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Abstract. Exposing human beings to natural light has many empirically and 
experimentally corroborated effects on health, well-being and quality of life. 
One important effect is the entrainment of the human “master clock” to the 24h 
rhythm of the solar day. In contrast, being surrounded by darkness during the 
night increases blood levels of melatonin, the brain derived “sleep hormone”, 
and thus signaling other organs aside from the brain. However, in contrast to 
earlier times, particularly in urban areas distinct periods of the day marked by 
bright and dark light conditions are scarce, as modern lifestyle has changed and 
artificial lighting is present in cities on a 24 hour basis. In addition to the merely 
“visual” effects, light also exhibits non-visual, but biologically relevant (time, 
spatial, quality and quantity dependent) effects, that are mediated by specialized 
cells in the eye. These non-visual effects, such as the suppression of melatonin 
during nighttime may potentially be regarded as a severe risk factor to human 
health. Due to the discovery of the relationship of light exposure and melatonin 
suppression, studies have been conducted to evaluate which properties of light 
are most effective in suppressing melatonin.  

In 2009 a first pre-standard for determining the non-visual effects of light 
mediated through the eye was established by the German Institute of Standardi-
zation (DIN). In this paper we describe, according to the standard, one approach 
to assess melatonin suppressing potential of light sources on the basis of ma-
thematical algorithms that can be utilized as a conceptual platform for planning 
visual and non-visual effective lighting for optimal healing environments.  

Keywords: Natural light, artificial lighting, human eye, melanopsin, retinal 
ganglion cells, melatonin suppression, sleep, circadian rhythm, Irradiance, Lu-
minance, melanopic sensitivity function, visual angle, DIN V 5031-100:2009. 
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1 Introduction and Motivation 

Natural light plays an important role in our daily lives. Living organisms have 
adapted to the 24h rhythm of light and darkness, activity and rest. The individual 
metabolism of an organism can react and adapt to specific needs of activity- and 
sleep-cycles, allowing some organisms to be night-active, while others are day-active. 
Human beings are as a consequence of evolutionary processes specifically adapted to 
day-active (diurnal) live with resting periods during dark periods. The concomitant 
metabolic imprint is useful for survival as human beings are not well prepared to re-
main active in darkness. Since time immemorial human beings have reduced their 
activity level and hidden away during night, thereby instead using the time for resting 
and sleeping. Many million years of pertinent evolutionary processes have led to the 
development of the human organism with its useful metabolic adaptation to fulfill the 
demand of optimal functioning in interaction with the environment. As organisms are 
all exposed to night- and daytime, they have developed several types of “inner 
clocks” that are synchronized and entrained by a “master clock” in the brain. Light 
exposure, i.e. daylight period entrains this “master clock”.  

Some 10 years ago, two independent research groups described a new type of pho-
toreceptor in the human eye, a ganglion cell, containing the pigment melanopsin with 
photosensitive properties. An action spectrum was found for this cell type with a peak 
of excitation in the visible blue segment (maximum at wavelength 460nm-480nm) of 
natural and artificial light. These ganglion cells were found to be responsible for the 
regulation of non-visual effects of light exposure. Specifically, the entrainment of the 
circadian rhythm is thereby realized by transducing the light signal to the Supra-
chiasmatic Nucleus (SCN), a small region above the optic chiasm where the “master 
clock” is situated. Mediated by the SCN over sympathic pathways Melatonin, a 
“sleep-inducing” hormone is secreted by the pineal gland during the night. Melatonin 
is proportionally suppressed by exposure to nocturnal monochromatic light [1, 2]. 
Moreover Melatonin also acts as a free radical scavenger, and therefore, the hormone 
may also be important for immune functions and cancer protection [3]. Since the  
industrial revolution at the end of the 19th century, artificial light has become an im-
portant factor of our economy. Shiftwork was introduced and nighttime was corres-
pondingly no longer considered to be a resting period. As gradually more efficient 
light sources were developed, artificial lighting became almost similar to daylight for 
non-visual effects. As the entrainment function of light was no longer modulated by 
natural light, but also by artificial light, concomitant altering working conditions such 
as the introduction of shiftwork has led to chronodisruption. Chronodisruption has 
been conceptualized as a relevant disturbance of the circadian organization of physi-
ology, which links light and biological rhythms. Some studies have shown that  
chronodisruption has been linked to the development of certain types of cancers. Par-
ticularly shiftwork has been identified as a risk factor for chronodisruption severely 
impeding health and wellbeing [4].  

In modern economies employees spend a considerable amount of time in reduced 
daylight conditions in buildings, sometimes in workplaces with artificial light over 24 
hours. Many of these individuals report to have sleep problems and complain about 
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distress. While different factors may be responsible for sleep problems and distress, a 
protective factor for a sufficient quantity and quality of sleep during the night is main-
taining adequate exposure to daytime light with suitable intensity and biological ef-
fectiveness (adequate exposure to blue spectral components), so as to entrain the inner 
clock. Bright artificial light can also prevent accidents as a consequence of suppressed 
mid-afternoon sleepiness [5]. Consequently, light leading to melatonin suppression 
during night time should be avoided, as melatonin is crucial for good sleep. However, 
the activating effects of light may be used in the evening, but exposure to high 
amounts of the blue spectral component may lead to delay of melatonin secretion and 
shifting of circadian rhythms [6]. This paper aims to describe one approach to assess 
the melatonin suppressing potential of light sources on the basis of mathematical al-
gorithms that can be utilized as a conceptual platform for planning visual and non-
visual effective lighting for optimal healing environments. We thereby describe the 
assessment of non-visual effects of artificial light using radiometric and photometric 
measurements in a LED-based integration sphere.  

2 Material and Methods 

The German Institute for Standardization (DIN) has established a committee for the 
standardization of the non-visual effects of light. In June 2009, the committee pub-
lished a first pre-standard known as DIN V 5031-100 with the heading: Non-visual 
effects of ocular light on human beings - Quantities, symbols and action spectra”. 
This pre-standard was intended to act as a conceptual basis for the evaluation of non-
visual effects of light, as they are mediated by intrinsic photosensitive retinal ganglion 
cells (ipRGC) of the human eye. A prototype of a goggle allowing to assess chromatic 
pupillometry, the physical properties of specific LEDs were measured in an integrat-
ing sphere, and the non-visual effects are computed. In a first step, we will define the 
integrating sphere and the characteristics of the measured solid angle and visual angle 
of our prototypical measurement instrument.  

2.1 The Integrating Sphere 

A special application for Lambert’s cosine law is the integrating sphere shown in 
figure 1. A light source (Q) is placed in the middle of a diffuse painted white sphere. 
Through an observation window (F), which is protected by a screen (S) from direct 
radiance, the intensity of the radiant can be measured. Although the light source might 
illuminate the sphere’s surface in an inhomogeneous manner, the radiance through the 
observation window is almost consistent. In our measurement prototype the integrat-
ing sphere is a half bowl with red, green and blue LEDs circular placed on the outside 
of a commercially available safety goggles that is used to indirectly illuminate the 
mounted sphere. By means of this technological setup, an almost homogenous mea-
surement of the irradiance at the eye level (with a cone shaped visual angle) can be 
performed. 
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3.2 LED Light Source Characteristics 

The measurements in this investigation were conducted with a spectroradiometer 
JETI specbos 1201. This instrument can be used for measurements of irradiance, ra-
diance, illuminance and luminance. In Table 1 the electrical and optical characteristics 
are shown. In Fig.2 the spectral distribution is displayed for the red, green and blue 
stimulus.  

Table 1. The given characteristics of the LEDs used in the measurement system with the 
measured characteristic parameters λmax and Ee,λ max. 

Name  Wavelength λmax 

(at Maximum) 

 Fwd. Current  Fwd. Voltage Maximum Spectral Irradiance

 Ee,λ max 

LED-red   655.2 nm   20 mA   1.8 V   33.7 mW m-2 nm-1 

LED-green   518.0 nm   20 mA   2.2 V   79.9 mW m-2 nm-1 

LED-blue   472.8 nm   20 mA   3.5 V   46.9 mW m-2 nm-1 

     

 

Fig. 4. In this figure the spectral irradiance of the three lighting conditions in the integrating 
sphere is shown. The maxima of the curves are described by the parameters λmax and Ee,λ max. 

With the melanopic irradiance Ee,mel (measured in W m-2), the “melanopic daylight 
equivalent illuminance” Emel , (measuring unit lux), at the eye level can be calculated 
with equation (7) 

 Emel 725,82 lm/W ·Ee,mel (7) 

Table 2. Light source, wavelength, max. spectral irradiance, measured melanopic irradiance 
Ee,mel (W m-2) and “melanopic daylight equivalent illuminance”8 Emel (lx) at eye level 

Light  

source 

Wavelength λmax 

(at maximum) 

Max Spectral 

Irradiance Ee,λ max 

Ee,mel  Emel  

LED-red   655.2 nm   33.7 mW m-2 nm-1 31.27 µW m-2 0,0227 lx 

LED-green   518.0 nm   79.9 mW m-2 nm-1 1.773 W m-2 1286 lx 

LED-blue   472.8 nm   46.9 mW m-2 nm-1 1.249 W m-2 906 lx 

 

                                                           
8  According to draft DIN SPEC 5031-100:2012. 
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If we measure the „photopic“ illuminance at eye level of the three light qualities, 
and the factor amel,v with the spectroradiometer, we can compute the melanopic day-
light equivalent illuminance according equation (6) in an alternative way (see table 3).  

Table 3. Light source, max. spectral irradiance, measured illuminance E (lx), amel,v  and 
“melanopic daylight equivalent illuminance” Emel (lx) at eye level 

Light  

source 

Max. Spectral 

Irradiance  Ee,λ max 

Illuminance 

at eye: E  

amel,v Emel  

LED-red   33.7 mW m-2 nm-1 58 lx 3.671 10-4  0,0227 lx 

LED-green   79.9 mW m-2 nm-1 1866 lx 0,649 1286 lx 

LED-blue   46.9 mW m-2 nm-1 113 lx 7,545 906 lx  

Table 4. Light source, aligned maximum irradiance, aligned melanopic irradiance Ee,mel 
(W m-2), aligned illuminance E (lx) and “melanopic daylight equivalent illuminance”9 Emel (lx) 
at eye level. Alignment was performed to better compare the melanopic effects of the light 
sources. 

Light  

source 

Aligned max. Spectral 

Irradiance  Ee,λ max 

Ee,mel 

(aligned) 

Illuminance 

at eye (aligned): E

Emel 

(aligned) 

LED-red   79,9 mW m-2 nm-1 74.1 µW m-2  138 lx 0,054 lx 

LED-green   79.9 mW m-2 nm-1 1,773 W m-2 1866 lx 1286 lx 

LED-blue   79,9 mW m-2 nm-1 2,128 W m-2 193 lx 1543 lx  

 
For a better comparison of Emel we aligned the spectral irradiances to 79.9 mW m-2 

nm-1 (see Table 4). 

4 Discussion 

With modern luminaires and light sources, we have not only the possibility to create 
good visual lighting conditions, but also to execute non-visual effects on the basis of 
“melanopic” effective lighting. During daytime non-visual effects are important be-
cause humans are in need of light for the proper entrainment and synchronization of 
the inner clocks. Today, the lighting conditions for entrainment are not always suffi-
ciently extant in work places with 24 h artificial lighting and no exposure to natural 
daylight (e.g. control rooms in ships or power plants). On the other hand human be-
ings are in need of a dark environment during the night, so as to allow them to sleep 
and recover adequately. In many instances - be it during shift work or in urban areas - 
due to outside ambient light (“-pollution”) darkness is not sufficiently present. How-
ever, as light has a distinct ability to suppress melatonin, it is essential to know how 
much light exposure is needed for entrainment during the daytime. In a similar way, if 
light exposure is needed during night time, it is also pivotal to know, how much un-
wanted suppression of melatonin may be created as a consequence of being exposed 
to the respective light source. The “melanopic daylight equivalent illuminance” Emel 
                                                           
9 According to draft DIN SPEC 5031-100:2012. 
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provides the necessary information about the melatonin suppressing effects of a given 
light source. Emel can be easily computed, in accordance with equation (6), on the 
basis of a measurement with a lux meter at eye level and a given factor amel,v provided 
by the manufacturer of the light source. If a spectroradiometer is available, Emel can be 
estimated by measuring the melanopic irradiance Ee,mel (measured in W m-2) and cal-
culated with equation (7). We conducted sample measurements of light conditions 
with different maximum irradiances at the characteristic wavelength (see table 2 and 
3). For a better comparison we aligned the spectral irradiances to 79.9 mW m-2 nm-1. 
We can observe that the red light situation has almost no melanopic effectivity. This 
result is in accordance with the fact that red light is far out of the relative melanopic 
spectral sensitivity smel(λ) range. Of interest is the finding that a green light situation 
with equal irradiance produces an approximately ten times greater measured “photop-
ic” effectivity than red or blue light, while the melanopic effectivity is comparable to 
the blue light situation. The described procedures in accordance with draft DIN SPEC 
5031-100:2012 can be used to estimate the melanopic effects of a light source. How-
ever, this pre-standard does not consider the already established effect of a spectral 
opponency in melatonin suppression [8]. Additionally the melanopic spectral sensitiv-
ity function smel(λ) is still not finally confirmed, due to unsatisfying curve fitting of 
the known measurement points. Nevertheless this method does not allow the exact 
assessment of melatonin suppression; it is an assessment of the melanopic potential of 
light and may be considered as an adequate estimate for practitioners.  

5 Conclusion 

In this paper, we have demonstrated how the melatonin suppressing potential of a 
light source can be estimated by means of calculations that are in accordance with the 
German Standard DIN V 5031-100. We consider this to be fundamental knowledge 
for biomedical engineers, light planners and architects and all individuals interested in 
designing lighting and luminaires for optimal healing environments. The considera-
tion of melanopic effects of light is not only relevant to promoting and maintaining 
health and well-being, as it may actually help to avoid accidents, raise vigilance as 
well as lead to better sleep. Moreover, as individuals may gain more resilience against 
distress and prevent depressive episodes, human adequate lighting is certainly one 
pivotal aspect of optimal healing environments.  
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