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Proposed Change, Addition or Deletion to 2021 INTERNATIONAL BUILDING CODE -
CHAPTER 27 - ELECTRICAL - Section 2703.1 - Light Pollution Controls

Proposed Code Change: Add a NEW subsection 2703.2 Titled LIMIT ON CORRELATED COLOR
TEMPERATURE OF EXTERIOR LIGHTING

Proposed Code Change Wording:

(NEW) 2703.2 Maximum Correlated Color Temperature. For any luminaire used to illuminate
of any parking area, open sales lot, landscape, building facade or general area, the maximum
Correlated Color Temperature (CCT) of the light source may not exceed 3000 Kelvin,

as rated by the manufacturer.

REASON FOR ADDITION

Historically, prior to LEDs, high pressure sodium lamps were often used for exterior lighting,
with a correlated color temperature (CCT) rating of 2200K (Kelvin). Light pollution has
significantly increased with LEDs. A primary reason for this increase in light pollution is the
high CCT associated with many LEDs. CCT ratings for LEDs range from 2700K to 5000K CCT.
The higher the CCT rating, the greater the emission of blue wavelength light. Higher levels

of blue wavelength light directly cause significant increases of light pollution.

Over the past 10 years, research has shown that prolonged exposure to blue-spectrum light has
serious health consequences for humans and the environment as well.

In 2016, the American Medical Association published guidance to reduce harm from high-
intensity blue lighting from LEDs, citing evidence that nighttime exposure to blue-rich white
light leads to increased risk for cancer, diabetes, and cardiovascular disease and that blue-rich
LED streetlights are five times as disruptive to the human sleep cycle as conventional lighting

(American Medical Association, "Human and Environmental Effects of Light Emitting Diode



(LED) Community Lighting,” CSAPH Report 2-A-16, 2016). Excessive blue-spectrum light is
environmentally disruptive for many classes of animals and plants, including migrating birds.
Blue light has been shown to negatively affect plant greening, budburst, photoperiodic flowering,
stomatal opening, and root development (see, for example, C.C. Brelsford and T.M. Robson,
"Blue Light Advances Bud Burst in Branches of Three Deciduous Tree Species Under Short-day
Conditions," Trees, 2018. 32(4): p. 1157-1164). In particular, scientists have highlighted the
consequences of the increasingly widespread use of blue spectrum light-emitting diode
technology for new lighting installations and retrofits (Gaston et al., "Environmental Impacts of

Artificial Light at Night," Annual Review of Environment and Resources 2022.47:373-398).

Manufacturers offer 3000K CCT products in their general offerings, and do not add any
up charge for a 3000K CCT lamp over what they charge for a 4000K or 5000K CCT lamp.
Manufacturers reduce the blue wavelength light emissions byapplying the light emitting

diode with a phosphor coating.

Essentially, the requirement of a maximum 3000K CCT lamp will not impose any financial
burden on commercial developers or building owners, while the 3000K maximum will

significantly reduce the adverse effects from light pollution.

FEASIBILITY: 3000K CCT LED lights are widely available in the market for applications such
as area, parking lot, facade and landscape lighting. 2700K CCT is the average produced by
incandescent lighting, which was used universally for outdoor lighting in the 1930s, 40s and

50s, prior to high pressure sodium. The CCT for high pressure sodium averages 2200K.

Fiscal Impact: None - LED lights sold at different CCT values are not priced differently. A 3000K
version costs the same as a 4000K or 5000K version. Yet the 3000K will substantially

reduce the amount of light pollution generated by the LED luminaire.



SUPPORTING DATA AND DOCUMENTATION

In 2016 the American Medical Association adopted a new policy advocating

for the maximum of 3000K CCT for lighting. Following the below scientific studies
finding harm from high CCT light is the AMA’s 2016 Findings regarding LED light-

ing and its recommendation not to use outdoor lighting in excess of 3000K CCT.

2010, “Visibility, Environmental, and Astronomical Issues Associated with Blue-Rich
White Outdoor Lighting,” detailing the hazards of blue-rich white light sources.
https://darksky.org/app/uploads/2016/12/IDA-Blue-Rich-Light-White-Paper.pdf

2020, Harvard Health “Blue light has a dark side”, Effects of blue light and sleep
https://www.health.harvard.edu/staying-healthy/blue-light-has-a-dark-side#:~:text=Harvard
%20researchers%20and%20their%20colleagues,as%20much%20(3%20hours%20vs.

2016, Scientific Advances “The new world atlas of artificial night sky brightness” The
map shows the forecast of the perceived sky brightness for a dark-adapted eye after a
transition toward 4000K CCT LED technology
https://www.science.org/doi/10.1126/sciadv.abl6891

2023, The Washington Post “LED lights are meant to save energy. They're creating glaring
problems: https://www.washingtonpost.com/climate-environment/interactive/2023/glaring-
problem-how-led-lights-worsen-light-pollution/

2023, Science, “Light pollution is skyrocketing” This growth is difficult to discern with
satellites now in operation because their detectors are blind to the blue light emitted by
light-emitting diodes (LEDs), which are progressively replacing older lamps (such as
high-intensity discharge). https://www.science.org/doi/10.1126/science.adf4952

2019, National Geographic, “Light pollution is getting worse, and Earth is paying the
price” “...inexpensive white LEDs often found in street lights emit wavelengths of blue light
that bounce around in the atmosphere” https://www.nationalgeographic.com/science/article/
nights-are-getting-brighter-earth-paying-the-price-light-pollution-dark-skies

2023, LED Magazine “Lumileds aims to take back the night with low-blue LED offerings”
“LED developer says NightScape technology delivers blue light levels below 2% to meet
stringent outdoor lighting regulations.” https://www.ledsmagazine.com/lighting-health-
wellbeing/article/14296284/lumileds-aims-to-take-back-the-night-with-lowblue-led-offerings



Connecticut Medical Society Letter in Support of reducing CCT (2019)

127 Washington Avenue, East Building, 3rd Floor, North Haven, CT 06473
Phone (203) 865-0587 Fax (203) 865-4997 www.csms.org

State Medical Society

FOUMNDETD (] T 782

August 15, 2019

Mr. Louis Free, Chairman

Codes Amendment Subcommittee of the

State Codes and Standards Committee

Via Email to: DAS.CodesStandards@CT.GOV ; louis.free@aecom.com

Re: Support for Proposed Code Amendment C302.3 - Limiting the Amount of Blue Wavelength Light
from Exterior Lighting Fixtures - Proposal # 190027

Dear Members of the Codes Amendment Subcommittee:

The Connecticut State Medical Society (CSMS) respectfully requests approval of the proposed code
change limiting the amount of blue wavelength emissions from LED outdoor lighting.

In June of 2016 the American Medical Association (AMA) released its report indicating potential harm
from blue wavelength LED emissions. This potential harm from blue wavelength emissions applies to
human health as well as to the ecology. In that report, the AMA urged the adoption of a limit to blue
wavelength emissions — capping it at a maximum Correlated Color Temperature (CCT) of 3000K (Kelvin).

To the best of our knowledge, there is no cost differential between exterior LED light fixtures at 3000K
CCT and those with higher blue wavelength emissions. The end user still is able to light the property
using an LED with maximum 3000K CCT - at no increase in price — only an increase in benefits to human
health, to a better ecology, and to a lower level of light pollution.

For the reasons stated above, CSMS respectfully urges the adoption of Proposal 190027 to limit exterior
LEDs to a maximum of 3000K CCT in the best interest of a healthier environment for Connecticut’s
citizens and its ecology.

Respectfully submitted,

%’OZ%/

Matthew Katz
EVP/CEO
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American Medical Association - 2016 Policy Finding

REPORT OF THE COUNCIL ON SCIENCE AND PUELIC HEAI.TH
CSAPH Report 2-A-16
Subject: Human and Environmental Effects of Light Emitting Dicode (LED) Commmunity
Lighting
Presented by: Lowis J. Krans, MDD, Chair

Beferred to: Reference Comumittes E
(Theodore Zanker, MD, Chair)

INTRODUCTION

With the advent of highly efficient and bright light emitting diode (LED) lighting, strong economic
arguments exist to overhaul the street lighting of U.S. roadways."” Valid and compelling reasons
driving the conversion from conventional lighting inchude the inherent energy efficiency and longer
lamp life of LED lighting leading to savings in energy use and reduced cperating costs, including
taxes and maintenance. as well as lower air pellution burden from reduced reliance on fossil-based
carbon fuels.

Not all LED light is optimal however, when used as street ]i ting. Improper design of the lighting
fixture can result in glare, creating a road hazard condition ™ LED lighting also is available in
various color correlated temperatures. Many early designs of winte LED lighting generated a color
spectmm with excessive blue wavelensth. This feature further confributes to disabﬂ.lt':.r olare. Le.,
wvisual impairment due to strav lizht, as bloe wavelengths are associated with more scattering in thf:
human eve, and sufficiently intense blue spectrum damages retinas.” ' The excessive blue spectrum
also 13 mf.-uc:-nmtaﬂy disruptive for many noctumal species. Accordingly, sigmficant hnman and
environmental concerns are associated with short wavelength (blue) LED emission. Currently,
approximately 10% of existing US5. street ighting has been converted to sclid state LED
technology, with efforts underway to accelerate this conversion. The Council is undertalang this
report to assist in advising commmmties on selecting among LED lighting options in order to
mummize potentially harmfinl human health and environmental effects.

METHODS

English lanpuage reports published between 2005 and 2016 were selected from a search of the
PubMed and Google Scholar databases using the MeSH terms “light,” “lighting methods.™
“color.” “photic stimmlation ™ and “adverse effects.” in combination with “circadian
Ih}‘ﬂil.ﬂl'pﬁ}'siﬂlﬂg}' ‘radiation effects.” “radiation dnsage ‘effects,” “sleep/physiology.” “ecosystem,”
“environment.” and “environmental momtoring. ” Additional searches nsing the text terms “LED™
and “commmmnity,” “street.” and “roadway lighting™ were conducted. Additional information and

perspective were supplied by recognized experts in the field.

ADVANTAGES AND DISADVANTAGES OF LED STREET LIGHTS

The main reason for converting to LED street ighting 1s energy efficiency; LED lhighting can
reduce energy consumption by up to 50% compared with conventional high pressure sodinm (HPS)

© 2016 American Medical Association. All rnights reserved.
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lighting. LED lighting has no warm up requirement with a rapid “tom on and off” at foll intensity.
In the event of a power outage, LED lights can tum on mstantly when power is restored, as
opposed to sedim-based lighting requinng prolonged warm up periods. LED hghting also has the
inherent capability to be dimmed or funed, so that dunng off peak usage tumes (e.g., 1 to 3 AM),
further energy savings can be achieved by reducimg 1llumination levels. LED lighting also has a
nmch longer lifetime (15 to 20 years, or 50,000 hours), reducing maintenance costs by decreasing
the frequency of fixture or bulb replacement. That lifespan exceeds that of conventional HPS
lighting by 2-4 tumes. Also, LED highting has no mercwry or lead, and does not release any toxic
substances if damaged, unlike mercury or HPS lighting. The light output 15 very consistent across
cold or warm temperature gradients. LED lights also do not require any internal reflectors or glass
covers, allowing higher efficiency as well, if designed ]:rm]:lerl}'.ﬂ

Despite the benefits of LED lighting. some potential disadvantages are apparent. The imtial cost 15
higher than conventional lighting; several years of energy savings may be required to recoup that
initial EIPE'ﬂEE.m The spectral charactenstics of LED lighting also can be problematic. LED
lighting 15 inherently narrow bandwidth, with "white" being obtained by adding phosphor coating
layers to a igh energy (such as blue) LED. These phosphor layers can wear with time leading to a
higher spectral response than was designed or intended. Manufacturers address this problem with
more resistant coatings, blocking filters, or use of lower color temperature LEDs. With

design higher spectral responses can be muninuzed. LED lighting does not tend to abruptly “burn
out,” rather it dims slowly over many years. An L FD fixiure generally needs to be replaced after it
has dimmed bv 30% from initial specifications. usuallv after about 15 to 20 vears.™"

Depending on the design a large amount blue light 15 emitted from some I EDs that appear white
to the naked eve. The excess blue and green emmssions from some LEDs lead to increased light
pollution as these wavelengths scatter more withm the eve and have detnmental environmental
and glare effects. LED s light emisstons are charactenzed by their correlated color temperaiure
(CCT) index.'*" The first generation of LED outdoor lighting and units that are still widely being
installed are “4000K" LED units. This nomenclature (Kelvin scale) reflects the equivalent color of
a heated metal object to that temperahwe. The LEDs are cool to the touch and the nomenclature has
nothng to do with the operating temperatore of the LED itself. By companson, the CCT associated
with daylight light levels is equivalent to 6500K. and lugh pressure sodium lighting (the current
standard) has a CCT of 2100K. Twenty-nine percent of the spectrum of 4000K LED lighting 15
emitted as blue light, which the buman eve perceives as a harsh white color. Due to the point-
source nature of LED hghimg, studies have shown that this intense blue pomnt source leads to
discomfort and disability glare ™

More recently engimeered LED lighting 15 now available at 3000K or lower. At 3000K. the hunan
eve still perceives the hight as “white,” but 1t 15 shghtly warmer in tone, and has about 21% of its
enussion in the blue-appearing part of the spectrum This enmssion 15 still very blue for the
mighttime environment, but 15 a sigmficant improvement over the 4000K lighting because it
reduces discomfort and disability glare. Because of different coatings, the energy efficiency of
3000K Lighting 15 only 3% less than 4000K, but the light 13 more pleasing to humans and has less
of an wnpact on wildhife.
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Glare

Dhisability glare 15 defined by the Department of Transportation (DOT) as the following:

“Disability glare occurs when the introduction of stray hight into the eye reduces the ability to

resolve spatial detail. It 15 an objective impatrment i visual performance ™

CSAPHRep. 2-A-16 -- page 3 of 8

Classic models of this type of glare attnbute the deleterious effects to mntraccular hight scatter in the
eve. Scattening produces a veiling luminance over the retina, which effectively reduces the contrast
of stinmhus images formed on the retina. The disabling effect of the veiling lnminance has serious
implications for nighttime driving visibility. "

Although LED hghting is cost efficient and mherently directional, it paradoxically can lead to
worse glare than conventional lighting. This glare can be greatly nunimized by proper lighting
design and engineering. Glare can be magnified by improper color temperature of the LED, such as
blue-rich T ED lighting. I FDs are very intense point sources that cause vision discomfort when
viewed by the hnman eve, especially by clder dnvers. This effect 15 magnified by higher color
temperature LEDs because blue light scatters more withun the human eye, leading to increased
disability glare. e

In addition to disability glare and its impact on drivers, many residents are unhappy with bright
LED lights. In many localities where 4000K and higher highting has been installed, conmmnity
complaints of glare and a “prison atmosphere™ by the high intensity blue-rich lighting are common.
Residents in Seattle, WA have demanded shielding, complaining they need heavy drapes to be
comfortable in their own homes at night '” Residents in Davis, CA demanded and succeeded in

n:l.ug a complete replacement of the Dngmﬂlh- installed 4000K LED lights with the 3000K
version throughout the town at great expense ! “In Cambridze, MA 4000K lighting with dimnung
controls was installed to mitigate the harsh blue-rich lighting late at night. Even in places with a
high level of ambient mghttime hghting, such as Queens in New York City, many complamnts were
made about the harshness and glare from 4000K lighting. ™ In contrast, 3000K lighting has been
much better received by citizens 1 general
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Unshielded LED Lighting

Unshielded I ED lighting causes significant discomfort from glare. A French povernment report
published in 2013 stated that due to the point source nature of LED lighting the lnminance level of
unshielded LED highting 15 sufficiently high to cause visual discomfort regardless of the position,
as long as it 15 in the field of vision As the emission swfaces of LEDs are hishly concentrated
point sowrces, the lnmmnance of each individual source easily exceeds the level of visual
discomfort, in some cases by a factor of 1000.

Discomfort and disability glare can decrease visual acuity, decreasing safety and creating a road
hazard. Vanous testing measures have been devised to determune and qoantify the level of glare
and vision impairment by poorly desisned LED lighting ** Lighting installations are typically
tested by measurning foot-candles per square meter on the ground. This 15 useful for determuning the
efficiency and evenness of lightng mnstallations. This method, however, does not take info account
the human biological response to the point source. It 1s well nown that unshielded light sources
cause pupillary constrniction. leading to worse mghttime vision between lighting fixtures and
causing a “veil of dluvminance™ beyond the lighting fixture. This leads to worse vision than if the
light never existed at all defeating the purpose of the lighting fixture. Ideally LED lighting
installations should be tested in real life scenanos with effects on visnal acwmty evaluated 1n order to
ascertain the best designs for public safety.

FProper Shielding
lith any LED highting proper attention should be paid to the design and enmineering features.

LED lighting 15 inherenily a bright pomt source and can caunse eye fatigue and disability glare of 1t
15 allowed to directly shine into human eyes from roadway lighting. This is nutigated by proper

CSAPH Rep. 2-A-16 —-page 4 of 8

design shielding and mstallation ensuring that no light shines above 80 degrees from the

herizontal Proper shuelding also should be used to prevent light trespass mto homes alongside the
road, a conunon canse of citizen complamnts. Unlike cwrrent HPS street lighting. I EDs have the

ability to be controlled electromcally and dimmed from a central location Providing this additional
control increases the installation cost, but may be worthwhile because it increases long term energy
savings and mimimizes detrimental human and environmental hghting effects. In environmentally
sensitive or miral areas where wildlife can be especially affected (e.g., near national parks or bio-

rich zones where nocturnal animals need such protection), strong consideration should be made for

lower emmssion LEDs (e.g., 3000K or lower lighting with effective shielding). Strong consideration
also should be given to the use of filters to block blue wavelengths (as used 1n Hawan), or to the

use of inherent amber LEDs, such as those deployed in Quebec. Blue light scatters more widely

(the reason the daytime sky 13 “blue™), and vnshielded blue-rich lighting that travels along the

horizontal plane increases glare and dramatically increases the nighttime sky glow cansed by

excessive light pollution.
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POTENTIAL HEATTH EFFECTS OF “WHITE" LED STREET LIGHTING

Much has been learned over the past decade about the potential adverse health effects of electric
light exposure, particularly at rl.ig‘lzll.ﬂ':i The core concern is disruption of curcadian rhythmcity.
With waning ambient light, and in the absence of electnc highting, humans begin the transition to
nighttime physiology at about dusl: melatonin blood concentrations rise, body temperature drops,
sleepiness grows, and hunger abates, along with several other responses.

A number of controlled laboratory studies have shown delays m the normal transition fo mghitime
physiclogy from eveming exposure to tablet computer screens, backlit e-readers, and room light
tvpical of residential settings. "™ These effects are wavelength and intensity dependent.
implicating bright, short wavelength (blue) electric light sources as dismupting transition These
effects are not seen with dimwmer, longer wavelength light (as from wood fires or low wattage
incandescent bulbs). In buman studies, a short-term detriment in sleep quality has been observed
after exposure to short wavelength light before bedtime. Although data are still emerging, some
evidence supports a long-term merease in the nsk for cancer, diabetes, cardiovascular disease and
obesity from chromic sleep dismption or shiftwork and associated with exposure to brighter light
sources in the evening or ﬂ.ight.: il

Electric lights differ in terms of their circadian impact.” Understanding the neuroscience of
circadian light perception can help optinize the design of electnic lighting to munimmze curcadian
disruption and improve visual effectiveness. White LED streethghts are currently being marketed
to cities and towns throughout the country in the name of energy efficiency and long term cost
savings, but such lights have a spectrum contaiming a strong spike at the wavelength that most
effectively suppresses melatonin dunng the night. It 15 estimated that a “white™ LED lamp 1s at
least 3 times more powerful in influencing circadian physiology than a high pressure sodinm light
based on melatomn Sl‘l-p]IE'EEi{!'ﬂ_ﬂ Becent large surveys found that brighter residential nighttime
lighting is associated with reduced sleep time, dissatisfaction with sleep qua]ig'. nighttime
awakemngs, excessive sleepiness, impaired daytume functioning, and obesity. i Thus, white LED
street ighting patterns also could contribute to the nisk of chromic disease in the populations of
cities in which they have been installed. Measurements at street level from white LED street lamps
are needed to more accurately assess the potential circadian impact of evemng/nightiime exposure
to these hights.

CSAPH Rep. 2-A-16 —-page 5of 8

ENVIRONMENTAL EFFECTS OF LED LIGHTING

The detrimental effects of nefficient lighting are not inuted to humans; 60% of ammals are
noctumal and are potentially adversely affected by exposure to mghttime electrical ighting. Many
birds navigate by the moon and star reflections at night; excessive nighttime lighting can lead to
reflections on glass high rise towers and other objects, leading to confusion collisions and

death. ™ Many insects need a dark environment to procreate, the most obwvious example being
lightning bugs that cannot “see” each other when light pollution 15 pronounced. Other
environmentally beneficial insects are attracted to blue-rich highting. circling under them until they
are exhausted and die **** Unshielded lighting on beach areas has led to a massive drop in turtle
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populations as har::h.'lmgs. are disoriented by electrical light and sky glow, preventing them from
reaching the water safely.’™ Excessive outdoor lighting diverts the hatchlings inland to their
denuse. Even bridge lighting that 1s “too blue” has been shown to mnhibit upstream mugration of
certain fish species such as salmon returning to spawn. One such overly it bridge in Washington
State now 15 shut off dunng salmon spawmng season.

Recogmzing the detrimental effects of hight pollution on nocturnal species, U.S. national parks
have adopted best lichting practices and now require nunimal and shielded lighting. Tight pollution
along the borders of national parks leads to detnimental effects on the local bio-environment. For
example, the glow of Mianu FL extends throughout the Everglades National Park Proper
shielding and proper color temperature of the lighting installations can greatly mimnuze these types
of harmfil effects on our environment.

CONCLUSION

Current AMA Policy supports efforts to reduce light pollution. Specific to street lighting. Policy H-

133.932 supports the implementation of technologies to reduce glare from roadway lighting. Thus,
the Council reconumends that commmmities considering conversion to energy efficient | ED street
lighting nse lower CCT lights that will nuninuze potential health and environmental effects. The
Council previously reviewed the adverse health effects of mghttime lighting. and concluded that
pervasive use of nighttime lighting disrupts vanous biclogical processes. creating potentially
harmful health effects related to disability glare and sleep disturbance.”

RECOMMENDATIONS

The Council on Science and Public Health recommends that the following statements be adopted,
and the remamnder of the report filed.

1. That our American Medical Association (AMA) support the proper conversion to commmunity-
based Light Enutting Diode (LED) lighting. which reduces energy consumption and decreases
the use of fossil fuels. (New HOD Policy)

2. That owr AMA encourage minimizing and controlling blue-rich environmental hghting by
using the lowest emmssion of blue hight possible to reduce glare. (New HOD Policy)

3. That cur AMA encourage the use of 3000K or lower lighting for outdeor mstallations such as
roadways. All LED lighting should be properly shielded to minimize glare and detrimental
human and environmental effects, and consideration should be given to uithize the ability of
LED lighting to be dinumed for off-peak time periods. (New HOD Policy)

Fizcal Note: Less than $500
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