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Application of UV Technology for Surface Disinfection

Min Cho* - Woodong Jeong - Jeyong Yoon'

School of Chemical and Biological Engineering, Seoul National University
*School of Civil and Environmental Engineering, Georgia Institute of Technology

ABSTRACT : The control of pathogenic microorganisms is important issue in human environments, especially in surface area. However,
surface disinfection has not been fully researched. In this study, the surface disinfection under UV irradiation was performed to investigate
the quantitative kinetics for Bacillus subtilis spore inactivation in several experimental conditions, such as light intensity, temperature and
surface roughness. This study reports that UV light would apparently inactivates the microorganisms and the required IT value for 2 log
(99%) Bacillus subtilis spore inactivation was found to be 14.5 mJ/em® in plain surface, as predicted by the Delayed Chick-Watson model.
When UV was irradiated, there were no significant temperature effects. However, the experimental result shows that the more increased
IT values are required at larger surface roughness.

Key Words : Surface Disinfection, UV Fradiation, Microbial inactivation, Bacillus subtilis spore
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B AZ7|(surface roughness)o] <3t §%e THe oy
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scope(AFM, NS3A, Japan)ol A &AE Hd +£3 Fdols
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Zzbe] A9 § AP AJWL 0.05%9] tween 20%0] TH
# 20 mLY &) FL F 5879 vortex P& Fdho]
Eio] Bolle HAHA TXE "olma ¥ JAEe I
A& Bt @3 A FH(washing) StET, 10002 23]
3 Aol w2 A HEE BASGT B
gdoz sy v A TR H5EEL 99% ol
A 98 vl s TR BENsE YRR gt

E A7dA 2 48 33 o4 uE FFEAN, 90%
ol ¥ APNS et

23 25 2g

U3E BEYSE ERFo FPFH oz HPsy] e
Ae AT &5 2dg o8¢ siXo] dasit B A7
< A AFE B3t e E(dinking waten)d|l M &% B
dof #F e ATE JFAR vk 9len, o A3 2
€ Delayed Chick-Watson 2 UV A% A|okg v} Qob'¥

1N
L IT<IT, = log2Y-
0 if ¢ ey )

lag
N 0
IOgN_O = | ¢))
~kUT-IT,) if IT>1T, = ;log(Nﬁ)

lag
0

(Mo = initial viable B. subtilis spores concentration(cfu/mL);
N=remaining viable B. subtilis spores concentration at time
H(cfu/mL); I=light intensity(mW/cmz); k=the inactivation rate
constant(cmz/mJ); T = reaction time; 1T\, =x-axis intercept of

the inactivation curve)

£ AFo A& Delayed Chick-Watson 2dl& ¥o AF&
A% 2ddozh FE SMsAE FUERT, A% md S
&3 UVeY B9 AF EXS FgAoz Ayugit

3 2t | 1nF

31, W Aol 2i3F EHOIM HHdB A ZXIS| SEMIS}

£ d7elMe EhAA UV ZAbe] 93 vy 224
o E845E AWRYon, 1 ARE Fig 1(-@) e
WAtk AgA 2 A7 LEE 03 mW/em’sh 20°CE
ZA3Ath. £ =AY FFANAN AR wmshr] 989
pH 7.19) Q14+ &2 £9(phosphate buffer solution)el] w}a
BE IAE Y F BEANAY AT 22 2 A9 &
E ZAAA videis e BEYIN-0-)F AHRYT
24zt Aol Lol ZAIEA gk ) uid A 31
2848 Jehdz gsich

Fig. 19& g3 22 Al 7kA9 8% AMde] & e
U itk RA, kg UV 2(UV-C, 254 nm, 0.3 mW/cm?)o]
2R AT BFehT vplEA FRRE 49320 2 1og(99%)
7t 2843 H93(-@-), 53] 762 T 4 10g(99.99%)2)
F2 284SE YT 5= AJT Fig. 13 2L W &
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843 39 A UV V1&g F &8 o] & 230l
A

A4, £9 oA UV Rl g videls EA9] &
248 71 AT B} A9 AR FEoz v
£, 2 log9 vzl ¥R E8AHA 56271 295
, B AFolAe gtell wisl 1146 2 Aoz yehgoh
o]g]g Aol EWAFH UoiMe UVZE I3 vdgs =
Aol ZAMES B8YSHEY el EAAY BEFs=
UV 4] dR7F B s £45HA7] dELs F34rh
ol¥ gt 718& FAd] H3td Nad e +PsL,
UV spectrophotometerS ©]&3ted 254 nm ¥ EFJEE
4% 47, 1 om FA9 Q4 ¢F 898 BHE 9 &
3% A=Y 4 &£48 398 5 U £ EA A4
E 28435 39, g &90] FI(volume) THE EA)
371 g HAd ¥E U AJE EF5e 7€Yg diHe
ALY A Le 34 Y 9A et 4B FFEY 2
AE A4 5 Aok gEr] B AFAA 8Y(-0)F
H(-@-)olA v~ IRE A9 AR FEoE B84
g He AoR E £ gtk BUd EdA vy s ¥A9)
8437 A9 AR AMLE $AE FFA 978 o
Fe vAE BEHS FES EW AFAE FHEo] et
A& Uelly] WEd olF Fad vE 713tk

AR, Ed4 UV AEFH dt@7A 2 BHOA bz s
A 88438 AQAME FRHF AA7)(lag phase)E &
A% 4 AYEY duwrgoz UVl 9@ ndE B84
S P E W59 RNAY DNAS F9h-g] 93 &4o=
dgdEtt. & UV Yol njdEd 2AEHYE 35 dAgnd
(DNA: A|EA#} E|¥], RNA: AEAT f34) ERME0] Al
2 o)ZATE A H3 1 23 DNA FA)7} o]F0)7]
A ol £ T2 AHAZAY 750l BAHI] B
n g8 28845l o] RAA HE Aoz ddA At
wtA, Fig. 1] Yeld AA7)E o2 £8457} o5
A FE7A olFd Tl FHHeH L85 ATt 7%
Aoz FFdh

B4

—@— Surface disinfection
—O— Water disinfection

0 20 40 60 80 100
Time (sec)
Fig. 1. Inactivation of Bacillus subtilis spores using UV ir-
radiation in surface and water(light intensity: 0.3 mW/
cm’, 20°C).
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9 FIE @] ¥ Aot mAEY FEE UV =
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WA gsteh 9 A7 E7184E wilEs ¥21e) B84
3 S=7t F3EHA A¥F R FUtelath o8 59 02,
04, 0.8 mW/em’e] B A7)o14 HH-A A7) 3 10g(99.9%)
B8 ==Y Aee AL 47 93, 47, 2422, 9 A
717} 2w E71E duitt B@430) A295E AE 2
L S )

33 &% FUE 0|88 UV 5EH AT HEks

Fig. 29 Yehd HEAH2 UVell 9@ nAdE 2848}
AFHoE Ued & ASS guidt 2 dFdAE 4
(D)3 22 Delayed Chick-Watson 298 Ag35le] nlalg
& 279 E—%’ﬁﬁ‘r—g— et 2z st@qem 1 FAHE Fig 3
o Yetliglch. 4 (D9 &% 222 UV 29 2AKY A
71D x ¥hg AZHD)T v A E B3/} vlE s A
oA FE=8 4|3, 2QA7](lag phase)ol g FFS Y
Aoz a2 Aotk Fig. 39 AT, Fig 2004 tds
9 AZIANA A B2 wldEs ¥R BEHEE UV
4o zAgl @g AR=E el RAol:, Fig 39 #F
(footnote)= &% Zdg HEH S w9 38 A 4
Ao HEHe Bl H9F 2do HPHe AR 2

Light Intensity

0.2 mW/cm?
0.3 mW/cm? (from Fig. 1.
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0.8 mW/cm?
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or|e

Log (N/N,)

0 30 60 90 120
Time (sec) )
Fig. 2. Inactivation of Bacillus subtilis spores with UV irra-
diation in surface at 20°C.
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A9 2 log(99%) EBAS 255(ITE 145 mlem’ql A
£ A & Yok vPE BRYS $3S 2% g A
g3tel mRHos PP T ¢ Yk R, AY £39 2
o} 0B E Aojd] o} okF FaF 8kolth

34. EH H&!7|(surface roughness)dil CCHE HiAE{A
Xte| 2843l §Y
UVE 100~400 nm 338 /1A Q& gez 1 3%

Hd

o] w2} UV-A, UV-B, UV-C 281 Vacuum UVE UHA

e, 100~200 nme] #3& 7FXE Vacuum UVeE &
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Zol & Fdte oItk £ AFANA AHEE 253.7 nm
e UVe F% DNAZ 713 & §53te 9302, 3
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e}, o)e} Zo] uAE B8P F2 AREE UV-C
49 AL, o2 0 o o vE 22 Fo] AY «
ouiA gt mEA UV-C 33 ol &8 HAE B84
= UV7E 3302 A FRAAT dojuA et o
23 AHEE #1387 $iste Tdd 712 AEE FYIS
th & AF EHY 9% Wl wdE: TAE EXAT)LL
UV do] 2AHE i) dgoz xE THS IFL &
Fig. 17 22 ZFA 108 54 UVE A ubilg
& ¥ BEYSE AFEYT UV o] ZAHE U
L2 AE W) F9 UARAE 9, 6 10g(99.9999%) ©] <]
EE457 dojd R b, v ggez AE 3HS

0 EJ—in =
Z' R0
Z 2
ob
-1 4 ,3 2
'§ '
2
- Q o 1 2 3 4
Z 21 Predicted (-Log (N/Ng)
%«0 Light Intensity
S 5 ® 02mW/en’
B 03mW/em®
A 04mWicm®
4] O 0.8 mW/cm®
) O 1.6 mW/em’
0 5 10 15 20 25

IT (mJ/cmz)
Fig. 3. Quantitative evaluation of UV disinfection from the
Delayed Chick-Watson model prediction.
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uEl 271¢] vgEe] W F YA W} UV go] &
=237] AdE ARRAd 9 908 FE Ut} Fig. 29
Uehd ZAAFE PAE 2843 UV A we 37
3] 2HAA 7] WEe] EHe AB7)(surface roughness)=
UVel 9% B 27X 583 2ot 2%, AAAE
9, 2%, ¥9x 5 UL 2u9 Jd £4 Feol(maxi-
mum vertical distance)E ZWE A} )RR IFuo &

ErHA A 4 mpolaznHY A £33 FYo|E sHAn
AE Aoz veigth g Bl AZVE A= EHd)
A vk A9 BEYE AvEgta 1 AHE Fig
4ol JeRAZEE AgoAM AR vladdia ¥49 a7)= ¢
9 Yergg A AT Fig 48 BY, g s 14
o Ha) ®HY o] F Z90.1~100 nm) vpAH2
AL B@Qse AY Aolg HolA gtk Iy | pm
ol4e EW AZsIF Bole FFNe EH AN} 2
$E 848 £27F A4 AE 28 #9098 5 Ao
EE AZ77F 3.0 pmd B9(-0-), F3ig 2 A 7(tailing
off)7} AAHAL, ol EW I 93] 2o RAlgo]
2387 dEoz FFED a8u e 4a8dEq) &
Aste B2 EHEC F molazug ojste] ¥W AR
7ML 9 F& 2B, Fig. 414 36 mjem” 5
4 IT oA 99.9%(3 log) o149 mAE B&43 g
d& F g AL=E 7Oy, o8 AFdE UVE o &
¢ ¥ A9 2 Aol 2 £ Ak

EH AZ77E 8.0 um o] Aol Brd FRE tailing
oft/b e} itom 2 loge 843l olF iy TR}
H ol £8435A] Adth oA EHe] FZo] 2 7
%, ZAHE UV "ol ¥ I ol Zd Q& vy A 2
Aol Aol =@ Rely] dEo2 FFHrh = ¥H A

Ir

—--—= 0.1 nm (from Fig. 2)

0 10 20 30 40
IT (ml/em®)
Fig. 4. The effect of surface roughness on UV disinfection
(light intensity: 0.3 mW/em®, 20°C).
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A AS 227t YEFE vAE EEY5 20t
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20, 30°CellA HABE EEgsE AHEY 1 FFHE Fig
501 yeliSith A48 A UV #=xe] 9 A7|(light intensity)
B 92 2EGONA 15% w2 £¥& 2t I,
2] (2)¢] Delayed Chick-Watson Z&& A}&35le] HldE X
Exe] B85 7)v)€(inactivation kinetics)S 3 F3FtY
£ d(Fig. 5) 2= 9% FFE UehtA gstth & 2=
o 2@glol, 3 10g(99.9%)e] B8 IT FE 19.2 mi/em’
L2 dFA vergth 229 wele §FE B4 det
€ 32 AA #Z99 HEA &5 BH9 AAE &olst
A B7] Aol ole§ AFAE UV RALE o] &8 W &
ol ol FUe JulE 7pAh

30

A

i

B
At

Mo o N
fo &

Mo &% o Mr & M Rt
Hz g e

Temp. \§
o N
-3 1 ® 5°C

N\,
m 10°C 5\
A 15°C N
41 ===-20°C (from Fig. 2.) \§
O 30°C §

0 5 10 15 20 25
IT (mJ/em?)
Fig. 5. The effect of temperature on UV disinfection(light
intensity: 0.3 mW/cmz).
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