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Abstract: Recently, as interest in personal hygiene has increased due to the community spread of COVID-19 and variant viruses,

fixed and potable UV germicidal equipment to sterilize indoor spaces and hand-held UV germicidal equipment to sterilize

household items such as masks and mobile phones are continuously being developed and sold. However, the development and

sales of the product are difficult because appropriate testing methods have not yet been established. In this situation, if an

uncertified product is distributed in the market, it can cause serious harm to consumers. In this study, we investigate the

photobiological risks and safety devices against UV exposure of UV germicidal equipment distributed domestically, and propose

appropriate test methods for portable UV germicidal equipment based on the research results.
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Fig. 1. Examples of UV germicidal equipment.
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Table 1. Safety guidelines for UV hazards.

Tt UV At 7171 Al zAts AlE2) UV § g 2500
o2} AREAREA|ES A SHA SArstaL UVoll e o9
doll thsto] JAAZ 4 A== AlF FE R Folslor T
AMEE ARAPE Al & 4 A EE AlE BA AR AL
&Y SOl F715teS Atstit

UV A4t 71719 AlE #A] AHg2 AlSe] Ad 2828
2 JolstAl g2 Tart lon, fd 1§ 2 (RG2) °]
Y] UV At 7171+= UVl IAI7F 278 ARE ol =32
BF = oo ezt AT YFggol I mabA
UVoll =351 of 2T & e g0l tisto] Al
& A A A ARG A o] BAISE] AREAHA A AL
A led Aol digh 38 Algol Bastt. Aleker b
AAS & 19 Ao 2]

Risk Risk group 1 Risk group 2 Risk group 3
Caution - This product emits Caution - This product emits Caution - This product emits
ultraviolet (UV) radiation. ultraviolet (UV) radiation. ultraviolet (UV) radiation.
UV hazard Exposure may cause eye or Direct exposure may cause

Minimize eye or skin exposure.

Avoid direct exposure

skin irritation.

physical harm.
Avoid eye or skin exposure.

Follow the installation instructions and user manual.
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Fig. 2. Example of exempt perimeter.
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Fig. 3. Classification of UV germicidal equipment for measuring
photobiological safety.
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Fig. 4. Photobiological safety test measurement distance of UV
germicidal equipment.
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Table 2. Limits of emission of hazardous groups to actinic ultraviolet and near ultraviolet.
Risk Wave length Symbol Emission fimit Units
range (nm) RGO RGI RG2
Actinic UV 200~400 Es 0.001 0.003 0.03 W-m?
Near UV 315~400 Euva 10 33 100 W-m?
2.3 UV WALl CHEF 27 ALE 1 o]/ H(UV RG=1)Q1 UV At 71719 Al&& A&AlZ <
7S UV WAPE AR 7] Aofl ALAP} K2] B7He o
o5 UV Al# 71719 B4 U2 @ UV ¥t 8] 2 5 A=s A4 86 7155 AHEsHES Aljtetltt. ®
O, @ UV BiA} T 2 L85t A 2 ormAe & 5t olF Al A5 AlRFo]l Bubal UV ®FARZE AJATE] 7] 7
WE 2 9le g PARIS AASIEoD], UV AR 717 A SR AA7IS Bol AER 02 g Yool 2AYS @
o] AFx|of &t @ LAFES RAISHACE. Alstol FAdol Sl B-ollRt UV -ARS AlAfshal g4
do] AAE A5 - BAl A= U6t UV =&of of
2.3.1 UV A} ZH| EHY et FEE 4 Q== AljtstiTt. XA A5 AR
ol=3& UV A3 7]7]9] Z&to] A|&hg]7] Aof ALLA} S UL8803 (outline of investigation for portable UV
ol Abg 2718 A9ty 9l Apabo] sk Z7HS vioj  germicidal equipment with uncontained UV sources)
S OIES W AR EY S-S WSt AE Aol S5 BEES BEsl0] 52 0% o4 b 0|52 Akt
1A ool g B2l Alel gRg atel & Hsst (5]
of RS st
AlEo] ORI Qe o5 UV At 717] 1050 o 2:3.2UV BAHEA
stod UV ¥iAl Al RS 75 82 mARH Ante 13 AlSol WOiEAL Q1= ol 5F UV dd+t 7171 10500 o
7 2tk 913 718 1(RGL) o] 4] AEQ 10749) A& 5 5101 UV 341 3 71% §:2 L UV AR ARE Ao} 7155
471(40% )] M|Zut ]9 A= 7]=o0] 9)9ict. tR|ut x|o]  F-FE RARGE A= & 49 2ok ¥ OF 1 (RGI) 9]
HE 7150] Qddate A Mo S 7R 712 Abgste]  d2 AlERl 10749 AlE S 671(60%)2] Al&TH UV A
QIR ZA| 2 51A] @17] WhEof K91 S A|ZE ot UV HaL 71%60] AR 97) Aol UV At AIZE Ao} 7]
A} 3742 Yol Al 2319 UVl 1 55)7] fieo] ALgat & Eet algitt
o] 9J5}|7} BrAUSE 7h=Alo] 9Jc}, UV A4t 71712 UV AL A ©@A1Y 21 25 oh 5
wjeta A2 obxA Ald At gtetA xtelM B UV HARE AR & == AbSHtE UV WAL
(actinic UV) @ 2x}] A (near UV) 93 Alo] 9]3 12 HAA ©A 15(RG60) 52 £ists UVE $&E

Table 3. Investigation result of delayed-on timer.

No. Product type Risk group Delayed-on timer

#1 RG3 X

#2 RG3 X

#3 Handheld RG3 X

#4 RG3 X

#5 RG3 X

#6 RG3 Delay on after 15 seconds
#7 RG3 Delay on after 10 seconds
#8 Portable RG3 Delay on after 10 seconds
#9 RG3 Delay on after 30 seconds
#10 RG3 X
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Table 4. Investigation result of UV radiation warning function and operation time control function.

(photobiological safety of lamps and lamp systems -
part 6: ultraviolet lamp products)Z} UL 8803 (outline
for portable UV germicidal
equipment with uncontained UV sources)?] Q LA}
= ¢85t 1 15 3 (RG3)& 1A1RE, ¢ 15 2 (RG2)
= 3AIZE A 15 1 (RG1)Z 8A|Fo. & A|etshITt [6].

of Investigation
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No. Product type UV radiation warning function Operation time control function

#1 X 3 minutes

#2 X 5 minutes

#3 Handheld sound alarm 5 minutes / 2 hours / continuous

#4 X X

#5 X 5 minutes

#6 light on 15 minutes / 30 minutes

#7 light on 30 minutes / 60 minutes / 120 minutes

#8 Portable light on 15 minutes / 30 minutes /60 minutes

#9 light on 30 minutes / 40 minutes / 60 minutes / 90 minutes

#10 light on 120 minutes
Ao, NZAFo|Y AZAHOR UV $EL U AHRADE 27 MES L2 JEE §A], =8 8H Ei A
UV WALE Qxlste] i gelol I & Q=S slof AE 5 gt
5t A5 AR 7152 oA =g UV AR 1 & U MR 2 24 Alo] RIS Algste olsd UV M+t
ALAE A B DY 4 AES UV S ARG 7] 71719 39 SA Alo] A& gulo] &S, A% U oot
52 ABstel PAS HRS 4 e AASYTL. 59 V5L XPY 4 YT stojof At

o3 129 4] UV YA} AJZFS IEC 62471-6

A Foll 222 dHA 2F(03):2 240 nm o] s} o
ol A o] Itz Qlsto] 571 Fofl BE 4 Aot TEtbA
UV-CE WAlsh= A& tisl @& 2Ajo] 7hs3t U
71719 4% A2 AE 2E2 TRlstL 4
Ue U= n3dsfior st A& A9 E &
E+= Alolg gt Aol AR Alg XAl A= ofof
ghot

Q& ZX AP =/ &2 IEC 60335-1 household
and similar electrical appliances - safety - part 1:
general requirements & Al 9y [7]0.2 RIsHEHY
O # 5= BUE S ERAE R P B A E(ET L
#1, #3, o]-5F: #18, #20)2] Al Axto|ct.

AE A A 2R g £ 7)7] o] 250 nm
o9 S ARESH] miZol & AlEo] ARt
0.05 ppmg ZutsHA] X9ttt shA|9H UV-C Fd3 AHE
She At 71719 o] 240 nm o]5te] mh-S
715780l 7] Wil & 574 Al Bl S d=
B ge/do] o

QFE T F A U 582 78 7171 = Al
B 291 IEC 60335-1 household and similar electrical
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Table 5. Ozone production measurement test of UV germicidal equipment.

. Light Ozone .
No. Product type Rating Irradiance spectrum
source (ppm)
#1 DC5V UV-CLED 0001 -
Handheld
#3 DC12V UV-C lamp 0.0006
#10 220 V~, 60 Hz UV-C LED 0.001
——  Portable
#12 DC5V UV-C lamp 0.0006

739 1107 (0.1 ppm) 0.2 Q= Uk
1, 18] A4 FAF AZo] 1A &
0.05 ppm)2.2 0.1 mg/m’0] Q& ul

—

rO

A712(ehe Aersteit.

AUV 5L QS o TR 4 9l A& ol o
oto] A& BA] AT W ARG A o] BA|SFO] AFE-AL
ofiAl At =& AP doll gt FE AlZak A8
Alofl Al-g-ste] ARIAL Y AREAZL sl AlEC] UV ¥
Atol thgt JHE & 4 =5 A|Qtstict.

IAYEsA oA Hob: UV At 71719] shehA A1e]
M(actinic UV) & 2At] M (near UV)o] tjst 91 1
52 WAl 25 (RGO)Ol chHa A gk &l &at 91 1§ 1
(RG1) o]/¢e] UV A+t 717 71491 obA

A AE/ES WAl 2E(RGO) 2Fo02 IFE 5 A
sttt

QFE0 =& S 13] A4 A A]Zto] 1A7F ojuil
739 1x107° (0.2 mg/m?), 18] A& =&+ A]7Ho] 1A]7t
Z7HE] = 72 5x107° (0.1 mg/m®) 0.2 oFA 7] & (2H S
Al QtstEiTt.
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