2AIRE FO vlolY A Ay B
5.500 logjoTCIDsymLE YEFOH, 7% Hfolg] 2 97tele] Ajo),
& vlolE A A F5(Log Reduction, LR)= 0.278 log;oTCIDsy/mL
2 vpolB A BAagS 48.392%% FHHUTE ZY PET A3
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