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ABSTRACT

Study on Bacteria Sterilization Effects of UV— LEDs

Hyun-Seok Jeong
Advisor: Tae—Jung Ahn
Department of Photonic Engineering

Graduate School of Chosun University

The main theme in this study is checking the sterilizing effect using
Ultra-violet (UV) light emitting diodes(LEDs). Among UV LEDs being
currently produced, UV-A, -B, -C with wavelengthes 365 nm, 310 nm and
265 nm respectively have been used to analyze sterilizing effect for various
bacteria. Escherichia coli (E. coli), salmonella, staphylococcus, bacillus, and
vibrio are used as bacterium to do study, and luria-bertani (LB) is used
to cultivate bacterium. Sterilizing system is made of UV LED box
installed with UV LEDs having 260 nm, 310 nm, 365 nm wavelengths, and
the change of the amount of bacteria has been checked for various times
according to the study schedule. For E. coli, there are two ways to check
the amount of the bacteria. The first way is making UV-LED to irradiate
directly on LB broth that E. coli is injected. The second are is making
UV-LED to irradiate on the ampicillin plate covered with a regularly
diluted LB broth. For salmonella, staphylococcus, bacillus, and vibrio, only
the second way is used due to a dangerousness. According to the result
from the test for E. coli, bacteria on the LB broth being irradiated by UV

LED with wavelength 265 nm, and 310 nm, do not increase as times goes,



but bacteria on the LB broth with wavelength 365 nm significantly
increase. On the ampicilliin plate being irradiated by UV-LED with
wavelength 265 nm, bacteria decreases with 15 seconds half-life, and the
bacteria are perfectly sterilized 5 minute after the irradiation. In the case
of the irradiation with wavelength 310 nm, bacteria decrease with 15
minute half-life, and all the bacteria are sterilized 4 hours after irradiation.
However, the result from the irradiation with wavelength 365 mm is
different from the others. Although, bacteria increase at the beginning, it
keeps 90% of the initial amounts as time goes and it does not increase
more than that. For the staphylococcus, bacteria decrease with 1.5 hours
half-life, and all the bacteria are sterilized 6 hours after irradiation with
wavelength 265 nm. In the case of the irradiation with wavelength 310 nm,
the amount of bacteria keeps 802 of the initial amounts, and it does not
show big variation. With the irradiation of wave length 360 nm, it does
not show any sterilizing effect. For the bacillus, bacteria irradiated with
wavelength 265 mm decrease with 45 minute half-life, and those are
perfectly sterilized 3 hours radiation. However, UV-LEDs with wavelength
310 nm and 365 mm do not show any sterilizing effect. For the vibrio,
bacteria irradiated with wave length 265 nm decrease with 5 minute
half-life, and those are perfectly sterilized 50 minute after the irradiation.
With wavelength 310 nm, bacteria decrease with 6 hours half-life, and
UV-LED with wavelength 360 nm does not show any sterilizing effect.
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_16_

I A H v (submerged culture) &2 Al i-H T



A3 A" Y R AF S

Al 1 A UV LED 238 #AX

=

A8o] A+&H UV-LED® 365 mm, 310 nm, 265 nmm 330 & Agon Az
AArE = g EA el LEDolth 365 mE #9AvteE A Aatd AEolm 310
m, 265 v @A EFEG L] oA ity AFelth ol¥l AEe fd§ 1
¥ 107 #& UV LED BOX & A|#Felddrh. UV LED Bl A A g Abg
g F T Axe Az Hgow, ast A7 FXE 3 UV BOXE
2 Al 7 RS SHTh

2 9l8o] 252 x 152 x 14 o 27]¢ PVC WAE A &3 & ub
2 YFe siye] UV LEDE ¥-#hste], UV LED BOX & #A#&tth. UV
LED<] Optical Power= 265 nm, 310 nm, 365 mmell &) Z2} 275 @ =< 970,
413 @ = 970, 800 M x 1070= /4 =Stk 12]al UV LED®] dle|lH &
79 11, 12 28]a 13004 ARAIS] YER AT
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A 2 d UV LED DATA

(1) 265 mm DATA

M Features
+ Suitable for disinfections j e
3 PPoy 1. . il
+ Compact size 4 ‘ § - S
M Applications = ‘ } beb AN
+ Water/Air/Surface purifications . l ) ' S e P
* Diagnostics i e A '
* Genmicidal and medical application Side Viaw Top View
* Laboratory testing
Il Absolute Maximum Ratings (Ta=257)
Parameter Svmbol Value Unit
Power Dissipation Po 150 mW
Continuous Forward Current Ir 20 mA
Peak Forward Current *!1 Irp 100 mA
Reverse Current Ir. 85 mA
Operating Temperature Tope -30to+50 o
Storage Temperature Tag -30to+ 100 e
Soldering Temperature Tecl 260 (with in 5 seconds) °

10 W i ] ' 1 s
N -
(N || | £— z68om
3 ainn if N N 11 Ry
3 | | —— 280nm
£ 08 T - (i
= | | | 3100w
@ IHH | [ | | | | 11
1 | | | | | | | —— 3400m
c i |1 |
e o 11 | | [ 3650
=] 11 | | |
@ | .I | || | I| I7snm
E | ! 1.4 .
i o My 35
g l L | II 111 \ 0o
z | | |
7] Y]
x I \
| | | \
\/ \ 1 \A
), LY | |
Pa S T AN G
350 400 450 500

Wavelength, Wp [am]

. 265 nn LED ()X =g EHrte]~ tlolH
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(2) 310 mm ¥ =9

M Features g
4 - 224 -
* Suitable for disinfections k| PYor L A T
+ Compact size = it i i =
Ty Tl
B Applications ] B i
L 140805 Lafsnsn | A
* Indoor tanning 1
* Diagnostics Sid View Tog View

* Skin therapv and other medical application

* Laboratory devices

Parameter Svmbol WValue Unit
Power Dissipation Pa 120 mW
Continuous Forward Current Ir 25 mA
Peak Forward Current *1 Iru 100 ma
Reverse Voltage VE 5 W
Operating Temperature Tops -30to+80 =5
Storage Temperature Ttz -40to+ 100 s
Scoldering Temperature Tzl 260 (with in 5 seconds) e
1.0
3
8 08
z }
i
H
E o8
&
2
& s
2
= |
& o2 Foifep gt \/

{11 I\ I',I | | \
o R D J‘I\-_H AN\
300

350 400 450 500

0.0
200 250

Wavelength, Wp [nm]

219 12. 310 mm LED ()X &5 EHnko] 2 HolH
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(3) 365 mn ¥ =

Il Features
« TO-46 ball lens package

+ Chip material based GalN
Il A pplications

+* Deodorant : With photo-catalyst o

+ Light source for sensor Fis

H Absolute Maximum Ratings (Ta=257) H

Parameter Syvmbol Value Unit
Power Dissipation Pa 120 mW
Contnuous Forward Current Ir 25 ma
Peak Forward Current *1 Irns 100 ma
Reverse WVoltage VR 5 v
Operating Temperatre Teps -30to+80 g
Storage Temperature Tatz -40 to + 100 °C
Soldering Temperature Tsel 260 (with in 5 seconds) e

100

AN 0
oS O

N A
(=R )

Relative Intensity(%)

300 350 400 450 500
Wavelength(nm)

1% 13. 365 nm LED (F)Awnte] ¢ o] ¥
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A3d A d5F 2 wF gy

B A AbgE w72 F 57kAE it [Escherichia coli (E. coli], 4
% Fo(Salmonella typhimurium), XX/ - (Staphylococcus aureus
subsp), HhA =2 T-1H(Bacillus cereus), I R=RINe - (Vibrio
parahaemolyticus)2 AF&3FEth )t ‘AN 1A 18R A
oA A-EH #F< BL2IDE3E AR&stsith. th& 7HA (A 55 7, Y
T, MPAF A A, v Bl ) Fhe P AE BREAHA FE
e AREsEAT 2o Hely S48 918 vAdEE 548 & F U=
Al WS gt s wiAe w7 gheke AR, wiA el A
et AAEIA = v A=Y AR A =4 AARS RHoE

m, A= AA A A EE gelating H7bste] w23 wjAE @
o, e ey, BE 243 5402 ARSHT olvl AF A=
Luria-Bertani (LB) 8] A & o] &3} .

o] Wik WHeZE nYgd oigd AA R A (LB broth) 5 mé ¢+ E. coli:
BL21DE3 0.2 y& Tube ¥l FHEsted 200 rpm, 25 T X7 2= Shaking
incubatoroll A 15417 &<t & wjFste] Ar&stdch LElal e 47}

(A FE P, TR T, AT A P, BRE e P #e 19 159
=) o

rir

TARE vAE AR add 7, 1% 163 HAdE TE REW

2 o]l AFE ampoules FHISI oW, mi¥l AE Al AMESEATE o] & &

2 W o g WHE ampoule H|S=3E kel w2 AFSHA H, AE Al 19

e Hulst wrE A "ok m9 o] FAE AHEs 4] fa 1™

1421 B33 #x7A (UV/VIS spectrophotometer)E o] &35t A& A =43
O,

it
UY
o

A

1o

o

g stk B AEAE v SA PuEA e e @
j

Hatel el BA g g%l B Am 5 Z4e] sbew gulelth
aearl golFk A (Colony) Al SAHES #18) 21 1720 314 H#d(CFU:

Colony forming unit)*”& AF&3}% ).
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13 14. UV/VIS Spectrophotometer

UV-1240 A%

SA9 He 190.0~1100.0 nm
2HEY 0F :
23s) i
gRkE s
AR +0.3 nm
14 e 0.1 nmAbs 3 g7 W3

u}zto] % °F 3800 nm/min

i =32 &
G g2 27 ¢F 24 nm~1400 nm/min
Fr2 Moniter Double Beam
3 9] 4% -0.3 ~3 Abs
°r E3%: 0.0 ~200 %
=0 E3T: -3.99 ~3.99 Abs
T E3 e -399~399 %

¥ 4. UV/VIS Spectrophotometer A}
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54 138=
) 17215— B A=
HH O(;:Hq Wrap gauze around the ampule and
H break it by applying pressure to the
side opposide the score
Freeze-Dried pellet Cotton plug
Cotton plug

-
2
@

Score here

i

2

& D

Score the glass wall with a sharp file

Remove the cotton
plug, add
recormnmended broth
or saline(0.8% NaCl)
with a sterile
pasteur pipet and
iz well

The cell suspesnio
transferred to the
recommended growth
medium

(plate, slant,&broth)

Disinfect the ampule with aloohol —— —
dempened gauze
s 15, 3 g S 1)
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=)
oX
i
offt
iy,
27
ri
iR

=F colony FY

ul ﬁ% HI[%J,: HAE 10% glycerol 1ml 4 FH|
TFHS A H=HEY 71

Deep freezer (-80°C)0f Bt
. CHY colony & 0 AEA) Bt A

29 16, # WG Y (@)
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1.0ml 1.0ml 1.0ml 1.0ml

N0 N M)

HH VY,

Original 9ml H,0 9mlH,0 9ml H,0 9ml H,0
sample (10! dilution) (10 dilution) (10 dilution) (104 dilution)

1.0ml
1.0ml
Mix with warm /m

Agar and pour.

ot
X
o
i)

i
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Al 4 4 Colony &4 W

2 A A A(LB agar plate)$} o]-&sto] AEE A3l ol Th ol
wgE MAE 1/10'~1/10°8 4 (F g i) e ¥ A Fe FEdke] aA
W5 $)¢] mu g & UV-LED BOX o ¥3 UVE ZAMTh UV ZA} &
A WA 9] AE Al (Escherichia cold), 26 % 1 (Salmonella
typhimurium), ¥%=4+ i (Staphylococcus aureus subsp), BFAF2~ 3
(Bacillus cereus), W] 2.2l i (Vibrio parahaecmolyticus)]2 heat 1 ol A
35Tl 24X 7 A7 A7 F A wjA e o) Al Sl colony
forming unit(CFU)E FA gt 7)o digetS Fr7rae= A4 8= (LB
broth) & o|&3sle A&

A
= L
= oA WA AEE Y T e control EAR QS e A

m[m

rﬁ
o%'
ol
o
28,
0,
e
o
4
=
2
2
=)
—
D)
>,
o,
o

2 8 shA gokrh uigar AA A AEe 1 meed AAEA 9 mE
EZgHe] FYs v, A=Y E UV-LED BOXd| ¥il UVE x4}
gk UV 24 5 JEdUAe g8 WAS V102 gastn LA 6o
=% it HEYAe] =gd gt FSAE #@lely] 98 A HAE
35 T heat Fwo A 2477 A3 A7 & 1A WA 99 &t colony F
(&9 colony forming unit(CFU)E FA4gt) o9} &2 WHEES 7% 18

199 Ay mAxg Ag sk
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MHZo| FYE .
Fay ) LT — lﬁ
iy
B ME M
o % HY @FoH 2 T H| HY RkH
o H| HY A Of| HY TESE 26l 5|4 2|0 £ (milling)
ol M7 EH| M A S S
vwwwwwwe - UVLED
~— - BOX
— - Ha A
, SRRCEL 1 [ T m=aic
L M3 I N
I ]
| | el inkS I
UV AE T &AT M o o2 Colony
2 24AZHF 2Hole
19 18, A H A 2=
ZuE i = N hnd
o 1
= -u.\ll?i“lﬂlwﬂ .
e =210 A|2HCE91 9| Uv &8 = HA
ol e o= UV A AL HjolE MR o S
&z ol =Y E
Hi QO = -
& i
- 1 - HEZ|c)y
E=tAaa A | |
5| A BLO . DN Yy
10ml2 b2l WS A e e
2 D8 AAHE Al =2 (milling) & ?
[ 1l BLY+m Se=a S il B EAm desd s
Cormgron | 8415l BL %3] Colony & 24A| 7t = =t0IE

b 2= 2HE

19 19,

A A A
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Al 4% UV LED 29

Al 1 A Escherichia coli (E. coli)

438 AT (E. coli)e] Ad EAL dolry] 98 1/10 & 3 Aste] x|
W A (LB agar plate)o] =% 3 3 Non-irradiation, 365 nm, 310 nm, 265 nm
o 5 16A17F &< UVE XAbetAth A A3 a1 209 22 +9 54&

ml

@ @

% 20, e wE o A
@ Non-irradiation @ 365 im @ 310 nm @ 265 mm
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A% A3 (D

® Non-irradiation®] A1+ E. coli colony”} A AEZ ]S AA w2
ol WA USE gttt

® 365 nmol A1+ E. coli colony?} AA| WA #HA e, ddd F
e L3t A Bt

® 310 mol A& E. coli colony7t A WA A ASAA|wE At &
7re- 365 nm W& Aok

® 265 mol A+ 719 E. coli colony?} WEFGTE o] & T3] e A

LI} Gk A2 @ 5 e

A A (1)2 £33 E. coli 779 UV ado] izl Age (WA 232
ey 3 e AV HAdu e A 23 dataE A7) fE QA
2382l CFU(Colony forming unit) 274 A#< Adgsgr. #+2 1/10°

~1/10° o2 SNtk 19 219 2& 497t vEph

(a) 1/10 54 (b) 1/10° 84 (©) 1/10° 384

(d) 1/10* 84 (e) 1/10° 34 ) 1/10° 34
¥ 21 A o3t diabt Ag
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AP435 3)Ao] AFE colony F7F o€ AL & F U E HIE
3] 7} He colony & Hel AL 1/10° otk sk 9 1/10° o4 #A
H colony TA7F B2 #AZR FF WFAE 02 W= Fo A W= fH

F7h

=2 shdvh aEa QS HelHE 9] f8 1/10'~1/10° F4% &
A%e 8 skt

gt (E. coli) AFoAM= A=A, 2AMA F 7FA] Typeg ©]-&3dh]
E. coli¥] A3E A3 odvh A HA A3 AAA(LB broth)E °©] &%
WL 53 2k E. coliZh #IFE wiA 1 meet AAHIA 9 mE HEL
talel F9% b, HEZ Y4 E UV-LED BOXel| ¥ UVE FAMSHCH
AELIA e HWAEZ 1100 o2 345tz nAWA (LB
agar plate)ol] =9 St} FEZ A =UE E. coli colonyE FS1517] 9
gl a1A] ¥ A& 37 C heat FwleA 24X+ & A A7 & A HA|
99 E. coli colony F(&9]: colony forming unit(CFU))E =4 3ku}

F A Aol uAHA (LB agar plate)® S o3 2l E. coli 7} Hj
F® wAE 1/10" A% 5 sAEA $le] k= % 5 UV-LED BOX ©l
Wil UVE ZAFSL UV Z2AF & 15 wiK 2] E. coliE heat FdwloA] 37
TR 2477 A3 A7 5 24 A 99 E. coli colony (&9 colony
forming unit(CFU)E gttt ote e Z+= diadd 1A wij#] A3 A3
o]t}

G
<
i
_|>L
o
i)
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2500 ¢

:E\ = = = = = = u
S
[ —&— non-irradiation
o 2000 —A— 365 nm
3 - 310 nm
S 1500 - —®—265nm
>
[ L
k)
S 1000 |
G
g -
g 500}
=
z -
0
0

¥

a9 22, 9

o
Bl
]
2
=
D)
it
e

Al Ao A UV Irradiation AZHe Z7F 1, 2, 3, 4, 6, 9, 12, 24 A1 =

A7 st A9e Fasad. v

i
LTI
o
:oé
off
e,
o
BN
o
2
-
<
il
BN
>~
>,
_o|L
B

2+ Non-irradiation®] 9% &4 AdE& P59t Non-irradiation]
A A7 Aol whel, 7] E. coli®] colony7b AA18] AAEE AE g
<l sk

th olw) A Hle]x fJo] =gH E. colit FE&°] Brlsd R, E
coliE2 %719 $IA oA cloneths: wHEWA AAsGa wEbA  AA
colony£9 7w 2719 Sdstdrt ¥ UVE A %99l UV7} E
coli® Asl2 2 E. coli® colony A4S A Al7]aL EAlo i AA S A
78te] colony & #A&nA7= Ae #QA8kth 365 m UV AP A= A
7re] (Y4 E colony MFE7F FolEThr)t 12417 A}

ko3
=
vl ¢k 8 %9 colony FE°] E%kil 1 Fo|= colony F7F & §lol A

o
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A B FE HAES < F Uk 310 molAE 4X 7 UV A &
gk ito] o]Fo] AL & F AATh 265 melAE 1A3F UV XA &
A AFEHQATE ol E3) 265 m, 310 e E. coliel thal 2t

AE Ae sk, W 366 mE FE Ad annke e e &

265 mm, 310 mmell Al colony & 749 HHAV|E dolr 7| $38] AyE
SFATE 260 mmoll Al UV ZAFAIZEE: 5, 10, 20, 40, 80, 100, 120, 240, 360, 4R0,
600 sec® Yol e 1 sk A48 A7 15 secol A colony F7F %
7] ke wro g &lom, A~5R F ghde] AR AE FSl i e
31 310 mel A= UV ZAF A ZEE 15, 30 min, 1, 2, 3, 4 hour® A ¥S 33
sttt A3 23 15min & &5 W7 eyt ew) 4AF o] 5 o A

ol o] Folhd T 265 mol theh ZRAIgE vlolB & ofef 1 =R el stth

o=

2500

— i
£ —=— 265 nm
o
L
O 2000
"o
X
N
N 1500
>
[=
9
3
C 1000
o
S
[<*]
Ko}
g 500
4

I ~N

.\.—.—.\
O n 1 " 1 L s L 1
0 1 2 3 4 5 6
Time (min)

19 230 265 me o AE
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1600 - _a non-irradiation
1400 F —a— 365 nm
1200 310 nm
1000 . —=— 265 nm

800 |-

Number of colony ( 1x10° CFU/ml)

600 |-
400 |-
200 |-
0 _—!L . .
1 12

Time (hour)
19 240 AT A A=A A E

$1 s A wiA] APdAFeltt A A 27 AA wjH] A
UV Iradiation A1ZF2- 0, 1, 2, 3, 6, 9, 12 hour® AA st 48 A3
Non-irradiation 4-%-© A17+e] A 3o wpzh E. coli®] Colony AlF7F 323
<7t stk 365 mu -¢-& AlZFe]l AYF 5 colony MF7F 543 S o
dovt, F7F9] &o] Non-irradiation UH] ZA&dF o 12 AT F
Non-irradiation ©H] 80 %<] w47} HZA AT 310 mol A= 12 A17F A
kAl w5 S dojubA] ol oA Hlou 1247 o] R HE X
A Z7}5 o] Non-irradiation 0] <k 4% 47 LA AT 265 mol A=

2

Olt =

ofr

2AAA = atape] S7b7b 3] o Al"e glskdth whebA 265 nme
Aes grae A watE kAl 2o2 % & 99w, 310 me ASE
AR Faasts s dew 9 & Uitk
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A 2 A AFE F+(Salmonella typhimurium)

% 25, e wE Aes g Ay
(D Non-irradiation & 365 mmu @ 310 nm @ 265 mm
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A9 A (D

® Non-irradiationd] A& AA WA Fo] HA Y& & F AUALh
® 365 molA = o]l A WA HA A Y, Non-irradiation H.TF

#o FAZL Fe AL L+ ANk o BE AF T 4 A

F07F duheE A8 SRk
® 310 molA & ol AA WAl HA dow, 365 mol vl T
AZF GFekh.
® 265 molXE o & AT dvkE s & Uk §A
Aol Colony7b ¥ wHAom, o7
7

O
S At ol2A X Ae & AT

Ad 43 D& 5%
PR B E = DA T - T
2149l CFU(Colony forming unit) 4373

110'~1/10°2.2 3x&uch. 28 29 29 263

2

(a) 1/10 314 (b) 1/10* 3] 4] (©) 1/10° 34

(@ 1/10" 34 (e) 1/10° 314 ) 1/10° 34

g 26, ANl dF 4EE PE A

_35_
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)
i
et
>
30,
e
O

A% Az 19 25Dl A Colony #4% astdosm

400

350 -

300

E

>

L

o
e

°>=<! 250
c L —i— non-irradiation

> 200 | —a&— 365 nm

o L 310 nm

8 150} —=— 265 nm

“ L

@ 100}

0

E L

> 50t

O [ - N 5 1
0 1 2 3 4 5 6 7

S A% A7 FH A WA Yol F colony F(EY: colony forming
unit(CFU)E 4%ttt UV Iradiation A1ZHS- 242+ 15, 30, 45 min 18]l

7]
1, 2,3 45 6, 9 houre® AHA oty HA3E FHstAtt UVE A 4

il
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-t AAE oA AHew, A 9 BE AEE Bt A4¥ An a9
273} e Axpry el Hith 365 mm, 310 molAE UVE FAMSHA] e
Non-irradiation®} H]<=%F F%]2 colony 7} WENGTE o]+ 20~307)
colony F# ol glovt 10° CFU/mE 3|4 & w2 3 ZAajolmg A
o] o]Fojx A og WY FUET. A= 310 mm, 365 me] UVE Salmonella
ol At FFE vAA e o e 4 5 AT shAE 265 el A
T AANZE o] F A At " A& 4 o ASTh EI 265 moll A F7F A9

& T8 AEE e wavle 15 eR vEgth 265 mel dlgk A

300

{ —E—265nm
|

250 -

\

[
200-\

=
150-\

Number of colony ( 2.8x10° CFU/mI)

100 [
\.\
0 , ! , T\l e ,
0 1 2 3 4 5
Time (hour)

1Y 28 266 mé] HFE g A9
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st7] $18] 1/102 24 ste] 1A wjx]e] g g & Non-irradiation,
ZAbEte] ] e dle A

e
(@)
a1
=
=2
w
[
[}
=
“E
[N}
(@)
a1
=
=
2
et
a1
>
)
off
r o
(o)
<
il

gelstity. A9 Axp oy 299 2L 7o SA4S & F UM

) @

9 29, 3
@ Non-irradiation @ 365 im @ 310 nm @ 265 mm
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A% A3 (D

® Non-irradiation®l 41 &= 2] 3

® 365 molA= A g7
UATH

ol FAE ekar, W1 F7ro] JERNtT) o= FE
A &7t AvkE AL Sk
265 mmol A+ At Z37F Ugkom colony YHAE A gkt

AE A (D)€ B8 X4 79 UV adto] gk Adge QWA 249
S W8 g e SAYE HA e A 23 dataE A7) HE (O
A ¥ CFU(Colony forming unit) A4 AdL APsArt. +&

S A9E 4 F AU

/10'~1/10°22 A3t A48 A7 19 307 2

e

(a) 1/10 314 (b) 1/10* 3] 4] (©) 1/10° 34

(d) 1/10* 34 (e) 1/10° 3] 4] () 1/10° 3] 4]

a9 30. A4l o7t ¥
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it
U U
my,
&
1
i)

25(e)ol Al Colony A& a3doz #HE 4= ).

200

150

Number of colony ( 1.9x10" CFU/ml)

100 —— non-irradiation
i —A— 365nm
310nm
—— 265nm
50 |-
0 1 | 1 i i 1
0 1 2 3 4 5 6 7 8 9

g% 3l FRA g LA eA Ay

X5 A P (Staphylococcus aureuis) A @A+ AR o] &dho] AF
AFe A vk A A WEe g3 2 ASsEo] wgE HiA
2 1/10°814 % 5 A=A o] =2 3 F UV-LED BOXel ¥i UVE
ZAPE T, UV A 5 324 v A Yo 54 32 heat Fvlo A 37C=E
24X 7F L A3 A7l H arAslR] $19] 1 colony (¥ colony forming
unit(CFU)E 743ttt UV Irradiation A13FS 242F 1, 2, 3, 4, 5, 6, 7, 8§,
hour &= A4 sto] A4S FsUt. 43 23 a9 313 £ 237}
21 2 oA AzHe, d "2 FE
A e Btk 365 molAE UVE ZASEA|] %2 Non-irradiation®} H]$=38}
F erE colony F7F WEbskth sEA[RE A E colony A 7F v

Y
-
12
A
WL
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2] ekgtom 15 %9 colony ol 10° CFU/ME 34 & wt 3 ZAxjo]
g RERAgo]  o]Folx  Aow  HY|E  FIErh 310 moAE
Non-irradiation Bt} 20% ©]4 colony”} #4% 35 yeldlon, <ok7he]
UV 237} vk 28 HAFT 265 mol A& 6A1ZF o] % b At

A& & AT ®=F 2605 melM FUF AEe FE ERA e kg

715 1A 30291 A2 ESlekith
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O
WA wRs R B4 B8] 918 V108 45t s

A W
=% 3l & Non-irradiation, 365 nm, 310 nm, 265 mmell 15A]7F &< UVE

Abghel Fel RO telA gotmgith 4@ A% 1y 328k 4L 7

1Y 32, gge] WE wpARs P A

@ Non-irradiation @ 365 im @ 310 nm @ 265 mm

_42_
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A% A3 (D
® Non-irradiation®] 4= A 8% |
® 365 molAe A ZIrl e ggtow Ax W
UATH
® 310 mol M= A &) vbehbx] ekgtth 365 mmell BE) F FA7)
gkar, ¥l F ko

o Qe e,

i
o
3L
T
o
rir
=)
2
i
£¥
ke
rir
o,
o
i
Y
fol
_ﬂ
_\|L
30

B7F ko colonyt A A T

.
o XA Ag w F wel Aol wam #o T T T

Ae A3 ()& B3 updF 2 Fe UV 23 gis 248 QuA A
e 28 g F A 277 HAJdo 7o A Ed dataE 9] Y&
A A¥<el CFU(Colony forming unit) 27 29l AgS JPscy. L

1/10'~1/10°2.2 s|dstget. A8 43 19 337 2 272 4 5 9ot

(a) 1/10 314 (b) 1/10° 3] 4] (©) 1/10° 34

(d) 1/10* 34 (e) 1/10° 34 () 1/10° 34

9 33, 3 Ao 9% mpAREA P A
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/é]

el

5 A3 19 25(e)olA] Colony FHE BHH R

E 250 £ - -
=

S R
R 200 A0
o

*

<t —i— non-irradiation
§ oo —A— 365nm
\; L 310nm

c —— 265nm

O 100+

(o]

o L

(T

(o]

o 50}

()

Q -

£

O ain e e e
Z 0 1 2 3 4 5 6 7
Time (hour)

Y 34w R A HA A

HRA T2 i (Bacillus cereus) A 3ol s LA B A o] st dd AAE
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