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The effect of light on human performance and health is an ongoing point of 
discussion, research, and debate. Much of the research is focused on melatonin 
suppression and how outdoor lighting contributes. The hormone melatonin is the 
primary controller of circadian (day/night) biorhythms. Very bright light (the sun) 
suppresses the output of melatonin. After sunset, the pineal gland responds to the 
decreased light levels by greatly increasing its output of melatonin. After a few hours, 
blood melatonin levels reach a point where sleep is induced. Melatonin levels usually 
peak two to four hours after the onset of sleep and decrease gradually during the 
remaining sleep period. 
 
The effect of exposure to light at night on human health is an area of ongoing 
research. Studies in the fields of biology and medicine have identified links, in both 
the laboratory and the field, between light exposure at night and a variety of human 
health risks. Maladies under investigation include sleep disorders, depression, 
seasonal affective disorder, and some forms of cancer. To date the largest body of 
evidence involves exposure to relatively high levels of light at night, such as one 
might receive in shift work. The World Health Organization now categorizes light 
exposure of this sort as a group 2A carcinogen (the same category as cigarette smoke).  
 
More recently researchers have investigated health effects from lower level light 
exposure, including levels which might be associated with light trespass into a 
sleeping area from outdoor lighting. At these lighting levels the research is still sparse 
and inconclusive, though some noteworthy evidence has been collected. Although 
there is still much to be learned on this subject, strong official statements in support 
of light pollution reduction have already come from several medical organizations, 
including: 

• The Massachusetts Medical Society, 
• The American Medical Association (AMA) Council of Science and Public 

Health, and 
• The full AMA House of Delegates,  

 
All of which unanimously supported a resolution to encourage light pollution 
reduction. 
 
A number of possible causal pathways have been identified in this research, and the 
search continues for others. The best researched pathway involves melatonin 
suppression. The hormone melatonin is the primary controller of circadian 
(day/night) biorhythms. Very bright light (the sun) suppresses the output of 
melatonin. After sunset, the pineal gland responds to the decreased light levels by 
greatly increasing its output of melatonin. After a few hours, blood melatonin levels 
reach a point where sleep is induced. Melatonin levels usually peak two to four hours 
after the onset of sleep and decrease gradually during the remaining sleep period. 
 
Daylight inhibits the production of melatonin, and levels of melatonin usually reach 
a minimum sometime during the afternoon. Irregularities in melatonin production 
can cause sleep problems, lethargy, mood disorders, and has been linked to an 
increased risk to hormone dependant cancers such as breast and prostate cancer 
(Bartsch et al., 1985). This research also concluded “melatonin controls not only the 
growth of well differentiated cancers, but also possesses anti-carcinogenic properties.” 
Figure 1 - Day Night Cycle shows the normal cycle of melatonin secretion based on the 
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day night cycle. It was found very high level of artificial lighting at night could also 
suppress melatonin (using 2500 lux of white light for between 2–4 hours) (Lewy et al., 
1980).  
 

 
Figure 1 - Day Night Cycle 

 
From an exterior lighting perspective, the question is whether levels and/or certain 
types of lighting can cause the suppression of melatonin levels at night through light 
pollution and trespass, therefore negatively impacting the health of residents. The 
spectrum of the light can also have an influence, with shorter wavelength lighting 
having a greater impact.  
 
The amount of light needed has to be at sufficient levels and also applied for a 
sufficient amount of time to have an effect on melatonin levels. Figure 2 - Predicted 

Human Melatonin Suppression by Lighting (Figueiro et al., 2006) shows this relationship. 
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Figure 2 - Predicted Human Melatonin Suppression by Lighting 

 
Street lighting rarely exceeds 10 lux at the cornea outdoors. Indoors, behind closed 
curtains or blinds, the levels would likely to be much lower. Furthermore, the human 
eyelids transmit only about 1% to 3% in the short wavelength region of the visible 
spectrum.  
 
Given the available published data on human melatonin suppression in response to 
light, light trespass through residential windows is an unlikely cause of melatonin 
suppression, simply because the light levels are so low, particularly with the eyes 
closed (Robinson et al., 1991). The typical levels of melatonin suppression associated 
with light exposure, and the attenuation of light expected from curtains and eyelids, 
suggest that people sleeping in a typical home would not be subject to substantial 
melatonin suppression from street lamps. Lighting which has poor optical control 
which in very close proximity to windows may have some impact in individual 
cases (such as laneways or multi-level towers), if curtains were translucent or not 
fully closed. In the case of outdoor lighting, a policy which emphasizes controls on 
light trespass and sky glow will help achieve this margin of safety. 
 
A number of studies link light exposure at night to various forms of cancer. Most of 
these have involved higher levels of light exposure, and examined endocrine 
disruption (including melatonin suppression) as the most likely causal link. A few 
papers correlated light density from satellite imagery with regional incidence of 
Breast Cancer. These are deemed questionable given the number of potential 
confounding factors and the failure to precisely tie satellite imagery data to light 
exposure of individuals. Other more recent medical research, utilizing data on light 
levels in bedrooms, suggest a possible causal link even at low levels. This is supported 
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by some laboratory experiments with low-level lighting, though the amount of 
evidence is not sufficient to draw firm conclusions. 
 
There is a growing interest in nighttime exposure to short-wavelength (blue) light for 
it is present in some high colour temperature LED lighting. The interest in short-
wavelength light is that it might reduce melatonin production at night or disrupt 
the internal body clock and, perhaps, increase the incidence of disease. 
Lighting can have impacts on animals.  The same light pollution that impacts 
human can effect on resident and migrating wildlife, including mammals, birds, 
insects, insect predators, reptiles, amphibians, and others. Mating patterns, migration 
pathways, predation, growth, habits of movement, and feeding patterns can be 
affected. Almost all small rodents and carnivores, 80% of marsupials, and 20% of 
primates are nocturnal. Lighting in sensitive areas should minimize the duration, 
direct the light only where needed, and reduce intensity as much as possible. An 
example is the impact on birds, an estimated 100 million to 1 billion of which die 
each year colliding with buildings at night in the U.S. alone.  Migration patterns of 
birds are known to be shifted by urban lighting as well. Over the past 25 years, cities 
such as Toronto, Houston, Minneapolis, Indianapolis, Boston, and others are making 
efforts to reduce this effect. Chicago’s “Building Lights Out” project, for example, is 
credited with saving an estimated 10,000 birds each year. This is however applicable 
to building lighting.  
 
The effects of light pollution goes far beyond birds. Through field and laboratory 
research, biologists have shown that excess lighting can interfere with the 
reproductive patterns of tree frogs and salamanders. Artificial lights have been shown 
to affect the emergence timing, and feeding behavior of species of bats.  Sources of 
excess light also draw insect populations away from their normal habitat, 
introducing disproportionate impacts on feeding and success rates of different bat 
species.  
 
Sky glow pollution has been shown to disturb the feeding patterns of zooplankton, 
which in turn allows excessive algae growth which can kill off other, important 
aquatic plants and ultimately killing off large numbers of lake-dwelling fish. 
Biologists have shown that exposure to artificial light, even for short periods, can 
cause some frogs to freeze in place even after the light is turned off – disrupting 
essential feeding and reproductive activity. Salamanders have also been shown 
unable to properly navigate at night, from one pond to another, in the presence of 
artificial lights. This leaves the creatures wandering, vulnerable to the elements and 
to predators. 
 
Insects including many significant pollinators are especially hard hit by artificial 
light.  Excess lighting interferes with the vision systems of moths and other insects, 
making it harder for them to find food. It also can disrupt their flight patterns, 
causing many insects to miss opportunities for feeding, mating, or laying eggs, which 
in turn can have a significant impact on population. Artificial lights have even been 
shown to interfere with the production and release of pheromones, thereby 
interrupting or completely eliminating mating behaviors. The impact on insect 
populations may not seem important, until one considers their role in a food chain 
which supports amphibians, reptiles, birds, mammals, and all the higher-order 
animals which, in turn, prey upon them. 
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As light affects the pineal gland’s production of melatonin in humans, so it also 
affects hormones regulating reproduction, growth, and circadian rhythms in many 
species of wildlife. Circadian patterns in many animals are affected by artificial light – 
shifting the daily and seasonal cycles of feeding, reproduction, nesting, and 
migration. When animals survive these disruptions, they may remain vulnerable to 
stunted or delayed growth, or interference with mating or reproduction, due to the 
effects of artificial light on hormone production. 
 
Plants have evolved a wide range of photoreceptors that perceive and respond to 
light signals in the ultraviolet, blue, red, and near-infrared regions of the 
electromagnetic spectrum. While little research has been done to explore the specific 
effects of artificial lighting, there can be no doubt that there is an effect. 

 

Conclusions 

Medical and biological research shows evidence of links between exposure to light at 
night and health risks, including sleep disorders, depression, and some forms of 
cancer. A minority of these studies look at the effects of low light levels such as those 
from street lighting light trespass into sleeping areas. Research at these lower lighting 
levels is, to date, inconclusive.  
 
The American Medical Association and other professional organizations have taken a 
strong position supporting light pollution reduction with human health concerns in 
mind. Lighting design with proper avoidance of light trespass is an appropriate 
response which will provide a margin of safety around those potential health 
hazards still under investigation. A more substantial body of evidence reveals 
significant harm from excessive outdoor lighting on local and migratory wildlife. 
Good lighting design with proper up-light and glare control, can significantly 
diminish environmental harm while improving service to humans. The same is 
especially true for adaptive controls on lighting, which can substantially improve 
environmental impact. 
 
Given the concerns raised over blue light (6000–7000 K), LED light sources should 
have a colour temperature of 5000K or less for outdoor lighting applications to 
reduce these impacts. A colour temperature of 4300K would closely replicate 
moonlight and has been favored by some such as the City of Los Angeles for that 
reason. It is important to note that the higher colour temperature lamps such as 
5000K produce higher light output than a source with 4300K so the 5000K source is 
more efficient power consumption wise. Some believe the softer colour produced by 
the 4300K lamp out-weighs and energy efficiency gain. There is no research to show 
any health when considering a 4300K versus a 5000K light source. 

 

 Yours sincerely, 

  
 Don McLean, President 

 e-mail: don@dmdeng.com 

 www.dmdeng.com  
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The information listed below was extracted from a 2013 report titled Light Efficient Community 

Policy undertaken for the City of Edmonton by DMD and Associates Ltd.  

 


