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(Hyy € pertinente solo nell'intervallo da 180 a 400 nm)

(Huva & pertinente solo nell'intervallo da 315 a 400 nm)

(Lp & pertinente solo nell'intervallo da 300 a 700 nm)

(Ep & pertinente solo nell'intervallo da 300 a 700 nm)

(Cfr. tabella 1.1 per i valori appropriati di ; e Ay

(Eyy & pertinente solo nell'intervallo da 780 a 3 000 nm)

(H. & pertinente solo nellintervallo da 380 a 3 000 nm)




Health Physics July 2013, Volume 105, Number |

. 1]
| Aphakic

A}

E
E
-
g
W
c
o
(3]
<

Blue Light

600 800 1000 1200 1400
Wavelength (nm)

Fig. 5. Action spectra for blue-light photoretinopathy with lens

(phakic) B(A\) and without lens (aphakic) A(A), and for thermally

induced photoretinopathy R(A).
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Table 5.

Exposure duration (seconds) Acceptance averaging angle y,y(radians)

t<100s 0.011
100 <t= 10,000 s 0.00114"
t = 10000 s 0.110

Note: # must be input in seconds to calculate vy, in radians

TABLEL ICNIRP's EXPOSURE LIMITS FOR BLUE-LIGHT
PHOTOCHEMICAL RETINAI HAZARD

Angular Exposure time (s)
subtense of

the apparent 0.25<4<100 s 100<t<10000 s =10000 s
source

a=11mrad De=10° J/(m’sr) | Dg=10°J/(m’sr) | La=100 W/(m’sr)

a=11mrad Hz=100 J/m’ Ez=1 W/m’ Ez=1 W/m’

Dg=Blue-light effective radiance dose
Lz=Blue-hight effective radiance
Hgz=Blue-light effective radiant exposure
Ez=Blue-light effective urradiance




Tabella 1.1

Valori limiti di esposizione per radiazioni ottiche non coerenti

c. 300-700 10° Le[W m™? sr'] pera z 11 mrad
(Luce blu) Ls = T t [secondi]
Cfr nota 1 pert < 10000 s
d. 300-700 Lg = 100 [W m? sr']
(Luce bli) per t > 10000 s
Cfr. nota 1
e 300-700 fgi @ Eg: [W m?] pera < 11 mrad
(Luce blu) 1 _ t [secondi] Cfr. nota 2
Cfr. nota 1 pert < 10000 s
f. 300-700 Eg = 0,01 [W m?
(Luce blu) 210 000 s
Cfr. nota 1

occhio: retina

fotoretinite




RADIANZA

(Independent of distance)

1 asb <l asb

~(1ln Im!m-‘-’fsr) ek In Im!m%’sr)

La RADIANZA non varia variando la distanza

(Sorgente estesa ed uniforme!)

Perche cio sia verificato e necessario che la superficie sottesa
dall’angolo di osservazione sia costituita dalla sola sorgente.




IRRADIANZA

La seconda grandezza che si incontra nella Tabella 1.1
dell’Allegato XXXVII e I'irradianza (E), ovvero la potenza
che attraversa l'unita di superficie e che si misura
dungue in watt [W] su metro quadrato [ m~2].




Rischio da sorgenti di LUCE BLU
Valutazione del livello di esposizione dell'operatore: calcolo
della radianza pesata

« Posizione operatore: 40 cm dal piano riflettente
a 45 "di inclinazione

« lrradianza misurata nella posizione
dell'operatore e non pesata: E = 4,32 W/m#

« [rradianza misurata nella posizione
dell'operatore pesata B(A): E g;,= 2,06 W/m?

a=0,675rad
w=0,36sr
L= Eg/ w=2,06/0,36 = 5,72 W/m?

Dia tratta da presentazione del Dr. Riccardo Di Liberto



Rischio da sorgenti di LUCE BLU

Ex W m ) Spettro Blu et
0,2
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A [nm]
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Misura della sorgente luminosa

Irradianza | Angolo Limite di %
misurata Eg | solido | Radianza Lg | riferimento L; | Esposizione
a 50 cm sotteso | [Wm™?sr']| cont>1000s rispetto al

Wm?] | wslsr] [Wm™ sr™'] limite

4,7 0,378 12,4 100 12%




E; W m2nm]

0,1
0,09
0,08
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0,06

Spettro Blu

Integrale Pesato Eg
W/m*

2,19

Integrale Pesato Lg

W/m?%/sr
17,43

e Eeff el

T limite
45,7

Tlimite

57368




The Roval Swedish Academy of Sciences has decided to award the

2014 NOBEL PRIZE IN PHYSICS

Isamu Akasakl Hiroshi Amano .
and Shuji Nakamura

“for the invention of efficient blue light-emitting diodes which has enabled bright and energy-saving white light sources”
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Allarme. | led oscurano i gialli di Van Gogh

Team internazionale di scienziati: i sistemi di illuminazione Led provocano una trasformazione chimica per
alcuni pigmenti. Il famoso colore del pittore olandese si trasforma in un marrone verdastro

di LAURA LARCAN

Lo leggo dopo

{18 gennaio 2013)

li” delfartista

Il giallo per Van Gogh era come il blu per Kandinskij o
l'oro per Klimt. Un colore vitale, una cifra stilistica,
simbolo della propria arte. E' il giallo brillante a
personalizzare molti dei capolavori sommi di Van Gogh,
come i Girasoli. L'idea che i celebri gialli brillanti del
pittore olandese possano "scurirsi” e deteriorarsi in un
processo di alterazione sarebbe una "ferita” incalcolabile
per la storia dell'arte. Eppure il rischio & alfissimo. A
provocare questa trasformazione chimica sono i sistemi
diilluminazione Led, considerati fino ad oggi ultra-sicuri,
e per questo installati in gallerie e musei d'arte in tutto il
mondo. In sostanza, il pigmento giallo luminoso che
caratterizza tante opere di Van Gogh dopo
un'esposizione alle luci al Led cambia in uno spento
marrone-verde olivastro. Ecco che i "Girasoli" di Van
Gogh "appassiscono”, come denunciava qualche giorno
fa l'lndipendent.
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Fig 20. Spectrograms from the sun. mercury vapour and halogen lamps.

Solar recording (7 July 2007 12 030 GMT Wales LK)

—_— farcury vapour lamp (ReptilelV’ Zoo MegaRay ref BMZ1)
Halogen lamp {Eike 12V 50W dichroic lamp ref WHS2)
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Tableau 12 : Classement en groupe de risque lié a la lumiére bleue pour le domaine visible (Lg, E;)
d'apres la norme NF EN 62471

Groupe Durée d'exposition
maximale admissible t

Groupe de risque 0 t>10000 s
Groupe de risque 1 (faible risque) 100s<t<10000s
Groupe de risque 2 (risque modéré) 0,25s<t<100s

Groupe de risque 3 (risque eleve) t=025%

Densité spectrale de flux normalisée
LED bleu roi

—Pic a 435 nm
—Pica 440 nm
Pic a 445 nm
Pic a 450 nm
—Pic a 455 nm
—Pic a 460 nm
—B(lambda)

580
lambda (nm)

Anses = rapport d’expertise collective « LED » Saisine n”« 2008-3A-0408 »




Densité spectrale de flux normalisée
LED blanc froid

Denslté spectrale de flux normallsée

LEDDblanc neutre

380 580 €30 680
lambda (nm)
Anses = rapport d’expertise collective « LED » Saisine n”« 2008-3A-0408 »




Anses = rapport d’expertise collective « LED »

Saisine n"« 2008-5A-0408 »

Tableau 14 : Résultats de 'analyse de risque pour la rétine lié a la lumiére bleue émise par des LED
au format CMS, substrat céramique, a puce de 1 mm? (taille apparente 1,4 mm x 1,4 mm)

Luminance
energéetique ou
lumineuse

Type

de LEp | Flux

une distance de

Durée limite
d’exposition a Groupe

de risque

200 mm

Recommandation
Marquage
CEI/'TR 62471-2

1001m | 1.6.107cd/m? | VLE non atteinte |J: Sans
Blanc risque o
neutre - Non exige

200Im | 32107cd/m? | 100sa10000s | ['S94€

faible

100 Im | 1,1.10" cd / m? _
o VLE non atteinte |0 Sans Non exige
chaud | 560 1m | 2,2.107cd/m? risque
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Figure 4. Calculated threshold conditions for white light source classification as RG2 or higher, which requires a label (see page 2). The
curves use CCT to approximate the boundary. Products near the threshold should be properly evaluated. A product must be above the
boundary for both the luminance and illuminance conditions to be classifed as RG2 or higher. Source IEC TR 62778
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Anses = rapport d’expertise collective « LED » Saisine n"« 2008-SA-0408 »
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RISCHIO DA SORGENTI DI LUCE BLU orsiNi s, PiccoLl B,

»12 mW/cm?- Sr
f 100 mrad (max/die = 142 min)

» 172 mW/cm?: Sr
mrad (max/die=1m
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Blue-light phototherapy has been an essential therapeutic tool in the management
of neonatal jaundice for decades. Rarely, it is accompanied by acute dermatologi-
cal and systemic side-effects, but fortunately these are reversible and can be ade-
quately and promptly treated in routine neonatal practice. In contrast, much less
is known about the potential long-term side-effects of neonatal blue-light photo-
therapy (NBLP). Many of the data that are currently available on how NBLP influ-
ences melanocytic naevus (MN) development are controversial. The results of
recent well-designed epidemiological surveys suggest that NBLP could well be a
risk factor for MN formation, and highlight the need for additional in vivo and i
vitro studies. NBLP is at present the mainstay of treatment for neonatal jaundice,
but in the future greater consideration should be given to its long-term side-
effects when phototherapy is indicated. It is relevant to emphasize the importance
of appropriately restricted and adequate clinical guidelines, and strict monitoring
of the management of hyperbilirubinaemia, in order to avoid the unnecessary
overtreatment of newbomn infants.
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White Light—Emitting Diodes (LEDs) at Domestic
Lighting Levels and Retinal Injury in a Rat Model
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Chang-Hao Yang, and Li-Ling Lee

http://dx.doi.org/10.1289/ehp.1307294
Received: 30 June 2013

Accepted: 19 December 2013
Advance Publication: 20 December 2013

Conclusion: The results raise questions related to adverse effects on the retina from chronic
LED light exposure compared to current lamp sources that have less blue light. Our results

suggest a precautionary approach may be advisable with regard to the employment of blue-rich

“white” LEDs for general lighting.

Abstract

Background: Light-emitting diodes (LEDs) deliver higher levels of blue light to the retina
compared to conventional domestic light sources. Light-induced retinal injury due to chronic
exposure to relatively low-intensity (750 lux) light in a rodent model. compared to the intensities

examined in previous studies (2000-10000 lux). has not been previously assessed with LEDs.

Ohjective: We examined T.ED-induced retinal neuronal cell damage in the Sprague-Dawleyv rat

model through functional, histological. and biochemical measurements.

Methods: Blue LEDs (460 nm) and full-spectrum white LEDs coupled with matching compact
fluorescent lights were used for exposure treatments. Electroretinogram. hematoxylin and eosin
(H&E), immunohistochemical (IHC) stain, and transmission electron microscopy (TEM) were
used for pathological examinations. Free radical production in the retina was measured to

determine the oxidative stress level.

Results: H&E staining and the TEM study revealed apoptosis and necrosis of photoreceptors,
which indicated blue-light induced photochemical injury of the retina. Free radical production in
the retina increased in the LED exposure groups. The [HC stain demonstrated that oxidative
stress was associated with retinal injury. While LED group demonstrated serious retinal light
injury, compact fluorescent lamp (CFL) group showed moderate to mild mnjury from the

exposure experiments.
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Uveal melanoma is the most common malignancy of the adult eye. Although it is a relatively infrequent tumor, clinical prognosis is
often poor owing to a high incidence of aggressive metastatic disease, for which there are limited treatment options. Little is known
about the etiology of this condition, although several risk factors have been identified. Unlike cutaneous melanoma, however,
ultraviolet radiation does not figure prominently among these risk factors. In this review, we focus on an associated form of visible
electromagnetic radiation, high-energy short-wave (blue) light, a causative agent in various forms of age-related retina damage, as
a previously overlooked risk factor in uveal melanoma development and progression. Finally, we discuss the impact of these data
on contemporary ocular therapy, particularly the debate surrounding the filtering capabilities of intraocular lenses used to replace
dysfunctional crystalline lenses during cataract surgery.
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Decreases Carotenoids in Human Skin, Which Indicates
the Generation of Free Radicals
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In contrast to ultraviolet and infrared irradiation, which are known to facilitate cutaneous photoaging, immunosuppression, or
tumour emergence due to formation of free radicals and reactive oxygen species, potentially similar effects of visible light on
the human skin are still poorly characterized. Using a blue-violet light irradiation source and aiming to characterize its potential
influence on the antioxidant status of the human skin, the cutaneous carotenoid concentration was measured noninvasively in
nine healthy volunteers using resonance Raman spectroscopy following irradiation. The dose-dependent significant degradation
of carotenoids was measured to be 13.5% and 21.2% directly after irradiation at 50 J/em? and 100 J/cm? (P < 0.05). The irradiation
intensity was 100 mW/cm?. This is above natural conditions; the achieved doses, though, are acquirable under natural conditions.
The corresponding restoration lasted 2 and 24 hours, respectively. The degradation of cutaneous carotenoids indirectly shows the
amount of generated free radicals and especially reactive oxygen species in human skin. In all volunteers the cutaneous carotenoid
concentration dropped down in a manner similar to that caused by the infrared or ultraviolet irradiations, leading to the conclusion
that also blue-violet light at high doses could represent a comparably adverse factor for human skin.




