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Abstract- The article deals with the influence of the 
radiation of light-emitting diode (LED) light sources on 
the photobiological hazard for the retina. It has been 
shown that LED lamps with a directional scattering 
coating and luminaires with scattering and directional 
scattering diffusers generally do not exceed the zero-risk 
group (RG0) blue light hazard limits. The specified light 
sources at brightness not higher than 104 cd/m2 for any 
values of the correlated color temperature (CCT) in the 
range of 2700-6500 K refer only to RG0. LED lamps of 
non-directional, directional light with a diffusing bulb 
have been studied and assigned to RG0, RG1, 
respectively. LED directional light lamps without 
scattering optics are RG1 and due to their high brightness 
up to 106 cd/m2 can cause discomfort. Most LED lamps 
and luminaires for indoor lighting are safe for the retina 
in terms of the photobiological hazard of blue light.  
 
Keywords: Light, LED Lamps, Correlated Color 
Temperature, Blue Light Photobiological Hazard, 
Brightness. 
  

1. INTRODUCTION 
At the present stage, the solution to reduce energy 

consumption for lighting is an actual problem [1, 2]. 
Equally important problem is the quality of light, 
although it has received less attention so far [3]. The 
European legislation has adopted a number of regulations 
aimed at improving energy efficiency, limiting the usage 
of inefficient light sources and the quality of lighting [4-
8]. Scientists at different levels continue discussions in 
this direction, and a large number of scientific papers 
have been published [9-14]. In [9], it is proposed to 
maintain a balance between the quality of lighting and its 
energy efficiency. It is shown that today in most countries 
of the world, particularly in the European Union (EU), at 
the legislative level, more attention is paid to the energy 
efficiency of lighting.  

The works [10, 11] offer a comprehensive assessment 
of the quality of lighting. In [11] proposed model for 
assessing the quality of lighting, which the authors call 
VBE (visual, biological, emotional), where you need to 
consider the visual, biological and emotional aspects of 
lighting. The model is based on indicators of visual 
perception, comfort (presence of glare, pulsation, 

brightness variations), life factors (health status, circadian 
rhythms, safety of exposure to radiation), emotional and 
aesthetic perception, (ergonomic maintenance, 
management and adaptation to the environment). Recent 
results on the biological effects of light, according to [3, 
15], require similar action on the quality, photobiological 
safety of lamps and lighting systems. 

It is known that optical radiation (OR) in the tissues 
of living organisms can cause negative biological 
reactions, which are determined by the processes of 
energy conversion at the molecular level [16]. OR is well 
absorbed by the tissues of the human body, and its 
penetration depth is small and depends on the radiation 
spectrum with a wavelength from several micrometers in 
the ultraviolet region to several millimeters in the near 
infrared region of the spectrum. The main processes of 
OR impact on the tissues of the human body is thermal 
(OR conversion into heat) and photochemical (OR 
conversion into energy of chemical reactions) processes. 
Thermal damage mainly depends on the heat transfer of 
the irradiated tissue, the depth of penetration of OR and 
the energy illuminance of the irradiated area. Exceeding 
the corresponding limit values results in bodily injury - 
local burns.  

Due to thermal conduction processes, i.e., diffusion of 
heat from the volume where OR is absorbed, the limit 
values for bodily injury depend on the size of the 
radiation area. Photochemical processes are characterized 
by action and depend on the energy exposure. The values 
for safe energy exposure limits are set by the 
International Commission on Non-Ionizing Radiation 
Protection (ICNIRP) and standardized in [17]. This 
document regulates the limit of dangerous actinic 
ultraviolet radiation for the skin and eyes, the limit for 
irradiation of the retina of the eye with blue light and the 
limit for the danger to the retina of thermal radiation.  

Blue radiation risk assessment and classification 
methods have been developed by the International 
Commission on Illumination (ICI) jointly with the 
International Electrotechnical Commission (IEC) [18, 
19]. The danger of blue light is classified into four risk 
groups and is determined by the amount of energy that 
enters the retina through the pupil of the eye [18]. Hazard 
parameters for a given exposure time can be represented
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both as the maximum value of radiance LB (for light 
sources with angular dimensions greater than 11 mrad) 
and as irradiance EB (for light sources with angular 
dimensions less than 11 mrad).  

The physiological basis for the hazard classification 
of the zero risk group (RG0) is that when the light source 
does not pose a danger to the retina for 10000 s. Low risk 
group (RG1) – the source does not pose a danger (when 
the limit values RG0 are exceeded) for 100 s. Medium 
risk group (RG2) - the light source does not pose a danger 
due to glare or discomfort, which are created by sources 
of high brightness for 0.25 s. High risk group (RG3) - the 
source is dangerous even with short-term exposure (at 
t<0.25 s). Exposure time and limit values of energy 
brightness LB weighted by the blue light hazard function 
B(λ) and energy illuminance EB for different risk groups 
are shown in Table 1 [18].   
 

Table 1. Limit values of energy brightness LB, energy illuminance EB 
and exposure time t [18] 

 

Exposure  
time t, s 

Maximum energy 
brightness LB, 

W/m2sr 

Maximum energy 
illuminance ЕB, 

W/m2 
Risk group 

t ≥ 10000 100 0.01 RG0 (no risk)
100 ≤ t < 

10000 
104 1.0 RG1 (low risk) 

0.25 ≤ t < 100 4106 400 RG2 (medium risk)
t < 0.25 > 4106 > 400 RG3 (high risk) 

 
To determine the danger of blue light, it is necessary 

to take into account the irradiance of the retina by the 
image of the light source. With instantaneous exposure, 
the image on the retina has the same angular size as that 
of the source. As the exposure time increases, the image 
spreads more and more over the area of the retina (due to 
the saccades of the eyes), which reduces its irradiance. 
Therefore, it is necessary to determine the dependence of 
the angular size of the image for the exposure time from 
0.25 s to 10000 s in the range of angles from 1.7 mrad 
(the smallest size on the retina) to 110 mrad [20]. The 
minimum value of 1.7 mrad is set for an exposure time of 
0.25 s (limit between RG2/RG3); 11 mrad for 100 s 
exposure time (limit between RG1/RG2); 110 mrad for 
10000 s exposure time (limit between RG0/RG1).  

To date, all the positive and potentially negative 
aspects of the impact of artificial lighting on human 
safety have not been fully studied, but a number of 
important consequences of exposure to radiation have 
been studied sufficiently and standards have been 
developed that provide recommendations for improving 
the photobiological safety of lamps and lamp systems. 
The most vulnerable organs that can be adversely 
affected by OR are the skin and eyes. The risks of 
photochemical damage to the retina that can occur with 
violet and blue light exposure are often associated with 
LED light sources, although the proportion of blue light 
in LED sources at the same CCT is about the same as that 
of light from other sources, such as luminescent lamps 
(LL) [21]. A number of studies have shown that there is 
no matter which source of light is generated, an 
incandescent lamp (IL), LL or LED lamp, the spectrum 
and brightness of the radiation are important (Figures 1, 
2, 3) [18, 19, 22].  

 
Figure 1. Emission spectrum of IL [22] 

 

 
Figure 2. Emission spectrum of LL [22] 

 

 
Figure 3. Emission spectrum of LED lamps [22] 

 
Before the advent of bright LEDs, the photobiological 

safety of lamps and lighting systems was focused on 
limiting ultraviolet radiation. After the use of white bright 
LEDs for illumination, the question of the safety of the 
retina of the blue light arose. According to [23], it must 
be taken into account when the observer directly looks at 
the light source, while overcoming the natural desire to 
avoid bright light. The ICI in [24] clarified the term "blue 
light hazard". It should only be used when considering 
the photochemical risk of damage to the retina (photo 
maculopathy) associated with fixation of sight on bright 
light sources. The risk of photochemical damage to the 
retina by blue light depends on the wavelength (with a 
maximum around 435-440 nm). Looking directly at a 
bright LED source from a close distance, even for a short 
period, can be dangerous in terms of photobiological 
damage. 

An analysis of the results of a safety study of OR of 
LED lamps and luminaires obtained in a number of works 
[25-28] shows that most of them belong to RG0 of the 
complete absence of the risk of blue radiation hazard, a 
small part refers to RG1 and only individual LED lamps 
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and luminaires with high CCT (more than 6000 K) may 
refer to RG2. The actual photobiological hazard in 
practice depends on the duration of exposure and is based 
on the perception response to bright light. The maximum 
exposure time in RG2 can be changed from 100 to 0.25 s.  

If technical solutions are not used to distribute LED 
light over an area exceeding the area of the emitting 
crystal, then LEDs may be inferior in photobiological 
safety, for example, IL with frosted flasks or LL. 
However, LED lamps and luminaires without optical 
elements are usually not used. As with traditional lamps 
and luminaires, various optical devices are used to 
redistribute the light in such a way as to ensure that the 
specified requirements are met. Optical systems make it 
possible to distribute light over large areas and make 
LEDs suitable for general lighting.  

For the further development of LED lighting, the 
issues of assessing the safety of light are relevant. The 
transition to LED lighting can be hampered by the fact 
that inaccurate information is often provided about LED 
lamps and luminaires. The statement that switching to 
LED lighting in everyday life threatens health is 
incorrect. It is also emphasized that LED lighting requires 
a completely new luminance detection system, since the 
existing system was designed for conditions not typical 
for LED. The aim of the work is to study the 
photobiological hazard of LED lamps and indoor lighting 
luminaires.  

 
2. DISCUSSION OF THE RESEARCH METHOD 

AND BASIC MATERIAL 
Studies of the levels of photobiological hazard of 

commercial samples of LED lamps and luminaires for 
indoor lighting of office and domestic premises were 
carried out. The measurements were carried out using the 
OST-300 optical radiation test system. The Spectro 
radiometric system of the complex contains 
monochromators, a photometric detector, a system for 
measuring the spectral density of radiation and the 
dimensions of light sources, as well as an eye simulator 
in the field of view of 1.7, 11 and 110 mrad, apertures for 
limiting the field of view, and reference light sources.  

The processing of the measurement results is carried 
out by a computer with software based on spectral 
measurements and allows you to calculate the blue light 
energy brightness LB, energy illuminance EB, CCT, 
brightness LV, illuminance EV at a distance at which the 
photobiological hazard of light is determined. Light 
intensity curves and luminous flux are measured using a 
GO 2000 goniophotometer. The measurement error of 
lighting parameters on an OST 300 setup and a GO 2000 
goniophotometer does not exceed 5%.  

The energy brightness LB is determined using the 
Equation (1) [17]: 

700
-2 -1 4

300

-1( ) 100 [Wm sr ] n , 10mBL L B t s       (1) 

where, Lλ is spectral energy brightness, Wm-2sr-1nm-1, 
B(λ) is the spectral weighting function of the blue light 
hazard, in relevant units, ∆λ is the wavelength range in 
nanometers, and t is the exposure duration in seconds.   

2.1. Measurement of Light and Energy 
Characteristics  

The measurement was carried out in accordance with 
the recommendations of the standards [18, 19] at a 
distance of 200 mm in a field of view angle of 11 mrad. 
We measured LED lamps in flasks with a directionally 
scattering coating and luminaires for indoor lighting with 
various types of diffusers - with scattering and 
directionally scattering transmission. The results of the 
study of the energy and light characteristics of LED 
lamps and luminaires are shown in Tables 2 and 3. As 
can be seen from the obtained results, the blue light 
hazard of LED lamps with a directional scattering 
surface, luminaires with a directional scattering and 
scattering transmission refers to RG0. 

 
Table 2. Parameters of LED spotlights for general lighting 

 

Lamp  
characteristics 

Lamp 
numbers

CCT, 
K 

LB, 
W/m2∙sr 

RG 

Bulb type A with 
directional  

diffusing surface

1 3729 22.1 0
2 3748 21.6 0
3 3788 18.7 0
4 3793 7.2 0
5 3796 46.1 0
6 3816 23.1 0
7 3857 27.1 0
8 3883 1.5 0
9 3910 27.3 0
10 3929 33.2 0
11 3935 27.4 0
12 5707 42.7 0

 
Table 3. Parameters of LED luminaires designed to illuminate office 
and retail premises, educational and children's institutions, household 

premises 
 

Luminaire 
characteristics 

Lamp 
numbers 

CCT, 
К 

LB, 
W/m2∙sr 

LV, 
cd/m2 

RG 

With directional 
scattering 

transmission 

1 3720 7.4 17090 0
2 3905 23.2 47230 0
3 4590 36.2 59250 0
4 2852 30.4 104000 0
5 2883 43.3 136000 0 
6 3377 44.6 139200 0
7 3706 21.1 51010 0
8 3742 25.3 56880 0
9 3780 9.4 21300 0
10 3938 379.8 802200 0
11 5130 7.2 9156 0

With scattering 
transmission 

12 3652 2.9 7326 0
13 3689 1.3 3182 0
14 3714 1.7 4186 0
15 3736 2.2 5300 0
16 3770 2.0 4694 0
17 3920 2.7 5989 0
18 3925 6.5 13230 0
19 3932 1.5 3342 0
20 4739 6.9 11670 0

 
The assessment of the photobiological hazard of LED 

lamps and luminaires shows that in the vast majority of 
lamps belong to RG0 and are safe for indoor lighting. For 
illumination of rooms in which the photobiological 
hazard of blue light should not exceed RG0 for any CCT, 
the brightness of the emitting surface should not exceed 
104 cd/m2.  
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2.2. Study of LED Lamps for Non-Directional and 
Directional Light for General Lighting 

On the installation of OST-300 photobiological 
hazard studies were carried out on commercial samples 
LED lamps rated 6 watts in the number of 6 pieces of 
non-directional and directional light for general lighting. 
Measured and calculated parameters of photobiological 
safety of LED lamps are shown in Table 4. 
 

Table 4. The results of the assessment of the photobiological safety of 
LED lamps 

 

Lamp 
numbers 

Radiation 
angle, 
mrad 

CCT, К 
Color 

rendering 
index, rel.un. 

Brightness, 
cd/m2 

Risk 
group 

1 280 3932 83.3 5300 RG0
2 260 3770 84.1 4694 RG0
3 120 3929 73.6 6780 RG1
4 120 3748 74.4 4.546∙104 RG1
5 36 3726 85.4 1.243∙106 RG1
6 36 2845 82.3 1.048∙105 RG1

 
The LED lamps of non-directional light with a 

diffusing bulb is referred to RG0, and the directional light 
lamps with diffusing optics to RG1. In this case the LED 
non-directional lamps below 104 cd/m2 do not cause any 
discomfort when these lamps are in the human field of 
view. Directed light lamps without scattering optics pose 
no photobiological hazard above RG1, but high 
luminance up to 106 cd/m2 and can cause discomfort. 
Therefore, direct exposure to light from these lamps in 
the field of view is not desirable.   
 

3. RESULTS 
1) The photobiological hazard of blue light depends on 
the energy brightness, the angular size of the light source, 
the CCT, the distance to the observer; 
2) Directional LED lamps, scattering and directional 
transmittance luminaires generally do not exceed the RG0 
blue light hazard limits. At brightness’s not higher than 
104 cd/m2 for any CCT values in the range of 2700-6500 
K, they refer only to RG0. LED lamps and luminaires for 
indoor lighting in terms of blue light photobiological 
hazard are safe for most applications; 
3)  Photobiological processes significantly depend on the 
emission spectrum, exposure time, and to some extent on 
the geometry of lighting devices, therefore it is important 
when implementing energy efficient lighting projects to 
use lamps and luminaires that meet the requirements of 
photobiological safety standards and recommendations 
regarding the safe conditions for the use of these 
products. These should be mandatory conditions for LED 
lighting; 
4) The vast majority of LED lamps and luminaires are 
RG0 and RG1, so they are safe for general lighting. 

 

NOMENCLATURES 
  

1. Acronyms 
LED Light-Emitting Diode 
EU European Union 
CCT Correlated Color Temperature 
OR Optical Radiation 
IEC International Electrotechnical Commission 

ICI International Commission on Illumination 
LL Luminescent Lamp 
IL Incandescent Lamp 
 
2. Symbols / Parameters 
LB: Energy brightness 
EB: Energy illuminance 
t: Exposure duration 
B (): Spectral weighting function of the blue light hazard 
LV: Brightness 
EV: Illuminance 
L (): Spectral energy brightness 
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