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Abstract: Recently, sterilization technology has received increasing interest due to the COVID-19 pandemic and required safety
precautions. Particularly, sterilization devices using near ultraviolet (UV) with a 405 nm wavelength are also drawing attention.
It has a UV-C wavelength and other sterilization effects. Its blue-colored light on the boundary between UV and visible light is
used as a light-emitting diode (LED) lamp for 405 nm sterilization, owing to its longer wavelengths than UV rays. However, the
405 nm wavelength contains blue light that can damage the eyes and skin during prolonged exposures and affect the emotional
and biological parts of the body. Currently, 405 nm sterilization LED light registers are circulating in the market. However, they
have not undergone safety tests for blue-light hazards. Thus, with the active distribution of sterilization LED lights, solid safety
standards and management systems are essential to protect users from blue-light hazards. Accordingly, in this study, we
conducted spectral radiance and spectral radiative luminance tests on 405 nm sterilization LED registers available in the market
by the measurement criteria of [EC 62471. Safety standards must be established to secure users' safety against blue light hazards

at a time when 405nm sterilization LED lights are actively distributed due to COVID-19.
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Fig. 1. 405 nm wavelength band.
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Fig. 2. Porphyrin molecular structure and absorption spectrum.
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Fig. 3. Spectral weighting function for retinal damage: B(1) R(1).

Table 1. Spectral weighting function for evaluating retinal harm
caused by broadband light sources.

nm B(A) R(A)
380 0.01 0.1
385 0.013 0.13
390 0.025 0.25
395 0.05 0.5
400 0.10 1.0
405 0.20 2.0
410 0.40 4.0
415 0.80 8.0
420 0.90 9.0
425 0.95 9.5
430 0.98 9.8
440 1 10.0
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Table 3. Sample A spectrum irradiance measurement results.
Resulting risk Risk group
_ Hazard Measured value L.
.58 49 group limit value
) Actinic UV 5.88E-02 Exempt 1
3.1 A A=
Near UVA 2.54E-01 Exempt 10
}\]Foﬂ u}uHE] l% s 29} 7ET—8 }\]-%tg }\] =3 /;\HZIS] IR eye 1.65E-02 Exempt 100
sto] A ol F =g mofstr] sto] AMER BAF phemalskin 2.78E+00 Pass 3.56E+03
A Eol BAR &2 A5}
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80+
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A 600x199x66.5 2,600 60 50
E 401
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Q
C 1,200x200%65 5,200 60 % 20+
= 10
D 400x400%60 3,000 60 kf\
0l , : ‘
E 400%200%x60 1,600 60 1,000 Wavelength/nzr'guo 3,000

3.2 AHERM BAIXE Fig. 11. Sample B spectrum irradiance measurement result graph.
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Table 4. Sample B spectrum irradiance measurement results.
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Fig. 12. Sample C spectrum irradiance measurement result graph.

Table 5. Sample C spectrum irradiance measurement results.
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Fig. 14. Sample E spectrum irradiance measurement result graph.

Table 7. Sample E spectrum irradiance measurement results.

Measured Resulting risk Risk group Measured Resulting risk Risk group
Hazard L. Hazard o
value group limit value value group limit value
Actinic UV 1.04E-02 Exempt 1 Actinic UV 1.1E-02 Exempt 1
Near UVA 2.76E-01 Exempt 10 Near UVA 2.89E-01 Exempt 10
IR eye 5.63E-03 Exempt 100 IR eye 5.61E-03 Exempt 100
Thermal skin 2.86E+00 Pass 3.56E+03 Thermal skin 1.5E+00 Pass 3.56E+03
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Fig. 13. Sample D spectrum irradiance measurement result graph.

Table 6. Sample D spectrum irradiance measurement results.

Measured Resulting risk Risk group
Hazard -
value group limit value
Actinic UV 1.18E-02 Exempt 1
Near UVA 2.92E-01 Exempt 10
IR eye 8.44E-03 Exempt 100
Thermal skin 1.51E+00 Pass 3.56E+03
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Fig. 15. Sample A spectrum radiance measurement result graph.

Table 8. Sample A spectrum radiance measurement results.
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Fig. 17. Sample C spectrum radiance measurement result graph.

Table 10. Sample C spectrum radiance measurement results.

Measured Risk group Risk group  Pass/ Measured ~ Risk group Risk group Pass/
Hazard L. . Hazard L. .
value limit value tested Fail value limit value tested Fail
Blue-light hazard Blue-light hazard .
.01EH i 1.04E+02 100 E t Fail
100 mrad FOV 1.01E+02 100 Exempt Fail 100 mrad FOV xemp ai
Blue-light hazard Blue-light hazard
A1E+ + 1.09E+03 1E+04 G 1 P
11 mrad FOV 9.1E+02 1E+04 Group 1 Pass 11 mrad FOV roup ass
Blue-light hazard Blue-light hazard
n/; n/ G 2 n/
1.7 mrad FOV na na Group2  n/a 1.7 mrad FOV 2 a roup a
Retinal Thermal Retinal thermal
J1E+ .81EH 1.09E+04 2.81E+05 E t P
11 mrad FOV 9.11E+03  2.81E+05 Exempt Pass 11 mrad FOV xemp ass
*FOV = field of view
160,000
180,000 -
- & 160,000
& 160,000 5
5 o 140,000
u 140,000 =
£ 120,000
= 120,000 -
- & 100,000
& 100,000 =
% 50,000 € &0,000
% B0000 = 50,000
§ 40000 & 40,000
= = 20,000
& 20000 L I ] L

00 1 ,0'0
Wavelength £ nm

Fig. 16. Sample B spectrum radiance measurement result graph.

Table 9. Sample B spectrum radiance measurement results.
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Fig. 18. Sample D spectrum radiance measurement result graph.

Table 11. Sample D spectrum radiance measurement results.

Measured Risk group Risk group  Pass/ Measured  Risk group Risk group Pass/
Hazard . . Hazard
value limit value tested Fail value limit value tested Fail
Blue-light hazard . Blue-light hazard
1.42E+02 100 E t Fail +
100 mrad FOV Xemp ai 100 mrad FOV 6.74E+01 100 Exempt Pass
Blue-light hazard Blue-light hazard
1.26E+03 1E+04 G 1 P
11 mrad FOV roup ass 11 mrad FOV n/a n/a Group 1 n/a
Blue-light hazard Blue-light hazard
n/ 2
1.7 mrad FOV n/a a Group n/a 1.7 mrad FOV n/a n/a Group 2 n/a
Retinal th 1 i
CHNATTICIMAL ) 27E+04 2.81E+05  Exempt  Pass Retinal thermal =\ )b 04 281E+05  Exempt  Pass

11 mrad FOV

11 mrad FOV
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Table 12. Sample E spectrum radiance measurement results.

Measured Risk group Risk group Pass/
Hazard .. .
value limit value tested Fail
Blue-light hazard
6.8E+01 100 E P
100 mrad FOV xempt - bass
Blue-light hazard
te-IET Razar n/a n/a Group 1 n/a
11 mrad FOV
Blue-light hazard
Gi 2
1.7 mrad FOV n/a n/a roup n/a
Retinal th 1
CHNATTICIMAL ) 14E+04  2.81E+05  Exempt  Pass

11 mrad FOV
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