Glare and human eye physiology

Human and environmental effects of
poorly designed night lighting

syMario Motta, MD
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Consequences of Light Pollution

Loss of dskygew) st arr
Vi sual | mpal r ment
Environment al con
Human consequence

Ener gy waste



CA: A Cancer Journal for Clinicians

Breast Cancer and Circadian Disruption from
Electric Lighting in the Modern World

Richard G. Stevens, PhD,
George C. Brainard, PhD,
David E. Blask, PhD, MD,
Steven W. Lockley, PhD,
Mario E. Motta, MD

CANCER J CLIN 2013



AMA Policy Risk

CSAPH Rep-A12

"Due to the nearly ubiquitous exposure to light at inappropriate tin
relative to endogenous circadian rhythms, a need exists for furthe
multidisciplinary research on occupational and environmental
exposure tadight-at-night, the risk of cancer, and effects on

various chronic diseases

Resolved, that our American Medical Association: Supports the
need for ... developing lighting technologies at home and at work
that minimize circadian disruption, while maintaining visual
efficiency."”

CSAPH Rep. 4A-12. "Light Pollution: Adverse Health Effects of Nighttime Lighting".
Action of the AMA House of Delegates 2012 Annual Meeting: Council on Science and Pul
Health Report 4 Recommendations Adopted as Amended (June 20, 2012), and Remainds
Report filed.
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Glare bomb

We buy cheap fixtures that are less than 50% effici@r@(f I NI
0 2 Y §, while ignoring their ever greater operating costs.

from
internal
reflec-
tions

> 50% of the light is wasted upwards

~10% becomes direct glare

< 40% of the
distributed

light is
useful

the
luminaire 8







A Disability Glare is caused by light scattered in the eye

A The scattered light in the eye lays a luminous veil over the
retinal image. The effect of this vell is to reduce the contrasts
In the retinal image.

A Mathematically :
A Contrast = (Lmakmin)/Lmax+ Lmin)



A For a small dark gray target, visibility distance
without an opposing set of headlights is 220 meters

A When an opposing set of headlights is present, visibility
distance is reduced to about 40 to 80 meters.

A From: Helmers and Becker 1975



RESOLVED That our AMA advocate that all future
outdoor lighting be of energy efficient designs to reduce
waste of energy and production of greenhouse gasses the
result from this wasted energy use, and be it further

RESOLVED That our AMA develop and enact a policy
that supports light pollution reduction efforts and glare
reduction efforts at both the national and state levels; and
be it further

RESOLVED That our AMA support that all future
streetlights will be of a fully shielded design or similar
nonglare design to improve the safety of our roadways
for all, but especially vision impaired and older drivers.
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Reducing Light Reducing Light Reducing Light
Pollution Preserves Pollution is Good for Pollution is Good for
our Night Sky. the Environment. People and Animals.

- M n I - ‘
Light Pollution limits our view Unnecessary light costs $2.2 billion Unnecessary light affects
(ghebe utiful starry sky. each year in the United States alone human health when light
- ¢ ' according to the International Dark- trespass disrupts sleep

n¢

Unnecessary light negatively
affects animal behavior
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Normal, clear lens Lens clouded by cataract

A cataract is an opacity of the normally clear lens
which may develop as a result of aging, metabolic
disorders, trauma or heredity



Eyelash

Anterior chamber angle

Cornea

Iris

Pupil

Lens:

Nucleus —
Cortex —

Anterior chamber —
Retrolental (Berger’s) space —
Posterior chamber —

Ciliary zonules

Ciliary body: '» >
Ciliary process — Q

Ciliary muscle — @
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AensThe intraocular scatter of

light and glare are fairly constant
until about 40 to 45 years of age
after which they increase rapidly

A-ollowing are the factors responsible:
fluorescencewnhich converts incident
ultraviolet light (invisible) into scattered blue
light (visible).

Arellowing of lens.

Asenilemiosiswhich reduces target
illumination at the retina and adds to scattel
from the edge of the pupill.

Asubclinical" lens opacities.



Brightness discomfort Brightness discomfort

level (footlamberts) level (milllamberts)
2000 2153
1000 1078
200 538
200 0 20 30 40 50 60

Figure 55 Age (years)

Figure 55 shows the relationship between discomfort glare level a
age. It is based on a study (Bennett, 1977)



A Elderly work on lower light levels because of
greater light absorption in the eye

A The amount of light scatter is greater so the
veiling luminance is higher. Visual acuity Is
reduced

A Older people take longer to recover from
exposure to glare



ONoewWi sual 6 Photor e
Evidence for a novel photoreceptor system

Action spectra for melatonin suppression peak at ~460 nm and do
not match known rod and cone photoreceptors

scotopic
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Impact of Street Lamp Spectra

Two recently published studies (Luginbuhl et al.. 2014; Aubé et al.. 2013) have evaluated the visible sky
glow brightness caused by the following lamp types:

Type

Description

Sky Glow*
(relative
to LPS)

Sky Glow™®
(relative to
HPS)

Low-pressure sodium — a nearly monochromatic yellow-orange light source used mostly in
areas near astronomical observatories and sea turtle nesting beaches.

1.0

0.4

HPS***

High-pressure sodium — A golden-yellow light source, widely used throughout the world.

Filtered light-emitting diode — a straw-yellow LED lamp with a filter that removes most
emission with wavelength shorter than 500 nanometers. Used on the Island of Hawai'.

Light-emitting diode with “correlated color temperature” (CCT) of 2400K — a "warm-white”

LED. This type of LED has not seen wide use.

Light-emitting diode with CCT of 4100K — a "cool-white” LED. This is a common LED type in
recent LED area lighting installations.

Light-emitting diode with CCT of 5100K — a "cool-white” LED. This also is @ common LED
type in recent LED area lighting installations.




White Light LED Spectral Distribution
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Eye Sensitivity to BlaRich LED

Relative Sensitivity
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Luminaire Contribution to Sky Glow

Light Source

High Pressure Sodium
Low Pressure Sodium
Fluorescent

Incandescent
Tungsten Halogen

Metal Halide
White LED
Filtered White LED

Narrow Band Amber
LED

AARLEDs: The

Atia 2012

Efficienc
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Benefits of Lower LED CCT

A LEDs at and below 3000 K correlated color

temperature produce
I More pleasing light than LEDs of higher CCT.
I Less glare.

I Less potential light pollution.

i Still asource of scattekgKk pnn Yy YO P

* https://www.darksky.org/idfixture-seatof-
approval/aboufsa



BlueRich Light: A Health Risk?

A Blue light suppresses melatonin, a hormone that influences circadian
rhythms?
i 90SY RAY fA3IKG OFYy AYUSNFSNB 6AGK | LISN
A Eyes exposed to blue light experience decrease in visual acuity since blue
light scatters in eye.

A May disrupt circadian rhythm of wildlife.

“http://www.health.harvard.edu/stayihgalthy/bluelight-hasa-dark-s



Ways to Mitigate Light Pollution

A Use LEDs of the lowest possible CCT.
A Employ luminaires that minimize glare.
ACAf GSNI 2dz0 f AIKG U &gl
A''aS 0KS NRARIKOG | Yzdzy i 2

illuminate.

A Direct the light to the ground only where it is
needed.

A Reduce street light illumination levels where
possible after a cudff point in the evening.



A The transition to LEDs will increase light pollution, ever
If blue light is filtered out.

A Mitigate by filtering out optical radiation at
wavelengths less than 500 nm. Otherwise, choose an
LED of lowest possible CCT, preferably 2700 K.

A Eye is more sensitive at night, especially at ljeen
wavelengths, offsetting a CCT of 2700 K.

A To compensate for LED usage, consider introducing
lighting codes that require shielding of lights and
switch to LPS at malls, business parks.



Glare interferes with good vision

Unshielded lighting-veiling luminance

|l té6s hard to see Iin the presence of
glare caused by unshielded lighting.

Can you see the pedestrians walking
in front of your car?



Glare interferes with good vision

Unshielded lighting-veiling illuminance Shielded lighting

|l t6s hard to see in t Wthghieldes Eghietng the glare
glare caused by unshielded lighting. Is reduced significantly.

Can you see the pedestrians walking Safety is improved.
in front of your car?



Glare inhibits good vision,
reduces security

What is wrong with these lights? Try to follow where this person g oe s é



Glare inhibits good vision,
reduces security

She is still in the picture- can you find her?



Cobrahead Streetlight innovatioBbrop
lens vs. Flat lens

Retrofits underway in
vr\ New York Communities

In advance of NY State
Legislation:

East Hampton Town,
East Hampton Village,
Riverhead,
Southampton,
Brookhaven, and other
municipalities

As well as entire states
of Washington, Texas,
New Mexico, Arizona,
California.
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Cutoff fixtures, and with a reduction in wattage, saving $1.7
million tax dollars every yeafROI 4 yr)

ROADWAY IN CALGARY ILLUMINATED WITH
FULL CUT-OFF STREETLIGHTS

New, flat-lens streetlights cause minimal glare
Obsaolate, drop-lens and no up-light fwhen installed level).

streetlights are glarey
from a distance.
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Church, Prospect and Pleasant St



Is this light burned out?

11}




No!, it never sees night to turn on.

¢
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Salem. All glare light, street dark. Cannot even read sign under ligl



All glare and shadows, poor for pedestrians, tacky



Main St. lights go in windows, not the stre




!
|
t' :
& * WO L
A o | ST ,.J'Y‘ N 4% -
Lyl T AL

-
R -

Main St, Glare and poor public safety. Worse with rain or'snow

"4



Bass Ave., Glare Bomb, and public safety hazard



Bad Business lighting! All glare, poor visibility




Great lighting, pleasant, good visibility




Light points up and sideways, not on street

- :

Bank. Can you see the car right under the light?



Not the worst, but still glare, and poor. Building lights upward



The correct way to light, safe and efficient



Glare poor lot lighting

-




Good lot lighting




What are they thinking? Prison atmosphere



East Hampton, NY, Main Street
1. ST2NBE¢ Ll2adu G201

Glare was debilitating to drivers and pedestrians, causing accidents
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moved
up
under
opaque
cap

The Long Island
Manufacturer,
Magniflood,

re-designed their
own fixture




A Reduction of 100 watts each fixture gives better illumination
A Light bulb recessed into cap conceals glare

A Headlights able to light pedestrians in the center of the road
A Reduction of glare, light trespass, and skyglow










nNBright |l i1 ghting

Customer reaction to improved lighting

Original fixtures Full cutoff fixtures

‘»

EEFI,

NnThe percentage of drivers t omumbenofgalions t o |
of gasoline sold daily increased immediately following the change of lighting from the
drop-lens, non-cutoff luminaires to the flat-lens, full-cutoff luminaireso

An Evaluation of Three Types of Gas Station Canopy Lighting
P.R. Boyce, C.M. Hunter, and S.\MasconezLighting Research Center
Rensselaer Polytechnic Institute




Can anyone see the steps?
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Direct Glare Light Sources Are
aSR 0¢& da. | R Ddzez

George Fleenor

IDA o4



Shielded Lights Reduces Contrast,
Showing What's Hidden

\

George Fleenor
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\or On which street
would you feel
safer?

A
y

Poorly designed
street lights actually
decrease visibility!

The production of
wasted light costs
~$110,000,000,000

s o \\; : . per year g|0ba||y
. .‘

g} It's time for a
change! Join the IDA
; today, and enjoy
R : better lit streets in
the future!




bhic Magazine

duskto-dawn lighting
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Positive proof of global warming.

fE RS IS
J \

Century 1900~ 1950 1970, 1980, 1990 2006,




Flora and fauna have evolved over hundreds of

millions of years in a bright day - dark night
cycle, with moon phase stimulated behaviors.

Light Pollutiordramaticallydisrupts habitats and behaviors of:

A Birds (more than 100 million song birds die every
year due to upwardly directed night lighting)

A Amphibians
A Fish

A Insects

A Mammals

Night lighting results in ecological disturbances al
mortality of individuals and entire species in wa

1 £ that,being discoyered Jo every study,condyetad

AEcol ogy of the Night Symposi umo, Muskoka Her
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INCREASE HAZARD OF COMMUNICATION TOWERS TO
NOC

The effects of the illumination of buildings on house-dwelling bats

TRAVI . .
and its conservation consequences

The effect of artificial light on male breeding-

season behaviour in green frogs, Rana clamitans
melanot. Mark Nicholas

Light Pollution and

““““““““ Marine Turtle Hatchlings:
The Straw that Breaks the Camel’s Back?
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