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IESNA(Illuminating Engineering Society of North America, &
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"Recommended practice for photobiological safety for
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o] 71 ARBAHE dolE vl 9, 1, 2a 5
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AW &, ZR 7] A (apparent color)> WA o] AL} &Y
olth. Ao A14E LED 2L F 6202 1948
3EQEE HA 15 ), AL 2T (15 WA 1
& gy 238 15 Aot

7y 2o &S fste] EFE 3FS SWI, SW2,
SYE, HAL 255 CW, CYE, 2118 15 LWE e
Witk 714 S&= F B (showcase), C= 317 (ceiling),
L& Z31(logo), W WM (white), Y& &4 (yellow)S 7}
27tk e Sye AELE 3 S, cwe %
& WA =S, Lwe 238 WA =S vk
g o Z AR e WAllo] 2F ARREH U= o
2 Alfo] ME tl2rE SWiF SW2E UERISITH

7t 29 AlFS EASHH SWIE 15 W LED HE,
SW2= 2198 15 W LED v}, SY= 282 1} 12 W
LED B}, CWE 15 W LED Par30, CYE 12 W LED
Par30, LW+ F3F AW 12 W LED ule]tl, CYE LA
AlFo)ar, A= SAF AlFolth. 148 ZH(CW, CY)
I 28 ZHLW)oll= Etat(diffusive cover)©] F-2HE]
o] YAAITE, 1GA ZH(SWI1, SW2, SY)oll= EHito]
H2wo] Q1A gkt LED W] nlus 9ste] A}
45 ¥ <5 (incandescent lamp, 12 3%7])2 DAS] E51
60 W Zro]al, 8345 (fluorescent lamp, FZ 7] PA}

Table 1. Symbol, use, apparent color, specification, and manufacture for various lightings used in measurements

Symbol Use Apparent color Specification Manufacturer

SWI White LED bar, 15 W S
SW2 Showcase White LED bar, 15 W (deluxe) S

SY Yellow LED bar, 12 W (silicon surface emitting) S
CW Ceilin White LED Par30, 15 W (diffusive cover) S
CY & Yellow LED Par30, 12 W (diffusive cover) L
LW Logo White LED bar, 12 W (diffusive cover) S

I Ceiling Yellow Incandescent lamp, 60 W (frosted) D

F Ceiling White Fluorescent lamp, 32 W (cool daylight) P

Vol. 20, No. 3, September 2015

J Korean Ophthalmic Opt Soc.



9] cool daylight 32 W &35°]t}.
ole] mE zmo| U3t 7|5, &%, Ax ) A ALk
A ZAFS Table 19 A5+t

N
o
=
T

=AL mgoll - AREE AL Q= LED Y-S SHER

=
T
g2 9o Fdel ek FEFo] J=F W A7t e
=
4

e

35 FPgogRnE 27} 500 Ix 9 AHE 2, 1 9]
x| A1e] Foll thgt FEALS] E(spectral radiance,
L(V), &A% (correlated color temperature, CCT), 2}
Z}3E(color coordinate, CIExy)E S8} th 2=+ Topcon
A ERZEA(M-10002 S48 01, 23EALS 5,
BT, MAEE MinoltaAhe] H-33ALA|(CS-2000)
Z A3tk 4 HelE 5 nm HEo.2 JHAEA o
%4(380~780 nm)ol| A FaStATE. A AF 21 (blue light
hazard)ll gt =2 A3 H 23 HARR E(blue light

5

0

radiance, Lp)= H-EAS] =0 ANSI Z80.3:201094]
sl A= NG 918 S (blue light hazard function,

60
(@) —— SW1 : white, 9776 K

5ol - - - SW2 : white, 9230 K
o [ 1 SY :yellow, 3023 K
(8]
8~ 40r
T €
< 30t
— N(Il
£t
8 = 20+
Q.
n 10}

0 et ‘,."' 1 -
400 500 600 700
Wavelength (nm)
0.15 i
(C) —— LW : white, 9181 K

3
S o.10f
8
E
— K2
® £
SZo00sf
52
(0]
[oN
7]

0.00 L~ : :

400 500 600 700

Wavelength (nm)

A 9 ot 295

BOW)E 7FEAIA ALkl Zel gigh HujeEAl
ZF(maximum exposure time, MET)¥} 9]¥l<* #-F+ IE

624710 A8k 3 gin 1419

@)

Ay o nE

Atk Fig. 1(0)ells =g A 23l Lwol] ik ¥
BAFE, Fig. 1(d)ll= LED 37| HuE 93 5
St MdE 1 2 F35 Foll Ui EFEABIEE AAlS
Aok 7t 1”le] 95 gl 298 YEE 7|5t ™
Eo] AH 7] Mik(white, T yellow), 4T L % (CCT,
K)= A Yepfigict

Fig. 1(a)~(c)°ll AA1E LED ZHol| et FgEA3] =

¥ T je) 93 %, PNRE gEsks gash g4
FS dwshs vas FAH JEd, oled EEE ¢
"2 o 2 H M3 LED(blue LED)S} 1 9ol =29 349
5
—_— : white,
(b) CW : white, 5744 K
--- CY:yellow, 3129 K
o 4F
o
&
T E 3t PN
S RN
-g §, 2+ // \\
5] , . \
[0} ' \
Q. h // \
2 1F ’l /s \\
1 N
’ S
0 1\ /7 L 1 1 ==
400 500 600 700
Wavelength (nm)
5
— | : yellow,
(d) I llow, 2732 K
--- F: white, 5784 K
41
o)
(&)
% 3 (
B )
o |
© g2 !
g2 :
e \
» 1
\_\__ a

0===
400 500 600 700
Wavelength (nm)

Fig. 1. Spectral radiances according to wavelength for various lightings: (a) spectral radiances for white LED lightings (SW1, SW2)
and yellow LED lighting(SY) for showcase, (b) spectral radiances for white LED lighting(CW) and yellow LED lighting(CY) for
ceiling, (c) spectral radiance for white LED lighting(LW) for logo, and (d) spectral radiances for incandescent lamp(l) and
fluorescent lamp(F). On the right of the symbol represented each lighting in figures, apparent color(white or yellow) and

correlated color temperature(K) of each lighting are shown.
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Table 2. Apparent color, CCT, CIExy, radiance L, luminance L,, the percentage of blue light Ps, blue light radiance Lg, maximum
exposure time MET, and risk group of various light sources at 500 Ix

Type Apparent color cer ClExy L b 2 s Ly Mo -

(K) & y) | (Wm?-sr) | (cdm®) | (%) | (Wm? - sr) ) group

SW1 White 9,776 jg;‘i 2,123 493,524 54 993 1,007 (IES;)

SW2 White 9,230 éggg 2,603 716,136 43 943 1,060 (IL{S;)
SY Yellow 3,032 :ﬁfi 929 343,642 8 60 16,667 (Effrfpt)
cw White 5,744 :gigz 363 113,459 29 83 12,048 (EfeGn?pt)
cy Yellow 3,129 éggi 485 151,931 15 52 19,230 (Ef;?pt)
LW White 9,181 ;gig 10 2,921 41 4 250,000 (Effn?pt)
I Yellow 2,732 :ﬁﬁ 490 98,832 6 18 55,556 (EfeGn?pt)
F White 5,784 gg}; 103 10,251 33 22 45,454 (EfeGn?pt)
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Table 3. Risk group(RG) classification from IEC 62471

(\éfm‘;a}u;) MaXin:ilrl:lI; Zc)posure Classification

0~100 No maximum time defined |[RGO (Exempt)
100~10,000 100~10,000 RG1 (Low)
10,000~4,000,000 0.25~100 (M(I){cl(zrzate)
> 4,000,000 < 0.25 (aversion response) | RG3 (High)
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g4k (toxic reactive oxygen species)E A A LAt

Ao g b A g A E (retinal pigment epithelial,
RPE)E, 183l o]0} F8-A| 2] Al ZAM 2 (apoptosis) S
frEsiH, olefg H8-e Aol Z2A &do] FA A
AA3] RlaE]al Aol AR FHbA A (age-related
macular degeneration, AMD)¥} 2 E| 3§ etz o]
S dRle] & 4= ok

G Qo] ik A AR FAE BARE
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AE YehlE 2184 Fig 3@~ 47 Jepf ok
TP HAL AT RGoSH RGI2] HAIS Yephditt
Fig. 3()%} (0)ol Al FAkdto] AREH X178 WA xv
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e AAF HE Pt BT Bt @A T
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Evaluation of Blue Light Hazards in LED Lightings
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Purpose: To evaluate blue light hazards of LED lightings in an optical store with blue light radiance used as the
quantitative indicators of photobiological hazard. Methods: The spectral radiance of each LED lightings was
measured, and blue-light radiance and the corresponding maximum exposure time were calculated. Then each
LED lighting was classified according to the risk group from IEC 62471 standard. Results: The yellow LED
lightings used in showcases and white LED lightings used on ceilings and logo were classified into risk group
RGO. But the white LED lightings used on showcases were classified into risk group RGI1. The blue light
radiances of white LED lightings used in showcases are dozens of times larger than that of fluorescent lamp.
Conclusions: Using the value of the blue light radiance could quantitatively express the blue light hazard to
various lightings. It was confirmed that white LED lightings for the showcases had high blue light hazards
because of their high luminance and color temperature. Therefore, when replacing lightings in optical shop it is
necessary to select the appropriate brightness and color temperature for eye health in the long term.

Key words: LED lighting, IEC 62471, Blue light hazard, Blue light radiance, Radiance, CCT, Blue light hazard
function
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