
CITY OF GRASS VALLEY CITY COUNCIL MEETING

GENERAL PUBLIC COMMENT SIGN IN SHEET

WELCOME to the City of Grass Vattey City Council meeting! Pubtic Comments provide
an opportunity for the pubtic to address the City CounciI on any subject which is not
on the agenda but in the jurisdiction of the councit. lf you wish to speak, ptease
indicate in the appropriate box when you sign in and take the number corresponding
to your name. Each individuat can have up to 3 minutes of pubtic comment. At the
beginning of the meeting, there will be an altotted 30 minutes of generat pubtic
comments and the remainder of comments will be heard at the end of the agenda.
Speakers wilt be catled in order of the numbers given.

When you are recognized by the mayor:

1. Ptease stand before the podium and give your name and address. (optionat)
2. Ptease limit your comments to three minutes per speaker.
3. lf previous speakers have made the same point, you may simply indicate your
support or disagreement, untess you have new information.

Thank you for your participation.
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What is light pollution?
Light pollution is the human-made alteration of outdoor light levels

from those occurring naturally.

FACT SHEET *llghtpollution

When we ove!-light, fail to use timers and sensors, or use the wron8 color of
Iight, we can negatively affect many parts ofourworld, including migratory
birds, pollinators, sea turtles, and mammals, including humans.

What can I do about it?
The good news is that light pollution, unlike many other forms of
pollution, is reversible, and each one of us can make a difference!
Just being aware that light pollution is a problem is not enough -
we need to take action.

7 Use only fully shielded, Darksky
Approved fixtures for all outdoor

.,/ Turn offlights in office buildings
and homes when not in use.

lighting, so Iights

LIGHT POLLUTION FACTS

Components of
light pollution
. Glare - excessive brightness that

causes yisual discomfort
. Sky glow - brightening of the

night sky over inhabited areas

. Light trespass - light falling
where it is not intended or needed

. Clutter - bright, confusing, and
excessive groupings of liBht sources

Harmful effects of
light pollution
A growing body of evidence links the
brightening night sky directty to
measurable negative impacts on:

. Wildlife and ecosvstell}s

. Hurnan he.rlth

. Energy-3.!(ku44l!ssh3!gs

. Crime and safety

. Night skv heritagg

. Scientific research

The problem is growing
Research indicates that light pollution
is increasing at a tlobal average rate of
ten percent per year.

YOU R LOCAL CHAPTER

DarkSky
shine down,
not up.

v/ Use only the
right amount
oflight needed
Too much light is
wasteflrl and harms wildlife.

y' Install timers and dimmer switches
and turn off lights when not in use.If
you must have security lighting, use
motion sensors.

DarkSky

y' Use only lighting with a color
temperature of 3ooo K and below to
reduce the blue cool light that's
more harmful to many animal
species.

y' workwithyour neighbors and local
govemments to ensure outdoo!
lighting isn't harming the wildlile in
your area.

Learn more at u ud.DOlkgky-plg

9!45!v.Ijrssg!-rErs
fa c e boo k.com /Da rk S ky-I1.1!i!-9-Ll

r.&lesl3l!-cal!&irls!v4l$g.u.4
636-85r-9630

MtssouRt

Join usl
Learn more by signing
up for Darksky e-news

:o 5049 East Aroadway Blvd #lO5
Tucson AZ85711USA

!,r.!-Q!45r/-iug
n-520-293-3198

License is gra.ted 1o reproduce this fact
sheetin ts e.ttety w tholt changes

Download mo.o ,act sheets .t
Oirls!,.sgtsr${!et

Ught polluted sky Visible night sky .
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REPORT OF THE COUNCIL ON SCIENCE AND PUBLIC HEALTH

CSAPH Report 2-A- 16

Subject Human and Environmental Effects of Light Emitting Diode (LED) Community
Lighting

Presented by

Referred to:

Louis J. Kraus. MD, Chair

Ref'erence Committee E
(Tlreodore Zanker, MD, Chair)

INTRODUCTION

With the advent ofhighly efficient and bright light emitting diode (LED) lighting, strong economrc
arguments exist to overhaul the street lighting of U.S. roadways.r"t Valid and cornpelling reasons

driving the conversion lrom conventional lighting include the inherent energry efficiency and longer
larnp life of LED lighting, leading to savings in energy use and reduced operating costs, including
taxes and maintenance, as well as lower air pollution burden fiorn reduced reliance on fossil-based
carbon fuels.

Not all LED light is optimal, however, when used as street Iighting. Lnproper desigrr ofthe lighting
fixture can result in glare, creating a road hazard condition.a s LED lighting also is available in
various color correlated temperatures. Many early designs of white LED lighting generated a color
spectrum with excessive blue wavelength. This feature further contributes to disabrlity glare, i.e.,
visual irnpairment due to stray light, as blue wavelengths are associated with more scattering in the
human eye, ard sufficiently intense blue spectruln damages retinas.6 T The excessive blue spectnun
also is environmentally disruptive for many nocturnal species. Accordingly, significant human and

environmental concems are associated with short wavelength (blue) LED emission, Cunently,
approximately l0% ofexisting U.S. street lighting has been converted to solid state LED
technology, with efforts underway to accelerate this conversion. The Council is undertaking this
report to assist in advising communities on selecting arnong LED lighting options in order to
minirnize potentially harmful hurnan health and environtnental effects.

ME'IHODS

English language reports published between 2005 and 2016 were selected liom a search ofthe
PubMed and Google Scholar databases using the MeSH tenns "light." "lighting methods."
"color," "photic stimulation," and "adverse eff'ects," in combination with "circadian
rhythm/physiology/radiation effects," "r'adiation dosage/effects," "sleep/physiology," "ecosystem,"
"environment," and "environmental monitoring." Additional searclres using the text terms "LED"
and "community," "street." and "roadway lighting" were conducted. Additional information and
perspective were supplied by recognized experts in the field.

ADVANTGAGES AND DISADVANAGES OF LED STREET I-IGHTS

O 2016 American Medical Association. All rights reserved

Action of the AMA House of Delegates 2016 Annual Meeting: Council on Science a-nd Public
Health Report 2 Recommendations Adopted and Rernainder of Report Filed.
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The main reason for converting to LED street lighting is enerpxr et'ficiency; LED lighting can

reduce enerry consumption by up to 50% compared with conventional high pressure sodi urn (HPS)
lighting. LED lighting has no wann up requirement with a rapid "tum on and off'at full intensity.
ln the event ofa power outage, LED lights can turn on instantly when power is restored, as

opposed to sodium-based lighting requiring prolonged wanr up periods. LED lighting also has the

inherent capability to be dirnrned or tuned, so that during off peak usage times (e.g., I to 5 AM),
ftlrther enerry savings can be achieved by reducing illumination levels. LED lighting also has a

much longer lifetime (15 to 20 years, or 50,000 hours), reducing maintenance costs by decreasing
the fiequency offixture or bulb replacement. That lifespan exceeds that ofconventional HPS

lighting by 2-4 times. Also. LED lighting has no mercury or lead. and does not release any toxic
substances if darnaged, unlike mercury or HPS lighting. The light output is very consistent across
cold or wann temperature gmdients. LED lights also do not require any intemal reflectors or glass

covers, allowing higher efficiency as well. if desigred properly.8'

Despite the benefits ofLED lighting, some potential disadvantages are apparent. The irutial cost is
higher than conventional lighting; several years ofenergy savings may be required to recoup that
initial expense.r0 The spectral characteristics ofLED lighting also can be problematic. LED
lighting is inherently narrow bandwidth, with "white" being obtained by adding phosphor coating
layers to a high energy (such as blue) LED. These phosphor layers can wear with tirne 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 proper

design, higher spectral responses can be minimized. LED ligltting does not tend to abruptly "bum
out," rather it dims slowly over many years. An LED fixture generally needs to lre replaced after it
has dimrned by 30% from initial specifications, usually after about l5 to 20 years.r'rr

Depending on the design, a large amount blue light is ernitted fiom some LEDs that appear white
to the naked eye. The excess blue and green emissions fiom some LEDs lead to increased light
pollution, as these wavelengths scatter more within the eye and have detrimental environrnental
and glare effects. LED's light emissions ale characterized by their correlated color ternperature
(CCT) index.r2'lr The first generation ofLED outdoor lighting and units that are still widely being
installed are "-1000K" LED units. This nomenclature (Kelvin scale) reflects the equivalent color of
a heated metal object to that temperature. The LEDs are cool to the touch and the nomenclature lras

nothing to do with the operating temperature ofthe LED itself. By comparison, the CCT associated
with daylight light levels is equivalent to 6500K, and high pressure sodium lighting (the current
standard) has a CCT of2l00K. Twenty-nine percent ofthe spectrum of4000K LED lighting is

emitted as blue light, which the hurnan eye perceives as a harsh white color. Due to the point-
source nature of LED lighting, studies have shown that this intense blue point source leads to
disconrfort and disability glare. ra

( ilare

Disability glare is defined by the Department of Transportation (DOT) as the following

More recently engineered LED lighting is now available at 3000K or lower. At 3000K, the hurnan

eye still perceives the light as "white," but it is slightly warmer in tone, and has about 2l% of its
emission in the blue-appearing part of the spectrurn. This emission is still very blue for the
nighttirne environment, but is a significant improvement over the 4000K lighting because it
reduces discomfort and disability glare. Because ofdifferent coatings, the energy efficiency of
3000K lighting is only 3%o less than 4000K, but the light is rnore pleasing to hurnans and has less

of an impact on wildlife.
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"Disability glare occurs when the introduction ofsray light into the eye reduces the ability to
resolve spatial detail. It is an objective impainnent in visual perfomance."

Classic rnodels of this type ofglare attribute the deleterious ellbcts to intraocular light scatter in the

eye. Scattering produces a veiling lulninance over the retina, which effectively reduces the contrast
of stimulus images fbrmed on the retina. 'fhe disabling effbct ofthe veiling lutninance has serious
irnplications lbr nighttime driving visibility. I 5

Although LED lighting is cost efficient and inherently directional, it paradoxically can lead to
worse glare than conventional lighting. This glare can be greatly minimized by proper lighting
design and engineering. Glare can be rnagnified by improper color lelnperature ofthe LED, such as

blue-rich LED lighting. LEDs are very intense point sources that cause vision discomfort when
viewed by the human eye" especially by older drivers. This effect is rnagnified by higher color
temperature LEDs, because blue light scatters more within the human eye, leading to increased

disability glare.r6

ln addition to disability glare and its impact on drivers, many residents are unhappy with bright
LED lights. In rnany localities where 4000K and higher lighting has been installed, community
complaints ofglare and a "prison atnrosphere" by the high intensity blue-rich lighting are common.
Residents in Seattle, WA have dernanded shielding. cornplaining they need heary drapes to be

comfortable in their own homes at night.lT Residents in Davis, CA demanded and succeeded in
getting a cornplete replacernent ofthe originally installed 4000K LED lights with the 3000K
version throughout the town at great expense.18 In Cambridge, MA,4000K lighting with dimming
controls was installed to mitigate the harsh blue-rich lighting late at night. Even in places with a
high level of ambient nighttime lighting, such as Queens in New York City, many complaints were
rnade about the harshness and glare fiom 4000K liglrting. r') In contrast, 3000K lighting has been
much better received by citizens in general.

L ln shiel ded l,li l) l,ighti ng

Unshielded LED lighting causes significant discomfort from glare. A French govemmenl report
published in 2013 stated that due to the point source nature of LED lighting, the lurninance level of
unshielded LED lighting is sufficiently high to cause visual discornfort regardless of the position,
as long as it is in the field ofvision. As the emission surfaces ofLEDs are highly concentrated
point souces, the luminance ofeach individual source easily exceeds the level ofvisual
discomfort, in some cases by a fhctor of 1000.17

Discomfort and disability glare can decrease visual acuity, decreasing safety and creating a road
hazard. Various tesling measures have been devised to determine and quantifr the level ofglare
and vision irnpairment by poorly designed LED lighting.'" Lighting installations are typically
tested by measuring foot-candles per squre meter on the ffround. This is useful for detennining the

efficiency and evenness oflighting installations. This method, however, does not take into account
the hurnan biological response to the point source. It is well known that unshielded light sources
cause pupillary constriction, leading to worse nighttime vision between lighting fixtures and

causing a "veil ofillunrinance" beyond the liglrting fixture. This leads to worse vision than if the
light never existed at all, defeating the purpose of the lighting fixture. Ideally LED Iighting
installations should be tested in real life scenarios with eff'ects on visual acuity evaluated in order to
ascertain the best designs for public safety.

l'ropcr Shitlding
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With any LED lighting, proper attention should be paid to the design and engineering features.
LED lighting is inherently a bright point source and can cause eye fatigue and disability glare if it
is allowed to directly shine into hurnan eyes liorn roadway lighting. This is mitigated by proper
design, shielding and installation ensuring that no light shines above 80 degrees frorn the
horizontal. Proper shielding also should be used to prevent light trespass into homes alongside the
road, a corunon cause ofcitizen complaints. Unlike current HPS street lighting, LEDs have the
ability to be controlled electronically and dirmned from a central location. Providing this additional
control increases the installation cost, but may be worthwhile because it increases long term energy
savings and minimizes detrirnental hurnan and environmental lighting effects. In environmentally
sensitive or rural areas where wildlife can be especially aflected (e.g., near national parks or bio-
rich zones where noctumal animals need such protection), strong consideration should be made for
lower emission LEDs (e.9.. 3000K or lower lighting with effective shielding). Strong consideration
also should be given to the use of filters to block blue wavelengths (as used in Hawaii), or to the
use ofinherent amber LEDs, such as those deployed in Quebec. Blue light scatters rnore widely
(the reason the daytime sky is "blue"), and unshielded blue-rich lighting that travels along the
horizontal plane increases glare and drarnatically increases the nighttime sky glow caused by
excessive light pollution.

POTENTIAL HEALTH EFFECTS OF ''WHITE'LED STREET I,,IGHTING

Much has been leamed over the past decade about the potential adverse health effects ofelectnc
light exposure, particularly at night.2r'2j The core concem is disruption ofcircadian rhythrnicity.
With waning arnbient light. and in dre absence ofelectric lighting, humans begin the transition to
nighttime physiologry at about dusk; melatonin blood concentrations rise, body temperature drops,
sleepiness grows, and hunger abates, along with several other responses.

A number ofcontrolled laboratory studies have shown delays in the normal transition to nighttirne
physiologry liorn evening exposrre to tablet computer screens, backlit e-readers, and room light
typical ofresidential settings.26-28 These effects are wavelength and intensity dependent,
implicating bright, short wavelength (blue) electric light sources as disrupting transition. Tlrese
effects are not seen with dimmer, longer wavelength light (as fiom wood fires or low wattage
incandescent bulbs). In hurnan studies, a short-tenn detrirnent in sleep quality has been observed
after exposure to sholt wavelenglh light before bedtime. Although data are still emerging, some
evidence supports a long-term increase in the risk for cancer, diabetes, cardiovascular disease and
obesity from chronic sleep disruption or shiftwork and associated with exposure to brighter light
sources in the evening or night."'n

Electric lights differ in terms oftheir circadian irnpact.30 Understarding the neuroscience of
circadian light perception can help optimize the design ofelectric lighting to minirnize circadian
disruption ard irnprove visual effectiveness. White LED streetlights are currently berng marketed
to cities and towns throughout the country in the name ofenergy efficiency and long tenn cost
savings, but such lights have a spectrun containing a strong spike at the wavelength that lnost
effectively suppresses melatonin during the night. It is estimated that a "white" LED Iamp is at
least 5 times more powerfr in influencing circadian physiolory than a high pressure sodiunr light
based on melatonin suppression.-tr Recent large surveys lound that brighter residential nighttirne
lighting is associated with reduced sleep time, dissatisfaction with sleep quality, nighttime
awakenings. excessive sleepiness, impaired daytime fiurctioning, and obesity.2e 

12 Thus, white LED
street lighting pattems also could contribute to the risk ofchronic disease in the populations of
cities in which they have been installed. Measurements at street level fiom white LED street lamps
are needed to more accurately assess the potential circadian impact of evening/nighttime exposure
to these lights.

CSAPH Rep. 2-A-16 -- page 4 of9
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ENVIRONMENTAL EFFECTS OF LED I,IGHTING

The detrimental efl'ects ofinefficient lighting are not limited to humans;607o of anirnals are

nocturnal and are potentially adversely affected by exposure to nighttime electrical lighting. 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.rl
Many insects need a dark environment to procreate, the most obvious example being lightning bugs
that camot "see" each other when light pollution is pronounced. Other environmentally beneficial
insects are attracted to blue-rich lighting, circling under them until they are exhausted and die.rt t'
Unshielded lighting on beach areas has led to a massive drop in turtle populations as hatchlings are

disoriented by electrical light and sky glow, prer.enting them Iiom reaching the water safely.-t5-r7
Excessive outdoor lighting diverts the hatchlings inland to their dernise. Even bridge lighting that is
"too blue" has been shown to inhibit upstrearn migration ofcertain fish species such as salmon
retuming to spawn. One such overly lit bridge in Washrngton State now is shut off during salmon
spawning season.

Recognizing the detrimental elfects oflight pollution on noctunral species, U.S. national parks
have adopted best lighting practices and now require minimal and shielded lighting. Light pollution
along the borders ofnational parks leads to detrirnental effects on the local bio-environment. For
example, the glow of Miami, FL extends throughout the Everglades National Park. Proper
shielding and proper color ternperature ofthe lighting installations oan greatly rninirnize these types
ofhannful effects on our environment.

CONCI"USION

Current AMA Policy supports efforts to reduce light pollution. Specific to street lighting, Policy H-
135.932 supports the implernentation oftechnologies to reduce glare fiom roadway lighting. Thus,
the Council recornmends that communities considering conversion to energy efficient LED street
lighting use lower CCT lights that will minirnize potential health and environrnental ell'ects. The
Council previously reviewed the adverse health effects of nighttirne lighting, ard concluded that
pervasive use of nighttirne lighting disrupts various biological processes. creating potentially
harnrful health effects related to disability glare and sleep dish.rbance.25

RECOMMENDATIONS

The Council on Science and Public Heallh recommends that the following staternents be adopted.
and the rernainder of the report filed.

That our American Medical Association (AMA) support the proper conversion to
community-based Light Emitting Diode (LED) lighting, which reduces energy
consumption and decreases the use offossil fuels. (New HOD Policy)

2. That our AMA encourage minimizing and controlling blue-rich environmental lighting by
using the lowest emission ofblue light possible to reduce glare. (New HOD Policy)

3. That our AMA encourage the use of3000K or lower lightrng for outdoor installations such
as roadways. All LED lighting should be properly shielded to minimize glare and
detrinrental human and environrnental effects. and consideration should be given to utilize
the abilio/ of LED lighting to be dimrned for off-peak time penods. (New HOD Policy)

Fiscal Note: Less than S500

CSAPH Rep. 2-A-16 -- page 6 of9



CSAPH Rep. 2-A-16 - page 7 of9

RF,FERENCF]S

2. Illuninating Engineering Society RP-8 - Guide to Roadway Lighting. http://www.ies.orq/?
2014. Accessed April 4,2016.

3. LED Lighting Facts-A Program ofthe United States Deparhnent of Energy
httD://www.lishtinqfacts.com. Accessed April 5.2016

4. Lin Y, Liu Y, Sun Y, Zhu X, Lai J, Heynderickz l. Model predicting discomfort glare caused
by LED road lights. Opt lixpre.rs. 2014;22( l5): 18056-71.

5. Gibbons RB, Edwards CJ. A review ofdisability and discornfort glare research and fi"rture

direction. lSth Biennial TRB Visibility Symposium, College Station TX, United States, April
t7-19.2007.

6. Shang YM, Wang GS, Sliney D, Yang CH, Lee LL. White light-+rnitting diodes (LEDs) at

domestic lighting levels and retinal injury in a rat model. l,)nviron Health Per.spect.

20l4:122(3):269-76.

7. Lougheed T. Hidden blue hazard? LED lighting and retinal darnage in rals. 1,.)nviron Health
I'cr.,;pt'ct.20 l4: I 22( 3 ):A8 L

9. In depth: Advantages of t,t:D l-ighting. http:ii energ-v.ltgovenrors. ctinvin-depth-advantagcs-ol'-
ledJighting.html. Accessed April 5, 20 16.

10. Silvennan H. How LED Streetlights Work. HowStuffWorks.com- Jrur'e 22,2009
htto: //sc i ence. howsttrf]\vorks.com/environ tallureen-tech/sustairrahle/led-streetl iqht hhn
Accessed April 7, 2016

I l. Jin H, Jin S, Chen L, Cen S, Yuan K. Research on the lighting performtuice ofLED street
lights with different color temperatures. llil'.1,1 I'hotonics Journal.20l5;24(6):97 5-18.
http://ieeexplore.ieee.or,/stalnD/starnD. isp?amunlbe--7328247 . Accessed April 7, 20 I6

12. Moris N. LED there be light. Nick Morris predicts a bright future lbr LEDs
lilectrooplics.com htto :/r'www. el ectroootics.com/f'eatures/ lltnt ul06tiUn irrl06leds htrnl
Accessed April 7, 2016.

13. Mills MP. The LED illumination revolution. l.-orhes Magazine. February 27,2008
htrp //www.forbes.coml200Sl02l2T lincandescent-led-cfl-nf-suru in rnm 0227enerqv inl.htrnl
Accessed April 5. 20l6

l. Municipal Solid State Street Lighting Consortium.
http://www I .eere.enerqv.sov./buildinqs/ssl,/consortium. html. Accessed April 4, 20 16.

8. A Municipal Guide for Converting to LED Street Lighting,
(httu://www Leere.enerrry.sov/buildings/ssl/consonitun.html) l0/13/2013.



CSAPH Rep. 2-A-16 -- page 8 of9

l4. Opinion of the French Agency for Food, Environmental and Occupational Health & Sal'ety,
October 19, 2010-
https://web.archive.org/web/20 I 404291 6 | 553/http:/www.anses. filDocurnents/AP2008sa0408E

N*pdf

15. U.S. Departrnent of Transportation, Federal Highway Administration, 2005

16. Sweater-Hickcox K, Narendran N, Bullough JD, Freyssinier JP. Effect ofdifferent coloLred
lrrminous surrounds on LED discomfort glare perception. l.ighting l|e.\earch Technologt.
2013;45(4):464-7 5. http://lrt,sasepub.com,/content/45/4/464. Accessed April 5,2016.

17. Scigliano E. Seattle's new LEDlit streets Blinded by the lights. ('rosscut. March 18.2013
http://crosscut.corn/20 I 3/03/streetlishts-seattle-led/. Accessed April 6,2016

18. Davis will spend $350,000 to replace LED lights after neighbor cornplaints. CBS Local,
Sacramento;October 2l .2014. htto:i/sacrarnento.suntirnes.corn/sac-news/7/ I 38/6000ldavis-
will-spend-350000-to-replace-led-l ishts-after-neishbor-complaints.

19. Chaban M. LED streetlights in Brooklyn are saving energy but exhausting residents. /y'I
'l.ime,s; March 23, 20 I 5. http://www.nvtimes.conr/20 I 5 103 124 lnv retton/new-led-
streetlishts-shine-too-briqhtlv-fbr-some-in-brooklvn.htrnl? r=0. Accessed April 5. 2016

20. Vos JJ. On the cause of disability glare and its dependence on glare angle, age and ocular
pi gmentation, (' I i n I i.t p ( ) p to m. 2003 ;86(6):363 -7 0.

2 I . Stevens RG, Brainard GC, Blask DE, Lockley, SW, Motta, ME. Breast cancer and circadian
disruption lrom electric liglrting in the modern world. (7 (lancer.l ('lin.2014;64.207-18.

22. Evans JA, Davidson AJ. Health consequences ofcircadian disruptiorr in humans and animal
nod,els. Prog A4ol Biol Transl Sci.20l3;l l9:283-323.

23. Wright KP Jr, McHill AW. Birks BR, Gri{fin BR, Rusterholz T, Chinoy ED. Entrainrnent of
the human circadian clock to the natural light-dark cycle. ('urr Riol.20l3;23:1554-8.

24. Energy Savings Estimates of Light Emitting Diodes in Niche Lighting Applications. Building
Technologies Prograrn, Office of Energy Efficiency and Renewable Energy, U.S. Department
of Energy. January 20 I I .

htto://aoos I .eere.enersv.uovn)uildinss/oublications/ndl's/ssl/nislrefi nalreport ianuarv2O I I .pdf
Accessed April 7. 20 l6

25. Council on Science and Public Health Report 4. Light pollution. Adverse effects olnighttime
lighting. American Medical Association, Annual Meeting, Chicago, lL.2012.

26. Cajochen C, Frey S. Anders D. et al. Evening exposure to a light-emitting diodes (LED)-
backfit cornputer screen affects circadian physiology and cognitive perfonnance. J Appl
l'h1,siol. 201| ; I l0: 1432-8.

27. Chang AM. Aeschbach D, Duf! JF, Czeisler CA. Evening use of light-emitting eReaders
negatively affects sleep, circadian tinring, and next-moming alertness. Proc Natl Ac'od Sci
t /SA. 2015 l 12:1232-7.



CSAPH Rep. 2-A- l6 -- page 9 of9

28. Gooley JJ, Chamberlain K, Smith KA. et al. Exposure to roorn light before bedtirne suppresses
melatonin onset and shortens melatonin duration in hrunans. J ('lin lindocrinol lletah.
201l:,96:E463-72.

30. [,ucas RI, Peirson SN, Berson DM, et al. Measuring and using light in the rnelanopsin age
'l rands Neurosti. 2014:37:l -9.

3 I . Falchi F, Cinzano P, Elvidge CD, Keith DM. Hairn A. Lirniting the iurpact of light pollution on
human health, environment and stellar visibility..l linvrron Manage. 201l 92:2714-22.

32. Ohayon M. Milesi C. Sleep deprivation/insomnia and exposure to street lights in the Anrencan
general population. American Academy ofNeurology Annual Meeting. April I5-2l,2016.
Vancouver. BC.

33. Pawson SM, Bader MK. Led lighting increases the ecological impact of lightpollution
irrespective ofcolor ternperat ure. licological Applications.20l4:24:1561-68.

34. Gaston K. Davies T, Bennie J. Hopkins J. Reducing the ecological consequences of night-time
light pollution: Options and developments. .l Appl licol. 2012;49(6):1256-66.

35. Salmon M. Protecting sea turtles fiorn artificial night lighting at Florida's oceanic beaches. In-
Rich C, Longcore T (erJs.). l.cological ('on:;equences of Arti/icial Night Lighting.2006:l4l-68
lsland Press, Washington, DC.

36. Rusenko KW, Mann JL, Albury R, Moriarty JE, Carter HL. Is the wavelength of city glow
gefting shorter? Parks with no beachfront lights record adult aversion and hatchling
disorientations in 2004. Kalb H, Rohde A, Gayheart K, Shanker, K, compilers.2008.
l'roceeding:r of the 'lwenty-li/ih Annual Symytsium on Sea'lhrtle Riologt and ()onsen'alion,

NOAA Technical Memorandurn NMFS-SEFSC-5 82, 204pp.
http://www.nmf's.noaa. gov/pr/pdf's/species/turtlesvmposiurn2005.pdf

37. Rusenko KW, Newman R, Mott C, et al. Using GIS to determine the eli'ect of sky glow on
nesting sea tu(les over a ten year period. Jones TT, Wallace BP, cornpilers. 2012. l'ntceedings
o/ the 'l hirty-Jirst Annual Sympo.sium on Sea'lfurtle lliotog, and (.onsen,otion. NOAA
Technical Memorandum NOAA NMFS-SEFSC-63 I :32p.

Acknowledgernent: The Council thanks George Brainard, PhD (Thomas Jefferson University)1
Richard Stevens, PhD (University Connecticut Health Center); and Mario Motta, MD (CSAPH.
Tufts Medical School) for their contributions in preparing the irritial draft of this report, and the
commentary by Travis Longcore, PhD, on the ecological impact of nighttirne electrical lighting.

29. Koo YS, Song JY, Joo EY, et al. Outdoor artificial Iight at night, obesity, and sleep health:
Cross-sectional analysis in the KoGES sttdy. ('hronobio| Inr.2016;33(3):301-14.



.t ,lt
lnlant&
Ghildlen's
Uision

BLUE LIGHT IMPACT IN
CHILDREN
Blue light can c,ause retinal damage

Visible light passes through the media of the eye to
the retina where photoreceptors transform it into an

electrochemacal !iignal. Humans depend on this
process for image-formation and rggulation of daily
sleep-wake cycl€s. Commonly encountered light

emitted by the sLn and personal electronic devices
contain significant amounts of high-energy, short-
wavelength blue light.l

Ultraviolet (UV) light contains more energy than blue
light, but is absorbed by the cornea and crystalline
lens, limiting retinal exposure.

Visible blue light may potentially be harmful to the
human retina, as it can be absorbed by the retinal
pigment epithelium (RPE) and certain
photoreceptors, generating localized oxidative and

thermal stress. Laboratory studies on rodent and
primate models have demonstrated that extended
time periods of d rect retinal exposure to bright blue
light accelerate rates of RPE and photoreceptor
dealh.2 3

ls outdoor blue light exposure dangerous for
children's eyesi,

Researchers have hypothesized that sunlight
exposure is a ris[( factor for the development of age-
related macular clegeneration (AMD). Large-scale
epldemiological s,tudies investjgating this association
in adult subjects 'rave produced mixed results, with
some supportang the hypothesis4,5 and others

disagreeing.cs

Children may be at higher risk for blue light retinal
damage than adults. The juvenile lens absorbs less

short-wavelength light than the adult lens,e allowing
more blue light tc reach a child's retina. Although
one epidemiological study suggests that life-long
sunlight exposure is not a risk factor for the

lnfant & children's Vision Resources supported by
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development of AMD,10 the long term consequences
of blue light exposure in children are not well
understood.

The benefits of limiting sunlight exposure with UV-
filtering sun spectacles are well established. These
devices reduce the eye's UV and visible blue light
exposure, slowing the development of cataract,

eyelid cancer, pterygium and soft drusen, a risk

factor for the development of exudative AMD.8 11

Thus, clinicians and parents should act with cautaon

when managing children's outdoor sunlight
exposure. Specifically, all children should possess

ocular sun protection in the form of dark sun

spectacles that filter UV light. Any potential safety
benefits of blue-blocking antireflective coatings are
not well elucidatedi therefore, these products are not
an adequate replacement for sun spectacles.

ls computer-generated blue light exposure
dangerous for children's eyes?

Although the light ematted by personal electronic
devices is not bright enough to damage the human
retina,12 it is able to stimulate blue-lighlsensitive
ganglion cell photoreceptors that regulate circadian
rhythms.l3 As a result, cellular telephone, tablet and
personal computer use before bedtime can delay
sleep onset, degrade sleep quality and impair
alertness the following day.1a Extended use of thgse
devices has also been shown to cause symptoms of
dry eyes, blurred vision and headaches.l5
Limitation of personal electronic device use before
bedtime is recommended to be the most effective
method for reducing lighrinduced sleep disruption in

children. The use of amber-tinted spectacle lenses
during the use of electronic devices immediately
before bedtime has shown promise as a strategy to
reduce their altering effects,l6 but such filters require
more investigation before this practice can be
advocated. Any potential benefits to sleep quality of
blue-blocking antireflective coatings have not been
investigated.

(continued on back)
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