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ABSTRACT

With the rapid spread of the novel coronavirus (COVID-19) infection, the early establishment of safe and low-cost virus
inactivation technology has become an urgent issue. We have developed a mobile ultraviolet (UV) irradiation device that
uses a low-pressure mercury discharge lamp made of quartz glass with a total length of 1,000 mm. This device emits light
at an emission peak of 254 nm and is designed for efficient and cost-effective virus inactivation in unmanned environments,
such as conference rooms and private rooms in commercial facilities. To assess the effectiveness of our device, we used the
private rooms of commercial facilities of various sizes as model rooms (S-room; 2,001 mm (W)X2,166 mm (D)X2,500 mm
(H), M-room; 1,989 mm (W)X4,042 mm (D)X2,500 mm (H), L-room; 3,172 mm (W)X7,889 mm (D)X2,700 mm (H)).
We temporarily installed an UV irradiation device in each room and irradiated the rooms with UV radiation for 7 min in the
S-room and 10 min in the M-room. Due to the size of the L-room, the UV irradiation was performed from two places. After
UV irradiation at one place for 15 min, the device was moved and re-irradiated for 15 min. To evaluate the bactericidal effect
of our developed UV irradiation device on various surfaces within the room, such as walls, floors, and ceilings, we measured
the inactivation rate of E. coli and verified the device's performance. The results showed the inactivation rate of E. coli was
99.90% or more, except in areas where direct UV irradiation was obstructed by furniture. In addition, even in areas where
direct light from the UV irradiation device did not reach, such as furniture, we observed a decrease in the survival rate of
E. coli due to reflection from the walls. On the basis of the above verification results, we confirmed that the developed device
efficiently inactivates bacteria and viruses within rooms used by an unspecified number of people, such as conference rooms
and commercial facilities, in a short amount of time.
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Fig. 1 Overview of the UV irradiation device.

(a) Photographs of the actual UV irradiation device. (b), (c) Drawings of the UV irradiation device. a: (front), b: (back). (d) En-
larged drawing of the grating. (e) Enlarged drawing of the upper part of the UV irradiation device. (f) Enlarged drawing of the

base of the UV irradiation device.
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Fig. 2 Radiation spectrum of lamps installed in the UV irra-
diation device.

The emitted spectrum was measured at a distance of
100 mm from the center of the lamp tube using a spectrora-
diometer (Otsuka Electronics Co., Ltd., MCPD-3000).
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Fig. 3 Survival curve of E. coli and P1 phage in response to
UV irradiation.
Solid line and dotted line indicate wild type E. coli (AB1157)
and P1 phage, respectively. The values are the means of
three experiments. The error bars indicate the SEs of three
biological replicates. Red line indicates the dose which Kkills
99% of P1 phage (120 J/m*=12 mJ/cm?). This graph is made
from data in Otake’ s paper (Otake et at. Photochemical &
Photobiological Sciences, vol. 20, p. 1675- (2021))
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Table 1 The distance from the lamp (X), the height from floor (Y) and UV radiation intensity.

[mW/cm?]
s 0B () [mm] 7> 7h o 0EEE (X) [mm]

1450 1750 2000 2250 2500 2750 3000 3500 4000

1220 0.109 0.079 0.060 0.048 0.040 0.033 0.028 0.022 0.017

1430 0.099 0.073 0.056 0.045 0.037 0.031 0.027 0.021 0.016

1630 0.076 0.060 0.048 0.039 0.033 0.028 0.024 0.019 0.015

1730 0.063 0.052 0.042 0.035 0.030 0.026 0.023 0.018 0.015

1980 0.035 0.032 0.028 0.025 0.023 0.020 0.018 0.015 0.013

2180 0.018 0.019 0.019 0.018 0.017 0.016 0.015 0.013 0.011

2380 0.008 0.010 0.011 0.011 0.011 0.011 0.010 0.010 0.009

2530 0.005 0.006 0.007 0.008 0.008 0.008 0.009 0.008 0.008
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Fig. 4 Overview of the model rooms (a: S-room, b: M-room, c: L-room) where the verification tests were conducted and the loca-

tions of the E. coli plates.
The plates and numbers in the figure indicate the numbers of the installation places and correspond to the numbers in Tables 1, 2,
and 3. Red circle indicates the position of UV irradiation device. A and B indicate first position and second position, respectively.
The size of each furniture is as follows. Table: H620XW900XxD 500 mm, Sofa seat height: 380 mm, speaker: H205xW 361 xD233
mm. Plate 6, 23, 26, 36, 39, 42 were placed on the seat surface of the sofa so that the surface of the plate faced the UV irradiation
device.

10 FHML723FEFNZN100ul %2, IHOLBTL— % U= —E A TERBEERRE L (K5). RV RS

3INELTHAT L7, BORGH oL, [ERIV 2 B oA R - [5R
ZOTVL— ML, WEHT—7ThHIF 7 V—LDk% AL AR & BB U e WK 0 A 81} 100(%) 12 X 0 ke

B, BEWo2IRET, BERRIFICH L TPHATICRE L 72, FRATEEERIZ100(%) —AEFEF (%) OFHERIT L DK

7o, WMEOMIIEE WA ST, T — bETAESIRG R iz

EOHMZm ) FE L (H4). 223 MRAEXRICFALAZETIVIL—L4
AL 2 B, 7L — M3 cT—MiEag L, #H MEALEBHRDOEF VN —2 L LT, MRE&Ha v 572 259k

2 ML B108% A6



2,500 mm

4,042 mm

G8 686 1

X4 fmE
Fig. 4 Continuation

TAIMHEDLEZSDON TNV —24 (FhAXRIEERE),
SV — & : E2,001 X B 472,166 X & £ 2,500 mm, MV — 4
M 1,989 X BL 4T 4,042 X 25 ¥ 2,500 mm, L)V — A 3,172 BL 47 %
7.889XEF 2,700 mm A L7z (K4). B, RIFE75 2
¥ —R— FHhER—V 28O =— V7O A TELNZDDOT
H5b.

224 MEEEAE

WALRE L, SV—A, BXUOMLV—2AI1BWVWT
X, MEORYR L R LH (FE620mm) O EIZEk®E L7
(F4). 7LV —2ICBWVWTIE, WEDIKRHEFEA )LV
O, FA4CHDOADNEICHKEL, 10 L7-%, BOME
WCRBEIL, BOBNTAIEICLE 2B, LV—23%, S
V=24, BIOMIV—2& L RBRICEMNREEEE TN (&S
620 mm) D _FIZEE L7z,

BABRIC BT B ERAMVIRS 28 1 X B IRGFRERIE, SV — A
EMIV— LTI, BEEEDT v 7hdr bR L 2o
LOWE T TONE, LV—2ATRBNEEDS v Fhdeh
5 RIE 21 DEEE DI OB T T O T ORI

J. llum. Engng. Inst. Jpn. Vol. 108 2024

WEZ, RIURLZER2SRED Y, 5 7hir bk
D PHEE DY HLT CTRIG T % 99.99% AN iGL 28 5 720124k
FEBEETH S 12 ml/em® 2258 L7,

nB, TYTREIAGEPSOREHRBMNEND, T THH
T LT DBV IBEEDS LT 5 F TICIE 25 DR %
THZENbhol, FIT, 5V 7 HTHSMENLET
LETO20ME, HELTHL20MOBERE,S,
BHROLRZEN L2, TORE, BEILETLITO
2 OFEDIIEIT I 13% ThH o 72720, B3 L%
MRS & 2 Mg =L, SRV IR X 12080 (245) X &
B (0.73) +5RAVUH IR EXY B (IR —24) oFfe L
THH L. ZORE SV—ATIE74, MV—ATIX10
4, FLCLV—ATRETAOMBETISHBE L2, B
B LCISa e A2 s L.

Mg, KEWHO 7L — 2L, KEHOANELEE
HE L T2, KBRHOTL— %2 %E LGB
B SRAVECHT R 2 SRV IR R OF — 7 SRR, FORE ¢
UV-MO03A, ZJGEB - UV-SN25) % v CillE L 7-.

21



2,700 mm

7,889 mm

2,700

seLre

M4 #Z

Fig. 4 Continuation

FBREH 42x107  42x10° 4.2x10°

42x107 42x10° 4.2x10°

5 KBANELXREZAETS-0DOKBERESL— K
(@) BN EL TP > KBE L — FO#KTF. (b)E4ahDT L — FEEESLICHWVWT, RIS &L /%, 37°C T—HiEE
BOKXKBE L — bOKTF. KFOEFIE, TL— MIEHLAEXBEOEHERL -
Fig. 5 E. coli plates for measuring E. coli lethality.
(a) Survival of E. coli in the plate without UV irradiation. (b) Survival of E. coli after UV irradiation and overnight incubation at
37°C in plate #5 in Fig. 4a. The numbers in the figure indicate the number of £. coli on the plate.
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Table 2 UV irradiance, approximate integrated UV radiation intensity, and inactivation rate of the £. coli

in the S-room. The number of each plate indicates the number in Fig. 4a.

TL— b fIE AR BE[mW/cm?] BgtE[m)/cm?] KBEEHELR[%]
1 0.021 8.1 100.0
2 HEAL 0.096 37 100.0
3 0.0090 35 99.98
4 0.022 8.5 99.98
5 HEM?2 0.095 37 100.0
6 0.053 21 99.99
7 0.0050 1.9 99.48
8 HE3 0.12 47 99.99
9 0.082 32 99.98
10 0.008 3.1 99.74
11 HEfL 0.13 51 99.99
12 0.093 36 99.99
13 0.16 62 100.0
14 REE 0.13 51 100.0
15 REDY 0.0050 1.9 86.91
16 REDY 0.0010 0.4 99.99
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Table 3 UV irradiance, approximate integrated UV radiation intensity, and inactivation rate of the £. coli

in the M-room. The number of each plate indicates the number in Fig. 4b.

TL—h# fIE AR EIMW/cm?] B8 [mJ)/cm?] KBERELE[%]
18 0.022 12 99.99
19 HEAL 0.059 33 99.99
20 0.019 11 99.94
21 0.017 10 99.95
22 EEA2 0.027 15 99.99
23 0.042 24 99.76
24 0.0 0.0 47.11
25 EBEA3 0.046 26 99.99
26 0.038 22 99.98
27 0.0 0.0 64.05
28 EBEAL 0.024 14 99.89
29 0.014 7.9 99.84
30 REDFE 0.0020 1.1 96.56
31 REDF 0.0010 0.6 99.99
32 BHEEBELXHF 0.0050 2.8 99.43
33 RF 0.010 5.7 95.73

R4 LI—LICEKEBELEABETL— FOMEICSH T 2RIBHNEBE, BHE, SIURNELE 48, &7

L— bDESIE, HacHDESERT

Table 4 UV irradiance, approximate integrated UV radiation intensity, and inactivation rate of the £. coli
in the L-room. The number of each plate indicates the number in Fig. 4c.

TL— fiIE EAMETRE [mW/cm?] A| UVIRSTIRE [mW/cm?] B 2578 [m)/cm?] KEBEELE[%]
34 0.0 0.0 0.0 99.77
35 BEMAL 0.011 0.031 36 99.98
36 0.011 0.017 24 99.99
37 0.0 0.0 0.0 54.27
38 BEMA2 0.010 0.0090 16 99.99
39 0.011 0.0070 16 99.87
40 0.0030 0.0050 6.9 99.98
41 ABNERRFHR 0.0080 0.0090 15 99.99
42 0.0070 0.0060 11 99.99
43 0.0 0.0 0.0 98.35
44 BEA3 0.024 0.010 29 99.99
45 0.016 0.070 75 99.99
46 0.0 0.0 0.0 97.80
47 BEML 0.026 0.010 31 99.99
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