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A study of disinfection through UV irradiation and silver
nanoparticles combinations
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Abstract

Obijectives: The purpose of this study is to evaluate the antiviral capacity of the combinations Ultraviolet —-A
(320 —400 nm) or —B (280 —320 nm) (UV —A or —B) and silver nanoparticles (AgNPs).

Methods: Combined antiviral effects of ultraviolet-A or —-B and AgNPs were tested by plaque assay. Various
combinations of UV-A or -B and AgNPs were exposed to tested viruses. Murine norovirus (MNV) and
mouse hepatitis virus (MHV) were used as surrogates of human norovirus, known as a causing of viral
gastroenteritis in humans and coronavirus, known as a cause of respiratory diseases in humans, respectively.
Results: AgNPs size, concentration and UV kind influenced antiviral capacity. MNV were more susceptive
to AgNPs than MHV (p<0.05) while MHV were more susceptive to UV-B (p<0.05). Specially, the
combinations of UV-B and 10 nm size (1 ppm or 10 ppm) AgNPs were more effective than UV-B treatment

only (p<0.05).

Conclusion: These results suggest that combined antiviral effects of UV-B and AgNPs could be applied in
disinfection processes for pathogenic viruses under various environmental conditions.
Key words: Silver nanoparticle, ultraviolet, antiviral, murine norovirus, mouse hepatitis virus
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AL EF Som vgEe FA4 U w9
5o gARAA AH L Fol BN
e Aoz eA gov, LA 27
7} A425E 0 BRAH] Hold A/} 2
taegld wo gridoR welEs A%
of #olubrta welA ek [11). olde evt
w Qe FEAe AslAY @S weksln
gl U@ S Feads e ¢ Ao
B AT A8ast Libegigte] vhole
s AR e ARH s Bkt Aol B4

olth, Ak A (UV-A, UV-B)9t 4#F 47171 o
E 24210, 40, 60 ¥ 100 nmE o]&
st T8 WA wpolel 2z AZHE AFEH S
ARSI, Fd dl& ylolgx
(surrogates) 24 ’f‘] w2Zulolgl A~  (Murine
Norovirus: MNV) [12]¢} »}9-22 21Q] nlo]#
2~ (Mouse Hepatms Virus; MHV) [13]& A&
st 2 A7 A3E &< e, MNVE A
AAIR R FhE dovle F8 VAER &
#Hx A A =2dtelglx (human
norovirus; HuNoV)e] )& dlo]g =2 1§ 3}
R [14], MHVE 5 34 387 35
(severe acute respiratory syndrome: SARS)2]
Aol A BE T §igo] WAYES A wE

(o]

P

f

A9} o A YFE S Hol: EAo] 9= IR
Ynlolel2  (coronavirus)e] & Hlol#A®
AR skl [15]. whARtoR 2 Ao A
2435 F8 Az =P Chicke] =9

(chick’s model) T°l A&3lo] HFHoZ n
o H7HE St [5]

Methods

1. d% vpol3x

(1) MNV <#H] 2L vl

MNVe| &FAEZ RAW264.7 Al X5 AL-83}
Atk RAW264.72] wjg wix]Z Dulbecco's
Modified Eagle Medium (DMEM) (Gibco,

USA)el 10% fetal bovine serum (FBS), 10
mM HEPES (Gibco, USA), 10 mM Sodium
bicarbonate  (Gibco, = USA), 10 mM
nonessential amino acids (Gibco, USA)$} 50
pg/ul gentamicin reagent (Gibco, USA)S &%
sto] AbgEtlom, Wyt EEksFe AEXE A
T3kl 37T, 5% CO2 w71l A wlkatqlct.
Ao AE3 vlo|y 25 A7] 9ste], A3
At G5SP4 RAW264.7 Al Zo] MNVE

HEANA 3-49%F 5949 37T, 5% CO2 ¥
R I R IR o s P = R B R i A S e

o Ax 2EE8 8 g™ 598 A W s
shelth. whole 2~ AHAE 93
(chloroform, Amresco, USA)S &% (111D
A71eE T 4ToA 94 B3 er (5,000 g
= 20 min), ¥¢]¢J7}7] (Amicon Ultra-15 tube,

Millipore, USA)E nlo]2| =5 X33l 45
F%38lo] BlolE] A stockS FR3FIGT FH
Hpole] 2~ AREEL] A7bA] -80TCel A B
At [5].

MNV A&l = Y (plaque assay)e A&
sHiTh ol& fla] ®dd RAW264.7 AXE
Fste] Ha® 6-well plated] 5 = 10°

o i o

cells/well& Ax} &5 &, 6A17F 52 37T,
5% CO2 wjF7|ol A wjkstdet. AlxS ¥3+
3 6-well plate®] wellel, 0.5 ml DMEM3¥}
FBS7F #715#] &S DMEM (serum free
DMEM)& Ah&stel At 348 MNVE 0.5
1;}1 ;G o}oﬂq MNVE ;H_%z;} plateL 60
b v g7l A wjFstgleon, 168 HHe® =
5o wloly 2o HFME AL FHSS
HAZujA) 9} wlo]g 2E A| A% F SeaPlaque

agarose (Lonza, Basel, Switzerland) ¢} 2

MEM& £335te] e §48 MxE 3 ml F
d3le] 1083 Aol Fof @ElsA Z3h
o] 37T, 5% CO2 ulg7]olA 72-96 AI3F
vjekslel UERY plaqueE AlG8F$tl [16]

(2) MHV 1] 2 ujod

MHVE] 4FALZ L2 AES AL L2
o] #jokg HlAZ Dulbecco's Modified Eagle
Medium (DMEM) (Gibco, USA)°l 10% FBS,
10 mM HEPES (Gibco, USA), 10 mM Sodium

bicarbonate  (Gibco,  USA), 10 mM
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nonessential amino acids (Gibco, USA)$} 50
pg/ul gentamicin reagent (Gibco, USA)S &3
sty Algstlon, it ZEaFd MEE A
F3te] 37C, 5% CO2 w71l A widatqict.

Aol A8 }omé% a7 fAshe], A3
At @S FAE L2 AlEd MHVE HEA
A 1-297F =8Ae 37T, 5% CO2 w7l

A weFstlnh. 4 AEE wtele o A
9ES A 2Y w9 A W v

vlo]g 2~ 4T A A4 Egsigien (5000 g
= 20 min),

Millipore, USA)E u}o]#]AE E 83l AF=olg
wZ35le] wlolgl A stockS FREQTH FRF
vlol#] 2= AREELY] H7kA] -80Tol A Hsh

At (171

MHV A== S (plaque assay)S A&
ST ol & 918 wigs L2 MEE FEshd]
H#8 6-well platec] 5 x 10° cells/wellZ

AAp &gk F, 6A12F B 37T, 5% CO2 Hi
71 sttt AEE X3S 6-well
plate?] welloll, 0.5 ml DMEM¥} FBS7} 3715
A & DMEM (serum free DMEM)S AF-&3}
o A 3As MHVE 0.5 mi® Axs9c)
MHVE %3 plate= 60%3F vl F7]ol A uj
ksl on 158 FFAOR EEo] nlolz| A
STAE AEE 8T AEmA e el
2 ~Z A A3 % SeaPlaque agarose (Lonza,
Basel, Switzerland)®} 2x MEMS &33to] 7t

—E— AL MAZ 3 ml FYste] 1083 A

o Al EFTE o] 37T, 5% CO2
Hﬁ%ﬂfﬂw 24-48 Az wgsted] dERG
plaqueE A3k [17, 18].

2. AT SR 274 HiolEA A
7 A3

(D) A2 24182 7

Aol nel vholel~ A7k autg Helshy] 9l
o A AR Aed 2AF FA2 A
2L FA} A= AN ALAE AR B
oEto R JA A FROoE FAHO Ut o]
£ rEfe] A Aol iz A Bl A
9ol FHoR FAHEE &= A¥UY R
B, AAE At Edolz T4 stk
Aol MIE = 2ol H-A |ME (10W, Sankyo
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ste] ] 717] (Amicon Ultra-15 tube,

Denki Go., Japan) ¢} #}e]4-B | (8W,
Sankyo Denki Go., Japan) & A}-83] 9\,\3’— 2}£]
A ZAEF S A d4Ee fske 303 A9
A HEZE A FAT ALl A @iﬂ E
golet FET Eol H 9AlA  VLX3W
radiometer (CX-365 and CX-312, Cole-
Parmer Instrument. Co., IL, USA)E &3}
33 W& SAsglon, P AH AN
A g3t Akl

Beer-Lambert H# &

[19].
npolg 2o wE zpe]X FAFS Table 134
2ok 29 2APEAY AR d-A fFEe] z)

9l WAL 0.078 mW/em®? Q3L, F3 =9
A 2AFEL 140 ml/cm? (30%), 280 mJ/cm?
(60%), 560 mJ/cm?® (120%), 840 mJ/cm? (180
1) olAuk. A A-Be] &AM wAFS A9
A-B A= g E AT A4S (0135
mW/em?) 2 243 83 AL (0.285
mW/cm?el| we} zpo] = p_aiv}. 9] H-B @
2 g 9 A AL 80 ml/cm® (10%),
160 mJ/cm? (20%), 240 mJ/cm2 (30 e
w2 A-BAZ F 9] FF ZANFS 170
ml/cm? (10%), 340 ml/cm® (20%), 510
mJ/cm? (30%)°] 21t} (Table 1).

(2) AL)H 2ALE B3 vlolH 2~ A7 AY
W4 1 x 10° PFU/ml (plaque forming

unit/ml) ¢ MNV X 1 = 10° PFU/ml ¢

MHV7} £8% 10 ml vlo]# = F-gaNs 3hn
3 & 60 mm 39 JﬂEaMHfﬂl gol A9l
A z2APEAS] Alm Edole] nIX|Elith. o] &
Auj e S 7tom gk Aejd-A 2 A
*ﬂ—Bﬂ AL A of A st g Es] AL

5, ToIZl AlRbel| gtEo] A5 E AFH BT
LM -AE F 180% ZAx 2AEIIeH, 0,
30, 60, 120, 180l AIEE AU [5]
A H-BE 2 Z%E 2714 (0.135 mW/em?,
0.285 mW/cm?)& A A3 blo]# 2~ 1171 &y
E ARty 2 H-BY ZAF A7FS T
dulo]g 27t ZfolE FUTE oo MNVE
3080 A ZABIY I 0, 10, 20, 3059
22 AFsigoen, MHVE % 10& 24
Ab skl oem 0, 1, 5, 1089 A &2 AH s

N> O}N' e
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Table 1. Types of UV irradiation used in this study

UV type Number of lamp (Igss;irr:% Rea(étr:]cm)tlme UV dose (mJ/cm?)
30 140
60 280
UV-A 1 0.078
120 560
180 840
10 80
1 0.135 20 160
30 240
uv-B
10 170
2 0.285 20 340
30 510

AAG A Aol EAsHE AE vl
4719 wepel wheh e
[16, 17].

(3) Y=Y A; voly 2~ A7+ A

A717F v dl 7H4 2491z (10, 40, 60
and 100 nm) (Sigma-Aldrich, St Louis, MO,
USA)$F MNV, MHVE HFSAIA 2] A9
lolg 2~ A7k &35 ZA4ssith. o]& 93
WA 2 ppm FEY Suy=QA &9 2 «

10°® PFU/ml MNV ¥+ MHV H&94 0.5 mlE
HgAA FHE SU=YA 55 1 ppme=
23k o]F  &g2wwHty] (SI-600R, Lab
Companion., USA) “gellA A (25TC) 2 180
rpme IWEEE WS AIFH oW 180 #7+e
g o] wjFHS &8ste] upoly e A7t

3 2yt ko upE =g alol#
o Az wEE gyl sk, 10 nm %
100 nm 719 &y =dA= ZzH7] 0.1 ppm, 1
ppm % 10 ppm (10 nm) 3} 0.1 ppm% 1 ppm
(100 nm)& s%E=2 Fujske] 1 x 10° PFU/ml

MNV &= MHVY &3 d-&AHAT (25T,
180 rpm, 180 ). A8 Ao &3l nHlojg A
= S E &8st SAHSGITH

L HE =0

(4) A7 evegiztel 23S F9 Hlo
B Az AE

22l d-A 2 AL H-Bo F /Y = (0.1
ppm, 1 ppm) 10 nm % 100 nm 2Y=PA=E
Aste], A2 x3e Fo] wpolelx AR F
e Folslth. W4 10 nm¢ 100 nm 24}
=925 DMEM #HIAZ 8]|A4ste] 0.2 ppm E
= 2 ppm £ 6 mDE THE F, o7l 4A
o] mpolgl~ (MNV: 2 x 10° PFU/ml, MHV:

2 % 10" PFU/ml) #5456 mD)S o] 2 w

Hek F Aol S 2AEGY. Aeld-As A
o] FZE Abgste] 2AbeRgloen, 180 w7t
A5 39 Als AHFH AIRE (0, 30, 60, 120 #
180 )& Fol Aas Fud F s ¥
ol vfele AE AR o LA

AR -Be] A, 2AE AR AolE F
Sste] AL S 1 EE 22 WA AH
ato] Ao skl AEd uke FAsH
AR -Bet b At 2 Wkl AR A
AZEE RE wpole] o] Fiel uwheh et
ok elel MNVE 0, 10, 20 % 30% FAF
AN=E AFAHYI, MHVE 0, 1, 5 % 10
b3 ARE AASAT ofF wdHs

Hpolel 28 gHom s

4

N

off H o 32 B

3. wpolel 2 Az Aol B Chick's =
Ag

2] ZAF (dose)oll g Bd nlo]g 2 A
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7+ Ao Chick’s model& 2-83}3it} ofu]
Chick’s model A4l th&3 2} (5).

Nt: present the number of viral particles at
time t

No: virus particles at zero time

k: the slope of inactivation curve

1: the UV light energy intensity

4. TAEA

EE EAEAYE Sigma-Plot (version 12.0,
Systat Software, Inc., San Jose, CA, USA)S.Z
Tty U egxte] F7)d wE upoly
2 Az &ZIE Hwsty] $ske]  Kruskal-
Wallis one way ANOVA test % AFS7HA
(Tukey)S AAIEFATE #He]A-A, -BHHO R
g Ze)M-2u =gt 23 kg dlo
2 A &ade Aols wlndtr] Y8 paired
t-tests AMEsITh ZF WA oA FAHoR
frogt Zfolo] 7]FEL p < 0.062 AAH3IA T

Results

1. A9 vpolel~ A7 B3}

AL FFol wE wlolz s A adE
ZFe] M -A9l A9 180% FAF F xR iy
0.41-log108] MNV % 0.14-logip®] MHV A
#+ 5232 vedt (Figure 1). =3 219 4-B
0.135 mW/cm?e] Z=2 A 24$- MNV
30+ W 2.45-log108] AFE YERSISH,
MHVe] Z$ 108 Wl 2.59-logl08 A7 &3}
7b vEtg et Figure 1). AL)A-BE 0.285
mW/cm?e] ZE® 2AIS o MNVE 308
ZAF % 3.35-log10Y =2 AR afE 2o
w, MHVe 2% 108 W >6-logipel Hold
Az adE B2l 7 29 dlo]g e gt

ol o
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9] HA-Bel Az gIbes A A-ART {98t
A ko (p < 0.05), ¥ ZxEo #24-B
5 A A9 g AEe vyl A7 &
H7F e A& At (p< 0.05)
(Figure 1).

2. SYx=YAY Hlolg2 A7 &7

A717F 92 Ml 7HA 24 =992 (10, 40, 60,
100nm)= 92 %= (0.1, 1, 10 ppm=E F 7}
A o)/ wpel 29k 180%3F WHSAIA I A
 Ade AvkAo® MNVZE MHVe wls) &
e ixpebe] wkgo FHekgh o R el
o2l o8 F%9 10 nm % 100 nm 4=
e B velyxE5d wREAIZl Aye
Figure 27} Zth A4 o= 10 nm 249
2A7F 9 wpoly 5SS Z APEE A2 YE
o, 53] /M4 £& %<9 10 ppmel 10
nm S4Yx=PAE 180F 7He] Wk o]F E
g oz FostA MNVE A7eds & 5 9
At (p < 0.05) (Figure 2).

3. A AF kgl wlolda A7 &t

1 AH-A9 S2u=dxt 239 vAdE A
7 a3

A d-A 2 SRS 23eke] 2 v
oY AES At Ay e AY AA AdelA
MNVE 0.14-logiool A 0.44-logio AFelel A
e BHYom, MHVE 0.11-logioolA 0.36-
logio 4 AZE E3ivh 53] 1 ppm® 10
nm SY=9J2E 23 SEAES we] vlolw
2~ A7 (MNV: 0.44-logip, MHV: 0.36-log10)
o] 71 =A YEIRAT, FAFSEZE {9

shA = kT
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(a)

—_
[=]
=
=
P
<
=]
o
o
Lo
-4
—@— UV-A only
5 —7— UV-B only (0.135 mW/cm?)
—- UV-B only (0.285 mW/cm?)
'6 T T T T T T T T T

0 20 40 60 80 100 120 140 160 180 200

Exposure time (min)

(b)

0 = °
_1 4
=)
z ]
= %
S 31
=)
[=)]
o
° |
—8— UV-A only
51 —7— UV-B only (0.135 mW/cm?)
—- UV-B only (0.285 m\W/cm?)
-6 *
T T T T T T T T T T

0 20 40 60 80 100 120 140 160 180 200
Exposure time (min)
Figure 1. Inactivation of tested of AgNPs depending on UV type and irradiance.

(@) MNV; (b) MHV. Asterisks indicate significantly different values (p < 0.05 by paired t-test). Nt: present the
number of viral particles at time t, No: virus particles at zero time.
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a 10 nm 100 nm
0.0 L _ D
-0.2 1
_—
o
Z 04
)
4
=
(=}
-~
D 06 -
o
I 0.1 ppm
-0.8 1 [ 1.0 ppm
I 10 ppm
1.0
AgNP samples
(b) 10 nm 100 nm
0.0 L L
-0.2 !
—_—
o
2 04
S
=
=
o
-~
D) 06
L
I 0.1 ppm
0.8 1 [ 1.0 ppm
I 10 ppm
1.0

AgNP samples
Figure 2. Inactivation of tested AgNPs (10 nm particles with 10 ppm, 1 ppm and 0.1 ppm; 100 nm with 1

ppm and 0.1 ppm).

(@) MNV; (b) MHV. Asterisks indicate significantly different values (p < 0.05 by Kruskal-Wallis one-way
ANOVA with Tukey test). Nt: present the number of viral particles at time t, No: virus particles at zero time.

2) A9)A-Bs} vyt 7] nAE A7
=%

gk 0.285 mW/cm® o #F9]H-B 2ALS} &
regiAe] 23 v ¥ omE uholds
o Az ARE &g A7 1 ppm® 10 nm
S=dAE 2% WS ARE el MNV A%
&Y (4.35-logi0)E WlE¥} Hlawste] o5}
A=A dedes s ZE & A
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(Figure 3) (p < 0.05). MHV 99A] 1

nm SH=YAE 2 AR E W @ 179
WMSA O REE 2.14-logio o AR 2FHE B
olE AL FolEgon, olE 29M-B wiE
g vl fFoeA w2 FAY (p <
0.05).

wa 0.135 mW/em? & ZAF BEE 3o
2y YgAE 233k Ayt Figure 44 2t}

7
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~
Q
~

logqg{N¢/Np)

—— UV-Aonly
=7 UV-Awith 10 nm AgNPs (1 ppm)
—- UV-Awith 10 nm AgNPs (0.1 ppm)

0 50 100 150 200

Exposure time (min)

~
@)
p —

logqo(N¢/Ng)

5 | = UV-Bonly
=7~ UV-B with 10 nm AgNPs (1 ppm)
—m- UV-B with 10 nm AgNP's (0.1 ppm)

0 10 2 10
Exposure time (min)
A2, 1 ppme] 10 nm 2 =Y2As =g

(b)

“ ————

logqg(N¢/No)

—&8— UV-Aonly
—7— UV-Awith 10 nm AgNPs (1 ppm)
—— UV-Awith 10 nm AghPs (0.1 ppm)

0 50 100 150

Exposure time (min)

200

(d)

logqp(N¢/No)

—&— UVBonly
69 | —— UV-Bwith 10 nm AgNPs (1 ppm)
—— UV-Bwith 10nm AgNPs (0.1 ppm)

0 2 4 5 8 10
Exposure time (min)

Figure 3. Inactivation of tested UV-A (0.078 mW/cm?), UV-B (0.285 mW/cm?) with and without 10 nm

AgNPs (1 ppm or 0.1 ppm).

() UV-A and AgNPs with MNV; (b) UV-A and AgNPs with MHV; (c) UV-B and AgNPs with MNV; (d) UV-
B and AgNPs with MHV. Asterisks indicate significantly different values. (p < 0.05 by paired t-test). Nt:
present the number of viral particles at time t, No: virus particles at zero time.

30% W 2.71-logo,

MHVE 108 W 3.12-logipd AXAEE HY
Z+¢]d-B dEow Azrd A Hth {fY35H
e S AT & AR (p < 0.05) (Figure
4). =3 10 ppm9 10 nm 2Y=4AE x5

BT} =2 nlo)y A A S8
o139 Tt (Figure 4). o] MNV
.58-logio, MHVE= 108 Wl 3.58-
logio ¢ Xiﬁ'l?.% Ho] 29 AM-B gdEo7 A

4o A nn fos) Be A% AT 5 9

At

4. glo]g 2= Az 2d 74

T owpolgize] Az Aol o] Chick’s
models A&3 A= Table 29 Zth A9
A-BE &&3 wlolglx At H$ wE o
U 28 Ad BF =S RS B
gt} (0.8226 - 0.9090) (Table 2). ¥FH|, =}
QH-AE 83 wiolgix Az Azt AE
-1 R? gke] 0.5 m|wko & wkokt} (Table 2).
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0
_— 21
(=]
ra
= *
=
S—
=}
oy *
D 4
L
—@— UV-B only (0.135 mWiem?)
61 | -~ uv-Bwith 10 nm AgNPs (1 ppm)
—- UV-B with 10 nm AgNPs (1 ppm)
0 5 10 15 20 25 30 35
Exposure (min)
0
—_ 21
=}
<
=
Z *
©
> 4 *
o
—@— UV-B only (0.135 mWiem?)
61 =/~ UV-B with 10 nm AgNPs (1 ppm)
—- UV-B with 10 nm AgNPs (10 ppm)
T T T T T
0 2 4 6 8 10

Exposure (min)

Figure 4. Inactivation of tested UV-B (0.135 mW/cm?) with and without 10 nm AgNPs (10 ppm or 1 ppm).
(@) MNV; (b) MHV. Asterisks indicate significantly different values (p < 0.05 by paired t-test). Nt: present the
number of viral particles at time t, No: virus particles at zero time.
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Table 2. Summary of the means * standard error of decay values (k) and R? values from combination of UV-

AgNPs disinfection experiments.

Virus UV type AgNPs size (concentration) k k + SE R?
- 0.0025 0.0003 0.5368
10 nm (1 ppm) 0.0029 0.0003 0.4383
UV-A 10 nm (0.1 ppm) 0.0024 0.0003 0.4750
100 nm (1 ppm) 0.0014 0.0001 0.7453
100 nm (0.1 ppm) 0.0009 0.0001 0.7431
- 0.1358 0.0112 0.7416
MNV 10 nm (1 ppm) 0.1676 0.0116 0.8190
UV-B
(0.285 mwie?) 10 nm (0.1 ppm) 0.1445 0.0070 0.9179
100 nm (1 ppm) 0.1532 0.0101 0.8390
100 nm (0.1 ppm) 0.1276 0.0076 0.8703
- 0.0806 0.0037 0.9427
UV-B 10 nm (10 ppm) 0.1267 0.0076 0.8811
(0.135 mW/cm?) PP : : :
10 nm (1 ppm) 0.0967 0.0034 0.9614
- 0.0010 0.0002 -0.0390
10 nm (1 ppm) 0.0010 0.0005 -0.0341
UV-A 10 nm (0.1 ppm) 0.0021 0.0002 0.7433
100 nm (1 ppm) 0.0025 0.0003 0.4874
100 nm (0.1 ppm) 0.0024 0.0004 0.0252
- 0.7558 0.0320 0.9701
MHV 10 nm (1 ppm) 0.8272 0.0931 0.8226
UV-B
(0.285 mwier) 10 nm (0.1 ppm) 0.6833 0.0355 0.9563
100 nm (1 ppm) 0.7524 0.0539 0.9090
100 nm (0.1 ppm) 0.5983 0.0194 0.9828
- 0.2575 0.0155 0.9231
UV-B 10 nm (10 ppm) 0.3736 0.0181 0.9368
(0.135 mW/cm?) PP : : :
10 nm (1 ppm) 0.3344 0.0165 0.9409
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Discussion

[}
3 AAA w2

T3 e FAY ES AE AL B
2 Asle] FFEe AAS wa ) [20, 21].
£3] z2]4-BE Pseudomonas aeruginosa, E.
coli 5ol 3t A+ &3 = MNV, MS3, T4,

T7, human immunodeficiency virus (HIV) &
o] upolg 2o gk Az &3V Yrii HIlH
3 Joh [22, 23] & AFA AREgE zpojAl
ZARAT ALEA A wBRRE <Hilel
o maHe) volela Azl Aaithe He
2 ovlgole W % o BasbeAel Erhun
& % qnh

Sesla oA WHA Mg 9 Bl %
o g ¥ Afe"EE 7ML o, HIV,

hepatitis B virus, herpes simplex virus,

respiratory syncytial virus, monkey pox virus
ol te vhelel s Bl val ¥ A% &

B} A Y Ao LeA] vt [24, 25].

oAy Ay, e 274 M E MNVIE
MHVe] vl =& H7+S Hol:= AL 3tolgt
+ dutt (Figure 2). MNVE 932 1B 481X
& RNA Hlolg{ A= H|wA 1 A7|7} 2
W, MHVE 938 ®B &3 vlolg] A2 A7)7}f
24 39 g% 21 f73AE AHm sig
[26, 27]. o]8 3 &y} =YA}e] wE =dl o]
Y259 A ay Aol= T 7k nloly] A9

83 5 ke Ao [10], A4 ALl Mt
%3 #gol glold FEF e Aol @
+ alvh

ol&e, A9 A-B2} 1 ppm9 10 nm 4=
A5 2 g AZE W, AH-BY s
ZAbe} Hlwsle] ®E wpolu| 259 A3k &
7b felsi A AEshe Ae A 5 T
(Figure 3). T3t z}9]X-B<} 10 ppme] 24
AAE 2@ES B9 MNVE MHV &5
A 7V EHAQL vtelE 2~ A3 ¥ & e
th o]+ 10 ppm WY 2U=YgA sE= A
9H-Be HAE Hile| T 9T

g AR
A% ovigeh obgd, AoH-B % Lipeg)
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A= 2] AL tolel s A A1AE A
B gk A9HE velei sl WA= W H
2o MY o FATS EHAZ 5 glom,
A A ol

A5 o] 4]

=1
AsAld 4 ATk [10, 28], o]ol &,
_z,_

o
L Lo

% i

it o= o re 2 o rlo
> g
fuon g
=2
=
>~
>
oo
o
Bl

ifud

ol %
b 103’_,&1
o x i

oy
N

i r
G
ol
X foop
%ou?

O
01?\;_151_(‘
o | o
o

)

_O4m10

2

SR e

o
v

=1 s
Al x3 AEAE ET38Hal 0.50-logio
ool & A7 a5 BAY (Figure 3). ¥
A AFedA AT F Qo] ALH-B B A}
14-Cell Hl&l =X -A2] mlolg] 2 ko] o
g G dAs] "ojxw [5], oo FFel

2 A7 Adys dEE 24U=ga S 71
sk Ao AKX, wEbA, 2 AY Az v
FolE u zH-A9 SyedRte] 2g2> &
8ol gle FoR AEHW, ALJAH-AE
upolej 2~ A zte] AHH3| &gty A=
TiOs % coriandrin 59 % &uw¥l$S 5319
0 @2 dAHAMNAE RS st AT W

Hel oS eldd 4 sk [29, 30].
obge ® Ao AeAn St %
s 3 vy~ AR AFE AHAE] oSs
5
dg dg d#x 9 Chick’s modelS A&
sl B8t} [5, 23, 291, Chick’s model&
upolefzs A7F A A8 Ay, #e]H-B
oF Supxgixte] 2o AS Ao d g5 &g
3 fALEA =S RPPES FRE F o
(Table 2), o] ¥ Zgol A ARE A9
A vt Agrdaa dysis o] 7he
b A ou)sith &, 2 A AMEE F
7kA BEl wpolg] 9] wpoly A~ AR adE &
A FomA 237 AWe dols wmzEhto
daot 557 e dole mRvtolg s
o] nlo]l 2~ A7 a5 AP ol FH

chea uhole e 4go] JdiHe),

il

s

11



Disinfection through UV irradiation and silver nanoparticles combinations

Conclusion

o) d-Bot 2ueAE ol gt F T
=d whole]el MNV % MHVS: 4t 1
A3 7 5E wpolg s R e A gy
g A & Ao XPQ]“—BQ 4% 0.285
mW/em?e] ZER 2ASIIE W 7 2 vpo]
B Bl e upel s AR BdE HEh
a1, 2Yx=YAE 10 ppm FE 10 nm 27
SU=dATE mloli s Az aakE dEkdh
ol #AeA-Be] A=t 2umdA FEE £
B Sl W P mabA )l mpol A A
F3E vepllon o= Ao d-Be b=
7} A5 BRekHol 2oz 213 Rolgt A}
w3 Aed-BoE evedaE =25
olgd F mielExo Az AiE
Chick’s modelo] 243 A3 & R® 3 1
o &3] vloly AEd] wd A7 wWelo 2 A9
"4—% ﬂo]% T AT ol &5 g
R ol 7hAe] Bd HolAES
Z: ]OIH gugton & 294S
nu HAstels ATE Fdse Zlo] e
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