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Abstract

Because an irradiation of 405 nm violet light could have a strong energy, it was used to be
sterilized against various microbes in the indoor air condition or fresh food. Escherichia coli is
a representative bio-pollutant in the indoor air-borne bacteria, and a hygienic microbe in
the horticultural food. This study evaluated the inactivation influences on E. coli DS5a after
exposure to 405 nm violet-light (VL) by investigating irradiating time, and the vertical and
horizonal distance from light source. The illumination of 405 nm VL was inversely proportional
to the distance from the VL source. E. coli DS5a on nutrient agar (NA) was inactivated
approximately 50% more than the control when irradiated at 65 cm from 405 nm VL for 3
hours. When compared to the control, E. coli DS5a was inactivated approximately 50% within
70 cm from 405 nm VL for 3 hours. As it was irradiated for 3 hours 70 cm away from 405 nm
VL, the horizonal distance from the point was negatively correlated to the inactivation of E.
coli DS5a. These results indicated that the inactivation of E. coli DS5a grown on NA medium
needs to be irradiated with 405 nm within 70 cm from the light source for 3 hours.

Key words: 405 nm violet-light, Escherichia coli DS5a, inactivation of £. coli, irradiation
distance, irradiation time

Introduction

AR A= 8 R-5 2 o] 2ol o] dxe] Y-S AR A] 7] wiizoll AR}
L 2ol olaf Al L FE 4= Qlo] A1E S YlE sk 22lo|Th(Park et al., 2016). 2|
Alggre] sigtel 7ol thgt T Sl E 2 AFe] AH|7FFS7FskaL Qlof b Al Fe] o
217} = 2 5}TH(Choi et al., 2005). AAF FollA] A Eu Al4dHo] 52 E e o) Zﬂ%l A
Hohe At gong ARE Jof &5 7] 4th(Park et al,, 2001). AF2] n|AYE @
= Ao A th&wt(Escherichia coli)O| Lt A @@t (Salmonella spp.) 51 22 A1 5% 0|A]

29| HEH|Eo] A Yeht F714 <1 U EF Bl bdye] thHo] € 2 51ithHong etal,

=
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2012). E5F AP A= Z2) ol B 132 o|y] $8lsle AARAN FFAH R} FARl RIS LR o] o]-&0)
ZH=) 3 1Ot kJun et al, 2012) 2] 0] 1oFslo] A|3HA 0 2 A|Z o] o] HlFe] A|A7} ol a1, YA n|AY
Zof 245]7] Fth(Adams et al., 1989).

GubH o 2 AlFo|M AFs o] 2F2 FAIsH] fls] DA 2] WS ARESEAL Qo Al A AL Al A o)
U AR A S8 Al 5ol HA o] HAYGHA| E|l B2 A28 AV |eS DQ 7 5l E]'(Park etal., 2016). 03213] =
AJst A7 &R A7) A7), FEA S8 S8at B4 WP (Lee et al, 2018)7F FEofL 7| Ealj4
8ok aFek4 B W HAYHE4 S ol &ot= =84 W o| UTH(Park et al., 2010; Im et al., 2016). Park 5
(2016)2 A&} Ao SFEAE o] -850 -2 90 - 99% AFESHE 21 O 2 LERITY,

T Aol A 7HAIREA G B 405 nmeZ (R violetlight, VL)Y BFO]2] 2 (Rathnasinghe et al., 2021)4 0] A=
(Maclean etal., 2009)°1] thal} At-58& U= 2 02 oA Qlok whebA 2 Aol A3 Aolu ety 5
405 nm 4] E-87Hs/d= 71517 | 21l 14 nl =R tIEHE. coli)el] tiet At 837} l=A1 & AT

l‘U

Materials and Methods

A=

AtE 20219 9¥HE ditisha AAlof|A] 371 BRF SR QI Aol o] & FA| B ELS o
H(Escherichia coli DS5a)2 '@t n 2 B E | FA] F2 dejistu AFAH B 7| EAlEof 445 7 AEleto]
2@ 714 R AT AR R E Fofol ARSI FY-2 WP THo] 2 S(light emitting diode, LED) 5-2-= 405 nm
S dd-S U= ol AU thFig. 1).

2ol AL HE| H =R

Lelo 2 HE 0|4 ']ﬂoﬂ Ef]‘ —4 ’\1]7]—3— = 5}7 | -(HEH ZE73"(BQM, Spectrum Technologies, Ins., UK)E- ©|
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Fig. 1. Optical emission spectrum of a 405 nm peak powered by 15 W LED (light emitting diode) downlight
array taken from an integrating sphere system manufactured by Everfine Co., LTD. (Source: Health
Information Center at Korea University).
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100 cmol| A 24 51dct TP o 2 HE| 52 0 & 70 ¢m o] AE X Hol|A 5O & 0,25, 50,75 L 100 cmo| A &
IS S ST S E F G TR ofgfe] A o]-g-8t0] 2o} Fol|UR| = Akt

Z = (mW-em?) = 3-8 FAE (umol'm™S')/4.6/0.1
FolHA](Jrem?) = ZE(mW-em”) X AIZKS; second) )

405 nm 2 ZAFAZHE Ao d7

Fe] 4 A AlZkE 2AKSH] 1A 405 nm A 2] = E. coli DS502] At 2 IE AT Hattholl A E.
coli DSSaE A5 HiFo| 2 YFE A5, o] & B2 5143 & 54 NS nutrient agar (NA) BIZ|o1] 100 uL
Z5}o] =t 5 AL ZALSIITE Rutala 5{2018) 405 nmOilA] 2F 2 W E.0] A2k 61 em)el|A] 405 nm L2 2128
| acinetobacter2] w47+ ZHAFTHIL B 115t0] 33 0 2 RE] Td+t2] o] A A 2)= 65 emE 2753 Fe] AL
AIZE 1,2,3,4,5,6,8 H 12A17HE A2l AL, ZF A7HE thx s 7oA Hefeiel or, Al 25 25°CE AlY
Aol A ATt G ] Hel7t S5 ot vl A= 28°CE AR H 87 |(IR-250, Daihan Scientific, Korea)©l]
A g8AIZH HIFSE & AHE RAVSHO] A58 S W7 eiTh thdate] Ats 2 F A ef et thxte] g4
£ ZAfsto] oflje] Al 0 & Alibsgict.

s (%) = (1- 33 A 2T At/ 2T et X 100 ®)

Areteitt. Etiol| A E. coli DS50E
AHlZ]of] 100 pL &9 & =S &
ol Al x2Jstl o, AU &&= 25°C
28°CE MR H vl F7|ol|A] 48A17F vl

Z N

o
fr v o o
Y

Fs o
YA ZABITE FAL ZAFATHS 3AREO 2 BT, R T 9
= A2)7h et ot v

[

g
A& QJsl] Hitthol| A E. coli DS5a5
NA HiZ]o]l 100 pL HEe & =03t & FAe
235193, FPo 2 RE o] Azl 0,25, 50,75 L 100 cmZ AR T, hz2T= dF 7oA A5t on
Al 2= 25°CE AR E a2 Al0)|A] AR5
of| A 48AIZF BT & 4B AL At sEE 7SI

SAEY

E A2 2]+= SPSS (IBM SPSS Statistics version 12.1, IBM, USA)Z ]85} Tukey AT T 744 DA HA S &
alf A 2]t gt gre] R A Skt
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Results and Discussion

405 nm 9| ZAL H2[E =

Yoz RE 224 A2 8 2=t S 720l w2t gL, A4 2 A2 UERthFig. 1). 339
T A AR (y=2198¢",y: 25, x: FY O RREQ] 7] 7))ol 2
St Fo] A FRFPAER 70 omS 7|F 22 1 0|4 A2 E SAT 2uh Yoz RE o4 7
27} oA 45 ZFasto] 12k y =-0.001x + 0.1, y: 2%, x: 70 cm =°]°l|A] 0|4 A
(Fig.2).
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Fig. 2. Relationship between irradiance and vertical distance from 405 nm light source (A), and between
irradiance and horizontal distance at site away about 70 cm from 405 nm (B).
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405 nm F2l ZAFAZHE CiE Ao e7

405 nm FU ] FA} AZtol| whE tidate] At S 2ASHO] g A 2ol] 2%t At =S ZAFSHATH Table 1).
22| A|ztol] whet oFxto] xfol & Ltujo] F ] 2A17F ZAL A] o] oJ3h A2 & k= 2RI A] 23k 405 nm
Fo] 22l ofsf tirdate] Aol A== RS LrEnh F A 2ol 2T tigwtel Ae g == 1- 100%
S LT, 3412 o)A AT Al 50% okl iR ALR A S UERT, 6A17F 014 ZAF A) 80% o] 4
FEIRE VER 50% ol ko] A ETE UeRs 24 TR 3AIZE 2 ZARI T, ofmje] 4 FoluiAlE
F 1,409 J-om™2 YEFATE Kim 5(2017) Streptococcus mutans©l] 405 nm G-Y FAF A| FRA} AJ7ko] 271642 1]
ES] et agitial B usto] 2 A7 Antel fARE Auks Urepc
Table 1. Inactivation of £. coli DH5a by irradiation time of 405 nm light source at 65 cm distance.

Cell count (cfumL™) Inactivation rate

Treatment” (h t-test”

reatment’ (h) Without 405 nm With 405 nm (%) e
1 7.5 % 10° be 43 %10’ be 34.5 ok
2 1.5x10°¢ 1.5x10°¢ 1.0 NS
3 9.7 x 10° be 4.7 % 10° be 51.0 *
4 8.7 x 10° be 1.3 x 10° be 73.1 ok
5 255%x10°a 11.9x10°a 53.3 ok
6 6.3x10°¢c 1.3x10°¢ 80.0 ok
8 18.4 x 10° ab 1.1 x 10° ab 94.2 ok
12 1.1x10°¢ ND' ¢ 100.0 ok

ND, not detected.
¥ Treatments were follows. 405 nm light was irradiated during 1,2, 3,4, 5, 6, 8 and 12 hours at 65 cm distance from light source.

” t-test between irradiation with and without 405 nm light source. NS, *, and ** represent not significant, significant at the 0.05 and 0.01
probability level by correlation coefficient, respectively.

a - c: Means with the sample letter within a column are not significantly different by Tukey’s multiple comparisons test at p < 0.05 level.
405 nm 2 =AF 2| E iAo 7t

405 nm Y-S 3AITE AL A] FL O REE AP Ao 2 o] AF IS AL THTable 2). 3
Fa]2] Lol A thde] A4 1.5X10° - 7.7X10° cfumL ' 2] HO| S, T A Fo g Adrs B4
-73X10° cfumL" 9] {91 YeRTE F A} of Fof| b2 th 2] At E 3= 70 em o] W] A 2loll A= 3¢
ZA} 2 2] Fol| A thhato] A7t AL, 100 cmOl| A= SA1Z 0 2 -§-2]F 9] Xpo] & Lehl 7] ekotch
Ao] ZAF A7 20 em o W0l A= Tito] AEE]A] 2443, 30 - 70 cmOl| A<= 78.8 - 84.9%2] T+ AA| &t
£ UEtH o] 70 cmo]WHioll A= 50% o) 2] T A7 AA| &S YERTE 70 emoll A 3A17E E9F 405 nmE &
Abehs 79 4 goll A= 1,174 Jem™ = ZAFE| QAT

L
e

405 nm ZFHCERE 0| 72| & ¥ e| =gt

405 nm ZY-Z 3AIZE 52 70 emOllA] 2 E]ehal, PP R EE] S 0 & 25 cm#] o] AT F thto] At E
= A CHTable 3). 33 F2]2]7-2] thhat a4 6.0X10° cfumL' R, 33 2272 o Ao
£ 1L1X10"-59X10" cfumL'E WEFATE. G 45 o4 7zgjof] wh2 o] &2 24 720l =0
em A 2] 81.1%2] T AFEIE Leto] o AaEat fAkSE A avts yelylon gelogr
4702 25-100 cm O] FH 2ol A= 2.9 - 38.0%2] T+ At &S LpeR o] 50% o] ske] At a s Lt
BRIt PP o 2 BE] £2] 0 2 70 cm A oA £ 2.2 25, 50,75 L 100 cm ©] 2 H A7 ol A 3417 BQke] A
ol A= 2+240.13, 0.09, 0.04 2 0.00 J-em ™S LHERATE

i)

1
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Table 2. Inactivation of £. coli DH5a by vertical irradiation distance with 405 nm light source for 3 hours.

Treatment’ (cm) : Cell count (cﬁl.m]{l) Inactivation rate t-test”
No light source Light source (%)

10 52x10%a ND ¢ 100.0 *k
20 43x10°cd ND ¢ 100.0 ok
30 1.5%x10°d 0.3x10° b 81.8 ok
50 2.0 x 10° ab 43x10°a 78.8 ok
70 3.7x10% ab 5.6x10° a 84.9 *
100 7.7 x 10° ab 7.3x10° a 52 NS

ND, not detected.

¥ Treatments were follows. 405 nm light was irradiated 10, 20, 30, 50, 70, and 100 cm vertical distance form light source during 3 hours.

“ t-test between irradiation with and without 405 nm light source. NS, *, and ** represnet not significant, significant at the 0.05 and 0.01
probability level by correlation coefficient, respectively.

a - d: Means with the sample letter within a column are not significantly different by Tukey’s multiple comparisons test at p < 0.05 level.

Table 3. Inactivation of £. coli DH5a after exposure by horizonal distance at 70 cm point from 405 nm light
source for 3 hours.

Cell count (cfurmL ") Inactivation rate

Treatment” (cm) No light source Light source %) t-test
0 6.0x10" 1.1x10"¢ 81.1 o
25 6.0x10" 59x10"a 29 NS
50 6.0x10" 44%10"a 279 NS
75 6.0x10" 25%10"b 380 *
100 60x10" 56x10"a 73 NS

¥ Treatments were follows. 405 nm light was irradiated 0, 25, 50, 75, and 100 cm horizontal distance during 3 hours at 70 cm vertical distance
form light source.

“ t-test between irradiation with and without 405 nm light source. NS, *, and ** represnet not significant, significant at the 0.05 and 0.01
probability level by correlation coefficient, respectively.

a - c: Means with the sample letter within a column are not significantly different by Tukey’s multiple comparisons test at p < 0.05 level.

ik

nAE2 Ak o] At ofsf FAEAE W, 2AFAJTt] Z7Fe45 n] A B tieh vt = Aaditt
(Kim et al., 2017). k2] 2] o2 Z7HAlGA H T} 7239t ol | A& 280l Qlof rldE LA 9 Ato o]&
UARE ARGAPol|A] Qb B 3w 7ot 55 FH6l7| & st 2 ARgol Qlo] F2& 2 & FHH(Mok and
Lee, 2008). THebA] Q1A fJsll/do] Ao, Qg Bl 7FA1gA (380 - 500 nm)o] AHeJ/4d2- tiAlste] Auie] A
2 9J5) 0} 8531 9) .5 (Maclean et al, 2014), 7L ZOIAE 405 nm L2 7HA| 74 Qo] mHafo| 5k hol 2]
4 o] Eof| st At-53S ZH Q= A 02 A A Q) TH(Maclean et al., 2009; Rathnasinghe et al., 2021).

405 nm FH-2 37| Foll EAot= thfe n|AdEol| tish Awt53S UM, o= Tio,2F &2 d51 52
B 58S SUAIIHKim et al., 2017). 405 nm & 2] ZAol| g v Y& 0] v/ k= B/d A4 (reactive
oxygen species, ROS)2| ¥rZol| ool Z = u] 2} Zh-2 ZHgA| & F5F ¢34et vk 2 22 AYZFE Th(Bumah et
al,, 2017). 405 nm3g-H 0] A5 2 UeEh= A2 3] ZA ARE} e TAZE Lo, F=RAF AZo] &
2 & det-so] S7H= It 2 AtollM = FEA AlZko] SFTE & F71ete B UEfUlo] A3+
Aot fAReE B3 UEFHTH Table 1). ©]+= o] 2|3k A2 o] 2= ofe} n|AdEof| Foj A= 2=l 9
3l tleh = A o2 F2AF AN} 3 0 2 B E 9] 2|7} 7S 57| Wi 0| th(Rathnasinghe et al., 2021).
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Yol TN FYol JFL Wor 0|5 RAES T L Y

Maclean 5-(2009)< 0|/ 2-2] Ab 22 5 = = 205
o] Akt ol A 2 ke 4 Qlrkal 11 B 5kQIT) ] B2 Fof| wet Aol U x| 7t thEA] e (Ferrer-
Espada et al., 2020), °o]+= 0| E-2] Z-5Fol wka} ROSOY| ¥H-S-5h= ZgA|et Alae] =7 9l 742 2folof] o] sl i
Astar, n| S| g4 9 vy F oS U S Aol z] 2] xfojof] S njx|= Ao AR 9l
CHMolobela and Tlunga, 2012). Maclean ‘51(2016) th7t0] QlakehZ-8-olol|A] 99.9%9] At E3tE LER 7] 2]l
A= 9F 328 Jem'' 9] Foll A 7F E Q5hH, QIZF FAol| A= 2F 742 Fem'S] Fol|UA|7F B strial B gt ut 9l
o} FAol U= o 2] St 8ol whe chaA| el ) g Fofl g2 Aoy A7t o2
0] A Eof| H]5j| Aol 2] 7} W2 202 B 1% I ChMaclean et al., 2016). Maclean 5(2016)2] Zx}e} B 1710]
Aol Al 2tol & HYERA Z2 Q14tehE-goo] 749 n| g Eol|A] AE = A Z71o] ol ke u] Y E v z|ollA]
FEo] ZFE o] A53517| Wi R o= Tk h KimTt Lee (2022)= Bacillus subtilis7F Bl 2| o) A Afehs 3¢ S48 5
]l oo =T} strjete 2 2 7oA Kt n]gEC] mlsl7 EAgdohA] =rhal Bt Qo 2 A
TLol|A] BiZ| 2 0] -85 NA HiZ|= Allto] 2k~ |of] FEet FEx7dS R Qlo] AA| 57152 732 f-A
sk 7o)} wehsty] ol B & MY ATAFE0] A|Ag Aol A& A-gato] fAn| g E] AvE s 2%
Sh= 212 of ) wfeba] 5ol 7] 273 FAFSE B 271001 A 405 nm G FAF & Fof| Uy R]of| wh2 0]y
B0 At g grtstojof & 2 o 2 ket =3k ol x| B ofet FEuh S I Mok 4 Adant
7FSdEthe Bt o B 2 Ao AREE 4= Qe S E Al & Sl X 2ol k2 o] At St
g iof thet 2A7FE Q81 thKim et al., 2017).

Z| T LED ¥ 7|&o] WastiA] of2] 2ofo|A] o]-&o] Ji=| 11 Qit}. £3], wHEoke] 2+ Aull A| LEDE
Z A FA, Al S 2l 8- B A S|4 Q1 0 2 o] &5}l Q1 th(Bourget, 2008; Kurilcik et al., 2008). £3] <
HiPYolA HEH= Ao Juig 7t =10, Fo] 335 A] 7] wiioll oLt vio] 2 A9] Zhedel o5t
37} 2 St 4= Q1 7] Wi oll(Choi et al., 2011; Jang et al., 2014; Yoo and Lee, 2017) 1A 2§42 9|5l 2251 4-o]
F3o] E Q5HKim et al., 2019). B}2HE-2] 749 8-H A Pseudomonas viridiflava-s-©l] 235l 2 sk= AltAd A
O 10-20%2] &4o] HA¥shs 210 & Aef A Rlof(Aysan etal,, 2003) Al-2] WA7F @35k 2o =2 wet
Fct 405 nm Y2 ThFSt Aol st AR E7F B v Qlo] S H A PO & AESHE ¢
B Aol 317} Qg A0 2 Z|thE|L, 405 nm FU S TUH R E8517] flelA= Thet AlE B wtol o
St s ¥ obel 2HEo] fH Aol n| 2= ol gt A= H st 7o 2 wekech

[0}

o]N fol

0 b

-l o

n}

¢

-

Conclusion

405 nm g2 A9t oA 5 UEtlio] Al 37130 n]AE o] datolu AF Ul TRt nAgEe] dstol of
851l Utk tHTHE. coli)2 THEA RN AU 2 Alatolm, o Al52] 91/8n] &0t} 2 A= 405 nm Z-
(VL) A 2] = E. coli DS5a &7 =5 3715}7] 913l 405 nme] F2AL AIRE A} 72 9l o] A2 E thgate]
das e AR e Flol|A] 2AF A2t oA A= Hhae skl 3 S 27 65 cm 2|40l A
FRAF ARl w2 tigdto] A2 3AIRE 0] % 50% o) de] A5 UERT 3AIZF 59 405 nm F £AL
Al ZAF AR Tt o] At ZAMIA 70 em o Hioll A 50% o) ] e S UEIt FYU o2 5 E] 70 em
oA A|Holl M 3AIZE FRt F A Al P 0 2 o] A IS ¢ et o] At ek UEUA] gttt 7

s

ATHE2 FU W, 405 o AL FLOZRE] 70 cm ORI, oF 3417 HE AL Al TiPg ] AL it
Uebde Helgh 4 it
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