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Table 1 Classification of ultraviolet rays

Classification Wavelength /nm

Long-wave UV(UVA) 315-400
Medium-wave UV(UVB) 280-315
Short-wave UV(UVC) 200-280
Vacuum UV (VUV) 100-200
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Fig. 1 Elimination mechanism of UVC

3.1 200~230 nm UV
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Fig. 2 Killing mechanism of 200 - 230 nm ultraviolet ray
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ik R ) O S T e 3 A R A R AR 3 Y 2- I AR
Wl 22 18] 7 N B 1Y) 284 A O 2 Bk AN (] 2# A8 i) il s
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Table 2 Elimination mechanism of UVC

UV wavelength /

No. Research subject . Elimination mechanism Reference
DNA damage at 240 - 290 nm is the main cause of microbial
1 Adenovirus 210-290 inactivation, and the presence of components other than DNA [13]
damage below 240 nm leads to microbial inactivation
2 Bacillus alicyclic acid 275 DNA damage is the main cause of microbial inactivation [28]
3 Foodborne;i)itiogens and 266-279 DNA damage is the main cause of microbial inactivation [29]
. 0 .
A MHV-A59 virus 954 Protein damage accounts for 12% ;md genomic damage accounts for [30]
88
5 SARS-CoV-2 253.7 Genomic damage without damaging viral proteins [31]
. . . Sub-lethal damage from 254 nm low pressure mercury (LP Hg)

Gram-positive and Gram- . . .

6 negative pathogenic 999 954 lamp treatment is mainly due to DNA damage, while sub-lethal 6]
g paty ’ damage from 222 nm KrCl UV lamp treatment is due to
bacteria
membrane, enzyme, and DNA damage

Salmonella Typhimurium . .

7 and Lactobacillus 280, 222 Cell mer{lbralﬁne dgmage contributes to agcelerated pathogen [32]
inactivation caused by combination therapy
monocytogenes
3 Foodborne pathogens UVC and HCIO The mechanism of synergistic effects is related to membrane' ' [33]
damage and, to a lesser extent, changes in membrane permeability

Foodborne pathogens on The synergistic effect of outer membrane damage and lower photo-

9 222 o S [10]
the surface of cheese reactivation rate may cause an enhanced dissipative effect
10 Adenovirus 200-300 Enhanced m'acllvallon' at low wavelengths correlates with [16]
adenovirus protein damage at these wavelengths

1 E. coli O157:H7 922. 282, and 254 The higher elimination efficiency of 222 nm than 254 nm and [34]

282 nm UV sources may be due to the damaged cell envelope
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I Bl A= 9 04 % BRLVE DG A e S 6] e i B —
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A5 2% B U K B 14 R T RIS, T ELAE 200~230 nm % B
iR 5 1 02 W48 A 2k T8 I e B R R W E AT
KA AT B 7E 260~270 nm P BEA — 4N 7 #
TE AL | 4% 1R 1 33 W A 58 2 4 5 i 2 i, S B0
B R 3K B — AN /NG 5 7E 270~300 nm % Bt , 5 4h 2k
F4) TG 2380 2% it 5 K 3 T R A1
42 ERA=

FE R [R) 1) 55 A 2 5 O RO, 58 A 42T % 50U Bl
5 TR R 0 B 0o A A Al R IR N
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Fig. 4 Bactericidal spectra of different microorganisms
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Relationship between UV radiation dose and microbial inactivation degree'
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KR 0.38.0.40 mJ/em®. Kim il 1 12 BF 5% 1%
WO 1) fF =PI R b, X174 X 58 AR 2 1Y
TRV S v L HEBT A S DNA 6 2% [ RNA G 3 B A 5
2 BN R AR BT 5 2) BN R RO AR A TR S
B (Br ©X174) 1Y 06 12 B 5 BT R BN G, 4
B Y ELAE AR 3K 3 2 pem, TG B 19 E A2 {UAE 20~30 nm
Z I, ANBE T R AE KNI T I, B ©X 174 4F,
A K5 S MS2 QR Y 10~20 1% 53) H 14 A e 40 1
X S AN LA T R T R AR LR Y O R
5 MS2, QB AT, {8 BB (14 4 BLAN 5 41 B 19 AR BUR ik
T T, BT LA B RO M AR Y SR R S R R
S RBIERINERIRF T .
4.4 HRIE

AL T H Al 45 1, PR R ORI R o R
Tl R A TR B SR AN R A T I N IR R
HZEuk AE AL g, BIRE UVC B K EES 8
H A o A W i, {E A1 355 B8 B i 240 25 45 4 O F B
W o BT e AR R A S R AR R IR AR S IR R
U T RIR A B 38 S AT A R R v B Y AR
JBT , 3K B A1 T 1 A7 AE 1T e 23 BRI UVC 48 3 #F AR
TR, 33 R T AR I A AR AR 40, T I T Y L AR
FIE o3 325 5 Wi 6 7 ) H bs s JRAA 19 4% 33, DT R AR
W RE K IR SRS X R R R T LR
FI I A PRI M, PR L A R R AME R G SR

AR AR 25U ) ] UVC-LEDs % 3% 55 F . OPP
JIEE AN 09 e RN A B 4R 3 T B R AT IR O157 . H7 JBR
1% 4 Jf 38 Az 2 B0 R TR R AT T OE LI JF A AR5 T
A B 2 ThRLRES B 3 1 2% K P X K36 IR A 5 iy,
IS B OPP i B 85X AR R 4G A% 3R TR RS
BE R 514 0.53.1.09.1.19.4.71 pm , B {1749 3% i 3 7K
P 22 J 3K, K H fik #f 43 3 O 41.95°.73.92° ,88.74°
112.15% 45 W oR « KO0 RO Bl A5 2 T oRRS B2 1Y 38 K
I R AIG , Bl 25 B2 fih B4 L 6 T 2% K M 9 3G T 3 a8
Adhikari %57 R B 58 R R EL, 7ESE AL BLER
1T X0 22 3] 1 B A A i 1 A 2 i R TR A e /D AR R R

Koo FURZ A0 M BG A 22 3R B L KB AT R O157 . H7 A
AR AU . 5 FTOHRE A 7K SR (05 %5 I RE R
T ) ML, 2 W A K P AR G K R GE R AL
S0 Y0 B Y KNG R A TTIA A R Ak AT L
A ROk D KR 2 TR W KT TR O 157 : H7 F1ER A% 4 Jifd 1
A 2 3R TR PPIRE L O L T AR T 2 R ) R D0 R Ak X
1T A KIS DAk

5B SR AR Y A e A

JEPEINE R EIN R E RN ENE  CHEEME
7 SR AE | 23 S b K A B AT v N . 7R B
7 DA T R AN R T TR B Y . g 3 T
ARG B B Y %8 R B K R 254 nm (9 46
E A S ing s FENE R (A N < s W Ll OB S T
B LA D R AN ATIRYY BOR AR, H R R .
[R] I, 6 ERF [0 ) 6 30 8 0 28 B S AR TE 5

K Bt ] T T B AR R T UK K (A0 254 nm) Y
Tl U 2R AR S ok N AR S R AN 2 i R R R
R R0 05 55 o (B B 98 £ B 200~230 nm % B 19 48 A1
AT X NI A o R S I 58 A 2k
e 10 7 7 ek RS R AR B B i, AT R P R A R
B MR NBRR 98 T RO AR 1 % 4, S0 56 45
L SR S8 D SR A 2k B A XN BROE B AR 6 s .
Buonanno ZE1 RS T 207 nm 5 222 nm %8 42k 1A 5
X /0N BRURZ JER A S 00 SRy T I S O ) v A T Al AT
AN /N AT TR BRI, S0 00 25 R WoR WA X
INEROB R A A . A g N R HAIE B T 222
nm 28 A A 235 /N B R I 77 A= 45005 . Narita %77
it SIS & R 222 nm AR AN 2%k UG 7R A R
Wi, I FE 2 5 A SE 5 P kB ) R R A 222 nm
A28 B G OR 2 5] i /N BURZ IR B9 DNA 5845 3503 B2

B XoF N 11 22 4 2 00 R e D SR AT R BB S B
PR T 0 B ER T o 56 T4 10 9 Y R T L
FHAYS2H 7 W], 222 nm 48 A0 28 Xf A AR 2 HH R 2 4
). 2015 4%, Woods %™ F F 222 nm %8 4p £k X A f&
B IR i 22 PR EAT T I AR  SC 80 45 R R IR A
e 085 5 AR B Bk v 40 58 1 CPD BB A, & % A 1A
P —E G E . 2020 4F , Fukui 7 F) ] 222 nm 48 4h
2R MR AR R A I T B IR, X 222 nm 48 AM R IR I
FELBERY AT B ME AT T VAN, 45 R s < Uk B 55 A
2R 78 500 mJ/em” LR by 42 4 R 5 a, 6F A4 R iR G
& & .

DL b A 5% 32 B2 B 48 K W B8 ) i 222 nm 464
LIRS A 2 A TT R . Pl /N BRURID AR 1) FH G 52 56 45
SRRT DL DB 0 D B A R AR AR T H
BrER A A X AR A G B I SE R IR A X B =, R
o I8 S si ey 1w A AR Y

0907209-7



E50% F9HI/2023 £ 5 B/HhE#N

K3 PRI RAE YT I T L i
Table 3 Short-wave UV for medical applications

Whether it is better

. . T heth
No. Medical symptom than traditional Illumination time W erer
. it it safe?
medical?
1 Herpes pharyngitis in children Yes [llumination 8-10 s Yes [54]
2 Pediatric herpetic stomatitis Yes Once aday, 4-6 s each time, for 5d Yes [55]
Mouth ulcers after chemotherapy T . .
3 tor childhood leukermia Yes First irradiation 6 s, 1 time per day Yes [56]
4 Pediatric pneumonia Yes Increases with age, maximum time 5 s, Yes [57]
5 Oral mucositis in hematopoietic Yes 6 s for the first irradia.tion, 1 s for each increment, Yes (58]
stem cell transplant patients 1 time per day
6 Post-burn residual wounds Yes Trradiation 20-30 s Yes [59]
7 Radioactive oral mucositis Yes First treatment 110 s(,j:;creasmg by 1's day by Yes  [60]
8 Acute drug phlebitis Yes Irradiation for 10-20 s, 1 time per day Yes [61]
9 Oral mucositis after chemotherapy Yes Hlumination 5-10 s [62]
for ovarian cancer
Oral mucositis after hematopoietic The first irradiation is 6 s, and each time increases
10 . Yes [63]
stem cell transplantation by 1s
1 Poor incision healing after Yes Adjustment between 1 and 60 biological doses [64]
cesarean section ) depending on the actual situation
Initial { 8-10 biological , foll
12 Herpes zoster Yes nitial dose of 8-10 biological doses, followed by [65]

incremental increases of 20%-30%

K16 ik s AL IH R 2 A
Fig. 6 Sterilization safety of UVC
fil A 48 L BT LA XA SR 3 B 5 IR S Y AT N
5 2 BELIRT R B A5 4% 1A SO vE . 5 AT B 7 iR M
W2 A DU i RIR SR AR AR el DG B b AR B A R R kR R A

6 LERIE
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R AL AR T U EL AT TR A R S

4 0 0% 55 A0 2k 190 #E ML, 200~230 nm U Bt
2R AN AN S W IR B A 0 s A% A B 0 4 (0 40 i Y
T Z A0, B2 FH RO HLE B A/ . B A L
F 250~280 nm I B 1Y 55 4P 4k, 200~230 nm 3 B 45 4h

2k LA WO A K IR fE J1 . 200~230 nm i Bt 45 42k A
O N A R A 30 A5 A 5 1 B 4 O T
B KW, IR 200~230 nm i B AN B A L
FITH A e H 252 A I PR S5 A I R s i o il dn, 25
RCRBARE R T EA — 2 M EA T, TRk %
AP DT 5 B A R I RS SR R AR, R BB RUTH R
2R RIR B IS B IR AR o Sl TSR AT R AE
REL W7 955 25 1% 186 J7 1 & #5258 KA L g A€ LA R JL T 1 T
JE S AT

1) b X 45 5 SR W, 9T R KT T R AL
il & 2P K 5 AW K IE Z R S R ARk B S
IR AL IS LR

2) TEA R FRES it 200~230 nm 5 250~280 nm
W B 58 AR R A8 I T A ROR IR R A W AR K R
SRR A L TR B AR S 5K AN G I O B 2
R AIF 5T LA S I 58 A 2R 8 7R 2N 337 i v i g
WIS

3) JF & 200~230 nm J B 28 S % AR A4y T
BB 5 , LB AR 6 R A 22 4tk o AR 200 58 45 0 on
222 nm AN X B bk 05 1 B HR A AL A 4 A 23
A DNA #5145, {00 I 28 AR i 0 26 1A 02 5 4 ) 44 it
FEA R A 1 AN 2 R, 6 b I B SR A i A HL
FF 58t B A R
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Abstract

Significance The novel coronavirus pandemic has caused great concern in global public health. According to data released by the
World Health Organization (WHO), the cumulative number of new confirmed coronavirus cases worldwide now exceeds 630 million
and the number of deaths exceeds 6.62 million. The daily prevention of the spread of the virus has become an essential step in our
lives. The coronaviruses plays an important role in transmission through aerosol transmission, so much research has focused on
methods to disinfect the air to interrupt the spread of the virus.

Short-wave ultraviolet (UV) can reduce the incidence of airborne infectious diseases, effectively inactivate airborne active
pathogens, and has non-toxic, non-polluting properties, providing an efficient, safe, and environmentally friendly epidemic
prevention and control method. According to the New Coronavirus Pneumonia Prevention and Control Program, it is pointed out that
the new coronavirus belongs to the beta genus coronavirus, and chemical reagents, such as ether, 75% ethanol, and chlorine-
containing disinfectants can make the virus inactivate, and the new coronavirus is sensitive to ultraviolet light and heat, thus, chemical
disinfection, ultraviolet disinfection, and high-temperature disinfection are effective methods for inactivating the virus. Currently,
chemical disinfection is a common disinfection method, although it is effective, there are problems, such as consuming certain human
resources and directly exposing disinfection personnel to danger; although the new coronavirus is sensitive to heat, high temperature

inactivation has a narrow scope of application and is somewhat restrictive.
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Unlike the above disinfection methods, short-wave UV disinfection is more effective and safer. With the advantages and
characteristics of short-wave UV disinfection, it is widely used in medical, food, environmental health, and other areas. Compared
with chemical disinfection, short-wave UV disinfection is a non-chemical process that does not produce chemical residues and does not
require transportation, storage and subsequent treatment, and is simple to operate without human intervention; compared with
thermal disinfection, short-wave UV disinfection has the advantages of being unaffected by temperature, wide range of application,
and high sterilization efficiency. Therefore, short-wave UV disinfection has shown its unique advantages in epidemic prevention and
control and has attracted much attention.

Recently, researchers at home and abroad have used different wavelengths of short-wave ultraviolet light to conduct experiments
on the mechanics of different microorganisms as well as the effect of disinfection, exploring the mechanism of UV disinfection and the
best disinfection plan. Some researchers have also conducted biosafety studies to bring short-wave UV into the market faster. Much
progress has been made, but there is still a series of challenges in the mechanistic research and market feasibility. Therefore, it is
important to understand the mechanism of short-wave UV killing, its influencing factors and biosafety research, for its research and

application in epidemic prevention and control.

Progress The research progress of short-wave UV in terms of the extinction mechanism, influencing factors and safety is
summarized. Firstly, the extinction mechanism of short-wave UV was introduced, and the inactivation factors of microorganisms in
two different wavelengths (200230 nm and 250280 nm) of short-wave UV were analyzed by comparing the differences in their
extinction mechanisms (Table 2). According to previous research reports, the constraint mechanism of the short-wave UV
extermination process is summarized, and this mechanism can be divided into light mechanism and dark mechanism. Secondly, the
influencing factors of short-wave UV extermination were introduced, and the optimal operating parameters for extermination were
summarized by analyzing the effects of UV wavelength, radiation dose, exterminating organisms, and extermination environment on
the extermination efficiency. Thirdly, based on previous studies, it was found that the UV wavelengths of 254 nm and 222 nm were
more meaningful for research, and the application of short-term low-dose radiation in health care using 254 nm UV was summarized
(Table 3). This is followed by a summary of the findings of experimental studies related to long-term high-dose radiation using 222 nm
UV, and an outlook on future research and development of short-wave UV (Fig. 5). Finally, the issues facing the field and the
ongoing research trends are discussed, including the extinction mechanisms of different wavelengths of short-wave UV, the

application studies of short-wave UV, and the investigation of the biosafety of short-wave UV.

Conclusions and Prospects With the new coronavirus pandemic, epidemic prevention has been gradually integrated into our
lives. Compared with other disinfection methods, short-wave UV disinfection has the characteristics of fast sterilization, simple
operation, and no chemical residue. Therefore, short-wave UV disinfection has a broad prospect in the future of the disinfection field.
The disinfection mechanism of short-wave UV differs depending on the wavelength. The destruction of genetic material by UV in the
250-280 nm band is the main reason for the disinfection of microorganisms, while the damage to proteins by UV in the 200-230 nm
band is the reason for its enhanced disinfection effect. The advantage of “human friendly” makes it a broader research value. The
efficiency of disinfection in different environments is also determined by factors, such as UV wavelength and radiation illumination, so
research on the application of short-wave UV should not be slackened, while research on the removal of stray light in the application of
short-wave UV and application in public places are also current hot spots. In summary, the investigation of the mechanism, biosafety
and application of short-wave UV is of great significance to its research and promotion, and still needs to be explored in depth and

detail to promote the development of short-wave UV in academic and engineering aspects.
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