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[Abstract]

In this study, we propose an antibacterial cosmetic case using UV wavelengths. UVC have excellent
antibacterial strength in terms of economics and convenience. The purpose of experiments was to prove
it and to select a suitable permeability material. In experiments, UVA, UVC machanics and the
competitor product were used to measure and compare the antibacterial strength of antibacterial cosmetic
case using UV wavelength. S. aureus, a gram-positive strain, was used subject to the experiment, and
the antibacterial strength measured and compared the number of colonies using the plate count
technique. As a result, both UVA and UVC showed antibacterial activity, and UVC showed the most
powerful antibacterial activity. In Conclusion, the Quartz glass was the most suitable of the permeable

materials, but the more thick the examined quartz material became the less antibacterial strength.
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I. Introduction
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II. Materials and methods

1. Experimental background

1.1 Principle of antimicrobial activity by ultraviolet

AFIAd2 ool oF 100nmojlAf 400nm7kx]9] A}
nt2 A, ool et UVA, UVB, UVCZ 23t} [13].
UVAE 400~320nm 50 Ao Ajj4ds, UVBe
320~280nm -+ opo] AJAME, UVCE 280~200nm
220] tupy Ajelie ojujgic [14]
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Fig. 1.
UVvC.
irradiation zone of Completed Product.

Design of Anti—bacterial cosmetic case Using
(a) Completed Product. (b) UVC beam
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2. Materials
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2.1 Experimental materials
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Fig. 2. UVA, UVC machines. (a) UVC machine.
(b) UVA machine.
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Y 2™ Fig. 29 (a)= Aol ARESH UVA 7]7]
LEUVA35W70RLO0 (LG Innotek, Gangseo-gu Seoul,
Korea)o|ct. ZAF F4d9] opg F9qdh= Fig. 39 (a)2}
2t (360~370nm). Fig. 29] (b)& Aol ARt UVC
7171 LEUVK37BOHF00 (LG Innotek, Gangseo-gu,
Seoul, Korea)o|tt, ZRAF LA9] oy JAtfE= Fig. 39
(b)?} ATt (265~285nm). UVC & UVA 71719 EAlL
Table 1] 7J2]sict.

Fig. 3. Wavelength area of UVA, UVC machines.
(a) UVA machine. (b) UVC machine.

Table 1. Characteristics of UVA, UVC machine

Value
Item
UVA uvC
Wavelength(nm) 365 278
Fig. 4. UV i . (LR2032
Forward Voltage(V) 3.7 MAX 9 9 UVC Competitor produet. ( )
Forward O3 Fig. 4= Ao AF&sH ERAL AlE LIR2032
Current(mA) 1000 20
(Competitor Product), (Shinanacosmetic,
B Angle(® 75 125 =
eam Angle() Gangnam-gu, Seoul, Korea)o]tt. ERA} AlZE& UVC
Size(mm) 34x34%X334 | 3.4x3.4%1.62 LED 2imo} Blue LED 222 287t FAlSto] &bt &4

o] ol2o}x| =% AAE ABolck. UVC LED ALt A|%
3|4l ZASH= JLxo0]1, Blue LED 3IL= 0.5% 7 XA}
S1T L5& I ARl WA 287 WhEste 1A 2 o]
ofd Qick. W ALE Fol Ao|AZ & A4S, Wmzue
o ZARE AHEO.E WAIE|Y] AFFARS A7]akEck
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Fig. 5. Types of permeability materials.

(a) Polymethyl Methacrylate (PMMA). (b) Thermally
toughened glass. (c) 1.5T quartz glass plate. (d)
5T quartz glass plate.

()= 2Rt ota= %E}*EJ(PMMA) (b )%

A
3T 3 mm)2 =

2lojct. (a)et (b)e] F= a5t ()2t
(dre 27 1.5T (1.5 mm), 5T (5 mm) AY F2jo|ch.

Table 2. Characteristics of quartz glass plate

Item Value
Density type(g/cm?) 2.2
Hardness(KHN1qq) 570
Coeffici.ent ot thernﬂwal ] 5 5x107
expansion(20°C-300°C), (cm/cm°C)
Thermal conductivity(20°C), (W/m°C) 14
Specific heat(20°C), (J/kg°C) 660
2.2 Experimental reagents
N vigoll=  8j%¥7] LCC-150SP  (LabTech,

Namyangju-si, Korea), =3 & HjX]Q] EB#& 1219t
7] ES-315 (Tomy digital biology, Nerima-ku,
Tokyo, Japan), Alat 8igfele] S8 542 538
Multiskan FC (Thermo Fisher Scientific, Waltham,
Massachusetts, USA)E Al8-5tich

59] vjjoko]] AFR-El Luria-Bertani(LB) Plate= X &
0] 47 mm®9l Petri disho]] 9r=0] AR5t LB Plate
= Sodium Chloride (Sigma Aldrich, Missouri,
St.Lousis, USA),

Extract,

Bacto™ Tryptone, Bacto™ Yeast

Bacto™ Agar (BD DIFCO, New Jersey,

Franklin Lakes, USA)S AR5ty CH LB Broth&

Bacto™ AgarZ A|Q]3t LB Plate?] &=Aw} 7t}

2.3 Bacteria culture
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7k FMEEYTF iU 200 W 71, 595 nmol
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3. Methods
3.1 Comparison of anti-bacterial acitvity by UV
wavelength
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UVC-X, UVC-1.5T, UVC-5T 2 UVE ZRAISHA| 2 o
Aoz AAsI.

Alsle shal i ¢ AR vkl 100 p0S LB Plateo]] =
T5HIT) BT Al E2oll= BT AlE ARE ool &
o] 2:23F ZARSIYIAL, UVC-Xi= UVCE 5&1t RAfst
QL UVC-1.5T= UVCE 15T $719] Ao feofl Tt

[u]

[e]]

i)

o Salo] EDA|A 58I ARG 7 BRELS Ale
oA 24A17F vlgsAT.

III. Results

1. Results of statistical analysis
A3 AT o) ARL 38) vhEsio] AWE Aow, A
o] WAk Atstol Agich 22U Se HIALY
oz guEEyTFe] 22U 42 5930 2K A9t
221 P48e Ohg 2408 ARtelgrt
C.—E,

R(%) = “C € %100 (1)

c

Where, R(%) denotes Colony reduction rate, C,
denotes Control group’s Colony no, E, denotes

Experiment group’s Colony no.

2. Comparison of anti-bacterial activity by UV
wavelength

Fig. 6. Result of comparision of anti—bacterial activity by

UV wavelength. (a) Control plate. (b) Competitor product

plate. (c) UVA plate. (d) UVC plate. (e) Colony reduction
rate table.

Table 3. Colony reduction rate of measuremnet of
transmission effect for UVA

Item Colony no. (SD) Reduc(t;J)n rate
Control 471.66 (£193.33) 0
Competitor
+
Product 405.00 (£138.33) 2.68
UVA 318.66 (+£270.61) 32.43
uvc 18.00 (+28.61) 96.18

JY Fig 69 Ag: fxZ @@ 22y 4
471.66+£193.337l, EfAF A= 405.00+138.337}, UVA
318.66+270.617), UVC 18.00£28.61719] 2=2YE A&
Stk o] 2 Fig. 69) (b) 32U T4 2.68%, (0)
E22Y 32.43%, (d) 224 96.18%% UEITH & A3
£5 UVC, UVA, ER}F A% 202 @] Uett,

3. Measurement of transmission effect for UVA

Fig. 7. Result of measurement of transmission effect for
UVA. (a) Control plate. (b) Competitor product plate. (c)
UVA-X plate. (d) UVA-G plate.

Table 4. Colony reduction rate of measuremnet of
transmission effect for UVA

Item Colony no. (SD) Reduc(ti/:))n rate
Control 729.00 (+£162.94) 0
gfg;‘l’ﬁ“or 671.00 (£194.51) 7.95
UVA-X 622.33 (£159.48) 14.63
UVA-P 676.33 (£184.31) 7.22
UVA-G 618.67 (+£215.89) 15.13

9 Fig. 79 Aif= tiEy Bt 22Y 4 729.00
+162.947], ERA} AlE 671.00+194.517H, UVA-X
622.33+159.487§ UVA-P  676.33+184.317) 12|11
UVX-Gi= 618.67+215.89719] 22US 74534} o] A}
Fig. 79 (b) 22Y 7482 7.95%, (c) 224 14.63%,
(d) 224 15.13%, (e) 22Y 7.22%=2 UERITE UVAS

e AR EARIE T FRe A UentA o,

4. Measurement of transmission effect for UVC

Fig. 8. Result of measurement of transmission effect for
UVC. (a) Control plate. (b) Competitor product plate. (c)
UVC-X plate. (d) UVC-P plate.
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Table 5. Colony reduction rate of measuremnet of
transmission effect for UVC

Item Colony no. (SD) Reduc(t;J)n rate
Control 691.33 (+£104.57) 0
Competitor

+

Product 557.66 (£152.59) 19.33
UvC-X 20.66 (£31.56) 97.01
uvCc-pP 177.00 (£64.11) 74.39
UVC-G 143.66 (£80.69) 79.21
I3 Fig. 89 Zik= oty B4 Z2EY 5

691.33+104.577}, E}A} A& 557.66+152.597), UVC-X
20.66+31.567)), UVC-P 177.00+64.117] 12]1 UVC-G
143.6+80.697119] 22U Z&3)ch o] Ay} Fig. 89
(b)) Z=2Y dasg2 1933%, (o) Z2Y Hred
97.01%, (d) 224 ZHA&2 74.39%, (e) 224 74 &
2 79.21%= ettt 2 AdES Folf UVC-X, UVC-G,
UVC-P, ERAF AlE 02 =0 LERITH

5. Anti-bacterial activity of thickness for quartz

Fig. 9. Result of anti—-bacterial activity of thickness for
quartz. (a) Control plate. (b) Competitor product plate.
(c) UVC—X plate. (d) UVC-1.5T plate. (e) UVC-5T plate.

Table 6. Colony reduction rate of measuremnet of
transmission effect for UVA

Item Colony no. (SD) Reduct;on rate
(%)

Control 729.00 (+£104.57) 0

Competitor

+

Product 671.00 (£152.59) 19.11

UvC-X 622.33 (+1.41) 99.90

UVC-1.5T 676.33 (+8.60) 98.94

UVC-5T 618.67 (+£14.43) 98.04

I3 Fig. 99 Zik= oty B34 Z2EY 5

1036.00+£321.857), EFAF A& 838.00£210.4671, UVC-X
1.00+1.417§, UVC-1.5T 11.00£8.607§  UVC-5T
20.33+£14.43719] 22425 A&3ith o] 21 Fig. 99] (b)
Z=2Y Jas2 19.11%, (c) 224 ¢4A82 99.90%, (d)
24 TAS2 98.94%, (e) F2Y UASS 98.04%=

Rt 2 A¥S &5 UVC-X, UVC-1.5T, UVC-5T,
BAL AlE o= o] UERITH

3|5 Antz o] YE= A2 UVCE A1 ZAL
AU A 2ARE o], 49ReE FasA & 4
It 45U et Zle & 4

IV. Discussion

B A7 UV I Y3e 595k, AA2 ¥
S gl F3h APRE Ml UVCE olg3t U@ oY
F 7ol 7 2xoz sgit

SPgEol et 715/de AR Al Oz, of
FEe QAN 7P YIS 2ol= AlE & St
7F =St} [1]. ePgE2 n8=e] HAlo] 4 e4&
A, odet mBEAgtE: 4o7|= o] EAE 4~ A
(1, 2]. o] fiZof eMgEol= =2 SAS Wallsh=
UEA7F ARESIA G, WRAQ] Yol thEEHA =7}
oAM= WAL ARE-S Agtetal Qltt [4, 10]. L thete.
2 AAE UVE o]&sto] &8 715782 RISt

Yoon" 5 (2014)2 0]NSHK]o] mte ot}
1 E0] UVAE ©=02 RARE 9, ti=H 60% ©]
51| AMtg0], A EgH2 20% o|ste] Atgo] UERIT
£ AWE AQIc}[19]. oo uisH, Choi® & (2002)2 4}

AR R EAE Qe dE B

MEEPTFE U, UVA 2 UVCE ZARSHRL, £

96.18%2 Fo] B Afol2 Worh
AR S o 8%t b AHE-S Afel
E

[e] }l\__ =]
ExslAAt Batest e 2Ae Balsta g
]_

wH, UVCO| @ #yo) aapdel e
2 74482 29 N9ee2

S ulastolud, Sat o] W 22y 7ag wE
UVC7} UVARTH £9le. 41, ZARE A9 aelo) il &
AL EALDLE FRo] 24519 (Fig. 9). A2l e
npo] 242 R0l DlAI: Qo] S, g AE)
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&= AtefAl2 Tbgel UVColct [14]. EoF, oF
of IS A= t¥EEe e S, ALEA,
7 A

RE/dt, o QuRiA 5ol 9l [22].
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