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[ Abstract]  Objective Pass-through box, also called pass-through chambers and pass-through windows, allow for
the transfer of parts and equipment into and out of a barrier facility. The common use of pass-through box is to sterilize the
materials under the exposure of UV radiation. The traditional UV lamps need long time exposure, but the effect is not
stable. A xenon (Xe) arc lamp is a specialized type of gas-discharge lamp that produces light by passing electricity through
ionized xenon gas at high pressure and emit radiant energy within the UV-C band. In this study, the bactericidal efficacy of
ultraviolet pass box and high-throughput xenon ray pass box was compared at indicated time points. Methods After the
exposure of the two types of devices at indicated time points respectively, the effects on the staphylococcus aureus,

pseudomonas aeruginosa, escherichia coli, candida albicans and bacillus subtilis were tested. Results The efficiency of the
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xenon arc lamps was 99. 85% with 1-min exposure and 100% with 5-min exposure; The sterilization efficiency of traditional

UV lamps below quality in 5 minutes, and the sterilization efficiency of different bacterias varied greatly. However, the

sterilization efficiency is about 99.91% after 30-min irradiation duration. Conclusions

The efficiency of the xenon arc

lamps can achieve bactericidal effect in 5 minutes, and could replace the UV lamps in the future.

[ Keywords ]

standard strains

356 1 VS S8 B ) o s 1L Tl PR ) o A 28 Y
WA ER—FPEERE A, FEH T RX 53R
T DX T DX R DX 2 R A A A e, DLk G
HAZ BB I5 Y, F A% 3 % 02 Rl 4R Ah 2k
(PAKAE 225~275 nm, W&(H 253. 7 nm) BB} 7= A= fE
Lk AR RNk BB R AR Y R i Byt
SRHMEB T AR TR 5 RN 1tk g i kT2
T SR o B R R B ) G, — BLERAMT A 2
b, BN R 30% ~50% HIOE IR R AR T RAT
Pran' . R, T E E R R ME CB19258 ( E MR
PRAT ) 48 H 58 AN % B B AR 1R) 8 30 min Y, {H
FESEBRI e R AE AR O K R B
OELE L 8 30 min Y RE A AR K FR
JE - B B B PR B 1 1 0%, R TAERCR &
X SR AT A 386 1 K TR A8 R 52 22 i IR 2% 5 ) ELFE
A ] 8, A B 5% O 1 — B 78 e 3 OB A b
7, TR K o AT A Ak & ' % T L S A
LANO) QU4 b 2 I K ST O 7/ T E S T RS i RN <6
R P IAT KIE D) A I S X 40 B A A
(GBI BRE RMEFF B R FF B O i
PRARAA (Al B0 2E FAT 0 2B (A R 2 A 4R ) ) FL A
(HEEERE) ik 3 Mg A YIS0 5 Flbs ik 5
PR 18k T AN ) s ) 5 0 R, i o 5 i e R oMM
10 T A9 R BRI SR TEA T X L 20 BT, DA T A5 3810 3% B A SR
PR o

1 &R xE

1.1 ZIwd

B OFP. 4 B0 R A OBR BO( T ORR & A,
ATCC6538) LR AT T8 ( & FREk ik, ATCC15442) (K
AT (R Bk K, ATCC8099) | 11 £, 2% Bk T ( f#i Bk
F4,ATCC10231) ¥4 [ T~ R A LA WA R
3 2E A AT B R A R 2E A B R (TR R
ATCC9372) Wy [ b 5% 2 DU 34 314 3 8 AR I & A B

Al

pass-through box; ultraviolet lamp;

high-throughput Xenon Ray; sterilizing effect; five

1.2 FEKF S5

U5 Y 8 3 L BHI (3 1 4R ) 4 R A R A
Al) s EFRBUR IR R K F 3R TSA O AE Y #
ARARAF) ; D EH A MR PDA (ALY R
BABRATD) ;B3R5 NA (IR A BRA
) s TSB (MR AE Py He RATBR A A ) 5 19 8 1 i A 3
KW (TPS) ARSI = il 85 . AW HLIR A F
DENSIMAT 40 B 3 BF A%, MX-F ## 5E4X, H A =¥
MIR-262 fHIR 3G FR4H (L G 5 AME R (UVPB) | 5
90 emx 5t 80 emx 1K 60 cm , Fit'E 20 W /MR THFELT
6 3, B AT AR IR N 75,01 wW/em®, FX-
XB-D800 =i fE i G % 3 % (XePB) , 15 90 emx 5
82 emx1< 88 em (P L H/ANF])

1.3 XWHE
13,1 ARSI

B TR v W R [2002] 282 51 IR
e A S 22 0 DO AR (A () 1 b 1 5 3 Ik ) %
LA AN TR] 3 D I R o ) B A S A I R
A UL A5 ) PRI 75 2 A 5 mL TSB B 57
W7, IR HERZ Y 20 s, A B W& T, A
T ZEAUAT BRI AS B B ok 28 60 AR T 25 960 17 v, B2 R B
il B ZE AR, A T PR T, A0 e R SR R
PRI B« 4 ¥ (0 B A R DA L KT A S AT 7
BRI EEHL 0. 7~1. 4 Mcf (22 [RMEF) s (10 &8k
PR P A TR FE L 6. 9 Mcf,

1.3.2 WhBHl#

A B KBS B 10 mmx 10 mm 3¢ A F4 T
TCHEIIL, 32 B 10wl B, H AR KT 5 il B
W .

1.3.3 fEiBt ATk

D O el e | M Il e = 289
RO S PR 2 Tl s XTI B A i Ty v
HgAE R ) AR B N PR A A A a2 — b
ST 1L, v 3 e WO A% 328 7 BRI ] 8 1
min 3 min 5 min; fZ 48 58 SM% 35 15 R A (] 1%



46 Fp ] P BE 2R 2k s 2020 4E 3 H AR 30 4855 33 Chin J Comp Med, March 2020, Vol. 30, No. 3

%E 5 min 30 min PEFTHEI
1.3.4  PeMiEE3R

WSS B4 8 A A 5 mIL TPS A i e i, B 1
mL P& M W T JC T 85 57 L, (A B A LA 50°C,
15 mLEC & 47 19 TSA #5975, A B &R A& BIA
PDA J5FR3E B [ 5, #2450 R I8 B 35 3R 45 107
MHATEEFR . B Ik I B 2 AN TR AL
SR ERAIRE | KIGAT & | AT T8 B P e 7 vk
W 5 B 107 5 107 EL AR B 5 (800 5 &k
B P B R VR 107055 107 B J5 R0 5 Al 7 25
PO B8 BH A B VR 107" 5 107> H BR 5 BIA
1.3.5 JHEEIHEL

BRI PR 8 % 5O LA B A 4k, B A5 2] B9 22 T
VR T AR (NO) , SCSe A AT TG T 4R, 1
LA TEEIC Ry Xof 0y AR g 2 TR O R T A R B

RHF = (NO-NX)/N0x100%

A NO Sy B2 R P A R AR, NX O R
WG W A R IR A, A ER 3
W HCP R,

1.4 SitZEAHE

K GraphPad Prism 7 3440 PRE SR AEK], 115
Bl B i (1 5 ) ZHIEIZE 2R one-way
ANOVA #&56, Ph P<0. 05 AERAFI2FE X,

2 #R

2.1 MEEAKHINEE

HRHMEBE LT E N 6 AL, LB A &
ZRIEE 4154 30 ¢m 52 ¢m 1 60 cm, ¥J7ERMANTH
A SR N DR AR TR 58 AN BB S Ti) BB 8 %
R, BLAh, Ry A% i o N ERCR E1 T
b A, s O 5 1 I T AERHE 1 min 3
min 5 min , FEEEIME B E AU A 5 min M fE
TAERTK 30 min #EATHOAL, il i 0O 1% T 1
B 1~5 min XF 4 8 R AR KA R S 2 e AT
B R B R4 A 18 99. 99% LA |, 22 HME i3
WES 5 min X4 85 (035 20 BR B8 AR T 1 0 W B 4%
DR s BRET 30 min X 4 B (055 25 BR A AN 2% IRAT
J7 AT A 3 v e O AL 8 B BT 1 min YRR,
HESF 30 min X KIAFF R A K FIE 99.91%

BB 1 &1 K2,

2.2 REGTABERIRERRIIER

e i TG 1 B RS 1 min XA R ZEARAT B
B A B H K 99.96%, B4 3 min, 5 min 7] 35
100. 00% , $55MEL T MG 5 min XA R 2E A FF 1]
FIA KRAL R 45.20% , B 30 min A B R KT
99. 99% ELAA%HE L3k 2 & 3,

2.3 BREXEREMNRRER

%ﬁ%ﬁ%’fgﬁﬁpﬁﬁﬂ‘ 1 min 3 min X &
PRI R 5K 99. 97% , B 5 min A% B 3]
ik 100. 00% , £HME RS 5 min XF H SR E
T A% KRR BT 30 min A2 E 15 100. 00%
AR W2 3 K 4,

R il OGS 55 SIMEB B X 3 T2 B FAE IR Y AR IO

Table 1 Sterilization effects of High-throughput Xenon Ray Pass Box and ultraviolet Pass Box on the three bacteria

e 1 e AU 7 MG
P XePB UVPB -
AR 27 737353
HE B Hs i b X 2% HE B Hs i IE b3
Microbial types WSt ] WAL ENCES NG fF) WAL A% (CFU/mL)
Exposure Colony Sterilizing Exposure Colony .
. . . . . . Sterilizing rate
time forming units rate time forming units
) 1 min 5.57£1.99 5 min >300 -
B ORI 3 min 2.2+1.48 >99. 999, 30 min 6+2.19 >99. 99% 4%10°
Staphylococcus aureus 5 min 2.39+1.76
1 min 6+1.94 5 min >300 -
KIpfris 3 min 4+3.59 599, 99% 30 min  46.25+10.30 99.91% 5 10t
Escherichia coli S min 0.50.52
1 min 1. 67+0. 82 5 min 129+47. 48 99. 74%
.
ERMERTE 3 min 1.33x1.51 599, 99% 30 min 0.5£0. 58 >99. 99% 5% 10°
Pseudomonas aeruginosa S min 0. 17+0. 41

TE S A 3 RSE, iR n=6, YLK n=4,

Note. Repeat 3 experiments independently. Testing sample n=6, Positive strain n=4.
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Pseudomonas aeruginosa. Positive control, The positive eluent was
cultured 48 h after dilution.
Figure 1 Result of radiation of High-throughput Xenon Ray Pass
Box and ultraviolet Pass Box on Staphylococcus aureus,

Escherichia coli and Pseudomonas aeruginosa at different time points
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Note. A, B, C, The number of bacteria in the eluent of staphylococcus
aureus , escherichia coli and pseudomonas aeruginosa after 1, 3 and 5 min
of high-throughput xenon light pass box irradiation and 30 min of uv light
pass box irradiation

Figure 2 Difference analysis of High-throughput

Xenon Ray Pass Box and ultraviolet Pass

Box on Staphylococcus aureus, Escherichia coli and

Pseudomonas aeruginosa at different time points
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Table 2 Sterilization conditions for Bacillus subtilis

oo i LR T XePB FIMEEE UVPB
=il . 5% PN ES G k% s
gt R AR BIMRE B o bk (CPU/mL)
Spore . Colony forming Sterilizing Exposure Colony forming .
Exposure time . . . Sterilizing rate
units rate time units
1 min 1.833+1. 30 99. 96%
A 3 min 0 100% s
. e . . 4% 10
Bacillus subtilis 5 min 0 5 min 1808+52.9 45.20%
30 min 0.75+0.5 >99.99%

WS A 3 RACES AT n=6, FHEERIRE n=4,
Note. Repeat 3 experiments independently. Testing sample n=6, Positive strain n=4.
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Note. A, Result of radlatlon, Positive control, The positive eluent was cultured 72 h after dilution.B, Difference analysis.
Figure 3 Result of radiation of High-throughput Xenon Ray Pass Box and ultraviolet Pass Box on Bacillus subtilis at different time points.
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Table 3 Sterilization conditions for Candida albicans

LB XePB FIMEH T UVPB
B TR ] [R5 ABHR HECSRF I ] (RS NGRS TR RV
Fungus Exposure Colony forming Sterilizing Exposure Colony forming Sterilizing (CFU/mL)
time units rate time units rate
1 min 0.67+0. 82 99.97%
F SR 3 min 0. 670.52 100% \
: . . 3% 10
Candida albicans 5 min 0 5 min >300 -
30 min 0 100%

ST A 3 R RS n=6, FHMETERE n=4,
Note. Repeat 3 experiments independently. Testing sample n=6, Positive strain n=4.
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Note. A, Result of radiation. Positive control, The positive eluent was cultured 72 h after dilution. B, Difference analysis.

Figure 4 Result of radiation of High-throughput Xenon Ray Pass Box and ultraviolet Pass Box on Candida albican at different time points
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