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Measurement of UVC lamp intensity distribution for

inactivation of COVID-19

[Background] The spread of a COVID-19
mutant, Omicron, continues, and measures to
prevent infection are urgently needed. The
RIKEN, Nihon University, and University of
Tokyo groups have reported that UVC (deep-
ultraviolet) irradiation is effective against new
mutant strains because it inactivates viral RNA
by damaging it [1].  Tablel shows an
overview of the inactivation of COVID-19
using UVC.

Tablel Summary of COVID-19
inactivation using UVGC

[RIKEN] [Nihon University]

[ University of Tokyo]

Wavelength 253.7nm

Irradiation intensity 500 uW/cm?

Irradiation time 30 sec

Virus reduction 99.99%

Ref : Chen et.al. Scientific Report
10.1038/s41598-021-93231-7[1]

[Signify] [Boston University]
Wavelength UV-C (Only description)
1) Irradiation intensity 5 mJ/cm?
Irradiation time 6 sec.
Virus reduction 99%
2) Irradiation intensity 22mJ/cm?
Irradiation time 25sec.
Virus reduction 99.9999%
Ref: June 2020 Signify press release[2].

[Fujita Medical University]
Wavelength 254nm
Irradiation intensity unknown
Irradiation time 10 sec
Virus reduction 99.99%
Ref: Press release of Fujita Medical
University, September 2020[3].

The UVC in each research institute shown in
Table 1 is considered to be a general germicidal
These
commercially available UVC lamps can be

lamp based on its wavelength.

purchased without the need to apply for a
permit at present, so it is possible to handle
them if you have engineering knowledge.

The problem with UVC is that it is harmful to

MITSUHIRO SAKAI'

the human body, and direct viewing or
prolonged exposure to it can cause cataracts
and skin cancer.

Table2 Merit and Demerit of UVC

[ merit] [demerit]
1)Virus inactivation 1)Harmful to body
2)Compatible with 2)Specialized
mutant strains knowledge
3) Easy to obtain 3) Narrow irradiation
4) Self-made range
5) Low cost 4) UV degradation

[Experiment] Three types of commercially
available straight tube UVC lamps
(wavelength: 254 nm), 4 W, 10 W, and 20 W,
were prepared. The UV intensity meter was
Digital Instruments (model YK-37UVSD) and
the sensor head was a photodiode sensor (for
UVC: wavelength range 248-260nm).  The
measurement range was 0-150 cm in the X
direction and 0-200 cm in the Y direction from
the center of the germicidal lamp, and the UVC
intensity distribution data was obtained at 10
cm intervals.

[Result and Discussion] It was found that
the 20W output power delivered UVC to a
distance of 200cm in front.  Figure 2 shows
the conversion from watt value of 20W output
to joule by time integration. The formula is

Joule = Watt X Time (sec) (D)

The time range was set to 1 to 100 seconds.
The intensity threshold [1] of the RIKEN group
is 0.5 mW/cm?.  The threshold was found to
be satisfied within 5 cm from the center of the
lamp for an output of 4 W, within 20 cm for
both XY for 10 W, and within 20 cm for XY for
20 W.
(taking 30 seconds into account), the threshold

In terms of time-integrated values

is 15 mJ/cm? or more.
Fig. 2, it was found that the threshold was
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satisfied within 60cm in the Y direction and
30cm in the X direction when irradiated for 100
seconds.
Table3 UVC irradiation range
and |amp center intensity
4W: Center UVC intensity 3.1mW/cm?
X direction 0~40cm
Y direction 0~80cm
10W : Center UVC intensity 5.8mW/cm?
X direction 0~60cm
Y direction 0~150cm
20W : Center UVC intensity5.3mW/cm?
X direction 0~150cm
Y direction 0~200cm

4W

200 200
190 190
180 180
170 H 1~10 170

T 160 04~1 160

S 150 001~0.1 250

> 140 B 0001~001 140

o] igg H ~0001 gg

2

'&.{ 110 (mi/em?) 110

& 100 100

:;(' 90 90

% 80 80

Q3 70 70

F 60 60
50 50
40 40
30 30
20 20
10 10

0 0
0 20 40 60 80 100 120 140 0

o EEEE X(cm)

10W

20 40 60 80 100 120 140 Y

LIS DEESE X(cm)

[Conclusion] As a result of investigating the
intensity distribution of three types of
commercial UVC lamps (4W, 10W, and 20W),
it was found that the virus inactivation
threshold of the RIKEN group [1] was
exceeded within the range described in the
lamp center and experimental results.
However, great care should be taken in lamp
handling.

"Measurement Technology Office, Engineering
Department, Yamagata University
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NF =R IR TN DT LIS TR R D EMEB L OEREATI T FIETHD, dt X Mok
V3R & 2RO REE (EA, WK, HiIRSE) N EH AT v RE CTHY, B RTLEES B 5 72T LM bRk 4 7257 B TF
SN Tng L2, sirdEE o 52T, o0kt W2 R 43 #08 (WDXRF: Wavelength Dispersive XRF) &3
E R EsE Ve =)L — 43 H0H (EDXRF : Energy Dispersive XRF) 235573, ##1Z, EDXRF [TEEE A X
DNSL, Ak S FZARIENORMABI O AT —=0 772 8O AR TIASE L L THD,

%<® EDXRF T3, FUERBHEL TOE B I RERBREI R T 1T b 7 7 o AT A= 5 —ik (FPIE)
MFIESNTODN, REOMR B I IBIRICE > TAEIZ TN EL GG HLZE R L T\ D, A T,
T — B EOEXHR AT (EDXRF) (2361 DIEME D $ &2 DRSOV T 2 D= TotrLiz
P TN ORISR I H T,

2 M
2-1 WAEFEIORE

WepTClL, U 74k8 EDXRF:EDXL300 AL T, WEREIO LHEMEAE T 2D A7) —=0 7122
REIEE L CUNVD, 23 TEHEAY 1000mg/L THRA S TS ICP JTRAHEHER : Merck ICP multi-element standard
solution IV ZHIE LA RO —FIE X 1IRT, 7238, OBLOCQ@OHEIETIE, 24 mm® OFREFEZHIAE ZENE
162 BLO6.9mm OFEHEE THIEEL T,

4000 1400 4000 1400
1200 1200
;3500 — 3500
o0 ?‘7
£ 1000 g 1000
{Ll;( 3000 % 3000
g L
23 800 =3 800
2 #
*% 2500 600 % 2500 600
2000 400 2000 400
Na Mg Al Cr Fe Sr Cd In Ba Tl Pb Bi Na Mg Al Cr Fe Sr Cd In Ba Tl Pb Bi
AETER RETR
@ GURHE S 16.2mm) @ REHEHE 6.9mm)

1 ICP JHIRA T F UL O I E s e
HEDTIE, Na TIEEHMED 3700mg/L EHLEMD 1000mg/L 75 KEgER2 TN A LT, 72, Mg BELONAL T
HHEENSOTHNETTERY, (RE &M THEMIC TN ELHTLAVRIRSZ, EDXL300 T, Na BX&
O Mg ZEDIRVE BELOWE TIL RX9 #—7 "MEHSIDY, 22— M FIRFIZIZAE R kD Pd DR/
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-50 -



BHR A\
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TN HHEE X MR ERLT Do ZOBE, ZNHDHEE X MR TREOR I CE1E 32 I BRI ST
DIeOITHINT O X BRIREEDME T3 D85 (A AN R) 33 AT D 9, EPNRIRD L7 X BROZEIEBLRT
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ZDOIRFEE X FROE BWRIRES NSOV IZ RO TR E B BRIR RO/ NSVt (C, H BETN 0 %) %

TG ETHME TIERBIND DT, ZOREMIRE L RE T D LICL > THMER D EZHEEL, ERETHIO
DAL FP 1ETHD 9, F%fi%ﬁ%/—\ﬁ%ﬁmi“ﬁ#ﬁ@%tmﬂ%ﬂ%“ﬁﬁﬁitﬂf%é JA-1 ks (Z2 1) B LD
FEENEN B ARGHHALFS DA T DR AHE HEY) T2 JSAC 0401 : HHEGUEHZ DUV T FP AR L OKELSR FP
% TR n%u\ff\itﬁbf_%{ﬂ ZOWTHE TS, FP B LOBGELIR FP 151285 JA-1: K ElcE D5l R

T, KB E CHEET D THE THD Na BIO Mg 1B W CRRAHE L E MO X FAENZ ML 20% B IO
68% LRV REIRTNNAELTZHLOD, ESTHD Si, Al BEOY Ca TITAIRFRZESNTILL 10% A1 THo72,
F72, FPIERB L OHGEL#R FP VA LDBIERE RIC KR E R AR ITMEGERIS N~ T,

JSAC 0401 : THEREIOFER TIL, HIELTZICFEDOKE /3D T FP {EE LB UCHUGELIR FP 154 - I E A
DI DSFRFENANEE R &720, BELSR FP BRI THLEWIFER BB ONT, JA-1 DOLH7E Ak ik
LT, JSAC 0401 DXH72 THEREHIEME S IZHRT D IRFBOEH ENPLNEE 2 DI, GHEYE A RO &R
(ZB W THUEL#R FPIEDR A R ChH LN ZEAVRIBS T,

3 ZECHR

1) TR EAHOE XA E EDXL300 BB VA2 Vv —T 1 39(1) 2008

2) TR HOMU NG X BT E O R LS G, SR 5, Journal of Surface Analysis, Vol. 26
(1) , 34-40, 2019

3) T RX A HI S EXHR AT E EDXL300 (X DEREEREI DM U7V —T L 40(2) 2009

4) HOEXBROMTOEEE, T R, #EEE, 2005

5) SQX HLEL#R FP % —SQX #rSEICHE(L L £L72—, UH 7Y% —T L 36(1) 47-48, 2005
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