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The paper focuses on the geneeration of the excessive dose of the blue light in the LED light. It 

shows that the photobiological assessments made in accordance with GOST R IEC 62471-2013 need 
to be revised accounting for the changes in the pupil size in the LED light and the spacial distribution 
of the blue light absorbing pigment (460 nm) in the yellow spot. The paper decscribes the 
methodological principles of the calculation of the excessive dose of the blight light in the LED 
spectrum as compared to sunlight. It is noted that today in the USA and in Japan, the concept of LED 
lighting has changed, and white light LED have been produced to minimize the health risks. In 
particular, in the USA this concept includes not only the general lighting, but also the monitros and 
car headlights.  
          Keywords: LED, excess dose of blue in the spectrum of artificial white light sources, Pho- 
tobiological security, national security. 
 

 
Today LED lighting is prescriptively installed 

in schools, kidnergartends and healthcare facilities. 
The assessment of its photobiological safety is 
based on GOST R IEC 62471-2013 
“Photobiological safety of lamps and lamp 
systems”. The GOST document was prepared by 
the State Unitary Enterprise of the rpublic of 
Mordovia “Lodygin Scientific and Research Light 
Source University” based on own Russian 
translation of the document mentioned in clause 4 
below. The clause indicates that the present 
document is identical to the international standard 
IEC 62471:2006 Photobiological safety of lamps 
and lamp systems. Such transfer of the guideline 
document points to the fact that Russia does not 
have own professional school of photobiological 
safety. 

Photobiological safety assessment is based on 
the risk theory and quantitative estimate of the 
marginal rates of the standard influence of the blue 
light on retina. The marginal values of photobio-
logical safety was calculated for  
the established exposure limit of the pupillary di-
ameter of 3 mm (area = 7 mm2). For these values 

of the pupillary diameter, the values of the spec-
trum function of hazard and blue light (B(λ)– were 
found.  The maximum fell in the spectral radiation 
band of 435-440 nm. 

The theory of the blue light risks and the 
method of photobiological safety estimation were 
developed based on the articles by David H.  
Sliney, Ph.D, the founder of photobiological safety 
of artificial light sources. For many years, he was 
the Manager of the Laser/Optical Radiation Pro-
gram at the US Army Center for Health Promotion 
and Preventive Medicine. In 2007, he retired. His 
research interests include: 1) UV effects upon the 
eye; 2) tissue responses to laser radiation; 3) risks 
and hazards associated with laser application in 
medicine. He served as member, advisor and 
chairman of numerous committees and institutions, 
which are active in the establishment of safety 
standards for protection against non-ionizing radia-
tion in particular from lasers and other high-
intensity optical sources (ANSI, ISO, ACGIH, 
IEC, WHO, NCRP, and ICNIRP). He co-authored 
the 1000-page handbook, "Safety with Lasers and 
Other Optical Sources," Plenum Publishing Corp., 
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New York, 1980. He served as President of the 
American Society for Photobiology, 2008-2009. 

David H.  Sliney has developed the 
founding principles of the photobiological lamp 
safety standards. His methodological pattern were 
automatically translated to be used on LED-array 
light. David H. Sliney’s students and followers are 
trying to categorize the risks in order to validate 
and promote LED light. Today the area of 
researche and opportunity (limitation) analysis 
related to LED light includes:  
- Governmental agencies including the US Min-

istry of Energy, the RF Ministry of Energy 
- Nonprofit organizations such as Illuminating 

Engineering Society of North America 
(IESNA), Alliance for Solid-State 
Illumination and Technologies (ASSIST), 
International Dark-Sky Assosiation (IDA) and 
Nonprofit Partnership of LED Lights and 
Light Systems Manufacturers;  

- Large manufacturers such as Philips- 
Lumileds, Osram, Cree, Nichia, and Russian 
manufacturing companies including Optogan, 
Svetlana Optoelektronika; 
Research institutitons, universities, 

laboratories such as Lighting Research Center at 
Rensselaer Polytechnic Institute (LRC RPI), 
National Institute of Standards and Technology 
(NIST), American National Standard Institute 
(ANSI), Lodygin Scientific and Research Light 
Source University, Vavilov Russian Lighting 
Research Institute. 

LED light is in the center of scientific 
attention: hundres of articles are published and 
many international conferences take place every 
year.  The finances spent on installing LED light 
total billions of roubles. 
         For these reasons, the assessment of 
photobiological safety is essential for child safety 
and reduce the threat to the national security.  

In determining the excessive blue light dose, 
it might be helpful to review “The Optical Safety 

of LED Lighting”, a European report that com-
pares the sun light spectrum with the artificial light 
source spectrums (incandescent, fluorescent and 
LED lamps) following the requirements of EN 
62471. Let us look at the findings from the point of 
view of hygienic assessment in order to determine 
the excessive portion of blue light in LED. Figure 
1 below shows a spectral pattern of a light-emitting 
diode that consists of a crystal that emits blue light 
and is covered with yellow fluorescent dye to ob-
tain white light.  
         Figure 1 also shows the reference points 
which require close attention from a hygienist 
when analyzing the light spectrum from any light 
source. From this point of view, let us review the 
sun light spectrum (see Figure 2).  
        The figure makes it clear that in the color 
temperature range from 4000К to 6500К, the con-
ditions for the melanopsin cross are observed [3]. 
In the energy spectrum, the amplitude (A) at 480 
nm shall always be bigger than the amplitude at 
460 nm and 450 nm.  

Here, the blue light dose 460 nm in the sun 
light spectrum with the color temperature 6500 K 
is 40% bigger that in the sun light with the color 
temperature 4000K. 
      The melanopsin cross effect can be clearly 
observed from the comparison of the spectrums of 
theру incandescent light and LED with the color 
temperature 3000 K (see Figure 3).  
       The excessive portion of blue light in the LED 
spectrum exceeds the portion of blue light in the 
incandescent light spectrum by 55%.  
        With the account for the above, let us 
compare the sun light at Тк = 6500К (  6500К-
upper color temperature limit for the retina 
according to David  H.  Sliney (below 6000K 
according to the sanitary norms) with the incan-
descent light spectrum Тк =2700К and LED 
spectrum with Тк =4200К at the light level of 500 
lux (see Figure 4). 
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Figure 1. The light spectrum of white light-emitting diode 

 

 
Figure 2. The sun light spectrum at different times of the day 
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Figure 3. The melanopsin cross effect  [3] 
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Figure 4. Comparison of the sun light, incandescent light, and LED light spectrums 
 
 

 
 
The figure above shows that 
-  incandescent light (Тк = 4200К) has the emission 
of 460nm higher than  sun light (6500К); 
-  in the incandescent light spectrum (Тк = 4200К), 
the dip of 480 nm is 10 times bigger than in the sun 
light spectrum  (6500К); 
-  in the LED light spectrum (Тк = 4200К) the dip 
of 480 nm is much bigger than in the in the incan-
descent light spectrum (Тк = 2700К). 
The pupillary diameter in the incandescent light is 
known to exceed the maximum value of 3 mm (ar-
ea = 7mm2) according to GOST R IEC 62471-2013 
“Photobiological safety of lamps and lamp 
systems”. 

Figure 2 clearly shows that the blue light dose 
of 460 nm in the sun light spectrum for the color 
temperature 4000К is significantly lower than the 
blue light dose of 460 nm in the sun light spectrum 
at the color temperature 6500 K.  

This means that the blue light dose of 460 nm 
in the LED light spectrum with the color tempera-
ture 4200 K will exceed the blue light dose of 460 
nm in the sun light spectrum at the color tempera-
ture 4000 K by 40% at the same light intensity.  

This different composes the excessive blue 
light dose at the incandescent light in regards to 
sun light at the same color temperature and the set 
level of light intensity. This dose must be comple-
mented by the portion of the blue light obtained 
with the inadequate pupil management in the con-
ditions of LED lighting and from uneven distribu-
tion of the luteal pigments (in terms of volume and 
square) that absorb blue light 460 nm. Total exces-
sive dose of blue light is what accelerates degrada-
tion processes and promotes visual deterioration as 
opposed to sun light under otherwise equal condi-
tions (set light intensity, color temperature, and 
productivity of the yellow spot) [1, 2, 3, 4, 7, 9, 10, 
11]. 

The pattern for the retina protection was gen-
erated in the sun light. In the sun light spectrum, 
the pupillary diameter is managed adequately in 
terms of closing. Consequently, less sun light is 
received on the retinal cells. The pupillary diame-
ter in adults changes from 1.5 to 8 mm which con-
trols the intensity of the light received by the reti-
na.       

Pupil contraction decreases the area of the 
light projection of an image which does not exceed 
the yellow spot area in the central retina. Blue light 
protection of the retinal cells is provided by the 
luteal pigment (max absorption of 460 nm). 

In newborns, the yellow spot region is light 
yellow, with a blurred outline. 

At 3 months, the intensity of yellow light 
decreases, and the macular reflex starts to develop. 

By 12 months, the foveolar reflex is devel-
oped, and the center becomes darker.  

By 3-5 years, the yellowish tones of the 
macular region almost blend in with the pink or red 
color of the central retina.  
In children aged 7-10 as well as in adults, the yel-
low spot region is defined by the avascular central 
zone of the retina and the eye reflex. The term 
“yellow spot” resulted from the macroscopic study 
of the cadaver eyes.  
 Junction retinal preparations show a small 
yellow spot. For a long time, the chemical compo-
sition of the pigment that colored that retinal area 
was unknown. Today two pigments: lutein and 
lutein isomer zeaxanthin – are considered to be 
yellow spot, or macular pigments. The lutein level 
is higher in the areas of higher rod concentration, 
and the level of zeaxanthin is higher in the areas of 
higher cone concentration. Lutein and zeaxanthin 
belong to the carotinoids – a group of natural vege-
table pigments. Lutein is considered to perform 
two functions: absorb the hazardous blue light and 
block/delete the active forms of oxygen created on 
exposure to light. The lutein and zeaxanthin levels 
in the macula are uneven in terms of area (the 
highest concentration is in the center, and a very 
low concentration is along the edges); moreover, 
they decrease with age. This means that blue light 
protection (460 nm) also deteriorates with age. 
These pigments are not synthesized in the body so 
they need to be consumed only with food. This 
means that the level of blue light protection also 
depends on the quality of nutrition. 
 Figure 5 below shows the general pattern 
of comparison of the projections of the light circle 
from a halogen lamp (similar to the sun light spec-
trum) and an incandescent lamp. In the LED light, 
the flashing area is bigger than in the halogen lamp 
(HL).  
        The difference in the flashing areas is used to 
calculate the additional blue light dose from the 
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inadequate pupillary management in the conditions 
of LED light accounting for the uneven distribu-
tion of the pigments that absorb blue light 460 nm 
in volume and area.  

This qualitative estimation of the excessive 
blue light dose in the white LED spectrum can 
serve as a methodological basis for the quantitative 
estimates in the future. This makes it clear why it 
is necessary to fill the dip in the region 480 nm to 
ensure the reduction of the effect of melanopsin 
cross.  This solution was formalized in an inven-
tor’s certificate (LED white light source with a 
combined remote photoluminescent convector Pa-
tent № 2502917 of 30.12.2011). This makes Rus-
sia a pioneer in creating LED white light sources 
with a biologically adequate spectrum. Unfortu-
nately, the RF Ministry of Industry and Trade did 
not consider this area a priority for research and 
did not provide funding for the works on general 
lighting (of schools and hospitals), screens, and car 
lights. 
        Inadequate pupillary management in the LED 
lighting creates the conditions for excessive blue 
light doses which adversely affect the retinal cells 
(ganglion cells) and retinal vessels. The above is 
reflected in the research works by the Institute of 
Biochemical Physics named after N.M. Emmanuel 
under the Russian Academy of sciences [5, 6, 12].  
      The effects related to inadequate pupillary 
management registered earlier are true for the lu-
minescent and energy-saving lamps (see Figure 6). 
At that, a higher dose of UV light at 435 nm is reg-
istered (“Optical safety of LED lighting”).  

The pupil sizes were measured in U.S. school 
students after the replacement of luminescent 
lamps (Тк =3600К) with luminescent lamps (Тк = 
5500К). The pupil size decreased by 2.3 mm2, and 
the general psychophysical state of the students 
improved. Similar results were obtained by the 

Research Institute for Hygiene and Children and 
Teenagers’ Health Protection (under the Russian 
Academy of Medical Sciences) in the course of the 
experiments which involved the replacement of 
luminescent lamps with LED lights. In particular, 
in the luminescent light Тк =4000К, the pupil size 
equaled 4.9 mmm in diameter. 

As the correlated color temperature of the ar-
tificial light sources decreased, the pupil size in-
creased. This creates a supposition for an adverse 
impact of the blue light on the retinal cells and ves-
sels. As the correlated color temperature increased, 
the pupil size decreased but did not reach the val-
ues registered in the day light. Excessive UV dose 
can foster degradation processes, increase the risks 
of early visual deterioration as opposed to the sun 
light under otherwise equal conditions.  

A higher dose of blue in the LED spectrum 
can affect human health and the functioning of the 
visual analyzer. Which means vision can deterio-
rate early in life. On a larger scale, this creates a 
threat to the national security. A certain light spec-
trum can be used as a weapon of mass impact. This 
fact was proved in the course of the studies by 
DARPA conducted in 2008 on SB082-055  U.S. 
Navy.  In the same year, three professors – Ste-
phen Den Baars, Jim Speck, and Sudzi Nakamura 
jointly with the leading specialists from Philips 
Lumileds и Intel started a new company Soraa 
specializing in manufacturing new generation LED 
lamps (purple LED and RGB-luminophor). They 
received funding by the U.S. Ministry of Energy 
and built a pilot plant in Freemont, CA (USA) [8]. 
Also, Soraa experts received a patent 
US2015/0062892 A1 of 05.03.2015 «Circadian 
friendly LED light source» (SORAA, INC, 
Fremont, CA(US). 

According to the patent, circadian friendly 
LED light sources includes the light sources for:
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Figure 5.  Comparison of the areas of the retina flashing by halogen lamp and incandescent lamp 
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Figure 6. Luminescent lamp spectrums with different values of the correlated color temperature 

 
Figure 7.  TRI-R Technology 

 

 
Figure 8. General comparison of the light spectrums 

- General lighting; backlight monitors; car 
lights. 

      In short, the new ideology by Sudzi Nakamura 
covers all important areas of application of LED 
light sources. 

       In contrast to the conservatism of the RF Min-
istry of Industry and Trade and innovative center 
Skolkovo, our proposed concept of semiconductor 
white light sources with a biologically adequate 
light is gaining support worldwide. For example, in 
Japan (Toshiba Material Co., LTD), LEDs were 

manufactured using TRI-R technology (see Figure 
7). 
      This combination of purple crystals and lumi-
nophors allows the synthesis of LEDs with the 
spectrum close to the spectrum of sun light with 
different color temperatures, and elimination of 
shortcomings in the traditional LED spectrum 
(blue crystal coated with yellow luminophors). 
Figure 8 below shows a comparison of the sun 
light spectrum (TK = 6500K) and LED spectrums 
using TRI-R technology and conventional technol-
ogy (blue crystal coated with yellow luminophors). 
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        The figure above shows that the dip of 480 
nm was reduced in the LED white light spectrum 
using the TRI-R technology, and excessive dose of 
blue is eliminated.  
        At this point, we would like to express our 
support to the international counterparts and hope 
that that the studies on the impact of light of a cer-
tain spectrum on human health will become a pri-
ority for the Russian federal government. It will 
help prevent billion rouble losses in the future.  
 
CONCLUSIONS: 

1.   The Sanitary Rules use the norms from interna-
tional light-regulating documents by translating the 
European standards into Russian. The standards 
are developed by the specialists who are promoting 
their national technology policy (national business) 
which often does not conform with the Russia’s 
national technology policy. A good example is 
GOST IEC 62471:2006 Photobiological safety of 

lamps and lamp systems. In LED light, the pupil 
size is managed inadequately which places in ques-
tion the accuracy of photobiological assessments 
under this GOST.  
2.   The federal government does not provide fund-
ing for the research on the health effects of tech-
nology. Hygienists are forced to adapt the norms 
and requirements to the business-supported tech-
nologies.   
3. The technical solutions used in the production of 
lights and PC monitors must ensure visual safety of 
users by excluding the effect of melanopsin cross 
which is common in the energy-saving lamps and 
information display devices.   
4. In the white LED light (blue crystal and yellow 
luminophor) with a spectral dip of 480 nm, the pu-
pil size is managed inadequately.  
5. Maternity wards, child facilities, and schools 
must use hygienically certified lighting with a bio-
logically adequate light spectrum accounting for 
the specifics of child vision.
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