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Surface disinfection efficacy of 254 nm continuous ultraviolet and pulsed

ultraviolet laser
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ZHANG Zongxing (Systems Engineering Institute, Academy of Military Science of the Chi-
nese People’s Liberation Army , National Bio-protection Engineering Center , Tianjin 300161,
China)

[Abstract] Objective To compare and analyze the germicidal efficacy of continuous ultraviolet and pulsed ultravio-
let (UV) lasers on pathogenic microorganisms. Methods Spore slides of Escherichia coli and Bacillus atrophaeus
were irradiated using a 254 nm ultraviolet mercury lamp and UV laser. The carrier quantitative germicidal test was
conducted to determine the disinfection efficacy at different irradiation doses. Results When the irradiation dose of
the ultraviolet mercury lamp was 245,52 m]J/cm?, the logarithmic killing values of Escherichia coli and Bacillus atro-
phaeus spores were 5. 00 and 2. 92, respectively, and the mean logarithmic killing doses were 49, 10 and 84. 08 m]J/cm?,
respectively; When the UV laser irradiation doses were 208. 39 and 206. 80 m]J/cm?, the logarithmic killing values
for the two microorganisms were 6. 29 and 3. 32, respectively, and the mean logarithmic killing doses were 33. 13
and 62.29 m]J/cm?, respectively. Conclusion Compared with continuous UV radiation, pulsed UV laser has stron-
ger penetration ability, better killing efficacy on pathogenic microorganisms at the same radiation dose, and can con-
duct targeted disinfection and sterilization on the surface of objects directionally.

[Key words| ultraviolet; pulsed ultraviolet laser; continuous ultraviolet; disinfection; sterilization; logarithmic

killing value
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Figure 1 UV laser disinfection apparatus
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Figure 2 Schematic of ultraviolet mercury lamp and UV
laser disinfection
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Figure 3 UV laser disinfection test
FEIBRRRE . (2) 52 MO TH R A IR A I o - U

W CKALAE N 1 em X 1 em 1B FTE (5 Y 88 A R
THOMAE WA BT REITHRL LS 1 em X
1 em iy X J0E 17 6 BERE 2 A9 € . AR BT A5 1
I S R RS- 47 B Jpk b B R B B T B R 1O e
R FANARITH R AN P =D X, RIMHOLH
HRAKY P=EX fX¢, H, Py MG, 5
B2 m]/em? s¢ g IFIE] B s5 D R 5K AT I R 5
WRJE L BN oW/ em? s E O SO 5 ik vh 8 L B 467
N pl/em? s fOREOEIE IR, A0 He,

1.3.2 RWHENHE SHEEFHLANLE)
(2002 AR RO L 645 K M 5 A 1 P11 28 40 2F FELFF 1A 2F
TR A BT R G2 o R 3 A T o EL
S0 B e TR AR B R CA0210,, Fp [ Tl ik A 0
O e g N TR~ 1 o U M IS o (R SR
(A0020 , # [ Tolb fole 2B 9y 1 o £ JBE 5 B o0 il 45
1A FR) G T R B s RO 308 10 mm X 10 mm,
ZEA0 2R IRAT B W BOR O O 107 CFU/mL 2F
TR 0 T BT A o RS P B T

PRI S8 A7 TG Ak B, £ v 2 VR KT I o o P T
EIATY R . FEAE R AR B A TR B 3
KR TR FILAN . 2 5% 10 pL 0 2F 5
W LRV SR A e A g v i, L B R
BETAEMZEWE TG BRI TE &M AW
F SR R 5% 10° ~5 X 10° CFU/

1.3.3 HAEEERARRE B ATH A& ERR
K g3l se T H 121 C K F 30 min, 3 X1 A= ) %
ARG AR XOR 48 A28 BE 5 30 min, i e P4 5%
WAEYTS B . 3 AR AE a3 4 W] i 3 B
P X6F B AT B P R R 2 B BRZH S R L I 3 s
PR Xof BRZH Ry R 22 S8 A PR P QL T B o 20 A
SEAI IR AT S PO T 7525 o I e 2 A e R B
VEAT RE G I  , 2k 2 RS RS B e B BT
JCTE 25 B F oK I TR G VR . AR 5 A T RN
25 2 AT R 2E A0 43 501 R O 5% BB L IR R K L B
AR KT T S 1 O BRI R 1 A T R
225 25 JRRT TR TR 20 Tl 0 T T R BN i R R L
T R G B R B R 3 b, 22 37 C B 5% 48 h JF I 5 X IR
20 R 30 2 P T VR B O B e i e At R 1 TR M L A
A W) ) s BRI T % AR R R 3k RO
P 85 5 DAIR TN B8 0 T F R0OR

1.3.4 H¥EEFEHECEM) RLERN
Hitachi 8100 %454 H1 7 W i % (SEMD 78 L 5% T.1E
B R 5,10 KV BF RGN 10 p ALK & TAER
258 mm WS T WSS 4 AT K W 35 A DA R 2 4 2F
T6LAT BRT 2 160 % T B 198 3 T8 R R 2 AT T 40

2.1 RSN ERBHRBEA KE  EAORITERRE
YR B R Akl ik UV-B 558 A1 B3 10 75 1) a8 5
BER 136,40 wW/cm® 58 SR T B 56 B A0 L T Bt
Fi 438 3F Ophir G810 75 90O 1 35 8 5 50k o fig
R 13,00 pJ/em® J7E 5 min (R T 86 20 B K0 7
BF ] PN BE B 55 25 i 1) Ak AN A8 L T F A ) P 5
SR A 780. 00 pW/em? . | F1 OHSP-350UVS
AN A B I R OR AT O, P K g E L T
254 nm, F| ] Ocean Optics J6 3 {3 I & B 63
WK {4 P T 254, 19 nm, A A 17 76 b 3 B
M A0t WL 4.

2.2 CEINRITH R KA A Fo K F A A ST
0 FRCR SRR AT X K 35 A TR G T B R
HESF 106 s, 5 BRI 14, 46 m]/em? , 2% K6 EE



[ YL i 24 A 2025 4E 3 A5 24 455 3 ) Chin J Infect Control Vol 24 No 3 Mar 2025 « 319 -

6 000k 254.19 nm — i@i
— ot
5 000F
__4.000r
g
<
= 3000
e
2 000F
| Jciimw

0
205 215 225 235 245 255 265 275 285 295
P4 (nm)
B4 EZEINRINNK 5SROI
Figure 4 Spectra of continuous UV and pulsed UV laser
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Table 1 Disinfection efficacy of carrier quantitative germici-

dal test of UV mercury lamp

i T8 55 B[] A HRR) DR %DZN

(s) (m]J/cm?) %0 B fE

b 106 14. 46 99.920 6 3. 10
230 31.37 99.962 0 3.42

291 39. 69 99.978 1 3. 66

416 56. 74 99.987 7 3.91

546 74.47 99. 996 4 4. 44

914 124. 67 99.997 9 4. 68

1 800 245,52 99.999 0 5. 00

55 45 25 AT 83 11.32 98.137 9 1.73
LEEL 168 22.92 99.521 4 2.32
250 34.10 99.542 9 2.34

330 45. 01 99. 601 9 2.40

450 61.38 99. 628 5 2.43

596 81.29 99. 661 2 2.47

874 119. 21 99. 730 8 2.57

1 466 199. 96 99.834 0 2.78

1 800 245,52 99.879 8 2.92

T - K 3R A 1 BH P X B S7- 2 [0+ 2. 91 X 10° CFU/ s
2L ZF AUAT B 28 S B BRSPS R i D 4. 75 X100 CFU/ Jre

R 2 CEIMMOCERE R KR R T RO
Table 2 Disinfection efficacy of carrier quantitative germici-

dal test of UV laser
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(s) (m]/cm?) %) B fE

S i ¥ 7 T 20 16. 00 99. 954 3 3.34
39 30. 45 99. 986 5 3.87

50 38.51 99.995 2 4,32

69 53.59 99.997 0 4.53

134 104.78 99.997 9 4. 67

208 162. 32 99.999 8 5.97

267 208. 39 100 6.29

2545 2 AT 14 11.27 95.213 7 1.32
LS 29 22,34 99.223 8 2.11
43 33.22 99. 369 0 2.20

58 44.94 99. 765 6 2.63

74 57.97 99.791 1 2.68

104 81. 00 99. 830 2 2.77

161 125.72 99.933 9 3.18

192 150. 13 99.941 1 3.23

265 206. 80 99.952 1 3.32

T K 3 A T FH P X S 249 [l g i 4 D 2. 41 X 10° CFU/ Jys
B4 2F AUAT A1 2 9 B PR BRSP4 [l Dy 4. 39 X100 CFU/ Jre
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Figure 5 Dose-killing logarithmic curve of 254 nm UV radia-
tion on Escherichia coli and Bacillus atrophaeus

spore slides
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Figure 6

Mean logarithmic killing dose of Escherichia coli and Bacillus atrophaeus spore after disinfection with 254 nm UV
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Figure 7 SEM images of Escherichia coli and Bacillus atrophaeus spore before and after disinfection with UV at different

magnifications
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